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S E C TI O N  I - INTRODUCTION

I. Scope. Th is appendix contains climatologic and hy d r o l o g i c  da ta
pert inen t to the anal y s i s  ot w a t e r  and re la te d la nd reso u rce problems in
the Ohio River Basin and for iul ation of a comprehensive framework p lan
for t heir solution .

2. Purpose .~ —The da ta p resen L- 1 provide the basis for discussion of
water prob l ems and so )uti rl s contained in other appendices and in ~oc t  ions
of t he ma in re por t . -. ~eci p i t3 t i on  and stream f l o w  data a re g i ven , the
magn i tude and f reque ncy~ -~ f loods and the f requency of low f l u w~ a r e
d eve loped  f o r  tPe Bas~ . .  ‘~i-~e e f iec t s  ot t he Corps of Eng ineers  present
p lan of deve lo p o nt  on the reduc t ion  of f lood f l o w s  and augmenta t ion  of
low f l o w s  on the Ohio R ive r  are d e t e r r i n e d , and ava i l a b i l i t y  of wa te r  i s
also est ir ,ared. Data provided by the U.S. Soil Conservation Service have
been included in this appendix as representative coverage of upstrea m
watershed 3reas .

--- . ~~~-~--:~~~~ 
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S E C T I O N  I I  - BASIN DESCRIPTION

3. Location. Orientation and Extent. The Ohio Rive r Basin , shown
on Fi gure 1 , lies in the middle eastern portion of the United States , east
of the Mississipp i River . The drainage f rom that river ’s sy s tem f l o w s
in to the Gulf of Mexico . Of the six natura l d ivisions of the Mississipp i
Basi n , the Ohio Rive r Basin is the large st in volume of flow and is ex-
ceeded in area onl y by the Missour i Rive r Basin . The Ohio River Basin
Comprehensive Survey stud y area contains 163,000 square miles and ex-
cludes the 40,910 in the Tennessee E~asin . The stud area includes major
por t ion s of Ohio , I ndiana , Ken tucky and West Virg inia , substantial par ts
of Pennsy l v a n i a , Il l i nois and Tennessee and small areas of New York ,
Mary land, Vi rg inia and North Carol ina . The area is bounded on the north
by the Great Lakes drainage , on the east by the divide of the A p p a l a c h i a n
Mountains , on the sou th by the Tennessee Valley and on the west by the
Mississipp i River .

4. Topography .

a. Physiographic Provinces. The topograp hy of the Basin varies
from f l a t and ro l l i ng p l a i n s  to mou nt a i ns. Physiograp hic provinces rep-
resented are the Central Lowland , whi ch contains the g l a c i a l  t i l l  p la I n s
of I l l i nois , Indiana and Ohio; the Interior Low Plateaus in the western
por tion of Tennessee and Kentucky , and the A ppalachian Pla teau , in par ts
of Tennessee , Ken tucky , Oh i o, Pennsy l v a n i a , New York , Maryland , Wes t
Virg i nia and Virg inia. The Valley and Rid ge province on the sou theas t
li mits of the Basin contains small por tions of Tennessee , Nor th Carolina
and V i r g i n i a . The hi ghest point in the Basin , Mount Rogers , 5,720 feet,
is i n V i rg i n i a , the l owest point at Cairo , where  e l e v a t ions  a re  abo ut
310 feet. Fi gure  2 shows the phys iographic areas. The area north of the
Ohio Rive r is generall y a g laciated p l a i n  of m i no r r e l i e f . However , the
ung l a c i a t e d  portion on the north and a ll of the area on the south side
of the rive r are h i l l y to mountainous . Gl aciation , in general , extended
no further sou th than this r ive r .

The topograp hy influences the runo ff . S ince the surface features
are determined by the type of underly ing rock , t he a rea geo logy is a lso a
s i gnificant factor in runoff. The conso lidated geolog ic forma tions con-
ta i n  limestones , sandstones , slates , coa l and shales . The hig her eleva-
tions , grea ter precip itation , steeper slopes , poor gro und wa ter for ma ti ons
and lower evaporation are aids to hig her runoff in the Al legheny Mountains
and the southern part of the Basin. The flatter slopes , hig her infiltra-
tion rates and less rainfall cause the surface runoff to be l ower in the
centra l lowland and g laciated p la ins. Howeve r, g lacial soils are good
aquifers and low flow is considerabl y hi gher and sustained for longe r
periods on the north side of the Ohio.

b. Vegetation. The area was entire l y forested prior to clearing
by p ioneers. Today , forest vegetation consists of pines and oaks on the
rid ges and hardwoods and hemlocks in the bottoms. Precipitation and

2
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temperatures in the Basin are idea l for tree survival , th e r e f o r e , an
excep ti on a l l y large number of these species exist.

On the cleared lands are cultivated crops such as corn , wheat ,
hay , soy bea n s and tobacco , or pasture. With the exception of stri p
m i n i ng a reas , f r e s h l y p l owed and cultivated fields on stuep slopes , the
vegetation is generally sufficient to retard runoff and minimize erosion .

The stream channels are generall y f ree of vegetation , but the
overba nk areas are covered with trees , b r u s h  a n d o th e r grow th . Ro ug h ness
c o e f f i c i e n ts f o r  ~ie s t rea m s cover the comp l e te ra nge of va l ues f r o m
those used fo r  very s t r a i gh t cl ear  s t rea m s to ch an n e l s  w h i c h  a re  h a r d l y
discer nible and are tree- and weed-choked .

5. St ream Patterns and Channel Characteristics.

a. Draina ge Pa tterns and Areas. The streams in the Ohio Basin ,
excep t those i n the g l a c i a ted areas , are  ess ent i a l l y remnants of a
pattern formed on a penep l a i n , wh i ch s loped to the nor th and wes t. The
present incised pa tt er n i n ma ny ar eas s ti l l  exh i  bi ts the ge nera l mea nd e r i ng
of these forme r mature streams , al thoug h s l o pes are  steeper a nd v a l l e y s
are narrower. The Monongahe la , Al l egheny and Upper Ohio Rivers were ori g-

~n a l l y p e rt of the St. Lawrence Rive r drainage flowing to Lake Erie. With
t h e  exception of the Upper Alleg he ny ,  these r i v e r s  f l o w e d  nor th th r o ug h
the Beaver and Grand River Valleys. The Bi g Sand y R i v er was p r o b a b l y the
o r i g inal outlet for the Upper Kanawha , wh i ch then flowed through the pre—
g lac ai ‘ Tea,.s ’’ Vall ey, up the present Scioto River , ac ross Indiana and
I l l i nois and into the Mississi pp i R i v e r . The Ohio f rom near Maysvi ll e ,

K y ., to Cairo s essentiall y in its ori g i n a l  loca t ion  wi th the excep t ion
ot some changes , such as at Cincinnati , ca u sed by g l a c i a ti on . The seve ral
period s of g laciat ion cut off the draina ge to the north , he nce the O h i o
River became the cla m outlet from the south . Ea ch g l a c i a t ion  prod u ced
changes in the stream patterns and many systems in I l l i n o i s , I ndiana , O h i o
and Pennsy l v a ni a we re reve r sed , add ing to the Ohio River ’ s f l o w , es pe c i a l l y
as the ice me l ted .

The mai n stem of the Ohio is formed by the junction of the
Al l eg heny and Monon gahela Rivers at Pittsburg h and the n f l o ws i n  a gene r a l
sou thwes te r l y dire ction for 98l miles to Cairo , where it joins the Missis -
s i pp i . The Fi gure 1 map also shows the Ohi o Rive r , i ts -lajor tributaries
and li mits of the Basin . The dra inage area at Pittsburg h is 19 ,100 square
miles. A t the mouth of the Kanawha River , 266 miles downstream , it in-
creases to 52,760, i ncl ud i ng the 12 ,200 in the Kanawha Basin. At
Cincinnati , it is 76,580, incl uding 3,670 i n the Licking Basin wh i ch joins
the Ohio there . At Lou i sville , the figure is 91 ,170 and 107 ,000 at Evans-
vil l e , upstream of the Wabash River . The Wabash River Basin contributes
an additional 33, 100 , the Cumber land 17,920 , and the Tennessee 4O,9l0 ,
wh i ch , together with the smaller tributaries and direct drainage to the
Ohio , results in the 203,940 square -mi le drainage area at the mouth .

Major tributaries entering from the north are the Beaver,
Muskingum , Hocking, Scioto , Little Miam i , Great Miam i and Wabash Rivers.

5 
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Streams f rom the more mountainous area on the south are the Little Kanawha ,
Kanawha , Guyandotte , Twe l vepole , Bi g Sand y, Little Sandy, Licking,
Kentucky , Salt , Green , Cumberland and Tennessee . Table 1 lists the drain-
age areas at the mouth for each major tributary and river dis tances along
the Ohio main stem at the junctions .

b. St ream Slopes ,  Cross Sect iona l  DimensIons,  Channel C a p a c i t i e s
and Flood Stages. Streams in the Ohio Basin vary f rom very steep mountain
ones with cascades and rap ids to very slugg ish , meandering, marsh—like
areas. Slopes of major tributaries vary f rom more than 100 fee t per mile
in the headwaters to less than two—tenths of a foot in the flat areas near
the main stem . In genera l the streams are considerabl y steeper in the
headwaters , becoming relativel y leve l near the mouth . Post—g lacIal
cha nges in stream patterns , lo cal l a y e r s  of ha rd  rock a n d d i s t r i b u t ion of
t r i b ut a r i e s  m ay ca u se loca l mo d i f i ca t i ons  i n  pr of i l e s . I n areas of g la-
cial deposi tion in Indiana , remna nts of marshes  and bogs may r e su l t i n
relativel y flat and sluggish upstream areas , the intermediate reach being
the steepest. For areas of similar topograp hy, the slope is related to
t he drainage area , becom ing steepe r as that becomes sma l l e r . Ave rage
slopes for the various tributaries are greatest for streams in the Alle-
gheny Mountains , a nd leas t f o r  t he g l a c i a ted p l a tea us on the nor th s i d e
of the Ohio. Various slopes for the main portions of the major tribu-
taries are g i ven in Table 2. Water surfaces in navi gation pools are not
con si  de red .

The ra tio of width to depth of a stream usuall y i s  r e l a ted to i ts
steepness . The steeper ones are narrowe r , s-~ereas the slugg i s h  courses
for the same s i z e  d ra inage area are cons iderab l y w ider .  Ung l a c i a t e d  head—
w a t e r  s t r e a m s  are usua ll y steep and tend to occupy t he notch at the base
of a V—shaped cross section. Stream banks are narrow or absent and flood-
waters fi l l  the entire bottom of the valley . The mo re mature streams
occ upy broad vall eys in wh ich the channel f i l l s  onl y a sm a l l  por ti on ex-
cept during flood stage . The valley widths vary , being narrow in harder
rock areas and wider in the more easil y eroded material , where banks are
a lso usua l l y unstab le.  Severa l te r races  or f lood  p la ins  may be deve loped
at various elevations . In the g laciated a reas , many new channels were
fo r med af te r the st rea m valleys were obliterated under sediments . I n a
few cases the new streams may have been re—established in the old drainage
pa tterns for short distances. In the mora i ne areas of ice wastage , l a k e s
and swamps were formed wh i ch exhibit wide cross sections. The upper
northern tributaries of the Wabash , Ti ppecanoe and Eel Rivers are typica l
of this type of topograp hy. In the middle reaches , new streams were
shaped atop the g lacial t i l l . Nowhere in this middle reg ion do the
streams extend into the underl ying consolidated rocks. In the southern
part of the g laciated p lateau the streams have cut up the g lacial p lain
and profiles , and cross sections are those of more recent ones. Near the
Ohio River the streams have generall y cut throug h the g lacial debris into
the harde r rock , and stream valleys tend to be narrower. The new branches
are generally steep, have V—shaped valleys and are relatIve l y stra i ght.

The streams on the south side of the Oh io Rive r meander . The
mouths of Tygarts Creek and Little Sandy Rive r ind Icate remnants of
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streams wh i ch had much larger dra i nage areas . The present locations , at
least nea r the Ohio Rive r, were near base leve l of erosion not so long
ago. This is revealed by meanders and oxbow lakes superimposed on the
forme r wide valley . The recent stream valleys , however , are not developed
to the width wh i ch had accompanied the orig inal meander limits.

The flood p lain is the relatIve l y flat lowland adjoining a water
course and Is needed period i call y to carry some of the flow . A river
generall y excavates a channe l that can carry within its banks flows up
to the peak discharges that occur on the average about twice a year.
H i g her flows are taken care of by the flood p lain. Fre quency of stream
discharge and related flooding depth on these p laIns can generall y be
dete rm i ned .

Flood stage is a term common l y used by the U.S. Weather Bureau
and others. It desi gnates tha t stage , on a fixed river gage , at wh i ch
overf l ow of the natura l banks of the stream begins to cause damages in
any selected portion of the reach . The flood stage at various locat ions
is g i ven in the publication of the U.S. Department of Commerce , Weather
Bureau , Dail y River Stages .

c. Stream C h a r a c t e r i s t i c s .  The main stem of the Oh io  R ive r
faIls 429 feet in its 981 —mile course f rom Pittsburg h to Cairo . It flows
in a general southwest direction , but this varies considerably, ~t a n g inq
to all points f rom north to south in relativel y short reaches . The
valley is rathe r narrow for the size of the drainage area reflecting the
g lacial changes . It ranges in average width f rom less than a half m i l e
in the P i t t s b u r g h to Whee l i ng  reach to more than a m i l e  between C i nc inna ti
and Louisville. A t Louisville , it widens to about four mile s and then
contracts to a mile be l ow the Salt River . Near the mouth , i t aga i n w i d e n s
to s~x to eig ht miles . Elevations vary from 100 to 600 fee t  be low the
p l ateaus surrounding the valley . The onl y falls  ar e at Louis v i l l e , where
a 25—foo t difference in water surface between the uppe r  a n d l owe r pools
existed prior to canalization .

Canalization of the Ohio was comp leted in 1929. The ori g na l
sys tem s of 46 locks and dams i s  be ing rep laced b y 19 authorized or co- -
p le ted hi gher li f t  str uctures. Their purpose i s to ‘orr a ser ies of poc 1 s
by which rive r traffic can pass from one to another ai ced by locks , ra,- i- ~a
th e system virtually a series of ‘‘water stairs ’’ . Tnese na~~i u at io n a id s
w i l l  have no essential effect on flood stages . Wr e n low r a

~ be 50 to
200 time s or more the minimum flows during the year , the gates on the new
dams wi l l  t u fl y open .

The fol l owing descriptions of seven ty p ica l Ohio River tributary
s t ream reac hes g ive c h a r a c t e r i s t i c s  of the v a l l e y  am s~ rea- cross sections
that are representative of all major sub-basins :

(I) The A l legheny R ive r va He~ in i t s  upper reaches is
r e l a t i v e l y na r row , whereas i n the middle port ion it is i ron one—half to
more than a mile wide , althoug h the water surface at norma l stage is about



600 f e e t .  Near P i t t s b u r g h, t he v a l l e y  i s  about one—half mile wide and
the navi gation poo l averages about 800 f ee t .  The banks in many reaches
are genera l l y  t rom a few feet  to ei ght above norma l water  surface and
are moderate ly to heav i l y wooded .

(2) The upper reach of the Monongahela is within the
A l l e g heny Mounta ins  and s lopes are very steep. In the m idd le  reaches
the fl oud plain is narrow , but hi gh level  eros ion terraces occur along
t he v alley sides in the l owe r part. The Chea t Rive r , a f te r  It leaves
~~ terraced area , f l o w s  throug h a deep gorge as i t  nears i t s  j unc t i on
.-~i tn :hc Monon yah ela . In the upper reaches the banks are rocky ,  channels
are ‘ i l l e d  w i t h  cobbles and boulders and stream velocities are hi gh . Near
the mouth , f low v e l o c i t i e s  are more moderate and channel depos i t s  are f i n e —
cra i red .

(3) The Kanawha be l ow Kanawha F alls is 500 to 800 fee t  w ide
at ior c - a l stage , wh i l e t he v a l l e y  is wider with rounded h i l l s . The flood
p lai n is f r -  12 tn 50 feet above norma l water surface and the ban-~s have
relativel y steep slope s to the water ’ s ed ge. The uppe r tributary streac
cha nnels are considerabl y steepe r and nar rower .  The Gauley R i v e r  w i d t h
v a r i e s  f rom 50 cut  in the upstream reaches to 400 near i t s  mouth . The
strea ri banks ~ 3nl~~c f rom five to 10 feet near the source to 20 to 30 near
the mouth.

(4) The Scioto uppe r or Summit reach is a hi gh , flat ,
poor ly —dra i ie , g l a c i a ted p la teau with iiarsh lands and badl y developed
channe ls that are inadequate for h ig h f lows . Between °rospect  and Co lu n - —
bus , the river is confined between steep ba nks wi th p rac ti c a l l y no f l ood
p l a i n . Sout h of Col um bu s the st rea m i s  f l a n ked by leve l p lains of rich
far ;- land up to three and one—half miles wide in some p laces. Slopes
f rom h i l l s  to stream beds are sharp and in some cases preci p itous , i n
this alluvial sect ion . In p laces along the l owe r Scioto there are two
or three distinct terraces which are flat or slope gentl y toward the
water . They are composed of sands and gravels and are g lacial period in
ori gin . The entire area is presently sparsel y wooded .

(5) The Great  Miam i v a l l e y s  above Dayton are narrow and
comparativ e l y shallow , whereas be l ow they are b road and comparative l y
open . The surrounding country is level nr rolling , with but lit t l e
foresta tion .

(6) The Wabash , f rom its source to the town of Wabash ,
flows in a narrow , shallow valley with the depth increasin g downstream .
In this reach the flood p lai n ranges in width f rom a few hunared feet to
one—half m ile , wi th a gradual slope from the bank to the h i l l  lin e. A
few miles be l ow Wabash , the valley widens rap idl y and reaches a maximum
of about ei ght miles a short distance south of Vlnc ennes. The actual
channel width increases f rom approx i matel y 500 to 800 feet f rom Lafayette
to Terre Haute. The bottom lands become flatter and In some areas the
e l e v a t i o n  of the f l ood  p l a i n  i s  s l i ght l y les s  at some d is tance f rom the
river than adjacent to the bank. Near the mouth , the t lood plain contains
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numerou s marshes and old meanders lef t by natura l channel changes. Here
the valley is about six miles wide , and the channel 1 ,200 feet. The
greater part of the valley is inundated during floods . The average dis-
tance from the bank to the l ow—water line generall y varies f rom 14 feet
near Bluffton to 18 near the mouth , wi th grea ter or lesser amounts at
specific loca tion s.

(7) The Kentucky flows throug h a mountainous area in the
uppe r thIrd of the Basin and streams in the remainder are in deep valleys .
The area known as the Bluegrass Reg ion , extending from the middle of the
Basin downstream , is gent ly ro l l ing ,  has l i t t l e  woodland but is  covered
with rich limestone soils. The l ower part of the Basin is topograp hicall y
rougher and has poor soils , with agriculture confined to the flood p lains .
Throughout the Basin relative l y steep s lopes  f l a n k  the m ai n stem and
tributaries. In many areas this stream is confined in gorge sections with
p r e c i p i t o u s , rock—faced valley walls . The Ken tucky meanders considerabl y
and varies from a width of 250 feet in the navi g a b l e  por t io n to 100 on
the Nor th Fork at Jackson . The valley width is one and one—quarter miles
near  the mou th , 300 to 400 feet at Frankfort amd 600 to 700 near Jackson .
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SECTION I I I  - CLIMATE AND METEOROLOGY

6. Genera l Climate. The Ohio Basin climate is marked by moderate
extremes of heat and cold and dryness and wetness . It is part of the
humid eas tern United States and Is considered to have a clima tic water
surp lus . The weather systems usuall y pass from west to east , and t he a i r
may be grea t l y c h i l l e d  i n w i n ter , or hea ted i n  s ummer , by passage  over
vast stretches of land. Abru pt changes may occur and spr in g and summe r
t hunderstorms w i t h  intense ra ins  of short  du ra t i on  are common . Su ,n;crs
are moderate ly warm and humid and in some years temperatures have ex-
ceeded 1000 fo r short periods , wi th the possible c x e~ t io n of a f e w
locatio ns In the hi gher A ppalachian Mountains . Average Jul y tempera-
ture  is  750 This varies f rom 700 to 800 f r om th e  nor theas tern  to the
southwestern parts of the Basin and with changes it: e levation . Extre me
maximum temperatures have been 111 0 . Winters are reasonabl y cold with
an annual average of several days of sub—ze ro te - -p eratures . Lowest re-
corded read ings have been near 300 be low zero . January averages range
f rom 400 to 260 f rom the most southern to most northern pa rts , wh i l e
s pr ing and f a l l  temperatures are most consistent . The annua l average ,
January and Ju ly  temperatures and extremes of record , and average da tes
of k i l l i n g  f ros ts  for se lec ted  s ta t i on s are on Tab le  4 . The annual
variation In temperature for nine locations in the Basin is on F iq u r e  3.
Plates la and lb present Isother ri s of the mean da i l y  i u x i l- ; u c and mini-
mum tempera tu res  fo r  Jan u ary  and J u l y. A l thou jh t hc a rea e x h i b i t s  a
degree of homogenity in climate , very hot and su~ -/rc ro i.e ;er ature s - f  ten
occur in the same year . Similarl y, severe drouq h. s a.- - f l oods ha s-u t e e n
recorded in the same 1 2—month p e r i o d . There have also ~ec -~ lo~ a l  droughts
in various par ts of the Basin but in differen t ~, a r l  . F loor oc c r rc nc e s
vary , seldom covering the entire Basin duri r - th c sa c c i ;  a t i c  p e r i o d .

7. Frost Periods. Last k i l l i n g  f in-tn uc~ ur on the ave ra ‘ e - t o
A pr i l 10 in the southernmost part 01 the Cu h-n rl a :ir ~‘c’ i n  ~n T s~-ee
to May 30 in the headwaters of the Al leg her ir . F lost s hap. r -~ fry
September 30 in the Allegheny Basin to Oc t r ,- r 2. it t  t i c Cu hc r i a r j .
K i l l i n g  f ros t  has been noted as e a r l y as A u c r u 5 i .  a - a n t - u n , Pa., and
October 2 at C i a r ksvi ll e , Tenn .,  and as late as 2 i :n-  2 o t I ~~ ‘ or or and
May 1 i n  the la tt er . Annual frost—free periods c - o-.’~~n .  seasons are
shown on Pla te 2. The average grow i ng season v ri c ro~ 2h0 days in the
south to 120 in the northeast part of the Ba sin . ~ f thou t ft c-rt r c- -;e s have
varied from 247 in the forme r to 73 in the latter .

8. Ice Depth an Q ~LoJL.~.f Cover on Strea m s. Ice occurs on al l
streams in the Basin , va ry i n g  in thickness and dur at inn , dependent on
loca tion , exposure , st ream flow and length of cold s~t c l l  . Ice l b ~~~~~~~
d uring the severe January , 1963, freeze on the Ohio R i ve r was si~ to  eight
inches , wi th overriding sheets f r e e z i n g  to f o r ;  I lows several feet t h ick .
On tributaries ice more than 18 inches has formed . Ice on the Ohio j a m
stem occurs more frequently in the uppe r reaches , the strea~ seldom
f reez ing  over for i t s  f u l l  length . Running ice may interfere with
nav iga t ion .
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Based on avail able information , dating from 1 899, ice has not
interferred with navi gation earlier than Decembe r 9 or later than
March 10. Ei ghty percent of the suspensions to the navi gation be l ow
Huntington have occurred between January 10 and Febr uary 20. Above
that city , 70 percent have been noted in that period .

Est imates  of frequency of suspensions due to ice since the Ohio
Rive r was canalized are shown in Table 3. With completion of the new
n a v i g a t i o n  dams , des i gned wi th several submergible gates to pass ice
and floating d e b r i s , and the more powerful towboats operatin g on the
O h i o , these periods should be reduced.

9. Evapora tion. Evaporation and transpiration are important to
low flow runoff charac teristics and depletion of water in storage in
reservoirs and ground wa ter aquifers. Plate 3 shows lines of average
a n n u a l  l ake  evapora t ion i n  i nches  and percen tages like l y to occur in
the Ohio Basin from May to October. It varies from 28 to 36 inches
and 70 to 80 percent.

10. Wind. Prevailing w inds with velocities , averag i ng s i x  to 12
m i l e s  an ho u r , are gener al l y f rom a sou th or sou thwe s te r l y d i r e c t ion on
the plateaus , but usu all y o r i g i na te i n  a more wes te r l y d i r e c t ion in  the
mountains. W inds wi th velocities more than 50 miles an hour have
occurred in all months f rom each direction except east. Maximum winds
have exceeded 80 rii l en. Damage from hurricanes is uncommon as onl y the
eas tern portion of the Basin is exposed, An average of six tornadoes a
year strike Indiana , Kentuck y and Tennessee , and h a l f  tha t number the
eas tern states of the Basin . Hi gh winds may also be associated with
thunderstor ms or the inten se large area storms . These occur on the
average of 30 time s a year in Pennsy lvania and 50 time s in Kentucky and
Tennessee. Direction and average velocity for the prevailing and monthl y
winds for four locations in the Basin are on Plate 4.

Ii. Precipitation.

a. Mean Annua l . Precipitation , including snowfall , varies
considerabl y as to location and year to year . The annual average for
the Ohio Rive r Basin is 44.8 inches. It varies from 52 in the southwest
section to 56 in the southeast , and 36 along the northern divide. It
may be as much as 80 at isolated points of higher elevation in the
Al legheny Mountains.

b. Maximum and Minimum Annual. Extreme years of precip itation
at first order climatolog ical stations have vari ed from 20 inches in 1930
at Parkersburg to 72 at Paducah in 1927. Table 4 presents , for selected
stations , the average annual , maximum and minimum month , the annual ex-
tremes of record and the year of occurrence. Plate 5 presents i sohyets
of average annual precipitation . Plate 6 shows annual preci pitation for
a 75 — year or longer period at P i t t sbu rgh , Columbus , Ur bana , I l l ., and
Nashv i l l e .

c. Monthly D i s t r i b u t i o n .  The average monthl y d i s t r i b u t i o n  of
rainfall for selected locations is on Fi gure 3. Greatest precipitati on
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occu r s  i n Ju ne or J u l y ani the lea st in Oc tcL ~- r , w ith nor-re minor
m odifications due to elevations and o~~m I t i e - I l .

d. I ntensity—Duration Frc- ~~ f t- r c~ - . Ar u a- d cnt h -duration curves
have been develo ped for various sior - . . TIn - - I ver , de in tensity of rain-
fall over an area varies as to i ts siz ~ being ~ireotc-5 t at a particular
po int and l owest for the total are5’. An arca -de ntt cur ie in Weather
B ureau Technical Pape r 29, Part 3, for 3 C O m Up to  ~4OP square miles ,
may be used together w ith sc,int rai n f a l l  in t en sit y-I re ruency data to
estimate preci p itation on ihem.

Point rainfall i-lay be deter m e d  from maps in Weather Bureau
Technical Papers 40 and 4-~ , R a i n r a l l  Frequency A t l as ml the U n i ted
States , for durations from 30 minutes to 10 days and return periods
front one to 100 years. There are also i-laps in T~- chni ca l Paper 40 m di -
cat ing Probable Mcr— i i - i u r r  Precipitation . These curve s for four locations
in the Ohio Basin are presented on Pl at e 7. For larqer areas , char-
acteristic storm patterns based on historical records are used to
de term ine rainfall distribution and intensit y for c l in o to l og i cal  s tu d i e s
related to flood control projects.

The Soil Conservation o:rvice uses general ized rainfall data for
ups tream a r ea s  where historical data are not available. Soil Conser-
va tion Service National Eng inee l ing Mm ~

. randum 27 (Rev.) dated March
19, 1 965, sets forth the I i r r i t i n q  c r i t e r i a  for the development of eme r-
ge ncy s p i l l w a y  and freeboa r d h ydrograp h5 . Curve s on Plates 8 and 9
taken from data in the mrr rorandun --ho~ p o int r a i n f a l l  to area rainfall
correction factors versus drainage urea an,1 r a i n f - 1 l  d istribution for
the six—hour storm .

e. Snow . Snowfa lls in tin- B - i --in :a’j li-  -. avy , but are usuall y
f o l l o w e d by thawing pe riods and there is no lO r IL ~caI e m elting in the
spr ing. Never the less , heavy r a i n ’ - fa l l  ing on s r - ..- i r -  cau sed f l o o d s
in the Basin. Average  a n n u a l  sno-.- l a l l  vari e s or -i , r I - r t  inches in Nash-
v i l l e  to 95 at Jamestown , N .Y. Plate 10 ‘-ho -. , - ‘, ‘ ~~~~~ in nual Basin
snowfall. Table 1+ g ive s snorvfnl I I r r  i-~ I t ~~

,. a -

f. Drought Periods and D~ ri j~t ie . n - ,.u i; -i i l at i on is generall y
s u f f i c i e n t for a g r i c u l ture , but occu r - ~nd l I - , ’ n- ’ i’. t ure deficiencies
cause vegetation to wilt. This i- mi ~ ’ in. ui: i- - ‘‘ I precip itation , ex-
c e s s i v e  evapora t ion  caused by hi gh te -rn c r rt - n ’ - n j dry winds or untime l y
distr ibution of a normall y suffici e nt - - i ’ i t  ul rmr in.

Droughts are usua l l y local  in nature  uni crops are seldom ruined ,
but an economic loss may occur , due to reduction in y ield. The potential
evapo r a t ion and t ra n sp i ration often exceed preci p i ta t ion i n the g rowing
seaso n , so peak dema nd fo r  supp lementar y irri ga tion normall y occurs Ju l y
1 to Au gust 15.

Major droughts in the Ohio Basin have occurred in 1 894, 1895 ,
1901 , 1914 , 1930 , 1934 , 1936 , 1941 , and 1953, and the recent drought
which Etarted in 1962 and has continued throug h 1 965. The severes t
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bas in-wide drought of the 20th Century cias in 1930. Based on available
data , the worst year was in 1 895. These droug ht pe riods result in low
stream flow. This is discussed in Paragrap h 17, Dro ught Flows , th i s
appendix.

The recent r rajo r drouoht s are described here:

(1) 1930 . Annual preci pitation was deficient in a l l  sta tes ,
vary inu t rol l IC t e  18 in ch e s below the state averages and the l owest of

i n  ma ny. Te in rutu res averaged 100 above norma l and readings above
1 OS° ‘me re r e r r ’ d ~ ‘ in a l l States. The rai n f a l l  deficienc y bega n i n
f t - b r iury and can t i ‘ e r  u throug h Septe ’bn r , c a u s i ng c rop  fa ilures. Stream
I l ow’ -,. -:~s I ow , -u 11  ~ ‘-nt  dry and water  w as  sea rce for al I ~urposes.

(2 )  1934 . As t he r esu l t  of an abnormal l y hot summe r , and
unfavorab le d i s t r i b u t i o n  of r a i n , t h i s  dr ough t was seve re . Ohio  had i t s
dric’ - t year of record and Indiana i t s  second d r i e s t .  The drought was
5 1 n i f i m a n t  because i t  035 the f i f t h  m o n s e ( u t i v ( . year  of above norma l
l_~ n ,d ’ 5!rus 3i d s u b n o r - a l  r a i n f a ll . Unp re c c - d e n t e ~ dust storms occurred

-
~~~~~ i l irni- p ort O F t I ’ .- B a s i n  and iro ny previousl y depend able ‘.- ,-cfl s failed.

( 3 )  l7 3 t ~. This  was one of the most severe dur ing a gro w i n g
l~~ dr ,O r’ . A lthouqh average temperatures and p r e c i p i t a t i o n  we re onl y s l i ghtl y
b ’or al , t he -.-ia r - L dry per iod fro m May to Jul y r e s u l t e d  in major crop

d o - a g e . In many s t a t e s , t he May and June p rec i p i t a t i on  was the lowest
oi record , a nd Ju l y and August we re very hot with frequent irregular
tl’,und~ rs to r ;  5 ,

(4) 194 1 . T he drought came in the ear l y months caus ing
fa i l u re  of spr ing crops.  Many of the later  crops we re saved by heavy
but e r r a t ic ra ins  in June , Jul y and August .  In Tennessee , thi s was the
dr ies t  year of record and there we re many forest  f i r e s  in West  V i r g in ia .
A l thoug h many crops we re spared , we l l s  and streams we re very low by
September , Octobe r ra ins  breaking the dry spell.

(5) 1953. T his drought began in June and cont inued through
November . The beg inning of the year was warme r than norma l and from May on
was a lso unusual l y warm and dry , resu l t i ng  in f a l l  crop damage in many areas.
Rivers and reservoirs continued low into Decembe r and many w e l l s  f a i l e d .
Serious forest  f i r e s we re reported f rom September through Noveriiber.

(6) 
~~~ 

Runoff for the year was be l ow norma l in a wide
band extending from the northern port ion of the Alleg heny Rive r Basin
into northeastern Ohio. Ra in fa l l  in Septembe r somewhat a l l e v i a t e d  the
droug ht conditions that had been deve l oping in this area . Temperatures
and ground water l evels throughout the Ohio River Basin were for the
most part , near normal.

(7) 1963. Precip itation at seven representative ci imatol-
ogical stations scattered throug hout the Basin were below means of record.
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O f these , E vansv il le , Ind iana , s howe d the grea tes t  depar ture from the
mean , app rox i ma tel y 13.5 inches. Major crop damage was prevalent throug h-
ou t  the Basin. Teiriperatures were near normal. Groundwat er levels reached
new record lows a long the Pennsy lvan ia -New York boundary and extending
southwestward into Ohio. In some portions of Kentucky , Sep tembe r marke d
t he s t a r t  of a se r ious  drought wh ich  l a s t e d  throug h February of the follow-
ing year .

(8) 964 . Prec i p i t a t i o n  and s t rea mf low  were again be low
nor ma ls  throug hout t he Ba s i n , but genera ll y above t he 1963 va lues .
Severe a g r i c u l t u r a l  droug hts occur red (ra i n f a l l  in some areas dur ing
the sui riu r \ 3 5  s p o t t y ) .  Groundwater  l e v e l s  cont inued at record lows .

(9) 1965 . Dro ug h t co nd i t io n s p e r s i s te d , i-j i t h stream flow
and gro undwate r l evels continuin g b e l o w  no r ma l . Some streams in the
Basin reached record l ows , pa rtl y as a resu l t of a c a r r y o v e r of ground-
water deficiency from the previous year . Wells and reservoirs for many
small communi ties went dry.

g. Hu midity and Fog Conditions. Because of varied topograph y
and associated diffe rences in local clima tes , general ized state m ents for
hu midity conditions in the Basin cannot be made , w ith the exception that
i t i s  u sua l l y h i ghest in the earl y mor n i n g  hours and l owest shortl y after
noon . Occasional nocturnal and morning fogs occur in rive r bottor ims in
late sunn ie r and autumn , bu t may also happen in the sprin g. Low clouds
a nd fog i n the mountains are generall y the result of mo ist t- iind s movin g
up slope . These fogs may happen at any ti -m e and there is usu - ill y a
mar ked d i f f e rence  in such conditions on oppos i te S~~J L S  of ridges.
R e l a t i v e  humid i ty  at four se lec ted  S t a t i o n s  is g iven in Tab le  5.

12. Storms. Severa l  type s of s torms occur in the B a s i n .  One is
cha rac te r i z e d  by long durat ion , r e l a t i v e ly iow intensity and ~ide extent ,
du ring which an enormous amount of water falls. The weather systems
which result in these widespread flood-producing storms ori g inate by the
opposing action of two large stationary anticyc lones - ‘ ‘h i ghs ’’ - one
located o f f  the A t l a n t i c  coas t  and the other entrenched ove r the upper
port ions of the M i s s i s s i p p i and M i s s o u r i  Bas i ns , or poss ib l y nor th  of
the Canadian Border . These produce a more or less stationary fron t
wh ich lies nor theas t  to southwest  ac ross  the Bas in .  A long  t h i s  front
a succession of ‘‘m o i s t  waves ’’ may move nor theas tward r e s u l t i ng in bursts
of cop io us wa r m ra i n s  f o r  prolonged per iods.  The cond i t i on  cont inues to
exist un t i l  the re is a displacement of one or both of the ant icyc iones.
Met eo rolog i c a l  con d i t i on s such  as the se are con f i n e d  to the w i nte r or
e a r l y sp rin g months. The floods of January , 1913 ; January, 1937; and
March , 1 964, were produced by this type of storm.

Ano ther type causes mir oderate to f a i r l y heavy , a nd some t imes  i n tense ,
prec i p i t a t i o n  for a period genera l l y not excee ding f ive days , ove r broa d
bu t smaller areas. These invo l ve one or more c lose ly re la ted  cyclone s -

“lows” - a nd occur  mos t f r e q u e nt l y from Decembe r to A p r i l  whe n s o i l s  are
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genera ll y saturated. Such storms produced the f loods of February, 188 1+;
March , 1913 ; and March , 1936. They occasionall y occur during the summe r ,
but since the soil i s  able to absorb a great quantity of rainfall , run-
off is less. A more detailed discussion of storms may be found in
Hydrometeorolog ica l Report No. 38, of the U.S. Weathe r Bureau , Me teorol-
ogy of Flood Producing Storms in the Ohio River Basin .

A study of past flood producing storms ind i cates that the general
northeast-southwest ali gnment would continue . Howeve r , the storm center
with heaviest rains could be transposed to almost any point in the Basin ,
sti l l  distribution of rainfall would be affected by topograp hic features.
Modera te rainfa l ls can occur on the perime ter of each storm .

Storms covering areas from 50 ,000 to 200 ,000 square miles may result
in up to IS inches of r a i n f a l l  during a two- to f i ve -day  per iod w i t h i n
t his area and storm period . Areas as large as 20 ,000 square m i l es  may
experience 24-hour rainfa l ls in excess of six inches. The Basin may ex-
perience several of these two- to five-day storms in succession ,
separated by onl y three or fou r days of clear weathe r.

Hurricanes from June throug h October may affect the area of the Ohio
Rive r Basin closest to the eastern seaboard. Accompany ing intense rains
may extend into the Alleg heny Mountains but rare l y spill over into the
Ohio Basin.  Since 1900 , onl y t hree des t ruc t i ve  trop ical  storms have
entere d the area. The Monongahela Bas in  October , 1 954 , floods were
caused in this way.

Thunderstorms often y ield intense local rainfall and may cause flash
f looding on smal l  streams . The Ohio Basin averages 30 to 50 days of
thunderstorms each year , onl y a few severe . An examp le of an extreme l y
rare intense local rainfall due to such storms was a deluge of 19 inches
in 130 minutes at Rockport , W. Va., Jul y 18 , 1 889. It is extreme l y
d i f f i c u l t  to give advance warning of th is  type downpour for a s pe c i f i c
area .

Major widespread storms of record are the ones of March , 19 13;
March , 1936; and January , 1937. ls ohyetal maps and depth duration
charts for the March , 1913, and January, 1937, storms are shown on
Plates 35 and 36. The flood of January-February, 1937, was the most
destructive the Ohio Basin has experienced. An unusual comb i nation
of meteorolog ical conditions beginning in December , 1 936 , caused exces-
sive and almost continuous rainfall January 6-25 , with hi ghest intensit ies
J anuar y 20-25 , centere d l arge l y in the midd le  and l owe r por t ions of the
Ohio Basin. The 20—day rainfall was the greatest ar.d most prolonged
recorded in the Basin , excee ding 22 inches at several s ta t ions  in the
l owe r Tennessee , Cumberland and Green Rive r Bas ins .  The r a i n f a l l
averaged 10 inches ove r the ent i re  Ohio Bas in  w i t h  f i ve  in the last
f i ve  days of the storm.
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The 1913 storm centered ove r the Great Miami River Basin and caused
severe f looding in the Wabash , Miam i and Sc io to  Rive r Bas ins .  The ground
was sa tura ted  by two per iods of prec i p i t a t i o n , Marc h 14 , and Marc h 19-20 ,
but these d is turbances passed rap idl y eastward.  Ear l y Marc h 23, a hi gh-
pressure system appeared ove r the Rock y Moun ta i ns and Grea t P l a i ns and
began movi ng ra p i d l y eastward unti l  its -main center was over the Great
Lak es the following morning. A stor r , ar ea also developed over the
sou thwestern states form ing a long tongue of low pressure which enve l-
oped the Ohio Rive r Basin for 60 hours or -lore . The stationar y f r o n t
caused the ov erflowing warm air to release large qu antities of rain.
The I- r ain centers of pr ec i p i tation developed at Richm ond , Ind., and
Bellefon ta i ne , Ohio , where the downpour was more than 11 inches in each
case for March 23-27.

The Ma rch , 1 936 , storm period is uni que in that a sl i gh t change i n
cl i matic circumnstances could have produced large r inundation . The winter
of 1935—36 was unusuall y seve re i n the uppe r Oh i o Bas i n ;  tempera tu res
were be l ow and snow p r e c i p i tation above normal. A thaw beg i nn i n g
Feb rua ry  23 de pleted much of the snow cove r by the end of the month.
The rise in streams broke up the unusuall y thick channel ice. However ,
the re was s ti l l  c o n s i d e ra b l e  snow wi t h three to f i v e  i nches of wa te r
content on the ~-jestern slopes of the Alle g heny Mountains.

A well developed low pressure system moved northerl y ac ross the a rea ,
Ma rch 1 1 — 1 2 , wi th war m l i ght rains averag i ng one to two inches. The same
amount of snow ir m e lt added to the Youg h i o g he ny R i v e r f l o w a nd f looded  the
C l a r i on R i v e r . Max i ’ -r um rm discharge occurred on some tributary streams. A
second stor m system , March 17- 18 , cau sed by a stationar y low pressure
troug h , be tween a North A t l a n t i c  or Bermuda hi gh a nd a con t i nent a l  h i gh ,
produced snow in the Monongahela Basin and northern part of the Alle g he ny
Basi n. But in the area to the south of the Clarion Rive r , si x—inch rains
on the western slopes of the Allegheny Mountains were supp l emented by
melting snow and major flood peaks resulted .

In some parts of the Alleg he ny a nd Mo nongah e l a  Bas i ns , the March 17—1 8
s n o w f a l l  added to snow on the g rou nd a nd la ter r a i n s re su l ted i n a th i r d
peak in par ticular areas from March 22—26. A d d i t io nal  ge ne r a l  f lood i ng
ou tside this area did not result.

The March , 1 961+, storm resulted in the sixth hi ghes t f lood  of record
a t C i n c i n na t i , and the biggest on the river since March , 19145. It was
caused by two storms that moved eastward ove r the Basin. The first ,
March  3-5 , dropped ei ght inches of rain at Paducah , six at Louisville
and four at Cincinnati. In many areas the Ohio Rive r approached flood
stage . The second storm , March 8-10 , caused even heavier rains and ,
comb i n e d  wi th the prev ious  downpour , produced 16 inches at the mouth of
the Cumber land Rive r , 13 at Louisville , 10 at Cincinnati and two at
Huntington . Alignment of the maximum rainfall was northeast -southwest ,
with the center sli ghtl y be l ow the Ohio River , along a line from the
mou th of the Cumberland to Lou i sville.
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13. Hydroc llmat ic Data Gather ing Program.

a. Data Sources. The U.S. Weathe r Bureau is the princ ipal
agency engaged in collecting and compiling c limatological data. Other
Federal agenc ies and local government un its cooperate in furnishing funds ,
observers and gag ing locations. Information is also collected by ind i-
v lduals , industries and insti tut ions and may be sent to the Weather Bureau
for record. Pert inent data are published in Climato logical Reports. The
Weathe r Bureau a lso has the responsibi l i ty for weather and flood fore-
casting and in some cases makes predictions of low flows.

b. Avai lab le Data. Information avai lable relates to precipita-
t ion , temperature , wind , humidIty , c loud cover , evaporat ion, and the like .
The re l i ab i l i t y  var ies as to the type of equ ipment at the stations , con-
tinuous , hour ly or da ily readings and length of record. The Weathe r Bureau
has prepared maps show ing average s for various c limatological U.S. sta t i s t i cs .
These are avai lable as sheets of the National A t las .  The Ohio Basin portion
of some of these maps is shown on Plates la and ib , 2 , 3, 5 and 10. The
At las and other publ icat ions containing c l ima tolog ical data are for sale by
the Superintendent of Documents , Government Print ing Of f i ce , Washington ,
D.C.

c. Number and Type of Stati ons and Length of Record. The Ohio
Basin is covered by a ne twor~: of 900 o f f i c i a l  c l imato log ical and/or
hydroc l imat ic  stat ions operated by the Weather Bureau. Three hundred
and six have continuous recording precipi tat ion gages , charts of which
are attended once a day or oftener . The others use standard non—recording
gages , some of which are read more than once dai l y. Many s ta t ions have
more than 60 years of record . Table 6 lists the number of precipitation
and temperature stat ions in each sub-basin.

The map on Fi gure 5 locates c l ima to log ical  s ta t ions  for which
data are presented in this report. Locations are shown on maps prepared
by the Weather Bureau in 1960. They are available from the Government
Printing Office .

Table 14 presents c l imato logica l  data for 22 stat ions in or
adjacent to the Basin . Record keep ing started in 1 871 at a few stat ions.

d. Hydroc l imat ic  Network. Some of the referenced stat ions are
part of a nationwide setup operated and administe red by the Weather Bureau
at the request of the U.S. Army Corps of Engineers. These prov ide data to
meet Corps requ irements and supp lement the regular Weather Bureau ne twork
of meteorological stations. In 1 964 there were approx imately 225 under th is
program in the Basin of which  2 15 have recording gages. The Weather Bureau
publishes recorded information in i ts  Hourl y Prec ip i ta t ion Data. The non-
recording material is carr ied in i ts C l imato log ica l Data .
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SECT ION IV - HYDROLOGY

1 4. Hydrologic Data Gathering Program.

a. Agencies Invo lved. The U.S. Geological Survey is the agency
primaril y responsible for the collection and tabulation of surface and
ground water data . Certain general ground water information is covered
in Appendix E , Ground Water in the Ohio Basin. The records of discharge
and contents of lakes and reservoir c in the Nation are published by the
U.S. Geolog ical Survey, under a cooperative program with other U.S.
age nc i e s , s-tates and local interests and private industries assistin g
and sharing in expenses. Every state in the Ohio Basin is a partici pant.
O ther organizations involved are the Department of the Army , Air Force ,
Tennessee Valley Au th o r i t y , A tomic Energy Commission , the Department of
Agriculture ’s Soil Conserva tion Service , Fores t  Se rv i ce , and A g r i c u l tu r a l
Researc h Se rv i ce  and the Department of Commerce . The agencies cooperate
in obta in ing data at spec i f i c  project locat ions wh ich are necessary to
th e i r  work b u t beyo nd the scope of the norma l U.S. Geolog ical Survey
ope rations. U.S.D.A . st-,~-tions making hydrolog ic studies on upstream
areas i n the Ohio Rive r Basin are located at Coshocton and New Phila-
del ph i a , Ohio and Berea , Kentuck y.

Water quality is covered in the report of the U.S. Public Health
Service , Appe ndix D. Suspended sediments are discussed in this appendix ,
Sec t ion  V , Sed imentat ion.

b. Data Available. Dail y discharge data are published for 540
gag ng stations in the stud y area . Surface Water Suppl y of the U n i ted
States 1959, Par t 3A , Ohio River Basin Excep t Cumberland and Tennessee
River Basins , g ives informa tion for 472 tributary and 13 main stem sta-
tions. An additional 55 in the Cumber land Basin are reported in Part 3B ,
Cunberland and Tennessee River Basins. Augmenting these are limited
disch arge measurements made during floods or low flow periods at miscel-
laneous sites. The latest basin-wide publications used for this stud y
are the 1959 Water Supp l y Papers 1625 and 1626 available from the Govern-
ment Printing Office . This information is now being published on a state
basis and reports will be issued as soon after the end of the water year
as p rac t i ca l .  The U.S. G .S. Water Suppl y Papers w i l l  be published at
five-year intervals.

Whi l e  the U.S. Geolog ical Survey began study ing stream discharge
in the Ohio Basin in 1 888, onl y ei gh t percent of the station records are
for periods longe r than 39 years. The majority are from 10 to 30 years
and are for observed f lows . Electronic computer analyses are ava i lab le
for most stations in Indiana , Kentucky, Mary land , Virginia , West Virginia ,
Pennsy lvania and North Caro lina , and some in Tennessee and I l lino is .
These “print-outs ” for each year g ive numbe r of days that the dail y dis-
charge was between selected limits (duration tables) and for l owest and
highest mean discharges for selected numbers of consecutive days in each
year rang ing between one day and 2 714 days. Frequency compu tations are
also ava i lab le  at some stat ions.
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State water inventories and reports also deve lop records on f low
duration , frequency and low f low storage requ irements based on U.S .G .S .
reports. Information for spe c i f i c  project studies may a lso be avai lab le
from the Corps of Engineers , T.V. A., Weather Bureau , S .C. S., U.S. G .S.,
individual state agencies , c i t i es , municipal author i t ies and private
power companies and industry.

The Weathe r Bureau ’ s Dai l y River Stages contains information
for those key stations used in flood predict ions. These records date
from 1858 , and , for the recent years , are avai lab le  from the Government
Printing Off ice . The publication g ives stat ion location , length of
record, elevation of gage zero above mean sea leve l , distance of gage
above mouth of river , drainage area above the gage , flood stage and
extreme high and low stages and dates. For the year of publ icat ion it
also has the dail y stage readings at each gage. The 1 958 edi t ion l i s t s
41 gages on the Ohio River and 108 on t r ibutar ies , excluding the Tennessee
River . Some of these gages on the Ohio were located at the old nav i ga t ion
locks and dams wh ich are being rep laced by a fewer numbe r of hi gh l i f t
structures.

Some of the more pertinent U.S.D .A . data avai lab le on upstream
areas are as follows :

(1) Monthl y precip i ta t ion and runoff for small agricultural
watersheds in the U.S., 1957.

(2) Annua l maximum flows from small agricu l tural watersheds
in  the U.S., 1958.

(3) Selected runoff events for small agr icu l tura l  watersheds
in the U.S ., 1960.

c. Stream Gaging Stat ions.  The number of rated discharge stations
in each major tributary and the d is t r ibu t ion  of the length of the record
based on Wa ter Suppl y Papers 1625 and 1626 is shown in Table 7. The
ear l iest  records for discharge is 1 877 at Kanawha Fa l ls , on the Kanawha
Rive r, and for continuous stage , 1857 at Cincinnati.

Rating curves for each gage location are avai lab le from the U.S. G. S.
This agency under contract to the Corps of Engineers has extended the rating
curves at 12 key stat ions on the main stem Ohio and at 70 principa l stat ions
on tributaries as part of the Ohio River Basin Comprehensive Study.

d. Location of Stations. Locations of al l  stream gaging stat ions
in the Ohio Basin and type of gage , whether rated stage only, recording,
or non-recording, are shown on maps prepared in 1960 by the Inter-Agency
Committee on Water Resources. Five cover the entire Ohio Basin and are
avai lab le from the Government Print ing Off ice . They are :

(1) No. 17 - Ohio River Basin - Madison to Uniontown -
Wabash River Bas in.
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(2) No. 18 - Tennessee River Basin be l ow Hales Bar -
Cumberland and Green Rive r Basins.

( 3)  No. 19 - Ohio River Basin - Pt. Pleasant to Mad ison -

Kanawha to Kentucky Basin - S c i o t o  to M i a m i  B a s i n .

(4) No. 20 - Tennessee River above Hales Bar.

(5) No. 21 — Ohio River above Pt . Pleasant and Lake Erie
Drainage .

Locations for stream gaging stations referred to in the Table
F l o w  of S e l e c t e d  S t r e a m s  - Ohio Rive r Basin are shown on Plates ll a
through lid .

e. Frequency Dete rminations. The basic frequency curve used in
hydrolog ic engineering is the frequency curve of annual maximum or annual
minimum events. The two basic approaches to est imating frequency curves
are graphical and anal ytical. Since the “Guidelines for Framework Studies ”
as set forth by the Interdepartmental Staff Committee , Water Resources
Council , requ i re the use of existing data , the sources of frequency data
included the U.S.G.S., S.C.S., Corps , Miami Conservancy District and various
state reports. Therefore , the frequency data as contained in this appendix
were develope d by various graphical and anal ytical methods.

Frequency data for the Ohio River were supplied by the Corps ’ Ohio
River Division Office . Na tural max i mum annual frequency curves were deve l-
oped by the Corps in accordance tci the method in papers by Leo R. Beard ,
Statistical Methods in Hydrology , Office of the Chief of Eng i neers , U.S.
Army , Jul y, 195 2 , and U.S . Army Eng inee r Dis t r ict , Sacramento , January ,
1962. The following assumptions and qualifications are specified :

(1) Annual maximum flows when expressed as a l ogarithmic
ser ies can be f i t ted  to Pearson Type l i i  curves (the “norma l d is t r ibu t ion”
curve is a special case wi th zero skew ).

(2) Fitting of the curves from the derived statistics (mean,
standard deviation and skew coefficient) of a series of events by moments
is possible as described by H. Alden Fos er (A.S.C.E. Transactions , Vol.
87, 1924, p. 11+2).

(3) Each value of the ser ies is independent of the others and
is obtained unde r the same general conditions. This consideration is qu i te
important when developing natural frequency curves from basic data in which
flows have been modified by reservoir regulation . It is essential that all
modified flows be restored to natural conditions.

For the Ohio Rive r natural flood frequency computations , the
observed peak annual flows for all years since initiation of storage were
adjusted to natural conditions by eva luating actual reservoir ef fects
existing at that particular time . The computed natural s t a t i s t i c s  (mean ,
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standard deviation , coefficient of skew) for the entire period of record
were then adjusted by reconciling adjacent points and comparison on
d r a i n a g e  area propor t ions , to produce consistent statistics throug hout
the l en i th of the main stem. St~iq~ frequency curves ocre developed by
conven m y f l o w s  to st age thro ugh tb - - e :e of ~reet stj c— -~s~~ir’u~ di scharge
relationships plotte d t rom historic : : d~~ t : , and  ~:-i tendud ratin g cj~~~~s
prep ared i l  ccnnecti: s i w ith th~ ~h i w  r~;v,- r S t~~;u ~~rd Pre~ e:t F loud ‘ ~ud-1 .

To d..-ter ri i ne mod if i~- d fi Led c: L s - on the Oh io River , 12 h sro r ic ~~l
f l oods , plus three hypothe t ic a l ones ci grc-i ter m agnitude , ~:Lr e use’i in the
a n a l yse s of f l o~: ui i f ic a t ion . Th~ flo-.-.5 icr these 15, consider ed ~~— ir e—

sentative of the Ba s in , were is di t d by the opera tion of Corps of En q in eer s ’
r e s e r v o i r s , cormple ieJ , under const ruction , or i n preconstruction planning as
of J u l y 1 , 1963 , shown on F i ~~u r e  6. The amount of reduction in peak dis-
charge versus the natural one for the foregoing inundations were used to
deve l op curves indicating average reservoir syster:i capability to reduce
floods. Values froo the curve s thus obtained , when app lied to the natural
peak flows for various recurrence intervals , positioned the modified dis-
charge frequency curve .

The low flow fre quency anal y s i s  fo r  the Oh i o R i v e r was ob ta i n e d
by si m i l a r  method app lied to low flows , except a standard skew coefficient
was used for natural main stem 30-day low flow fre quency computations.

Frequency data for each of the tributar y sub-basins was obtained
f r o m the U.S.G.S., S.C.S., M i a m i Conse rvanc y D i s t r i c t and v ar ious  s ta te
repor ts. Low flow frequency data obtained from the U.S.G .S. are determined
for  the a n n u a l  s e r i e s  by the formula T = fl~.L, whe re T is the recurrence
i nt e r v a l  i n years , n the numbe r of years of record , and m t he order  nu mber
of the event with the l owest event in the array b e i n g  o rde r  num ber 1 .
These poi nts are then plotted on a special forn of arithmetical probability
paper wi th d i s c h a r g e  on a l i near  sca l e  as the o r d i n a te , and re c u r r e nce
in terval in years or percent chance of occurrence on a scale graduated to
the theory of extreme values (Gumnbe l , 1941) as abscissa. A curve  i s  then
fitted to the plotted points.

Me thod s used to estimate the frequency of events by the Soil Con-
servation Service such as flood peaks , are found in that agency ’ s Na t io nal
Eng ine ering Handbook (NEH) 14, Hy d r o l o g y , Supp lemen t A . Two types of fre-
quency s e r i e s  a re used , the annual taking only the largest value in each
year , and the partial duration , utilizing all the values equal to or above
an arbitrary base , usuall y the l owest annual series va l ue . In general ,
the annual ser ies  are used. Th is  method of anal y s i s  considers onl y the
largest flood event for each water year (October through September). The
events are arrayed in descending order of Magnitude with the largest
having a rank numbe r of 1. Logarithmic norma l probability paper , also
ca l led log-norma l or Hazen paper , is used to plot the data. The plotting
positions are computed using the Hazen equation Fa = lOO~2n— lj , where Fa is
the plotting position in percent , n the rank numbe r and y~

’the numbe r of
years of record. The l og-norma l or Hazen paper has a three-cycle logarithmic
scale for the data and both percent chance and standard deviation scales for
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the normal distribution . This extends at least three standard deviations ,
p lus and minus , from the mean. Discharge is p lotted on the logarithmic
scale as the ordinate and percent chance of occurrence as the a b s c i s s a .
The logarithms of the magnitude of the events are used to calculate a
line , or a line of best fit is drawn through the points wi th less wei ght
g iven to those tha t p lo t far off the line .

Frequency  ana l yses of peak discha rge and runoff vo l ume data are
also accomplished by means of a computer program prepared by the Central
Technical Uni t of the Soil Conservation Serv i ce , Washing ton , D.C. This
program u tilizes , primaril y, the two parame ter gamma distribution for
compu ting the 0-99 percent chance events and the log-norma l distribution
whenever the gamma statistic is greater than 51.

If information was not available from U.S.G.S. or Corps Districts
frequency of low flows in tributaries was deve l oped from U.S.G.S. Wa ter
Suppl y Papers. For derived da ta , observed f l o w s  we re res to red to na tu ra l
cond i t ions . The ave rage discharge for the l owest consecutive seven days for
each year of record was p laced in the orde r of magn i tude and the distribu-
t ion de ter m ined b y graphical means. Frequency cu rves were developed by
Beard’ s method . Because the curves represent cumulative frequencies in des-
cending orde r of f l o w magn i tude , the p r o b a b i l i ty sca l e  g ive s the percent
chance that an annual event w i l l  be equa led  or exceeded , and is sometimes
desi gnated nexceedence frequency ”. This annual series method of f r equency
anal ysis does not consider more than one low f l o w  pe r iod  each yea r or sea-
sonal distribution of discharge. The basic statistics , the mean (m) and the
standard deviation (s), we re compu ted by the Corps anal y t i c a l l y for each indi-
v i d ua l  gag ing stat ion . However , a standard skew coefficient was used for
the entire Ohio Basin tributary streams . F rom these computed data , s t r a i ght
line frequency curves were drawn on log probability pape r with slopes equa l
to the standard deviations and with means at 50 percent probability.

A varie ty of methods has been proposed for determining frequencies ,
but none are complete l y satisfactory for the rare occurrence. Plotting
pos i tion methods tend to assi gn too much wei gh t to the rare  even t occur rence
in a short period and are large l y dependent on the record length. Statis-
tical analysis such as Beard ’s tends to rel y heavil y on the bulk of the mid-
range even ts in the estimation of the population parameters , and has the
effect of assi gning low occurrence chance to rarer events . The use of the
p lotting papers made up in special graphs such as the Gumbe l Theory of Ex-
treme Va l ues , purports by a pre-arranged distortion of the probability
scale to dist rib ute the extreme values more closel y to pos i t ions  they mi ght
be expected to occupy in a more comp lete frequency array.

It must be recognized tha t st atistical methods are based on the
data available and all assume that the same general events will be repeated.
Various methods may give different results. Therefore , the frequency data
contained in this append ix are to be conside red onl y as gu i des. For the
desi gn of specific wa ter resources projects , detailed frequency studies
should be made .
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15. Runoff.

a. Ave rage Annua l. Average annual runoff for major t r i b u t a r i e s
o f the Ohio Bas in  va r i es  from Il to 23 inches. The average b r  the O h i o
at t he lowermost gag ing Station , where there is a draina ge are3 01 203 ,000
square miles , is 17.3 inches or 187 m i l l i o n  acre feet. This gage is located
at Metropolis , I ll ., and is 37 miles upstream of the ciouth and nine and
one- ha l f  be lov.- t he Tennessee R iver . The maxinum-i annual runoff of 29.7
inches occurred in 1950 and the minimum of ei ght in 194 1 .

Mean annua l runoff f r o m the A l l e g h e ny and M onongah e l a  B a s i ns i s
more than 23 inches , be tween 58 and 60 percen t of the ave rage p r e c i p i ta-
tion; whereas in the Wabash Basin the runoff is 12.8 inches or abou t 31
perce nt . The average an nual runoff for tributary branches varies con-
s i d e rabl y. For example , in the Monongahela Basin , that from small streams
has been grea ter than 32 inches and in the Wabash Basin less than 11.
F i gure 7 shows the average , -ia xi m um , and minimum annual runoff in inches
for major tributaries of the Ohio Basin.

Table 8 presen ts the mean annual discharge and the discharge for
the year of record in cfs and inches a t the key gag i ng station in each
sub-bas in.

Throug hout most of the Basin , 1950 was a water year of hi gh ave rage
ru noff. Low years were 19141 and 1954 in the tributaries. V ariations in
cl i ma to l o g i c a l  co nd i t ions  an d r u n o f f  cha ra ct e r i s t i c s  ma y ca u se the year  of
maximum or the year of mini mum runoff to differ in adjacent basins. The
maximum tributary runoff year from 1927 to 1959 was 33.1 inches in 1956
for the A l l e g heny B a s i n , while the minimum was 16 .6 i n 1954. An extreme
low an nua l  ru no f f , six— tenths of an inch , occur red  i n the L i tt le  Wabash
Basin i n 193 1. The hi ghes t at the same location was 26.8 in 1950.

The Wabash , Grea t M i a m i , Li ttle Miami , Hocki ng, Muskingum and
Beave r Rive r Basins exhibit somewhat similar runoff character i stics , and
may be pu t i n  one h yd r o l o g ic gro uping. The G reen , Sal t , Ken tuck y, Licking,
Sa nd y, Guyandotte , Kanawha and Little Kanawha Rive r Basins fall into
anothe r group; the Alleg heny and Monongahela River Basins into a third ;
and the Cumberland River Basin , because of i ts longe r east—we s terl y
orientation , into a class by itself .

b. Maxi mum and Minimum Discharge. Table 9 presents the following
information for selected stations on the Ohio Rive r and the ~~jor tributar-
ies: location , drainage area , period of record , average discri arge in cfs
and acre feet a year , instantaneous maximum and minimum di scharges and dates
of occur re nce , and the consecutive seven-day minimur i average flow and p e r i o d
of occurrence .

c. Seasona l Runoff. Althoug h the average Ilont h l y prec ip ita t ion
is fairl y well distributed annuall y, runoff is greate~ t luring the winter
and earl y spring months and l owest in late summe r and a ll . Fi gure 8
illustrates the monthl y mean , minimum and maximum dis .’ I-brges for the period
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ANNUAL RUNOFF IN INCHES
OHIO RIVER SUB-BA SINS
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of record , of six representative stations in the Ohio Basin. The hi ghest
monthl y mean runoff has occurred in March or April , dependent on location
in the Basin , with the l owest in September or Octobe r. The max i mum
monthl y runoff has happened in January or March and the minimum in
September or October , also depending on the l ocation .

d. Average Daily Discharge. The hydrographs on Plate 12 show
the average dail y discharge for the Ohio River at Huntington for 12-month
periods , with the hi ghest and l owe s t instantaneous flow. The vertical
scale is logarithmic and there fore distorted . However , the curves illus-
trate the great variation in seasonal dail y discharge on the river and
the genera l  s i m i l a r i ty between a year of hi gh and low discharges.

e. Infil tration and Base Flows. The ab i l i t y  of a g ive n soil to
abs orb  r a i n f a l l  app l ied con t i nuo usl y a t an e x c e s s i v e  ra te rap i d l y dec reases
unt i l  a f a i r l y uniform mini mum rate of infiltration is reached. Infiltra-
t ion  rates will vary considerabl y depending on location in the Basin ,
geology and soil types , land use and cove r , slope , and the like . At the
same loca t ion , i n f i l t ra ti on ra tes w i l l  change as per meab i l i t y doe s beca use
of v a r i a t ion i n tempera ture of s o i l  and r a i n f a l l , cove r , intensity of
rainfall and other antecedent conditions. Initia l  losses and infiltration
ra tes used fo r hydro log ic anal y s i s  are u s u a l l y determined from reconstruc-
tion of rainfall-runoff relationships of past storms . The procedure follows
Corps of Eng i neers EM 111 0-2-114 05.

The wi nter infiltration indices in the Ohio Basin vary from .004
to .12 inch an hour with ini t i a l  losses neg l i g ible to .20 inch. Losses
d u r i n g  the dry  su mm er and e a r l y f a l l  are much h i gher . Wi th li ght summer
p r e c i p i ta t io n , a l m o s t comp le te retention of rainfall has occurred. Losses ,
during intense summe r storms after periods of dry weather , have been as
hi gh as 0.2 to 0.3 inch an hour . Studies of hyd r o l o g ic records indicate
that infilt ration losses of 0.02 to 0.05 inch an hour is a representative
m inimum value to be used for f lood control  reports for the Ohio Bas in  -

summe r storms . Initi a l  infiltration losses used for unit hyd rograph
ana l y s i s  of summer s torms i n Co rps su rvey repor t s  va ry from 0.5 inch to
1.2 inches. The details of unit hydrograph anal ysis are beyond the scope
of t h is  report.  However , typ ical  i n f i l t r a t i o n  ind ices  for w i n t e r  and
summer are presented in Table 10 for tributary basins.

The i n f i l t r a t i o n  ind ices for the Oh io R ive r Standard Project
Flood (SPF) determin ations are shown on Plate 32. The initial loss for
the characteristic storms used for SPF ana l ysis ranged from neg li g ible
to .20 inch , because of the higher initial saturation due to antecedent
rains or frozen ground when these storms occur du ring January to April.
The Centra l States Forest Experiment Station reports that in studies
under way since 1952 extensive areas of concrete fros t under good forest
cover have neve r been observed. The infiltration indices used for the
SPF vary from 0.01 to 0.05 inch an hour.

Initial losses and infiltration rates used for hydrolog ic
analysis by the Soil Conservation Service for upstream watersheds are
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based on a s tud y of the soils and land use and treatment classes as
illustrated in its Nationa l Eng ineering Handbook. All the major soil s
in the United States have been classified into fou r groups , A , B , C and
0, with A having the hi ghest infiltration potential and D the l owest.
In the hydrolog ic anal ysis of a watershed , classifications will be deter-
mined. Table 1 1 is a list of typ ical soils in the Ohio Rive r Basin w ith
their Hydrolog ic Soil Group.

The land use and trea tment classes are utilized in the prepar-
a t ion of h yd r o l o g i c soil-cove r comp lexes that in turn aid in estimatin g
direc t runoff. Types of land use and treatment are classified on a
f lood runof f -producing bas i s .  The greater the po ten t i a l  of a g iven
l a n d  use or t rea tmen t to inc r ea se  to tal re tent ion , the lower  i t i s  on
a f lood runoff pro duct ion sca le .

Table 12 combines soil groups  and l a n d  and trea tment c la s ses
into hydrolog ic soil-cove r comp lexes. The numbers show their relative
va lue as d i r e c t  runo f f -p roducers .  The hi gher the number , t he greater
the amount of direct runoff to be expected from a storm.

The curve numbers were developed in such manner that init i a l
losses due to interception , inf iltration and surface storage were
accounted for be fore runoff began . Direct runoff may then be estima ted
fo r  a g ive n rainfall by use of Pla te 13 for various curve numbers as
determ ined fro rc the so i l - cove r cosnple .

Base flo w is the discharge in the stream at the time runoff
beg i n s , and continuing throug h the s tor m p e r i o d  e x c l u d i n g  o v e r l a n d
ru noff. This is composed of the subsurface storm flow that enters
streams within a relative l y short time after rainfall beg ins. It also
includes ground water normall y seep ing to the stream be fore the runoff
period , supp lemented by discharge from the penetration of infiltration
to the water table during the storm. The base flow is added to the
overland runoff de termined by unit hydrograph computations. This obtains
the estimated s t r eaT i l  f l o w for the particular stor n being anal yzed. For
pre l im ina ry  anal ys is the base f low is assume d to be the average stream
flow during flood conditions other than direct surface runoff.

16. Floods of Record.

a. Seasonal Occurrences. The flood season on the Ohio is from
Decembe r throug h April with major ones January through March. Howeve r ,
floods on the tribut aries may occur in any month. In order to show the
distribution , the hi ghest dail y average flood discharges for each month
of record were plotted for six typica l locations and are shown on Plate
14. It reveals that mos t major f loods on these t r ibutar ies occur January
through A p r i l , w i th  very few widespread ones Jul y through November.
However , summer storms w i t h  intense ra in fa l l , but of shorte r duration ,
occur on the smaller drainage areas. Thus , spi ll way desi gn of dams is
based on maximum probable storms generall y occurring during the summer.
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Floods ot modern record affectin g the main stem Ohio are the
ones of March , 1913; March , 1 936; Ja nuary , 1937; March , 19145; and Ma rch ,
1 964. B rief descriptions follow:

(1) The March , 1913 , inundation ori g inated in the northern
par t of t i e  O h i o  Ba s i n , particularl y i n the watersheds of the Beave r ,
Mus kin - Scioto , G r ea t M i a r i  and Wabash Rivers , where all prev i ous

- - ccoru .-,~ re cx~ c b~ d . TIr - -southern tributaries contribut ed
iL (~- ( . L ill IllOderatc flIs - ~. Throug h 1 964, the 1 9 1$ flood has not been
C A ( 5 - c  CI~~ 1 I I  the m a in stem in Jre I L -Jch from Mew Mar t i n s v i l l e , W. Va ., to
ups t rea -~ o~ the mouth of thc K1ina~-:ha Rive r at Pt . Pl easant. The peak
discharge at Porneroy was 633,000 ct s on March 30. Det a ils of the me teor-
olog ical events associated w ith this and the other floods to be discussed
a re cove red i n  Par aa ra ph 12 , S to rm s of Record , this appendi x .

(2) The March , 1936 , flood -~as caus ed b y s tor m s ce nt ered
l a r g e l y over the Mo nongahe l a  a nd A l l e g heny  River Basi ns. The rainfall
t-ia S particularl y heavy in the mountainous eastern portions of the Basin .
Snowfall on the ground added to the runoff and in some areas for certain
pe riods it was greater than the preci p it ation. The heavy rains :-icre so
t i -- ed that flood crests on the Monongahela and Allegheny Rivers arrived
almost simu l taneousl y at Pittsbu rg h , resulting in a record hi gh. Re cord
stages also occurred on the main stem to Dam 14 , 20 miles be l ow Whct l ing,
and 11 5 be l ow Pittsburg h , 45 mil es up the Alle g heny to Kitt a nnin g , and
23 m iles up the Monongahela to Elizabeth.

(3) The flood of January-Febru ary, 1937, was the “rost
disastrou s ever in the Ohio Basin . E-~c~~~sive and almost continu es rain-
fall f roi-i January 6—25 caused na xi r u- -1 recorded stages in a 7O5 - -~i i le
reach of the Ohio from below the - ‘outh of the Kanawha at Pt. Pleas ant.
to the mouth of the Ohio at Cairo . This flood interrupted vi r t u a l l y a ll
comm unications and transportation bet r -icen thc north an- i south bank s for
periods of a week tsr a month . Eve ry h iehma y b rid q ~ aer~roach be t ween
Marietta and the mouth , a d i s tance of ~C O - i i h s , sos flooded and closed
to traffic with the exception of th~ C i n c i n n a t i  Suspen - - i on Brid ee .
There the approaches :-i~ rc raised by an ea rth a id sandbag rari p. EXI:Cp~
for the l ower reaches of the CuI- b crland . Green and Kentuck y Riv ers , this
was not the most seve re flood on Ohio Rive r tributaries. It produced
record staqes on the Cumberl and for 160 miles upstream , above the
present location of Cheatham O a r .

(4) The March , 1 945 , f l o o d  was of ma j o r  pr opo rt io n a l o ng
the e T itire m ain stem Ohio , i n c r e a s in g i n sev e r i ty from Pittsburg h to
Lou i s v i l l e , where i t was the second highest of record. Below there the
stage s were exceeded by several p revious floods. It was not serious on
I-lost tributaries , many of which did not exceed flood stage in the uppe r
reaches. The profile Pla te 15 illustrates the relative effect of the
various floods as rela ted to the maximum flood of record for the main
5 ( 1  of the Ohio. Table 13 lists peak stages at key loca t ions  a long  t he
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Ohio Rive r for major floods of record . Six reservoirs in operation in
the Alleg heny and Monongahela Basins reduced the 1 9145 flood stage at

A Pittsburgh by 1.8 feet. These and two reservoirs in the Beave r Basin
resulted in a 2.3 feet reduction at Wheeling. The 14 reservoirs in the
Muskingum Bas in  reduced f lood stages at Mar ie t t a  3.0 feet .  W i t h  the
exception of Dale Hollow on the Cumbe it and and the T.V .A . reservoirs in
the Tennessee Basin , there were no additional major flood control
reservo i rs  in 1 945 in the Ohio River Bas in  downstream of the Muskingu m .
Therefore , the e f fec t i veness  of reservo i rs  on the Ohio f lood crest
brought a 1.0 foot reduct ion at Portsmouth , 0.5 foot at C i n c i n n a t i  and
0.2 foot at Louisville.

(5) The March , 1 96/4 , flood was the fourth hi ghest f lood in
t he century at C i n c i n n a t i  (s tage 66.2 feet)  and the maximum of record in
the Licking and Little Miami Basins. The heavier rains were concentrated
in the area along the main stem of the Ohio with rainfall exceeding 16
i nches at Paducah and 13 at Louisville. The 39 reservo i rs  in operat ion ,
p lus 62 local protect ion pro jects , prevented damages of $290 m i l l i o n .
The reservoirs are located mostl y in uppe r reaches of tributaries , and
heaviest rainfall occurred be l ow them. As a consequence , they were less
effec tive in reducing flood stages than if the rainfall had been more
w i d e l y dis tributed.

Many of the l a rge  f loods  on the ma i n s tem O h i o  have d i s c h a r g e s
above f lood  s tage cont i n u i n g  for many days. The one in March , 1 964,
exceeded flood stages at Cincinnati for 1 1 days. By comparison , a l so
at Cincinnati , the 1 937 inundation exceeded the flood stage for 19 days
and the one in 1963 for 21 days.

b. Peak Discharges. The peak recorded discharges for selec ted
ma i n s tem and t r i b u tary  s t rea m gag i ng stations are shown in Table 9.
These may no t be the m a x i m u m f lood s tha t have occur red  as onl y those
o c c u r r i ng in the period of record are in cluded.

Peak discharge for each square mile of drainage area based on
stage discharge records and flood marks of p r i o r  h i gh wa ter are shown
for the main stem and major tributaries on the log-log grap hs on Pla tes
16 and 17.

c. Flood Frequencies. Frequency curves for 22 locations on the
main stem Ohio for both natural and modified discharge and stage are pre-
sented on Pla tes 18a throu gh l8e. The Corps of Engi neers offices at
Pi t t sbu rgh , Hunt ington , L o u i s v i l l e  and N a s h v i l l e  furnished frequency data
for the major tributaries in their respective districts. The Soil Con-
serva tion Service supplied data for locations in upstream wa tersheds and
the Miami Conservancy District for the Great Miami Basin. These were
summarized into Table 114 g iv ing the 1 00-year , 50- year and two-year
chance of occurrence  for  floods at the selected locations for natural
and reservo i r-regulated cond i t ions .  The natural conditions assume no
reservoirs opera ting. The modified data of the Corps assume that Corps
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reservoirs completed , under construction or in advanced p lanning as of
Jul y 1 , 1963 modif y the flood flows . The present and with project data ,
furnished by the Soil Conservation Service , are from typical watershed
projects which are eithe r comp le ted , under  cons t ruc t ion , au thorized for
const ruc t ion or planned.

In the anal y s i s  of upstream watersheds by t he So i l  Conservat ion
S e r v i c e  cons idera t ion  is given to the present channe l c a p a c i t y  and to
the degree of protection desired from flooding with future or project
condi tions. Generall y, where agricul tural lands are involved a three-
to five-year leve l of protection is prov i ded. That is , the chan ne l  w i l l
con tain within its banks a flood event tha t has from a 33 to a 20 percent
chance of occurrence. Where hi gh val ue crops are grown or urban areas
are i nvo l ved a h i gher degree of pro tec t ion f r o m f l o o d i n g i s  u su a l l y
prov i ded.

Flood and stage frequency curves for ei gh t ty p i c a l  loca t io ns
on ups t rea m wa tersheds  fo r “prese nt ’ and ‘f utu re ’’ cond i t io n d i s c h a r g e s
and stages are shown in Plates 19a and l9b . S.C .S. watershed p lannin g
pa rties within the Ohio Rive r Basin have provided these data fro- 1 their
respective states. The “present ” condition assumes no works of improve-
ment and the future ” condition is a combination of floodwater retarding
s t ruc tures  wi th some cha nnel i mprove men t i f  nee ded , or channel improve-
ment  on l y, to p r o v i d e  the d e s i r e d lev e l of protectio n .

The da ta prov i ded by the Soil Conservation Service a-~ show n on
Plates l9a and )9b and in Table 14 are typ ical of the instantaneous
peak discharges and stage reductions obtained in Public Law 566 upstream
watershed projects in the Ohio River Basin on which work p la ns have been
developed to da te. The re tard ing s t ruc tu res  control  fro- -~ three  to e i ght
inches of floodwater runoff. The area in a watershed controlled by
these s t r u c tures  w i l l  v a ry  dep ending on the topograp hy and control needed
to provide the desi red leve l of pro tection . Us ua ll y 30 to 80 perce nt of
the co nt r i b u t i n g  d r a i n a g e  area above the ma jo r  da mage reach is  beh i nd
s t ruc tu res .

The future peak discharge for the Chippewa C reek , in the Muskingum
Rive r Basin , Pla te l9b , wi l l  be large r than the present discharge for the
same frequency. This is due to low structure control and extensive channel
improvements which will increase the discharge but wi l l  reduce flood
hei ghts.

d. Ice Jam F)oodi n.~~ Flooding caused by ice jams , a r a r e

event , i s  more of a problem on the tribut arie .. than the main stem Ohio .
This may occur at locations where constrictions or othe r stream cha r-
acteristics cause ice floes to p ile up. The gorg ing may result  in back-
water at t imes of hi gh runoff and aggravate flood c~ndi t ions.  Another
danger is concentration of discharge into a small portion of the cross
sect ion of the r iver , causing excessive scour and damage to bridge piers ,
stream banks , and the l ike .
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Ice conditions may exist from late Decembe r to March. Winters
wi th  severe ice condit ions were 1 9l7 l8 , 1935-36 , 1938-39, 1 939-40 and
1962-63.

17. Drought and Low Flows.

a. Seasonal Occurrences. Low flows occur each year as runoff
diminishes due to increased losses by evapo transpiration and a change in
the ra in fa l l  d i s t r i bu t i on  from wide-a rea to local storms . Ohio Basin
runoff is lowest in Septembe r or Octobe r . Howeve r , instantaneous mini-
mums have occurred at various locat ions in the Basin in al l  months except
March through May.

Af te r  surface runoff ceases the ent i re f low of a stream i s  drawn
from ground water storage . Extended drawdown can dep lete this storage
unless it is rep lenished by preci p itation.

Knowled ge of low flow stream characteristics is required for
desi gn of water supp l i e s , waste treatment p lants , agr icu l tura l  and
industr ia l  operations , low f low releases and recreat ion . A pro longed
low flow may be more c r i t i c a l  than the lowest instantaneous discharge
during a g iven period .

b. Low Flow Periods. Instantaneous low flow for selected gag ing
sta t ions in the Ohio River Basin are g iven in Table 9. The m i n i m u m
discharge recorded at Metropolis , the lowermost gag ing s tat ion on the
Ohio , was 15,000 cfs in Jul y, 1930. However , a minimum discharge of
10 ,000 cfs was estimated for September 13- 15,  1 925.

c. Discharges, Relat ion to Norma l Flow. The instantaneous

low flows are unrelated to the mean annual discharge . This latte r
covers many years of record containing annual periods of high and low
f lows , and has l i t t l e  s ign i f icance to shorter periods.

d. Low Flow Frequency. The ana l ysis of s t ream low flow
characteristics is necessary in planning for f u l l  use of a basin ’s
water potential. The same statist ical methods for determinin g frequency
of flood flows are used for low flow frequency ana l ysis and are de-
scribed in Paragraph l Lee. However , the low flow is usuall y based on
a consecutive-day basis when it is  less than a specified amount. Low
flow frequency curves for the Ohio main stem were determined in the Ohio
River Division office of the Corps of Eng ineers. Where tributary fre-
quency curves were not known , data from the U.S.G.S. were utilized.
These were for observed flows as corrections for flow regulations were
not made. Care is requ i red in the use of any frequency information as
records a re general l y too short for more than an estimate. Plates 20a
through 20c present curves for nine locations on the main stem Ohio for
30—day average low flow frequencies , natural and modified by Corps
reservo i rs.
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Typical low flo w frequency curves , as de term ined by the U.S.
Geolog ical Su rvey for  long  pe r iods , are shown on Plate 21 for the
Tygart Valley R i v e r  a t B e l i ng ton , W . Va .; Lic kin g Rive r , Catawba , Ky .;
Grea t M i a m i R i v e r , Tay l o r s v i l l e , Ohio; and Cumber land Rive r , Cumbe rland
Falls , Ky. Cu rves for the stations show the variations that may occu r
i n  the statistical ana l ysis of low flow data from tributaries with
d i f f e ren t h ydro log ic characteristics. A brief descri ption of the latter
for the four stations follows :

(1) Beli ngton. Th Tygart Valle y Rive r has its extreme
source in the northern part of Pocahontas County, a t a 4,000— foot eleva-
tion . The topograph y of the Basin above Bel inqton i s  p r e c i p i t o u s , ex-

cept  fo r  the Tygart V~ ll ey , approx i matel y 22 miles long, ave rag i ng abou t
a m i l e  w i d e  and l y i n g  in tha t area above Elkins. The stream gradient is
steep in the uppe r reaches , but levels off around Be l in gton . Above here ,
the Bas in is heavil y fo r e s ted a nd s p a r c e l y popula ted. The minimum
average annual runoff for the Monongahe la River Basin , i n whi ch the
Tygar t Valley Riv er Basin lies , was 12 .9 in ches , whi l e the minimum dis-
charge of record , 0.1 cfs , was noted September 13, 1930.

(2) Ca tawba. The topograph y of the L i c k i ng Rive r above
he re i s  h i l l y to mount ainous , with the exception of the area near the
head of South Fork , which is rolling. The flood p lai n of the Basin is
comparative l y na rr ow , ave rag ing about one-quarter mile , except in the
reach from Mile 150 to Mile  190 , whe re t i s  approx i ma tel y a mile. The
charac ter of the Basin is predominantl y rural. The ri i n i l l u r r  dischar ge
of record , 2.5 cfs , occurred on August 5 and October 14 and 18 , 1930,
while the minimum annua l runoff is 4.1 inches.

(3) Tay lo rsvi ll e. Glaciation of the Great Miami River
Basi n has left its topograph y above here  l evel  to gent l y ro l l i ng, and
depos i ted glacial d rift aqu i fers which influence the low flow discharges
of the Great M i a m i River at Taylorsvi ll e. The m i nimum recorded discharge
of 30 cfs occur red January 2, 1945 . The minimum annual runoff for the
G reat Miami Rive r Basin is 3.2 i nches.

(4) Cumbe rland Falls. The Cumberland Rive r above the falls
to the v i c i n i ty of J e l l  ico Creek , a major tributary, f l o ws throu g h a
gorge-like sec tion with steep banks. Beyond the creek the rive r valle y
w i d e n s  somewha t to i t s  sou rce , the ju nc t ion o f Poor and Clove r Fo rks ,
nea r Harlan. From the Cumbe rland ’ s sourc e to the f a l l s , i ts average
gradien t is about 2.4 feet a mile. The watershed topograp hy i s
moun ta i nous and densel y forested , w i th a por t ion of i t l y i n g  i n  the
Cumberland National Forest. The Cumberland River Basin annua l runoff
is 8.2 inches , w h i l e  the m i n i m u m d i s c h ar ge of fou r  c f s  was recorded
September 19, 19514.

The Corps of Eng i ne e rs de te r m i ned  for  key loca tions in each
sub-basin , the seven-day, 10-year low flow d ischarges , w h i c h  were used
by the U.S. Public Health Serv i ce in their water qual ity studies. These
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d ischarges along with the cne-day, 30-year and 50-year low flow
discharges are shown in Table 15.

18. Stream Flow Routin g . Knowled ge of stream flow routings
hel ps one understand the hyd r a u l  i c s  of the B a s i n ’ s natural waterways .
The basic hydro log ic func tions are time of trave l and the effect of
na tural valley storage on the inflow-outflow relations in any g i v e n
reach. The rou tin g of stream flows is also necessary to de termin e the
effec t of reservoirs on flood flows and the release of water for low
flow augmentation .

Stream flow routings by the Soi l Conservation Service are usuall y
done on a watershed basis in the upstream areas. Routings are made on
t r i b ut a r i e s , then on the main stem. The same reaches and routing
equations are used for the upstream watershed in its ‘‘ ,resent ’’ condi-
tio n and for the “fu ture” cond i t ions , with a project assumed completed .
When floodwater retardin g structures are added to the project , they
w i l l  reduce volumes of runoff in the ori g i n a l  i n f l o w  h ydrog raphs , and
w i l l  crea te or add hy drogra phs of the releases from the structures.
The rout ing process remains the same except  where a s t ruc tu re  s i t e  cuts
of f a reach .

I n many of the upstream watershed areas , gag ing data trw: stream
f low s t a t i o n s  are not a v a i l a b l e .  Howe ve r , where these are a v a i l a b l e  the
recor d s a re us ed to v e r i f y the Stream hydraul ics and the routin g para-
meters. Methods of routing are exp lai ned in the Soil Conservation Servic ,
National E ng i neerin g Handbook. Electronic data processing equipr e nt is
used for flood routing through r e s e r v o i rs and channels with synthetic
or na tu ra l  h yd r o g r a p hs. Project formulations for flood routing and
the selections of the most desirable comb i nations of floodwater retarding
s t ruc tures  or cha nnel works  of i mprove ment i s  acco mp l i s hed  b y mea n s of
a compu ter program prepared for the Soil Conservation Service by C-E-I-R ,
Inc., Arlington , Va . This progra m w i l l  flood route throug h retardi ng
structures and channels with synthetic or natural hydrog raphs.

a. Flood Flows. Previousl y es tablished flood routin g procedures
fo r the b r a n c h es and ups t rea m reaches of t r i b u ta r i e s  were u sed fo r th i s
study. For the main stem and the l ower reaches of major tributa ries the
method and routing coefficients for the Standard Project Flood studies
are  app l icable to large r flood flows . Paragraph 35, this appendix ,
explains the method used for the main stem Ohio Standard Project Flood ,
and Plate 33 the Ohio Rive r routing reaches and coefficients.

b. Flood Flow Modifica tions (Holdout Rout ing ). A method of
determining the effect of impoundments on flood flows is by rese rvoi r
ho l dou t. The difference between a natural hydrograph and one resultin g
from the reservoir modification is routed downstream. This is to deter-
mine the lowering of crest discharge from storage , usi ng the standard
me thods explained in Corps EM 1110-2-11408. This is generall y s i - -He r
than routing the modified hydrograph which mus t be combined w ith t r i but ar - ,
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inf low . The routing of f loods and reservoir  holdouts , programmed on
an e lec t ron ic  computer by the Corps Ohio Rive r D iv i s i on , was used for
t his study .

c. Low Flow Routing. The routing of low f lows is of impo r-
tance in determining the discharge at downstream points. These data
are necessary for stream pollution studies and to determ i ne present
and future low f low augmentation needs. For the main stem Ohio , standard
stream routing procedures we re u t i l i zed .  The low f low routing coef f i c ien ts
for this report are presented in Table l6.

d. Low Flow Time of Trave l. The time of travel in days between
l oca t ions  of in t e res t  on the Ohio , for the discharge occurring for a
30-day average low f low w i th  a 10-year chance of occurrence , i s  i n
Table 17. Trave l time s were obtained by dividing the average velocity
i n  a reach corresponding to a 30—day, 10-year discharge into the distance
between the pertinent points.

The t ime of trave l in days between some requ i red locations in
the t r ibutar ies for the seven-day, 10-year low flow discharge was deter-
mined by the Public Health Service. The trave l time between the rem aining
requ i red l ocations in the tributaries was estimated by the Corps of
Eng i neers , by dividing the length of the reach by the average ve l oc i ty
in the reach correspond i ng to a seven-day, 10-year low flow discharge .
The travel time for these reaches is shown in Table 18.

The travel times may be used for steady F low conditions but are
not appl i cable to the movement of waves or surges , which may be caused
by rel eases at dams or by rapid runoff from a thunderstorm. The discharge
increase in these cases would cause a greater average ve l oc i ty, but the
sudden introduction of a large volume of water into a flat pool would
cause a displacement effect , which would be rapidl y transmitted. This
veloc i ty is not pertinent to the present study.

19. Stream Regulation. The streams in the Ohio Rive r Basin are
regulated by a numbe r of reservoirs purposes of which vary. Each Corps
of Engineers i mpoundment has a flood control function and many have
storage allocated for summer or all-season recreation pool , water suppl y,
hy droelectric power , low flow augmentation quality control , navigation ,
recreation or fish and wildlife conservation . Reservoir l evels are often
fluctuated for control of insects or rough fish during their breeding
seasons. I mpoundments operated 5y s ta tes , conservancy districts , public
or private power or water supp l y purposes have similar single or multi-
purpose functions.

The Soil Conservation Service plans upstream watersJled projects which
are constructed under Public Law 566 criteria. These reservoirs have
flood control functions with additional storage utilized for recreation ,
f i sh and w i l d l i f e  conserva ti on , water supply and quality control and
irrigation . The latter three are cost reimbursable by state or local
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interests. The retarding structures are built with ungated flood control
spillways. The plans may also include channe l improvemen t , levees and
land treatment and management considerations. Plate 40 is a typical
upstream watershed project map.

Throughout the Ohio Rive r Basin , approx i mate l y 1450 floodwater
retarding structures have been planned unde r Pubi ic Law 566. They
are in var ious stages of development , suc h as constructed , unde r or
authorized for construction , and include some 300,000 acre feet of
floodwa ter storage capacity from approx i matel y 2,500 square miles of
drainage area. The Miami Conservancy D i s t r i c t  detent ion s t ruc tures
are also of the uncontrolled type .

To determine the effect of the comb i nation of reservo i rs on tribu-
tary or main stem flow , stream regulation studies and system anal yses
are required. The Corps reservoirs have been so studied , bu t impound-
ments operated by others were not considered , with the exception of the
T.V.A. The effects of these other reservoirs on tributary or main stem
flow wi l l  be discussed in Appe ndix M , Flood Control. The map on Fi gure 6
loca tes the Corps r e s e r v o i r s , and Table 19 indicates their project
purposes and f lood and conservat ion storage in inches.

a. Reservoir Operation Studies. Studies were made to determine
the effects of operation of reservoirs for flood control on representative
floods. This was de termined by app l y i n g  the appr oved opera t io n procedures
to the storm runoff inflow and routing the reservoir holdouts to pertinent
downstream loca t ions .

Each Corps reservoir has a project manual which describes in
detail operation of the gates and spi l lways for variou s flood and low
flow conditions. The manual also includes the desi gn of the dam , proce-
dures for determining the upstream runoff condi t ions , the s t rea m gages
and stages used to determine the reservoir ’s operating schedule , and
the prescribed rule curves.

A typical rule curve for Sutton Reservoir on the Elk Rive r ,
Kanawha Basin , is on Plate 22 . The reservoi r  operat ions for 1955 are
superimposed on Plate 23. It is operated for flood control throug hout
the year and for low f low augmentation from June throug h Decembe r. The
zone principle is used whe re the quantity of release is adjusted depen-
dent on the amount of water in storage. A second rule curve for Mansfield
Reservoir in the Wabash Basin is on Plate 24. It is operated for f lood
control w i th  ..‘ seasonal pool for recreation. The release of this constant
level pool , beg inning in earl y Septembe r and completed by December 1
prov i des inc i dental low flow augmentation.

Hy drographs for the March-April , 1936 , flood at the Sutton Dam
and at Frame town on the Elk River are on Plates 25 and 26. The natural
and the reservo i r-modified discharges are typ ical of a flood control
operation.
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b. Average Flood Reduc tion. A method was developed to obtain
average reduc tions in flood peak d i s c h a r g e  for  use i n es t i ma t i n g  the
cor -i b ined effect of all upstream reservo i rs on future inundations. The
reduc tion for each representative or hypo the t i c a l  f l ood  was found by
reservoir holdout and routin g procedures and plotted against the natural
dis charge . A curve of best fit was then drawn throug h these points. It
was checked for comparison with those for upstream and downstream loca-
tions and adjusted as necessary. A typ ical one of this type for Pitts-
b u r g h is on Plate 27.

c. Modified Dischar ge. The natural and modified discharge and
stage and reductions at key points on the Ohio Rive r for five of the 12
r e p r e s e n t a t i v e  floods of record are in Table 20.

d. Modifi ed Flood Frequency Curves. Assuming the Corps reser-
voi r s are i n  p l a c e , mo d i f i e d  f l ood  f r e q u e n c y  curve s were de te r m ined  for
key tributary and main stem stations. Those for the main stem Ohio are
on P lates 18a throug h iBe , toge ther wi th the n a t u r a l  d i s c h a r g e  and s tage
cu rves .

e. Low Flow Augmentation. The effect of reservoir releases on
l ow flow discharge for the entire main stem Ohio has not been generalized.
E ach season i s  d i f f e r e n t a nd the r e l a t i o n s h i p  can va ry  w i d e l y of the
quantity of water released to that of natural stream flow. The low flow
strea : di scharge measurements with present instruments may be r e g a r d e d  as
onl y an approx i mation , as there is often disagreement between simultaneous
ones iade at adjacent upstream and downstream stations. More precise
continuous low flow measurements are necessary and additional studies
of t i - I c -  and travel and low flow augnientation are required before a syste r -i
a na l ys is of low flow effects can be made. The effects can be readil y
de ter r ined for individual reservoirs and short reaches downstream . As
me ntioned previousl y, reservoirs have various low flow release schedules.
Sore have no seasonal storage , w h i l e  o thers  re lease  onl y a t the end of the
recr ea t io n seaso n and are d raw n down by Dece mber 1 fo r the w in ter f lood
seaso n . The p u r p m ~c a nd v a r i o u s s torage a l l o c a t io ns and type of r e l e a se
sched u l e  fo r each re servo i r a re g iven in Table 19.

1. t- lo dified Low Flow Frequepçy . The low flow frequency for
tHc l ain ste -i Ohio for the 30-day average discharge for both natura l and

- - I ,d i f ied flows ‘~ias determ ined for nine stations. Plates 20a throug h 20c
nresent these frequency curves. The natural flows were determined by
routing the actual rr’~er v o i r  mo d i f i ca t ions  p roduced by t he e x i s t i ng
pr oj ec t s fo r  each ye ar of s tud y and conve r ting them to pre—reservoir
conditions. The d i s c h a r g e  f r e q u e ncy was the n found b y s ta t i s t i c a l
ethm d s . Di sch ,~~ us a t particular points were reg io na l i z e d  by devel—

op ine a curve m l drainage areas versus the 30-day, 10-year dischar ge.
n or this l r c - - i - . ncy of flow with reservoir modifications , a rela tionship
e t - e c n  natur a l and modified Flows was determined . The natural 30—day

• V ( i d l ( -  •iisr ~~-~i a, -er, p lo tte d a g a i n s t the c o n c u r r e n t m o d i f i e d  ones ,
t~ •)oi n ts (,, ti r1 I f l~~ a relativel y 515)0th curve . Given these data it
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was then possible to draw curves of natu ral dischar ge versus modification
in flow for the 30-day one with the Group “A” reservoirs . These were
t hen u t i l i z e d  in determin ing the mod i f ied  d i scha rge  for the var ious
f r eque nc ies  and a new curve drawn for each s i t e .

Care mus t be used in comparing the discharge for the sane
frequency at locations which are some distance apart , as each one ’ s
runoff is based on a series of i ndependent events influenced by loca l
r u n o f f  and t r i b u tary  flow. Low flow discharge measurements are neither
adequa te nor the period of record long enoug h to ma ke detailed frequenc-
ana l yses on an entire rive r system basis.

20. Surface Wa ter Availabil ity Studies.

a. Methodology for Wate r Av a i l a b i l i t y  Studies. The determination
of the amount of water available is an essential part of the p lanning pro-
cess , and an adequate , good quality suppl y is needed to stimulate economic
developmen t of an area . The planne r must know the qual itative and quan-
titative distribution of the water resources at various locations with i n
the rive r basin to maximize net returns from potential projects. To
de termine the quantity of surface wate r available and that which can be
developed , general procedures were used as fol lows :

The monthly mean flows and the accumulative volume for each
station were determined from U .S.G.S. pub lications. These mass curves
were compared w i t h  those for various u n i f o r m  flows for the same period
to obtain the storage required for a particular discharge . The require-
ment in each case is determined by scal ing the maximum departure between
the mass and the uniform curve . The period during wh i ch water would have
to be suppl ied from storage to m a i n t a i n  this flow was also found. The
d e r i v e d  da ta were p lo tted for curve of flow in cfs per square mile of
drainage area ve rsus storage in acre feet for each stream site anal yzed.
This method is considered satisfactory for  ge ne r a l  su rvey  and p l a n n i ng
purposes involving preli minary studies and estimates of p roject  y i e l d s .
Plates 28a through 28h can be used for these determinations. Seepage
and evapora tion losses were not considered in finding the storage required
to maintain various flows , as these are  r e l a t ive l y m i n o r .

The method althoug h havin g shortcomings is considered adequate
for the scope of this stud y. For fina l project and system ana l ysis ,
more sophisticated statistical methods s h o u l d  be i nves t i ga ted.

b. Use of Ultimate Flow. The ultimate flow approximates the
long- term mean discharge . It represents the uppe r limit of uniform
sustained flow that can be theoreticall y obta i ned from an area . It is
assumed that a l l  f low above the mean can be stored for release when
natura l runoff falls be l ow it. The ultima te storage is tha t requ i red
to achieve the ultimate flow. Storage in excess of the ultima te wil l
not prov i de a hi ghe r unifo rm y ield unless future wet periods and droug ht
vary considerabl y from past ones. It is an t i c ipa ted , however , that fut ure
low flow changes will not seriousl y affect the flow- storage relations.
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The optimum flow-storage development for locations wi thin
sub-basins was determined , g iving the theoretical optimum storage-
susta i ned flow relationship. These storages are large , but no attempt
has been made i n  this phase of the study to determ i ne if they are
available at reservoir si tes. Those greater than the optimum would
g ive greater flow , but the incremental flow per unit storage would
dec rease. These fi gures for various loca tions are in Table 21 . The
method u~eçl is hypothetical and was developed for the Delaware Basin
Repo rt. ~~)

These da ta are useful for long-range plannin g i n  o rder  to
ob tain an idea of the maximum potential development in each basin.

c. Flow Storage Curves. These curves , d e r i v e d  for  key loca-
ti ons i n  each major  t r i b u t a r y , are presented on Plat es 28a through 28h.
They show storage requ i red to maintain a specific discharge in  cfs per
square  m i l e  w h i c h  may be carried over from one year to another . Al tho u gh
they are for a particular stream gage , they may be u t i l i z e d  fo r  o ther
loca t ions on the same s t ream wi th i n  a r ea sonab le  d i s tanc e and d r a i nage
area . The poin t of optimum development i s  indicated on each curve .

d. Seasonal Volume of Runoff. An ind i ca tion of the seasonal
volu me of runoff can be obtained from Table 22 which shows the percent
of average monthl y runoff as related to the annual fi gu re for  s i x  gag i n g
stations. The volume from Decembe r 1 to A p r i l  1 ave r ages r o u g h l y 50
percent of the annual; from A p r i l  through  June i t ge ne r a l l y approxi r -lates
30 percen t. Since the major flood season ex tends  throug h A p r i l , some risk
i s  involved that month in storing water for seasonal low flow auo -ienta t ion
or recreation pools. On the other hand , if th is  runoff is not s to red
t h e r e  is great dange r of not accumulating sufficient water for seasonal
use. The graph on Pla te 29 gives an indication of the percent chance of
occurrence of various flows in April throug h May and April th roug h June.
Plate 30 i s  useful in determining the storage requ i red for a specific
pe r iod  of su st a i n e d  f l o w , assu ming all discharge is from tha t source .
To de ter m i ne supp le mental flow the observed discharge should be subtracted
from that desired and the remainder used . The two charts used in conjunc-
t o n  with the water ava i l a b i l i t y  curves should be useful in inferrin g low
flow augmentation storage requ i red to satisf y needs.

e. Flow Duration Curves. These curves g ive an indication of
the hyd r o l o g ic charac teristics of a drainage basin. The f o u r  on Fi gure 9
are  typical of the glaciated and non-g lacia ted areas of the Ohio Rive r
Basin. The slope on the hig h f low end is large l y gover ned by cl i mate and
ph y s i o g r a p h y, while the low flow end is indicative of the average ground
wa ter or othe r storage released to stream flow. A steep slope in the l ower
section of the curve indicates low ground water y ields , whereas a flat one ,.

(1) De l aware Rive r Basin Report , U.S. Army Eng i neer Dis trict , Philade l p h i a ,
Decembe r , 1 960, Vol. V I , App. H , Hydrology , p. M-74, para . 1 28.
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shows sus ta i n e d  ground wa ter discharge to the stream or re gul ation by
surface storage. Curves A , B and C are in the Monongahela Basin in
the Allegheny Mountains , where infiltratio n and hence ground water
d i scha rge  is genera l l y low. Curve A , t y p i c a l  for  an un r e g u l a ted sma l l
dra inage area , indicates that runoff var ia t ion be tween f lood and low
flow is great. In this type of basin there are hi gh runoffs during
storms and very low flows during droug hts , perhaps ceasing entirel y
at times. Curve B is for an unregulated large r draina ge area above
Tygart Reservoir . Larger areas tend to increase the low flow discharge
per squa re mile and to have l ower flood discharge per square mile.
Curve C shows the result of all-year regulation by Tygart Reservoir.
Flood-f low peaks are reduced and low f low discharges are ra ised.  The
duration of hi gher low f lows is increased.

The fourth curve , for the Wh i tewater Rive r in the Great Miami
Basin , shows the effect of a permeable ground wa ter aqu i fer. The hi gher
i n f i l t r a t i o n  rates and f l a t  topography generall y resu l t  in lowe r f lood
discharges per square mi le of drainage area than in the mounta inous
reg ion. Low f l o w  is greater due to ground water discharge . It may be
noted that regulation by Tygart Reservoir in the Monongahela Basin
produces a greater low flow discharge per square mil e than the natural
ground water y ields do to stream flow in the Great Miami Basin.

Flow durat ion curves are useful in hydropowe r s tud ies to
deter mine the frequency of runoff volume , in local flood pro tection
pro jec ts  to f ind the percent of t ime flows are above flood stage and
i n wa ter supp l y and low flow studies the percent discharges are be l ow
a desi gna ted minimum. The other graph on Fi gure 9 shows stage duration
frequency at Cincinnati for dischar ges above flood stage for reservoir-
modified flows .
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SECTION V - SEDIMENTATION

21. Available Sediment Data for Ohio River Basin. Suspended sediment
records , p u b l i s h e d  b y the U.S. Geolog ical Survey , a re  available for sta-
t i o n s  loca ted on v a r i o u s  s t rea m s i n  the three predo m ina nt phy s i og rap h i c
prov i nces. The sum mary  of annual suspended sed i ment y i e l d s  and total
annual dischar ges for 26 stations are g iven in Table 23. Si nce sediment
records for the main stem Ohio have been published intermittentl y, an
e~~ti ;r ia t c of y i e l d s  i s  based on pa rt i a l d at a .

Sedi - i entation rates for 42 reservoirs were obtained from publications
of the Soil Conservation Service , Corps of Eng ineers and numerous state
agencies. The Corps has set up sed i mentation range s on all reservoirs
and these w i l l  be measured to obtain long— tern effects. Locations of
these 26 suspended sediment station s and the ~-#2 rese rvoir survey site~
are show n on Fi gure 10.

22. O ri g i n of Sediment. In streams of humid climates , sediment
o r i g in is predominantl y i n shee t e r o s i o n , wi th a lesser degree resulting
from that of banks. The forme r is the more or less un i form wearing away
of the s u r f a c e , w h i l e  the la tter is  the a c c e l e r a ted des t r uc t ion of l a n d ,
i n c l ud i n g  g u l l y and embankment erosio n and valley trenching. The quan-
t i ty and pa rt i c l e  s i z e  cha rac te r i s t i cs  of sedi me nt i n a wa te r shed depe nd
p r i n c i p a l l y upon:

a. Rock and soil types.

b. Land use , and amount and rianagement of forest and other
vegetation in the watershed.

c. Intensity , amount and form of preci p i tation .

d. Slope of the ground surface .

23. Sediment Factors. The factors relatin g to the amount of sediment
transported by streams are veloc i ty, discharge and turbulence. The sedi-
ment may vary in size from cobbles to sil t s  and clays , an d i s  composed of
sus pended and bed loads. The suspended one refers to the sedim er •t in sus-
pe n s i on , held there b., turbulent currents or colloidal suspension . Bed
load re f e r s  to those par t i c l e s  w h i c h  a re r o l l e d  or tu mb l e d  a l o n g  the
strea- - bottom .

24. Sediment y ields. Sedimentation y i e l d s  i n the three  phy s i o g r a p h i c
pro vinces of the Ohio Rive r Basin vary w idel y. In orde r to evaluate
relative rates of erosion , the s e d i m e n t y ields at various locations in a
basi n were compared. The y i e l d  was obt a i n e d  b y d i v i d i n g  the suspended
sed i : -ie nt discharge for a specific t i n e  period by the d ra inage  area  at  the
l o ca t i on .  
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LOCATION OF SUSPENDED SEDIMENT STATIONS AND
R ESERVOIR SEDIMENTATION SURV EY SITES IN

TH E OHIO R IV ER BASI N
AS LISTED IN TABLES 23 AND 24
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An examination of the 26 suspended sediment stations as presented
i n Table 23, reveals that the Sa l t  Rive r Basin in the Interior Low
P la teaus province , had some of the hi ghest y ie ld  rates. For wa te r year
196 0, P l u m  C reek , Wa te rford , Ky., a t r i b u ta ry  of the Sal t , had a sus-
pe nded sediment y i e ld  of 2 ,4 10 tons per square mi le  of drainage area.
As suming the unit wei ght of sediment at 60 pounds per cubic foot , this
aocunts in volume to 1 .85 acre feet for the water year . Some factors
which may aggravate the sediment problems in this province are:

a. Strip mining operations which destroy vege tation and forest
cover and crea te un pro tec ted spo i l  banks  tha t are e a s i l y eroded. Many
operat ions undertake to r e c l a i m  the land by gra ding and revegetat ion .

b. The portion of Kentuck y l y ing in this area is the mos t
i ntensive l y f a r med , l eavi ng much land surface exposed during the grow-
ing season , when in tense rains are common .

c. The remainder of the area has re la t i ve ly steep land slopes.

S i n c e  there i s  a l a c k  of s e d i m e nt da ta for  tha t por t ion of the
A ppalachian Plateau province l y ing south of the Ohio Rive r , cau t io n
sh ou l d  be used when app l y i n g  to th i s  sec t ion the s e d i m e n ta t ion ra tes
derived in this report.

Low sedi ment y ields were found in the Central Lowland province .
Althoug h this area is cultivated extensive l y, erosion is relative l y
l ec s be cause of the f l a t and gen tly slopin g land. Low y ield for speci-
fi c locations are found in the l’~usIdngum , Tradewater and certain areas
of the Li t t l e  Miami River sub-basins. For water year 1954, the Little
M ia m i Rive r near Selma had a suspended sediment y ield of 6.8 tons per
square mile or .00523 acre foot per square mile. Land management
t~ra c t ice -,-~h ich holds the so i l  is one exp lanat ion  for low y ie lds  in
the ~radew ate r  and cer ta in areas of the L i t t l e  Miami R ive r sub-bas ins .
HcJc .Iater reservoirs in the Muskin gum Rive r sub—basin , w h i c h  re ta i n
~~~~ jps tream sediments , resul t in the low suspended y i e l d  ra tes a t
D re s :ie n .

25. Reservoir Sedi mentation. The reduction of storage capacity
by s e d i ment a t i o n , commonl y referred to as reservoir siltin g, repre—

~ents the loss  of a natural resource . In some cases , reservoir sedi—
‘icnt may include organic ma terial (limbs , leaves , etc.). This material
w i l l  decompose after a period of time , but i n i t i a l l y requ i re reservoir
storage space. Factors which have an effect on the rate of si l t i n g  are :

a. Amount , type and distribution of sediment carried into
reservo i r .

b. Reservoir shape .

c. The reservoir capaci ty  - watershed area rat io.
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d. Detent ion time of reservo i r  in f low.

e. Fluctuations in water levels of the reservoir .

f. Physical and chemical differences in the inflow and reservoi r
content.

Rese rv o i r  s i l t i n g  in the Ohio Rive r Basi n is not a major problem as
compared to some western areas , such as the Colorado River Basin. In
previous Corps reservoir studies in the Ohio Basin , an annual sedimentation
rate of 0.2 to 0.5 acre foot per square m i le  of dra i nage area has been used
for desi gn purposes. The Soi l Conservation Serv i ce reports that annual
sedime n tation rates for the Basin Public Law 566 wa te r shed  p ro j ec t d e s i g n s
have ranged from 0.05 to 2 .5 acre feet per square m i l e  of dra i nage area.

This law , also known as the Watershed Protection and Flood Prevention
Act , has s p e c i f i c  requirements per ta in ing  to drainage area t reatment .  In
add i t i on  to prov id ing storage capac i t y , the economic l i f e  of f loodwa ter
retardin g structures is insured against sediment encroachment through
proper watershed lane use , treatment and management.

The measured rates from sedimentation surveys for reservoirs in the
physiographic province s in the Ohio River Basin are shown in Table 24.
They range from 0.02 to 1.30 acre feet per square mile. These vary as the
res u l t of deten t ion d i r e c t l y ups tream to earthwork activities i mmediatel y
p r io r to samp ling or length of record. The sil t contributing drainage
areas above these reservo i rs  ranged from 11. 7 to 5, 033 square m i les ,
while the period of survey was 3.3 to 107 years.

General ized curve s , as shown on Plate 31 were developed for the three
physiographic prov i nces from sedimentation and suspended sediment dates for
reservoirs and stations in and adjacent to the Basin. These curves repre-
sent average values and if applied to speci fic sites , appreciable varia-
tions mi ght result. For final project desi gn , detailed studies should be
made .

The Soi l  Conservat ion Se rv ice  f inds tha t isolated hi gh—sedi ment
producing areas could have si gnificant effect on upstream watershed deve l-
opments. Reservoir sedimentation design rates vary several fold from
one -

~~ruc ture site to another within a watershed project of less than
100 square m i les .  S .C. S . Eng ineer ing Techn ica l  Release No. 12 p r e se n t s

methods and procedures for computing sediment storage requirements for
retarding and multi p le—purpose structures.

26. Depos i tion in Channe ls. Although reservoir si l t i n g  i s  a major
aspect of sed imentat ion , othe r resul t ing prob lems are:

a. Sediment deposi ts  in navigat ion channels and harbors ,
requiring periodic dred g ing.
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b. Increased frequency of f looding as a result of deposition
in channels.

c. Destruct ive s i l t i n g  of agr icu l tura l  land.

d. Damage during floods to structures and contents , and to
mechanical equ ipment through s i l t  d i f fus ion .

e. Change in ecology and f i sh  and s h e l l f i s h  harvest.

f. Impedes dra inage on adjacent farmlands.
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SECTION V I — O H I O  R I V E R  STANDARD PROJECT FLOOD

27. Purpose. The term Standard Project Flood (SPF) i s  defined as a
hypothetica l f lood , representing the c r i t i c a l  volume and peak discharge
tha t may be expected from a combination of meteorolog ic and hydrolo gic
cond ition s reasonabl y chara cte r i s t i c  of the geograp h i c a l  reg ion . It rep-
resents a standard against wh i ch the degree of flood protection selected ,
called the Project Desi gn Flood (PDF), may be j udged and compared with
pro tec t ion prov i ded by s im i la r projects in other localities. The primary
objec tive of this phase of the stud y was to establish SPF hyd rograp hs a t
key bcations along the Ohio River .

28. Scope. Following the flood of January—February , 1 937, studies
of a comprehensive flood control plan for the Ohio River Bas in were made .
These inc luded the determinat ion  of a Standard Project Flood for the
-~ai n stem Ohio. The System of reservoirs recommended on the basis of
the 1937 stud y, essen t i a l l y that authorized by the 1 938 Flood Control
Act  and p r i o r  a c t s , wou ld reduce the p ro jec t  f lood to stages c lose to
the max in unl of record along the Ohio f rom W e l l s v i l l e , Ohio , to the mouth .
The PDF profile then selected for construction of local protection works
was es tablished as the modified SPF between Pittsburg h and W e l l s v i l l e ,
and the maximum flood of record between We ll svil l e and Cairo. Loca l pro-
tection works constructed since 1 937 provide three feet of freeboard
above the grade of the PDF . Subsequent to es tab l i shment  of the 1 937 POE
changes have occurred that make impractical construction of some of the
presentl y authorized reservoirs . Because of these and in li ght of ac—
cur - ulated experience , the latest developments in meteoro l og ic and hydro-
log ic techniques and currentl y ava i l a b l e  da ta , a reappra i sal of the SPF
was included in the present comprehensive stud y.

Th is reappraisal considered the meteorologic and hyd r o l o g i c  s itu a t i o n s,
the related ra i n f a l l  and runoff quantities in the Ohio Basin and the re-
sulting discharges at key points along the Oh io , be tween Pittsbur g h and
Cairo. Selected stor ’ patterns and combinations were used to develop
hypothetica l floo Js . S i n c e  i t i s  un l i k e l y that any one storm or sing le
com b i n a t ion  of them w i l l  prod uce c r i ti cal  f l o ws thro ughout the entire
length of the River , n-ore than one hypo the t i ca l f lood was considered
necessary to represent SPF criteria . Comparable probabilities of occur-
rence of the deve loped standard pro ject  f loods we re examined to determine
the consistency of discharges and to serve as a basis for the selection
of desi gn c riteria at key locations. Standard projec t floods for
t r i bu ta r i es  were not determined as part of th i s  stud y.

29, Previous Flood Stud ies .  Previous f lood studies are summarized
In paragrap hs a and b f o l l o w i n g :

a. Flood of March —A p r i L  1913 . The report on the Ohio River ,
publ ished August 23. 1 935, as House Document No. 306 , 74th Congress , 1st
Session , contained a stud y based on the flood of March—April , 1913, the
maximum of record at that time for which adequate data were available.
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It was assumed that a storm s im i l a r  to that of March 1 9 13, could occur ,
cente red over the axis of the Ohio Basin instead of the actual position ,
which was approx i mate l y 130 miles north. On the basis of the ratio of
depths of rainfall of the assumed storm condition to actual ones app lied
to the maximum rates of discharge during the 1913 flood , the fi gures at
stat ions on the main stem Ohio we re deve loped. In the planning of local
protection projects it was proposed that the desi gn grade be such as to
provide a freeboard of f ive feet for levees and three for concrete w a l l s
above the maximum flood of record. Table 25 contains maximum stage and
discharge data for the March flood and the estima ted project one , as
presented in House Document No. 306, and the maxi mum - i stages of record
at the time of the report for comparison purposes.

b. Flood of January-February, 1937.

(1) Fol l owing this , the flood situation in the Basin was
restudied and a project flood was developed and desi gn grades set up for
local protection structures on the Ohio. The results are contained in
an unpublished report dated November 12 , 1937, subject , Comprehensive
Flood Control Plan for the Ohio Rive r Basin.

(2) The 1937 Project Flood was developed on the basis that ,
although the continuous rainfall experienced January 6-25 was the greatest
flood—producing precip itation on record , changes in meteorolog ica l condi-
tions during the storm period could have added two to fou r inches in the
upper Basin and in the tributary ones north of the Ohio. The following
procedure was used in determining the rainfall producing the project
flood :

(a) The 1913 storm center over the Great Miami River
was transposed over the watershed of the Alleg heny and Monongahela Rivers.
The rain which fell March 23—27 was assumed to rep lace that of January
16-20 , 1937, so that its runoff would coincide with the crest in the
lower Ohio.

(b) The rain March 23-27, 19 13 , in the Wabash , Great
Miami , Scioto , Muskingum and Beaver watersheds was assumed to rep l ace
that of January 21-25 , 1937, so tha t their runoff would also generall y
coincide with the crest in the l ower Ohio.

(c) Rainfall on other portions of the Basin was
assumed to have been i dentical with that of January 6-25 , 1937.

(3) The method outlined of developing the project flood
enabled utilization of actual in lieu of hypothetical runoffs , based on
assumed rainfall-runoff relationships .

(1.) Table 26 l ists the maximum stages and discharges
p roduce d a t po in t s  on the Oh i o R i ver by the projec t flood and a l so  the
maxi mum stage s and d i schar ges of record as l i s ted i n the repor t of
November 12 , 1 937.
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(5) Reservoir operation studies made In connection with
the November 12 , 1937 , report indicated that a system of 68 reservoIrs
(39 proposed for OhIo Rive r flood contro l in addit ion to 14 authorized
by the Flood Control Act of June 22 , 1 936 , and 1 5 constructed under prior
authori ty) would reduce the project flood stages substantiall y be l ow
maximum ones of record In the 50—mile reach between PIttsburgh and Wells—
y u le , Ohio . Between W e l l s v l l l e  and Ca i ro , the p roject flood would be re-
duced to stages equ i valent to the past maximums . The basis proposed for
desi gn of loca l protection projects was three feet freeboard above the
profile of the modified project flood f rom Pittsburg h to We ll sv ill e and
t he same above the max imum f lood of record p ro f i l e  f rom W e l l s v i l l e  to
Cairo. Table 27 shows the stages of the max i mum flood of record and
natural and modified project flood stages at locations along the Oh io
Rive r as determined in the study .

jO. Current Study — Basic Procedure. Records of past storms and
floods indicate that more critica l combinations of rainfall and runoff
in the Ohio River Basin may be reasonabl y antici pated . Studies have
shown that a slig ht shift in storm position or i n  the  sequence of events
would have resulted in greater flood discharges than those actuall y ex-
perienced . Accordingl y, hypothetical comb i nations of storms of record
were developed to determine flood flows that ha ve a reasonable chance
of occurrence . The hypothet ica l combinat ions include a f lood period
preceding a storm or f lood  flows that could reasonabl y be expected to
precede the in i t ia l  storm , and two major storms of record , with timing
between them consistent with meteorolog ica l conditions for those used ,
or for s i m i l a r  ones. The hypothetica l sequences we re developed on the
basis of both major storms in p lace ; one in place and one transposed
f rom i ts ori g inal posit ion , or both transposed. Adjustments In t iming
of the storm occurrences and in ra in fa l l  we re made as necessary to con-
form to appropriate meteoro l og ica l condit ions. Because of runoff char-
acteristics of the drainage basin , it was considered that two storms in
combinatIon , with appropriate antecedent conditions , would develop the
most c r i t i ca l flood condit ions . Since  i t i s  u n l i k e l y tha t one s tor m
would deve l op critica l conditions over the entire length of the Ohio
Rive r, the selection and positioning of the major ones was carried out
wi th  a v iew to developing f loods spec i f i c  to the upper , middle and lowe r
rive r sections. Where poss ible , actual recorded flows resulting from
storm rainfal l we re used in determining lood f lows . For transposed
storms , or where re l iab le  records of actual f lows we re not ava i lab le ,
the f lood runoff was found by app l ica t ion  of unit hyd r o g r a phs to
observed rainfall quantities .

31. Unit Hydrographs. For preliminary stud y of hypothetical floods ,
runoff quantities were developed using 24—hour tributary unit hyd rog raphs
and rainfall quantities . These unit hydrograp hs were determined by
routing unit hy d rographs for subdrainage areas in the tributary basIn to
the station nearest the mouth of the trib uta ry . The routed units were
combined at that point to form the composite hyd rograph. For detailed
study of the more critica l floods , including reservoir operation studies ,
six— and 12—hour unit hyd rographs were used . These were developed from
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anal ys i s  of f loods of past record in accordance w i t h  the method descr ibed
i n  EM 1110—2—1405. Six—hour unit hy drographs were picked for areas up-
stream of Lock and Dam 33, May svil le , and 1 2—hour ones for areas from
Lock and Dam 33 to 52 , Metropol is . There were 304 unit  hydrograp hs used ,
w i t h  an average dra i nage area of 667 square miles , in develop ing flows
for the hypothetica l f loods selected for detailed stud y.

32, Infiltration Ind i ces. Curves for rainfall—excess p lotted
against preci p itation for six—hou r per iods , contained in Appendix C,
Interim Report on Storms and Floods in the Kansas City D i strict , May—
June , 195 1 , were considered suitable for use in the project flood stud y.
These curves , shown on Plate 32 , take into account the probable variation
in rainfall over a six—hour period .

33.. Recession Curves and Base Flows. Norma l recession curves were
developed for the Standard Project Flood from observed flood hydrograp hs
at Ohio River and tributary gaging stations . These were used for the
hypothetical flood hydrograp hs to adjust recorded flows for periods of
no rainfall in the storm sequences used . In the development of hydro—
grap hs from rainfall , base flows were determined from stud y of those
for natura l discharge for various seasons . These adopted for Ohio Rive r
stations are also listed on Plate 32.

34. Rainfall Excess. For preliminary flood studies a base map was
prepared for transposed storms and those in p lace for wh i ch runoff was
to be computed from rainfall. Average 24—hou r rainfall amounts were
developed for each unit hydrograp h area by the Thiessen Method . These
we re corrected , as required , by app lication of adjustment factors for
geograp hica l relocation , seasonal change and orograp hic dep letion as
determined by the Weather Bureau . By use of infiltration indices and
curves of rainfall excess p lotted against 24—hour preci p itation , the net
effective preci p itation for each 24—hou r period was determined for the
un it hydrograp h area . The same procedure decided net effective rainfall
for the storm sequences selected for detailed stud y, except that quanti-
ties were determined for six—hour periods for each of the 304 u n I t
hydrograph areas . Where six—hour i sohyetal maps were availab i- , they
were utilized to determine average rainfall amounts on the unit hydro—
graph areas.

35. Flood Routing . Routi ng of natura l flood flows and reservoir
modifications was accomplished by the Muskingum Method , using two constant
coefficients. The variable coefficients are approx i matel y constant in the
range of flood flows and were not employed . The use of constant coeff i—
cients enabled the work to be accomp lished more readil y by an elec tronic
di gital computer . For the hypothetical flood , 1 1 Ohio reaches were em-
ployed , with a routing period of 12 hours , except in the first two from
Pittsburgh to Wheeling, where the time period was six hours . The routing
reaches and coefficient va l ues used are on Plate 33.

36. Storm ~omb i nations. Available data on 28 past record storms ,
adjacent to or over the Ohio Rive r Basin , were anal yzed to determine the V
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area l exten t , rainfall intensity and duration , suitability of
meteorolog ical condit ions for t ransposi t ion w i t h i n  or into the Ohio
Basin and combination with others , and flood—producing potential . A
comparison of ra in fa l l  data per ta in ing to these storms is shown in
Table 28. Forty—one different storm combinations were examined , of
wh i ch 16 were selected for detailed stud y. These storm combination s
were designated by numbers running from OR—l to OR—90, according to
seasonal occurrence . In selecting the combinations , consideration was
g i ven to potential for producing critica l natura l flood flows and
possible effectiveness of reservoirs in reducing peak flows . The
storm combinations with the periods of rainfall , storm transpositions
and time and meteorolog i cal adjustments are shown on Plates 34a and 34b .

37, Meteorologica l Studies by Weather Bureau. A meteorolog ical
anal ysis of 15 of the proposed 16 hypothetica l storm sequences has been
completed by the Weathe r Bureau . Data for them are contained in the
bureau ’s publication , Meteoro l ogy of Flood Producing Storms in the Ohio
Rive r Basin , Hy drometeoro l og ical Report No. 38.

38. H y p o t h e t i c a l F l o o d s  — Pr eliminary Study . Tributary runoff
hydrographs we re computed for each of the hy pothetica l storm sequences
except OR—68. These were rou ted down the Ohio Rive r and combined with
computed loca l Inflow to develop the hypothetica l flood hydrograp lis at
key s tat ions on the main stream . Where re l i ab le  discharge records we re
ava i l ab le , the record f loods resul t ing f rom storms as they occurred
were adjusted by means of recession curves , to include onl y the r u n o f f
from rainfall of specified periods. Where discharge records were not
available for record inundations from storms in natural position and
for floods resulting from transposed ones, flows were determined by
apply ing rainfall excess for 24—hou r periods to tributary unit hydro—
grap hs. Flood hydrograp hs for OR—68 were not developed as onl y one
storm , July—August , 1875, transposed to a position north of the Ohio
Rive r , is Invo l ved . It was considered unlike l y that OhIo River flows
resulting from the transposed storm would be critical . OR—5A and OR—I
are made up of the same combinations except that dep letion factors have
been app l ied to the 1 937 ra in fa l l  va lues in the former. Table 29 l i s t s
comparative data on peak flows at Ohio River stations for the 15
hypothetica l floods.

39. ilypothetica l Floods — Detailed Study. On the basis of the
hy drographs made in the prelIminary planning, fou r hypothetica l floods
were selected for deta i led study. Storm combinations and arrangements
of these are :

a. OR—l consists of the storm of January 5—24, 1937, with the
storm transposed approx i mately 240 miles east—northeast and followed
after four interven ing days of no rain by the actual storm of January
3—1 6 , 1 950 . No adjustments were made in ra in fa l l  quant i t i es .

b . OR—5A consis ts  of the same storm combination as OR—l .
Barrier depletion factors were app lied to the 1 937 transposed rainfall
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vary ing from 16 percent in the headwater areas of the eastern t r ibu ta r ies
to one percent in the lowe r Basin.

c. OR-2l consists of the March 23—26 , 1913, storm transposed
approximatel y 158 miles east and 43 miles south and rainfall quantities
increased two percent. A barrier dep letion adjustment vary ing from
seven to 18 percent was app l ied  to the southeastern storm ’s portion .
The March 24—26 , 1904 , storm fo l lowe d a f ter  three in tervening days.
This was transposed approx i matel y 200 miles east-northeast and the
ra in fa l l  decreased by s i x  percent.

d. OR-214 consists of the March 23-26 , 19 13, storm as it occurred
with no adjustment in rainfall , fol l owed after three intervenin g days by
that of March 24— 2 7 , 1913. The second storm was transposed approx i mate l y
115 mi les  southeast and the pa t tern rotated seven degrees counter-clock-
wise. Rainfall quantities were increased by five percent. A barrier
dep le tion adjustment var ying from seven to 18 percent was app l ied to
the southeastern por t ion of the transposed storm.

MRC-58A was a hypothet ica l flood developed and adop ted by the
Mississippi Rive r Commission as a project f lood for the mouth of the
Ohio River . This consists of the January 5-24, 1937 , flood in p lace ,
increased by 10 percent (in l ieu of transposing to a more critical
position), followed in four days by the observed January 3-16 , 1950,
inundation .

Hydrographs for these hypothetical floods were completed by the
same procedure as in the p r e l i m i n a r y  s tu d i e s , excep t that rainfall
quan tities were determined for six—hour periods. They then were appi led
to small area unit hydrographs. I sohyetal maps , mass rainfall curves ,
and area-depth-durat ion curves for OR- l , OR- 5A , OR-2 l and OR-24 are
shown on P la tes  35 throug h 37.

40. Ohio Rive r Basin Flood Control Reservoirs. The basin p lan for
flood control and a l l i e d  purposes in the Ohio River , author ized by t he
1 938 Flood Control Act and previou s ones , consisted of 79 reservo i rs  and
235 local flood protection projects. Subsequent leg islation has authorized
additional reservoir projects and deauthorized others. As of Fiscal Year
1964 , the basin p lan includes 88 authorized reservoirs (38 having been
cons t ruc ted) ,  n ine under construct ion and advanced eng ineering s tud ies
being made on six. In the Tennessee River Basin , 18 T.V.A . reservoirs
have been constructed to prov ide storage for mod i f i ca t ion  of flood f lows .
Table 30 l i s t s  data used for SPF de terminat ion on the authorized reser-
vo i rs in the Ohio River Basin.

41. Reservoir Operation Studies for the Standard Project Flood.
For these studies the dependable effects of reservo i rs in reducing stages
of the hypothet ical  f loods we re considered to be those reductions afforded
by ex is t ing  reservo irs and those expected to be completed in the near
future . According l y ,  the effects of reservoirs in reducing flows of
hypothetica l floods OR- i , OR-5A , OR-2 l , OR-2 4 an~ MRC- 58A have been
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co-puted. Operati on s during th .r flood per iods i-iere in accordance with
approved reservoir regulation schedules , w h i c h  p r o v i d e  for  r e l ea se s
accordin g to conditions a’ control stations on tne Ohio River and the
t r i b u ta ry  s t r e a m s . Modifications effected by the reservo irs i-Vere routed
downstream and comb i ned with natural f 1cr ~ at station - on the Ohio to
det ermine the modified hydrograp hs. Na tural and modified peak stages
for these floods ~i n€ listed in Tabl e- 31 .

42. S tandard Project Flood Profile. The Ohio Basin Standar J Project
Flood profile is shown on Piate 39. Fi yure A shows the SPF peak eleva-
tions for the Ohio Rive r for natural flows and as moc~ f i ed by Corps
r e s e r v o i r s  com p le ted , under construction and in advarced p l a nn i n g  as
of J u l y 1 , 1963. Fi gure B dep ic ts natural and modif i ed stream discharges.
Fi gure 8 demonstrates the effects of Corps reservoir systems at selected
key loca tions , w i th t he shaded area in  t he ba r rep resen t i ng tha t red uc t ion ,
due to the tributary system indicated at the first location downstream
from the j unc t i on  i ii th the Ohio R i v e r .

In se lec t i ng  the hypo t h e t i c a l  f lood for key loca t ions  on the Oh io ,
c o n s i d e r a t ion was g iven to record inundations , r e a sonab l e ness of s tor m
comb i na tions and the relative consistency of station-to-station peak
flows . To test the station-to-station onsistency , peak dischar ges
we re compared ~- e i t h  f r eque ncy da ta d e r i v ed b y Bea rd’ s Me thod from indiv id-
ual station records shown in Table 32. Al thoug h the f requencies are not
compa r a b l e , the v a r i a t ion  of f l o w  per sq ua re n i l e  of d r a i nage area for
the SPF is consistent with the variation found in derived data for shorter
recurrence i n t e r v a l s .

The SPF is  not supposed to represent the maximum poss ib le  f lood , but
is expected to correspond to a flood of rare occurrences , such as m i ght
resu lt from storm sequences reasonabl y c h a r a c t e r i s t i c  of the area . It
cannot be expected tha t any one combination of storm rainfall events w i l l
produce cri tical flood peaks at all locations along the Ohio Rive r ,
because of the size of the basin and the nature of runoff characteristics .

The estab l ishment  of the SPF does not r e s t r i c t  the freedom of the
eng i neer and planner to select some l ower or hi gher discharge for the
f i n a l projec t des i gn f lood , if circu mstances warrant. On the contrary ,
an u n u s u a l l y “stable tool” is prov ided to a i d  in the selection of safe
desi gn criteria , and a ‘‘ s ta nda rd  of compar i son ’’ is provided to aid in
judg ing comparab i l i t y  of design flood selection for various key loca tions.

Plates 38a throug h 38c are hydrographs for the SPF at key Ohio Rive r
locat ions.  Flood OR-2 l is selected as the SPF for the reach from Pitts-
burg h to Huntington , OR-5A for Maysvil le to Golconda , and MRC-58A for the
reach be l ow Golconda to the mouth.
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Li . i, , ‘ 1 1 -e ‘ V 3~~ I
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I rV i. I  , s o t i - r 1j 7 .s .7 (4 11.1
( S t O U t - i  i t - .  00.6 “. 7 1  693 ‘ (2 0
Tenne S see 4 , 1 5  934 ,3 (52  40 , 11 0
‘b o t h  u I  - h , i O  0 ‘ ‘1.0 90 1 2113 s49
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Ti , 1 I A L InLUI L~ J(- (hLb’ KLSLAT3TI( L STOLA9I

.,1o~~e — F e e t I c r  bi le

A verage u,ead,at cr Ne ar Mouth

(I I t - 5t-,- v .  2 . 7 33.2 0.9
‘~on ofl goheI a I V IS 1.0 - ‘ 6

Yo ugfl iogher ,y 1’ .) 29 .1 1. 1
i 5ort Is i s V >  11’ S 32 ,0 .2
,V US t~ ork 7,5 21 .0 0.35

louve r 4 ,1 1. 1 1 1 .3
- (st-k Sri ~as 1. 5 2 . 2  1.4
Li t t l e  l;,s,icha - I I  II I’ 1.2
h i t - k i t , -i . . 17 .7 .7 .1
(410,1,0 1.4 15.11 1 ,-I

9. 1 13.4 3 V
211 .4 3 4

5.3 1 1 0  1.8

~t-15oIs I:r ¶L V’ 45 11 2.5
-- I s i ly  1 . 2  4 .6 0 ’ ’ -

Levis . Fork 11 .3 2, 1
Tog b o r n  13.9 19.9 1, 03

Lit tle sandy ‘.7 4 1. 4
Sciotv 2 ,-I 7.3
Lit tle ‘liami 7 .3 1 4 .1 4 .’
Li c k in , 1.7 2.3 I I
Great Flioai 9.t, 2 V 5 8
1evt,.vk~ (FIa ,n ato l l  1,8 1 .3 ((S
‘alt 6 ,1 23 .3 0.9
,reen 2(1  4 .1 0 .22

I,arren - 5 ,6 10.5 0.27
(t ough .7.8 8 ,0 0.1 ’

.,.bush 1,5 4 ,1 0,h
na lai n o ni e 4 .9 7 , 5 0.6
i t i S S i s S i f l 0 5 9  6,6 I l. 3  1, 1
(th i te 3.0 5 ,5 0.6

o,o ,,berlanj 1.3 2, -I 0.6
Ohio (1,4 0.9 0.3
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V IV p~~ LL 7

Li~N u fU OF U1~ C El , ’J’~UL I~LCO RUS
AT GAG1 ,s~G STAT1sJ i~~ 1 V ~~I~~L 01110 RI VL k ~st\S1 ,’,

~umu er of Stat i~ n ~cco rds
for L)ecades Indicate d ; I~ C~, 1nI1~~11g to 1959

Long est SO
I~eco rd Yea r s

Sub-Basin (Years) or over 40-49 30-39 20-29 10-19 0-9 Total

All egneny So 4 3 0 22 7 S 41
5’ionongahela 52 2 9 9 16 3 45
bea ver 48 0 4 5 4 U 19
.‘Iu skingum 40 0 1 10 22 3 2 38
L i t t l e  Kanawha 31 0 0 2 5 0 1 8
docking 44 0 1 0 2 0 3 6
Kanawha 82 2 1 17 10 4 4 38
duyandottc 32 0 0 2 1 0 0 3
1’~e1vepo1e Cr 17 0 0 0 0 1 0 1
hig Sandy 33 0 0 3 7 3 1 14
Little Sandy 21 0 0 0 1 0 0 1
[ygart s Creek 19 0 0 0 0 1 0 1
Scioto 39 0 0 8 5 5 2 20
Little .liami 36 0 0 2 0 0 5 7
Licking 33 0 0 1 S 2 1 9
Great ~‘fiami 4~ 0 8 4 4 3 21
Kentucky 52 1 0 3 8 4 8 24
Salt 21 0 0 U 3 2 7 14
Green 33 0 0 1 12 5 8 26
t~abash 48 0 5 17 18 35 30 105
Saline 20 0 0 0 1 0 0 1
l’radewater 19 0 0 0 0 1 1 2
Cumberland 58 1 1 6 9 23 15 55
Other Lesser
Tributaries 44 0 2 6 3 12 5 28

Tributary Total
Excluding
Tennessee Riv 82 10 32 96 153 132 104 527

~iain Stem Ohio 31 0 0 2 8 3 0 13

- -

~

-

~

- - .-‘

~

- - - - -.  - -_ -~~~~~-— -



F’- - --‘  
- -  - —  --

b OLL 8

,S,’.I,UAL 1507,/I- I- - 5405 114i9, ‘4IN1(UM iSo ‘ISA,’,
or OS’, 9(51107,9 15 TIll, /111/ VI S I t )  ‘505 ’,

Mean Mean
U i Sch ar g V U I S C ) I S C  ‘It-

Pt r iod < . 9 , 91 ,9 , Me an Inti,’.”. Maximum Inche s M i n im u m  inc h es
of a t  at  DIsc harge of Year of Sear of

Stream 0141 ion Record ou ge 9/ut ) ,  at  Gage Runo f f  (ca)  Year ‘Isinoff (cf’.) (ear ~~nof f

A1l.gI,eny I4i~ ,
7,atrona , Pa 19J4 ’9 9 11 ,410 1 1 ,?/u 19 ,490 2 3 . 2  27 ,810 1956 33 . 1 13 , 900 1954 10,1,

Mononganela ‘.61<,
braddoc 1<, Pa 1939-s9 ‘ 337 ‘.400 12 ,480 23, 1 Io ,770 1951 31,0 0,940 1954 12,9

Cl eaner Rio ,
8ampua , Pa 19 3 2 — tM 2 , 235 3 , 13,’ 2 ,365 14, 4 3 ,051, 195I, 24 ,3 834 1834 5,0

)hiiksngw. Rio ,
4cConn elsvill e , 4 1921’59 7 ,411 9 ,030 7 ,282 13,3 (1 ,730 1937 2 1 ,5 2 ,000 1931 4,9

Litt le (aneaha (iv , 1928’Jl.
Palest i ne , I, Va 1939’5 9 1 ,515 2 ,32 0 2 ,1 0  18 ,8 3 ,210 1 950 28,8 1 ,470 1 447 9.8

IlOcking Rio ,
At h ens , is 1915’b2 444 1,198 978 14 ,1 l o b  1927 25 ,8 233 1954 .9,4

Lavanha kio ,
Cl,arleston , Sa 1939’o9 10 ,4 1 9 12 ,2 0<) 14 ,320 18, 7 2 0 ,890 1958 27 ,2 8 ,783 194 1 11,4

Ta~ lv. po1e or ,
Clays. , 4 Ia  l O l o ’ < 1 9  191 341 320 15,2  53 2 1950 24 ,8 153 1954 7 ,1

L o t t I e  OaCisy Rio ’ ,
Cra yson , Ky 1938 ’b Z 4 22  724 484 10,3 ~5S9 1950 32 ,7 120 1954 4,1

Ty4arts Cr ,
Areenup , Ky 1940-62 242 330 3.4 17 .0 545 1050 30.7 68 1954 3.8

I.uyandot(e Rio ,
Bran chland , Va 1 928— 59 1 ,220 1 ,670 1 ,573 17.4 2 ,309 1935 29 .5 573 194 1 6 ,4

8ig Sandy ROY .
Looiisa , Ky 1938-62 3 , 892 4 ,280 4 , 228 ( 4 , 7 8 , 423 1950 22 , 4 1,423 194 1 5,0

Scioto Ran ,
Ui g by ,  LI 5930—59 9 , 129 0 , 510 4 , 370 11 , 6 6 ,742 1937 17 ,8 1 , 304 1954 3.7

19 15— 17 ;
Little Miam i 1<65 , 1925.30;

Mi l f o rd , 0 1938-02 1 , 195 1 , 760 1 , 205 13.7 1 , 890 1933 21. 4 301 1954 3.4

Licking k in ,
Cataaba, Sly 1928-n2 3 ,3 30 3 ,670 4 ,131 17 ,0 7 ,270 1950 29,9 994 1954 4.5

Great Miam I 4Ln ,
Hamulton , 5) 1931—02 3.o19 5,400 3,203 11,9 6,390 1913 25.8 1941 0.0

5 , 144 1750 19 ,2 931 1954 3 , 5

Wh itecat er Riv ,
BroohvIlIe, Ind 1823-62 1 ,239 1 ,493 1,274 14 ,0 2 ,359 195<) 29 ,8 271 194 1 3,0

12 , 4 1950 24,0 3,2

Slentucky Rio ,
Lockp o rt , Sly 1 925.62 6,180 , ‘7 5 < 8,247 18, 1 ( 4 ,000 1 927  3 2 . 0 2 , 597 1954 5 .7

Salt k in ,
Shepherdsvill., Ky 1938—02 1 ,197 ,~ 890 1 ,533 17, 4 3 ,044 19,, 34.5 379 194 1 4 ,2

345 1954 3 .8

Rollin g For t . ,
Ca nton , Ky (938.62 1 , 290 1 , 4 ’ ) 1 , 691 17,6 3,364 1960 35,3 494 1954 5,2

473 1941 5 ,0
17 , 0  34 ,9 4 ,6

Green kin ,
L iv eruOre , K 1 l93J~h2 1,564 9,230 10 ,850 19.5 21 .420 lOot ) 38.4 3,390 1931 0,1

asbash 061< ,
14 1, CarLel , 111 1 927-59 28 ,600 33 ,100 26 ,980 12 ,8 56 ,740 1950 26,9 6 , 144 194 1 2 , 9

Little eabanh Ii,,
Carm i , 111 1939-09 3 ,090 3,320 2 ,587 11 , 4 6 , 094 1950 2b,8 151 1954 0,8

12.7

Clh it e kin ,
Petersburg, 104 1927 -59 11 , 139 11 ,400 11 ,630 14 .3 22 , 700 (950 27 .7 2 ,138 1941 2,6

Sali ne I s o ,
Junction , 111 0938’59 1 ,040 1 ,170 1 ,211 15 ,8 1 .941 194 5 2 5, 4 107 1941 1.4

T red ewa t er Ray ,
<l ye 0 , Ky 194u’bl 255 1 ,000 328 17.5 092 1950 36,8 62 1941 3.3

sueherland i S v ,
sni thla n d , k~ 1939- 42 17 ,913 17 ,920 27 ,920 21,2 44,500 1950 34 .8 14 ,920 194 1 8, 2

rennessee Kin ,
Paduc*IC , 1 < 149 1’ 1 169 40,200 45 , 9 ( 0  83,790 21 ,0 ‘4 ,400 1950 31,9 33,480 194 1 10,7,

Metropo lis , III 1928.60 2)3 , 00<) 200 , ’4 <) 258 , 500 17,3  443 , 500 1950 29 , 7 118 ,900 194 1 8.0

,R)1L< Inches of , , u n o f l  Per yea r • Aoerage ‘onnual IJICCOSCIC (,~ta1 n 13 .9 74
Urainage Ba sin  (Sq •i) 
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IKICLK (Cnnt ’JI Sheet 2 if

Reer ag e
Discharge onlett d

fee 7 baY -

SOp Draina ge (‘t r ied Va ried o f Rec o rd Iestao t 0000ue M.on. iia Inscao ,taneooc s Iiieiai* Lo ns., ut ine 7 Day MiRiam 10 1..;

No. Ste... Area of (3000 Dischar ge Dis ch a rg e UisclCar 0e L,n, lIons

(1) 6 st at ioa 554 COi) Rec o rd liOn ) hF/O r )  (ifs ) ‘Sate (c)’0) Dat e (ifs ) Per io4 ” (5(53 (12)

*ISgue.284 81900 IASIA (Co nt ’d)

4-0 Tuscarawan Ii,,
N.,,cee.rntOen . Ohio 2 ,430 1921-52 2 ,4 2 2  1 ,768 46 ,800 1.26—37 120 12) l -7’30 lIt

4-0  *iukcegu e a).~,
at Conhoit4o , dhin 4 ,647 1936— 62 4 ,065 3 ,516 78 ,700 1 - 26- 37 142 121 1 1—4- 4 4 414 464

4.10 Lic kiag em , 1903 -06<
ToOhmo. Ohio 672 1921-SC 672 487 49,800 1—2249 34 (2) I I O a  48 (740)’(C’SI-30 SO

9-13 80.6,094. gin ,
Mctona.i isnille , 0 7,411 1921—5 9 7 ,292 6,272 126 .000 I 2647 218 12) 9-21’30 305 8.(20’26)40 $65

4 -14 aid 80 Nm.isl,illen Cr , 9—19-hi ,
Caisco., 0*0,0 ( I3) 4,4 .2 0941—53 32.3 23. 4 2,470 1.22—SO 0.2 11-9.44

4- IS CSO.e SIr , Nan
Pbii.delplm ia, 1) (131 1.6 1936-63 1,2 0,9 299 0— 4-hI )80 Floe) Often (No Flee) (No lIon )

4.lS M ill Cr . 9- (20 .91V) ’Sl
ibashnc t o,5, 0 (II) 37.6 0936—63 21.6 20,0 7,659 6—2847 (No Floe ) 8- ( 2 9 ,3I}—62

LITTLII 1014444* lIVER BASIN

5.1 Little i.maeha gin , (9 ,10)-SO
Cile,eille , I 0. 396 1920-69 601 435 20,4(90 4-16- 3 9 )9O Flee)  )8 , 10)-32

0-4 Litt le 0.ssanha gin ,
PsIesti m. , 8 9. 1,6)5 *939-59 2 ,100 1,520 53 ,000 4 — 1 7 - 3 9  0,6 (8) 7’ l449 1, 4 (8) 7 . (15— 2 1)—59 36

5.5 IRighas Bin , 1928-31;
Lisle , 6 Va 452 1930-59 5*4 423 31 ,700 6-26-50 (In Flee ) 8. (2.6).30 180 FIne ) 9.-(4-10)—30

l~~1lNi< 0106k 80518

6-I Hooking lie ,
ieteeprm.. . Ohio 460 4930-42 435 315 25,200 4-20—40 12 12) 1-19-32 28,6 (7) 8. (O’ 14) .32

6.6 HackiNg Bin ,
At 6 5 , Ohio 944 1915—62 978 708 30 ,400 3. 7— 4 6 9 (2) 10— 11—30 13.6 (7) 10— (II—1 7 )—30 36

6.7 Cleat Cr ,
Roclbeodp, Ohio (13) 87.7 1939-63 83,0 60.6 16,000 7 - 22 -48 3 .0 12-29.41 6 .3  8

0410444* 81(04 1*518

7.1 N.e u n ,
Gala., V. 1 ,131 1929-59 1,603 1,506 141 ,000 1—1 4 -40  193 (9) I—C—Sb 559

7-I ISle RIO ’,
019.1114, 0~ 3 ,76* 1927-60 4,929 3 ,164 226,000 9-5 3- 18 78 770 (2) 9-8-DO 1 ,990

7.30 Dr. ebiiat Cm , 8-12-30;
Riáe rno. , M Oa 1,357 1805—1919 1,993 1 ,443 77,500 3.14—18 24 (2) 10’(1,i)-30 42

7-13 Iluenl9.e liv ,
Pspeet.e, I Va 363 1950—59 466 337 16 ,100 1-29-57 7.0 (0) 9—( ii-23 ,30) .6S

7- 14 I.e Bin ,
llnelto D.PS 4 ,604 1923-59 5,536 4 ,008 232 .000 849-40 10 (10) 8-30—4 8

7.15 G..1.y lie. Sr 1900-16;
5, er, nn lle . I Va 690 1028-50 1,536 1 ,112 77,700 7-4-32 0.6 (2) 10-2743 5.0

7.17 CheStrait CC ,
Gala., Va (13) 39.0 1944-64 66.6 49.2 6,910 10.17-47 13 1-9-54 15,1 9—(13—19)-54 23

1-18 RaaI.6* air ,
1.9.10* Fell s , I Va 1,367 1877-1959 12 ,5*0 9,100 320,000 9—14-79 640 (2) 849-34

7-21 Ilk liv ,
‘5..e. S0*.ll, C Va 1,141 1921.19 1,051 1,412 72 ,000 1-0-32 0.3 (2) i1-(4 ,5)-53 6.2

7-22 lamaeka lie ,
CMrleane.l , I Va 10 ,419 1939—59 14 ,320 19,367 216,000 8-1 5—4 0 1,030 (2) 10—(l-S)-5 3 1,281

7.23 LIttl e CMII Ike ,
Daatlll s, I Va 210 1930—59 337 244 42,600 2-3-39 (ISO Floe) (7 ,10)40

7.29 S Ph Is. 815 ,
Jefferee., N C  207 1924-39 411 297 02 ,000 4-14 .40 68 (2) 9-9—00 86.0 l- (14-20)—30 09

BIG LOJIlt 11011 10511

6 5  lad e. FocI . 191$-IS;
Pai.taelll. , Sly 2 , 14 3 1921—62 2 ,38 1 1,7 27 69 ,700 1—3 1—57 1.4 (2) 7— (23. 25)—30 15

8_I Ihg Pert ,
B Va 1,190 19)0—62 1 ,532 964 63 ,300 1—30-57 23 (2) 10-14.39 26

8-9 Ii ~ S~~ y lie ,
Leeiea, ky 3 ,102 1938-62 4,221 3,063 00,400 3-2-15 (6) 19

LITTLE 1610)0 11981 1*511

0-10 Little SaMy liv ,
Gray e., Ep 402 1931-42 494 050 24 ,100 9-22-10 1,1 (1) 10—12-13 2.7

TYGAITS CIRU BASIN

8-11 ?ygar*a Cr ,
Greseep, Sly 242 1940-62 304 220 14 ,800 2-20-42 (PIn Flee)

QJYMSOTTS 11011 BASIN

0-14 G.yeMatte t In ,
IraNlhIa64, I V. 1,226 1921-59 1,073 l ,139 40,400 1—30-17 3.6 (2) 10-21-30 00

N9LVEFOI,i CREEl 1*518

8—19 TesIvepel. Ct, 22 ,000 2—4-34 I0.(2I—21).02~eayae , N V .  29) 1915— 19 126 236 11,900 2.28 -4 2 (Ne Flee) 11—2—13 (No Flee) l0 .(2I—77)—13

ICIO1’O 11011 BASIl

9-I 941900 lIe, IV 1921-32; 3-22-27~Pralpent , OlsOn Ill (94 0—42 449 321 10,100 1-2)— SI 3.6 (2) 9-13—93 7.3 (7) 9. (14—3 O )’ 30 7.1

j
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Sc lecte,)
7 Say -

lap UrJill.C ge (‘trio,) (‘cried of m ean ) In s tant o ne ous Macinu,o Instantaneous Mini .,,. Consecutive 7 Day Mini.,. 10 Year
So , Stream A r C S  of (1000 Discharge Discharge Discharga Lon Elvis
1) 0 StatiOn <I’., ‘Ii) 4ecord ( ifs) hF/ Or)  ( c f s )  Doto (i f s )  Sate ( i fs)  l’erio4 (cfsj (12)

,i10IU O l I Lc  o,-5~~L 7. <~~.mt ’ U )

9-2 SccOto lii , ScIon
U ’Sha u0 ho n ,o, Jam ,
nr sail ,n , - Is ; i  a 908 1921-52 7,9 556 55,201) 1—2 2—59 0.4 (2)  1 1 —0 —24 4 (7) 11— 1 6—12) —24 0.2

9-3 Ole ntang y 0 5 5 , 1/2 3-3 4 .
Jelaoare , 01,50 307 1930-59 348 252 14 ,100 3—21-2 7 3.1 (2) 8-20-30 0.1 (7) 9-(I4—2O) -34 1,0

9-5 Scio to (iv ,
i.oli00sao , ~ I i a  1 ,524 1920-62 1 ,335 957 60 ,200 1-22-S O 42 (2) 9-6-30 53 (7) 9- (S-ll )-30 57.9

9-7 lug  Ina lout  or , 1 9 2 1 — 3 5 ;  9—)4 ,S)—25 ;
dee m , Ohio 544 1030—62 487 353 59 ,800 l— 2 2— S9 5 (2) 9— (lO-1 2 )—25 7 ,6 (7) 9— (b—I2)—25 7.0

s-S ii
~ 

con y or , 192 1- 3 D ;
i o r b y i i l l e , ohio 533 1930-50 430 317 49 ,000 1—22—59 1.4 (2) 9—17—32 2,6 (7) 9—(1 4—20)—32 6.2

9— 1 1 ,c iat c  s i , ,
o I , i i I i Oat l<e , 26,0 3,847 1920—62 3 ,294 2 ,305 144 ,000 1-23—5 9 160 (2) 1—1 — 3 1  188 (7) (9—29)— ~~ 0—5)— 30 184.5

9 - 1 2  (‘ aunt s e , 10 2 1 — 3 6 ;
boo ,rotusalle , Ohio AD O 1930— 62 789 570 ~2, 100 3—6—45 ((4) 5.7 (2) 8— (13 , 1 4 ) — 3 D  7 .6 (7) Ia -  (5 - 1 1)  — 30 7 . 8

9- 13 S Cuo t V Sun ,
s i~~by • 0 0 5 0  5,129 1930—5 9 4,370 3 , 1b4 177 , 000 1 — 2 3 — 3 7  244 ( 2 )  10— 23— 30 255 (7)  10— ( 1 9 — 2 5 ) — 3 D

9—1 5 L i tt lr Scuoto div .
,‘VaniOO , Ohio (13) 70.0 1938 63 49.7 36.0 5,160 1-22-59 < So Fly .) Often (So Fb i) < 7,c, Fb i)

ChEAT 4192.11 RIVER 591)17.

10- 3  -‘1a3 iii , 1904-36 ;
yr Spr ing fiel d , Ohio 485 1914-59 680 492 30 ,50 0 1- 2 1 - S I  30 9- 15- 04

10-4 ‘Ia.) iSv ,
Dayton , ohio 632 1914-62 622 4 5 < 1  21 ,200 1-22-59 91 (2) 8 - (6 ,9)—34 224

10—7 oree ,,oille Cr .
yr Orad f or d , oh io 195 1930— 6 2 170 12 3 9 ,320 5 — 1 4 — 3 3  6 .7  ( 2 )  0 — ( 4.S)— 34

10-9 Great Miam i 090 , 1 9 1 3 - 1 7 ;
Tay l o r s n u l l e , Ohio ( l A S  19 2 1—62  995 720 31 , 4,12 1 - 2 2 - s O  30 2)  1 - 2 - 4 5  39 ( 9 - 2 h ) — ) l O - 2 ) — 4 1  46

10-10 Creat Miam i Gio ,
D.uytao , 05,0 2 , 513 1929— 6 2 2 .003 1 , 508 60 ,900 ( - 2 2 - 5 9  78 ( 2 )  9 — 2 6 — 4 1  1)7 ( 9 — 2 5 ) -  r 10—1)-41 175

10- 12 Ureat Miami Vie ,
I,uiuil tnn , Ohio 3 , 639 19 3 1—6 2 3 ,2u 3 2 .319 352 ,000 3—2 6—13 100 (2) 9—( 26 ,27)— 41 201 (9 26).(10’2).41 281

12 - 10 Ii ehit em,u ter (Civ ,
Orookvi)le , Iv.) 382 1954-5/ 423 306 3h ,1 90 1—21-59 12 < 2 ) 9—5—5 5 19 V U 4— 20) 55 19

11-19 esite cater kus ,
Ai ,,ine , Ind 539 1920—59 545 395 35 ,000 1—1 4 .37 (4 ( 2 )  9—2 2 -31 33.1 8—( 2—O )—34 45

10- 2,) ohit es at en civ . (915—17;
v r ookv,11o , (nil 1 ,239 1923-52 1,274 922 01,000 1—21—59 49 (2) 1— 5 -35 77.5 10—)1 2—I8 )— 34 92

IlL). Ll(LLC,

10— 14 ‘ l i i i  o r ,
,,.,r tr0i 0y , sihuo 116 194h-62 8 ,900 1-21-59 (Nc -los ) 1940-49

10 -21  ‘1,11 Cr , For Days  in
head i ng , ‘OhiO (13) 3 .1 1038-63 5 , 70,) 3- 6— 4 5 ( 7 0  (‘lvi) 1940 ,41 ,44 ,5)

L1flLL 9119.9) 01518 09515
19 15 . 17 ;

10- 15 L i t t l e  MuOai O iv , 1 9 2 5 — 3 s ;
,4i) foriI, O hio 1 , 195 I0 3 0— h2 1 , 205 872 84 , 10 0 1- 2 2 - 5 9  27 (2) 9—19—54 30.8 . - ‘13 -IV(- b 4 42

10-16 L i- f Little M i am i v i i , 1 0 1 5 — 1 7 ;
l’ c r ,o to in , Ohio 477 192 5-52 o 4 7  396 39 ,400 3 6-4 5 (15) 0.3 (2)  7-24-30 0.6 7 )20-21).30 0,7

(( lOL l)
1< 1 2 0- 3 1  -

1 1 - 2  S I c  Ientac k y v i ;, 1936-37;
Jacisoo , fy 1 ,101 1930-62 1 ,293 93n 53 ,500 1-30-57 (50 -lvi) 2-4-39 2.2

11-3 9 Ii keot , i c fy Au v , 193 0 - 3 2 ,
3 a1)ega , Ky 537 1 < 1 9 — 1 , 2  700 507 52 ,7<1)) 1—30—57 0,1 (2) l O - ) 1 2 - 2 2 ) $ 3  0 .1  l O — ( 1 2 — 1 8 ) — 5 3

1 1 — 4 S In tv nto cfy ,.ii , 1 921—9 1 -
R oonev ull e , 1,, 722 1839—6 2 1 ,028 744 56,100 1- 30—5 7 (So FIoo) l1-( 3— 1 4 )— 5 3 (So Flov ) l 0—(1l—1 7 )—5 3 33

I l - S  feotucky un,
Lock 18 , nr
oisc,, rster , 1, 3 , 955 1907— 6 2 5 ,2 23  3 ,78 1 92 ,400 2 . 5 — 3 9  b est (2) 10—30

Il -n  IvO no iS ,  v i a , 1 9054)6 ;
s ra v h l o r t , h r 5 ,4 ) 2  1925— 52 7 , 023 5,085 115 ,000 1—2 5—3 7 (6) 112

11- 9 Llfho rn or , 1 915-20 ;
1- ran kl o r l , ky 473 1999-62 599 434 22 ,400 4.14-40 (Nv Flow) l- (7-I3) -4 0 (So Flow ) l— (7— 1 3 )— 4 0 163

1 1—10 kenta c iy O S i , Lo ch 2
Loc i por t . k y  6,180 1925-62 0 ,247 5,07 1 123 .000 1-2647 (6)

SALT (( 15111 ib iS

I l - I l  cecil (or , , (9 ,1O)—48 ;
Bardc to wn , 1)’ 669 1939-62 890 544 27 ,900 2-20- 59 (So Floe) (8,9)-57 (So FIVu) (9-29)-(b0-4)—48 0.04

1 1 — 1 2  f o I l i ng  F o r k , nr (9,l 0)-53;
Boston , ky ( .299 193 9—62 1 , 7 2 0  1 , 245 4 1 , < ‘ f  2 — 1 1 — 4 0  0 .4 ( 2 )  1 0 — 2 0—39 0.4 10 — ( b — 1 2 ) — 5 3  1.3

1 1- 13 5.I t KIn ,
ohep he r dn n ill e , 5 .. 1 ,197 1938- 62 1 ,533 1 ,11 0 57 ,700 5—9—6 1 (Nv Floe) (So Flow) 9— (2l—2 7 )—5 3

LICV.IN (, 41510 092- 5 I9l5-20 ~
1 928-31 1

11-1 4 L u ck in k Run , 1935-37 ;
Far .ers , ky 831 1938- Si 1,075 779 24 ,000 2-2 8-82 0.? (2) 10-I l-3D 0.9 lO— (13-19)-30 3.1

Il-IS L u c h u n g  Ou o , 1924-2 6;
i4 c lunneys b ong , 6y 2 ,326 1930— 62 3 ,039 2 ,199 54 ,100 3.13-40 3 .0 ( 2 )  l0-(l8 ,19)—S ) 4 ,8 lO— (2O— 2 6)—S3

I l — l i  s I-k Lichung Cliv ,
Lyn thi a n a , ty 621 1933-62 7S1 544 35 ,300 3-13-48 0,3 (2) 10- (23-26)-S3 0.3 lI-(I0-16(-5 3 0.7

11-1 8 L i c h I n O  bin , 1914— 2 0;
Lat oa ba , ky 3,300 1924-62 4,131 2 ,991 86 ,300 3 .14-48 2.5 (2) IO -)1 4 ,I8)-30 3,3 l0- )1S-21)-30 10.3

11—1 9 Tr lp le tt Cr ,
,4orehea,I , 1)’ (13) 47.9 1941-65 73.4 03 44 ,000 7 - 5 -39  0 ,5 7— 25 -60  0.5 7 - 1 2 5 - 3 1 1 - 6 0  0 ,5

_ _ _ _ _ _ _ _  I. J
,_~~~~ _~~~~~~~ _ _  ~~~~~~~ ~~~~
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(AISLE 9 (Cont ’d( shee n 4 of

crlecie,l
for 7 m y  -

Map Urn iv og r Period ferucd of Record ins t ao t nn eaas ‘Cooceum Insta ntaneo u s Clcnuaia Lon c nvuti ie 7 Day 4ioi.~~ 10 fear
ha Sire,. Area of (1000 Discharge Discharge Discharge Con FI nn s
Ll J I Stat ion (5 4 Vi) ll rcord (el m) 5l’ / Y r )  (e 8<1) tI ov e (5ri) Date (C fs ) Period (cli) (12)

01)1924 RIV ER BASIN

12- i 
Ur:.n~~ i;g. Sly 730 1039-02 1 ,086 780 50,500 2 - 2 8 - 5 2  < .4 12) 1O- )2b , 2 7 ( - b 3  0.5 10.(2(-D7)-53 1.7

12-2  
89’ 600 1935—52 790 571 22.000 1— 2 4—37 34 (‘1 9 — 1 7 — 4 1  30 1 0 — ( l 7 ” 1 3 ( — 5 3  4 ’

1 2-4 Ureen liv , 19 24- 3 1 ;
Orwe ’ nsoille , lo’ 2 ,7b2 1938 -37; 4,108 2 ,994 120 ,000 1-24-37 120 (2) 9—110 ,19)—Sf 137 9-( i0- ( 9) -54 141

1938 -02
lb — s 

Biwu og lireen f 1 1 ,840 19 30-8 2 2 ,454 1 ,704 85 , 000 2— 2 8— 62 44 (2) 0 - 1 ( 9 , 2 0 1 - 5 4  47 n—U 3—)9 -Sf 53
12.7 c.reen RiO , Loc k 4 , 1930-3 7 ;

Noedhwry . k y 5,403 1937 -82 7 , 970 8 ,045 205 , 000 1 .2 5—37 200 (2 )  9 - ( ( u - l v I — h 4  207 9’. 111171 .94 24 1
Il- a 

~~~~~~~~~~ 787 1939- 02 n63 097 20 , 000 1- 14 - S O 0 .1 14 9 — ) l 9 , 20 -41 11.1 1 0 - ( 8 - ( f ) - ~ D
12-9 Am en Rio , LOch 2 , 10- (5 -0 , 2 3 - 2 7 ) - S O ;

Lalbnao , If 7 ,56 4 1930-52 10 ,850 7 , 055 210~~~s,) 1—27 -37 290 (2) Z - ( 2 - 4 ) - 3 1  291 l 0 - ( 2 I - 2 7 1 - J 0  306
(fo r..rly Ureen Rio
at Lcoe n.Ore . K y )

8A0A08 RIVER BASIN

13—I Cuban S RiO ,
Blaff tvn , led 506 1930 -5 9 4 03 292 11 .809 2 - I S - S O  3.9 (2) 7-18 -3 6 4.2 7—)Ih- 22)- 30 4 .7

13-9 Wabash Vii , 8 -( 4 , S , 9 ) - 34 .
9.bnnh , led 1 ,733 19)3-59 1 ,5)1 1,094 49,500 5—19-4 1 17 (2) 7 . )2 l , 22) - 35  17 . 7 0 - 1 3 - 9 ) - O f  26

13-10 9ebs08 ((in ,
Lagsnnpvet , led 3,751 1923.89 3,317 2,401 09.8)10 5-10.43 97 (8) 0-20-41 142 V-(29-301.41 190

13-Il Tipp.canoe iii ,
nr Delphi , led 1 ,017 1930-0 0 1 , 601 1 , 159 22 ,690 2- 10-0 9 1 .0 (3 )  I l - ( 2 - 3 ( - 5 4  64 , 0 11 4 2-0 ) -Sf  180

13-15 aabnsh Run .
La foye t ce . led 7 ,240 1923-59 5,401 4 ,034 131 ,000 s - ( 9 - 4 3  205 (2)  ( - 1 2 - 5 4  404 9— 121-27)—al  535

13— 01 Vareil i un Rio . 1914 -2 1 ;
Dann i lle , I l l  1, 200 19 2 0 —5 9 097 Sf 0 48 ,700 3 -13 -39  2 .0  (2 )  9-10-SO 1.1 1048-141.20 iS

13-22 naSans R un ,
Mvn teia.a , led 11 ,100 1927- SO 9,492 0,872 104 ,050 5-20-43 010 (2) 1-12-h f bOO In- (10-221-54 775

13-23 lab.,), Rio ,
Terre ICactc . isA 12 ,200 1927- 50 10 . 440 7 , 559 189 ,090 5.2 0— 4 3 090 (2) 8-10- 34 792 9 124 30) f l  900

13-14 Vabanh 84 0 , 9127-30) - f l .
(l ine m an . Ind 13 , 100 103 0-59 Il ,4 a 2 0 , 284 201 ,000 5-2 1-43 800 12, 10-I- f l 070 )915(1l0—1)-II 1,040

10-2S ..baih Rio ,
V isce nn.s , liii 10 ,700 19 29-S O 11 .550 9 , 302 100 ,000 5 12 2 - 2 3 1 - 4 3  770 (2 ) V14 , h) .34 799 V ’ - ) 3 ’ 9 )— 3 4  1 .080

11—0 7 be bar res s Rio , (909-13 ,
Ste Marie , Il l  1, 540 1 < 1 4 - 5 9  1 , 227 800 44 , 890 1 — 4 - S O  1 (2)  l 0 - ( S — 9 ( — l f  1.0  9 — ) 1 3 — l 9 ) — S 4  16

13— 30 Whi t .  C m , (9(1-25 .
So blesu i l l . , led 014  1 9 28 - 9 021 594 27 , 200 3 — 2 1 — 2 7 30 (2 )  9 — 2 5 — 4 1  42 0 — 1 2 4 — 3 0 ) — f l  SO

10-31 Wh ite ((iv , 1004 -00 .
Iodies.palu. , led 1 ,527 1030-59 1 .411 1 ,021 37 ,200 5—18—4 3 1 .0 (2) 9-11- 4 1 11. 5 9— 124-00)— f l 105

13 — 33 Wh it e Ri,,
vpesorr , led 2 .990 192 5 —S O 3 ,07h 2 ,227 5 9 , 400 5— 1 5—33 133 (2) 9— (25 .90) -41 137 .0 (9—25) - (10— I) —4 1 210

13-34 EeC Run ,
Baelu ng m e n , led 044 1 9 3 1 - 5 9  054 019 04 ,000 1 — 4 — S O  11 (2 )  lO—( 7 ,R l - 5 4  12 .0 1014—1 0)-Sf 17

13 .36 K FE Wh i te  Run , ,~ ,,,
Co I~~ bse . led 1 ,592 (Sf 19 1,081 1 ,434 48,700 1—28.52 V7 (2) ( ‘-<-1 4 103

13-37 K Ft sh ut. Rio ,
sey.onr, led 2 ,330 1927-S O 2 .431 1 750 70 ,500 1—0— 49 04 (2) 9—I S—fl 93 ( 0 — 2 5 ) 1 l 0 — l ) 4l 155

13-48 1 Ft Whit. RiO , (903 -06 .
Shoals , 194 4 ,9,4 1909—lb . h ,fse 3.9S1 100 .000 3— 2 0—13 44 (4) 1 0 — b — O S  IbO l 0 — ( 3 — 0 ) — 3 S  222

192 3—5 9
10.41 Oh ite t in ,

P.temsb, arg, led 11 , 139 1927— 59 11 , 630 0.429 103 .000 — 2 2 - 3 7  533 )2) 10— 1—fl 599 (9—20)— 11 0— 1)—fl 081
1 3-C labe sh Ii,,

M,nint ,1eraeu . Ill 28,60(3 (017-19 20,900 19 ,S33 30S ,009 5-25-43 I ,b20 (2) 9—)2 7 ,20 ,30)-41 1 ,71 4 (9—25)’)IO.l)-Il 2,250
13-44 Little uASauh (lit ,

b.lon cl ay c ity . I I I  1 ,130 1914- mS 902 653 47 ,990 I—b-hO (NO Floe) 9-)I3-19)-Sf ho lion) 9-(3-9).Sf 0.15
((erect ly •il co . ,
I ll )

13-40 Li n d a  e.baeh ic c , 9.9,53;
Cccl i , I I I  3 ,098 ( 0 3 4 - 0 9  2 ,507 1 ,973 39 ,400 I—li-SO 0.0 (2) 7.31-54 1.5 916’42) S3 5 . 2

19 .4 9  nosing . Cr ,
E4inMirg. led (13) 109 1942-03 109 79.9 10 ,700 1—27- Sb 0.4 9-14 .54 0. 7 10. )19 2 S ) 53 0,9

13-50 Vern on Fort .
lsitI eS’V i l le , led (ID) 07 ,4 942-03 97 70.1 20.290 1-21—1 9 ho Fion) Often So Flee) (i0-209-)Il.f )-41 0.1

13*IBIsCCLAJW) R I V E R OASI S

(4.1 Ca.b.rleed (iv , 1922-31;
Mrhoemnille. K y 0,~ 1 948-hI 1 ,722 1 ,246 47 .900 1-31-27 0.2 ( 7 )  I0—S— 30 9.3

14 -3 C.berl .nd 5 , , . I907-ll .
Lasberl and C ell , Ep 1 ,977 1914-62 3,140 2,270 99 .000 .2 8 -1 8  4 (4 9 -19 - s4  16

14-4 bee Rue ,
he. )Cune r • Tm nn 392 193 4—5 9 700 513 44 ,304 2—3—39 (So 9100 1 8- (12— IS)— 4f

14-5 S FR C ,.berlnod k i n ,
stoer n s , my 9S4 1041—62 1 ,767 1 ,279 69,600 2.13-48 I )  12) 9’)17-20)-Sf

(4-7 Casb .eleed 1Cc .
nr b ean., ky 0,790 1939-02 9,967 b ,f20 161 ,000 1-9-4 1. (‘.o Finn )

14-9 Obey Vie ,
Dale 00110. 0... T,nn 93b 1930-19 1,395 1 ,010 41 ,490 2 . 4 - 1 <  (0)

If-I l Casb.rIand Rio , 9- (2,il-i f ,
Celisa , (ann 7,920 1922.59 11 ,220 8 ,123 141 ,090 12—2 9—2 6 69 (7) 2h)—25

I f - I f  Co l l i n s  a m ,
ClcMi nn null . , (cnn 024 1014 - SO 1 , 121 , 8 ( 5  71 ,300 3— 2 3— 2 9 35 2) 9—21 .30

14-1 4  C.ney Fork . l o l l - I) ,
Roc k Islan d , Teen 1 ,64 0 I i )  1-1 4 . 3 ,193 2 ,3)2 210 ,000 3— 23—29 21 (5) )0-I0 )—Sl

10( 4-19
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TA A L K 9 <o,< I ’ d <  01,0.1 5 of

Avom age
Dcs i har g e selected

(or b a y .
Clap Drainage Period Period of Record Instantaneous Mamcoe. I ostanna m rou s Nimisu. mo nsm cal  moe 7 Day Bmni.a 10 Year

Na . Strea. Area of (1000 Discharge Dmschn rg e Om sohar e Low Floe

~1) 4 StaniOO (Ss( Mm ) Rec ord (c(s) AF /O r) (d c) Date Lops) Dote (~ fm ) cried (c f n)jll)

CDC4VLRLAI9I) RISER OASIS (Ooni ’d)

14-15 C,.berlaad Rio ,
Carthage , Tenn 10 ,700 1922-59 17 ,020 12 ,322 210 ,000 Il-3D-lb 366 (5) 10-29-f l

14-2 1 Stcn.n liv , 9—(21 ,22 .
DVn .lnon , Tenc 034 1938— 59 1 ,376 996 60 , 700 1-14—48 10 (2) 24 1—40

14-23 Clarpenh Run ,
lioigston Springs , leon 607 1924—59 934 576 60 , 000 1-7-4 5 12 (2) 9-19-3 0

(4’2S Red Run ,
Adean, lena 070 1920-59 972 704 42 .008 1-23-37 30 (2) 9—10-25

14-27 Cmmbnrieed Rio , 100 .000 2-IS-hO;
Darer , lane 1b ,S30 1937—59 24 ,300 17 ,b00 200,000 (10) 1-25—37 0<0 (5) 10—4-47

14-31 Ca.b.rl.od Rio ,
O.ithlaed , Sly 17 .913 1909-62 27 ,920 20,214 202 ,000 2-10-SO 453 (2) 5-23-44

lf-3S Oellne Cr ,
MSddleshoro, Ky (19) 58.2 1949—60 105 76.6 0,100 1-7—46 1,2

14-36 RVaeuog Run , IO- (19 ,24 ,2h ,
C8u1E~~ , Teen (13) 78.7 1931-03 110 80 0,770 3—17-63 1.9 28)-ll- 9—4O 2.4 0—1uO-19 )—54

14.37 FaDloe8 W ater 00n ,
Cooknoille , T.en (13) 7 3 3  1002-56 Ill 00 5,420 3-22-SS 0.9 10- 10—36 1.8 lO— (IO—2 1)— 3b

LITTLE BEAVER ROVER OASIS

IS—I Little Beao.r Rio ,
I Lu oeepoo l , Ohio SOS 1911—62 522 378 21 ,000 7—19-4 1 12 1918 ,30,32 ,30

910011 IDLA00 CR008. BASIN

15— 2 Middle Island Cr , (9-1)-(ll—4)—30 ;
Little , V . 4S8 1911-59 6)7 4 47  2S ,000 h—lb—SO (So FIn.) 1117—10 1-30 (Mc Five ) l0—(1— b)—30

P.4CC000 CR001 045)9

IS-S Raciona Cr , lOl S-3S;
Ada ..s ni(l. , Ohic SOb 1938-62 655 474 15 ,500 4-15-48 1,4 (0) 9-24-30

13018 9081CR CR001 BASIN

15—4 Ohio Brsiih Cm , 1926-31 ; 9.(lS-23 ,
Mast 4.1,0., Ohio 388 1940-62 442 320 51 ,600 3-19-43 (So lIon ) 27 , 20)—S I 0,6

OWE RIV ER MDI I

10—5 Blan Rio ,
01,lteclond , lbd 461 l93 0—5V 817 447 29 ,590 0-22—50 9 .2 (2) 10-I-f l  11.4 l o — ( l S - 2 1 ) — S 3  12

SAL INE R O VER ROS IN

(S-h Saline RDn ,
.lue,ctuon, I ll  1,040 I930-S9 1 .211 977 37 ,400 3—19—4 5 0.9 (2) 9-(22 ,23)’44

TRAECIIATER RIVER BASIN

11-7 Tr94.nat.e Run ,
Ob ey , 89. 251 1040—02 328 237 7,960 11- 19—57 (60 Floe )

Aoer.ge 00 Ce.secsi ti ea Day
Disc ha rge Aner,gI DiecMeg.

Pot io Year Fre~~eant
Map Dro nsoge Period Period of Record lnstant eoeo n s Manisa lnnt uuta neou s Minis,. N.41r1a
No. Sn re~~ Area of (1900 D (scharIe Discharge batarsl (n(s)
(I) 9 Station (Sq~~i) Rec o rd ~cfs) V F /Y r( (ifs) Date (ifs) lOot. (ifs) (Grnw p 1963 9. Rae)

04410 RIVER 8,0519

Olin Rio ,
lb- B SanCctlny , P. 19, 500 1933.59 32 ,740 23 ,703 h 74 ,000 0.10—Oh 1 ,000 9.4-5? 2 ,370 1,500

lb — I lallaim ., Ohio 25 ,100 1041-SO 40,VbO 19,S75 412 ,000 12 .31-42
IS— F SE, M.ryn , a Va 26 ,0S0 1930—59 421 ,00V 1-1— 4 3
10-8 Pertemsb sirg, C Vo 3S ,008 1940-SO 10 ,730 36 , 700 440,000 1-1—43 2,290 10-1- 55 3 ,190 7 ,520

1936 .37 . (dn uly)
15-8< Polemoy, Ohio 40 ,S00 1940-1,9 5S4 ,000 1-27-37
)1— L Fount Pl.osOnC t . V VI S2 ,700 1940-19 S22 ,000 1-1-43

9-)b ,13)-34

IS-On Cben tmngt o n , 0 be 55,900 1934-SO 77 ,620 11,200 654 .000 1—28-37 3,000 11-2 -34 4 .800 9,040
(daily)

15-b Ashland , Sly 60,750 1930-99 109,000 4- l h -48 3,760 10—2-46
) d a R l y )

15-P Cea ysomll e . Sly 70 ,131 1940-62 91 ,550 60 .000 635 ,000 4— 17— 48 b,70S lO ,7S0

15— 9 Cinnlsna nu . 136,0 76 , 100 1930- 62 06 ,910 70 ,000 094,000 1— 06-37 6,000 11 ,410
lS-R Lo ,mlnn u lle . Ky 91 ,1 70 1929—62 113 ,700 82,300 1 ,110 ,000 l—)26 ,17)-37 2,100 9—12—30 7,411 12,450

(dail y)
IS—S L n a n eeulle . led 107,000 193h-h2 133 ,900 96 ,941 1 , 410 , 000 1-27-37 8 ,785 Ib ,200

i S .T GRIC8.d. , Ill 143 , 900 1937—62 1,470 ,000 ~ -~~O - ’ ’
IS-U Mnten pn lls . I l l 203 ,000 1920—62 010 ,100 107 ,000 1 .790 .080 2 - ( - 3 1  20 ,000 10— 9—41 20,233 47 ,900

(dail y)

Mi ssissippi lie ,
lb— V U pstree. of (80(0 1933—37;

Rio , Thebes , III 7)7 ,200 1939-45 196,100 134 ,700 803 ,000 45,200

~

- ----—-- -

~

-

~

-

~ 

_ -  

‘

~~~~~ -~~~~~~ ‘ - ~~~~~~~~~~~~-~~~~~~ . -- ~~~-—~~~~~--‘ .- ~~~~~~ -~~~- -



TAA LIL 9 (COnt ’d) Sheet 6 of 6

1, 0) (5,) (La

(1) one Plate 11 far Sta) ion LocationS. (0) Due to F illing of 1001 Shove Lock So. 3.

(2)  Osatu ral Floe . (9) Result of Freeze-Up.

(3) Caanoul by Repair lar k at ,)akda le 1108. (10) Const ru ct ion — Ol uest000 Dos .

(4) Caused by Filling of (l u lli amas Reservo i r .  (11) 1916-37 at Lock 0, from Onpub lu sh ed Record s of Corps of Logu V eer s .

(5) I4inu,.a. Daily — Natura l (12) Data from Various Sources; Period sot becessari ly the Soon as Period of Record .

(6) O4unisa. 1)Dsc harg e Not Octe om uned . (13) Data Furnished by Soil Conservation Service .

(7) Observ ed 1100. (14)  56 ,900 c m - ( 0 - 10 -6 4 ) .

(IS) 42 ,403 cfs — ( 0— 1 0 — 6 4 ) .

a .



- - -~~~~~~~~~~~~~

ThOLK Ii,

Ul,10 RIVER BASI l INF II.IKAT IuN IM)ICLS
(bnch ns Per Hour)

Initi al
Loss

Ohio Inc hes
r108 MDn Bas in (Su nr)

Sub-Oaao n and Location Summer Suamser Bunter o ;2- 5FF banter • 0

A lleg heny River Basin 0.01
Al legheny Rese rvoir 0.3 0.07 .04 to .12 0.7

MOnOngaIsela River Basin 0.01
0,02

Manor River 8*510 0.01
Shenango Reservoir 0,2 0 0 6  1.2
O4alsonillg River (ReServoir 0.02 to 0.05 0.02
Best Branch kesemnoir 0.2 0.1 0.01 (.5 to 2.5

#biskausguaa River Basin 0.05 0.02 1.0

Little Eanaoha River Rosin .01 to .05 0.05 0.01 1.0

Hocking River Oaoun 0.05 0.015 1.0

Eanamuha River 81510 0.05 0.02 1.0
Su ersv ille Renervoir .043 .004 to .01 0.04 .04 to 1 .3

Te.ln epole Creek Banauu 2 .2 to 0.3 0.05 0.02 0.02 0,01 1.05

Li lt ). Sandy Rorer Baoo n 0.2 to 0.3 0 .05 0.02 to 0.4 0.08 1. 2

Tygarts Creek Basin 0.05 1.0

Guiyandott o River Bas in 0.2 to 0.3 0.OS 0.02 0.05 0.02 1.2

Bug Sand y liner Basin 0.2 to 0.3 0_ OS 0.02 0.05 0.02 1.2

3010EV liner Basin 0.05 0 0.02 0.05 0.02 1.0 to 1 ,2

Mill Creek Basin O .1R4 .012 0.01 to 0.08
Neat Fork R.o.rm’o ir 0.005

Litt le Miam i R a c e r  Basin 0.05 0.02 1.0

Ls c ko ng Runer Basin 0.02 to 0.03 0.01 .50

Great Miami River Basin 0.02
Wluitns ater River Sub— Bas io 0.03 0.02 0.02 0.04 to O,OS .20 to .30
Mad River Sub-Basin 0.03 0.02

Kentucky River Oasun 0 .02 to 0.03 0.02

Salt River Rancn 0.015

Green River Resin 0.10 0.018 2.02 to 0.04 0.01

Wabash Ricer Basin 0.01
Mansfield Re08rv o ir 0 .05 0.50
Cogles Mill Reservoir 0.18 0.055 0.009

Upper Babash RIver Basin o.oos
tAb ove Peru)
White River Sub-BanDs 0.02
Little Waba sh 019cr Ouib—Oa suo 0.01

Casberla,s1 River Basin 0.04
2. Percy PrIest Reservoir  0.15 0.02 0.014 to 0.04 0.02
Wolf Creek Reserv oIr 0.019 to 0.048

Nabaols River Boom
E Fl Wh ite River Sub-Basin 0.025

51SF - Splll nay Design Plood

_ _



I’A IiLL 11

l~1LJ~ J LUG1C ~J lL  UkOU~’S P0k TYPICAL ~0lL~ IN f I l L  J I I I U  K I V L R  i , ,k.2Lj 1)

Soil ‘MU ) fl C - Soil (~roup

Ah i ngton - B i’askaskia - Rensselaer - C
Ab oite  - C ~endal l v i l le  - B kodli)an - < I

Ayrs h i re  - C Keyspor t  - C kornn ey - C
Ross —

Bedford - C Link s~ood - b ku s s e l l  -
hewleyville - b Lorenzo - A ku sscllville - C
bloomfield A Lyles  -

bloun t - C ~ciotovillc
Br ookston - B ‘lan love - Seward -

.‘ua r t in sv i l i e  — 13 .~~(O a1S — C
Ca na - C ‘~aufllee - U 5idell -

Ca seyv il l e  — 1) •t e l l o t t  — ~leet - C
Ca t l in  - B leta snora - sloan -
Chal mers — C ~etea — b ~w i t z e r 1a n u  —

Clermon t - 1) ~iam i - B

Cope — C ‘~ilt~ n — C l assas —

Cor ydon - C ~Ion tgome ry - U 1l(ack ery -

C rosby — C ‘lontmorenci — B Ti ls it  - C

~Io r ley  - C i ipp ecanoe
Da na - B ~‘1uski ngu )n - C Toronto - C
iJe l la  - C :~lussey - iS

D elni ar — 1) ciIllOfltO(’.fl —

Jona idson - A Nappanec -

.~eedhaa) - C V1 0,o - U
L i k i n s  - U ,\ ineven - Vj ncennes - C
Lis to n - 13

Uaktown - A l ,a DaS~ I L)
Fairmoun t - U oakvilie - A ,anatajt - h
Far min~ ton - D U c kl ey  - sa r sa w - B
1- incastle - C Udell - C Washtenaw - C

L)t ter oein  - C ~.ea - B
Ua lena - C Litt okee - eisS -
Ganesville - C 0s~ens v i1 l e  - ..ellston -

Genesse - B . es tland  - LI

uibson - C P arke - ~neelin~ -

P arr - ~illette -

Uennep in — B Pe k in  - C h i n ~atc -

homer - C Pewa no - C

~ioyt vi l le  — U Pn i l o  - C Xenia  -

hun t in g ton  — B P iwe  - 13

I3 lai n f i c ld  - A ~anesvi11e - C
lona - b Pope -

lonia - B Princeton -

Jasper - b (andoi ph - C
Jennings - C keesev i l l e  - C

(I)  Furnished by the soil Conservation Service.
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1A :~LL 12

loj OJf 1 CL J<~~~~I. \J. l~~Li~~ FU R m Yi )kJLU (m IC SOIL CUVI .< CU- LLA L~~
’
~

lo\J lt ecedent  ‘lo is ture  C on d i t i on  11 , and l~ = 0 .2 5 )

C o v e r
Ir ea t i~ent yd r o l o g i c  ~~‘dro1o~~ic oi l  or uu ~Lund Use or Pr a c t i c e  C o n d i t i o n  A ., C 1)

11 lO5•i :)tr a l (t sOls — —  77 8t3 ~< 1 94

. o s  Crop s  St ra i~,nt  ~~O - ,s Poor 7~ 81 ~8
~strai <;li t U.O b Uoo d ~7 73 8. B~Contoured Poor 7u 79 34 88
Contoured  uood ~S 75 82 8t
Contoured  i~ t e r raced Poor uo 74 80 82
Con tou red  ~ t e r r aced  Good o2 71 78 81

~.111il Gra in  ~t ra i~~ht 9~Q~ Poor b5 76 84 88
~trai~ tit ~o1. Good b3 7~ 83 87
Contoured Poor o3 74 32 85
Contoured  Good 01 73 81 84
Contou red ~ Terraced Poor 01 72 79 82
Con tour ed ~ Terraced wood 59 70 78 81

CAuse-  ~t r a i~~i t  R u .  Poor eo 77 85 89
Seeded ~tr a1G ht Row uood 58 72 81 85
LeGuues (

~~ Contoured Poor 64 75 83 85
or R ot at i o l l  Contoured  uood 35 69 73 83
m t e a d o w  Contoured  ~ t e r r a c ed Poor 63 73 80 83

Contoured  u t e r raced  Good 51 07 76 80

Pas ture  or Poor b8 79 86 89
F a i r  49 69 79 84
Good 39 ol 74 80

Contou red Poor 47 07 81 88
Contoured Fa i r  25 59 75 83
Contoured Good 6 35 70 79

.t eado w Good 30 58 71 78

~oods Poor 45 (sO 77 83
Fai r  36 60 73 79
Good 25 55 70 77

Far iast eads -- 59 74 82 86

I(oads
(tJ i r t ) 13

~ -- 72 82 87 89
(h ard
Surface)(3) -- 74 84 90 92

(1) Furnished by Soil Conservation Service,
( 2 )  Close-iirilled or Broadcast.
(3) Including Rignt-of-hay .
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TA I LL 14 5,I rrt I ot (,

FLO OD CII000CTLVIS TICo OP 4[UL LIo
17, IL 4 (0 01000 01,11.

‘Sa p Drainage image Discharge Ire qimen cy - 1000 cm stats Frrgimvnc y - Feet
so. strraa Area Zero 2 Years 50 Yno rs 100 Years 7 Ye a rs 50 Ye ars 300 Yaars
(1) 7, oLa t m on Sq Mu ) (Ft) Ca tmiral hod ml ied aatural McI mt’ieU Sat mur al Mod 11111 Natu ral 0.. mfied kato ral MIS) f a d  NOtus ral Modified

ALLLiOuL/,S 1,10kg BASIN

1-2 A l leg heny kin ,
lied Hua,mne , V I,69m1 1 ,327.7 25 ,0 51 .0 57.0 11 .3 15 .3 10.0

1-5 Franc h Cr ,
Caab rimlge , Pa S90 1 ,1 3 . 4 12 .5 22 . 0 25 8 .4 13.7 14 ,7

1- h Frenc h Cr ,
Meadvi l te , a 1 ,0 7  798 14 .3 2S.U 29.9 1,8.3 03.9 08.7

1.7 Frang h Cr , Ut ic a ,
Pa 1 ,029 l , U1O . S 14 .8 2 9 . 5  32 . 5 10 .5  14 . 2 15. )

1—8 Al legheny kin ,
Frankl i n , Pa 5,982 ‘455,9 88.0 03.0 175.0 23.5 195.0 120.0 16.5 13.8 110.0 18 . 0 25. 0 19.7

1-1 0 Alleg heny h i ,
kittannin g , Pa 8,973 771.3 130 .0 110.0 208.0 193 .0 300.0 213 .0 21,9 20.3 29.0 25,9 30.0 20 .0

1-12 Loyalhanna Cr ,
Pa 108.4 967 .1 9.1 24 .4 29.0 11, 7 10.9 20.5

1-14 Al legheny kin ,
Na trona , Pa 11,41 0 730.7 175 .0 1217 .11 344 .0 170.0 385.0 192.0 22 .8 18 .8 33 ,2 22 .9 35 .4 23.8

1—1 0 Sassiy Cr ,
~4oath (18) 51.3 50.0 1. 4 0.77 5.0 1.9 S.9 2,1 50.0 54 .0 59.0 56.1 60.4 57.1

SBJF#OMcAIIkLA 8860 BASIN

2—1 B.uckhannon kin ,
W.mckhanno n , B ha 215.4 7 .2 11.9 12 .9 1 ,411 .6 (19) 1 ,41 6.5 ( 19) 1,407 ,4 ( 19)

2-5 We st Pork kiv ,
We s ton , 6 Va 123 993 . 8 4 .1 7.6 8,4 18 .9 26.3 27 ,9

2—7 Wes t Fork cmv ,
Clar ksb um rg , B V a 348 931. 8 10.5 18.1 20. 1 7.2 12.4 83.8

2-9 Monongahela civ ,
Loc k 15 ( 2 )  2 ,388 849,0 64 .0 39.7 138.0 83.0 158 .0 94.5 10.0 15 .2 24 .0 19.9 25 .2 21.0

2—lI Cheat sic ,
m (oelesbur g, n Va 072 1 ,309,8 35.5 80 101 11 .0 17 .5 18,7
(no regm ul ati on)

2—14 Monongah.la kin ,
Lock 5 (2) 110 99 201 lb S 222 181

2-15 Mo nongah.la kin ,
LoCk 4 (2 )  5,213 723. 1.  12 0 000 200 163 718 177 30.3 28.1 30.5 34.6 40.1 36 .2

2-20 Big Piney hun , Sal-
isbii ry , Pa (18) 24,1, 1,1 S,5 68

2-24 Souighi ogheny kin ,
Fri.edsvi l le , Md 295 1,487 ,3

BLAVLK 810kg BA S I N

3-2 Mahonink blue ,
Barren , I) 73( 599 855.0 11. 4 S.8 24 .2 1 0.4 28 1 1 8  14 .7 9,6  20 .9 13.9 22.0 14.9

3-3 Malwning kin,
Yomunkitoon, I.’ (4( 899 826.53 19 9.7 00.5 16.8 35 .5 19 5  14 .97 11.47 24 .07 19.37 26.27 21.17

3—6 Beaver  kin ,
Oa.8oie, Pa (5) 2,235 736.2 27 20.9 50 43.3 §4 4 9 5  10.6 04 .2 26 .0 22 . 0 28,0 23.8

3-7 Beaver liv , Beaver
Falls , Pa (5)  3.106 727 ,5 41 3S 6 83 70,0 94 79.8 11.0 00.7 l 3 S  12 .5 14.4 13.2

3-9 Mil l Cr , Berl i n
Center , 0 (18) 19.0 1 ,032.9 0.95 2,75 5.61 7,7

3-11 Lit Shenango kin ,
Greenville , Pa
(18) 104 .0 40.0 2 .9 2 0  U.S 5.3 1 0.0 6.1 43.4 4 2 b  47 ,7 4$,3 48.7 41,9

3-12 Suger kin ,
Pynotiuning ilae ,
Pa (18) 9.34 0.54 1.9 7.7

MU SK IN I..UM 88 086 BASIN
(Obs erv em l ( (Observed) ( srrved (

4.3 nalhoeding Kin ,
N ell ie , vi 1 , 502 18.3 57 .0 07 .0

4 — B tun cara w an gin ,
Neaco .er$t n.n , 0 2 ,436 72 .4  61.0 70.5

4-9 Skmnkinga. Kin ,
COshOc tOn , U 4 ,841 41.0 125 .0 147 .5

4- 10 s4uuskingu. l ie ,
Dres d en , II 5,982 46.0 120 ,0 137.0

4 - 0 2  Sku nb ungue Kin ,
Zanesvi lle , 2 52.5 149.0 172.0

4 -13  Skms bin gmmm ki n ,
,4cConne llsvil le ,
ii 7,411 54 .5 15 4.0 180.0

4—16 Hill Cr ,
C0160cton , U (18) 27.2 782.0 1.1 3.02 9.1 10.88

4-17 W hite- byes Cr
Lop

Sta 0896 (18) 0.473 0.100 0.828
4-It Lit Mil l Cr , Cosho cton

Lip St. 096 (18) 4.02 0.43 1.33
4-19 LIt 401 Cr , Coshocton

Lop St. 097 (18) 7.1 6 0.71 2.02

LITTLL LA24AWIIA 81000 BASIs

5-1 Lit kane nha liv ,
I.Ienvulle , n Va 386 697.8 11 .8 20 22 21.1 3 2 . 6  

~~~~ - - - _
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IAB LL IA (Can t’S) SIleCt 2 of (I

Map Urainage sage Js sch ar ge Frequency - 1000 Cf s  Sta Se Frequency - Feet
so . stream Area Lisa Year s So Years 100 Years  2 Sc u m 50 Years  100 Y e a r s

$ 1 ) V Sta tion (sq ‘Si) 77 1 )  Nator.m i ‘Iodmfmvsl Na tural Mod ified Sat ,mral ‘bodifird Na tural vdi [ird N at u ral Iojjfmnd Natur a l vl odi fmed

LITI’LIs IANAISIIA kIbLIl 65515 ~Lan0d )

5-2 Li t t le B.anaaha
kin , u rants vol l e .
B Vu 913 552 .8  21 .7  33 . 5 37 .2  33 .0  41.6 42.8

5—3 L i t t le  kanauha
kin , Cres t on .

Va 27 .2 4 2  45 2 2 1  30.6 3L8
5-4 Li t t le  kunaaha

kin , Palestine ,
B Va 1,515 585.5 $2.8 05.4 51 29.4 47.1 42 .2

5—b Sal tlick Cr ,
Mouth (18) 49.5 1. 73 1.2 5.45 4 .22 h .35 5.0

lklILklNl2 R IVER BAS IN

0-1 Hoc k ing kin ,
Enterprise , 0 454 723 .1, 8.2 21.9 25.9 14 .8 21.5 23.0

8-2 Mocking Bin ,
Logan , U 7.5 18 20.8 20 ,3 23.1 23.6

b -3 Hocking gin ,
N el sonn il le , U 

7 95 19 22 75 .0 80,1 80.t m
0.4 l~~cksng kiv ,

Chaumncy, 0 9.5 22 .7 25.3 52 .9 57 .5 S8. l
V .5  Sunday Cr ,

Cloust er , U 1714 605.2 3.19 5. 4 7.2 15 .1 19.3 19.9
b-b flocking kin ,

Athens , vi 944 615 .1, 14.8 32.5 37 19.0 2 3 . 2  23 .9

LANAWIIA KIOsk BASIN
(Ob served)  (Obs erv es l ) (Observed)

7-2 Sea Kin ,
Ivanhoe , Va 19 . o  84 .0 l04 I

7-3 Nec Kue ,
A ll i soni a , Va 32 . 9 9h0 112.0

1-4 hen kin ,
Radford , Va 34 .0 1 -43 .7

7-11 Greenbr ier kin ,
Hi lld aOe , B Vu 3 2 . 5  7 7 .0 1,9.0

7-lb l.aiuley Rio ,
above laIn ..
B Va 1,315 bhN,0 43.o 83.1 10$ 18.3 30,1 32 ,1

7 — 2 1  Elk (in ,
,Ueen 55042$ ,

7 -22  Kanaeh u kin ,
Char les tnn , B V u

7- 24 Sen kin ,
Lgg lest o n , Vu 35 . ., l l n .U 139 .0

7- 21 545 kin ,
Hinton , n V a  ,I7. vI 210 .u 24 L , o  11 .1  17 .2  18. 7

1-26 Elk kin ,
Fra.e town , n ha

7 .27 LIE kin ,
C lay ,  B Va

7- 28 Sr. kin ,
Caper ton . B Va

1-2 9 1. Fk Sea kin ,
Jefferson , N C 201 2 , b57 .02 S . )  2 1 . 4 27 ,9

7-30 Brush Cr ,
Mouth ( IS )  25 .43 130 310 1.8 1 . 2$ 2 . 1 2  1.5

817. SANI)Y 1 7 1 , 7 , 0 oA s I S

8-1 kmu ssell Sari. ,
l ta y s i , ha 281, 1 , 237 . 4 10.4  48. 4 58 .8  12 .0  2 3 8  27 .0

8-2 m lmuss e l l  Fork ,
Ll khorn C i t y ,  bmy 19.8 58 7 ,9 .9  1 5 . 2  25 ,5  2 7 . 3

8-3 L.em sa Fork .
Pike ei ll e , by 1 ,231 1,33.2 3 2 . 2  87 .5 1512 32 .5 53.1 56.4

8-4 Lacuna Fork ,
Prest v ns burg, by 33 .2  77 , 5  917 33, 4 S0 . t. 54 ,1

8-5 Lani sa Fork ,
Pamn tss ’ i l l e , Ey 2 , 143 560.8 4 1 . 7  92 .9  108 35 .5  50 .5  5 3 . 2

8-6 hug
Li tnar , n Va  502 930 .4 13 ,8 3b. S 4 3 . 2  0.9 22 ,0 2 9 . 1

5.8 Tug F Om h ,
K.r.it , a V. ’ 1 , 185 5 8 1 . 8  27 ,8  7 1 84 3 3 . K  4 5 , 9  4 8 . 2

8-9 B ig Sand y Bin ,
3 ,870 , 1 2 . 8  53 .8  040 154 4 3 . 1  55 .3  5 5 . 7

LITTLE SAND Y vIOL/I BAS IN

8-10 Little Sandy lIl y .
c ray son , by 398 5 5 7 . 9  1 1 . 9  2 9 . 4 94. 5 . 22 . 5 28 .9  30 .2

101.9811. CR508 54. 17.

8-11 tygart s ir ,
nr breenup, by 241  5 4 7 . 1  7 .1 20. 7 2 4 . 2  17.0 2 2 ,7 23 ,3

IuUYANIlu.l1’IE 818kB 845 111

8-12 Duuyand otte Ku v ,
“San , B Va 762 7 0 4 . 9  2 2 . 2  5 2 . 2  60.2 lh , l  25 , 7 28 .0

— 
—

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ . - -
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lAmiLk 14 )2vI ,I ’ d }  s heet 3 of i

‘lap Drainage ~.,1)r l i s clv ar g r Fre ’b ue ncy - 1570 c l s  s ta ge Freq uency - Feet
No . Stream Area Zero 2 Years 50 Years —_ 100 S e a r s  2 Se ars 50 Y e a r s b e  l e a n s
(1) Station (sq ‘Si) (It) Na tural Iv,J)f irml N a tural \lod ifu rd Natural ‘Iodi fme d Natural ‘iadmfmed Natural ,‘S~~ ifi.d Natural 4vSufueU

I2UYANDUTTL hlVl , ,v OASIS (Lont ’d)

8-13 imuyu nd ott e s m v ,
Logan , a V a .~2 . 3 51 51.7 18.5 32.0 34 .5

8-14 Uuy unm lott e kin ,
Branc (ml and , B Va  1,22 6 541.9 24 .2  52 19.8 30.8 47 .9  51.3

TnLLVEPULE CkkkK BASIN

B- IS Taelnepule Cr ,
nayne , C ha 291 b Ib s 8.25 21.5 25.4 . 1 . I  30.9 32.4

51.1010 IIIVLk BASIN

9-2 Sc iota kin ,
yr Dublin , 0 988 775 . 0 10 ,9 45 93 12 .2 20.0 11.8

9-A Olentan gy kin ,
Str at ford , 0 9 ,45  25 .8 311 ..4 10.4 11.4

9-i Sc iota kin ,
Col umb us , LI I , o 24 680 ,4 2 7 , S  74 86 9.9 18.1 20.7

9-b Alum or ,
Columbus , 1, 190 7 3 3 ,5  5,~ 1S. 8 19 11.7 16 .5 17 .5

9-7 Big W alsa t or ,
lines , 1) o44 698.2 lo 37 .4 43.38 15,8 20 .1 20.1

9-8 Bug Uar by Li,
ilurbyville , vi 533 7 13 . 6  l l . S  35 .3 42 . 65  12. 1 16 . 7 17. 4

9- 9 Sciota (iv ,
Circ leni l l e , U 4 4 . ~ 145 l7s.16 19.1 25.9 27 .1

9-10 Deer Cr ,
Bm ll i a ms po rt , U 8.85 34 .5 4 1 . 2 7  13 . 4 17 .2 07 .7

9-11 Sc ioto Kin ,
Chil lic othe , U 3 ,841 5 94 .0  5 3 . 2  ISv 187 .54 21 .7 33,2 35.4

9—12 Paint Cr ,
ruT Bourneni l le ,
0 808 665 .2 23 62,5 72. 78 16 .2 20.9 21.6

9-13 Sciota kin,
Higby, U 5,129 561,6 605 203 244 65 19.6 28.3 29.8

9- 14 Scioto k~v ,
Piheton , 0 65.277 219 259.46 24 .4 34.4 35.9

9—16 Li ttle Sciotv kin ,
Marion , 0 (18) 70.0 909.43 1.5 3,90 6.48 8.2

207.41 5(190(1 4lVLk 15515

10 -2 Mad giv ,
or Spring field ,
1) (8) 485 881.4 10 6,0 18 .3 21.3 33.9 26.1 10.9 9.2 15.4 13.8 1 5. 2  14.8

10-9 Grea t ‘bison s On ,
Tayl orsn il l e
Dam , 12 ( 17) 1,133 160 18.1 17.5 30,5 2 9 . 1  37 .5 3 1 . 4  l1 .o 12 . 4 15 .8  15,1  15 .3 15 .5

10—10 Ur ,a t ‘hiani Ru n ,
Dayton , U (17) 2 ,513 723 .7  4 4 . 3  3 3 . 0  0 0 2 . 8  60 .1 1 1 2 . 9  6 4 . 2  13.9 8.6 21.6 l 3 0  22.3 13.6

10—12 Urea r. Miam i Kin ,
Hamilton , U
(17) 3,639 564 .6 58.2 48.9 134.3 98.1 149.9 110.3 10 .9 9.5 23.S 16.1 24.7 17.4

10-19 Bhite iuater t in ,
nr Alp ine , led 539 750 ,2 17 65 81

1 0—20 Whit ea uater Kin ,
W roolm vi lle , led
(9) 1,239 595 ,7 34 31 12 6 90 155 II? 18.1 17 .2  33. 7 2 8 . 8  36 .7 3 2 S

LITTLE MI MI 4107.8 BAS IS

10—15 Little 1 . - s i liv ,
Mil f o r) , vi (6) 1 , 195 499.4 33 .3  2 1 . 9  77 64 87 ,5 75 13.5 105 21.6 19.8 22.7 2 1 . 2

10— 1 6 0 Pk Little Miam i
Kin , )‘rrlntown ,
U 477 507.3 23 44 49 18 .8 24.2 25.2

MILL C8ELK BASIN

10—21 14511 Cr ,
leading, 0 (18) 13, 0 527 .0  3.0 7 .8 14 .4 23.3

b6917JCKY (11808 BASIS

11—1 5k  Eentucky Kin ,
Hazard , by 466 839.8 2 0.9  5. 5 bOA 19.9 18.2 40.0 36 .3 44 .0 48.5

11 -2 .5 FE kentuc k y Sin ,
Jac ks on , Ky 1 , 108 697 . 7 29 .7  75 86 .1  29 .8  2 9 . 5  47 .7  46.8 51.0  50.0

11-3 Mid FE Kentuc ky
Kin , T a l le g a , Ey 531 642 .1 16 45 51 .5 32.8 16 .9 44.6 28.0 46.1 30.8

11-4  S FL Kentuc k y
I a n , Soo nevill. ,

722  642 ,5 27 .6 16.3 87.8 32 .2 4 5 .9  48 .2
Il -S Kent ngk y Ri o ,

Loc k 80 , nr
Wi nc hes ter , by 3 , 955 557 .4 61. 5 l OW 01 7 25 .3 20.3 43.0 39.4 47.1 43.7

11—8 kentucky gin ,
Loc k 4 ,
Frank f ort , by
(10)  5 ,412 462 .1 70 63 ‘28 023 (42 838 29.9 26.9  48.4 46.3 52.4 50.4

11-9 blkhorn Cr ,
Sr ~ran kfo rt , Ky 473 540.2  13.2 36 4 2 . 3 11.6 16.1 86. 1

11-10 Kentacky Sin ,
Loc k 2 ,
Lockport , Ky 6,180 433.4 75 157 70 37.3 34.3 51.0 54 .1 6 8 . 2  58.3

-

~~~~~~~~~~



11610 4 ; .,,,i ’J) .‘ , .n.i 4 .,r

,Iusohar ia Frequenc y — - ‘ .t ,  ,,,a 5 e F re guen c y — Ieet

5, ill. ,..’ i r ea  Lnru - , ian 50 Ye.e6 300 Y e a rs 2 lean , 90 Iv.’,. Ius liar ,

, .‘i a t s , ,T , ‘.1 S i J  7 1 7 1  Sa t a n . !  SUit ,-J , a r o r a l  4~~~mf l n I  sn urul ‘if i ) Natura l  .
~oimT~~~ su.u r a i ’s~~~

iT)’
~~

’ ’,at u r i l

1. ‘Il
nb~ 

u - H )) m h0 .3

11.1, ,uIi ‘. .,

1 ,13, 406.6  31 . o Si ‘1.1

n 
‘ 

19 .1 l.~ I n  .,s s 3 .6 1 , 0  3, 7~ 2.7. 5 . 3 5  4 . 6 i. l i.1 0.1 5..

sa r n~ r, s. H;  121- sa l  1 13 . a ’ ) I .3 ’ ’’’ 
- 13. ’ 0 . 3 27 .i In. , 1 0 . 3  18. 0

,- s s i .O,a . i. ‘ 61.’ 1,17. .’ l’3 . s O 7 .9 , 1, 18. 4 17 .8 . 9 . 6

Il-il sl im 1,
Ca ta sn a , s. ~~~~~ 

a n. m 59 O.a  Ui 01 .1 I I 101 33.3 37.9 54 . 7 0 0 .1  58 . 9  54 . 0

uyLC ’. ,),Cn o As I S

12-I  0 ,0ev v im ,
o r res l . bu ng ,  7.. 00 .~~i 7. . - I n _ I  ,4 . 1 Ii.1 18 . 3 03 . 5 16 .3  04 .8 li. 5

, s . . , le , I, I ’S) i. S. O O I H  83.i 11.5. 21. 3 40.7 39 . 7. 4 2 . 1 3 . . )

11.0 nurren ,s ,

,,In i ,. , 31 ., 11 92

Loui s ,
- , i. , 4s4 i n s . n  vI ,5 In la 3 0.4 3’.a ,1, l, 4 . 9 53 . 7 O u , l

1 2 - 9  ..‘ss~~’, ,s .
is 1.,. . 11 . 7 31. . 3’ .3

- , . s s n ss , i s3 06 
‘3 , 0  7 I’ .4 13. ) 5 .0 10 .9 1, 1

13’ ) 1, l~~’ Os  e m)  - I~ n s b  - I,’ S- 1,5 .1 ‘.1 10. 3 22.5 2 6 . 3 23 . 0

, ~a-. . . vi 3 ,’oi ,0 . 3  41 .5 9r.8 II - , Ia . a 0 . 8 11. 0 IS . 7 2 2 . 1  16.8

.S S u , r t l , ’ , 154 ‘ 14’ ,,la 2 ,4 11) 39 .2 .1 17 .2 10.1 25. 0 29. 4 1 1 , 1

I i .  ‘.1, .‘93.33 1 3 , 5 -  0..’ 1 94  9 8

5 es:1.’. 1,0 .1 , 1,2 07 .0 67 I.. 226 14 .9 31.9 33. 8

- a  1.2 5 7 .  4 4 2 . 1, 5 , ,  31 211’ 2 1 e  19.7 30, 0 2 9 . 2 30. 8 37 . 1

nO 
‘ 13 ,’UC 111, 4 1,5 I~~ 230 21 .0 In.3 29.4 2 8 . 6 30.0 29.5

Ill 
‘ I , .’ i 4 4 6 . 8  n7 88 19.8 302 32. 4

is ‘A s —v s te nm.

Iv.’ .01 ’ 1.21 , 1 , 2 62 v .u 4 .6 26. 7 2 9 . 0

1 0 . 3 3  ‘‘- ‘ l e n.
1,,) 1 . 113 a l l . ) 33. 5 89 5 . 1- 2 1 . 0  36. 6 17 .5

13 - 34  e l

sO 
‘ ‘ ‘ 8a4 s i b . , - 8,0 VS 59 1u. n 2.’.9 26 . 9

13-3 L . . 5 , 7 ,  ‘ m m
‘r ot, - ,,, , InS 1.3 3 3  a , s ’ .’ 37 123 III .‘ .‘ 10 . Isi S

.0 ; ,  nj I I ,  1 . 301 m u ) . )  41 37 .5 lv II ) 15.’ 11 10.5  23. 7. 99,9 37 .8 a .

I rma II; 11 , 139 4 ‘ 2  - . 259 1)3 295 2r 13H 13. 3 29. 6 14.1 3 , 8  52 .0

3 . 4 2  - a _ i  

I., 
- 

.0 ,1,,,’ 3 1..’ 14 ’ 31 30 374 u .s 44 13. 4 11 . 7 21,,, 19.) ,, 1 od.6

i i .’  7 . 5 , 7 ,  e , a ; a ,  - ‘

I l l
at  , s I s , , u s  1 , 133 392 .3 In nI ‘ 1 1 2 . 2 1’ 28 .9

i 0.4n , . 7 t1  r ,.,i ’ Is
III 3 ,s 5 ’ ~~ 131.9 4 ,0 .4 s - i ..’ 19.1 3 , o  39, 7

.4 , i sOu r4 .  InS
II , I’m v o . 2  1.0 1 3 . 0  Ii . ,

13 , 01 ,  un man I
alit I e r n m l i e .
nj II, 5 ’ - - c.i . a 6,6 25 . 7 

-~~-.—-. ‘-—~~~~~~~~,—~~~~~~~~~~ —- , - ~~~~~~~~~~~~ -._ -- ——m-~~~ _ _,  ~~~~~~~~~~~~~~ —
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4a9 Ur.mna ge s.a1n Umsor ma rg. Irnql metiy - 8000 nTs st a3e Ire que.ioy - Feet
No . SIm s l,na Zer o 2 Y ea r s  So oars 300 Year s 2 Year s ,,, _,j0 Years 100 Years
0 1 )  6 ~~onuoc 

~~ 
‘ Ii; ( It )  Natur a l IIadit’med hatu nil Ao d i fmed Natar a l  )400m1inil Natural 9od iTinI Naturi l ,4adifmad Natural Mod ified

Ci94BkkL9DlO 1147.0 iA.’l.S

l I - n  Wolf Ce Dam
)timl aat ee( (13) 544.9 96 20 194 42 203 SO 48. 4 17 .7 iS .l 2S .9 80.1 00.1

la—I Leeberlan d Run ,
or Roweua , by

5 (191 .790 340. 7 96 08 184 42 203 SO
14-B Cu.beelan,.i mli v ,

Buimknsnmll. , cy  521 .8 4 6 . 7  25 . 7 68. 7 33.2 63.2 5~~ 9
l4’lO Cmmb.rland Kin ,

Ccli,., • lean
114) 7 ,320 409.0 R9 52 106 73 170 76 54.2 28.6 57,7 37 ,7 59.6 39,3

14-li Cm beelaod kin ,
Cainab oen , rca., 474.1 41, 4 25,0 55.9 34,9 $0.2 37 .6

14-12 l)u.beel.uu.1 Kin ,
,,ranni l l. , m o n  451, 3 46.9 30.3 61,0 42.0 60,6 46 .5

14- IS m)eeb.elautd Rio ,
Carthage ,
Tattu t )I4( 10,700 437.7 129 W3 220 139 250 120 44.1 30.0 62.0 39.1 65 .5 42 .5

14-lb Cm b.eland Run ,
Lou 6 Sam a .
lanai 414.7 $1.4 41.5 57.8 47 .6 70.8 49.0

14-17 ilm,mberland kin ,
Lank 11am 5 ,
lana 402. ’

14-li Ceeberlaitd kin ,
Wouutnrn l’s.,
lana 4 0 0 . 0  4 5 .2  40. 7 60,9 45 .5 62 ,B 47 .3

14 .19 Ceebarland kin ,
Lock 6 .Ium 3,
Tarts 11,700 3915 .0

14-22 Ceebeela,sl Rio ,
nr bashnmII a .
lana 1151 360.1 126 92 201 114 2(6 120 44.3 35 _ n 06 . 5 4 1 ,6 57 ,8 4 2 , 9

14-24 Cm baelaaS Ba ,,
Lack B Dee A ,
Teem 348 .1

14-26 Co56.elund gin ,
L lieks n i lln _
Tan., (lOS 330.9 138 11$ 22 1 168 243 180 00 .3 11 .3 i0.3 03 . 3 62 .2 51.004 -27 m.u.b.mlasd kin ,
lone r, lens
(16 1 16 ,530 323.8 14 1 126 220 180 240 208 42.0 30,3 51.6 47 .2 53 .2 40.714.2$ Canbeeland o n ,
Luck B One I.
lean 289.0 50 .5 56 ,1 7 I .S  60 . 0 73 ,2 70.114-19 Cambarlnnd Kin ,
SmaeeEa , K y 299. 7 4 3 . 1  40 .6 SS. 6  62 .7 57 .4 54 .814-30 Ceebeelarsi kin ,
Ia ekl a y Rae. Ky
nead aat.m( 0.0 OnO.b 372. 0 372 . 6

84-30 Ceeberlacud R un ,
Barkl ny Sam ,
Ky Itailsater l 0,0

14-si Cm beelond am ,
beuthland ,
Ly (16) 18,440 299. 7 l e l .S 126 225 088 242 209 34 ,5 33 ,5 45,9 04 , 1 47 . 7 4 5 , 814-32 Leebeeland liv ,
Old ilinkney
Ba., Ten n
(tail nan.rI (10) 11 ,710 0.0 120 86 201.6 116 21$ 129 427 ,5 418 ,6 440,n 425 I 443 2 427 .304-33 Cmabarlaaad ails ,
Cheatham S..
Iheamiaatne ) 14 ,200 0.0 301,2 387 ,8 402 .0 393 .1 403 ,5 094,514-33 Ceebeeland Kin,
C6.ath.. SI..
Itau laatnr 14 . 200 0.0 3 9 1 . 2  385 .0 4 0 2 . 0  392 .6  403 .5 394 .004-34 Caabaei.nuj kin ,
Loch B 9.. Ia,
len., 325 .8

14-06 Koarung Run ,
Bullu.., Tens (18) 78.7 lim O 3,9 10.2 12.0 7.8 12,2 10,814-37 Fall in g easer lie,
CooksnsIle , lean
118) 70 .3 894 .0 3.8 8.0 9.6 20.6 27 .4 28.5

mObIl KI8ER MAIn 97014 TKI8S

15-6 saline R u n ,
am Junction , III 1 ,040 020.40 12 .3 46.5 10.7 23.3 4Q .3 42 .316-4 Fosrpnle Ce ,
‘booth (181 14.63 1 ,265 822 3.6 2 .15 4.0 2.4

$441763105;

(1) see Pla te lb toe Station L0C .tuona.

101 u4ot.Iutibo by ly g a m n qsoe to mr.

(3) .qodufu ed by nest Branch and ae r lln  ,meaeenolms llbods fln atunn t Upon Co.yletunv 01 ir it Beannh O et r rno i e ) .

a ) lndiIu.d by east Seaarnh , rbos qu sto Cree k and Berlin Res ervo irs )u b n duf inatu nn n Upon Cssp lesunn nO ins t v rane h ke se rn um r

(5 ) Modified by .n,5 ge avi n , uI.v,qumto , r r ek , .P,e-sa,,gl and berl in L r t n r , , , l r n  )aoduf m n.ni on n Upon Caeplenion of nest Brs nnh an-I Shenango Reservoirs ) .

. 
~~~~~~~~~~~~~~~~ “

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ‘-

~ 

‘ - _ _—~
---
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F~uJ(N0tL9 (CvIIt ‘ml)i 
~ l,1mi t 6 if 6

Yb ) Modifications Upon ,.uupletiai of C a e s a r  c r enk and out For k . K rse r s o i r s .

(7) .I,5,Iit ic a i bans Opus Coap letiot , of Cave Run iles rr nam r .

(8)  Mod i f icat ions Upon mZ oop l et uon sit lock Creek (leun reoir .

(9J  Mod ifications Upon Complet Ion of il r vok v mlln so ,ervo u r.

)lO) Modified by sisickIsu rn , Csrr I-~ Ii and keml Su er  s e s e r v o i r s  (Mo.Iifications Upno Comp letIon of Care Fork and Red River Reservoirs).

(11) Mo.lif led by Cag le s M i l l  aod A oirsn Ce n e r v u i r s  (Modi f icat ions Upon Cospl eti v n of Monror Reservo i r ) .

(12) Modified by Mans1 m e l d , )uv tin g tori , ,‘)uism ssm ne ua and Sala mnon mn Reservoirs (.Modifm catmoia apon Completion of luntmngtun , “lmss m s s i ne u a and Salainolm ie
keSereo a ru).

(13) clatlmfi nd by h olf Creek and Laurel Reservo irs (M odifications Upon Completion of Laurel Reservoir) ,

(14) Modified by Bv117 c reek , ‘a le  1101100 and Laurel sIc s e r v u m r v  (Modifications upon Completion of Laurel ken er voir ) .

(15) M odified by Center bill , Sa le  lo l l o u , b ol l Creek . J . Percy n est and Laure l R es rrna ,rt (Modm fm c at m on i Upon Comp le t ion of  Laurel and J . Percy Priest

Reservo i r s ) .

( 16) ,Modafo, ,d by Center S ill , Sa le  In l l o s , no lf creek , J . (‘nrc) Priest , Laurel and sa r kIel Reservoirs (“llo dmti e at mO n b Upon Coepl etion of Laurel , barkley
and 2. )e r cy Priest Reserv oirs).

(17) Ylod ified by Miam i Con sn rnan uy Uis tri c t Retarding Ousir, s .

( 18)  Data Furnished by Soil Consr r v j t i.,sl,

(19) .10 ,.‘age Zero at Thi s  Location ; Iu- m -a ti on s are for Damage Point and Re lated to Frrquenc~ tsr .500I , ,t reav viage.

_ _



TAOLI 1; o,.esr I 01 S

Cue FLOB IslSOIAR ~I CY-93 0 ;,si s
ST SLLLCTkt’ i,tcINI, 01,011005 - 3,,! s l i C k  IA_S IN

7 Day - 0 lear  LOn ) Ion 1 ‘a - - 0 , 5  v a ’  Lu, l b s  1 Oar - 50 lear Loa FIno
Map 0 coinage Period e rm ~~7 Permo d
40. Stream ‘Vera of of of

1, ut a t m o e  (S~ Mi ) Renord (Cli; . s s o ;  Aesned ;c In ; Record (cli)

,VCLL,.slb_Nl 0)9EV IA_s I ’.

1-1 Alleg heny kin ,
Eldred , b a 050 I94 -s . o ’. 2b . 0 , 5  15 13. 1-

I- S All egh en y Oin ,
led Ilotise , 5 9 1 ,690 lO IS - I ’  115 coO

I-S Allegheny Run ,
nr kmva a a • la 2 ,179 1904 .55 1’S .0789

1—8 All e i heny kin ,
Franklin , Pa (5) 5 ,982 1919—tb i~~ I . 51’9 5 1931.58 301 1951—5 8 266,)

1—10 ullngheny Rio , 190S.27; )nOS—2l;
bmt tas v i tg ,  ‘a (t) 9 ,973 1004—50 (3)  700 .0835 l955—b9 S29 193 5—5 0 470.5

1—Is kms k m .m netn s ki t ,
b au.dergri It , u 1 ,025 1938—59 219 .1204 112 00_ n

I-IA Alleg h eny Kil ,
9atrooa , Pa 11 ,410 1927— Ss IsI S .0780 732 562.2

.IR)MS7B UIIELA 0191k OOoI ’,

2.2 Tygam t valley A im ,
Oe l i n gton , 6 Vi 400 1900-hO 4 .2 .0102 1. 4 1.1

2-5 Ty cart Valley Rio ,
Ph i l ippi , K Va 916 1940-60 9 .0087 1940-60 2 .7 1941—hO 2

2.4 lygamn valley Run ,
Colf in , K Va 1 ,365 1940.54 192 .1407 125 11 4

2-A bent Fork Kin , lSlb .24;
Bat cherni ll e , A Va 181 1326.60 0.2 .0011

2. 0 Went PArk Our ,
Clarknb u rg , K Vi (2) 304 1S23- S9 2.3 .50S9

2—8 inst Fork Rin , 1908-15;
Enterprise , N Va 759 1933—hO 11 .0146 4 .9 4

2-9 bbonongahel a Ole , l9lb-2 S ;
Conk 15 , b uilt , 8 vi s,soo l939—lrO 99 .0411 46 37.6

2—10 Cheat nm ,
or Parsons , 8 0. 718 1913-60 33 .0459 Il 14.2

2-13 blovosgabell Ole ,
Groenboro, P. 4 ,407 1939-SO 384 .0072 208 187 ,1

2—17 Vo tugh iogheny nm ,
Cisnellnnalle , Pi (41 1 ,326 1908— 59 75 .0665 190W—SO 27 1908-59 SI

2-28 3)’garC Pallor OAt’,
Graftos , A Va (3) 1,18.4 1938—59 170 .1144

2-24 Yma gluiogkany Rin ,
$eian dnvi lle , Nd lOS 1941-60 54 .5 .1848 1941—69

BEAVER RIVER BASIN

3-I 6 Be bK.honing Rin ,
nr Neatnn Pa lm , Ohio 97 ,8 1928-46 4 .1 .0419 2.8 2.5

t4JSKl8Q.08 R IVER BAS IN

4-I Je rome Fork,
Jern ..nille , Ohio 120 1925-46 2 .4 .0200 1.8 1.7

4-4 lasnneants Kin ,
C linto n , Ohio lbS 1926.46 lB .1090 IV 9,1

4—5 Nia mnhilie n Cr ,
North Indum a tey, Oh io 175 1921.46 23 .1314 10 8.)

4-b Sandy Ce ,
Sasudynille, Eh tao 481 1923-45 61 .1268 08 33.2

4— 9 bbiakis grae Rio ,
Coshocton , Ohio (7) 4 ,842 1936-h I 464 .095 8 1956-h I 337 1 936-61 363

4 .10 hbmnklflgum Rio ,
ieenden , Ohio (8) s ,982 1922-61 498 .0832 1422-61 375 1922 -n I 345

4- I l  Licki ng Kin ,
Toboso , Ohio 672 1021—4 6 SO .0744 40 38 .3

4-Il 8binkingam R a n ,
Zanes o i l ie , Ohio (7) 6,840 1940-04 550 .0804 1940-54 400 1940-54 370

4-IS bIunkisg.i. Ore ,
McCon ee l ln v i l le, Ohio (8) 7,411 1922— 61 565 .0762 19)2-61 397 1902-61 362

LITTLE KAI4BB1IA RIVER BASIN

5—4 Litt l. 8.as.eha Ru e ,
Pales tine , n Va l , SIS 8943— 60 36 .0237 8.7 5 .7

l8)CK190 RIV ER 3*518

6.6 Mocki ng amy ,
Athens , ‘ShIn 944 1915-46 36 .0381 11 .6 B .3

RAM80#A RIVER BASIN

7.1 lIen Rin ,
Gml.n, Vi 1 ,131 1930.61 359 .0174 259 254

7.2 N.e kin ,
Ivanhoe , 00 1 ,340 (930—61 398 .2970 232 208

7-3 lIen Rim ,
Al li son i a , Vi 2,202 8913—1 7 831 .2879

7-4 Pie. B in ,
Redford , Va (91 2,748 1907-61 806 .3074 1907— 61 561 1907—61 520

7 - 5  Wa lke r Ce ,
Bono , Va 305 1929—61 29 .0950 21 19

7-K Oo lf Cr ,
yr Pua rrona , V~ 223 1930-61 17 .0762 II IC
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TA DLI 15 (Cont ’d J  53,mIA’l 2 0) a

7 lSay — IV Year Los lou 1 Say — 311 le a n  Los Plum b Lso 1 - us s ea r b _ s n
-tm , drainage Period )e rbod
N,,. Stream Area of if UI

- . 9 Station (S.j Mm ) Wn’e nrd (ifs) ( V o n )  Rotors) LU)  53 Record (ifs)

kANAdILA RI V E R K 9,uliu (1 uvt  ‘d~

7—7 1_a nt Kin ,
bloatku 7W. 1930—61 4.5 3. 1, 1. 1’

7-8 Sd A m y ,
ulenlys , Si 3 ,7kg 1927—hI 1 ,050 ,279h 735 575

7_ si £ireeeabraer liar ,
BucEeye , — vu 540 1930-60 II .0203 h 4,0

7-I S Greenbrier V i i ,
Alden oon , 8. 1.u 1 ,357 1924—55 42 ,s1SLts l  1 924.55 317 1924 55

7-Il brnenbnmer O ut ,
bl i l Id al e , a Va l ,h25 1895-1960 ol’ .0344 34

7-12 Greenbrier Ems ,
Mont h 1,647 1995-1960 56 .0340 1895-I 98.0 34 1895-196 0 29

7-IS Gaual ey Rut ,
en Stam ime rnv ille , N Va 680 1029—60 5.5 .0080 l ,b

7 - l b  Casul ey  Kin ,
aboen Iuelv ., Va 1 ,3)5 1929—60 12 .0091 4.0 5.4

7-19 Elk Ki n ,
Cestralia , a Va 281 1930—60 3.7 .1 1 ) 3 1  1 ,2 0,88

7-20 Elk Ran ,
Sutton , Va 543 1939—6 0 4 11073 1,2 0.02

7-21 Elk RA n ,
b9annn Shoals , 8. V a  1,145 1 929—60 6.2 .04)54 l .A 1.3

7-LIZ Kasa.i4sa Kin ,
Charleston , a Va 10 ,409 8940-60 0 ,200 .1151 8011 780

‘-29 S Fi bee Kin ,
or Jefferson , I. C 207 1924- 59 89 . 4300 192 4—S O 59 1924-59 54

AUYAM)OTrL V ilLa BASIS

0-14 Iiaayandott e Bin ,
Bnaseh0anm8, B Va 1 ,226 1:51)-hO 20 .0163 10,3 8, 7

810 5408)7 OP/ER OASIS

0—3 Lenisa Fork ,
b’ skeeille , Ky (10) 1,237 1938—58 3.9 .0031 192h-bR 1, 4 192 k-hO 1

0—5 I.enusa Fork ,
l’aist sn ilin , Ly ( I I )  2 ,143 1929-60 15 .0023 1929-hO 7 1929—60 5,4

8-h Tug Fo~’&,
Lit oar., It ia 502 1930—h I 21 .1)418 13.8 12

8-8 hag Fork,
air Kermit , e Va 1 , 185 1929—hi 21. .11219 15.4 13

8-9 8a,g Sandy Kin ,
l.amiosa , Ky 112 ) 0 ,870 1929-bR 5’) .0152 1 129-1.1) 29 1929-hO 22

L2Trl,E SAND S KIVISR OASIS

0- 10 Little Sandy Bin ,
Graynenu, Ky (10) 3,1 2 1938-60 ,7 ,~ (I s’S? 1029-60 0.7 1929—hO 0.5

SCIOTO RI VAIl AASIN

9-5 Sciete Br.,
Colaabtu n , ERa msa (34) 1 ,624 1.5 2 5 ) - S I  41 “252 1921— S S 19 1921—55 14

9-9 Scioto Oiv ,
Cie ’cleville , Ohio 114) 3 ,217 128 .0397 I ’ll - O S sO 192 1— SS 43

9-Il  ScIot o Kin ,
Chi lli cot h e , Ohu~ o (14) 5 ,84 ’ 1920.59 b0 .1)382 1921 -S O ‘1 1921 —55 S3

9-IS Scioto Or.,
Mouth b ,S10 390 ,0S99 1921-10 137 192) - O S 113

(VL SI ebI *3I KIV Lui imhSiS

1 0—1 Med Riv , 1927- 3 1;
Urba na , On io 157 1941-VU 33 .2101

1 0—S -bad s it ,
nut ~~1 ,elJ , Ohio iSo 1014—59 l b .1171 1: 5 14 -os’ 5:- 1914-nt’ C . s

lU—S ‘ r e s t  ‘ 1 1 m m  l i t ,

.udvr ,, ‘‘‘‘in (171 .~li 19I4-oS 18 11335 ’ b - s I b - -i .. 7 ,7 1 9 2 1 — O n  6 .6

I U b  Ls s r , u S.,mI Er ,
Lockin g tan , Oh io 201 1921-45 .4 ,2 55122 2 .7 2

lu-A o t m l l s a t e r  V m v ,
l , s ~~Ie.s~stJ , 55)83 0 1,45 l O l l — O S  II s IlOS 4,1 5 ,1

10,9 s s r e , i t  I u, i . . , i  K a s ,
I~~9 Is~r s s i I l e , Ohio 1 ,155 1 5 1 1 - N O di .0398 30 26

I l — I l  no .51 - l I .I,.i Iii ,
“a. Is.,, , ta)uao (la I, 17) .i,S 13  1913.S 9 1 7 3

8 m b —l i - real I m , u . s s i  R i m , I 5 .~ I ’ S . .
Imu , , , mn ss ..r 5, ‘ I s i s  1 1 7 1 1,710 (5)5. -nM 21. 9 ‘015’

lO’ul  s , r e , m t  l o u  ~s s , l o I s ’  10 ;
,La,ei lton , .snu o (In S (I ) 3 ,639 1,117.:, ’ 281 - ‘7 1  :SSI n” 161 1191- nb 143

13-17
nm m lll enl,bJ , 194 120 194 .S-n ’)

lu - b  I. Ii ,o n a t e a ,at er u n ,
9r oroo n v a l l e , I n t l  982 I 51,4-nil b ‘ ,~~s 2 - s

1,5 — l i  “ s t e  s i  , e r  s - s m ,
I 431) 1 ,14-nV in 1,0 .44

10—20 ,, ‘l u 1 e ~~.i I5  r I, ,
lIe , led 1 , 239 1 ,2 3 - ..:, 82 5 8 , 1 . 1

_ _  _ _
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K. Stthios 5514 88i) ReconI (c(s ) (Vi• u~ iianou-d (eOn) BnOord (ifs)
LITI’LE MIAMI RIVER bASIN

10—16 Il Ph La nt l a Miam i limo ,
Permato nys , Ohio 477 1925-46 0,7 .0014 0.4 0.3
&1015CB9 RIVEK BASIN

lI-I 1, PB Kentuaiky Kin ,
Maaard , Wy 46k 1940-ko 1.5 .9032 8840—80 0.4 1940-60 0.311-2 N Fk Bennaik y Kin , 1920-30 ;
.Iaikaoa , W y 1, 101 1938-hO 2 ,2  .0019Il -S iantmuihs Ki n ,
Lock 10. an
Ciackantee , By $,9S5 1908-Sn 33 .001311.1 u.aruuem y Oar ,
ye Biihmo,,d, By (In) 0,953 1910— 60 19 1810.60 1511-7 laVa Rue ,
or U a oy m l le , By 318

11-8 Ben emio ky Rue ,
F ramkfort , Wy (19) 5,412 192k—kG 112 .020b 0826—80 35 1026—60 2711-80 iantaei y Our ,
Loik 2 , 192b —29 ;
Lankport, By 6.188 1933-38 1b3 ,02k3

SALT R I V E R  805184

il-l I Ba.oh Fork ,
Ba rdato, , By uno 1940—be 0.04 0001‘11-12 Ko lim nIl Fork ,
or Bonton, Wy 1 ,209 1939-60 1 .3 .0810 1939—60 8,3 1939-60 0,2

LICEIIR1 BlOWS BASIN

01 -14 L m ik mo 8 Run ,
Par.eri , By 031 1939-60 3,1 .0037lI-l a Lac king Rim , 1935—lb .Falan,th , Wy 2.387 1939—60 3,511-17 S PB Luikia,g Rio .
Cynthia,t., W y 621 1939-60 0.7 .001111—l B i.i nkaag Ran ,
Latn aka , By 3 ,300 1929-S O 10,3 .0030

1300584 RIVER BASIN

12-I ‘arees Rio ,
(‘reenubueg, By (20) 736 1940—60 1 .7 . 0023 194 0—b O 0,5 1940-96 0.3

12-2 901 mm Kin ,
Mao , By 600 1937-6 0 44 07331 2 — 3  Areas R un ,
d/a Month of 1925 -30 .b4OIia Kin 2 , 7S8 19) 9—SO 141 .061 112-4 Green Ran ,
Loik a , 1925—30;Brnnssn ulle , By 2 ,7b2 1939-Se 141 .051012—S Barren Ole ,

li-b , n R  
b,re•n, By 122) 1 ,348 1930-60 63 .8286 1939— 60 32 1939—a 274/a Mouth of

Barre n Bin S,K00 1931-hI 234 .943312-7 Gr.as Om e ,
k ook 4 , WOodhory, Ey S ,403 1038-hO 240 .844612— 0 Gre.n Rio ,
Lock 2 , CalSono , By (2) 7 ,564 l93 R- b9 3~~ .040-4 1930-b)) 211 1930—60 lB
(former ly Green Rio at
Li vermore , By)

NkOAS&I B lOWS BASIN

13-1 lakank Bin ,
Blaffeoo , luad 586 1938-58 4 . 7 9082 1931.S9 3 1831—SR 2 6

13 -2 Wabash Ru n ,
Ialn ta egsos , lad 710 1940 .98 9 ,01 2b13-3 Lat t l a  Maba ,k Riv ,
ne Ikuatingto,t , led 0kb 1948-Sn 2,3 .0086(formerly L i t t l e  Rio ,
mu ’ b8uut5a~tjtoy , lomb )

13-4 Ki enm n s ane sa Kin ,
nr Radgaoi l ln , Ind 130 1047-58 0.8 0061IS -S Ni9n is sianna Bin ,
9r Eaton, lad 094 1952. 59 2 , 4  .007813—6 Mmsa msa i n ,o a 0,e
Macinn. 154 677 1824-58 lb .023813-7 001iassi ne.. i.e
Peoeua , lomb 809 1963-68 33 040713-B e.baah Kin ,
Peru , In.! 2 ,655 1044-Se 87 .032713— n eeb.ak Rue ,
8.84,6, m d  1 ,733 1824-SR 26 .0100 1919-69 IS 8838—69 II13-19 aibash Rio ,
Logasnpo rt , led 3 ,15! 1924 .S 8 190 .0508 19 28-SO IlK 1824—69 Ilk

-

~
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15011 5 ((ont O , 0,00) 4 31

l a y  — I,’ Sea, Los los . .~
5* . S t 0000 A r e s  0, St of
LI ) S A t a t s o n  ‘I,) .,~ ç ,,rU (~ f o .  3 * 8 * . )  0010 ru .,, 4~~ , Record

,30 Ao:I  ( R I O  3 0 , 1 .  . 4 4 8 2 )

1 3 - 1 2  * lJoot  O r ,
Greentown , m d  1 , 0  1045—S n I . 0 .04)7 4

13—13 OsI doo t  Cr ,
00SSeo , m d  3 4 , ] I 4 4 _ ~~5 IS  ‘ ‘ 3 0 0

13— 13 8k o,I.)c4t r
Or Lot ’oyotcn , 1,0 0 4 0  1944-38 I~ ‘‘I13. 15 ,0t,~~Ols 0* 0 ,
Lo8S708 te , InS 1, 24 7 14103 - sO 535 .,‘ “1~ 1’ ~.~ ”o ’1 392 1928—39 36113— lb .30,80 3 * e ,
00ington , m d  8 2 4 8  104 ’’ ..S O9,~ ‘ ‘ ‘ 8 713- 17 4 Or Soil fork ,

Urboro , 111 71 .4 193 - sA  2 ,8
(3—18 SuIt fork , Vrrm,I,on so ,

nr Ioer.r r , I I I  340 1945—55 6.8
13— 1 9 Sal t  fort ,Venn.lso n Rio ,

nr Cotl in , Ill 959 I 0 4 4 ’ - ~ 11
13—2 0 OaR Fork , Voro,l,on 0.0 ,

nr l)onvilie , I l l  O r ,  1 9 2 9 - S O  14
13—22 t464sh kin ,

Mont000cO , m d  11 ,100 1 9 2 9 - R  773 . r4 sn 3 0 0 _ s 57 8 1 02 8 - 5 913—23 cobonO 040,
ter re Haute , m d  12 ,200 I928- ~ O Job .O’Y I ‘10-59 3 50 0 2 0 . 5 9  Sr13—24 Wob ash Rio ,
Rivorton , m d  13 ,100 1939-58 1 , o~ ““9313—20 WabOsh k,o ,
O incenses • 104 13 ,700 1930-68 1,009 .077) 930-59 849 1930-59 7 r13—24 0 ‘0 4)1, orrans S in ,
nr Oblong , Ill 319 1910—Sb ‘s .l

1.8— 2” ha640rans 0.0 ,
St . 9orse, 111 1 ,513 17115.58 16 .9105 19 15—S O 6.1 1915—5 8 513—20 sh ite R i v ,
t4uncir , IriS 242 1931-59 1.6 .3008,

13—29 White 010 ,
Ander son , InS 401 1947-58 36 4 4 9 4 4 7

13—30 W hine Rio ,
t iobol)v i j le , m d  837 4928- 59 58 .0692 10 20 - ~~9 4~ T 1928-39 3513— 31 White Kin ,
Indsanapolss , InS 1 ,527 1930—SO 195 .0640 1930-58 79 1930—58 7513—32 Wirs te 0,0 ,
Oort,nso,lle , m d  2,433 1939—58 123 ‘‘51 3

13-33 White Rio ,
Spencer , InS 2.980 1926-38 210 , 0 9 4  152 13813-34 601 Rio ,
Bonlsng Green , In S 844 1931-50 l . 4274’

13-35 White 0,0,
Ne,ibrrry, m d  4,596 1929— SO 291 .44010 213 19313-36 1 Fk chine Ron ,
(lo2aMhoo, iriS 1.592 1940-0.8 1 4 3  .0448 ‘1 0313— 37 1 hR sh,t. Kin ,
Sry.coti r , m d  2.333 1928—08 155 .0664 1928 -Ag 107 1928-59 9613— 38 1 8 nhi te Rio ,
nr Oedford , IrA ) ,S” l ‘(43-59 182 .0470

13-39 Salt Cr , 939—49;
Peerle ss , m d  082 ‘45 .58 0.9 .0015

13—40 8. FR nhite Kin ,
Shnals , nd 4, 1. 0 19 24.sS 0.2 .0448 1928-09 99 1829—59 9613—41 White Rio ,
Peterribnrg, Itid 11 ,139 I 428 . 50  6 0’, .0 844 4 9 2 9— 5 9  474 1929—09 42313—42 Wabash 0.0,
M t .  C4r.el , I l l  29 t o,, 1928—SO 2 ,2)” . ,R0 1 4 2 0 . 5 4  1 ,641 1928—5 8 1 .50313-43 Oonpas Cr ,
Orntinn, III 235 1941—S O

4 3-44 l ittl e 5.5455 bin ,
Solon Clay City , I I I  1 ,130 1016-Sb 0.05 .0034

19—45 Skill et Fork ,
torso C . t p ,  Ill 4 0  19 16-Sb

13— 46 little Sobash Rio ,
Car.,, Ill 3 .4”l,4 1940—58 5.2 .0016

13-41 Stogar Cr ,
Cronfordsoille, nd S09 1939-08 5 .0090

13— 48 Wabash Rio ,
bel phi , InS 4,4)2 1940-58 204 .0006

CU9800LO.Nr, 0 ( 5 ) 8  O A R s

14—I CuMberloed rIO , 1923—90;
Oar000rnil le , by 960 1949-60 8 . 9  .0086

14—2 Cuo borl.nd 0 ,0 ,
ail l iointbo rg , i s  1,607 1 ( 5 1 - n O  9, 5 .0009

1908-10;
4-9 Cuoberland Rio , 1915-30 .

Coshorland Fa ll , , kp I,”’ 1933-80 lb .0090(4-20 • 16 Stones Rio ,
nr Murfrershoro , Tone 128 1(92.41 0.3 .0023

~~~ hat ~~~ 123) hot 
~~~ (23) ~at ~~~ (23)

I S - ’ L,ahrrlan,I Rio ,
Rosen. • K, o ,O ’ s, ’ 4 4 , 4 . 4 9  l A S -t. 3 ‘0, 923 .0662 Sb 9 0 ’s 41.6 02.5

~ .



1550.1 15 (Cont ’d) 43,008 S 00 ‘0

7 .‘~~ - 10 Year Lou flow I Say - 30 R o a r  Los b low I Day - 50 Sear Low blow
Map Drainage Period Period ‘cried
No. Stream Area of of of
(1) 0 Station (_Sg 91) Recnr1 (c(s) (cS9) Record (c(s) Record (ifs)

I1JMRIAOLAM .) 61012K bASIN (Cont ’d)

Sat Nat 
~~j 

(23) Sat 
~~j 

(23) N~ t ~~~ (23)

14-1 0 Cu.berland Rio ,
Celina , Tenn 7 ,397 1923— 42 193 7- 03  190 8411 .1150 12’) 218 97 182

14- 15 Cumberland Rio ,
Carthage , leon 10,890 1923— 42 1957—63 o21’ 3 , 12S .20544 343 I ,S9 ’ l  290 1,760

14-22 Cumberland (on ,
Nashville , Teno 12 ,841 1093— 1942 1957-63 505 3,500 .2620 345 2,37S 285 2.225

14-26 Cuoberland Rio ,
Clarksoille , logO 15 ,897 1925-42 045 3 ,41 )1 ’ .2390 390 2,650 320 2,600

1 3-27 Cumberland bin ,
Dover , Tens 16,417 1 938— 42 1957—53 7 1 , 4  3,85)’ .2340 459 2,675 380 2,625

14-31 Cumberland RiO ,
Srnkthlssd , Inst 47 ,913 104 1 - 4 2  14107 -63 91” 4 ,1,’o ’ ‘ .2291) 545 2,950 475 2,800

1 4-32 Cumberland b i n ,
O ld Hickory,  Te ns 11,47 4  1 ) 30-4  I 19S7— 6 3 4 ’ S  3 ,4 34 ’  . 2 9 5) )  289 2 ,280 225 2 ,150

14- 33 Coocberlaitd RIV ,
Cheat ham , Tens 13 ,160 1837-6 3 hIS 3 ,050 .2380 375 2 ,500 305 2 ,375

RR,ITNL(TL9,

(1) See Plate 41 (or Station Locations ,

(2) 010ersion for City of Clarhsborg Water SOMI’l>

(3) Los Plow Regolatrd by Tygart Kesernom r since 1939 .

(4 Low Flow Regulated 6y Deep Creek llenerooir since 1 )25 and by Sou3!,iogheny Rnnersoir since 4943.

(5) LOw Flow Regulation by loosest. crock Reservoir 015cr 2 140 and Lake I’hao tangua Reservoir and by Allegheny Yesernoir Under Construction 1963 on
Allegheny.

(6) Actual Period I9O4—28~ 1 935—55. )‘eriod from I,(2!l- 34 Lhtimased (ron Irudkli n .

(7) Low Flow Regolated by Ool ivar , L e e s o o l l e , Atwood , Oose r , beec h City, )‘ O edtost , Clesdesiog, Tappas , Charles ‘1* 11 , Pleasant 8*11 , Mobicannille , and
Mohawk Reservoirs since 1930.

(8) Lo s Flow Regulated hy Resorsoirs Lis ted in (7) ll,os Sefleca omlle and kills Creek Since 1938.

(9) Low Flow Regulated by Clayton Reservoir since 1 939.

(10) Cow Flow Regulated by J. s’ Flanoagan Rrsernoi r since l ORs3 and F o s Irt ra; and North lu r k Reservoirs Under Construction 1903.

Ill) Lora Flaw Regulated by Dewey Reservoir since 1004 ’ an) 18090 Liste d iv (1 ‘1 .

(12) low Flow Regulated by Dewey Rrsn ‘noir since 1,135 , 2. n . blanna gan ‘ co o robs r since 1 44,9, and Fish trap 09,1 N,’rt), Irk Reservoirs Under Construction
1963.

(13) ( l os  Regulated by Grayson keservo o r  llnder Co ns t r o c t o , ’t , 1 , 4 ,

(14) Flow on Scioto Above Columbus Regulates) (40 r iggS Oe s e e s s , x r  in I ‘ s’ ,a,*~ ’ , r , c ’ s o r  k e s r r o , ’ ir  s incr 19fl and 124 , Respecti v elo . Ulentangy Riner by
Delaware Reservoir since 1951, Diversion from Rig Inalnut roes to Scls ’to t r , ’o tanner Resrrnoir since 2900 .

(15) Some 0ivers~on abone Dayton for )lunlcipa l Water Supply .

(16) low Flow Regulated by ~~“ “ Plant at Ia’, Iton aod Al so S~al1 ‘ l o ’ r rs iov  for ) 4 4 I , i c  (‘41 sater 9,5( 141> .

(17) Miam i Conservancy District Re,ereoirs ji ve Ur’coetrolle,! ,‘ut ’se to OR,. 4 0 3  so 130, lii )4s’(u)atios .

(19) Low f lew Rrgulated by Ruckhors Reservoir since 19611 .

(19) low f l-so Regulated by oerr *g ,tcv lake suvce 4925 and Reservoir 1, 1 0 8 0 , !  i~ (18).

(20) Low Flow Regulated by Green P eer Reservoir Under Cosst root ion 1964 .

(21) low Flow Regulated by Swim Reservoir since 440 2 , by Oarren Aeservoir sisce 1fl63, by Rough n u b  Reservoir since 1053 , Plus Reservoir Listed in
(20).

(22)  los, Plow Regulated by Karren Ricer Reservoir since 1963.

(23) Low Plow Regula ted by soI l Creek , Sale Hollow , lenter (ill , Old HI ckor y , asd I ‘ sea tan is .serol,ors .

- ‘ -  ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~



TABLE lt

L01o FLU h kUU T1N ~ C U L F F I C I L N F S  - Oh IO klVLk
(.‘iu skingum L4uat ion)

t K X C 1 C.,

U asc~~ie1ds to l~nee 1ing 0w2~ .500 .10 .435 .130

~ioe e l in g  to ~t .  ..Iarys 0.25 . 0 0  .25 .435 ~w043

st. ‘l arys to t3a rkersburg  0.2s .200 .25 .909 w273

Parkersburg to P t .  P leasan t  0w2~ .550 .30 .490 -.078

Pt. Pleasan t to i i uu t i n g t o n  0.25 .sUO .35 • Ssb - .111

u i u n t u 1~~tOn to i ay s vi l l e  0 .2s  .800 .25 .34j  -.103

. i ay sv i l le  to L i l i c inna t i 0 .25  .500 .30 .52o - .0s3

L i nc i nn a t i  to Louisville 0.sO 1.000 .30 .52( - .053

L o u i s v i l l e  to t:vansville 0.sO 1.250 .35 .471

Lvansville to Lolconda 0.50 1.000 .25 .50J .000

~olcoiUa to . i e tr op o l i s  0.50 .450 .25 ,bSl .234

cuLF I ICIL:’.’F rlL’l’.iUii OF rO U ’L’ 1\U

L 4uation : 02 = 01 + LC o(li - 0~ ) + C j (1 2 - 11) 1

= ~ e a c mI out f io s .. at start of time period .

02 = ~eaca o u tf l o~ at end of t ime period .

= i(eacn inflow at start of time period .

= th2 ac iI  in f l o w  at end of time period .

2~~~ t
= 

2K (1 —X l  +

A t — 2 r r ,A

2K 11-X ) +

= Ti me period in days .

= Cons tan t s .



TABLE 17

TIME OF TRAVEL
BETWEEN SELECTED OHIO RIVER MAIN STEM POINTS

FOR A 30-DAY AVERAGE LOW FLOW
HAVING A TEN-YEAR RECURRENCE INTERVAL

Trave l Time
Between Points

Po in ts i n  Days

Pi ttsburg h , Pa , to Mouth of Beaver Riv 6.8
Mou th of Beave r Riv to Wheeling, W Va 15.6

Wheeling, W Va , to Mouth of Muskingum Riv 9.1

Mouth of Mus kingum Riv to Parkersburg, W Va 2.9

Parkersburg, W Va , to Mo ut h of H o c k i n g  R i v  3.3
Mou th of Hocking Riv to Mouth of Kanawha Ri v 1 1 .3

Mouth of Kanawha R i v to Mouth of Guyandotte Riv 7.7

Mou th of Guyandotte Riv to Huntington , W Va 1 . 4

Huntington , W Va , to Mouth of Bi g Sand y R i v  m O

Mou th of Bi g Sandy Riv to Mouth of Scioto Riv 7.9
Mou th of Scioto Riv to Mouth of Licking Riv 23~ 1

Mou th of Licking Riv to Mouth of Great Miami R iv 4 .3
Mouth of Great M iac ’>i R iv to Mouth of Kentuck y Riv 10.3

Mouth of Kentuck y R iv to Louisville , Ky 7.4
Louisvi l le , Ky, to Mouth of Salt Riv 4.3

Mouth of Salt P.iv to Mouth of Green R i v 24.2

Mouth of Green Riv to Evansville , I nd 0.5

Evansville , Ind , to Mouth of Wabash Riv 4.2

Mouth of Wab -l ’~h R iv to Mouth of Cumbe rland R i v 4,4

Mouth 0)’ Cu rnber lan d Ri v to Paducah , Ky 0.6

Pad uc ah , Ky, Mouth of Tennessee Riv , to C a i r o , I I I  2 .7

NOTE : Da ta assumes Corps of Eng ineers Reservoirs comp leted , under
construction , or i n precons t ruc t ion p l a n n i n g  as of 1 J u l y 1963
a rc i n opera t ion , and a ’I con templated main s tcri navi qation
dams completed.



TABLE 18 Shee t 1 of 8

SEVEN-DAY TEN-YEAR LOW FLOW DISCHARGE TRAVEL TIME S
BETWEEN OHIO RIVER BASIN TRIBUTARY STATIONS

Dis tance Estimated
Drai nage Mi l es Between Time of

Area Above Locations Trave l
River and Station (Sq Mi ) Mouth (,Mi les ) (paysj

ALLEGHENY RIVER BASIN

Conemaugh R i v , Johns town , Pa 656 52.5
32.5 2.3

Conemaugh Ri v , Blai rsv iHe , Pa 869 20.1
20.1 1 .4

Cone maug h R i v , Mou th 1 ,370 0

K is kim in e tas R i v , Confluence
of Conemaug h & Loyalhanna 1 ,669 26.8

15.5 2.1
K i s k i m i n e tas R i v , Ap o l l o , Pa 1 ,825 1 1. 3

1 1 .3 1 .4
K i s k i m in e tas R i v , Mou th 1 ,887 0

C l a r i o n  R i v , R i d geway , Pa 307 90.1
64.9 9.2

Clarion Riv , Clario n , Pa 966 2).2
25.2 5.1

C l a r i o n  R i v , Mouth 1 ,249 0

A l l e g heny R i v , Por t Al l eg heny ,
N Y 248 288.3

35.0 5.2
A l leg heny Riv , O lean , N Y 1 ,168 253 .3

21.0 2.7
A l leg heny Riv , Sal manca n N V 1 ,609 232 .3

MONONGAHELA RIVER BASIN

Buckhannon Riv , Buckhannon ,
W Va 22 7 19. 0

19.0 5.5
Buckhannon Riv , Mouth 308 0

Tygart Va l ley  Riv , d/s Mouth
of Buckhannon Riv 904 49.8

5.0 1.5
Tygart Valley Ri v , Phi li pp i ,
W Va 916 44 .8

-A
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TABLE 18 (Cont ’d) Sheet 2 of 8

Distance Estimated
Dra i nage Miles Between Time of

Area Above Locations Travel
River and Station (Sq Mi) Mouth (Miles) (Days)

MUSKINGUM RIVER BASIN

Ki ll buck Cr , Wooste r , Ohio 196 48.0
20.0 6.6

K ill buck Cr , M ill ersbu rg , Ohio 396 28.0
28.0 8.5

Ki ll buck Cr , Mouth 613 0

HOCKING RIVER BASIN

Ho ck i n g R i v , Lancaster , Ohio 50 88.0
20.0 3.0

Hocki ng R v , Logan , Ohio 502 68.0
68.0 6.3

H o c k i n g  R i v , Mouth 1 ,185 0

K.ANAWHA RIVER BASIN

G reenb r ie r R i v , A l d e rso n , W Va 1 ,487 26.7
26.7 14.8

Gree nb r i er R i v , Mouth 1 ,6/47 0

GUY AND OTTE R I V E R BA S I N

Guyandotte R iv , Logan , W Va 859 79.6
72.4 26.0

Guyandotte R i v , Mud Cr 1 ,309 7.2
7.2 1.7

Guya ndotte Riv , Mou th 1 ,682 0

BIG SANDY RIVER BASI N

Tug Fork Riv , Li twar , W Va 502 106.2
48.8 9.2

Tug Fork R i v , ~./illi a mson , W Va 938 57.4
22.4

Tug Fork R iv , Kermit , W Va 1 ,185 35. 0
35. 0 6.8

Tug ForL Riv , Mouth 1 ,555 0

SCIOTO RIVER BASIN

Paint Cr , Washir ’I)ton Court
House , Ohio 12 1 67.14

67.4 10.0



TABLE 18 (Cont ’d) Sheet 3 of 8

Distance Estimated
Drainage Miles Between Time of
Area ,\bove Locations Trave l

Rive r and Station (Sq Mi ) Mouth (Miles) (Days)

SCIOTO RIVER BASIN (Cont ld)

Paint Cr , Mouth 1 ,143 0

Little Scioto Riv , Marion , 0 72 7.0
7.0 1.5

L i t t l e  Sc io to  R iv , Mouth 110 0

Salt Cr , Jackson , Ohio 77 15.0
15. 0 2.9

Sal t Cr , Mou th 503 0

Ol en tangy R i v , Delaware , Ohio 387 28.1
28.1 4.7

O l e n ta ngy R i v , Mou th 523 0

Sc ioto Riv , Kenton , Ohio 145 205.0
25.0 14.6

Scio to Riv , Mou th of Little
Scio to 410 180.0

LITTLE MIAM I RIVER BASIN

Tur tle Cr , Leba non , Ohio 15 7.2
7.2 0.7

Tur tle Cr , Mou th E6 0

Todd For k , W i l m i n g ton , Ohio 23 25.2
25.2  2.5

Todd Fork , Mouth 261 0

E FL Li ttle Miami R iv ,
Will i amsburg, 0 238 35.2

35. 2 6.3
E Fk Li ttle Miami Riv , Mou th 501 0

Lit t l e  Mia r ,~i R i v , Xenia , Ohio 129 74.6
42 .9 3.7

Li ttle Miam i Riv , Sou th
Leba non , Ohio 620 31.7

7.4
L i t t l e  M~ ,3’oi~ R iv , Loveland , 0 760 ? L . 3

24 .3 2. 0
L i t t l e  Mia mi  R i v , MolI th 1 ,755 0

I’



TABLE 18 (Cont ’d) Shee t 14 of 8

D istance Es t ima ted
Dra i nage M iles Between Tir i~e of

Area Above Loca tions Trave l
River and Station (Sq Mi) Mouth (Miles) (Days)

L I C K I N G  R I V E R  B A S I N

Tri p lett Cr , Morehead , Ky 48 13.2
13.2 3.5

Trip lett Cr , Mou th 187 0

H i n ks ton C r , M t. Sterling, Ky 7 66.8
66.8 18.5

Hi nkston Cr , Mou th 260 0

S toner Cr , Pa r i s , Ky 239 l~-i.O
114.0 3.3

Stone r Cr , Mouth 284 0

S Fk Lick ing Riv , Cyn th i a n a ,
Ky 621 49.1

49.1 8.1
S Fk Lick ing R i v , Mou th 927 0

Licki ng Riv , d/s Mouth of
T r i p lett Cr 1 ,019 168.5

97. 1 22 .6
Licki ng Riv , u/s  Mou th of
Nor th Fk 1 ,993 71.4

19.7 3,7
Licki ng Riv , u/s Mouth of

Sou th FL 2 ,367 51.7
51.7 13.2

L i c k i n g  R i v , Mou th 3,707 0

GREAT MIAM I RIVER BASIN

Gree nv i l l e  Cr , G reenville , 0 1141 20.3
20.3 3.5

Greenville Cr , Mou th 201 0

Mad R i v , Urba na , Ohio 157 40.0
15.0 1.6

Mad Riv , S p r i n g f i e l d , Ohio 1485 214.1
24.1 3.0

Mad R i v , Mou th 6514 0

Sti ll water Riv , C o v i n g ton , 0 438 32.4
17.4 2.4



TABLE 18 (Con t ’d) Sheet 5 of 8

Distance Estimated
Drainage Miles Between Time of

Area Above Loca tions Trave l
Rive r and Station (Sq Mi ) Mouth (Mil ~~:5) (Days)

GREAT MIAM I RIVER BASIN (Cont ’d)

S t i l l w a ter R i v , West M i l ton , 0 600 15.0
15.0 1 .8

S t i l l w a ter R i v , Mou th 673 0

E Fk Whi tewater Riv , R i c h mond ,
t nd 123 38.1

38. 1 14.6
E Fk Whi tewater Riv , Mou th 382 0

W Fk Whi tewater Riv ,
Conne rsville , I nd 4/44 28.0

28.0 1 .5
W Fk Whi tewa ter Riv , Mou th 857 0

W h i t ewa te r  R i v , Ma in Stem ,
Brookvi l le , m d  1 ,239 35.0

25.6 1 .4
Wh i tewater R i v , Ma in Stem ,

H a r r ison , Ohio  1 ,350 9.4
9.4 0.7

Wh i tewate r R iv , Main Stem ,
Mou th 1 ,593 0

Great Miami R i v , Bel lefo ntaine ,
Ohio 25 160.9

28.2 3.6
Grea t Miami Riv. Sidney, Ohio 545 132.7

13. 1 2 .2
Grea t Miami Riv , P i qua , Ohio 842 119.6

10.2 1 .2
Great M ia mi Riv , Troy , Ohio 970 1 09.4

/4.9 0.5
Grea t Miami Riv , T i pp Ci ty, 0 984 104.5

20.9 2.2
Grea t Miami Riv , Day ton , O h i o  2 ,513 83.6

7.6 0.6
Grea t Mi ami Riv , Wes t
Carro l ton , O h i o  2 ,630 76.0

8.0 0.6
Grea t M i a m i R i v , Miami sburg, 0 2 ,718 68.0

6.5 0.5

L ______ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _
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TABLE 18 (Cont ld) Shee t 6 of 8

Dis tance  Es t ima ted
Dra inage M i l e s  Bet~ieen Time of

Area Abov e Locations Trave l
Rive r and Station (Sq Mi) Mouth (Miles) (Days)

GREAT M IAM I RIVER BASIN (Co nt ’d)

Grea t Miami Riv , Frank l in , 0 2 ,731 61.5
8.5 0.6

Grea t M i a m i R i v , M i d d l e town , 0 3 ,126 53.0
17.0 1.3

Great M iami R iv , Ham i l ton , 0 3,639 36.0
36.0 3.9

Grea t Miami Riv , Mou th 5 ,385 0

KENTUCKY RIVER BASIN

N Fk Kentuck y R i v , Hazard , Ky 466 1 06.2
102 .4 55.5

N Fk Kentuck y R i v , u/s Mouth
of M i d d l e  Fork 1 ,319 3.8

SALT R I V E R  B A S I N

Beech Fork , Bard s town , Ky 669 20.8
20.8 3.5

Beech Fork , Mou th 752 0

Rolling Fork , d /s Mou th of
Beech Fk 1 ,299 20.2

20.2 2.0
R o l l i n g  Fork , Mou th 1 ,499 0

Sal t Riv , nr Harrodsburg, Ky 41 100.0
88.4 53.1

Sal t R i v , u/s Mou th of Rolling
Fork 1 ,256 11. 6

11.6  7. 0
Sal t Riv , Mouth 2,920 0

GREEN R I V E R  B A S I N

Nol i n Riv, d/s Mou th of
Valley 1’r 283 99.7

99.7 8.7
No lin Riv , Mouth 727 0

Green Riv , Greensburg , Ky 736 279.8
94 .3 33.8

Green Riv , u/s Mouth of
Nou n Riv 2,758 185.5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TABLE 18 (Cont ’d) Shee t 7 of 8

Distance Estimated
Drainage Miles Between Time of

Area Above loca tions Trave l
River and Station (Sq Mi ) Mouth (Miles) (Days)

WABASH R I V E R  B A S I N

Sal t Cr , Bloom ington , Ind 20 56.0
56.0 12.6

Salt Cr , Mou th 630 0

Sugar  Cr , C r a w f o r d s v i l l e , I nd 509 40.0
40 .0 5.3

Sugar Cr , Mouth 840 0

W i l d c a t Cr , Kokomo , Ind 245 63.0
63.0 7.3

W i l d c a t Cr , Mou th 800 0

M i s s i s s i n e w a  R i v , M a r i o n , Ind 677 36.0
36.0 5.5

M i s s i s s i n e w a  R i v , Mou th 820 0

Li ttle Wabash Riv , Car m i , I l l  3 ,090 30.0
30.0 9.1

Li ttle Wabash Riv , Mou th 3,380 0

E Fk Whi te R i v , Sey mour , I nd 2,333 219.2
73.4 5.1

E Fk Whi te R i v , Bedford , m d  3 ,870 145.8
145.8 12.1

E Fk Wh ite Riv , Mou th 5,695 0

Whi te R i v , W i n c h e s ter , I nd 65 339.5
31.5 6.6

Whi te R i v , M u n c i e , Ind 242 308.0
22 .3 3.7

Whi te R i v , Anderson , m d  401 285.7
1 6.7 2.2

Wh i te R i v , Noblesvi ll e , Ind 837 269.0
33.2 3.7

Wh i te R i v , Indianapolis , Ind 1 ,627 235.8
33. 2 3.3

W h i t e  R i v , M a r t i n s v i l l e , m d  2,1+35 202.6
154.9 14.0

Wh i te Riv , Petersburg , Ind 11 ,139 47.7
47.7 14.9

Wh i te Riv , Mouth 11 ,400 0

Wabash Riv , Bluf f ton , Ind 506 421.8
12.8 2.1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~ - ‘-



TABLE 18 (Cont id) Sheet 8 of 8

Distance Estimated
Dra i nage Miles Between Time of

Area Above Locations Trave l
River and Station (Sq Mi ) Mouth (Miles) (Days)

WABASH RIVE R BASIN (Cont ’d)

Wabash Riv , Huntington , m d  710 1409.0
21 .3 1.9

Wabash Riv , Wabash , m d  1 ,733 387.7
17.2 1.4

Wabash Riv , Peru , Ind 2,655 370.5
16.6 1.9

Wabash Riv , Logansport , m d 3,751 353.9
42 .0 6.8

Wabash Riv , Lafayette , Ind 7,247 311.9
23.9 5.0

Wabash Riv , Attica , Ind 8,528 288.0
48.0 11.9

Wabash Riv , Montezuma , Ind 11 ,100 240.0
10 .0 2.5

Wabash R iv , C l i n ton , Ind 11 ,53 0 230.0
15.6 3.2

Wabash Riv , Terre Haute , Ind 12 ,200 214.4
89.7 10.9

Wabash Riv , Vincennes , m d  13,700 124.7
33. 2 3.8

Wabash Riv , Mt. Carme l , I I I  28 ,600 91.5
91 .5 12.8

Wabash Riv , Mouth 33, 100 0

CUMBERLAND R I V E R  B A S I N

Cumber land Riv , Barbourvi lle ,
Ky 960 635.0

45.0 6.2
Cumberland Riv , Williamsburg,
Ky 1 ,607 590.0

~
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Fro,ic l, or Otis., l’s 20 1932-Sf 21 .5., Ill S 1 ,020 I .’)) 2 ,242 65 5 , 135 37 4351

150.0,0. 400 Coo655bnr~~, P. 35 1930-99 21 Fo b 094 2 407 1,445 1,2 04) 15 9 594) 33 344

CoSSOassigh Si n TimflOltO.s. P. 1-4 1939-1-9 20 0140 594 7 0 , 353 2 , 3 0,2 2 ,660 05 5 ,900 20 641

Ii ski.1, .100 1,0 Vossdorgnsft , PS’ 53 19 3 1.19 22 300 0945 1,025 3 ,032 3 , 540 07 2,640 32 1,000

All.~h.ny koo 1-440.4, 1. 04 0939.59 20 Fob 094 2 950 966 1 , 116 03 $01 30 334
Rod MoSiso , 5 56 0903-0,9 54 FOb 594 2 0 .690 2 ,702 9 ,300 II 2,260 23 4,210
Fr.1skIs,5 , 1’. 3<) 1914.59 40,  Son 194 1 5 .932 10,320 14 ,250 72 7 ,430 23 3,420

1994’20s
Slt t sOf l SO51 , l’o 42 5934 ,59 49 SOC 194 $ 4 ,973 55 ,357 22 , 320 03 52 ,750 26 5 ,000
S46toosso , P. Is 1931.0,9 21 -SCSi 594 5 11 ,410 09 ,490 56 ,1-00 09 17 ,150 39 6.4.10

*005045)A)4)L0 0001-li OASIS

1907 —16 .
605,4 Fool liln th0. rp .- .s. , 0 V. 75 1933-50 35 515 0 104 2 759 1 .170 5 , 1-24 II 947 24 366

Tyg.rt V .1l.y kin Phol ippi , 3 Io 64 1940-59 59 .1.6 194$ 956 4 ,024 0 ,710 74 1,300 31 1-30
Co Il..., 39. bb 1939 59 20 3.0 194$ 1,366 2,607 2,400 $3 2.160 35 $40

1555.44 (55 50, Pars o ns , a vs 02 1953-5 9 45 J~~s 0900 71$ 5 .694 1,905 U 5 ,460 34 7(3
ko.1.sbsrg. V. 03 1923-59 36 .1OIS 5940 972 2.222 2.206 $6 1.910 40 $12
or Pio~.fl, 3 So 06 (2) 1927.54 35 0.0 1947 5 ,354 2,904 2,649 $4 2 , 910 40 1,141

Yo..ghioghooy 016 Co.oeII.n ili. , P. 90 0900.59 51 Do~ 193.4 4 ,326 2 ,5,03 2 ,461 01 2 ,030 36 037

1915—26 ;
00noS.g.hei. 016 LOck 15, I5~ i1t . 0 61. 17 1930’59 32 f i t  5942 2.31$ 4 , 120 3 .003 94 3.460 II 1,450

Ur.oSSs b000 , P. Os 1939-SO 21 0.0 0947 4 ,407 0 ,563 7 ,320 II 6 ,620 IS 2 ,560

05.4956 RLV1-ss 1*506

S64.4Isgo Ii. Shsrps.olf., P3 121 193$-SO 2 0  00i 5949 50$ 743 043 $3 bIb 36 303

I4O$son.s.g liv Yo,ongstoo.., 36,0 515 193 5 .99 34 Dot 1949 099 049 1,935 70 594 23 449

1954-1 0;
0o~o.s 35, W p~~, P. 122 1932 .59 35 Dot 594 9 2 ,239 2 ,369 3 ,440 72 1,700 20 0,900

4250161399 41016 OASIS

Mohos.o kin Gn,or , OhIo 160 1921 ’ SO 3$ 11.0 5946 943 007 4 ,570 77 602 32 990

T..csr.n9 01, bela. Do.., 11.. ,
so Do’s., , 0650 445 0,335-55 36 J~~ 194 9 0 .390 1 ,305 2,200 01 4 ,220 26 503

9690~~~ n,5a.s , 00.., 153 1921-59 30 3,1 5 935 2 ,436 2.496 3 ,300 0.1 1 .67$ 34 ~~~
5993,03;

L.ck u.g RI. Taboo,, Sh im 174 1921-99 40 0.1 4934. 672 672 5 .350 79 924 35 45$

455’ OS COOhOStOSS , lAs,, 560, 5936-59 23 2.55 1956 4 ,047 4 , 95 9 6,360 79 3 ,090 26 1,410

LI1’ILE 0.640*4* 91616 6*310

1921-35;
I*sgbe. Rho Cook, , 0 Vs 109 1939-99 24 0~1 094 2 492 504 1,100 05 4% 39 340

LittI . 1.50)00.3 G1..svill. , 0 Vs 143 5920-S O 35 11.0 1934 306 601 UI 76 49 7 30 264
Sin PeI.,t, a., 0 V~ 109 5939,99 20 250 5940 1 .919 2 ,100 2 ,734 03 4 , 740 35 01$

50)0201*1 01610 0*359

Hoc ksog RI. bsto.pooo.. 01,1, 193 5930 —5 9 29 P.S 1039 461. 439 5 ,614 72 356 21 330
*45506., Ohio 196 59 15 —5 9 44 Fo b 1950 944 945 5 ,640 79 734 35 530

4914*9346 61656 09519

G 00055b0110 RI. Aldot003, 3 Vo 250 1095-1959 64 DO. 1905 5 , 357 5 ,993 4 , 440 II 5 , 629 24 933

4907—IS;
600 00. 1.dfo.d, V. 207 0939— 59 29 005 1956 2 ,740 3 ,7)1 3 , 120 06 3 , 570 39 790

41010., 0 Vs 220 1936-59 23 JOn 1940 6,257 7,649 6 , 52 0 90 6,04 ., 29 5 ,530

1-a.Ioy kin 1.4,, . 0.5. ., 0 lo 220 5920.99 35 0.’ 0947 1 .359 0 ,633 2 ,900 00 1,110 54 999

Elk RAn 55soO~ ShoeS. , 6 6. 234 59 20—5 9 35 .1.0 194$ 5 , 54 9 5 ,991 2 ,202 74 1 ,440 27 5%

1077—1959 02 slit 5077 9 ,367 52 ,500 30 ,766 93 11 ,700 13 6 ,040
R~,ss56 R o n R.n.ohs Fo i l ’ , • 95 229 0931 -59 29 9.0 1940 11 ,462 9,005 77 0 .030 30 2,940Ch,S-1.,00n , i so 235 5939-99 20 Joo 5940 10 ,419 54 ,320 19 ,600 03 15 ,090 26 4 ,060

IAJSA)0.921’TI 0190$ 0.6519

1915-17;
)Ooy.I.dotIo RIS 103SSOSIOS.d . 6 S. 242 1929,99 32 2.6 194$ 5 , 22’, 0 , 973 2 .000 01 952 20 976
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1 95’) AsP Sorsod(s) ol ,SecsrsI ‘I.., ’ StC rs igs’ Si, i v ) . , ’ .’ .1
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!i__ l 1 _
~

T__1 ._ F)

St roaai Loca ti on sios) U.ita h’ s -s i r s  he i rs  S’ e r so,I (3) (Is) ‘Ii) ) c l’ o~ A S )  S .)l tim ate) ~ ‘s J ) I s s s n v ”.

111)5 lASSOS 1116CR BASIN

Tug ForA, or Kermit , s lii 258 5)34-3’) 25 JaV l94V I,I5s ~ 1 ,330 2 , h s ’ ,  52 682 20 425

1.510—IC ;
1.onIsa Fork b’a i otsv i l l i , , 1-7 255 )ssSO.39 32 Jan 194V 2 ,143 2 ,345 3 , 1,95 by 1 ,310 22 011

BIg Sainsl y III Lossinsi . s, 259 1938-59 25 Jan 1)198 3 ,870 4 ,1v3 <. 4 9 , .  s,2 2 ,)su Ss , ,hu

L IrSLL lASSOS 1.01.1.1 843.1.’,

L i t t le soisdy 515’ or Cr570511., Ky 282 193 8— 59 21 Jan 094 9 399 474 51.2 72 341 32

oS 1,540 SIl L s sSASl7 ,

1 9 2 0 — 3 5 ;
BIg halnut or 11.01, 3 510 2 77  1939—5 9 35 Jan 552< i i34 1 .53 I , ~~‘ <‘4 313 28

092 1-36 ;
Saint Sr nr Ooii rn ev ille , SIl ls 20 1 1’)38..ss 36 Jan 0 )5 4 5 8555 791 I,s,sS ~ 75, 601 311 4 50

.551000 A l l  below s.S ’atsaug Imessy
5540, Sr Shssbl in . 0 269 1512 154 ’ )  28 ‘es 134 ., 59< 77 9 5 , ’ o , S  74 570, 33 s,..

Cs,lIObs,S , 0)510 273 1920 59 39 Jan 194 ,. 1 ,5.2 4 1 ,3 , 3  3 , 4 8 .  ‘5 1 ,UCL S 30 ,SS~
)5ho l lico th, , 01,10 2755 5 . 5 2 0 — 5 .’ 39 Jan I’ll,. 3 ,94 7  1 ,33’ 4’ ,3~s S ’ 54 v.54 42 2 , 5 4 , ’

LITTLL 919,41 5.1151<) HAIl,’,

‘4. LI ttLe 1915- 17 ,
lii.,, kin l’e r,ntossi , ohIo 2315 5 < 525 .55 )  315 Jon 5 ) 4.. 377 .4 . 5 sn.,’ 72 355n .5< 268

19 15-1 7 .
092 1—38;

Litt le ,-Iisi,i kin ,“I i I I o r J , Ohio 295 1939—5 9 34 Jan 1943 1 ,105 ) ,SSLS 2 ,4 h i i  81 980 33 790<

LIC1-I’55. 4151* 835)1

s FL Lu ll,8 5 5 1 0  Cynthian,s , Isy 305 193 0—59 2) 0,c 1944 615 734 1 ,411, 7’) 572 40 568

0 1 d m 1  5119 lassoe r , , K s  2 911 1) 3 9—59 25 Jan 1 s540, 425< 1 ,045. 1,716 77 80~ 33 56)5
19 1 , . — I 7~

Co000ba , Ky 306 192 8-59 33 .)v~ 1944 3 ,2 5 0  4 ,091 9 ,240 84 3 ,44 0 40 2 ,00

skLT.[ 55 13.54 1 5.15CR *45 15

s.reen ni lle Cr o r lro dfor d , SJhiuo 310 1930 -09  20 SeC 1941, 195 173 370< 81 140 20 ISiS

‘lasS Sin nr (layton , 5)610 324 1 9 1 4 — 5 9  4 o ’Iar 1947 5,32 5s32 1 ,500 71 448 18 270

O H s
.hit e.ater S i n  Brookvu l l n , Ind 332 1054 -59 9 - 382 4 23  - - - -

M h it .oater kin or A l pine , Iris) 330 1924 .59 31 11ev 1554 9 ,.3s) s 4 5  990 74 403 39 309
1 9 0 5 — 1 7 ;

Oroo k n i l l e , losS 333 1923 — 59 39 Jan ,ll ~ 1 , 23 , 5 1 , 28 7 3 , 180 78 1,000 24 763

0 9 1 4 — 1 7 ;
sp eat ,.Imaml liv Tay lo r o v i l l , , 0510 317 19 2 1— 59  4 1  Feb 194 5 I ,IS5 1 ,014 3 )50 87 88 2 27 1131

Oayt nn , 5)is~ 321 19 13 -5 3  46 slec 194 15 2 ,5)3 2 ,244 7 ,iis,u 82 1 , 840 25 1 , 090
1 9 0 0 — 0 8 ;

lhsosslt nn , 0)5,0 329 1927-5 9 40 Sec 1948 3,5,3~5 3 , 4 00 6 , 040 72 2 ,550 25 2 ,010

Kl,NTsS000 510KB BASIN

0 0 2 0 — 3 1 ;
7. Fl  Kentsocky ksv Jackson . K y 335 LOSE—SO 24 ‘la) 1754 2 5 ,101 1 ,St,,, 2 ,058 60 756 23 473

Kenthoc ky Ri o LocK 10 , nr
lOincheste r , k~ 341. 1907—5 9 52 Son 5949 3 ,Yss 5 ,17,. 0,0215 75 3,880 30 2 ,730

Loc k 4 , l’ronkfort , l.y 3ii1 0925-5 9 34 Jan 194 8 5 ,4 ) 2  6 .928 9 ,900 51. 4,570 27 2,670

SALT 15615 BAS IS

tillIng fork yr 005ton , s y 377 15138—59 25 Jon 194 51 1 ,290 1,691 2 ,95,5 97 1 .13 0 32 902

s,It Ru e Sh ep herd sv i llr , 1-p 373 1938— 59 21 Jan 194 2 1 ,23,  I ,SS ) ,, 3 ,210 82 0 ,23 0 34 1,090

s,41L5 41VL 8 BASIS

sol In li v Sac , 1-p 390 1936—59 23 Jan 1940 ‘ O s )  7 1s, 1,019 0 71 558 26 435.

Barren R u n  Roo t ing Cr,.,, Ky 3.96 0958-59 2 1 Jan 1 s41. 1 ,811 2 ,33 4 ’,., 03 75, 5 ,85 0 31 0 ,160

laughs S54v or sO under , 1.8 405 1939’ ,.,) 20 .5ev 1944 7.7 h I  2 ,4 .’ 90 766 31 766

Cr 600 kin s sreensb mm r g, Ky 394 193 9 -5 ’ .) 2 55 Isec 1344 7 3 5 ,  I , .”S 2 , 200 b S 8 7 9  96 020

.3554,.,) 01554< 9,l~~IS

0 9 0 9 - 5 2 ,
lasC.irr005 Siv Ste . sha r i,, III .hss 1 ) 5 1 4 — 5 9  39 Jan 1957 1 . s 4 . .  1 ,22’ 2 ,7,<y 61 l ,S520 30 94ii

L i t t l o ’  9030t fl k ’ s  Calm i , I I I  510 19 3 9—59 255 hess  194 0, 5 , . ’  5 , .  .5 , ,~~ 7 ,4 )  . 83 2 ,180 83 2 , 1.5

Le t C i v  Bo n l i s s ,, , , rs ’s ’ ls , Isol 491 1 9 3 1 — S O  20 l s ~I s 194 .. ‘.4) 5 . 4  l ,3~’~ 7 2 65 4  34 4 74
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Is. sig n 

~~~~ 
S rSn.0e Slow Sine.8,

lion h. ,00S “ , , <~~~ ‘ Irva ‘Tr7~5” ~‘V’ T (N of (loon
It r.a. Lois.Iio’, oilS s a t .  lra rs 05as , s ’ rr , .sl  .15 SS~ ‘55. 5 . 5 ’ . ) ’ ) )  55110050 )  (eli) ilIiu0010) k/F )

•A080ll 015114 88056 LCOSSt ’d l

K 41 -  .6,0. s s i  S.y.’s,ir , losS 496 1 9 1 7 - a S  32 Feb 1946 2 .33 3 2 , 4 7 5  1.940 -, 1 ,870 37 1 ,060
1 903.05 .
1909-16;

Sho.lo , l ssd 507 1923-59 55 Feb 1945 4,954 1,409 12 ,360 76 4 ,150 34 4 , 200

1916-2 6 ;
Ohio. Ills n, ,‘,ObL.ovillr , 194 460 192 0-59 42 Jan 194 0 814 821 .7,250 82 673 355 hiS

191)4-OS -
Indu.o.polio , 10,1 471  1930 —5 9 3s5 Feb 1945 1 , 827 1,4 ) 1  3 , 27 0  02 1 , 568 40 1 , 310

Osi baIn Oin Slof(ton , ln,1 410 1830 .69 19 Ihev 1946 aSy 403 5$4 93 334 38 354
068.16, t rod 4 0 5  1923-19 36 F.b 095 7 s , ’33 l a O) 4,650 04 1 ,070 34 1.500
L000nsport. Ind 42 3 1923 -59 36 0.~ 1947 3 , 7,1 9 , 3 ) 7  0 ,200 ‘9 2 .920 31 2 .7.70
Lafa ye tte . 155* 435 19 2 3 .15 9  36 (101 1947 7 ,24’ I . 00 1  9 ,420 03 ,, 3 5 .  28 2 , 730
Oinstelsi ., Ind 444 595 .59 9 (.1. 1948 5 5 , 5,55. 9.0.0 14 ,520 01 ‘.5<90 32 4,690

LIhNBkRi,iVll) 0151* 68519

1 9 2 2 — 3 1 ;
Csuflb*rlao4 nb Ilsirbo,i rnil I., Ky 19 1 948.59 20 - 960 1 ,712 — . -

1 9 0 7 — I l .
oo68erl.94 Falls , 1-p 20 10 14 -5 9 49 son 1949 l,9’ 3 , 5 2 ’  8 .400 82 2 ,560 24 1 , 560
oaeth. ge , T.hso 40 5922 ’,... 37 Soc 15,140 l0 ,’Ss’ 57 .010 23 , 700 64 11 .230 23 5 , 450

F0,OJT5IOTLSs
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SoL O 4

sSj5IlAkO OF AM8JAL R5 , ) s l S c l l k  .1,51 554 5 ,7,157 109. RATLS UP RISLOFOlko
Full Pll551sJ , .055A ,’lIll ‘9 ,55 17,5 5., ‘:5 1::), 055)0 911115 bA SIS ,

bonsai

Silt “04 5fl ,n’~~t o t 5 . , l .  0 0 ) 1 5  Perios l
Lot s t r l b u t u n g  ‘0.. Ft of

Phys uogr ap hnc 5.8. ‘,,t’ . Survey
I’ronunce oub—bas un Reservo i r  t r ios ,  ~~~ Mu) As ‘ 15  o~ M l )  ( ‘ na n )

App ala chian A lle gh eny Crooked slrvek , rooke,:  L r ee k 2 7 4  18. 4 0.08
Plateau Lo y o l h . s s s e o s, rve ..9 5 l5 l .5l,ll si Creek 28,. 142.5 0.550 11. 3

‘. 5 5 5 5 F 5 5 I 5 h . ens 5 4 . s S . s s s s r s g : reek 33b $3.8 0 .515
l’uovesta s.reek T iOnrsta o res - I 4 7 4  94.8 0.20 0, 5,

beaver  b e r l i n  Ma lson in g r . s s s ’ r 4 t  319,8 1. 30 9.4
L,:s, e ‘lul ton ‘Is:.,:,, sng l.sse, 2 . 4 233.0 5 ,84 26.11

‘)‘c’alsJe c ree p .  ‘IeasOdrr 0 ree k  S n  18 .1. .5 . 39  20.0

I’ksoovgahelo 5rsJg. ’ p .r t  5 0 5 ) 5 0 1 5  2 5 0 0 0 5  Cre ek 32 , 3 3 ,1 0. 10 SaS h
ly g o r t  .y~~art  S a l  I r s  c s i e r  1 ,178 04 .2  0.08 15 , 9

S4us k s ngssos A t ass Od . l5aS,.55 For k ,
. 0 5 , 0 5 5 . 5 ,  c r r e k  88, 2 1’ .... 0.2 9

ss ’if t r e s s  28 , , , n 1. 5 ,’
sIsCirse ,..,se S,,uth F,,rI. ,

LICking River  4s_ l 5 1 s  ‘5 ,0 0.08 107
s, h.irlr’. ’ l s s O  11051- For., ,

‘I..l,so.s,, 8. 55c r 2,57 leo. 3 (1.75 S r .’..
ls’ n s,iiI n MC S,Uirp.’,sre, 4., , ” 3 ,2 0.07 3.)
I’lrasasst still c l e ar ‘. ‘ ‘ l  5 ,

‘lel , s s , i , ’  R o s s , ’ 19o 43 .3 2 , 19 15 .3

07515 ‘ ‘ , ‘~~. 113 1..1.5, 0,99 9,3
Stovey , ,s n r  t O o S S  s t e cre r l .  Il.’ ‘70 4.24

Ssioto 5 ,1-.’ ,isste l’ee See Creek 15. .’) 48.3 1.31 18.0

renoessee osr ,ssue ~~~~~ ~~~~~~ 30 , 1, 22 .15 :5 ,9 55 .2

SOS t1’ r a l ’ I l i O  52) Tenn es see 8. sss ’r 2 , s s J  1 ,5,6 3 0.66 10 . 5
S I l S O n ~3 s t r n’sn,s ,’r I ,ssr  r 1 ,3 , .  138 ,2 0.11 12 .,

.‘Sssior Ohio I .. ,~~‘ ‘~ los e 05501 - Fork River 18.4 9.9 0.54 11
k)v trot ns~ ’.rvrl 1 0.5cr Isroor Creek 15.9 2 .2 0.14 15 .3

6 , s ssv )a s  Lake 5105- so ’ . Cr eek 1u . 7 7 .5 0.70 11

Central L i t t le  .‘liaa i s , . ,,,, L i ke  Coroon 5 reek 4 8 . 5  4 1 . 2  0 .06 13
l.o.land

S P it  ‘Oses lng le.oo. 1 5 4 1 Sti lloot er 1551cr 639 23.5 0,44 15
8.rrsoosst oa.s :4~ T u n Creek 2e4 25 . 5  0.10 15
Lorasole Loke Lo raaue Creek 77 , 4 8.5 0,11 120

Scinto ..selaasre Slentang y Rune s 379 56.9 0.15 9.3
s.r lggs (5) SCboto RIcer 1 ,062 21.4 0.02 30

,‘Sadlnon Lobe 10cC, Creek 57 14 .3 0.28 7.6
5J ’Sh.s,ghnensy SCi 010 kune r 987 108.8 0.11 28

Nabosln C ag les  M u l l  Mul l s.r.eb 207 169.8 0.66 9.2
:.re endole Lake Cossn or ’s Oranch 25 3.5 0.14 13,1
Lake C h a r l e s t o n  Lwbarr,ss RIve r 851 65.4 0.08 13.0
,,hafer Lo ls e Tippecanoe River 1,898 39.6 0.02 17.2
V ermilion Lake kortb Fork ,

Vermil ion River 261, 47.9 0.18 25.3

.‘Ss nor ,5hi ~ 5,rant La ke Ster l ing River  25 18.0 0. 72 1.6
85e Trub

Interior Conberland hreot F alls Caney Fork RIver 1 ,671 1 17.0 0.07 37.0

Plateaus Kentucky 9ersu ngton Lake lOin River 431 202,6 0.47 16

Tenn essee kent uc ky (8) Tennessee Run er 7 ,131 8 ,480 0.91 9.9
Wheeler (7 )  Tennessee River 5,033 906.9 0,18 59,7

FOOTNOTES,

(1) 11.0. ha. been 105 uq St (net) part of time in past , .hen fed par t l y  by feeder from South Fork Purkerville liver. Originally, the lake uas a
natura l lake used on a leader for tlse 06,0 Canal System .

(2) Soosnstr.a. from Islet Bar Dam .

(3) Uownstrsa. from 0,180. s1~~~.

(4) Miam i Conservanc y Dust ru ct l(etardung Basis.

(5) Dosonniremm f rom U ’Slsaag hnesny Dam .

(6) lloen.tr. mm from Puc k .u ck Landing Dam .

(7) Uownni rsa. from Whe eler lam.



Si 0 0 0 C) 0 0 0 0 0
E e’s 07 0 0 0 0 0 0 0 0 0 0

L 0 0 0 0 0 0 0 0 0 0
E ~S c 5 3 In so ., n ., n

-
~~ (0 .Z ‘4- 0 0 0 0 0 N~ ~~ ‘0 0 4-

X 0 5) U U N. .21’ a) N. 0 59 59 0 59
(0 0 0. In ‘.0 N. 0’s 0 59 (‘4 rnJ rn’S C’s 4-

- - ,, 0 U
CL. 0 (3 4)

‘0 45

0) 7,) 10 0
‘0 1-

4,1
.7’) 2 7: £ ~ -l L4”s 0 0 0 0 0 C) C) 0 C ‘0

4-. “ C 7 ~~~1 O J  . , . . . . • . . 5) L
51) ,,~ 

‘j . — 7,) (v”s (‘54 (“5 (‘.5 03 Ll”s (‘5” — CT’s L (1)
1,5,1 — .Sa C) 51) CL -i ‘0 F-’ 03 N, 0) LI’S ‘.0 LI’\ L ‘0

~ C
I,) (0

4,1
L In

5-I’) 0
C”. 51) C) 0 0 0 C) 0 0 0 0 54,. 4-
C’s 0, C) C) C) 0 CD 0 C) 0 C) 0
— L 0 0 CD 0 0 0 0 0 C) (0’.

so C so so so 0 - — 51)
13 .Z 54” C) 03 ‘0 LI”. C’) C) 03 (0’s ‘0

‘.0 ‘0 0) U U ‘.0 N. u’s 0 — 0 C) 0’) CO 0)
O 0 0. 51) C”’. -:t- ‘0 N. 0) 0” C’S — L/’s — 4-
r”’s 0 ‘— “ -~— C) — — (0 C
I- CL 07

(0
U.S rn’S (I) EZ .— 51)

0’) 4,5 Li’s 51)
LI — 0) .C +5 4’ — a’s co’S 0 ‘.0 -.1’ C’S CO’S
0 ( 0 0 7 0) 5) . . ‘ . • • . . 4,0
0 42 )0 ’— 0,) 0 — 0) 0) 5,1’) -21’ 03 CO 4’ .

0. C,) 0) 11, C°”s LI’S LI’S ‘.0 ‘.0 N’ .o)’ LI’S lJ’~ ‘0 4°
U.S = 51) ~ S
Cl) 0) 0

C .0
0 (3 (3

=LI’S 4° U ‘4-
C’) Z -Sc 0) .C 4° U’s — C’S co’s Lr-, ~~ (0 0” rn”s 0

0 ‘0 ( 0 0) 0)~~) . . . . . e . . . 51)
LU l~ 0 ~) 

(3 ’— II) LI”, C”) CO CX) LI’S ‘.0 0) 0) -~~ > ‘0
~~ Li.. 0 ‘D C. C,) 0) Li.. (‘5’S LI’S LI’S ‘.0 ‘.0 1’-’ -~ LI’S Li’s (3 0
00 —~~~~

. .C 0
I Li, O —

I— C) >5 ‘4—
< E s  (3
I-’ ~~~~ E ~~< E N. CO’S (0’) 4’ ,,

~
‘ ,.

~
‘

C) ‘— ‘4- 0 .21’ — — CC) CC Cl) CO’S CO’S 51) 5)
X C  51) “-. 03 “.. “S “ ~‘, ~. — — C ‘—v

LU 13 +5 Li’s “-.~ C’S — CC ‘.0 0’) ‘— “-.. 0 0
C) ~~~ 

(3 — N. NJ r5”s .— — — LI’S N. ‘— L
C) “5. “5- ‘5” “so ‘5”. “. ‘5” “so ‘5-’ 4.1 Q

~(0’s 59 (0’s (0’s C’) (‘4 (“4 .zl’ 4’ (0
> ‘0

LI 4) 5)
Li) — +5
— 51) ‘0
C) (“S ‘.0 ‘.0 CC) 03 0 ~~~ — (5” E

0 4 ) — • . . . . . . . . 0 ‘~~~~~~ 0
O Li D’s 51)— N. 0 — ..~‘ CO (“4 C”. 0’) ‘.0 Li 4° (3

4) (0 E a’s .— ‘0 03 (“.4 N. (“4 C) 03 9) In
0”) (.0 ‘.0 ‘.0 Cf’s 4’ .4’ (n’S (S’S (°‘S NJ N 9) C.

I’)
I.’) 9) C 4 ”
(3 D’s 53 ’—

(0 Li
I— .—. D’S I n c . )
LI) 0

—“5 -— —5, 00 C> .
(3 ,‘ >. C 0)13

0 S~ (0 U ) 0 0

>0. ‘ I n L 4
9) C 0.C

so 50 4° — 0 4 2 4 )
C) > so (3 — — • L U )
C ‘0 C ‘— ‘0 — 4,5 4)

‘0 ‘— ~~ C C > C — 43 E L
C. — (3 ‘— SOS — 4)

9) — U ‘— - 0 9)
• 9) D’s .C C ~ C >~ — 4 l..

C .C .C Li ‘— 0 4) ~ 43
O 0) ~~ < C-) —S — 0 0) U) ’0

Li ‘—“ ,~~ ‘~~~ ‘—. — — 4° • 0’) ‘— C
Sf5 . 4) ~~ 

(3 .C~~~(3 .0 (“4 Li 0”. N. — > 0) 53 (3 I-’
4.I U) — 4) NI (S’5 .

~~
‘ Sn c U

.1) 4° .~~ C ~4.1 ~~ Li 
~~ C) C) (0 s~ -o

(3 so) so) so,) >0 ,C (0 — NI
0. .J 0. j ..J ,.J U) Cl) 0. —‘ ‘~~~

k. - . ‘ 
‘ “~~ “~~“ ““ -—



-15,.. -
—-

TABLE 26

STAGE AND DISCHARGE DATA - FROM 1 937 STUDY

Zero Maximum Flood of RecordO ) Project Flood
Gage Peak Peak Peak Peak
(msl) Gage Discharge Gage Discharge

Station (I) Date Height (cfs) Height (cfs)

Pittsburgh , Pa 694.0 3/18/36 46.0 560,000 51.0 675 ,000
L&D 12
(Wheeling, W Va) 610.8 3/19/36 55.2 492,000 66.0 650,000
Parkersburg, W Va 561.9 3/29/13 58.9 650,000 67.0 810 ,000
L&D 28
(Huntington , W Va) 490.2 1 /27137 69.1+ 660,000 75.0 780,000
L&O 29
(Ashland , Ky) 483.1 1 /27/37 73.6 740,000 80.0 870,000
Portsmouth , Ohio 470.9 1 /27/37 74.2 820,000 83.0 950,000
Ci ncinnati , Ohio 428.8 1 /26/37 80.0 930,000 84.0 1 ,020 ,000
L&D 41
(Louisville , Ky) 3714.0 1 /27/37 85.4 1 ,200,000 87.0 1 ,300,000
Evansvi l le , m d  329.2 1/31/37 53.8 1 ,300,000 55.5 1 ,350,000
Paducah , Ky 286.3 2/2/37 60.6 1 ,850,000 64.5 2,200,000

(1) Data is for 1937 conditions. Gage locations and/or zero elevations
may have changed. See Table 13 for current data .

TABLE 27

NATURAL AND MODIFIED PEAK STAGE DATA - FROM 1937 STUDY

Project Flood
Flood Max i mum Flood Modified 7

Stage of Record Peak Stage Peak Stage
Station (Feet) (Stage in Feet) (Feet) (Feetj

Pittsburgh , Pa 25 46.0 51.0 39.5
L&D 8 (Well svi ll e , 0) 35 51 .1 61.0 50.7
L&D 12
(Wheeling, W Va) 36 55.2 66.0 55.2
Parkersburg, W Va 36 58.9 67.0 56.4
L&D 28
(Huntington , W Va) 50 69.14 75.0 67.6
L&D 29 (Ashland , Ky) 51 73.6 80.0 72.5
Portsmouth , Oh io 50 74.2 83.0 74.6
Cincinnati , Oh io 52 80.0 814,0 79.6
L&D 41 (Lower Gage ,
Lou i svi ll e , Ky) 55 85.14 87.0 84.0

Evansvil le , m d 42 53.8 55.5 53.4
Paducah , Ky 39 60.6 64.5 61.5 



r - --. — — — —_- -
~~~~

‘0 g 0~ 

~~~~~~ ~~ 
—

“0
5’O ~~‘4 ,, ..

h. P~° 
CO

—
‘0 ,

‘5 ‘5 ‘ 5 0  ~‘5 “0

~~~~~ ~~~~
•
~~~~~~~

•

~~~ 2 2

~: ~~~ :2

I

‘5 ‘5 • C’  .0 ‘0 • ‘ 5  ‘5

2

• . , ‘ ~~~~ ‘ , ‘ ‘ •  ,~ • .-:

~~~~~~~~~ ~~~~~~~~~~~~ ‘t ~~~~~~~~~~~~~~~~~a s  c c ., 4  .0 ‘5 ‘S I  C ’ 5 . o” . ” ’ C . ,  C. C 4 ~~~~~~~~~~C ’ 5  C

i . ’ . . .~~~. ~~~~~~~~~ ~~~~~

~~~~~~~~~~~~~~~~~~ ~~~~
C 0 05 0’ ‘0 0

~~~~~~~~~~~~ ~~~~~~~~ .~ .-~~~~ ~~~~~~~~~ .; ,.;

— ‘5
~~ 

0 %  ‘5~~~~~~0 ’ 0 ’ S O ’ 0  S 0 C ~~ ’~ . “~~1”.9 °~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~ •
‘0

~~~~~~~

I

,
~

~0

~~~~~~~~~ : 

~~~ ~~~~ 
: 

~~~~~~~~~~~~~~~~~~~~ Ii!
~~~~~~~~~~~~~~~~~~~ 

a s ~~,, ~~~~ ~~ ~!!  ~
• j  • 0 5! , • ~ • ~) .~ .2

‘ 5 ” —  — ‘ 5 0 5 0 5 - . —— ”  ‘5~~~~~~
,. —~~~~

H 

_ , ,.L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TAO LE 2)

.13571 ’ ,) 
~~~~ :108315 DATA - 1IY1’0~~)LT IC0L L1~ 0’0

Da tora l lea k ‘s o sa T. , so . , . i  ‘ .1..
S - I lon t— ‘1.,, ’.. t~1ii’.— .5  - ‘lot rs p-

A l t o’ A d s, St. join — 1n51 (on ‘x l Jo , i r s .  i n— sti le I s i t s ’  csfl .Ia 01 xc

Fioo o Start, ConS m a t  10, bor(5 350 )1  ‘lar)’s eroy L511 28 U.S 33 so t S LOIS 41 o x ! )  LI.), S.) 31,3 ‘s ,

Ma~~itn.m of ”Ioo 1 Us. , Pit tsburgh to kheeling 5”u 470 500 630 560 ‘.~ S 9 s , s 1 ,4 1  1 , 47 1 ,05 ,.)
Record Oar 191 1 , St . ‘Sans to  000eroy

Jan 193’ , IuntlsS gtan to Metropolis

S)y p a.F loosl s

06—i o - 2 4  Jan 1937 (T) 51 3—11 , la ss 1950 1,25 750 700 1 , 1,50 1 .3 0  5” s I  3 l ,Th.. 1 , . ‘ 2 , 190 2 ,4 ’ s

dIR-I 3-24 Jan 13537 51 7-11 Jon i ss l O  (T) 220 Iso 300 4 0 3  I’ 1350 oIl’ 8153 ,2 1 : ’  1,310 “ 4

051-5 2 - ’ Feb l OSS 5, 20.25 Jan 1937 250 293 309 4511) 4 9 ’ )  5,89 5055 t h , ’ ’ .,18 1d 1 ,1115 1 ,5100

48—4 1-3 a, 190’ (T) 5 lu- l I  Jan 1913 (T) .78,) 2 150 .9 ’ ’  34 u 500 1510 39 1) ‘ ,21) 5311 .50 -

0k-~ A 3-24 Jan 193” lI) 51 0- It’ Jan 1950 540 1,1,)I 1,15)) Als O , S I r  5 ,5’ . , ‘ , S ’ S  1 ,750 2 , 01 0 2 , 28C

055.,’] 16-18 Mar 1931, So 12.15 Oar 1907 3’ ) 31 505) 310 530 4”’ 540 500 600 so - -

415-2 ) 23.2 ’. Mar 1913 (3’) 2 4 - _ S .  ‘Jar 1904 )T) 750 82” 37, 0 990 1 ,145 1 ,24 ’  1 ,3:, . 5 ,4 4  1 ,380 1 ,4 2 0  1 ,7U.

. 1 5 - 2 2 4  115- 18 Oar 1 53 1, 1, 15—18 lIa r 1931, 510 sOS 550 ‘ .4~ ) 5130 S1l r)  0 5 1 ’  — -

,J6’228 115- 19 “(or 1331, 5 lb’l8 Oar 1) 315 IT) 3 10 5510 000 1,70 ‘09 “5)1 7510 7 4 ) 5

UR—2 3 23—Il , ‘Iso 1913 24—26 Mar 1511 4 1 .  290 390 410 570 5100 84:1 790 8510 514 1) 1 ,030 1 ,5140

09— 24 23-21 , ‘jar 1913 51 2 4 — 2 7  Mar 1913 IT) 5,4: )  710 700 400 1 2 .  I ,2 1 s r  , .35 ‘ 1 ,53 1) i~ 380 1,590 2 ,090

09-30 151—1 8 Mar 19351 (1) 51 25-29 A (rr 1 ‘37 (1) 5190 5 , 25 ’  5311 ItO ,) 660 5150 c411 - . - -

09—40 .7J-26 Oar 1913 51 6— 12 8lay 1043 (7’) 350 4)), 41, 1 379 599 7 4 )  ‘ S ’  I _ Is, : 1,983 1 ,40] 1,610

sIR-i ,’ v — I , ’  SOa p 194 3 (3’) 51 1S’20 ‘Iso 1943 (1) 32)) 3.5)) 35,9 39, 1,39 “33 7515) 930 1 ,090 990 1 ,500

JR~ J() 3—6 Jot 19)0 (T) 51 2—7 Sot  1941 (T) 050 45 ,) 440 550 57)) 770 780 820 850 920 1 ,070

NOTE, (T) - Storm Tranoposesi ,

TA SL E 30

:0110 5 5 1 1 5 5 ,  t A b  Sl t I O l , i 1 5  SUUI
C. )~ l.D ))) 5 ,  7 ’ )55 o 7 , I2.S,dsI) L’ 1’):uj) 7 Si. ’ .)) ’ ‘,:,

itmtser of lles erv os r ’, ‘r .ss n agr Orea L’ m r r ’ S I e d  S)sa t . I e  Flood Control Sto roge
5o,c000r 9152 33.,3000 ’ s i c s  11000 A~ rin Fee t)

in,lt’r Cot - Cr ,  or o,., Un der Con’
5105 0 ( s o ) ,  struction struct ion

1. A ,Is s s o s ’  I Adi’ance 51 Advance
Tri butary bas in Cooi etc. !  I’Iaono. 1, ,.Om~’ 1c,eu P lan t i ng  sosp leted Plann ing

Allegheny liv I 2 ,8:59 2, 10 , 5.77 , ,  9451 )
S4onongahlla Rio 2 0 1 ,151 9 :1 422 .3 0.0
Beaver RiO 2 34 ‘33 ’ 8’ . rs 178,4
84uskinguC RiO 15 0 S ,s Io 4 1,55’ . ’) 0.0
Little Siana,ha Ron 0 0 9 5) 0.0 0.0
locking Riv I 0 93 0 1 7 n  0.0

E.ong1,ha Ra~ 2 1 ‘., 102 900 959.4 390.8
Gupatdotte Rio 0 0 0 0,0 0,0
Toelvepole Cr 0 0 0 0 (5,0 0.0
Big Sandy Bin I 3 20’ o.S9 91.0 200 .6
Little Sandy Ri, 0 0 is s 0,0 0.0
Sciotn Bin 1 0 ‘,S b 0 120 ,15 0.0
Li t t le  Miami Riv 0 0 0 0 0.0 5,0
Lock in g iSis’ 0 0 0 0 0.0 0.0
Mill Cr 1 0 30 0 9,9 9.0
Bhite.ater Civ 0 0 0 (1 0,0 0,0
Kentucky Riv (1) 1 0 4 0 ’ S  0 157 ,’ 0.0
Green Rib (2) 1 3 454 2 , 343 314 .2 2,011. 5
Babash Civ 2 4 ‘ “9 2 , 5 ) )  317 .15 999,8
Cuaberland Bin 3 I 9,9)9 3 , 20 3 ,209 . 0 1,471.8

Total ‘ Corps of
Engineers Prnjects 38 15 25 ,825 I” ,8l. I 5 ,1,69.1, 6,251,9

Tennessee Ri, lB 0 40 ,200 0 11,8)4 .2 0.0

Total ‘ Ohio
RAv ba.ifl 56 IS 651,025 17 ,9151 19 ,682.9 6,252.9

(1) Ones not include Jessaaine Cr ReservoIr. ( 2)  lInes not include M,no n g it )  Reservoir .
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i_ 
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icSI7IcA L .555, ‘1,31)111151) S LAt. SI ,SoLo - 055)3 isxl. I IC5,L ‘1.3300

slj~ slum
Flood o t  ‘-1 551-Snl, 05.- I sO — SO 06— 2 1 uk-Ia

st a t ion  Record bat u ra l  .Ooo35tss , -d  ‘,.x!ural ‘5x ’ ,IilieJ ‘,.st ura l Sl o d , I i v . J  \itura l Modif ied Satura l Modified

l’ i ttsba egh 45 .1 )  4 8 . 5 44 .9 44 . . 4 : 7  2 49 .4 4 0 . 7

ISo) 12 )a )sec l 5 5 5 5 5 )  nS.) 04.-I 5 , 4 : :  vss .o 7 1 1  t,1 .5 na ,2 59.0

30. ‘lar),, 34.8 1,8,3 65,2 04 .6 1,1.6 71 .1) bS.b 65.5 60,4

l’omeroy v7 .U 85 . 5 84 .o s I . , 79, 5 1,4,~ 7b,9 80,7 74,4

IIi ’s) IA 5 ) x i ) S t s S S 5 5 t o s S )  ts 9,4 S’S.’ . 514 .8 94 . 5, ‘‘0 . 5 85U. 77 .5 84,5 78,5

1541) 33 (Mayonille) 7 o . 3  .8,.) 9 0.’ ‘0 .2 84 . 3 88 ,5 80.8 87 .5 81, 7

Cinc innati 40, 0 133 ,,) 557 .0 90 . 5 ‘10.8 94 ,6 87. 7 92 .0 8b.0

1.511) 41 (Looissille) 9~ .4 15.5 . 97 ,5 “.o 93 . 1 ‘.54 .,) 90,0 91,6 88.3

Evansv i lle oS .S 139 .8 .c .2 Sb .,) Ss,.o 55 .1 53.8 55.0 o3 .8

Si 1oolcusxda) t ’2 , 4  ‘s ’ . )  ‘u .S ‘3 . 3 ‘s ’ .’ 02 .3 13 ,5 .7 65.8 63.0

Lii! 52 IMetropol is 02 ,5  69 ,0  ).) . o or ,’ “4 .1 ot Is o I .9  01. 3 55 ,0  64 ,4 60. 0

7,0113, 4,051 s ca t  ton by rr,orv ,s S’s , ‘st l e S t ’,) , 04cr 0 5 o c t 5 0  l x  ‘r, or in .5,1. ,Sfl CC,1 ‘ loss ,, ,s’ of 1 J)slv loS,

Standard Proj ec t  Floods s o l o - o l e . )  are unslerscorod ,

TABLL 83

5]) OCr) ill ‘ ‘T I ,

51,5,0 55,.) 10 ,35 1Cr .,~ .‘ \S, o .‘ ,. 5 ’.,’, i s , )  ._(,i ‘v. 1 s A l !

SI ’S ’ IFS ‘er square ‘ Is le
S r a s ) ) , s ,Ze su e St and a rd

‘Irso .‘ .s.o,,,s’,~ ’ I’rojec t Lunpu t ed ,,,‘c,sr rcncn ’ Sn
105031 5”SS (1000 u~ , l . ’ , ‘ .5,, FlO od I— l e a r  i l — l o o t  l, ’ oi’)v,s r

s ’ .t t~~I’ae55:,  Is ! .) 7551 ‘5 ,3 13 .1 11 .9 .50,0

LAm ’ 12 )kr’reI ss55~ 5 4 7  82 U 33 .2  14.9 15,6 21,9

°os,s eroy 40 .5  990 .53 ,4 r .4 11.5 15, 7

11,1) .78 5lton tongt on) 55.9 1 ,145 21) 13 6.7 9,6 13 .,’
Cinc inna ti 7o .v 1 ,395 1 8,1 .0 8,3 II .,’

1.1,0 31 (L ouisi illel 11 .2 1 ,575  17 .3 ,.4 7 ,7 1 0.4

Evan svil le 107 .0 I ’ S , )  10 .4 5. 1 7 .3 9,8

151.11 51 Is,Oiconsia) 1 . 5 . 9  2,010 14 ,1 4 . ’ b .c. 8.8

L5,D S’l etropol is) 203.0 2 ,41,0 1 2 . 1  4 .3 5,9 8.0
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ANNUAL FROST FREE PERIODS
OHIO RIVER BASIN
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EVAPORATI ON RATES
OHIO RIVER BASIN
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WIN D ROSES
VELOCITY & PREVAILING DIRECTION

FOR SELECTED OHIO RIVER BASIN STATIONS

P I T T S B U R G H , PA. COLUMBUS , OHION N
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PERCENT OF MEAN ANNUAL STREAM DISCHARGE

PROBABLE DURING PERIOD USED FOR

STORAGE IN RESERVOIRS WITH SUMMER POOLS

Assumes  seasonal  s torage begins 1 April af ter major  f lood
season  has passed.  Curves based on 10 gaging s tat ions .
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PERCENT - CHANCE OF OCCURRENCE

Note : To obtain the Apr i l  -May storage in acre feet for a se lected
f r e q u e n c y ,  mult iply [(60 days x mean annual discharge in c f s
x percentage factor  f rom curve  for pert inent f requency) minus
(60 days  x des i red ave rage  daily re lease in cfs for the
Apr i l -May  period) ] by 2.
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(1) G E N E R A L I Z E D  RESERVOIR SEDIMENTATION CURVES

FOR OHIO RIVER BASIN PHYSI OGRAPHIC PROVINCES
AND (2) TYPICAL OHIO RIVER DISCHAR GE -SUSPENDED SOLIDS CURVE
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RAINFALL PERIODS — HYPOTHI
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