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Hydrologic Budgets 

for Three Small Watersheds in I l l inois 

by R. J. Schlcht and W. C. Walton 

ABSTRACT 

Ground-water recharge , runoff, and evapotranspiration are determined for 
three basins in Illinois from hydrologic and ground-water budgets using p r e 
cipitation, s t ream flow, and ground-water level data. The study basins a re 
in north-central , west-southwestern, and eas t -centra l Illinois. The surficial 
deposits in which the water table fluctuates in the basins a re composed largely 
of glacial till. The hydrologic budget is a quantitative statement of the balance 
between total water gains and losses of a basin, and the ground-water budget 
is a quantitative statement of the balance between water gains and losses of 
the ground-water rese rvo i r . 

Ground-water runoff under flood hydrographs and during rainless periods 
and ground-water e.vapotranspiration are determined from rating curves of 
mean ground-water stage versus ground-water runoff. Ground-water storage 
changes are computed from data on changes in mean ground-water stage by 
using a graph showing the relationship between gravity yield and average time 
of drainage. The gravity yield-average time of drainage graphs are prepared 
from the results of hydrologic budget studies made for periods during winter 
and ear ly spring months when evapotranspiration and soi l -moisture change a r e 
very small . Annual evapotranspiration is appraised from annual hydrologic 
budgets and is compared to mean annual potential evapotranspiration and 
annual water loss . 

INTRODUCTION 

Purpose and Scope of Investigation 

The ground-water reservoir plays an important 
role in the hydrologic cycle. Some precipitation 
reaches the water table and is s tored temporarily 
in water-bearing mater ia l s . A large part of s t ream 
flow is derived from ground-water storage, and 
measurable amounts of ground water are dis
charged into the atmosphere by the processes of 
evapotranspiration. The broad purpose of the 
studies described in this report was to better un
derstand the role of the ground-water reservoir 
in the hydrologic cycle and to estimate ground
water factors with greater accuracy than mere 
expression of concept. The specific aim of the 
study was to determine the amount of annual p r e 
cipitation that reaches the water table and to 
ascertain the quantity of ground water that is dis
charged annually to s t reams by subsurface runoff 
and to the atmosphere by the processes of evapo
transpiration. 

A method is described for determining the 
annual recharge to the ground-water reservoi r , a 
factor which must be known before the sustained 
yield of an aquifer can be quantitatively appraised. 
The results of this study have significant applica
tion because they describe recharge conditions 
which may be fairly representative of those through
out large areas of the state. 

During study periods ranging from 2 1/2 to 
8 years the State Water Survey and cooperating 
state and federal agencies measured precipitation 
on, s t ream discharge from, and ground-water 
levels in par ts of the drainage basins of Panther, 
Hadley, and Goose Creeks. The study areas a re 
in north-central , west-southwestern, and eas t -
central Illinois, respectively, as shown in figure 
1. Data on hydrologic phenomena are summar
ized in hydrologic and ground-water budgets. 
Ground-water recharge, runoff, evapotranspiration, 
underflow, and storage a re discussed in relation 
to climatological conditions and physical charac
ter is t ics of the study a reas . Annual evapotran
spiration computed from hydrologic budgets is 
compared to annual potential evapotranspiration 
determined from meteorological data and to annual 
water loss determined from precipitation and 
s t ream flow records . 
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W e l l - N u m b e r i n g S y s t e m 

The w e l l - n u m b e r i n g s y s t e m u s e d in this r e p o r t 
i s b a s e d on the loca t ion of the we l l and u s e s the 

townsh ip , r a n g e , and s e c t i o n for iden t i f i ca t ion . 
The wel l n u m b e r c o n s i s t s of five p a r t s : county 
a b b r e v i a t i o n , township , r a n g e , s ec t ion , and c o o r 
dinate within the s ec t i on . Sec t ions a r e d iv ided 
into r o w s of 1 /8 -mi l e s q u a r e s . E a c h 1 / 8 - m i l e 
s q u a r e conta ins 10 a c r e s and c o r r e s p o n d s to a 
q u a r t e r of a q u a r t e r s ec t i on . A n o r m a l s e c t i o n 
of 1 s q u a r e m i l e conta ins 8 rows or 1 / 8 - m i l e 
s q u a r e s ; a n o d d - s i z e s ec t ion con ta ins m o r e o r 
fewer r o w s . Rows a r e n u m b e r e d f r o m e a s t t o 
wes t and l e t t e r e d f r o m south to n o r t h a s shown 
below: 

P i a t t County 
T.20N., R . 5 E . 
s e c . 32 

The n u m b e r of the wel l shown in s e c t i o n 32 
above i s as fol lows: 

PIA 20N5E-32 .8b 

Where t h e r e i s m o r e than one wel l in a 1 0 - a c r e 
s q u a r e they a r e ident i f ied b y a r a b i c n u m b e r s a f t e r 
the lower c a s e l e t t e r in the wel l n u m b e r . 

The a b b r e v i a t i o n s for count ies d i s c u s s e d in 
th is r e p o r t a r e l i s t ed be low. 

A d a m s ADM P i a t t P I A 
DeWitt DWT P i k e P K E 
Liv ings ton LIV Woodford WDF 
M c L e a n M C L 

HYDROLOGIC BUDGET 

A hydro logic budget is a quan t i t a t ive s t a t e m e n t 
of the b a l a n c e be tween the to ta l w a t e r gains and 
l o s s e s of a b a s i n for a p e r i o d of t i m e . The budget 
c o n s i d e r s a l l w a t e r s , s u r f a c e and s u b s u r f a c e , e n 
t e r i n g and leav ing or s t o r e d within a b a s i n . W a t e r 
en t e r ing a ba s in is equa ted to w a t e r leaving a 
ba s in , plus o r minus changes in b a s i n s t o r a g e . 

The p a r t s o f d r a inage b a s i n s c o n s i d e r e d h e r e i n 
a r e cont iguous to h e a d w a t e r r e a c h e s o f s t r e a m s , 
and except in the v ic in i ty of s t r e a m gaging s t a 
t i o n s , the b o u n d a r i e s of the b a s i n s a r e r e a s o n a b l y 
congruous wi th g r o u n d - w a t e r and topographic d i 
v i d e s . T h e r e i s no s u r f a c e o r s u b s u r f a c e flow 
in to or out of the b a s i n s excep t s u b s u r f a c e u n d e r 
flow f rom the b a s i n s in the v ic in i ty of s t r e a m 
gaging s t a t i o n s . Water s t o r e d on the s u r f a c e of 
the bas in s in ponds i s v e r y s m a l l , and d i s c h a r g e 
f r o m wel ls i s m o s t l y for d o m e s t i c and l i v e s t o c k 
u s e and i s not s igni f icant . Thus , for the b a s i n s 
c o n s i d e r e d h e r e i n , s e v e r a l i t e m s o f the g e n e r a l 
hydro log ic budget can be e l i m i n a t e d b e c a u s e they 
do not m e a s u r a b l y affect the ba l ance be tween w a t e r 
ga ins and l o s s e s . 

P r e c i p i t a t i o n , including r a i n and snow, i s the 
s o u r c e of w a t e r en t e r ing the b a s i n s and is the 
only w a t e r gain c o n s i d e r e d in the hydro log ic budge t . 
Wate r l eav ing the b a s i n s inc ludes s t r e a m flow, 
e v a p o t r a n s p i r a t i o n , and s u b s u r f a c e under f low. 
Wate r i s s t o r e d benea th the s u r f a c e in s o i l s and 
in the g r o u n d - w a t e r r e s e r v o i r . Changes in s t o r a g e 
of w a t e r in the so i l a r e r e f l e c t ed in changes in 
so i l m o i s t u r e , and changes in w a t e r l e v e l s i n we l l s 
ind ica te changes in s t o r a g e of w a t e r in the g r o u n d 
w a t e r r e s e r v o i r . 

F o r a given p e r i o d of t i m e , w a t e r gain i s b a l 
an ced by w a t e r l o s s , plus o r m i n u s changes in 
b a s i n s t o r a g e . S ta ted a s an equa t ion , the h y d r o -
logic budget i s , 

w h e r e : 

P = p r ec ip i t a t i on 
R = s t r e a m flow 

ET = e v a p o t r a n s p i r a t i o n 



U = subsurface underflow 
∆Ss = change in soil moisture 
∆Sg = change in ground-water storage 

Stream Flow 

Stream flow consists of surface runoff, R s , and 
ground-water runoff, Rg. Surface runoff is p r e 
cipitation that finds its way into the s t ream channel 
without infiltrating into the soil. Ground-water 
runoff is precipitation that infiltrates into the soil 
or to the water table and then percolates into the 
s t ream channel. Surface runoff reaches s t reams 
rapidly and is discharged from the basins within 
a few days. Ground water percolates slowly to
wards and reaches s t reams gradually. A few (3 
to 5) days after precipitation ceases , there is no 
surface runoff and s t r eam flow is derived en
tirely from ground-water runoff. 

In general, s t r eam flow is high in winter and 
spring and low in the summer and fall. Stream-
flow hydrographs have sharp peaks coinciding with 
heavy rainfall or rapid thaws. 

Principles for separating the stream-flow hy-
drograph into its two components, surface and 
ground-water runoff, a re not well developed. 
Ground-water runoff (base flow) severa l days after 
precipitation ceases is readily determined; how
ever, ground-water runoff under flood hydrographs 
is the subject of much discussion. The views of 
two investigators should be noted. Sherman (1942) 
stated: 

"The depletion curve has been applied to the 
derivation of base flow under flood hydrographs. 
This is erroneous. Ground-water outflow at flood 
stages is throttled, and is frequently a negative 
quantity. After the flood stage recedes , the rate 
of ground-water outflow is greater than that given 
by the normal depletion curve until equilibrium 
takes place." 

Wisler and Brater (1959) made the following 
pertinent remarks concerning ground-water runoff 
under flood hydrographs. 

"Except for the smallest s t ream r i ses , the 
r i se in the stage of the r iver occurs more quickly 
and is much greater in magnitude than the cor
responding r i se of the water table Consequently 
as quickly as the water surface in the s t ream r ises 
higher than the adjacent water table, thus creating 
at any given elevation a greater hydrostatic p r e s 
sure in the s t r eam than in the banks, ground
water inflow into the s t ream channel ceases tem
porari ly and the direction of flow reve r ses , creating 
bank storage The volume of this bank storage 
continues to increase as long as the water level 
in the s t ream is higher than the water table..... 
or until after the s t ream has passed its peak stage. 
As soon as the stage s tar ts to fall, the direction 
of flow again r eve r ses , and for a t ime, because 
of the accumulated bank storage, the ground-water 
contribution to the s t ream is considerably in
creased. As soon as the bank storage is drained 
out, the ground-water flow again follows the normal 
depletion curve." 
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Even though ground-water runoff into the s t ream 
channel ceases temporari ly during periods of flood, 
ground water continues to percolate towards the 
s t ream creating ground-water storage in the low
lands adjacent to the s t ream channel. As soon as 
the s t r eam stage s tar ts to fall, ground-water runoff 
is considerably increased not only because of the 
accumulated bank storage but also because of the 
accumulated ground-water s torage. When bank and 
ground-water storage is drained out, ground-water 
runoff will generally be greater than before p r e 
cipitation occurred because during most flood 
periods precipitation infiltrating into the ground
water reservoi r causes the water table to r i se 
and the hydraulic gradient towards the s t ream to 
increase. 

Evapotranspiration 

Water is discharged from the basins into the 
atmosphere through evapotranspiration, a t e rm 
combining evaporation from land and water sur 
faces and transpiration from plants. Eva'po-
transpiration may be subdivided into two parts 
according to the source of the water discharged 
into the atmosphere as follows: (1) surface and 
soil evapotranspiration, ET S , and (2) ground-water 
evapotranspiration, ETg. The par t of evapotran-
spiration derived from soi lmois ture and by evapo
ration from the surfaces of water, vegetation, 
buildings, and other objects is surface and soil 
evapotranspiration; the par t derived from the water 
table is ground-water evapotranspiration. 

Most of the precipitation falling during sum
mer months is evaporated or t ranspired before it 
is able to infiltrate to the water table. Thus, a 
large proportion of the water discharged annually 
by evapotranspiration processes is not derived 
from the ground-water reservoi r . However, in 
areas where the water table is shallow and the 
capillary fringe extends to land surface, large 
quantities of ground water are discharged into the 
atmosphere by evaporation. Plant rootlets often 
extend to the capillary fringe and ground water is 
discharged into the atmosphere by vegetation 
through the process of transpiration. 

Evapotranspiration depends pr imari ly upon 
meteorological factors, available soi lmois ture and 
ground water, and type of soil and vegetation. 
Evapotranspiration is very small during the winter, 
increases rapidly in the spring, reaches a maxi
mum generally in July, and decreases rapidly as 
the growing season closes in the autumn. This 
variation with the time of the year is approxi
mately the same from year to year . Evapo
transpiration is often greater than precipitation 
during the summer months and much less than 
precipitation during winter and early spring months. 

Evapotranspiration can be determined by bal
ancing equation 1. Soil moisture, one of the 
hydrologic factors, was not measured during in
vestigations described herein; therefore, daily, 
weekly, and monthly evapotranspiration cannot be 
appraised. However, soil moisture is near field 
capacity during January of most years , and annual 
change in soil moisture is very small . Equation 
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I can be rewritten for an annual inventory period 
as follows: 

Application of equation 2 requires that the annual 
change in soil moisture is not significant. 

Subsurface Underflow 

Subsurface underflow out of the basins occurs 
in the vicinity of s t ream gaging stations. Under
flow can be estimated from the following modified 
form of the Darcy equation (see F e r r i s , in Wisler 
and Bra te r , 1959, p. 148): 

in which Q is underflow in gallons per day (gpd), 
T is coefficient of transmissibil i ty of the deposits 
through which flow is occurring in gallons per day 
per foot (gpd/ft), I is the hydraulic gradient of the 
water table in feet per mile (ft/mi), and L is the 
width of the cross section of the deposits through 
which flow is occurring in mi les . 

Change in Ground-Water Storage 

The change in mean ground-water stage during 
an inventory period, ∆ H, multiplied by the gravity 
yield, Yg, of the deposits within the zone of ground
water fluctuation is equal to the change in ground
water storage, ∆S g . Stated as an equation 

Gravity yield (Rasmussen and Andreasen, 1959, 
p. 83) may be defined as the ratio of the volume 
of water that deposits will yield by gravity drain
age to the total volume of deposits drained during 
a given period of ground-water decline. The gravity 
drainage of deposits is not immediate and as a 
result the gravity yield is not constant but in
creases at a diminishing rate with the time of 
drainage, gradually approaching the specific yield. 
The specific yield is the rat io of the volume of 
water that deposits will yield by complete gravity 
drainage to the total volume of deposits. Per t inent 
statements concerning gravity yield made by Ras 
mussen and Andreasen (1959, p. 83) a re : 

"However, in a sand that is fairly homogeneous 
except that a silt or few clay lenses a re within 
the zone of ground-water fluctuation, a r i se of the 
water table from below to above one of these 

lenses would not resul t immediately in complete 
saturation of it. Though the silt or clay might 
be considerably more porous than the surrounding 
sand, its permeability might be so low that a 
rather long time would be required for the water 
to penetrate the lens, and even then some air 
would be trapped. Conversely, when the water 
table receded, leaving a partly or completely 
saturated silt-clay lens somewhere within the cap
il lary fringe, the lens would not yield its gravity 
water as readily as the surrounding sand. Rather, 
there would be a leakage from the si l t -clay lens 
down to the lowered water table. Fur ther , the 
water table responds quickly to every sizeable 
rainfall, and a rapidly rising water table entraps 
a i r in even the coarser sediments. Trapping of 
air results in a decrease in porosity and pe rmea
bility, until the air is dissolved in the water ." 

These statements suggest that the gravity drain
age of clayey materials such as till may be very 
slow and that the specific yield of till is seldom 
attained under field conditions. The relationship 
between gravity yield and time of drainage be
comes evident when values of Yg are plotted 
against the average duration of ground-water de
cline preceding inventory periods. 

The gravity yield of the deposits beneath the 
basins can be determined from the hydrologic 
budget. Equation 1 contains two factors, evapo-
transpiration and change in soil mois ture , which 
were not measured during studies described in 
this report . However, during winter and early 
spring months (December, January, February , and 
early March) evapotranspiration and soi l -moisture 
change a re very small (Thornthwaite, Mather, 
Car ter , 1958, p. 20). A reasonable estimate of 
evapotranspiration for periods during winter and 
early spring months is 0.3 inch per month. Soil-
moisture change can be eliminated and evapo
transpiration estimated to average 0.3 inches per 
month without introducing serious e r ro r in the 
hydrologic budget. Equation 1 may be rewrit ten 
for inventory periods during winter and early 
spring months when the water table is r is ing as 
follows: 

Equation 5 is valid for periods when the soi l-
moisture change is not significant. Values of 
gravity yield obtained under conditions of a r ising 
water table are probably slightly lower than ex
pected because of entrapped ai r (see Krul and 
Liefrinck, 1946, p. 40). 

GROUND-WATER BUDGET 

A par t of precipitation on the basins percolates 
down through the soil and upon reaching the water 
table becomes ground water. Some ground water 
is discharged to s t reams as ground-water runoff 
and some is discharged into the atmosphere by 
the processes of evapotranspiration. For a given 
period of time, precipitation reaching the water 
table (ground-water recharge) is balanced by 
ground-water runoff, underflow, and evapotran
spiration, plus or minus changes in ground-water 

storage. This balance expresses a ground-water 
budget and may be stated as the following equation: 

where: 

Pg = ground-water recharge 
Rg = ground-water runoff 

ETg = ground-water evapotranspiration 



U = subsurface underflow 
∆Sg = change in ground-water storage 

Ground-Water Runoff 

Ground-water runoff depends in part upon the 
position of the water table because associated with 
a particular mean ground-water stage there is a 
related hydraulic gradient and a consequent d is
charge of ground water into a s t r eam. The re la 
tionship between mean ground-water stage and 
ground-water runoff can be determined by plotting 
mean ground-water stages against s t ream flow on 
corresponding dates when streamflow consists en
tirely of ground-water runoff. Periods are selected 
assuming that surface runoff is complete within 
five days after rainfall and that in the following 
protracted period of fair weather s t r eam flow is 
all ground-water runoff. 

In summer months evapotranspiration is very 
effective in reducing ground-water runoff. With 
the same ground-water stage, ground-water runoff 
is much less in August than in February . Separate 
rating curves of mean ground-water stage versus 
ground-water runoff must be prepared for dates 
April through October, when ground-water evapo
transpiration is great , and for dates November 
through March, when ground-water evapotranspi
ration is very small . 

Ground-water runoff under flood hydrographs 
and during rainless periods can be obtained from 
the rating curves and plotted beneath the s t ream 
flow hydrograph to describe a hydrograph of 
ground-water runoff. The rating curves give r ea 
sonably accurate est imates of ground-water runoff 
under flood hydrographs because accumulated 
ground-water storage drained out as the s t ream 
stage s tar ts to fall approximately balances the 
negative ground-water outflow at flood stages. 

Ground-water runoff generally is at a maximum 
during spring and early summer months and is 
least in late summer and fall months. Ground
water runoff often increases in the fall even though 
the mean ground-water stage declines because 
ground-water evapotranspiration decreases rapidly 
during that period. Annual ground-water runoff 
depends upon antecedent soil mois ture and ground
water stage conditions as well as the amount and 
distribution of annual precipitation. 

Ground-Water Evapotranspiration 

Ground water continuously percolates towards 
s t r eams ; however, the roots of plants and soil 
capillaries intercept and discharge into the a tmos
phere some of the water which otherwise would 
become ground-water runoff. Evapotranspiration 
from the ground-water reservoir is largely afunc-
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tion of the season and the mean ground-water 
stage. Ground-water evapotranspiration is very 
small November to April, increases rapidly in the 
late spring, reaches a maximum generally in July, 
and decreases rapidly as the growing season closes 
in the autumn. The opportunity for evapotranspira
tion is large at places where the water table is 
within a few feet of the surface and it generally 
decreases as the mean ground-water stage de
clines. 

Ground-water evapotranspiration can be es t i 
mated from rating curves of mean ground-water 
stage versus ground-water runoff. Ground-water 
runoff corresponding to a ground-water stage is 
read from rating curves prepared for dates April 
through October, when ground-water evapotran
spiration is great , and for dates November through 
March, when ground-water evapotranspiration is 
very small . The difference in ground-water runoff 
between the two curves is the approximate ground
water evapotranspiration. 

Ground-Water Recharge 

Evapotranspiration and soi l -moisture requi re
ments have first priori ty on precipitation. Rainfall 
percolates to the water table to recharge the 
ground-water reservoi r during periods when p re 
cipitation is in excess of evapotranspiration and 
soil-moisture requirements and the ground is not 
frozen. Ground-water recharge is greatest in 
spring months of heavy rainfall and least in winter, 
summer, and fall months. In the summer little 
precipitation reaches the water table except during 
periods of excessive rainfall. Precipitation cannot 
infiltrate through frozen soil to recharge the 
ground-water r e se rvo i r . Ground-water recharge 
is indicated when the mean ground-water stage 
r i s e s , or declines less than is necessary to bal
ance ground-water runoff and evapotranspiration. 

The amount of precipitation which reaches the 
water table can be estimated from equation 6. 
Ground-water runoff and evapotranspiration are 
determined from the mean ground-water s tage-
runoff rating curves described ear l i e r . To com
pute changes in ground-water storage, appropriate 
values of gravity yield must be substituted in 
equation 4 based on the average period of ground
water decline preceding the inventory period. 

Ground-water recharge also can be estimated 
from data on significant r i ses in the mean ground
water stage using a method described by Ras 
mus sen and Andreas en (1959). Recession limbs 
of the hydrograph of mean ground-water stage are 
projected to dates on which the following peaks of 
water-level r i se occur, thus taking into considera
tion ground-water runoff. The amount of recharge 
occurring during individual r i ses in the water 
table is equal to the product of the individual r ise 
and the gravity yield. 
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PANTHER CREEK BASIN 

For a period of 8 years , August 1950 through 
1958, the State Water Survey measured precipita
tion on and ground-water levels in par t of the 
Panther Creek drainage basin. Stream flow was 
measured during the same period by the Surface 
Water Branch of the U. S. Geological Survey. The 
density of precipitation gages varied throughout 
the study period, as will be explained later , but 
was 10.6 square miles per gage during much of 

the t ime. Ground-water levels were measured 
continuously in 5 observation wells equipped with 
recording gages. The number of observation wells 
was increased from 5 to 16 during the fall of 1958 
to determine the adequacy of the observation-well 
program. The record of s t ream flow was de ter 
mined by a recording gage on Panther Creek at 
the lower end of the study a rea . Soil moisture 
was not measured during the investigation. 

Figure 2. Hydrologic map of Panther Creek drainage basin, Woodford, Livingston, and McLean Counties, Illinois 



In an a t t e m p t to d e t e r m i n e how the v a r i o u s 
f a c t o r s of the hydro log ic and g r o u n d - w a t e r budgets 
a r e inf luenced by c l ima t i c cond i t ions , e m p h a s i s 
was p l aced on a n a l y s i s of data for y e a r s of above , 
n e a r , and below n o r m a l p r e c i p i t a t i o n . C r i t i c a l 
r e v i e w of a v a i l a b l e data ind ica ted that the y e a r s 
1951, 1952, and 1956 w e r e b e s t for budget s t u d i e s . 
Hydrologic and g r o u n d - w a t e r budgets for t h e s e 
t h r e e y e a r s a r e p r e s e n t e d and c o m p a r e d . A v a i l a 
ble in fo rmat ion c o n c e r n i n g g e o g r a p h i c , c l i m a t i c , 
and geologic f e a t u r e s of P a n t h e r C r e e k b a s i n i s 
g iven to s e r v e as a background for i n t e r p r e t a t i o n 
of r e c o r d s . 

Geography 

Loca t ion and E x t e n t of the B a s i n 

The P a n t h e r C r e e k b a s i n i s i n n o r t h - c e n t r a l 
I l l inois about 30 m i l e s e a s t o f P e o r i a and about 
20 m i l e s n o r t h of Bloomington . The p a r t of P a n 
the r C r e e k d r a i n a g e b a s i n c o n s i d e r e d , h e r e a f t e r 
r e f e r r e d t o a s " the b a s i n , " i s a p p r o x i m a t e l y b e 
tween 88°52 ' and 8 9 ° 0 7 ' w e s t longi tude a n d b e t w e e n 
4 0 ° 4 4 ' and 4 0 ° 5 4 ' n o r t h la t i tude a s shown i n r e 
gional se t t ing in f igu re 1 and in de ta i l in f igure 
2 . The b a s i n c o v e r s 95 s q u a r e m i l e s m o s t l y in 
Woodford County, howeve r , s m a l l p a r t s a r e in 
Liv ings ton and M c L e a n Coun t i e s . The bas in i s 
above a s t r e a m gag ing s t a t ion about 4 m i l e s n o r t h 
w e s t of the c i ty of El P a s o and is in T. 26 N. to 
T. 28 N. and R. 1 E . to R. 3 E . 

Topography and D r a i n a g e 

The b a s i n l i e s in the T i l l P l a i n s s e c t i o n of the 
C e n t r a l Lowland phys iog raph i c p r o v i n c e ( F e n n e -
m a n , 1914). The topography c o n s i s t s m o s t l y of 
gent ly undulat ing u p l a n d s . Rol l ing topography i s 
found in be l t s on m o r a i n e s along the w e s t , n o r t h 
e a s t , and e a s t e d g e s of the b a s i n . The uplands 
a r e e r o d e d in the i m m e d i a t e v ic in i ty of P a n t h e r 
C r e e k in the e x t r e m e sou thwes t c o r n e r w h e r e the 
topography i s m o r e d ive rs i f i ed . 
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The e leva t ion of the land s u r f a c e of the b a s i n 
dec l ines f r o m 770 feet n e a r the v i l l ages of B e n s o n 
and Gr id l ey to 660 fee t a t the s t r e a m gaging s t a 
t ion n o r t h w e s t o f E l P a s o . Excep t in the sou thwes t 
c o r n e r ad jacen t t o P a n t h e r C r e e k w h e r e the e l e 
va t ion of the l and s u r f a c e dec l ines about 50 fee t 
in a d i s t ance of o n e - f o u r t h m i l e , the r e l i e f s e l d o m 
exceeds 20 feet p e r m i l e . 

The d r a i n a g e s y s t e m is shown in f igure 2 . 
P a n t h e r C r e e k i s the p r i n c i p a l s t r e a m , and flows 
in a g e n e r a l l y s o u t h w e s t w a r d c o u r s e . A s m a l l 
t r i b u t a r y , E a s t B r a n c h P a n t h e r C r e e k , d r a i n s the 
s o u t h e r n q u a r t e r of the b a s i n and flows w e s t w a r d 
to a confluence with P a n t h e r C r e e k 4 m i l e s n o r t h 
w e s t of El P a s o . The a v e r a g e g r a d i e n t s of P a n t h e r 
C r e e k and E a s t B r a n c h a r e 4.7 and 5.0 fee t p e r 
m i l e , r e s p e c t i v e l y . The w a t e r t ab l e was v e r y 
n e a r the s u r f a c e and sha l low ponds , s w a m p s , and 
p o o r l y d r a i n e d a r e a s w e r e w i d e s p r e a d p r i o r t o 
s e t t l e m e n t . E x t e n s i v e s u r f a c e and s u b s u r f a c e 
d r a i n a g e was n e c e s s a r y t o p e r m i t a g r i c u l t u r a l 
deve lopment . 

Popu la t ion and Land Use 
The popula t ion of the b a s i n is chief ly r u r a l , and 

a c c o r d i n g to the U. S. Census of Popu la t ion , the 
populat ion dens i ty was about 37 p e r s o n s p e r s q u a r e 
m i l e in 1950. The popula t ions of i n c o r p o r a t e d 
m u n i c i p a l i t i e s within o r b o r d e r i n g the b a s i n a r e 
a s fo l lows: 

Munic ipa l i ty Popu la t ion . 1950 

Vil lage of Benson 387 
City of El P a s o 1818 
Vil lage of G r i d l e y 817 
Ci ty of Minonk 1955 
Vil lage of P a n o l a 52 

At the t i m e of the s tudy p e r i o d about 80 p e r 
cent of the b a s i n was c l e a r e d and cu l t iva ted ; the 
r e m a i n d e r was p a s t u r e , woodland, and f a r m l o t s . 
The c l e a r e d land was devoted to s u c h c r o p s as 
f ield c o r n , o a t s , soybeans for b e a n s , a l falfa , c love r 
and t imothy hay , w in te r wheat , r y e , and s w e e t c o r n . 
F i e l d c o r n , o a t s , and soybeans for beans w e r e 
the m a j o r c r o p s . 

Table 1 

A v e r a g e month ly and annual t e m p e r a t u r e s and d e p a r t u r e s f r o m n o r m a l , 
1951, 1952, and 1956, P a n t h e r C r e e k bas in 

1951 1952 1956 
T e m p e r a t u r e D e p a r t u r e T e m p e r a t u r e D e p a r t u r e T e m p e r a t u r e D e p a r t u r e 

Month °F ( inches) 

.4 

°F ( inches) 

2.6 

°F ( inches) 

Jan. 25.2 

( inches) 

.4 27.4 

( inches) 

2.6 25.9 1.1 
F e b . 28.1 .9 33.5 6.3 29.0 1.8 
M a r . 35.7 - 3 . 3 36.3 - 2 . 7 38.7 - 0 . 3 
Apr . 48.3 - 1 . 8 53.0 2.9 49.5 - 0 . 6 
May 64.0 2.7 60.9 - 0 . 4  63.8 2 .5 
June 68.7 -2 .0 76.3 5.6 72.7 2.0 
July 73.3 -2 .2 77.6 2.1 72.5 - 3 . 0 
Aug. 71.7 - 1 . 7 72.6 - 0 . 8 73.0 - 0 . 4 
Sept . 63.9 -2 .5 65.7 - 0 . 7 65.0 - 1 . 4 
Oct. 56.2 1.9 49.1 -5 .2 60.7 6.4 
Nov. 33.4 -7 .2 42.3 1.7 39.5 - 1 . 1 
Dec. 26.4 -1 .6 31.1 3.1 31.5 3.5 

Annual 49.6 -1 .3 52.2 1.3 51.8 0.9 
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C l i m a t e 

The b a s i n l i e s in the n o r t h t e m p e r a t e zone . 
I ts c l i m a t e i s c h a r a c t e r i z e d b y w a r m s u m m e r s 
and m o d e r a t e l y cold w i n t e r s . The m e a n length of 
the g rowing s e a s o n i s about 170 d a y s . 

B a s e d on r e c o r d s c o l l e c t e d by the U. S. Wea
t h e r B u r e a u a t Minonk, the m e a n annual t e m p e r a 
t u r e i s 51 F . June , July, and Augus t a r e the 
h o t t e s t m o n t h s wi th m e a n t e m p e r a t u r e s o f 71 F , 
76 F , a n d 73 F , r e s p e c t i v e l y ; J a n u a r y i s the 
co ldes t m o n t h wi th a m e a n t e m p e r a t u r e of 25 F. 
Mean m o n t h l y t e m p e r a t u r e s dur ing D e c e m b e r , J a n 
u a r y , a n d F e b r u a r y a r e be low 32 F . Table 1 
showing a v e r a g e m o n t h l y and annual a i r t e m p e r a 
t u r e s a n d d e p a r t u r e s f r o m n o r m a l dur ing 1951, 
1952, and 1956 was compi l ed f r o m the r e c o r d s of 
the U. S. Weather B u r e a u a t Minonk. 

N o r m a l annua l p r e c i p i t a t i o n b a s e d on 1900-44 
U. S . W e a t h e r B u r e a u r e c o r d s a t Minonk and 
Gr id l ey i s 33.6 i n c h e s . The mon ths of g r e a t e s t 
p r e c i p i t a t i o n a r e A p r i l , May , June , August , and 
S e p t e m b e r , e ach having an a v e r a g e of m o r e than 
3 i n c h e s . D e c e m b e r , J a n u a r y , and F e b r u a r y a r e 
the m o n t h s of l e a s t p r e c i p i t a t i o n , e a c h having an 
a v e r a g e of l e s s than 2 i n c h e s . About 59 p e r cen t 
of the y e a r ' s p r e c i p i t a t i o n fa l l s dur ing the g r o w 

ing s e a s o n . Monthly and annual p r e c i p i t a t i o n , 
1950-58, c o m p u t e d by a v e r a g i n g a r i t h m e t i c a l l y 
gage r e a d i n g s , i s g iven in table 2 , and the m e a n 
da i ly p r e c i p i t a t i o n dur ing 1952 is shown in f i gu re 
3 . The o c c u r r e n c e of the annual m a x i m u m and 
m i n i m u m p r e c i p i t a t i o n amoun t s expec t ed on an 
a v e r a g e of once in 5 and once in 50 y e a r s , b a s e d 
on da t a in the At las of I l l ino is R e s o u r c e s , Sec t ion 
1 , a r e g iven be low. 

L o w e s t 
annua l 

p r e c i p i t a t i o n 
expec t ed 
( inches) 

Highes t 
annua l 

p r e c i p i t a t i o n 
expec t ed 
( inches) 

Once in 5 y e a r s 
Once in 50 y e a r s 

30 
24 

39 
50 

A c c o r d i n g to the At las of I l l inois R e s o u r c e s , 
Sec t ion 1 , the m e a n annua l snowfal l i s 24 i n c h e s . 
On the a v e r a g e m o r e than 28 days a y e a r have 1 
i nch o r m o r e g round snow c o v e r ; m o r e than 13 
days a y e a r have 3 inches or m o r e of g round snow 
c o v e r . The a v e r a g e depth o f m a x i m u m f r o s t p e n e 
t r a t i o n i s 26 i n c h e s . 

The M e t e o r o l o g y Sec t ion of the S ta te W a t e r 
Su rvey , in coope ra t i on wi th the P f i s t e r Hybr id 

Table 2 

Monthly and annual p r e c i p i t a t i o n , 1950-58 , P a n t h e r C r e e k b a s i n 

P r e c i p i t a t i o n in i n c h e s 
Month 1950 1951 1952 1953 1954 1955 1956 1957 1958 

Jan . 4 .90 1.41 1.01 1.36 1.23 1.92 0.14 1.51 1.02 
F e b . 2 .71 2.88 1.19 1.19 2.11 1.50 1.45 1.16 0.45 
M a r . 1.13 3.58 2.73 4.38 3.95 1.55 0.73 1.64 0.33 
A p r . 5.99 4.20 4.66 1.94 4.46 4.28 2.39 7.47 2.56 
May 1.07 2.93 3.36 2.06 4.58 3.53 3.24 4.42 2.57 
June 6.91 7.16 7.07 3.52 2.58 2.81 0.89 4.64 5.67 
Ju ly 6.42 8.40 2.18 6.29 4.42 3.12 3.22 2 .28 6.05 
Aug. 0.62 4.11 4.47 1.22 5.18 4.33 3.23 1.96 4.24 
Sept . 3.83 2.34 1.43 2.32 0.81 1.86 1.08 1.31 1.82 
Oct . 0.90 2.99 0.64 0.71 3.42 3.71 0.40 5.14 0.64 
Nov. 1.81 2.70 2.31 0.72 1.75 0.83 1.54 2.08 2.62 
Dec . 0.78 1.54 1.57 2.53 1.61 0.35 1.18 2.75 0.49 

Annual 37.07 44.24 32.62 28.24 36.10 29.79 19.49 36.36 28.46 

Figure 3. Mean daily precipitation, 1952, Panther Creek basin 

C o r n Company o f E l P a s o , I l l i no i s , has m e a s u r e d 
p r e c i p i t a t i o n within the b a s i n s ince the s p r i n g of 
1948. The dens i ty of the ne twork has v a r i e d . 
T h e r e have been as few as 3 gages in w in t e r 
mon ths and as m a n y as 34 gages in s u m m e r 
m o n t h s . Nine gages shown in f igure 2 have b e e n 
cont inuous in ope ra t i on s i n c e Apr i l 1954. Dur ing 
the 1948-49 s e a s o n t h e r e w e r e 14 n o n r e c o r d i n g 
and 6 r e c o r d i n g gages c o r r e s p o n d i n g to an a v e r 
age of 1 gage p e r 4.75 s q u a r e m i l e s . Within the 
b a s i n t h e r e w e r e 34 gages in 1950, and dur ing 
1951-53 a n e t w o r k of 25 r e c o r d i n g gages was 
m a i n t a i n e d . The r e s u l t s of r a in fa l l s t ud i e s du r ing 
1948-50 w e r e s u m m a r i z e d by Hudson, Stout , and 
Huff (1952). They conclude that for g e n e r a l c l i 
m a t i c p u r p o s e s c o n c e n t r a t e d n e t w o r k s , such a s 
employed in 1948-50, a r e not ju s t i f i ab le . Huff 
and Nei l l (1957, p . 11) a f t e r ana lyz ing r a in fa l l 
data c o l l e c t e d dur ing 1948-55 imply that the d e n -



sity of gages, 10.6 square miles per gage, in 1954 
was sufficient for most purposes. 

A large part of central and southern Illinois, 
including the basin, experienced a severe drought 
beginning in the lat ter part of 1952 (Hudson and 
Roberts , 1955). For the period 1952 through 1956 
cumulative deficiency of precipitation was about 
22 inches; cumulative departures below normal 
from 1950 through 1958 totaled about 20 inches. 

An intense rainstorm, exceeding 9 inches in 
6 hours at places, occurred on the night of July 
8, 1951. The storm and its effects on s t ream flow 
are described in detail in Report of Investigation 
No. 14 (1952). 

Geology 

Soils 

The soils of the basin were divided into four 
groups by Smith, DeTurk, Bauer, and Smith (1927): 
upland pra i r i e , upland t imber, swamp and bottom
land, and te r race soi ls . Except for small areas 
adjacent to Panther Creek and East Branch, upland 
pra i r ie soils predominate. 

The upland pra i r ie soils a re largely very dark 
gray to dark brown sil t loams formed under pra i r ie 
vegetation from thin loess (see Wascher, Fahren-
bacher, Odell, and Veale, 1950). The surface layer 
is a very dark gray to dark brown sil t loam 6 to 
8 inches thick which is medium in organic matter 
and slightly to medium acid. The subsurface is 
a very dark grayish brown light silty clay loam 
6 to 8 inches thick. The subsoil beginning at a 
depth of 12 to 16 inches is a brown to dark gray
ish yellow silty clay. 

In a small area in the north central part of the 
basin the surface layer is a brown to dark brown 
heavy silt loam 8 to 10 inches thick, or a granular 
black clay loam to silty clay loam 8 to 10 inches 
thick (see Wascher, Smith, and Odell, 1949). These 
mater ia ls a re high in organic mat te r and nitrogen 
and slightly acid to neutral . The subsurface layer 
is a brown or pale yellowish-brown silt loam, a 
very dark gray or grayish-black clay loam, or silt 
clay loam. The subsoil layer which begins at a 
depth of 14 to 18 inches is a silty clay loam and 
in color ranges from yellowish brown to dark 
gray. 

The upland prair ie soils occur on 1 to 6 per 
cent slopes. Surface drainage is moderate , a r t i 
ficial drainage is often required for agricultural 
development. The permeability is moderately 
slow, underdrainage by tiles is satisfactory under 
proper farm management. 

The materials beneath the subsoils to depths 
of 40 to 60 inches a re compact calcareous or 
plastic calcareous glacial tills except in a small 
a rea in the north central part of the basin where 
stratified silt and sand or stratified clay, silt , 
and sand occur. The permeability of the materials 
beneath the subsoils is moderate to slow. 
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Figure 4. Logs of selected wells. Panther Creek basin (Locations of 
wells are shown in figure 2) 

Glacial Deposits and Their 
Water-Bearing Proper t ies 

Thick deposits of glacial drift chiefly of Wis-
consinan age cover the bedrock and constitute the 
main features of the present land surface. The 
deposits are composed dominantly of unstratified 
clayey materials called glacial till, but include 
some stratified beds of silt, sand, and gravel as 
shown by logs of wells in figure 4. The average 
thickness of the glacial drift on the bedrock up
lands is about 100 feet. Along the eas tern edge 
of the basin, in Danvers bedrock valley, it may 
reach a thickness of more than 290 feet (see log 
of well MCL 26N3E-4.5c in figure 4). Sand and 
gravel, ranging in thickness from a few inches 
to more than 40 feet, occur as i r regular lenses 
or layers in the till. These deposits a re dis
continuous and are limited greatly in a rea l extent 
(see Buhle, 1943). In general, because of the 
complex glacial history, the character of the drift 
varies greatly both vertically and horizontally. 
However, considering the basin as" a whole, the 
character of the drift in relation to the occur
rence and movement of ground water is fairly 
uniform. 

There are great variations in the water-bearing 
openings of till. At places where clayey mater ia ls 
predominate, the till is nearly impervious and 
yields very little water; a sandy till is somewhat 
more porous and permeable. Most dug wells in 
till have small yields and obtain water from thr 
lenses or layers of sand and gravel that arc in-
terbedded in the compact clayey mater ia l s . The 
porosity and specific yield of till a rc not great 
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because the sorting of mater ia l is poor and small 
sediments occupypore spaces between larger frag
ments of rock (see Dapples, 1959, p. 311 and 411). 

Bedrock Formations and Their 
Water-Bearing Proper t ies 

The surficial glacial deposits a re immediately 
underlain by bedrock formations of Pennsylvanian 
age consisting predominantly of shale with a l ter
nating thin beds of limestone, sandstone, siltstone, 
fire clay, and coal. These formations are situated 
structurally on the northwest flank of the Illinois 
basin, and dip regionally south-southeastward at 
uniform rates less than 15 feet per mile. At 
Minonk the thickness of the Pennsylvanian rocks 
is about 515 feet. 

The Pennsylvanian rocks generally have low 
porosities and permeabili t ies and yield small 
amounts of water to wells from interconnected 
cracks, f ractures , crevices , joints, and bedding 
planes. Water-bearing openings are variable from 
place to place and a re best developed near the 
surface and in the thin limestones and sandstones. 
Practically speaking, the rocks are important be
cause they act as a ba r r i e r to deep percolation. 

The bedrock surface topography is relatively 
flat except for a deep valley (Danvers bedrock 
valley) whose axis is near the eastern boundary 
of the basin. The elevation of the bedrock upland 
averages 625 feet according to Horberg (1957). 
The bedrock surface slopes eastward along the 
eastern edge toward Danvers bedrock valley and 
its elevation declines from about 600 to 450 feet 
in a distance of 4 mi les . 

Stream Flow 

Daily mean s t ream flow at gaging station 1 
during 1951, 1952, and 1956 plotted on semiloga-
rithmic hydrograph paper is shown on figures 
5, 6, and 7. In general, s t r eam flow is high in 
winter and spring and low in the summer and fall. 
In the winter accumulated snow often melts pro
ducing disproportionately high s t ream flow for 
short periods of t ime. 

Figure 5. Stream flow at gaging station 1, Panther Creek basin, 1951 

Figure 6. Stream flow at gaging station 1, Panther Creek basin, 1952 

Figure 7. Stream flow at gaging station 1, Panther Creek basin, 1956 

Daily mean s t ream flow exceeded 6000 cubic 
feet per second (cfs) in July, 1951 and was less 
than 0.1 cfs during parts of August and September, 
1956. 

Monthly and annual s t ream flow during 1951, 
1952, and 1956, expressed in inches of water over 
the basin, a re given in table 3. Stream flow was 
greatest in 1951 largely as a result of above 
normal precipitation during that year, and was 
least in 1956 when precipitation was much below 
normal. 

Several conditions were responsible for the low 
s t ream flow in 1956. Precipitation was below 
normal during most of 1955; consequently, the 
mean ground-water stage was low at the beginning 
of 1956. Precipitation during 1956 was only slightly 
in excess of evapotranspiration and soil-moisture 
requirements . Very little precipitation reached 
the water table and the mean ground-water stage 
and ground-water runoff were abnormally low 
throughout the year . 

Ground-Water Runoff 

Rating curves were prepared to determine the 
relationship between mean ground-water stage and 
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Tab le 3 

Monthly and annual s t r e a m f low in i n c h e s , 1951 , 1952, and 1956, 
P a n t h e r C r e e k b a s i n 

1951 1952 1956 
Month Rs  Rg R Rs R R Rs Rg R 

Jan . 0.61 0.16 0.77 0.39 0.77 1.16 neg . 0.01 0.01 
F e b . 2.85 0.15 3.00 0.08 0.57 0.65 0.14 0.08 0.22 
M a r . 0.97 0.30 1.27 0.43 1.57 2.00 0.01 0.04 0.05 
A p r . 1.08 1.44 2.52 0.65 1.94 2.59 0.03 0.03 0.06 
May- 0.12 0.82 0.94 0.06 0.82 0.88 0.34 0.08 0.42 
June 1.80 0.56 2.36 1.03 1.10 2.13 0.04 0.07 0.11 
July 3.63 1.13 4.76 n e g . * 0.27 0.27 0.04 0.03 0.07 
Aug. 0.16 0.22 0.38 0.01 0.04 0.05 0.01 0.01 0.02 
Sept . 0.03 0.10 0.13 n e g . 0.02 0.02 neg . n e g . neg . 
Oct . 0.07 0.22 0.29 neg . 0.01 0.01 neg . n e g . neg . 
Nov. 0.97 0.55 1.52 n e g . 0.02 0.02 neg . 0 .01 0.01 
Dec . 0.05 0.35 0.40 0.01 0.03 0.04 neg . 0.01 0.01 

Annual 12.34 6.00 18.34 2.66 7.16 9.82 0.61 0.37 0.98 

* Negl ig ib le 

Figure 8. Water levels in observation wells 29.3a, 30.1a, and 26.2b, 
Panther Creek basin, 1950-58 

Figure 9. Water levels in observation wells 26.6a and 9.7c, Panther 
Creek basin, 1950-58 

Figure 10. Rating curves of mean ground-water stage versus ground
water runoff at gaging station 1, Panther Creek basin 

Figure 11. Mean ground-water stage, Panther Creek basin, 1951 

g 
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g r o u n d - w a t e r runoff. F luc tua t i ons of the w a t e r 
tab le in the b a s i n a r e shown by the h y d r o g r a p h s 
of we l l s given in f igu res 8 and 9. R e c o r d s of 
the wel l s a r e given in t ab le 4. Dai ly average.s of 
g r o u n d - w a t e r l eve l s m e a s u r e d in wel ls 29.3a , 
30 .1a , 26 .2b , 26 .6a , and 9.7c w e r e computed for 
s e l e c t e d da tes when s t r e a m f l o w c o n s i s t e d e n t i r e l y 
of g r o u n d - w a t e r runoff. Mean g r o u n d - w a t e r s t a g e s 
w e r e p lo t ted a g a i n s t g r o u n d - w a t e r runoff on c o r 
r e spond ing da te s as shown in f igure 10. In f ig
u r e 10 c lo sed c i r c l e s r e p r e s e n t s e t s of da ta for 
da tes N o v e m b e r to Apr i l , when e v a p o t r a n s p i r a t i o n 
is a t a m i n i m u m ; open c i r c l e s r e p r e s e n t s e t s of 
da ta for da te s A p r i l t h rough Oc tobe r , when ev ap o 
t r a n s p i r a t i o n i s g r e a t . 

Dai ly m e a n g r o u n d - w a t e r s t a g e s w e r e p lo t ted 
a s y e a r l y h y d r o g r a p h s a s shown in f igures 11 , 
12 and 13. G r o u n d - w a t e r runoff c o r r e s p o n d i n g to 
each m e a n g r o u n d - w a t e r s t age was r e a d d i r e c t l y 
f r o m the r a t i n g c u r v e s in f igure 10. C u rv e A 
was u s e d wi th da ta for da tes Apr i l t h r o u g h Oc tober 
and c u r v e B was u s e d wi th data for the r e s t of 
y e a r . Dur ing p r o t r a c t e d r a i n l e s s p e r i o d s ac tua l 
s t r e a m flow is g r o u n d - w a t e r runoff. 

Daily g r o u n d - w a t e r runoff was p lo t t ed b e n e a t h 
s t r e a m - f l o w h y d r o g r a p h s and l i n e s w e r e d rawn 
connect ing points to d e s c r i b e g r o u n d - w a t e r runoff 
h y d r o g r a p h s as shown in f igures 5, 6 and 7. The 
shaded a r e a s be tween s t r e a m flow and g round
w a t e r runoff h y d r o g r a p h s r e p r e s e n t s u r f a c e runoff. 

Monthly and annua l g r o u n d - w a t e r and s u r f a c e 
runoff, e x p r e s s e d in inches of w a t e r ove r the 
bas in , a r e given in t ab le 3 . T h e s e data ind ica te 
that g r o u n d - w a t e r runoff is at a m a x i m u m dur ing 
s p r i n g and e a r l y s u m m e r mon ths and i s l e a s t i n 
l a te s u m m e r and fa l l m o n t h s . M o r e than half of 
annual g r o u n d - w a t e r runoff o c c u r s du r ing the f i r s t 
s i x mon ths of the y e a r . 

Annual g r o u n d - w a t e r runoff depends upon a n t e 
cedent g r o u n d - w a t e r s t age condi t ions as we l l a s 
the amoun t and d i s t r i bu t ion of annua l p r e c i p i t a 
t ion. G r o u n d - w a t e r runoff was l e s s in 1951 than 
in 1952 a l though p r e c i p i t a t i o n was m u c h g r e a t e r 
in 1951 than in 1952. G r o u n d - w a t e r s t a g e s and 
consequen t ly g r o u n d - w a t e r runoff dur ing the f i r s t 
s i x mon ths of 1952 w e r e h ighe r than those for 
the s a m e p e r i o d in 1951 b e c a u s e of e x c e s s i v e p r e -

Tab le 4 
Wel l r e c o r d s , P a n t h e r C r e e k bas in 

Depth 

E leva t ion 
of l and 
s u r f a c e 

Depth to 
w a t e r 

5-15-59 
Type of D i a m e t e r (feet (feet 

of wel l of we l l above below land 
Well No. Owner wel l 

Dug 
(feet) 

48 
( inches) MSL) 

741 
su r f ace ) 

31.40 
R e m a r k s 

WDF 28N2E-17 .3a 
wel l 

Dug 
(feet) 

48 
( inches) MSL) 

741 
su r f ace ) 

31.40 L i v e s t o c k supply 
WDF 28N2E-25 .3h W. Bonk D r i l l e d 250 4 735 Log ava i l ab l e 
LIV 28N3E-32 .1h C. Gunden D r i l l e d 156 4 700 Log ava i l ab l e 
WDF 28N2E-33 .1h F a l k Dug 720 4.07 Abandoned s choo l 

we l l 
WDF 28N2E-29 .3a T. Budde Dug 18 36 720 4.82 P o u l t r y supply 
WDF 28N2E-31 .1h I l l inois Cen

t r a l R . R . 
D r i l l e d 135 730 Log ava i l ab l e , 

t e s t hole 
WDF 2 8 N l E - 3 0 . 8 a J a n n s e n Dug 28 725 14.09 L i v e s t o c k supply 
WDF 2 8 N l E - 2 6 . 2 b C. K a p r a u n Dug and 

d r i l l e d 
40 36 740 4.73 P o u l t r y supply 

WDF 2 8 N l E - 2 7 . 8 a Jaydyn Dug 26 750 6.62 D o m e s t i c supply 
WDF 2 8 N l E - 3 3 . 7 h Vil lage of 

Benson 
D r i l l e d 73 12 760 Log ava i l ab le 

(Vi l lage wel l 
No. 4) 

WDF 2 8 N l E - 3 6 . 2 a McKay B r o s . 62 721 4.90 L i v e s t o c k supply 
WDF 27N2E-10 .8h Odel Dug 731 12.93 D o m e s t i c supply 
WDF 27N1E-1 .3a Kapraun Dug 68 721 37.38 L i v e s t o c k and 

d o m e s t i c supply 
WDF 2 7 N l E - 9 . 7 c K e l s e y Dug 65 710 5.50 Abandoned 
WDF 27N2E-23 .1h Dug 22 738 4.85 Abandoned schoo l 

we l l 
WDF 27N2E-16 .8c Krug Dug 30 712 4.38 Abandoned 
WDF 27N2E-30 .8g C r u m p Dug 44 715 S e a l e d 10/58 
WDF 27N2E-33.8f Dug 711 5.90 Abandoned 
WDF 27N2E-26 .6a J . Kopens te in Dug 28 712 4.75 Abandoned 
WDF 27N2E-26 .1c B o h r e r Dug 48 718 5.30 D o m e s t i c supply 
LIV 27N3E-31 .3h H. Greenwold D r i l l e d 266 4 716 Log ava i l ab l e 
LIV 27N3E-30.1a J . M u r r a y Dug 22 719 4.45 Abandoned 
LIV 2 6 N l E - 5 . 5 c Vil lage of 

Secor 
Dr i l l ed 156 736 Log ava i l ab l e 

M C L 2 6 N 3 E - 4 . 5 c Vil lage of 
Gr id l ey 

D r i l l e d 290 8 752 Log ava i l ab l e 
(Vi l lage Well 
No. 2) 



Figure 12. Mean ground-water stage, Panther Creek basin, 1952 

Figure 13. Mean ground-water stage, Panther Creek basin, 1956 

c ip i ta t ion dur ing the s u m m e r months of 1951 and 
n e a r n o r m a l p r e c i p i t a t i o n in 1950. Dur ing e x 
t ended d r y p e r i o d s g r o u n d - w a t e r runoff i s r e d u c e d 
g r e a t l y . G r o u n d - w a t e r runoff was v e r y s m a l l 
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dur ing 1956 b e c a u s e p r ec ip i t a t i on was m u c h be low 
n o r m a l in 1955 and 1956. 

G r o u n d - w a t e r runoff amounted to 33, 73, and 
38 p e r cen t of s t r e a m flow in 1951, 1952, and 
1956, r e s p e c t i v e l y . 

E v a p o t r a n s p i r a t i o n 

Annual va lues of e v a p o t r a n s p i r a t i o n in 1951, 
1952, and 1956 e s t i m a t e d by ba lanc ing equat ion 2 
a r e given in tab le 5 . Methods u s e d to d e t e r m i n e 
underf low and change in g r o u n d - w a t e r s t o r a g e a r e 
d e s c r i b e d l a t e r in th is r e p o r t . The r a n g e in 
annual e v a p o t r a n s p i r a t i o n i s m u c h l e s s than the 
r a n g e in annual p r e c i p i t a t i o n . E v a p o t r a n s p i r a t i o n 
was l e s s in 1952, a y e a r of n e a r n o r m a l p r e c i p i 
ta t ion, than in 1951, a y e a r of above n o r m a l p r e 
c ip i t a t ion , even though the a v e r a g e t e m p e r a t u r e 
dur ing the growing s e a s o n of 1951 was be low 
n o r m a l and the a v e r a g e t e m p e r a t u r e dur ing the 
growing s e a s o n of 1952 was above n o r m a l . The 
r a t i o of e v a p o t r a n s p i r a t i o n and p r e c i p i t a t i o n was 
56 pe r c e n t in 1951, 73 p e r cent in 1952, and 96 
p e r cent in 1956. 

G r o u n d - W a t e r E v a p o t r a n s p i r a t i o n 

E s t i m a t e s of dai ly g r o u n d - w a t e r e v a p o t r a n 
s p i r a t i o n dur ing 1951, 1952, and 1956 w e r e c o m 
puted f r o m f igures 11 , 12, and 13 and the g r o u n d 
w a t e r s t age - runo f f r a t i n g c u r v e s in f igure 10. 
Monthly and annual g r o u n d - w a t e r e v a p o t r a n s p i r a 
t ion a r e g iven in tab le 5 . These data ind ica te 
tha t m o n t h l y g r o u n d - w a t e r e v a p o t r a n s p i r a t i o n i s 
g r e a t e s t g e n e r a l l y dur ing July and August and that 
annual g r o u n d - w a t e r e v a p o t r a n s p i r a t i o n i s l e a s t 
dur ing d r y y e a r s . The r a t i o of g r o u n d - w a t e r 
e v a p o t r a n s p i r a t i o n t o to ta l e v a p o t r a n s p i r a t i o n was 
5, 8, and 4 p e r cent in 1951, 1952, and 1956, 
r e s p e c t i v e l y . 

Table 5 

Monthly and annua l e v a p o t r a n s p i r a t i o n in i n c h e s , 
1951, 1952, and 1956, P a n t h e r C r e e k b a s i n 

1951 1952 1956 
E T E T E T E T E T E T E T E T E T 

Month s 

neg .* 

s 

n e g . 

s g 

neg . Jan . neg .* 

s 

n e g . 

s g 

neg . 
F e b . neg . neg . neg . 
M a r . neg . neg . neg . 
Apr . 0.08 0.13 0.06 
May 0.27 0.43 0.11 
June 0.18 0.18 0.12 
July 0.05 0.47 0.13 
Aug. 0.34 0.33 0.14 
Sept . 0.23 0.28 0.12 
Oct . 0.04 0.19 0.06 
Nov. neg . neg . neg . 
Dec . neg . neg . neg . 

Annual 23.52 1.19 24.71 21.93 2.01 23.94 18.01 0.74 18.75 

* Negl igible 

g g 
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Underflow 

The width of the lowlands adjacent to Panther 
Creek through which underflow occurs is about 
500 feet. Based on the bedrock surface and top
ographic maps, the thickness of the glacial drift 
is estimated to be less than 25 feet and the hy
draulic gradient of the water table in the vicinity 
of s t r eam gaging station 1 is estimated to be less 
than 50 feet per mi le . The coefficient of t r ans -
missibility of the deposits through which underflow 
occurs is low and is probably in the magnitude of 
500 gpd/ft. Underflow was computed by substi
tuting the above data in equation 3 to be about 
0.01 cfs and is so small that it was omitted from 
budget computations. 

Changes in Ground-Water Storage 

To compute changes in ground-water storage 
appropriate values of Yg must be substituted in 
equation 4 based on the average period of ground
water stage decline preceding the selected inven
tory period. Because the gravity yield of till 
varies greatly with time of drainage, it is impos
sible to use the method of convergent approxima
tions described by Rasmussen and Andreasen 
(1959, p. 86) to determine gravity yield. 

Computations of gravity yield were made using 
equation 5 and data for nine inventory periods 
during winter and early spring months, 1951-58. 
Values of Yg were plotted against the average 

Figure 14. Graph showing relation of gravity yield and average period 
of drainage, Panther Creek basin 

time of drainage preceding the inventory periods 
as shown in figure 14. These data indicate that 
the average gravity yield of the glacial deposits 
increases at a diminishing rate from about 1 per 
cent for a drainage period of 10 days to about 8 
per cent for a drainage period of 140 days. Ex
trapolation of the curve in figure 14 suggests 
that the average specific yield of glacial deposits 
beneath the basin is about 12 per cent. 

Monthly increases or decreases in ground
water storage during 1951, 1952, and 1956 were 
estimated from figures 11, 12, and 13 by mult i 
plying mean ground-water stage changes by appro
priate values of Yg given in figure 14. The data 
on changes in ground-water storage appear in 
table 6. 

Table 6 
Monthly and annual ground-water recharge in 

inches, 1951, 1952, and 1956, Panther 
Creek basin 

1951 1952 1956 
Month Pg ∆Sg Pg ∆Sg Pg  ∆Sg 

Jan . 0.44 + 0.28 0.69 - 0 . 0 8 neg . - 0 . 0 1 
F e b . 0.20 + 0.05 0.57 n e g . * 0.29 + 0.21 
M a r . 1.16 + 0.86 1.71 +0 .14 neg . - 0 . 0 4 
A p r . 2.20 + 0.68 1.92 -0 .15 0.11 + 0.02 
May 0.89 -0 .20 1.11 -0 .14 0.20 + 0.01 
June 0.79 +0.05 1.36 +0.08 0.09 -0 .10 
Ju ly 1.03 -0 .15 0.15 -0 .59 0.06 -0 .10 
Aug. 0.41 -0 .15 0.18 -0 .19 0.06 -0 .09 
Sept . 0.12 - 0 . 2 1 0.03 - 0 . 2 7 0.02 -0 .10 
Oct . 0.03 - 0 . 2 3 0.02 -0 .18 0.02 - 0 . 0 4 
Nov. 0.88 +0.33 0.02 neg . 0.01 neg . 
Dec . 0.23 -0 .12 0.27 + 0.24 0.01 neg . 

Annual 8.38 + 1.19 8.03 -1 .14 0.87 - 0 . 2 4 

* Negligible 

Ground-Water Recharge 

With a few possible exceptions the water table 
rose , or declined less than was necessary to bal
ance ground-water runoff and evapotranspiration, 
during portions of every month of 1951, 1952, and 
1956. There was, therefore, some ground-water 
recharge in most months of these years . 

Monthly and annual ground-water recharge e s 
timated by balancing equation 6 are given in table 
6. Ground-water recharge during the three years 
ranged from 8.38 inches in 1951 to 0.87 inch in 
1956 and was 8.03 inches in 1952. Ground-water 
recharge was 19 per cent of precipitation during 
a year of above normal precipitation, 4.5 per cent 
of precipitation during a year of below normal 
precipitation, and 25 per cent of precipitation 
during a year of near normal precipitation. Data 
in table 6 show the pronounced adverse effects 
of extended dry periods on ground-water recharge. 

Monthly ground-water recharge is largest in 
spring months of heavy rainfall and least in sum
mer and fall months. As shown in figure 12 
most ordinary summer rains have little or no 
effect on the water table. The water table, how
ever, rose conspicuously August 11, 15, and 20, 



1952 indicating appreciable ground-water recharge 
on these dates. As shown in figure 3 precipita
tion exceeded 0.5 inch on these dates and was in 
excess of evapotranspiration and soil-moisture 
requirements . 

In February, March, and the early part of 
April, 1951, precipitation was above normal; how
ever, ground-water recharge was only moderate. 
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Temperatures during part of November and De
cember of 1950 and March and the early pa r t of 
April of 1951 were below normal . As a resul t , 
there was a snow cover over frozen ground much 
of February and March which impeded the infil
tration of precipitation to the water table. As 
shown in figure 5 most precipitation in February 
and March was discharged from the basin by su r 
face runoff. 

HADLEY CREEK BASIN 

For a period of 2 1/2 yea r s , April 1956 through 
September 1958, daily measurements of precipita
tion, s t ream flow, and ground-water levels were 
made in par t of the Hadley Creek drainage basin. 
Instrumentation consisted of 11 rain gages, a 
s t ream gaging station, and 5 observation wells 
equipped with recording gages. The number of 
observation wells was increased from 5 to 21 dur
ing the summer of 1959 to determine the adequacy 
of the observation-well program. The U. S. 
Weather Bureau established and maintained the 
rain gages, and stream-flow data were collected, 
processed, and analyzed by the Surface Water 
Branch of the U. S. Geological Survey. Soil mois 
ture was not measured during the investigation. 

Hydrologic and ground-water budgets for the 
period April 1956 through September 1958 are 
presented. Information concerning the geographic, 
climatic, and geologic features of Hadley Creek 
basin is given to serve as a background for the 
interpretation of records . 

Geography 

Location and Extent of the Basin 

The Hadley Creek basin is in west-south
western Illinois about 20 miles northwest of the 
city of Pittsfield and about 20 miles southeast of 
the city of Quincy. The par t of Hadley Creek 
drainage basin considered, hereafter referred to 
as "the basin," is situated approximately between 
90°54' and 91°11' west longitude and between 
39°41' and 39°50' north latitude as shown in fig
ures 1 and 15. The basin covers 72.7 square 
miles in Pike and Adams Counties in T. 3 S. to 
T. 4 S. and R. 4 W. to R. 7 W. About one-third 
of the basin is in Adams County. The basin is 
above a s t ream gaging station about 1 mile south-
southeast of the village of Kinder hook. 

Topography and Drainage 

The northern half of the basin lies in the Till 
Plains and Dissected Till Plains sections of the 
Central Lowland physiographic province, and the 
southern half lies in the Lincoln Hills section of 
the Ozark Plateaus province (Fenneman, 1914; and 
Leighton, Ekblaw, and Horberg, 1948). The topog
raphy consists mostly of ra ther rugged uplands. 
Along Hadley Creek and its major t r ibutar ies , 
lowlands average about one-third mile in width. 
Gully and sheet erosion were severe before soil 
conservation practices were introduced. 

The elevation of the land surface of the basin 
declines from about 870 feet near the village of 
Baylis to about 480 feet at the s t ream gaging 
station near Kinderhook. The topography is highly 
diversified with the relief of the land surface in 
many places exceeding 160 feet in a distance of 
700 feet. 

The drainage system is shown in figure 15. 
Hadley Creek is the principal s t ream and flows 
in a generally westward course . Beebe Creek 
and North Fork Hadley Creek trend north to south 
and are the main tr ibutaries draining most of the 
northern half of the basin. The average gradients 
of Hadley Creek, Beebe Creek, and North Fork 
Hadley Creek are 16.6, 34.9, and 37.6 feet per 
mile , respectively. The valleys of the main tr ibu
tar ies a re narrow and have steep sides. Surface 
runoff from the basin is rapid because of the 
rugged relief of the land surface. 

Population and Land Use 

The population of the basin is chiefly ru ra l . 
According to the U. S. Census of Population, the 
population density was about 40 persons per square 
mile in 1950. The populations of incorporated 
municipalities within or bordering the basin are 
as follows: 

Municipality Population, 1950 

City of Bar ry 
Village of Baylis 
Village of Kinderhook 

1529 
307 
299 

During the study period, about 40 per cent of 
the land was devoted to row crops, small grain, 
hay, and rotation pasture. The remainder of the 
basin was permanent pasture, woodland, and farm 
lots. 

Climate 

The basin lies in the north temperate zone. 
Its climate is characterized by warm summers and 
moderately cold winters. The mean length of the 
growing season is about 188 days. 

Based on records collected by the U. S. Wea
ther Bureau at Quincy, the mean annual tempera
ture is 55 F. June, July, and August are the 
hottest months with mean temperatures of 75 , 
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Figure 15. Hydrologic map of Hadley Creek drainage basin, Adams and Pike Counties, Illinois 

80°, and 78°F, r espectively; January is the coldest 
month with a mean temperature of 30 F and is 
the only month with a mean monthly temperature 
below freezing. Table 7 showing average monthly 
and annual air temperatures and departures from 
normal, 1956-58, was compiled from the records 
of the U. S. Weather Bureau at Quincy. 

Normal annual precipitation based on U. S. 
Weather Bureau records at Quincy, Barry , and 
Griggsville is 36 inches. An average of more 
than 3 inches of rain falls during each of the 
months March through October. February is the 

month of least precipitation having an average of 
less than 2 inches. About 67 per cent of the 
year ' s precipitation falls during the growing sea 
son. 

The U. S. Weather Bureau with the cooperation 
of the Soil Conservation Service measured p r e 
cipitation within the basin 1956 through July 1959 
with 11 recording rain gages. The locations of 
the rain gages are shown in figure 15. The den
sity of the network was 6.61 square miles per 
gage. Monthly and annual precipitation, 1956 
through 1958, computed by averaging arithmetically 
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Table 7 
Average monthly and annual temperatures and departures from normal, 

1956-58, Hadley Creek basin 

1956 1957 1958 
Temperature Departure Temperature Departure Temperature Departure 

Month °F (inches) 

-2.5 

°F (inches) 

-6.3 

°F (inches) 

Jan. 26.1 

(inches) 

-2.5 23.4 

(inches) 

-6.3 26.9 - 2.8 
Feb. 31.4 0 37.2 4.2 21.8 -11.2 
Mar. 42.1 -1.2 41.1 -1.2 36.9 - 5.4 
Apr. 51.4 -2.7 54.1 -0.5 53.6 - 1.0 
May 68.1 4.0 65.4 0.3 64.9 - 0.2 
June 77.4 3.9 74.4 -0.9 70.6 - 4.7 
July 78.7 0.3 81.3 1.3 74.5 - 5.5 
Aug. 77.5 0.7 78.1 0.4 77.3 - 0.4 
Sept. 69.7 0.4 67.1 -2.7 68.0 - 1.8 
Oct. 62.5 5.8 53.7 -4.6 58.3 0 
Nov. 42.7 -1.0 41.7 -1.4 47.1 4.0 
Dec. 34.1 2.3 36.9 4.4 28.3 - 4.2 
Annual 55.1 0.8 54.5 -0.6 52.3 - 2.8 

gage readings, is given in table 8. The occur
rence of the annual maximum and minimum p re 
cipitation amounts expected on an average of once 
in 5 and once in 50 years based on data in the 
Atlas of Illinois Resources , Section 1 a re given 
below. 

Lowest 
annual 

precipitation 
expected 
(inches) 

Highest 
annual 

precipitation 
expected 
(inches) 

Once in 5 years 
Once in 50 years 

30 
24 

42 
54 

According to the Atlas of Illinois Resources, 
Section 1, the mean annual snowfall is 18 inches. 
On the average, 25 days a year have 1 inch or 
more ground snow cover; 12 days a year have 
3 inches or more of ground snow cover. The 
average depth of maximum frost penetration is 
21 inches. 

Table 8 
Monthly and annual precipitation, 1956-58, 

Hadley Creek basin 

P recipitation in inches 
Month 1956 1957 1958 

Jan. 0.31 2.11 1.07 
Feb . 0.89 1.57 0.79 
Mar. 0.50 2.95 0.70 
Apr. 4.64 7.75 3.28 
M a y 3.29 6.40 4.05 
June 4.81 5.48 3.86 
July 2.76 2.79 9.32 
Aug. 3.18 2.25 4.10 
Sept. 0.06 0.96 2.56 
Oct. 0.82 3.25 1.05 
Nov. 2.37 1.48 4.09 
Dec. 2.00 2.74 0.24 
Annual 25.63 39.73 35.11 

Geology 

Soils 

The soils of the basin were divided into five 
groups by Hopkins, Mosier , Van Alstine, and 
Garret t (1915) and Mosier , Wascher, Leighty, and 
Snider (1922), as follows: upland pra i r i e , upland 
timber, old bottomland, late swamp and bottom
land, and residual soi ls . The residual soil group 
represents only very smal l areas of rock outcrop. 
Timber and upland pra i r ie soils predominate; 
however, bottomland soils extend along wide 
stretches of Hadley Creek and its t r ibutar ies . 

The timber soils a re largely grayish yellow to 
brownish gray silt loams formed under deciduous 
forest from moderately thick to deep loess (see 
Wascher, Fahrenbacher, Odell, and Veale, 1950). 
The surface layer is a grayish yellow to brownish 
gray sil t loam 0 to 8 inches thick and is low in 
organic matter and ranges in acidity from slight 
to strong. The subsoil beginning at a depth of 
12 to 16 inches is generally a silty clay loam to 
silty clay varying in color from brownish yellow 
to yellowish brown. Surface drainage is generally 
rapid, thus artificial drainage is not required. 
The permeability is moderate and underdrainage 
by tiles is not required. 

The upland pra i r ie soils are largely grayish 
brown to brown silt loams formed under pra i r ie 
vegetation from varying thicknesses of loess . The 
surface layer is from 3 to 10 inches thick and 
ranges in acidity from slightly medium to medium. 
The subsoil beginning at a depth of 6 to 14 inches 
is generally a silty clay loam varying in color 
from a mottled brownish yellow to yellowishbrown. 
Surface drainage is seldom required; however, 
underdrainage is needed where the permeability 
is slow or moderately slow. 

The bottomland soils a re brown to yellowish 
brown silt to sand loams formed under grass from 
water-laid sediments. The surface layer is from 
6 to 15 inches thick, is medium to high in or 
ganic mat ter and ranges in acidity from slightly 
acid to neutral . The subsoils are highly variable 
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in texture and color and a r e generally greater 
than 3 feet in thickness. Surface drainage and 
permeabilities are variable; subsurface and su r 
face drainage sometimes is required. 

The substrata immediately beneath the loess 
is Kansan till, Illinoian till, bedrock, or sandy 
outwash. 

Glacial Deposits and Their 
Water-Bearing Propert ies 

Deposits of silt and clay (loess) reaching 25 
feet in thickness constitute the main features of 
the land surface throughout much of the basin. 
Thin deposits of glacial drift chiefly of the Kansan 
stage cover the bedrock surface and occur be
neath the loess . During the Illinoian stage a 
glacier advanced into the extreme northeastern 
part of the basin. In its advance the Illinoian 
glacier overlapped the older Kansan glacial drift. 

The drift deposits on the uplands a re com
posed dominantly of unstratified clayey mater ia ls 
called till. Sand, ranging in thickness from a 
few inches to more than 50 feet, occurs at places 
as i r regular lenses or layers in the till as shown 
by the logs of wells given in figure 16. These 
deposits are discontinuous and are limited greatly 
in a rea l extent. The thickness of the drift varies 
from a feather edge near bedrock outcrops to a 
maximum of more than 100 feet at Baylis. 

Figure 16. Logs of selected wells, Hadley Creek basin (Locations of 
wells are shown in figure 15) 

Water-bearing propert ies of the till vary greatly 
as described previously. 

Glacial outwash deposits of sand and gravel 
and fine-grained alluvial mater ia ls occur in the 
valley lowlands. The permeability and yield of 
the outwash deposits a re relatively high at some 
places. Extensive deposits of highly permeable 
glacial outwash and alluvial mater ials occur along 
the Mississippi flood plain immediately west of 
s t ream gaging station 1. 

Bedrock Formations and Their 
Water-Bearing Proper t ies 

The glacial deposits a re immediately underlain 
by bedrock formations of Mississippian age except 
in the northeastern half of the basin where bed
rock of Pennsylvanian age occurs beneath the drift. 
These formations are situated structural ly on the 
west-southwest flank of the Illinois basin. The 
bedrock layers dip regionally eastward or nor th
eastward at ra tes ranging from 15 to 50 feet per 
mile. There are numerous local anticlines and 
synclines that modify or reverse the regional dip 
(Bergstrom and Zeizel, 1957). For example, 
local anticlinal s tructures extend from Pittsfield 
to Hadley and east-west between Baylis and 
Fishhook. 

The bedrock formations of Pennsylvanian age 
consist mostly of shale with thin sandstone, l ime
stone, and coal beds. The Pennsylvanian rocks 
generally have low porosities and permeabili t ies 
and yield only small amounts of water to wells. 
The bedrock of Mississippian age contains thicker 
beds of limestone which are cracked and creviced 
at most locations yielding enough water for do
mestic and farm supplies and small municipal 
supplies (Bergstrom and Zeizel, 1957). P r a c t i -
cally speaking, the rocks are important because 
they act as a bar r ie r to deep percolation. 

The bedrock surface has considerable relief 
and is similar to that of the land surface. Valleys 
in the bedrock are generally beneath Hadley Creek 
and its t r ibutar ies . According to Horberg (1957), 
the bedrock surface declines from an elevation of 
about 775 feet near Baylis to about 425 feet near 
Kinderhook. The bedrock crops out at the surface 
locally on the glaciated uplands and along valley 
walls. 

Figure 17. Stream flow at gaging station 1, Hadley Creek basin, 1956 



S t r e a m F l o w 

Daily m e a n s t r e a m flow at gaging s ta t ion 1 for 
the p e r i o d A p r i l 1956 th rough S e p t e m b e r 1958 is 
shown on f igures 17, 18, and 19. Daily m e a n 
s t r e a m flow exceeded 3000 cfs in May 1957; t h e r e 
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was n o m e a s u r e a b l e s t r e a m flow dur ing s e v e r a l 
p e r i o d s in the fal l m o n t h s of 1956 and 1957. 
Monthly s t r e a m flow, e x p r e s s e d in inches of w a t e r 
over the b a s i n , i s given in tab le 9 . 

Figure 18. Stream flow at gaging station 1, Hadley Creek Basin, 1957 

Figure 19. Stream flow at gaging station 1, Hadley Creek basin, 1958 

Figure 20. Water levels in observation wells 25.4a, 25.7h, and 33.1a, 
Hadley Creek basin, 1956-58 

Figure 21 . Water levels in observation wells 14.8g, 26.1h, and 15.8b, 
Hadley Creek basin, 1956-58 

Table 9 
Monthly and annual s t r e a m flow in i n c h e s , 1956-58, 

Hadley C r e e k b a s i n 

1956 1957 1958 
Month Rs Rg R Rs Rg R Rs Rg R 

Jan. 0.50 0.04 0.54 0.01 0.03 0.04 
Feb. 0.07 0.08 0.15 0.13 0.04 0.17 
Mar. 0.46 0.13 0.59 0.04 0.10 0.14 
Apr. 0.56 0.08 0.64 4.29 0.56 4.85 0.32 0.08 0.40 
May 0.05 0.01 0.06 3.37 0.56 3.93 0.65 0.18 0.83 
June 0.17 0.06 0.23 2.47 0.36 2.83 0.19 0.08 0.27 
July 0.04 0.03 0.07 0.03 0.06 0.09 3.23 0.25 3.48 
Aug. 0.09 0.01 0.10 0.77 0.03 0.80 1.22 0.39 1.61 
Sept. 0.01 neg. 0.01 neg. neg. neg. 0.03 0.06 0.09 
Oct. neg.* neg. neg. 0.04 neg. 0.04 
Nov. 0.01 neg. 0.01 0.01 0.01 0.02 
Dec. 0.03 0.02 0.05 0.03 0.06 0.09 
Annual 12.04 1.89 13.93 
* Negl ig ib le 
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G r o u n d - W a t e r Runoff 

Ra t ing c u r v e s w e r e p r e p a r e d t o d e t e r m i n e the 
r e l a t i o n s h i p be tween m e a n g r o u n d - w a t e r s t age and 
g r o u n d - w a t e r runoff. F luc tua t ions of the w a t e r 
table in the b a s i n a r e shown by the h y d r o g r a p h s 
of wel l s given in f igu res 20 and 2 1 . R e c o r d s of 
the we l l s a r e given in tab le 10. Two o b s e r v a 
tion w e l l s , P K E 4S6W-14.8g and P K E 4S6W-26.1h, 
w e r e chosen as r e p r e s e n t a t i v e of the m e a n g round 
w a t e r s t age in the b a s i n b a s e d on the w a t e r - l e v e l 
data obta ined Ju ly 21 and November 5, 1959 f r o m 
the 21 wel l s shown in f igure 15. 

Dai ly a v e r a g e s o f g r o u n d - w a t e r l eve l s m e a 
s u r e d in we l l s P K E 4S6W-14.8g and P K E 4S6W-
26.1h w e r e c o m p u t e d for s e l e c t e d da tes when 
s t r e a m flow c o n s i s t e d e n t i r e l y of g r o u n d - w a t e r 
runoff. Mean g r o u n d - w a t e r s t a g e s w e r e p lo t ted 
aga in s t g r o u n d - w a t e r runoff on c o r r e s p o n d i n g 
da tes as shown in f igure 22. 

Daily m e a n g r o u n d - w a t e r s t a g e s w e r e p lo t ted 
as y e a r l y h y d r o g r a p h s as shown in f igures 23 , 
24, and 25 . G r o u n d - w a t e r runoff c o r r e s p o n d i n g 
t o e a c h m e a n g r o u n d - w a t e r s t age was r e a d d i 
r e c t l y f r o m t h e r a t i n g c u r v e s i n f igure 22 . C u r v e 

Figure 22. Rating curves of mean ground-water stage versus ground
water runoff at gaging station 1, Hadley Creek basin 

Tab le 10 
Well r e c o r d s , Hadley C r e e k b a s i n 

Depth 

E l e v a t i o n 
of land 
s u r f a c e 

Depth to 
w a t e r 

11-5-59 
Type of D i a m e t e r (feet (feet 

of wel l of wel l above below land 
Wel l No. Owner we l l 

Dug 

(feet) ( inches ) MSL) 

700 

su r f ace ) 

5.81 

R e m a r k s 

ADM 3S6W-24.8f 

we l l 

Dug 

(feet) ( inches ) MSL) 

700 

su r f ace ) 

5.81 L i v e s t o c k supply 
ADM 3S6W-25.4g J. Robinson Dug 740 16.09 Abandoned 
ADM 3S6W-25.7h R. Smi th Dug 32 745 24.11 Abandoned 
ADM 3S6W-34.5a A . M a r t i n Dug 57 664 17.43 D o m e s t i c supp ly 
ADM 3S6W-34.7h E . Hendr icks Dug 702 10.41 Abandoned 
ADM 3S6W-35.1g J . M. Doran D r i l l e d 56 658 Log ava i l ab l e 
ADM 3S6W-36.8g Dug 745 21.92 Abandoned 
ADM 3S5W-18.8h Dug 665 9.66 L i v e s t o c k supply 
ADM 3S5W-19.5a R. Wat ts Dug 724 39.66 D o m e s t i c supply 
ADM 3S5W-21.8f Vi l lage of 

B e v e r l y 
Dr i l l ed 78 5 5 /8 790 Log ava i l ab l e 

ADM 3S5W-31.1h G. N. R e d m a n D r i l l e d 242 5 5 /8 705 Log ava i l ab l e 
ADM 3S5W-32.8d Dug 708 32.91 D o m e s t i c supply 
ADM 3S5W-33.1a H. Robinson Dug 18 748 Abandoned 
P K E 4S7W-24.3b Vil lage of 

Kinderhook 
D r i l l e d 44 8 480 Log ava i l ab l e 

P K E 4S6W-1.8h Dug 660 20.19 Abandoned 
P K E 4S6W-4.7e C. M c C a r l Dug 9 660 5.29 L i v e s t o c k supply 
P K E 4S6W-9 .6d Dug 500 28.32 Abandoned 
P K E 4 S 6 W - l l . l g Dug 600 18.18 Abandoned 
P K E 4S6W-14.8g R. Metcalf Dug 14 580 6.48 Abandoned 
P K E 4S6W-15.8a E. O. Blake Dr i l l ed 32 560 Log ava i l ab l e 
P K E 4S6W-18.1g Dug 640 Abandoned 
P K E 4S6W-23 .8h Dug 650 6.88 D o m e s t i c supply 
P K E 4S6W-24.7e L. A. F l i c k Dr i l l ed 318 5 5 /8 675 Log ava i l ab l e 
P K E 4S6W-26.1h T. Coffman Dug 28 624 16.25 Abandoned 
P K E 4S6W-26.6h Vil lage of 

B a r r y 
D r i l l e d 325 8 590 Log ava i l ab l e 

P K E 4S6W-27.4d R . H a r t D r i l l e d 155 700 Log ava i l ab le 
P K E 4S6W-27.5e Dug 690 17.46 Abandoned 
P K E 4S5W-2.8a Dug 750 51.01 D o m e s t i c supply 
P K E 4S5W-8.8c J . Redshaw Dug 685 43.07 D o m e s t i c supply 
P K E 4S5W-15.8b B . E r k e Dug 53 745 26.82 Abandoned 



A was u s e d wi th data for da tes A p r i l t h rough 
Oc tobe r and c u r v e B was u s e d wi th da ta for the 
r e s t o f the y e a r . 

Dai ly g r o u n d - w a t e r runoff was p lo t t ed benea th 
s t r e a m - f l o w h y d r o g r a p h s and l i nes w e r e d rawn 
connect ing poin ts to d e s c r i b e g r o u n d - w a t e r runoff 
h y d r o g r a p h s as shown in f i gu re s 17, 18, and 19. 
The shaded a r e a s be tween the s t r e a m flow and 
g r o u n d - w a t e r runoff h y d r o g r a p h s r e p r e s e n t s u r f a c e 
runoff. 

Figure 23. Mean ground-water stage, Hadley Creek basin, 1956 

Monthly and annual g r o u n d - w a t e r and s u r f a c e 
runoff, e x p r e s s e d in inches of w a t e r ove r the b a s i n , 
a r e given in t ab le 9. In 1957 g r o u n d - w a t e r runoff 
was 14 p e r cent of s t r e a m flow. The data in 
t ab le 9 ind ica te tha t g r o u n d - w a t e r runoff was at 
a m a x i m u m dur ing sp r ing and e a r l y s u m m e r 
mon ths of 1956 and 1957 and the l a t e s u m m e r 
m o n t h s of 1958. The m e a n g r o u n d - w a t e r s t age 
dur ing July and August 1958 was s l igh t ly h ighe r 
than i t was dur ing Apr i l and May 1957. H o w e v e r , 
g r o u n d - w a t e r runoff dur ing A p r i l and M a y 1957 
was g r e a t e r than i t was dur ing July and August 
1958 l a r g e l y b e c a u s e g r o u n d - w a t e r e v a p o t r a n s p i -
r a t i o n was g r e a t e r . 

Figure 24. Mean ground-water stage, Hadley Creek basin, 1957 

E v a p o t r a n s p i r a t i o n 

Annual e v a p o t r a n s p i r a t i o n in 1957 e s t i m a t e d by 
subs t i tu t ing data on P, R, U, and ∆Sg in equat ion 
2 is given in tab le 11. Underflow and change in 
g r o u n d - w a t e r s t o r a g e a r e d i s c u s s e d l a t e r i n this 
r e p o r t . E v a p o t r a n s p i r a t i o n dur ing 1957 to ta l ed 
24.68 inches or 62 p e r cen t of p r e c i p i t a t i o n . 

G r o u n d - W a t e r E v a p o t r a n s p i r a t i o n 

E s t i m a t e s of dai ly g r o u n d - w a t e r e v a p o t r a n s p i 
r a t i on dur ing 1956, 1957, and 1958 w e r e computed 
f rom f igu re s 23 , 24, and 25 and the g r o u n d - w a t e r 
s t age - runof f r a t i n g c u r v e s in f igure 22 . Monthly 
and annual g r o u n d - w a t e r e v a p o t r a n s p i r a t i o n a r e 
given in table 11 . T h e s e da ta ind ica te that 
mon th ly g r o u n d - w a t e r e v a p o t r a n s p i r a t i o n i s g r e a t 
e s t g e n e r a l l y dur ing J u n e , Ju ly , and August . In 
1957, g r o u n d - w a t e r e v a p o t r a n s p i r a t i o n was about 
4 p e r cent of the to ta l e v a p o t r a n s p i r a t i o n . 

Underf low 

The wid th of the lowlands ad jacen t to Hadley 

Table 11 
Monthly and annua l e v a p o t r a n s p i r a t i o n in i n c h e s , 

1956-58 , Hadley C r e e k b a s i n 

1956 1957 1958 
ETs ETg E T Month ETs ETg E T ETs ETg  E T 

Jan . neg . n e g . 
F e b . neg . n e g . 
M a r . neg . n e g . 
A p r . 0.12 0.09 0.11 
M a y 0.08 0.11 0.17 
June 0.11 0.23 0.14 
Ju ly 0.10 0.18 0.14 
Aug. 0.08 0.12 0.33 
Sep t . 0.06 0.08 0.18 
Oct . 0.03 0.07 
Nov. n e g . * neg . 
Dec . neg . neg . 
Annual 23.80 0.88 24.68 
* Negl igible 

27 



2 8 

Figure 25. Mean ground-water stage, Hadley Creek basin, 1958 

Creek through which underflow occurs is about 
3000 feet. Based on the bedrock surface and 
topographic maps , and resist ivity surveys (Buhle, 
1940), the thickness of the unconsolidated deposits 
is estimated to be about 30 feet and the hydraulic 
gradient of the water table in the vicinity of gaging 
station 1 is est imated to be 15 ft /mi. The co
efficient of t ransmissibi l i ty of the deposits through 
which underflow occurs is estimated to be in the 
magnitude of 30,000 gpd/ft. Using the data given 
above, the underflow was estimated from equation 
3 to average about 0.40 cfs or 0.07 inches per 
year. The underflow, although small, was in
cluded in budget computations. 

Changes in Ground-Water Storage 

Computations of gravity yield were made with 
equation 5 using data for two inventory periods, 
March 25 to April 5, 1957 and March 1 to April 
7, 1958. The average value of Yg is 6.3 per cent. 

Inventory periods were limited to two because of 
the lack of significant r i ses in the water table 
during winter and early spring months and be 
cause the study period was short. Because gravity 
yield varies with the time of drainage it is e r 
roneous to assume that 6.3 per cent will approxi
mate Yg under all conditions at all t imes. 

Ground-water storage change during 1957 was 
estimated by substituting data on the annual change 
in mean ground-water stage as indicated in fig
ure 24 and a gravity yield of 6.3 per cent in 
equation 4. Ground-water storage was increased 
1.05 inches during 1957. 

Ground-Water Recharge 

The amount of precipitation reaching the water 
table in 1957 was estimated by balancing on an 
annual basis equation 6. In 1957, ground-water 
recharge was 3.89 inches or about 10 per cent of 
precipitation. 

Monthly ground-water recharge cannot be e s 
timated with any degree of accuracy because the 
relationship between gravity yield and average 
time of drainage is unknown. 

GOOSE CREEK BASIN 

For a period of 3 1/2 years , January 1955 
through September 1958, the State Water Survey 
measured precipitation on and ground-water levels 
in part of the Goose Creek drainage basin. Stream 
flow was measured during the same period by the 
Surface Water Branch of the U. S. Geological 
Survey. The density of precipitation gages varied 
throughout the study period, as is explained later , 
but was 7.8 square miles per gage during much 
of the time. Ground-water levels were continu
ously measured in 3 observation wells. One ob
servation well was equipped with a recording gage. 
The record of s t ream flow was determined by a 
recording gage on Goose Creek at the lower end 
of the study a rea . Soil moisture was not mea
sured during the investigation. 

Hydrologic and ground-water budgets for the 
period January 1955 through September 1958 are 
presented. Information concerning geographic, 
climatic, and geologic features of Goose Creek 
basin is given to serve as a background for the 
interpretation of records . 

Geography 

Location and Extent of the Basin 

The Goose Creek basin is in east -centra l Ill i
nois about 20 miles west of the city of Champaign 
and about 30 miles southeast of the city of Bloom-

ington. The part of Goose Creek drainage basin 
considered, hereafter referred to as "the basin." 

is situated approximately between 88° 31' and 88°42' 
west longitude and between 40°05' and 40°13' north 
latitude as shown in figures 1 and 26. The basin 
covers 47.3 square miles in Piatt and DeWitt 
Counties in T. 18 N. to T. 20 N. and R. 4 E. to 
R. 6 E. Only a small part of the basin is in 
DeWitt County. The basin is above a s t ream 
gaging station about 2 miles south-southeast of 
the village of DeLand. 
Topography and Drainage 

The basin lies in the Till Plains section of the 
Central Lowland Physiographic province (Fenne-
man, 1914). The topography consists mostly of 
nearly level uplands. Slightly rolling topography 
is found adjacent to Goose Creek in the southern 
quarter of the basin. 

The elevation of the land surface of the basin 
declines from about 730 feet near the village of 
Mansfield to about 670 feet at the s t ream gaging 
station near DeLand. Except in the southern par t 
of the basin along Goose Creek where the eleva
tion of the land surface declines about 30 feet in 
a distance of one-half mile, the relief seldom ex
ceeds 10 feet per mile. 

The drainage system is shown in figure 26. 
Goose Creek is the principal system, and flows 
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Figure 26. Hydrologic map of Goose Creek drainage basin, DeWitr and Piatt Counties, Illinois 

in a generally southward course. The average 
gradient of Goose Creek is 3.9 feet per mile. 
The water table was very near the surface and 
poorly drained areas were widespread prior to 
settlement. Extensive surface and subsurface 
drainage was necessary to permit agricultural 
development. 

Population and Land Use 

The population of the basin is chiefly rura l . 

According to the U. S. Census of Population, the 
population density was about 25 persons per square 
mile in 1950. The populations of incorporated 
municipalities within or bordering the basin a re 
as follows: 

Municipality Population, 1950 

Village of DeLand 
Village of Mansfield 

416 
665 
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At the t i m e of the s tudy p e r i o d abou t 86 p e r 
cen t of the bas in was cu l t iva ted ; the r e m a i n d e r 
was p e r m a n e n t p a s t u r e , woodland, and f a r m l o t s . 
The c l e a r e d land was devoted to s u c h c r o p s a s 
f ield c o r n , o a t s , soybeans for b e a n s , a l falfa , c lover 
and t imo thy hay, win te r wheat , and r y e . F i e l d 
c o r n , o a t s , and soybeans for beans w e r e the ma jo r 
c r o p s . 

C l i m a t e 

The b a s i n l i e s in the n o r t h t e m p e r a t e zone. 
I ts c l i m a t e i s c h a r a c t e r i z e d b y w a r m s u m m e r s 
and m o d e r a t e l y co ld w i n t e r s . The m e a n length 
of the growing s e a s o n is 175 d a y s . 

B a s e d on r e c o r d s co l l ec t ed by the U. S . Wea
the r B u r e a u a t Urbana , the m e a n annual t e m p e r a 
t u r e i s 53 F . June , Ju ly , and August a r e the 
h o t t e s t m o n t h s wi th m e a n t e m p e r a t u r e s of 73, 77, 
and 74 F , r e s p e c t i v e l y ; J a n u a r y i s the co ldes t 
m o n t h with a m e a n t e m p e r a t u r e of 29 F. Mean 
m o n t h l y t e m p e r a t u r e s du r ing D e c e m b e r , J a n u a r y , 
and F e b r u a r y a r e below 3 2 ° F . Tab le 12 showing 
a v e r a g e month ly and annua l t e m p e r a t u r e s and d e 
p a r t u r e s f r o m n o r m a l , 1955 th rough 1958, was 
c o m p i l e d f r o m the r e c o r d s of the U. S. Wea the r 
B u r e a u a t Urbana . 

N o r m a l annua l p r e c i p i t a t i o n b a s e d on U. S . 
Wea the r B u r e a u r e c o r d s a t Bloomington , N o r m a l , 
Cl in ton , Deca tu r , and U r b a n a i s 37 i n c h e s . The 
m o n t h s of g r e a t e s t p r e c i p i t a t i o n a r e May and June , 
e ach having an a v e r a g e of m o r e than 4 i n c h e s . 
M a r c h , A p r i l , Ju ly , Augus t , S e p t e m b e r , and O c 
tobe r have an a v e r a g e of m o r e than 3 i n c h e s . 
D e c e m b e r i s the m o n t h of l e a s t p r e c i p i t a t i o n hav 
ing an a v e r a g e of s l igh t ly l e s s than 2 i n c h e s . 
About 68 p e r cent of the y e a r ' s p r e c i p i t a t i o n falls 
du r ing the growing s e a s o n . 

T h e Me teo ro logy Sec t ion of the S ta te Water 
S u r v e y has m e a s u r e d p r e c i p i t a t i o n within the bas in 
and in the v ic in i ty of the bas in s ince the sp r ing 
o f 1951 . T h i r t y - t h r e e r e c o r d i n g r a i n g a g e s w e r e 
i n s t a l l e d o v e r a 5 0 - s q u a r e - m i l e a r e a in 1951 

(Huff and Nei l l , 1957). During Ju ly , 1952 the a r e a 
of the n e t w o r k was e n l a r g e d to 100 s q u a r e m i l e s 
and 50 r e c o r d i n g r a i n gages w e r e in o p e r a t i o n . 
The n e t w o r k was r e o r g a n i z e d in 1954; h o w e v e r , 
the a r e a of the n e t w o r k r e m a i n e d a t 100 s q u a r e 
m i l e s wi th 48 r e c o r d i n g r a i n g a g e s . Dur ing the 
s p r i n g of 1955 the n e t w o r k was expanded to in 
clude an a r e a of 400 s q u a r e m i l e s wi th 49 r e 
cord ing g a g e s . 

The d e n s i t y of the n e t w o r k within the b a s i n 
has v a r i e d . During the p e r i o d s J a n u a r y to May 
1955 and N o v e m b e r 1955 to A p r i l 1956, t h e r e was 
1 gage in o p e r a t i o n ; f r o m October 1956 to M a r c h 
1957, and f r o m D e c e m b e r 1957 to M a r c h 1958, 
t h e r e w e r e 4 gages in o p e r a t i o n . Dur ing the r e 
m a i n d e r of the s tudy p e r i o d 6 gages w e r e in 
o p e r a t i o n . 

Monthly and annual p r e c i p i t a t i o n , 1955 th rough 
1958, compu ted by a v e r a g i n g a r i t h m e t i c a l l y gage 
r e a d i n g s , i s given in t ab le 13, P r e c i p i t a t i o n d u r -

Tab le 13 
Monthly and annual p r e c i p i t a t i o n , 1955-58 , 

Goose C r e e k b a s i n 
P r e c i p i t a t i o n in inches 

Month 1955 1956 1957 1958 

J an . 1.97 0.70 1.20 1.53 
F e b . 2.57 2.21 1.86 0.40 
M a r . 1.71 0.69 0.75 0.96 
A p r . 2.50 3.64 7.72 1.95 
May 4.11 2.76 4.53 2.61 
June 4.70 2.64 6.31 8.65 
Ju ly 2.19 2.70 2 .28 9.80 
Aug. 2.08 7.12 1.67 2.66 
Sept . 3.38 0.64 1.53 3.10 
Oct . 4.31 0.61 2 .54 0.67 
Nov. 1.82 2.02 2.67 4.32 
Dec . 0.46 1.53 4.12 0.56 
Annual 31.80 27.26 37.18 37.21 

ing 1955 and 1956 was m u c h below n o r m a l ; p r e 
c ip i ta t ion was n e a r n o r m a l in 1957. A l a r g e p a r t 
of c e n t r a l and s o u t h e r n I l l i no i s , including the 

Tab le 12 
A v e r a g e month ly and annua l t e m p e r a t u r e s and d e p a r t u r e s f r o m n o r m a l , 1955-58 , Goose C r e e k b a s i n 

1955 1956 1957 1958 
T e m p e r a  T e m p e r a  T e m p e r a  T e m p e r a 

t u r e D e p a r t u r e t u r e D e p a r t u r e t u r e D e p a r t u r e t u r e D e p a r t u r e 
Month ° F ( inches) ° F ( inches) ° F ( inches) ° F ( inches ) 

Jan . 27.7 0.9 27.4 0.6 21 .7 -7 .6 27.8 - 1 . 5 
F e b . 31.4 2 .4 31.6 2.6 35.6 4.3 23.2 - 8 . 1 
M a r . 40.8 0.6 40.1 - 0 . 1 40.2 0.1 36.4 - 3 . 7 
Apr . 58.5 7.9 49.5 -1 .1 52.1 0.3 52.7 0.9 
May 64.8 3.2 63.6 2.0 61.8 - 0 . 6 63.3 0.9 
June 67.9 - 3 . 0 73.9 3.0 72.1 - 0 . 5 66.4 - 6 . 2 
July 79.8 4.1 72.8 -2 .9 76.7 0.1 73.1 - 3 . 5 
Aug. 76.9 3.5 73.3 - 0 . 1 74.2 - 0 . 1 73.6 - 0 . 7 
Sept . 69.6 3.0 65.5 -1 .1 64 .7 - 2 . 6 66.4 - 0 . 9 
Oct. 56.1 1.2 61.7 6.8 52.3 - 4 . 4 56.4 - 0 . 3 
Nov. 37.1 - 3 . 8 40.5 - 1 . 0 40.6 - 0 . 8 44.2 2 .8 
Dec . 28 .7 - 0 . 9 35.5 5.9 35.5 4 .5 24.2 - 6 . 8 
Annual 53.3 1.6 52.9 1.2 52.3 -0 .6 50.7 - 2 . 2 



basin, experienced a severe drought beginning in 
the latter part of 1952 and ending early in 1957 
(see Hudson and Roberts , 1955). The occurrence 
of the annual maximum and minimum precipita
tion amounts expected on an average of once in 
5 and once in 50 years based on data in the Atlas 
of Illinois Resources, Section 1, a re given below. 

Lowest 
annual 

Highest 
annual 

precipitation 
expected 
(inches) 

precipitation 
expected 
(inches) 

Once in 5 years 
Once in 50 years 

32 
26 

43 
54 

According to the Atlas of Illinois Resources , 
Section 1, the mean annual snowfall is 21 inches. 
On the average, 25 days a year have 1 inch or 
more ground snow cover; 12 days a year have 
3 inches or more of ground snow cover. The 
average depth of maximum frost penetration is 
20 inches. 

Geology 

Soils 

Two types of soils are dominant in the basin 
(Soil Association Areas of Piat t County, 1957). 
They are Drummer silty clay loam and Flanagan 
sil t loam. These soil types a re described in 
detail by Wascher, Fehrenbacher, Odell, and Veale 
(1950). The descriptions of the soil types are 
summarized in the following paragraphs . 

Drummer silty clay loam was formed from 
moderately heavy water-deposited sediments under 
sedges and slough grasses on near ly level to de-
pressional topography. The surface layer is a 
black clay loam to silty clay loam 10 to 16 in
ches thick and is high in organic matter and 
ranges in acidity from slightly acid to neutral. 
The subsoil beginning at a depth of 16 to 26 in
ches is a brownish gray mottled, with yellowish 
brown, clay loam to silty clay loam. Surface 
drainage is slow and permeabili ty is moderate 
requiring under drainage by t i les . 

Flanagan silt loam was formed from 40 to 60 
inches of loess on calcareous loam till under 
pra i r ie vegetation on gently sloping topography. 
The surface layer is a brown to very dark gray
ish brown silt loam from 6 to 10 inches thick 
and is high in organic matter and is medium in 
acidity. The subsoil beginning at a depth of 11 
to 18 inches is a yellowish brown, mottled with 
brownish gray, silty clay loam. Surface drainage 
is moderate and permeability is moderate; tile 
drainage is helpful. 

Glacial Deposits and Their 
Water-Bearing Proper t ies 

Thick deposits of glacial drift of Wisconsinan 
age and older cover the bedrock and constitute 
the main features of the present land surface. 
The deposits a re composed dominantly of un-
stratified clayey materials called glacial till , but 
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Figure 27. Logs of selected wells, Goose Creek basin (Locations of 
wells are shown in figure 26) 

include some stratified beds of silt, sand, and 
gravel as shown by logs of wells in figure 27. 
The average thickness of the glacial drift on the 
bedrock is about 175 feet. Sand and gravel, rang
ing in thickness from a few inches to more than 
25 feet, occur as i r regular lenses or layers in 
the till. These deposits are discontinuous and 
are limited greatly in a r ea l extent. Water-bearing 
properties of the glacial deposits were described 
previously. 

Bedrock Formations and Their 
Water-Bearing Proper t ies 

The glacial deposits a re immediately underlain 
by bedrock formations of Pennsylvanian age. The 
bedrock formations consist mostly of shale with 
thin sandstone, limestone, and coal beds. The 
Pennsylvanian rocks generally have low porosit ies 
and permeabili t ies and yield only small amounts 
of water to wells. Pract ical ly speaking, the rocks 
are important because they act as a ba r r i e r to 
deep percolation. The bedrock formations are 
situated structural ly on the north-northwest flank 
of the Illinois basin; the regional dip is modified 
by the LaSalle anticlinal belt. 

The bedrock surface slopes gently toward the 
buried Mahomet Valley in a south-southwesterly 
direction from an elevation of about 530 feet near 
Mansfield to an elevation of about 500 feet near 
s t ream gaging station 1 (Horberg, 1957). The 
floor of the Mahomet Valley lies about 6 miles 
south of gaging station 1. A few miles south of 
the basin the bedrock surface slopes from an ele 
vation of about 500 feet to less than 300 fect in 
a distance of 4 mi les . 
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Figure 28. Stream flow at gaging station 1, Goose Creek basin, 1955 

Stream Flow 

Daily mean s t ream flow at gaging station 1 for 
the period January 1955 through September 1958 
is shown on figures 28, 29, 30 and 31. Daily 
mean s t r eam flow exceeded 1000 cfs in July 1958 

Figure 29. Stream flow at gaging station 1, Goose Creek Basin, 1956 

Figure 30. Stream flow at gaging station 1, Goose Creek basin, 1957 

and was less than 0.1 cfs during the fall months 
of 1955, 1956, and 1957. Monthly and annual 
s t ream flow, expressed in inches of water over 
the basin, a re given in table 14. St ream flow 
was greatest in 1957 as a result of above normal 
precipitation during that year, and was least in 
1956. 

Figure 3 1 . Stream flow at gaging station 1, Goose Creek basin, 1958 

Table 14 
Monthly and annual s t ream flow in inches, 1955-58, Goose Creek basin 

1955 1956 1957 1958 
Month Rs Rg R Rs Rg R Rs Rg R Rs Rg R 

Jan . 0.07 0.03 0.10 neg. 0.01 0.01 0.11 0.02 0.13 0 . 2 0 0.55 0.75 
F e b . 0.39 0.08 0.47 0.30 0.21 0.51 0.66 0.02 0.68 0.05 0.18 0.23 
M a r . 0.25 0.31 0.56 0.07 0.28 0.35 0.30 0.04 0.34 0.11 0.17 0.28 
A p r . 0.21 0.26 0.47 0.27 0.14 0.41 2.91 0.16 3.07 0.07 0.21 0.28 
May- 0.23 0.29 0.52 0.58 0.40 0.98 0.47 2.00 2.47 0.07 0.28 0.35 
June 1.01 0.44 1.45 0.16 0.40 0.56 0.61 0.93 1.54 1.65 1.12 2.77 
Ju ly 0.04 0.07 0.11 0.02 0.05 0.07 0.21 0.46 0.67 2.14 2.84 4.98 
Aug. n e g . * 0.01 0.01 0.20 0.03 0.23 0.01 0.01 0.02 0.30 1.40 1.70 
Sep t . neg . neg . neg . neg . neg . neg . n e g . neg . neg . 0.04 0.08 0.12 
Oct . 0.07 0.04 0.11 neg. neg . neg . neg . neg . n e g . 
Nov. 0.02 0.05 0.07 neg . neg . neg . 0.01 0.01 0.02 
Dec . 0.01 0.02 0.03 neg. neg . neg . 0.39 0.15 0.54 
Annual 2.30 1.60 3.90 1.60 1.52 3.12 5.68 3.80 9.48 

* Negligible 



Figure 32. Water levels in observation well 31.6h, Goose Creek 
basin, 1955 

G r o u n d - W a t e r Runoff 

Ra t ing c u r v e s w e r e p r e p a r e d t o d e t e r m i n e the 
r e l a t i o n s h i p be tween m e a n g r o u n d - w a t e r s t age a n d 
g r o u n d - w a t e r runoff. F l u c t u a t i o n s of the w a t e r 
t ab le in the bas in a r e shown by the h y d r o g r a p h s 

Figure 33. Water levels in observation well 31.6h, Goose Creek 
basin, 1956 
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Figure 34. Water levels in observation well 31.6h, Goose Creek 
basin, 1957 

of wel l 31.6h in f igures 32, 33 , 34, and 35 . O b 
s e r v a t i o n wel l 31.6h was chosen as r e p r e s e n t a t i v e 
of the m e a n g r o u n d - w a t e r s t a g e in the b a s i n b a s e d 
on the w a t e r - l e v e l da ta ob ta ined M a y 16, 1960 
and June 17, 1960 in the s e v e n w e l l s shown in 
f igure 26. R e c o r d s of we l l s for which w a t e r -

Figure 35. Water levels in observation well 31.6h, Goose Creek 
basin, 1958 

Table 15 
Well r e c o r d s , Goose C r e e k b a s i n 

Depth 

E leva t ion 
of l and 
su r f ace 

Depth to 
w a t e r 

6 -17-60 
Type of D i a m e t e r (feet (feet 

of we l l of we l l above below land 
Well No. Owner wel l 

Dr i l l ed 

(feet) 

106 

( inches) 

4 

MSL) 

721 

su r f ace ) R e m a r k s 

PIA 20N5E-1 1d K. T r o x e l 

we l l 

Dr i l l ed 

(feet) 

106 

( inches) 

4 

MSL) 

721 

su r f ace ) 

Log a v a i l a b l e 
PIA 20N5E-16 .1h Dr i l l ed 190 4 721 Log ava i l ab l e 
PIA 20N6E-8 .2d c. M o s g r o v e Dug 23 730 4.08 Abandoned 
DWT 20N5E-20 .8d R. F e h r n b a c k Dug 56 721 4.28 Abandoned 
PIA 20N5E-21 .7h A. King D r i l l e d 94 4 720 Log a v a i l a b l e 
PIA 20N5E-31 .3h R. W i s e g a r v e r Dug 34 711 7.89 Abandoned 
P IA 20N5E-32 .8b H. Fahrnkopf Dr i l l ed 185 3 710 Log ava i l ab l e 
P IA 20N5E-36 .8h Dug 56 712 4.47 Abandoned 
P IA 20N6E-31 .6h B . S w a r t z Dug 37 714 5.17 Abandoned 
P IA 20N6E-32 .1h w. Copen Dr i l l ed 181 4 710 Log a v a i l a b l e 
PIA 19N5E-4.4e Dug 701 4 .13 Abandoned 
P IA 19N5E-16.3e G. S m i t h Dug 40 701 5.52 Abandoned 
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Figure 36. Rating curves of mean ground-water stage versus ground
water runoff at gaging station 1, Goose Creek basin 

level data are available are shown in table 15. 

Daily ground-water levels measured in well 
31.6h were computed for selected dates when 
s t ream flow consisted entirely of ground-water 
runoff. Mean ground-water stages were plotted 
against ground-water runoff on corresponding 
dates as shown in figure 36. 

Daily mean ground-water s tages , as indicated 
by the records of well 31.6h, were plotted as 
yearly hydrographs as shown in figures 33, 34, 
and 35. Ground-water runoff corresponding to 
each mean ground-water stage was read directly 
from the rating curves in figure 36. Curve A 
was used with data for dates April through October 
and curve B was used with data for the r e s t of 
the year. 

Daily ground-water runoff was plotted beneath 
stream-flow hydrographs and lines were drawn 
connecting points to describe ground-water runoff 
hydrographs as shown in figures 28, 29, 30, and 
31. The shaded areas between the s t ream flow 

and ground-water runoff hydrographs represent 
surface runoff. 

Monthly and annual ground-water and surface 
runoff, expressed in inches of water over the 
basin, a re given in table 14. Ground-water runoff 
amounted to 41, 50, and 40 per cent of s t r eam 
flow in 1955, 1956, and 1957. During 1957 ground
water runoff was small until late April and early 
May when the water table rose sharply. Ground
water runoff during May, June, and July was about 
89 per cent of the total ground-water runoff in 
1957. 

Evapotranspiration 

Annual evapotranspiration in 1955, 1956, and 
1957 estimated by substituting available data on 
P, R, U, and ∆Sg in equation 2 a re given in 
table 16. Underflow and change in ground-water 
storage a re discussed later in this report . The 
ratio of evapotranspiration to precipitation was 81 
per cent in 1955, 89 per cent in 1956,. and 65 per 
cent in 1957. 

Evapotranspiration during 1956 was about the 
same as it was in 1957 although precipitation was 
below normal in 1956 and near normal in 1957. 
Evapotranspiration was high in 1955 largely be
cause the mean annual temperature in 1955 was 
53.3 F or 1.6 F above normal. Temperatures in 
1955 during April, May, July, August, and Sep
tember were 7.9, 3.2, 4 .1 , 3.5, 3.0, and 1.2 F 
above normal , respectively. Evapotranspiration 
was comparatively low in 1957 largely because 
the mean annual temperature in 1957 was 52.3 F 
or 0.6 F below normal . 

Ground-Water Evapotranspiration 

Estimates of daily ground-water evapotranspi
ration 1955-58 were computed from figures 32, 
33, 34, and 35 and the ground-water stage-runoff 
rating curves in figure 36. Monthly and annual 
ground-water evapotranspiration are given in table 
16. The ratio of ground-water evapotranspiration 

Table 16 
Monthly and annual evapotranspiration in inches, 1955-58, Goose Creek basin 

1955 1956 1957 1958 
Month ETs  ETg E T ETs  ETg E T ETs ETg E T ETs ETg ET 

Jan. neg.* neg. neg. neg. 
Feb. neg. neg. neg. neg. 
Mar. neg. 0.26 neg. 0.30 
Apr. 0.33 0.55 neg. 1.01 
May 0.64 0.64 0.26 1.16 
June 0.66 0.28 1.04 0.13 
July 0.64 0.24 0.78 0.31 
Aug. 0.28 0.13 0.62 0.66 
Sept. 0.10 0.13 0.40 1.23 
Oct. 0.01 0.03 0.10 
Nov. neg. neg. neg. 
Dec. neg. neg. neg. 
Annual 23.10 2.66 25.76 22.09 2.26 24.35 21.10 3.20 24.30 

* Negligible 
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and total evapotranspiration was 10 per cent in 
1955, 9 per cent in 1956, and 13 per cent in 1957. 

Underflow 

The width of the lowlands adjacent to Goose 
Creek through which underflow occurs is about 
400 feet. Based on the bedrock surface and topo
graphic maps, the thickness of the glacial drift is 
estimated to be 170 feet and the hydraulic gradient 
of the water table in the vicinity of s t ream gaging 
station 1 is estimated to be less than 10 feet per 
mile. The coefficient of transmissibil i ty of the 
deposits through which underflow occurs is low 
and is probably in the magnitude of 2000 gpd/ft. 

Figure 37. Graph showing relation of gravity yield and average period 
of drainage, Goose Creek basin 

Using the data given above, the underflow was 
estimated from equation 3 to average about 0.002 
cfs. Underflow is so small that it was omitted 
from budget computations. 

Changes in Ground-Water Storage 

Computations of gravity yield were made using 
equation 5 and data for six inventory periods dur
ing winter and early spring months, 1955-58. 
Values of Yg were plotted against the average 
time of drainage preceding the inventory periods 
as shown in figure 37. These data indicate that 
the average gravity yield of the glacial deposits 
increases at a diminishing rate from about 3 per 
cent for an average drainage period of 12 days 
to about 8 per cent for an average drainage period 
of 160 days. Extrapolation of the curve in figure 
37 suggests that the average specific yield of the 
glacial deposits beneath the basin is about 9 per 
cent. 

Monthly increases or decreases in ground
water storage, 1955-58, were estimated from 
figures 32, 33, 34, and 35, by multiplying mean 
ground-water stage changes by appropriate values 
of Yg given in figure 37. The data on changes 
in ground-water storage appear in table 17. 

Ground-Water Recharge 

Ground-water recharge, 1955-58, estimated by 
balancing equation 6 are given in table 17. An
nual ground-water recharge during the three years 
ranged from 3.57 inches in 1956 to 10.40 inches 
in 1957 and was 6.40 inches in 1955. Ground
water recharge was 20 per cent of precipitation 
during 1955 and 13 per cent during 1956. P r e 
cipitation was below normal in both yea r s . Ground
water recharge was 28 per cent of precipitation 
in 1957, a year of near normal precipitation. 

Table 17 
Monthly and annual ground-water recharge in inches, 

1955-58, Goose Creek basin 

1955 1956 1957 1958 
Month Pg  ∆Sg  Pg  ∆Sg Pg  ∆Sg  Pg  ∆Sg  

Jan. 0.50 + 0.47 0.01 neg . 0.02 neg . 1.39 +0.84 
F e b . 0.73 + 0.65 0.78 +0 .57 0.20 + 0.18 0.08 -0 .10 
M a r . 1.01 + 0.70 0.67 +0.13 0.22 + 0.18 0.34 -0 .13 
Apr . 1.21 + 0.62 0.64 -0 .05 3.04 +2 .88 1.17 -0 .05 
May- 0.95 + 0.02 1.23 +0.19 4.16 + 1.90 1.32 -0 .12 
June 1.14 + 0.04 0.24 - 0 . 4 4 1.67 -0 .30 1.73 +0.48 
July 0.19 -0 .52 n e g . -0 .29 0.34 -0 .90 3.32 +0.17 
Aug. 0.01 - 0 . 2 8 neg . -0 .16 0.03 -0 .60 1.67 -0 .39 
Sept . n e g . * -0 .10 n e g . - 0 . 1 3 neg . - 0 .40 0.91 -0 .40 
Oct. 0.46 +0 .41 neg . -0 .03 neg . - 0 .10 
Nov. 0.18 +0 .13 neg . neg . 0.01 neg . 
Dec . 0.02 neg . neg . neg . 0.71 +0.56 
Annual 6.40 + 2 . 1 4 3.57 - 0 . 2 1 10.40 +3.40 
* Negligible 
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COMPARISON OF BUDGETS FOR BASINS 

Comparative resul ts of annual hydrologic and 
ground-water budgets for Panther, Hadley, and 
Goose Creek basins are given in table 18. Data 
for years during which precipitation was near 
normal are presented. The comparison shows 
that surface runoff is greatest in the Hadley Creek 

basin. Surface runoff var ies from basin to basin 
probably because of differences in the amount and 
distribution of precipitation, in soils , and in land 
use. A comparison of character is t ics of the basins 
is given in table 19. Only about 14 per cent of 
s t ream flow is ground-water runoff in the Hadley 

Table 18 
Comparison of budget factors for basins 

Budeet factors Basin 
Panther Creek Goose Creek Hadley Creek 

Year 1952 1957 1957 
Inches 

Precipitation 32.62 37.18 39.73 
Stream flow 9.82 9.48 13.93 
Surface runoff 2.66 5.68 12.04 
Ground-water runoff 7.16 3.80 1.89 
Evapotranspiration 23.94 24.30 24.68 
Surface and soil evapo

transpiration 21.93 21.10 23.80 
Ground-water evapo

transpiration 2.01 3.20 0.88 
Ground-water recharge 8.03 10.40 3.89 
Change in ground-water 

storage -1.14 +3.40 +1.05 
Underflow neg.* neg. 0.07 

* Negligible 

Table 19 
Comparison of character is t ics of basins 

Character is t ics Basin 
Panther Creek Goose Creek Hadley Creek 

Topography Gently undulating uplands Level uplands Rugged uplands 
Average s t ream 

gradient in feet 
per mile 4.7 3.9 16.4 

Vegetal cover 80% corn, oats, and soy
beans; 20% pasture, wood
land, and farm lots 

86% corn, oats , soy
beans, alfalfa, hay, 
wheat, rye ; 14% pasture, 
woodland, and farm lots 

40% row crops, smal l 
grain, and hay; 60% 
pasture, woodland, and 
farm lots 

Soil Upland prair ie silt loams Drummer silty clay 
loam and Flanagan silt 
loam 

Upland pra i r ie and 
timber silt loams 

Unconsolidated 
deposits 

100 feet of glacial till 175 feet ot glacial till 25 feet of loess and 
50 feet of glacial till 

Bedrock 
formations 

Shale of Pennsylvanian age Shale of Pennsylvanian 
age 

Shale of Mississippian 
and Pennsylvanian age 

Average depth to 
water table in 
feet below land 
surface 7 8 20 

North Latitude 40 ° 44 ' -40 ° 54 ' 40 °05'-40°13' 39°41'-39 °50' 
Mean annual tem

perature in F 51 53 55 
Mean annual p r e 

cipitation, inches 33.6 37.0 36.0 
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Creek basin, whereas, in the Panther Creek basin 
ground-water runoff is 73 per cent of s t ream flow 
and in the Goose Creek basin ground-water runoff 
is 40 per cent of s t ream flow. 

Evapotranspiration varies less than 1 inch from 
basin to basin probably because differences in 
mean air temperatures and water requirements 
of vegetal cover are slight. Ground-water evapo
transpiration is least in Hadley Creek basin and 

is consistent with the greater depth to the water 
table in Hadley Creek basin. 

Ground-water recharge is much greater in 
Panther and Goose Creek basins than in Hadley 
Creek basin. The lower ground-water recharge 
in Hadley Creek basin is probably due to differ
ences in the amount and distribution of precipita
tion. in soi ls , and in land use. 

ANNUAL EVAPOTRANSPIRATION, POTENTIAL 
EVAPOTRANSPIRATION, AND WATER LOSS 

The measurement of actual evapotranspiration 
is extremely difficult. Direct determinations are 
made from lysimeters or evapotranspirometers 
but they may be misleading because of diss imi
lari t ies between evapotranspirometers and natural 
conditions in the field. Indirect determinations of 
evapotranspiration are often made from meteoro
logical data with methods devised by Thornthwaite 
(1948), Penman (1956), Blaney and Griddle (1950), 
and Hamon (1960). These methods use different 
meteorological parameters and coefficients for 
considering vegetation and water conditions and 
yield differing resul ts . 

Evapotranspiration is limited by the availa
bility of moisture. To circumvent deficit moisture 
conditions, Thornthwaite (1948) introduced the 
te rm potential evapotranspiration which may be 
defined as the evapotranspiration that would occur 
under a condition of adequate moisture supply. 
Several investigators have devised methods for 
estimating potential evapotranspiration from me
teorological data. Comparable est imates on a 
yearly basis a re obtained; however, on a daily, 
weekly, and monthly basis est imates made by 
available methods differ significantly. 

Annual evapotranspiration computed from hy-
drologic budgets for Panther, Hadley, and Goose 
Creek basins and mean annual potential evapo

transpiration computed by the Hamon (1960) for
mula are given in table 20. Normal monthly 
meteorological data were used to estimate mean 
annual potential evapotranspiration. Except for 
a dry year, the ratio of annual evapotranspiration 
and mean annual potential evapotranspiration 
ranged from year to year and from basin to basin 
between 77 and 87 per cent. Evapotranspiration 
from Panther Creek basin in 1956 when precipi
tation was much below normal was only 66 per 
cent of mean annual potential evapotranspiration. 
During years of near or above normal precipi ta
tion the annual evapotranspiration from Panther 
and Goose Creek basins averaged 84 per cent of 
mean annual potential evapotranspiration. Annual 
evapotranspiration from Hadley Creek basin was 
77 per cent of mean annual potential evapotran
spiration during a year of near normal precipi ta
tion. Annual potential evapotranspiration based 
on monthly meteorological data and computed by 
the Hamon formula is also given in table 20. 
The ratios of annual evapotranspiration and annual 
potential evapotranspiration range within a few 
per cent of the range of ratios of annual evapo
transpiration and mean annual evapotranspiration. 

Williams (1940) defined the water loss of a 
drainage basin as the difference between the av
erage precipitation over the basin and the s t ream 
flow from the basin for a given period. Many 

Table 20 
Annual evapotranspiration as compared with mean annual 

Potential evapotranspiration 

Mean annual 

Basin Year 

1951 
1952 
1956 

Annual evapo
transpiration, 

ET 
(inches) 

potential evapo
transpiration, 

ETmp 
(inches) 

Ratio 
ET 
ETmp 

(per cent) 

87.5 
84.7 
66.4 

Annual potential 
evapotranspiration, 

ETp 
(inches) 

26.96 
29.37 
28.43 

Ratio 
ET 
ETp  

(per cent) 

Panther Creek 
Panther Creek 
Panther Creek 

Year 

1951 
1952 
1956 

24.71 
23.94 
18.75 

28.24 
28.24 
28.24 

Ratio 
ET 
ETmp 

(per cent) 

87.5 
84.7 
66.4 

Annual potential 
evapotranspiration, 

ETp 
(inches) 

26.96 
29.37 
28.43 

91.7 
81.5 
66.0 

Goose Creek 
Goose Creek 
Goose Creek 

1955 
1956 
1957 

25.76 
24.35 
24.30 

29.56 
29.56 
29.56 

87.1 
82.4 
82.2 

30.44 
28.89 
28.72 

84.5 
84.1 
84.6 

Hadley Creek 1957 24.68 31.97 77.2 29.57 83.7 
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factors cause yearly variations in the annual water 
loss from a given basin. The hydrologic budget 
stated as equation 1 shows that the water loss 
depends upon subsurface underflow and changes 
in soil moisture and ground-water storage, in 
addition to amount and distribution of precipita
tion and s t ream flow. By using mean annual 
precipitation and mean annual s t ream flow for 
severa l years the effects of changes in soil mois 
ture and ground-water storage are reduced to a 
minimum and the mean annual water loss is e s 

sentially the mean annual evapotranspiration. 

Annual water loss computed from precipitation 
and s t r eam flow records for Panther, Hadley, and 
Goose Creek basins and annual evapotranspiration 
computed from hydrologic budgets a re given in 
table 21. The ratio of evapotranspiration to water 
loss ranged from year to year and from basin to 
basin between 88 and 105 per cent. Evapotranspi
ration averaged 97 per cent of water loss . 

Table 21 
Annual evapotranspiration as compared with water loss 

Change in 
Annual evapo
transpiration, 

ET 

Annual 
water 
loss 

Ratio 
ET 

ground-water 
storage, 

g 

Annual evapo
transpiration, 

ET 

Annual 
water 
loss Water loss 

ground-water 
storage, 

Basin Year 

1951 

(inches) 

24.71 

(inches) 

25.90 

(per cent) 

95.4 

(inches) 

Panther Creek 

Year 

1951 

(inches) 

24.71 

(inches) 

25.90 

(per cent) 

95.4 + 1.19 
Panther Creek 1952 23.94 22.80 105.0 -1.14 
Panther Creek 1956 18.75 18.51 101.3 -0.24 
Goose Creek 1955 25.76 27.90 92.3 + 2.14 
Goose Creek 1956 24.35 24.14 100.9 -0.21 
Goose Creek 1957 24.30 27.70 87.7 +3.40 
Hadley Creek 1957 24.68 25.80 95.7 + 1.05 

∆S
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CONCLUSIONS 

Ground-water recharge , runoff, and evapotran-
spiration can be readily determined from ground
water budgets using data on precipitation, s t ream 
flow, and ground-water levels. An important fac
tor of the ground-water budget is the change in 
ground-water storage which depends upon the 
gravity yield of deposits. Before a ground-water 
budget can be prepared the relationship between 
gravity yield and average time of drainage must 
be determined from hydrologic budgets for periods 
during winter and early spring months when evapo-
transpiration and soil-moisture change are very 
smal l . 

In summer months evapotranspiration is very 
effective in reducing ground-water runoff. Separate 
rating curves of mean ground-water stage versus 
ground-water runoff prepared for dates April 
through October and November through March can 
be used to estimate the magnitude of ground
water evapotranspiration and ground-water runoff. 

Annual evapotranspiration can be appraised 
from hydrologic budgets using data on precipita
tion, s t ream flow, and ground-water levels if 
annual change in soil moisture is not significant. 
Weekly and daily evapotranspiration cannot be de
termined unless changes in soil moisture are 
quantitatively appraised. Soil-moisture storage 
plays a very important role in weekly or daily 
hydrologic budgets, especially during periods of 
high evapotranspiration losses . Future studies 
must place emphasis on accurate determination of 
soil moisture . The most promising method for 
measuring soil moisture is one involving neutron 
emission (Sharpe, 1953). Hydrologic and ground
water budgets on a daily basis would permit an 
understanding of hydrologic factor relationships 
not yet fully understood. 

The results of the budget studies which r e p r e 
sent a small sample of conditions in Illinois indi
cate that annual evapotranspiration during years 
of near and above normal precipitation can be 
estimated within 2 or 3 inches by multiplying 
mean annual potential evapotranspiration by a 
ra t io of 0.84. Studies made in Panther Creek 
basin indicate that the rat io reduces to 0.66 dur
ing a year of much below normal precipitation. 

Annual water loss , the difference between the 
average precipitation over the basin and the s t ream 
flow from the basin, ranged from 88 to 105 per 
cent of annual evapotranspiration. Annual evapo
transpiration can be estimated within 2 or 3 

inches by computing annual water loss from p r e 
cipitation and s t ream flow records . 

It is probable that a 5-year study period would 
give sufficient data to determine the influence of 
climatological factors on ground-water recharge, 
runoff, and evapotranspiration. A density of p r e 
cipitation gages of about 10 square miles per gage 
is adequate. Studies made in the three basins 
indicate that a density of observation wells of 
about 2 square miles per gage would be desirable 
to define changes in ground-water s torage. Re
cording gages should be used to measure ground
water levels and s t r eam flow. 

Ground-water underflow from the basins was 
not important and detailed quantitative studies were 
not justified. In some cases ground-water under
flow may be important and accurate methods of 
evaluation will be necessary . In this event, the 
hydraulic gradient of the water table in the vicinity 
of s t ream gaging stations should be defined with 
several observation wells. The thickness and 
character of the deposits near the outlets of the 
basins and the permeabili ty of the mater ia ls 
through which underflow occurs should be ap
praised by means of test-well drilling and a pump
ing test . 

Based on existing geohydrologic data, ground
water divides were assumed to coincide with su r 
face-water divides and the boundaries of the 
basins. In future hydrologic investigations, s imi
lar to this one, the records of observation wells 
outside of the basin should be obtained to detect 
any migration of the ground-water divide and to 
accurately determine the position of the ground
water divides. Observation wells should be mea
sured in at least a 2-mile s t r ip area outside 
basins. 

Based on a cri t ical review of available data, 
computed values of ground-water recharge are 
estimated to be accurate within 1 or 2 inches. 
It is recognized that extensive surface and sub
surface drainage in Panther and Goose Creek 
basins may appreciably affect the ra te of ground
water recharge and that computed values of r e 
charge should be extended with reservat ion to 
other basins with character is t ics unlike those of 
the study basins. Although ground-water recharge 
to only three basins in Illinois has been computed, 
the results of studies described in this report 
permit a better understanding of recharge to 
glacial deposits and will aid greatly in the quanti
tative appraisal of the s tate 's water r esources . 
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