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GROUND-WATER D E V E L O P M E N T 
IN THREE AREAS OF C E N T R A L ILLINOIS 

by W. H. Walker and W. C. Walton 

A B S T R A C T 

In many p a r t s of cen t ra l Il l inois, ground water is obtained for municipal , 
inst i tut ional , c o m m e r c i a l , and indust r ia l supplies from glacial sand and 
gravel aquifers which a r e often thin and grea t ly l imited in a r e a l extent. Case 
h i s to r ies of the development of glacial aquifers in th ree a r e a s in cen t ra l I l l 
inois a re p resen ted in this r epor t . Complex aquifer conditions a r e s imulated 
with simplified model aquifers . Model aquifers and existing ground-water . 
formulas a r e used to evaluate the p rac t i ca l sus ta ined yields of well fields and 
aquifers at Taylorvi l le , Arcola , and Tallula. 

The aquifer at Taylorvi l le is a s t r ip of sand and gravel approximately 3 /4 -
mi le wide and 50 feet thick, bounded on the s ides and bottom by re la t ive ly 
impermeab le deposi ts of till or shale . The coefficients of t r ansmis s ib i l i t y 
and s torage of the aquifer a r e 70,000 gpd/ft and 0.20, respec t ive ly . Water 
occurs under wa te r - t ab le conditions and the aquifer is r echa rged from p r e 
cipitation. Computations indicate that the p r a c t i c a l sustained yield of the 
pa r t of the aquifer within a 3-mile radius of Taylorvi l le is 1,400,000 gallons 
per day. 

The aquifer at Arcola is a s t r ip of sand and gravel approximately 400 feet 
wide and 20 feet thick, bounded on the sides and bottom by re la t ive ly i m p e r 
meable deposi ts of t i l l or shale , and overlain by clayey m a t e r i a l s (confining 
bed) 70 feet thick. The coefficient of t r ansmis s ib i l i t y of the aquifer and the 
ve r t i ca l pe rmeab i l i ty of the confining bed a re 10,000 gpd/ft and 0.04 gpd/sq ft, 
respect ive ly . Water occurs under leaky a r t e s i an conditions and the aquifer 
is r echarged by the ve r t i ca l leakage of water through the confining bed. Com
putations indicate that the p rac t ica l sustained yield of 3 wells widely spaced 
within a 2-mile radius of Areola is 200,000 gallons per day. 

The aquifer at Tallula is a s t r ip of sand and g rave l approximately 300 feet 
wide and 3.5 feet thick, bounded on the sides and bottom by re la t ively i m p e r 
meable deposi ts of t i l l or shale , and overlain by si l ty and sandy m a t e r i a l s 
(confining bed) 10 feet thick. The coefficient of t r an smi s s ib i l i t y of the aquifer 
and the coefficient of s torage of the confining bed a r e 2750 gpd/ft and 0.05, 
respec t ive ly . Water occurs under leaky a r t e s i an conditions and the aquifer 
is recharged na tura l ly by the ver t ica l leakage of water through the confining 
bed and ar t i f ic ia l ly through a r echa rge well connected to a lagoon. Computa
tions indicate that the p rac t i ca l sustained yield of a hor izontal col lector is 
16,000 gallons per day during extended dry pe r iods and 25,000 gallons per 
day during per iods of normal precipi ta t ion. 

I N T R O D U C T I O N 

Purpose and Scope of Study 

Records of exper ience in ground-water devel
opment a r e important sources of hydrologic data. 
Actual per formance data studied in re la t ion to 
geohydrologic theory can be a guide to sound 
evaluation of untapped aquifers and to proper 
design of ground-water s y s t e m s . Case h i s to r i e s 
of ground-water development in th ree a r e a s in 
cen t ra l Illinois a r e p resen ted in this r epo r t to 

facili tate the future planning and management of 
ground-water suppl ies . 

Large a r e a s in cen t ra l , wes te rn , south cen t r a l , 
and southern Illinois a r e covered by glacial drift 
of Illinoian age. The drift cover is re la t ive ly thin 
and seldom exceeds 75 feet in th ickness . The 
bedrock beneath the drift is sha le , sandstone, and 
l imes tone of Pennsylvanian age which yield only 
smal l amounts of water to wel ls . Large deposi ts 
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of water -y ie ld ing sand and grave l a r e s c a r c e in 
the glacia l drift and they occur chiefly in existing 
or bur ied val leys and as len t icu lar and d iscon
t inuous l a y e r s . In the a r e a of the Wisconsinan 
g lac ia l drift in the e a s t - c e n t r a l and no r the rn 
p a r t s of I l l inois , drift is th icker and consequently 
m a y contain m o r e aquifers . 

In many p a r t s of cen t ra l I l l inois , ground water 
is obtained for munic ipa l , ins t i tu t ional , c o m m e r 
c ia l , and indus t r ia l supplies from glacial sand and 
g rave l deposi ts which a r e often thin and g rea t ly 
l imi ted in a r e a l extent. The aquifers a r e com
monly over la in by deposi ts of t i l l that contain a 
high percen tage of silt and clay and have a low 
pe rmeab i l i t y . In many a r e a s , r e c h a r g e to the 
aqui fers is der ived from ve r t i ca l leakage of 
ground water through the t i l l . The pe rmeab i l i ty 
and sustained yield of the aqui fers often a r e not 
g r e a t . 

The p rac t i ca l susta ined yields of glacia l sand 
and g rave l aquifers underlying the c i t ies of Tay-
lo rv i l l e and Arcola and near the vi l lage of Tallula 
a r e evaluated in this r e p o r t . Available in forma
tion concerning geographic , c l ima t i c , and geologic 
fea tures of study a r e a s a r e given to se rve as a 
background for in te rp re ta t ion of r e c o r d s . The 
p r a c t i c a l sustained yield is defined as the m a x i 
mum amount of ground water that can be con
t inuously pumped w i t h o u t eventually lowering 
wa te r leve ls below tops of s c r e e n s in product ion 
wel ls or tops of l a t e r a l s in a co l lec tor . 

Complex aquifer conditions a r e s imula ted with 
simplif ied model aquifers . Geohydrologic bound
a r i e s a r e a s sumed to be s t ra ight l ine demarca t ions 
and a r e given ma themat i ca l express ion by means 
of the image-wel l theory . The hydraul ic p r o p e r 
t i e s of the aquifer and overlying confining beds 
a r e cons idered mathemat ica l ly by using ground
water formulas . Records of pas t pumpage and 
water levels a r e used to es tab l i sh the val idi ty of 
this mechan i sm to d e s c r i b e the r e sponse of 
aqui fers to pumping, to p red ic t the effects of 
future ground-water development , and to es t imate 
the p rac t i ca l sustained yield of aquifers and ex
is t ing well f ields. 
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Well-Numbering System 

The we l l -number ing sys tem used in this r epo r t 
is based on the locat ion of the well , and uses the 
township, r a n g e , and section for identif ication. 
The well n u m b e r cons i s t s of five p a r t s : county 
abbreviat ion, township, r ange , sect ion, and co
ordinate within the sect ion. Sections a r e divided 
into rows of 1 /8-mi le s q u a r e s . Each 1/8-mile 
square contains 10 a c r e s and co r r e sponds to a 
qua r t e r of a q u a r t e r sect ion. A no rma l sect ion 
of 1 square mi le contains 8 rows of 1 /8-mile 
squares ; an odd-s ize section contains m o r e or 
fewer r o w s . Rows a r e numbered from eas t to 
west and l e t t e r ed from south to nor th as shown 
below: 

Douglas County 
T. 14N., R. 8E. 
sec . 4 

The number of the well shown in section 4 above 
is as follows: 

DGL 14N8E-4.6e 
Where t he r e is m o r e than one well in a 10-acre 
square they a r e identified by arabic n u m b e r s 
after the lower case l e t t e r in the well number . 

The abbrevia t ions for counties d i scussed in 
this r e p o r t a r e l i s ted below: 

Chr is t ian CHR Douglas DGL Menard MEN 
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T A Y L O R V I L L E 

Water for municipal and indust r ia l use at 
Taylorvi l le is obtained from wells in a sand and 
grave l aquifer approximately 3 /4 -mi le wide and 
50 feet thick that r ece ives r echa rge d i rec t ly from 
prec ip i ta t ion . Since 1888, when the aquifer was 
f i r s t tapped for the municipal water supply, the 
average dai ly withdrawal inc reased from about 
27,000 gallons to over 3 million gallons in 1953. 
Exploitation of ground-water r e s o u r c e s caused a 
genera l w a t e r - l e v e l decline in the Taylorvi l le 
a r e a and the water table receded to near c r i t i ca l 
levels in some of the major pumping c e n t e r s . 

Geography 

Location and Extent of Study Area 

The city of Taylorv i l le , the county seat of 
Chr i s t i an County, is located 27 mi l e s southwest 
of Decatur as shown in figure 1. State Highways 
29, 48, and 104 pass through the city as do the 
Wabash, Chicago and Illinois Midland, and the 
Ba l t imore and Ohio r a i l r o a d s . 

Detailed study was confined to a rec tangula r 
a r e a , hereaf ter r e f e r r ed to as "the a r e a , " of about 

Figure 2. Map showing location of study area and pumping centers at Taylorville 
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4 square mi l e s in and no r theas t of Taylorvi l le in 
T. 13 N., R. 1 W., R. 2 W. as shown in figure 2. 
The a r e a is between 89°10' and 89°20' west 
longitude and between 39°30' and 39°40' nor th 
la t i tude . 

Topography and Drainage 

Except for a l o w na r row r idge extending south
west to nor theas t through the center of the a r e a , 
the land surface is a level to gently undulatory 
plain. The elevation of the land surface decl ines 
from about 636 feet on the r idge 1-1/2 mi les 
nor theas t of Taylorvi l le to about 600 feet 1/2 
mile nor theas t of Taylorvi l le in the val ley of a 
shor t t r i b u t a r y to F la t Branch. Southeast of the 
a r e a the flood plain of Flat Branch has an average 
elevation of 575 feet, and the flood plain of South 
Fork Sangamon River southwest of Taylorvi l le 
has an average elevation of 565 feet. 

Drainage i s l a r g e l y southeas tward t o Fla t 
Branch and to South Fork Sangamon River which 
flow in c o u r s e s about 1/2 mi le southeast of the 
a r e a as shown in figure 2. Ditches dra in the 
nor the rn thi rd of the a rea towards t r i bu ta r i e s of 
the Sangamon River nor thwest of Taylorvi l le . 

Cl imate 

Graphs of annual and mean monthly p r e c i p i 
ta t ion at Taylorvi l le given in figure 3 were com
piled from precip i ta t ion data collected by the 
U. S. Weather Bureau at Morr i sonvi l le (1906-
1940) and at Taylorvi l le (1941-1958). According 
to these r e c o r d s the mean annual precipi ta t ion is 
36.18 inches . The months of g r ea t e s t p rec ip i t a 
tion a re Apri l , May, June, and August, each 
having m o r e than 3.5 inches ; F e b r u a r y is the 
month of l eas t prec ip i ta t ion having l e s s than 2 
i nches . 

A la rge par t of cen t ra l and southern Illinois 
including the Taylorvi l le a r e a exper ienced a 
seve re drought beginning in the l a t t e r half of 
1952 (Hudson and R o b e r t s , 1955). For the per iod 
1952 through 1956, cumulat ive deficiency of p r e 
cipitation at Taylorvi l le was about 23 inches . 
Recharge from precip i ta t ion was much below 
n o r m a l during the dry y e a r s and l a rge quanti t ies 
of water were taken from s torage within the 
aquifer to balance pumpage . 

The occur rence of annual max imum and m i n i 
mum precipi ta t ion amounts expected on an a v e r 
age of once in 5 and once in 50 y e a r s , based on 
data in the Atlas of Ill inois R e s o u r c e s , Section 1, 
is given below: 

Figure 3. Annual and mean monthly precipitation at Taylorville 

The mean annual snowfall is 19 inches . On 
the average about 24 days a year have 1 inch or 
m o r e of ground snow cover . About 2 days a year 
have 3 inches or m o r e of ground snow cover . 

Based on r e c o r d s collected by the U. S. Weather 
Bureau at Morr i sonvi l le and at Taylorv i l le , the 
m e a n annual t e m p e r a t u r e is 53.9 F. June, July, 
and August a r e the hot tes t months with mean t e m 
p e r a t u r e s of 73 .2°F , 77 .2°F ,and 75 .2°F , r e s p e c 
tively; January is the coldest month with a mean 
t e m p e r a t u r e of 30 .7°F . The mean length of the 
growing season is about 185 days . 

Geology 

The unconsolidated glacial deposi ts in the 
Taylorv i l le a r e a a r e chiefly Illinoian in age and 
range in th ickness from about 50 feet to 180 feet. 
These deposi ts v a r y in th ickness in p a r t because 
of a bur ied val ley cut into the underlying bedrock 
of Pennsylvanian age and in p a r t because of the 
uneven topography of the land sur face . 
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The glacial deposits a r e a complex of i ce - la id 
t i l l , wa te r - l a id sil t , sand and grave l outwash, and 
wind-deposited silt and fine sand called l o e s s . 
The sand and gravel outwash is pe rmeab l e and 
yields water in la rge quanti t ies to we l l s . Both 
the glacia l t i l l , which contains cons iderab le si l t 
and c lay, and the underlying shale bedrock of 
Pennsylvanian age a r e re la t ive ly i m p e r m e a b l e . 
The loes s is of Wisconsinan age and has been 
deposited as a blanket, 5 to 10 feet thick, on the 
older t i l l s and outwash depos i t s . 

Logs of we l l s , t e s t holes , and coal tes t borings 
indicate that the bedrock val ley in the Taylorvi l le 
a r e a (see Horberg , 1957) was at one t ime in the 
pas t l a rge ly filled with glacial t i l l containing only 
a few thin, probably discontinuous beds or lenses 
of glacial outwash. As shown by c r o s s section 
A-A' in figure 4, the aquifer occurs as a fill of 
outwash sand and grave l in a re la t ive ly na r row 
val ley cut into the upper par t of the till deposi ts . 
The map in figure 4 shows that the outwash de 
posi ts range in width from about 1/2 to 1 mile 

Figure 4. Map and geologic cross section showing thickness and areal extent of aquifer at Taylorville 
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and t rend nor theas t to southwest . Lack of sub
surface information does not allow for definition 
and extension of the outwash south and nor th of 
Taylorv i l le in section 12, T. 13 N., R. 2 W., and 
sect ions 7 and 18, T. 13 N., R. 1 W. Additional 
information is a lso needed to de te rmine the p o s 
sible continuation of the outwash in the nor th half 
of section 23 and in sect ion 14, T. 13 N., R. 2 W. 

The pe rmeab le outwash forming the aquifer 

r anges in th ickness from 0 to 113 feet and con
s i s t s of s t ra t i f ied beds of sand, g rave l , and sil t 
in va r ious m i x t u r e s . General ly , the upper p a r t 
of the aquifer contains f iner -gra ined m a t e r i a l 
than the lower p a r t . 

Logs of wel ls and t e s t holes a r e given in table 
1; the location of wells and tes t holes for which 
geologic data a r e available is shown in figure 5. 
Reco rds of wel ls and t e s t holes appear in table 2. 

Table 1. Logs of Wells and Tes t Holes at Taylorvi l le 



Table 1. Logs of Wells and Test Holes at Taylorvi l le (continued) 
9 
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Table 1. Logs of Wells and Tes t Holes at Taylorvi l le (continued) 
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Figure 5. Map showing location of wells and test holes at Taylorville 

Table 1. Logs of Wells and Tes t Holes at Taylorvi l le (continued) 
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Table 2. Records of Wells and Tes t Holes at Taylorvi l le 

(Elevations in feet above sea level) 
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Ground-Water Withdrawals 

The f i rs t municipal wells at Taylorvi l le were 
const ructed in 1888 at the old city water plant 
near Cherokee and Vine S t r ee t s . In 1900 about 
28,000 gallons per day (gpd) were pumped from 8 
tubular wells to sat isfy the c o m m e r c i a l and do
mes t i c water needs of the ci ty. As shown in fig
u re 6 water use has s teadi ly inc reased since 1888 

as the city has grown in population from 4248 to 
9750 people, and in 1958 approximate ly 950,000 
gpd were r equ i red to fulfill indus t r ia l , c o m m e r 
c ia l , and domest ic water demands . This r e p r e 
sents an i nc rease in total pe r capita consumption 
from 6.6 gpd per pe r son in 1900 to near ly 100 
gpd per pe r son in 1958. In 1951, wells in the old 
city well field were abandoned and the municipal 
water supply was obtained from wells in a new 
field nor theas t of the ci ty l imi t s (see figure 2). 
Quality of water and well de te r io ra t ion p rob lems 
were respons ib le for t h e change in pumping 
c e n t e r s . 

Two indus t r i e s , Hopper Pape r Company and 
Allied Mills , Inc. , a lso pump la rge quantit ies of 
ground water from the aquifer at Taylorvi l le . 
The water demand at Hopper Pape r Company in

c r e a s e d as shown in figure 6 at a r e la t ive ly un i 
form r a t e from 150,000 gpd in 1908 to 550,000 gpd 
in 1952. In 1953 the ra te of g round-water with
drawal was inc reased to 1,320,000 gpd. This in
c r e a s e in pumpage caused such a rapid r a t e of 
w a t e r - l e v e l decline that the pumpage had to be 
reduced to 770,000 gpd in 1955, and to 650,000 
gpd in 1958. A further reduct ion to 144,000 gpd 
was made in April 1958, and since that t ime 
Hopper Pape r Company has purchased an average 
of 632,000 gpd from the city to supplement the 
amount pumped from their well field. 

The soybean process ing plant owned by Allied 
Mil l s , Inc. pumped about 350,000 gpd from 1946 
until 1952. Plant expansion resu l ted in an in
c r e a s e of the water demand to 800,000 gpd in 
1952. Ground-water levels declined rapidly to 
c r i t i ca l s tages and in 1957 cooling towers were 
ins ta l led to conserve water . Conservat ion p r a c 
t i ces r e su l t ed in a reduction in ground-water 
withdrawal at the plant of about 675,000 gpd. 
Since 1958 about 125,000 gpd have been pumped 
from wells at Allied Mil ls , Inc. 

The dis t r ibut ion of ground-water pumpage in 
May 1959 at Taylorvi l le was 1,500,000 gpd from 
municipal wells 23.6b7 and 23.6b9; 144,000 gpd 
from the Hopper Pape r Company well field; and 
125,000 gpd from wells at Allied Mi l l s , Inc. 
Total g round-water withdrawals i nc r ea sed p r o 
g r e s s i v e l y from about 28,000 gpd in 1890 to a 
max imum of about 3,000,000 gpd in 1953 as shown 
in figure 7. Pumpage dec reased rapidly from 

Figure 6. Distribution of pumpage, 1890-1959, and estimated 
pumpage to 1970 at Taylorville 

Figure 7. Ground-water pumpage, 1890-1959, and estimated 
pumpage to 1970 at Taylorville 

3,000,000 gpd in 1953 to about 1,750,000 gpd in 
1957 owing to the g rea t decline in the water t ab le . 
In May 1959 total ground-water withdrawal was 
about 1,770,000 gpd. 



14 

R e c o r d s o f p u m p a g e a r e f a i r l y c o m p l e t e fo r 
the p e r i o d 1935 to M a y 1959; v e r y few r e c o r d s o f 
p u m p a g e a r e a v a i l a b l e for y e a r s p r i o r t o 1935 . 
T h e p o r t i o n s of the g r a p h s in f i g u r e s 6 a n d 7 for 
the p e r i o d p r i o r t o 1935 w e r e c o n s t r u c t e d b y 
p i e c i n g t o g e t h e r f r a g m e n t s o f i n f o r m a t i o n on 
p u m p a g e found in the f i l e s o f the S t a t e W a t e r 
S u r v e y ; b y m a k i n g e v a l u a t i o n s b a s e d o n n u m b e r 
o f w e l l s , t h e i r r e p o r t e d y i e l d s , a n d t h e i r t i m e o f 
c o n s t r u c t i o n ; and b y t a k i n g in to c o n s i d e r a t i o n 
p o p u l a t i o n g r o w t h a n d p e r c a p i t a c o n s u m p t i o n . 

F l u c t u a t i o n s o f W a t e r L e v e l s 
a n d T h e i r S i g n i f i c a n c e 

U n d e r n a t u r a l c o n d i t i o n s , t he w a t e r t a b l e a t 
T a y l o r v i l l e g e n e r a l l y r e c e d e d i n l a t e s p r i n g , 
s u m m e r , a n d e a r l y fa l l m o n t h s w h e n d i s c h a r g e 
b y e v a p o t r a n s p i r a t i o n and g r o u n d - w a t e r runoff 
w e r e g r e a t e r than r e c h a r g e f r o m p r e c i p i t a t i o n . 
W a t e r l e v e l s b e g a n t o r e c o v e r l a t e i n t h e fa l l 
w h e n e v a p o t r a n s p i r a t i o n l o s s e s w e r e s m a l l , s o i l 
m o i s t u r e w a s r e p l e n i s h e d , and c o n d i t i o n s w e r e 
f a v o r a b l e fo r the i n f i l t r a t i o n o f r a i n f a l l t o the 
w a t e r t a b l e . T h e a n n u a l c y c l e o f w a t e r l e v e l s 
r e f l e c t e d t h e e f fec t s o f s e a s o n a l v a r i a t i o n i n p r e 
c i p i t a t i o n a n d o t h e r c l i m a t i c f a c t o r s . A l t h o u g h 
g r o u n d - w a t e r l e v e l s f l u c t u a t e d f r o m s e a s o n t o 
s e a s o n a n d f r o m y e a r t o y e a r , t he l o n g - t e r m 
p i c t u r e w a s one o f e q u i l i b r i u m b e t w e e n r e c h a r g e 
a n d d i s c h a r g e . 

S t a r t i n g i n 1888 w a t e r - l e v e l f l u c t u a t i o n s c a u s e d 
b y p u m p i n g w e r e s u p e r i m p o s e d o n t h e n a t u r a l 
c y c l e . I f p u m p a g e h a d r e m a i n e d a t a c o n s t a n t 
r a t e , w a t e r l e v e l s w o u l d h a v e d e c l i n e d a t a d e 
c r e a s i n g r a t e w i t h t i m e a n d e v e n t u a l l y w o u l d h a v e 
s t a b i l i z e d a t a s t a g e l o w e r t h a n t h a t m e a s u r e d 
p r i o r t o p u m p i n g . H o w e v e r , p u m p a g e r a t e s d id 
n o t r e m a i n c o n s t a n t bu t i n c r e a s e d a l m o s t w i t h o u t 
i n t e r r u p t i o n , a s s h o w n in f i g u r e 7 ; a s a r e s u l t 
w a t e r l e v e l s n e v e r s t a b i l i z e d bu t d e c l i n e d c o n 
t i n u o u s l y t h r o u g h o u t t h e p e r i o d o f d e v e l o p m e n t . 

W a t e r - l e v e l m e a s u r e m e n t s w e r e m a d e i n 
f r e q u e n t l y i n s e v e r a l w e l l s a t T a y l o r v i l l e b e t w e e n 
1913 a n d 1958; p e r i o d i c m e a s u r e m e n t s w e r e m a d e 
n e a r t h e c e n t e r s o f p u m p i n g s t a r t i n g i n 1950. 
W a t e r - l e v e l h y d r o g r a p h s f o r w e l l s i n t h e n e w c i t y 
w e l l f i e l d , w e l l 2 3 . 2f6 a t A l l i e d M i l l s , I n c . , a n d 

w e l l 2 3 . 6b6 a t H o p p e r P a p e r C o m p a n y a r e s h o w n 
i n f i g u r e 8 . I t s h o u l d b e e m p h a s i z e d t ha t w a t e r 
l e v e l s i n f i g u r e 8 a r e n o n p u m p i n g l e v e l s . W a t e r 
l e v e l s i n w e l l s w i t h s h o r t o r i n t e r r u p t e d r e c o r d s 
a r e s u m m a r i z e d i n t a b l e 3 . R e c o r d s o f w e l l s f o r 
w h i c h w a t e r - l e v e l d a t a a r e a v a i l a b l e a r e g i v e n i n 
t a b l e s 2 and 4 . 

T a b l e 3 . W a t e r L e v e l s i n W e l l s a t T a y l o r v i l l e 

Figure 8. Wafer levels in wells at Taylorville, 1950-1959 °Depth in feet below measuring point 
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Table 4. Records of Product ion Wells at Taylorvi l le 
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The average elevation of the water table at 
Taylorvi l le in 1888 was probably about 615 feet. 
By 1951 the water table had declined in response 
to continual wi thdrawals of water to an average 
elevation of 595 feet. Thus, in a per iod of 63 
y e a r s , water levels declined 20 feet or at a ra te 
of about 0. 3 foot pe r year . As the r e su l t of p r o 
g re s s ive i n c r e a s e s in pumpage and drought con
di t ions, water levels declined from an average 
elevation of 595 feet in 1951 to an average e leva
tion of 575 feet in 1956. The average ra te and 
total decline of wa te r leve ls , 1951 through 1956, 
were about 3.3 feet per year and 20 feet, r e s p e c 
t ively. Between 1956 and 1958 water levels r e 
covered slightly due to reduced r a t e s of pumping 
and above norma l precipi ta t ion. Recovery t e r 
minated in wells in the new city well field ear ly 
in 1958 and since that t ime water levels in those 
wells have declined continuously. 

A combination of s eve ra l effects is reflected 
in the hydrographs presen ted in figure 8. The 
graphs of w a t e r - l e v e l fluctuations in wells 24.4g, 
18. 8a, 18. 8c, and 18. 6d in the new city well field 
ref lect a l t e rna te pumping from each of the four 
municipal wells until about October 1952 when 
pumping was shifted to wells 24.4g and 18.8a. 
Al ternate pumping of these two wells continued 
until October 1953 when well 18.8a was placed 
on a s tand-by bas i s and m o s t of the municipal 
water supply for the city was pumped from well 
24 .4g . F r o m about September 1 through October 
15, 1956, well 18.8a was used exclusively and a 
dis t inct r e cove ry of water levels in wells 24. 4g 
and 23. 2f6 o c c u r r e d while the water levels in 
wells 18. 8a and 18. 8c declined as the water table 
adjusted to the shift in pumping c e n t e r s . The 
r ecovery of wa te r levels in all wells from May 
through December 1957 was the resu l t of above 
average rainfall during this period and a r educ 
tion of pumpage at the Allied Mil ls , Inc. plant. 

The hydrographs for well 23. 2f6, located be 
tween production wells at the Allied Mil ls , Inc. 
plant, and for well 23. 6b6, at the Hopper P a p e r 
Company plant, co r r e l a t e in genera l with the 
hydrographs of wells in the new city well field 
given in figure 8. The hydrographs for wells 
23.2f6 and 23. 6b6 a r e grea t ly affected by shifts 
in pumping cen te r s and changes in pumping r a t e s 
within the Allied Mil l s , Inc. and Hopper P a p e r 
Company well f ields. F r o m Janua ry 1952 to 
September 1956, for example , the withdrawal 
ra te a t Allied Mil l s , Inc. was i n c r e a s e d to 
800, 000 gpd, twice the or iginal pumping r a t e . 
Water levels in the a r e a declined 24 feet as a 
r e su l t of this i nc rease in pumpage. Pumpage 
was reduced in 1956 and as a resu l t the water 
table r ecove red 7 feet from 1956 to May 1959. 
The hydrograph of well 23. 6b6 at Hopper Pape r 
Company indicates that the 632,000 gpd reduction 

in pumpage from the Hopper well field on April 1, 
1958 caused the water table to r i s e 8 feet in l e s s 
than a yea r . 

Changes in Ground-Water Storage 

As water levels decline the sa tura ted thickness 
of the aquifer d e c r e a s e s and ground-water s t o r 
age is reduced. The vo lumet r ic dec rease in 
ground-water s torage is the product of the volu
m e t r i c d e c r e a s e in sa tu ra t ed thickness and the 
gravi ty yield of the aqui fer . The gravity yield 
was defined by R a s m u s s e n and Andreasen (1959, 
p. 83) as the rat io of the volume of water that the 
aquifer will yield by gravi ty dra inage to the total 
volume of the aquifer dra ined during a given 
period of ground-water decl ine . Pumping t e s t 
data suggest that the l o n g - t e r m gravi ty yield of 
the aquifer at Taylorvi l le is about 20 per cent, 
o r 0. 20. 

Prof i les of the wa te r table in 1888, 1951, and 
1958 were p r e p a r e d based on the topographic 
maps of the a r e a and on wa te r - l eve l data for 
wells in the old city, Allied Mil ls , I n c . , Hopper 
Pape r Company, new city, and vil lage of Ston-
ington well f ields. These profi les and c r o s s 
sections showing the a r e a l extent of the aquifer 
were used to e s t i m a t e changes in sa tura ted 
th ickness . The d e c r e a s e s in ground-water s t o r 
age from 1888 to 1958 and from 1951 to 1958 
were computed by mult iplying es t imated changes 
in sa tura ted th ickness by a gravi ty yield of 0. 20. 
It is es t imated that 7. 7 billion gallons of water 
were taken from s to rage within the aquifer during 
the per iod 1888 to 1958. The average volumetr ic 
ra te of d e c r e a s e of ground-water s torage during 
that period was about 300, 000 gpd. Computa
tions show that about 2. 7 billion gallons of water 
were taken from s to rage at an average ra te of 
1,100,000 gpd during the per iod 1951 to 1958. 

The ground wa te r in s torage in the aquifer 
pe rmi t s pumping at r a t e s g r e a t e r than recharge 
for l imited pe r iods . Eventually, however, d i s 
charge from wells m u s t be balanced by recharge 
if pumping is to be continued without eventually 
dewatering the aquifer below tops of s c r eens in 
production wel l s . 

Recharge to Aquifer 

The source of r e c h a r g e to the aquifer is p r e 
cipitation. Ground-wate r r echa rge i s g rea tes t 
in spring months of heavy rainfal l and leas t in 
the s u m m e r , fall, and winter months . Most 
r echarge o c c u r s during spr ing months when 
evapotranspi ra t ion is sma l l and soil mo i s tu re is 
mainta ined at or above field capaci ty by frequent 
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r a i n s . During s u m m e r and fall months evapo-
t r ansp i r a t ion and soil m o i s t u r e r equ i r emen t s 
have f i r s t p r io r i ty on precipi ta t ion and a r e so 
g rea t that l i t t le precipi ta t ion pe rco la t e s to the 
wa te r table except during per iods of excess ive 
rainfal l . Recharge d u r i n g the winter months 
when the ground is frozen is negligible. 

Only a smal l fraction of the annual p r ec ip i t a 
tion pe rco la tes downward to the wa te r tab le . A 
l a rge propor t ion of the precipi ta t ion runs o v e r 
land to s t r e a m s or is d ischarged by the p r o c e s s 
of evapot ranspi ra t ion before i t r e a c h e s the 
aquifer . The amount of precipi ta t ion that r eaches 
the zone of sa tura t ion depends upon seve ra l 
fac tors . Among these a r e the c h a r a c t e r of the 
soil and other m a t e r i a l s above the water table; 
the topography; vegetal cover; land use ; soil 
m o i s t u r e ; the depth of the water table; the in
tensi ty , durat ion, and seasonal d is t r ibut ion of 
rainfal l ; the occu r rence of precipi ta t ion as ra in 
or snow; and the a i r t e m p e r a t u r e . 

The balance between total ground-water with
drawals and the amount of water taken from 
s torage within the aquifer is r e c h a r g e . During 
the period 1951 to 1958, total pumpage at Tay-
lorvi l le averaged 2 ,500,000 gpd and water was 
taken from s t o r a g e a t an ave rage r a t e of 
1, 100,000 gpd. Thus, r echa rge from p r e c i p i 
tation averaged 1, 400,000 gpd. 

The r e c h a r g e a r e a of the aquifer was infer red 
f rom data on the wa te r table , extent of the 
aquifer, and the topography of the a r e a . In 1954 
the water table was at elevations of 581 feet at 
the old city well field, 565 feet at the Hopper 
P a p e r Company well field, 576 feet at the Allied 
Mi l l s , Inc. well field, 598 feet at the new city 
well field, and 576 feet at the vil lage of Stoning-
ton well field which is located about 6 m i l e s 
nor theas t of Taylorvi l le . The ave rage elevation 
of the flood plain of South F o r k Sangamon River 
southwest of Taylorvi l le is 565 feet. These data 
indicate that in 1954 ground-water divides exis ted 
about 5-1 /4 m i l e s nor theas t and 2 - 1 / 4 m i l e s 
southwest of the Hopper Pape r Company well 
field. 

The aquifer and pe rmeab le surf ic ia l deposi ts 
extend as a s t r i p about 3 /4 -mi le wide in a gen
e ra l southwest to nor theas t d i rect ion as shown in 
figure 4. The major r echa rge a r e a of the aquifer 
is bounded approximate ly by the ground-water 
divides and the boundaries of the aquifer . It is 
es t imated that the r echa rge a r e a is about 6. 3 
square m i l e s . 

Based on a r echa rge ra te of 1,400,000 gpd 
and a r echa rge a r e a of 6. 3 square m i l e s , an 
average of about 6 inches of prec ip i ta t ion r eaches 

Figure 9. Ground-water pumpage (A), water levels in well 
18.6d (B) , and precipitation (C) during 1957 at Taylorville 

tion. Consider ing the downward t rend p r io r to 
Apri l , the water level in well 18. 6d rose 3 feet 
from March to December , 1957. P a r t of the 
r i s e was caused by a 550,000 gpd d e c r e a s e in 
pumpage at Allied Mi l l s , Inc. However, p r i o r 
to the f i rs t week in June , when pumpage at 
Allied Mil l s , Inc. was reduced, the water table 
rose 0 .8 foot in r e sponse to r echa rge from 
precipi ta t ion. 

Hydraulic P rope r t i e s of Aquifer 

The pr incipal h y d r a u l i c p rope r t i e s of an 
aquifer influencing w a t e r - l e v e l decline and the 
yields of wells a r e the coefficients of t r a n s m i s -
sibility, T, or pe rmeab i l i ty , P, and s to rage , S. 
The capaci ty of a formation to t r ansmi t ground 
water is expressed by the coefficient of t r a n s -
miss ib i l i ty , which is defined as the ra te of flow 
of water in gallons per day, through a ve r t i ca l 
s t r ip of the aquifer 1 foot wide and extending the 
full sa tu ra ted thickness under a hydraul ic gradient 
of 100 per cent (1 foot pe r foot) at the prevai l ing 
t empe ra tu r e of the wa te r . The coefficient of 
t r ansmis s ib i l i t y is the product of the sa tu ra ted 
thickness of the aquifer , m, and the coefficient 
of permeabi l i ty , which is defined as the ra te of 
flow of water in gallons pe r day, through a c r o s s 
sect ional a r e a of 1 square foot of the aquifer 
under a hydraul ic gradient of 100 pe r cent at the 
prevai l ing t e m p e r a t u r e of the wa te r . The s torage 

the wa te r table annually. This is about 17 pe r 
cent of the m e a n annual prec ip i ta t ion . Houk 
(1921), Meinzer and Stearns (1929), and R a s m u s -
sen and Andreasen (1959) evaluated r echa rge 
from precip i ta t ion on a r e a s in Ohio, Connecticut, 
and Maryland. In light of the r e su l t s of these 
s tudies , taking into cons idera t ion differences in 
ground-water condit ions, the computed annual 
ra te of r echa rge at Taylorvi l le seems reasonable . 

The hydrograph of well 18. 6d in figure 9 i l 
l u s t r a t e s the effects of r e c h a r g e from p rec ip i t a -
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prope r t i e s of an aquifer a r e exp res sed by the 
coefficient of s t o r age , which is defined as the 
volume of wa te r r e l e a s e d from s torage pe r unit 
surface a r e a of the aquifer pe r unit change in the 
water l e v e l . Under wa te r - t ab l e condit ions, 
ground water is der ived from s torage main ly by 
the gravi ty dra inage of a por t ion of the aquifer . 

Cone of Depres s ion 

The manne r in which T and S a r e re la ted to 
w a t e r - l e v e l decl ine and the yields of wells can 
bes t be i l l u s t r a t ed by a d i scuss ion of the cone of 
dep res s ion . When a well is pumped, wa te r levels 
decline and a funnel-shaped hole called a cone of 
dep re s s ion is formed with the lowest point at the 
pumped wel l . Water moves from surrounding 
a r e a s down the grad ien t of the cone toward the 
pumped well . The shape of the cone is control led 
in p a r t by the coefficient of t r ansmiss ib i l i t y . 
With o ther fac tors remain ing constant , the lower 
the coefficient of t r ansmis s ib i l i t y , the s teeper 
will be the gradient of the cone of depress ion and 
the g r e a t e r will be the drawdown in a wel l . 

During the ini t ia l per iod of pumping, d i s 
charge is balanced by water taken from s to rage 
within the aquifer c lose to the wel l . As pumping 
continues a l a r g e r pe rcen tage of water is taken 
from s to rage at g r e a t e r d i s tances from the well 
as the a r e a of influence of pumping becomes 
g r e a t e r and the r a t e of lowering of wa te r levels 
d e c r e a s e s . The g r e a t e r the coefficient of s t o r 
age, the l e s s w a t e r - l e v e l decl ine is r equ i red to 
obtain from s to rage the amount of water being 
pumped. 

With continuous pumping the cone of d e p r e s 
sion grows in s ize and depth at a diminishing ra te 
until (1) the lowering of wa te r levels r e su l t s in 
i nc reased r e c h a r g e to, a n d / o r dec r ea sed na tura l 
d i scha rge from, the aquifer and (2) hydraul ic 
gradients a r e es tab l i shed sufficient to br ing from 
r e c h a r g e or na tu ra l d i scha rge a r e a s the amounts 
of wa te r pumped. Provided the aquifer is infinite 
in a r e a l extent, the d imens ions of the cone of 
dep re s s ion depend upon the hydraul ic p rope r t i e s 
of an aquifer, the pumping r a t e , and the t ime 
after pumping s t a r t ed . Wa te r - l eve l decline is 
d i rec t ly propor t iona l to the pumping ra te and d i 
min i shes in a logar i thmic m a n n e r outward from 
the well. 

U n d e r na tu ra l c o n d i t i o n s , prec ip i ta t ion 
reaching the wa te r table p e r c o l a t e s towards 
s t r e a m s to become ground-water runoff or is 
d i scharged into the a t m o s p h e r e by the p r o c e s s of 
evapot ransp i ra t ion . The cone of depress ion in
t e rcep t s pa r t of the water which o therwise would 
become ground-water r u n o f f o r ground-water 
evapot ransp i ra t ion and d ive r t s i t into we l l s . 

Thus far the cone of dep res s ion c rea ted by 
pumping a single well has been cons idered . In a 

mul t ip le -we l l sys t em the cones of individual wells 
over lap and wa te r levels lower m o r e rapidly and 
to g r e a t e r depths as the resu l t of mutual i n t e r 
ference between we l l s . The amount of i n t e r 
fe rence is d i r ec t ly propor t ional to pumping r a t e s 
and i nve r se ly propor t iona l to the logar i thm of the 
d i s tances between we l l s . Under a given spacing 
of wel ls and pumping reg imen , a quanti tat ive 
evaluation of in te r fe rence is l a rge ly dependent on 
the de te rmina t ion of the hydraul ic p rope r t i e s of 
the aquifer . 

Pumping T e s t s 

The hydraul ic p rope r t i e s of an aquifer may be 
de te rmined by means of pumping t e s t s , where in 
the effect of pumping a well at a known constant 
ra te is m e a s u r e d in the pumped well and at ob
serva t ion wel l s penet ra t ing the aquifer . Graphs 
of drawdown v e r s u s t ime after pumping s ta r ted , 
a n d / o r of drawdown v e r s u s d is tance from the 
pumped wel l , a r e used to solve equations which 
exp res s the re la t ion between the coefficients of 
t r a n s m i s s i b i l i t y and s to rage of an aquifer and the 
lowering of water leve ls in the vicinity of a 
pumped wel l . 

During the per iod 1930 to 1951, seven pumping 
tes t s were made at Taylorvi l le to de te rmine the 
hydraul ic p r o p e r t i e s of the outwash depos i t s . 
Some of the data col lected during the pumping 
tes t s were analyzed by methods desc r ibed by 
Cooper and Jacob (1946) and F e r r i s (1959). The 
equations and methods used to analyze data for 
two pumping t e s t s a r e given in figure 10. 

Figure 10. Graphs of results obtained from pumping toots 
at Taylorville 
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E s t i m a t e s of the coefficient of t r ansmis s ib i l i t y 
were also made by substituting in the nonequil ib-
r ium formula (Theis , 1935, pp. 519-524) specif ic-
capacity data, a wa te r - t ab le coefficient of s t o r 
age, and wel l -cons t ruc t ion data. Specific capaci ty 
is exp res sed as the yield of the well in gallons 
per minute pe r foot of drawdown (gpm/ft) for a 
given pumping ra te and per iod. Specif ic-capaci ty 
data were adjusted for the effects of pa r t i a l pen
etra t ion (see Muskat, 1946, p. 274) and well loss 
(see Jacob , 1946, pp. 629-646) b e f o r e they 
were u s e d to es t imate the c o e f f i c i e n t o f 
t r ansmiss ib i l i t y . 

A s u m m a r y of the coefficients of t r a n s m i s s i 
bility and s torage obtained from the pumping 
tes ts is given in table 5. These data indicate 
that the coefficient of t r ansmis s ib i l i t y ranges 
from 34,000 to 130,000 gallons per day pe r foot 
(gpd/ft)and the coefficient of pe rmeab i l i ty ranges 
from 600 to 2200 gallons per day per square foot 
(gpd/sq ft). The sma l l e r values of t r a n s m i s s i 
bility and permeab i l i ty ref lect thinner or l e ss 
pe rmeab le deposi ts near val ley wal ls , whereas 
the l a r g e r values reflect much thicker or m o r e 
pe rmeab le deposi ts near the cen te r of the val ley. 
Based on the resu l t s of the t e s t s and the method 
of propor t iona l p a r t s , the average coefficient of 
t r ansmis s ib i l i t y of the outwash deposi ts is e s t i 
mated to be 70, 000 gpd/ft . 

The coefficients of s to rage in table 5 a r e 
c h a r a c t e r i s t i c of wa te r - t ab le conditions and av
erage 0. 15. The coefficients of s to rage were 
computed from the resu l t s of re la t ive ly sho r t -
t e r m t e s t s . Gravi ty dra inage was not complete 
at the end of the t e s t s and longer pumping tes t s 
would give l a r g e r coefficients of s t o r a g e . T h e r e 
fore, for per iods of pumping involving seve ra l 

yea r s or m o r e , a coefficient of s torage of 0.20 is 
m o r e r ea l i s t i c than the de termined value of 0. 15 
and is used in this r epo r t . 

Theore t ica l Effects of Pumping 

Pumping from wells in the outwash deposi ts 
has a widespread effect on water l eve l s . The 
nonequi l ibr ium formula and the hydraul ic p r o p 
e r t i e s de te rmined from the resu l t s of pumping 
tes t s were used to evaluate the magnitude of in 
t e r fe rence between wells and well fields and to 
compute the theore t i ca l decline in the water table 
at any dis tance from a pumped well and within 
any length of t ime after pumping s t a r t ed . 

F igure 11A shows the amount of in te r fe rence 
that will occur at d i s tances of 100 feet to about 
19 mi les from a well pumping continuously at 347 
gpm for per iods of 30 days , 1 year , 30 y e a r s , 
and 80 y e a r s . The drawdowns given occur at 
equal d is tances from the pumped well in all d i 
rec t ions . The graphs a s s u m e that all the water 
pumped is withdrawn from s torage and that the 
aquifer is infinite in a r e a l extent. 

The drawdown is apprec iab le severa l m i l e s 
from the pumped well indicating that even widely 
spaced wells in the outwash deposits will i n t e r 
fere with one another . F o r example, the d r aw
down at a d is tance of 1/2 mi le is about 1-1/2 feet 
for a pumping per iod of 1 year . The theore t ica l 
drawdown is d i rec t ly propor t ional to the pumping 
r a t e . If the pumping ra te is 694 gpm instead of 
347 gpm the drawdown would be double that shown 
in figure 11A. 

Table 5. Coefficients of T ransmiss ib i l i t y , Pe rmeab i l i ty , and Storage 
for Aquifer at Taylorvi l le 
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Figure 11B shows the amount of in te r fe rence 
that will occur at any t ime from 36 days to 100 
yea r s at d i s tances of 0. 1, 0 . 5 , 1, and 5 mi les 
from a well being pumped continuously at 347 
gpm. Again an aquifer infinite in a r e a l extent is 
a s sumed . 

Geohydrologic Boundar ies of Aquifer 

The graphs in f igures 11A and 11B were con
s t ruc ted assuming an aquifer of infinite extent. 
However, geologic conditions l imi t the extent of 
the outwash depos i t s . As shown in figure 4 the 
outwash deposi ts a r e bounded on the southeast 
and nor thwest by re la t ive ly imperv ious deposi ts 
of till which del imit the aquifer and act as b a r r i e r 
boundar ies . The b a r r i e r boundar ies d i s to r t cones 
of depress ion and i n c r e a s e drawdown in wel l s . 
By t rea t ing the boundar ies as s t r a igh t - l ine de 
m a r c a t i o n s , the image-wel l theory descr ibed by 
F e r r i s (1959) can be used to evaluate the in
fluence of the b a r r i e r boundar ies on the regional 
effects of pumping. 

Figure 1 1 . Graphs of theoretical distance-drawdown (A), time-
drawdown (B), and time-drawdown considering boundaries 

(C) for the aquifer at Taylorville 

The image-wel l theory as applied to b a r r i e r 
boundar ies may be s ta ted as follows (Walton, 

1955, p. 18): the effect of a b a r r i e r boundary on 
the drawdown in a well as a resu l t of pumping 
from another wel l , is the same as though the 
aquifer were infinite and a like d ischarg ing well 
we re located a c r o s s the r e a l boundary, on a line 
at r ight angles the re to , and at the same dis tance 
from the boundary as the rea l pumping well . 
Thus, an imag ina ry hydraulic sys tem of a well 
and its image coun te rpa r t in an infinite aquifer 
sa t i s f ies the ac tua l b a r r i e r boundary condi t ions. 

The two b a r r i e r boundar ies a r e for p rac t i ca l 
purposes pa r a l l e l . The a r r a n g e m e n t of the 
boundar ies is such that analys is by the image-wel l 
theory r e q u i r e s the use of a mult iple image -we l l 
sy s t em extending to infinity (see Knowles, 1955). 

F i g u r e 11C shows the effects of the b a r r i e r 
boundar ies on the d r a w d o w n in well 18. 6d. 
Dis tances from a pumped well to well 18. 6d of 
4000 feet, to the b a r r i e r boundary of Z500 feet 
nor thwes t of well 18. 6d, a n d to the b a r r i e r 
boundary of 2000 feet southeast of well 18. 6d 
were a s sumed in const ruct ing the graph. 

As explained e a r l i e r , water o c c u r s under 
w a t e r - t a b l e conditions in the outwash deposi ts 
and pa r t of the prec ip i ta t ion on the a r e a of in 
fluence of pumping pe rco la tes to the water table 
and r echa rges the aquifer. Recharge d i s to r t s 
the cone of dep re s s ion and reduces the drawdown 
in well 18. 6d. The effects of r e c h a r g e can be 
s imula ted by as suming that some of the drawdown 
due to the b a r r i e r boundaries is ba lanced by 
r e c h a r g e and by using only a l imi ted number of 
d ischarging image w e l l s assoc ia ted with the 
b a r r i e r boundar ies . 

Model Aquifer 

The r e su l t s of geologic and hydrologic studies 
indicate that i t is poss ib le to s imula te complex 
aquifer conditions at Taylorvi l le with an ideal ized 
model aquifer . The model aquifer is a r ec t i l i nea r 
s t r i p of sand and gravel 3/4 mi le wide, 50 feet 
thick, and bounded on the s ides and bot tom by 
i m p e r m e a b l e m a t e r i a l . Based on pumping tes t 
data the average coefficients of t r a n s m i s s i b i l i t y 
and s to rage of the model aquifer a r e 70, 000 
gpd/ft and 0. 20, respec t ive ly . The or ienta t ion 
of the model aquifer in re la t ion to Taylorvi l le 
and the location of major pumping c e n t e r s within 
it a r e shown in figure 12. The geohydrologic 
boundar ies of the model aquifer can be given 
mathemat ica l express ion by means of the i m a g e -
well theory and the hydraulic p rope r t i e s of the 
model aquifer a r e considered mathemat ica l ly by 
using the nonequi l ibr ium formula (Walton and 
Neil l , 1961). 
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Figure 12. Location of major pumping centers and idealized 
geohydrologic boundaries of the aquifer at Taylorville 

Records of pas t pumpage and wa te r levels 
were used to de te rmine the effects of r echa rge 
on the r e sponse of the aquifer to development by-
wel l s . The wa te r - l eve l decline at well 18. 6d 
from 1888 to 1956 was computed using the model 
aquifer d i scussed e a r l i e r , calculated hydraul ic 
p r o p e r t i e s , the image-wel l t h e o r y , the non-
equil ibrium formula, and e s t i m a t e d pumpage 
data. The computed decline was then compared 
with the ac tual decline and the difference between 
computed and actual decline was a t t r ibuted to the 
effects of r e c h a r g e . 

Ground-water withdrawals were grouped into 
five cen te r s of pumping. F igure 12 shows the 
location of these cen t e r s . Pumpage from 1888 to 
1956 was d is t r ibuted among the five cen t e r s and 
further divided into step i nc r emen t s . The five 
cen te r s of pumping and the b a r r i e r boundar ies 
were drawn to scale on a map and the image wells 
assoc ia ted w i t h the b a r r i e r boundar ies were 
located. The dis tances between well 18. 6d, the 
five pumping c e n t e r s , and the image wells were 
scaled from the map . 

The wa te r - l eve l decline at well 18.6d resul t ing 
from each inc rement of pumpage at each of the 
five pumping cen te r s was de te rmined , using the 
nonequil ibrium formula and a digital computer 
(see Walton and Neill , 1961) to compute the 
effects of the r e a l and image wel l s . In a l l , 357 
drawdown computations were made . 

The c o m p u t e d total wa te r - l eve l decline a t 
well 18.6d from 1888 to 1956 is 43 feet. The 
actual decline from an es t imated or ig inal non-

pumping wa te r - l eve l elevation of 617 feet is 24 
feet and much l e s s than the computed decl ine . 
The difference between computed and actual de 
cl ine, 19 feet, is a t t r ibuted to the effects of 
r echa rge from prec ip i ta t ion . In o rde r to obtain 
a computed decline comparab le to the actual 
observed decl ine, a l l image wells beyond a radius 
of 20,000 feet from well 18. 6d were e l iminated 
and a new se r i e s of drawdown computations was 
made using p rocedures desc r ibed e a r l i e r . A 
computed decline equal to the observed decline 
of 24 feet was obtained. Thus, the effects of two 
b a r r i e r boundar ies and r e c h a r g e from p rec ip i t a 
tion on the r e sponse of the outwash deposi ts to 
development of wel ls can be s imulated by com
puting the effects of image wells assoc ia ted with 
the model aquifer d i scussed e a r l i e r and located 
within a radius of 20, 000 feet of well 18. 6d. 

To tes t the modified model aquifer, the d raw
down in well 18. 6d from 1888 to 1953 was com
puted and compared with the actual drawdown. 
The computed decl ine , 17.2 feet, is within 3 
per cent of the ac tual decl ine, 16. 6 feet. The 
close ag reement between computed and actual 
decline indicates that the modified model aquifer 
c losely desc r ibes the geohydrologic conditions of 
the outwash depos i t s . It is believed that the 
modified model aquifer may be used to p red ic t 
with reasonable accu racy the effects of future 
ground-water development and the p rac t i ca l s u s 
tained yield of the aquifer . 

Potent ia l Ground-Water 
Development and Its Effects 

Pumpage between the p r e s e n t t ime and any 
future date mus t be es t imated before future de 
cline in water levels in wells at Taylorvi l le can 
be calculated. I t i s u n d e r s t o o d that future 
ground-water w i t h d r a w a l s a t Hopper Pape r 
Company plant and Allied Mil ls , Inc. plant will 
not exceed p resen t withdrawal r a t e s . In May 
1959 pumpage at Hopper Pape r Company plant 
averaged 100 gpm and pumpage at Allied Mil ls , 
Inc. plant averaged 90 gpm. Taking into con
s idera t ion pas t r a t e s of growth of pumpage it is 
es t imated that municipal pumpage will i n c r e a s e 
at a uniform ra te from 1040 gpm in May 1959 to 
1110 gpm in 1970. The total daily withdrawal 
from the outwash deposi ts will probably i n c r e a s e 
from 1230 gpm in May 1959 to 1300 gpm in 1970 
as shown in figure 7. Es t ima ted future with
drawal r a t e s for the th ree major pumping cen te r s 
between 1959 and 1970 a r e shown in figure 6. 

Wate r - l eve l decl ines in wells 24.4g, 18.8c, 
23. 6b9, and 23. 2f4 w e r e calculated using the 
modified model aquifer . Computed decl ines from 
1959 to 1965, which a r e shown graphical ly in 
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figure 13, a r e based on the assumpt ion that the 
dis t r ibut ion of pumping r e m a i n s the s ame as in 
May 1959 and that pumpage i n c r e a s e s at r a tes 
given in figure 6. It should be emphasized that 
the w a t e r - l e v e l dec l ines shown in figure 13 a r e 
nonpumping dec l ines . Pumping levels will decline 
at about the same ra t e as the nonpumping water 
levels if the May 1959 r a t e s of pumping from 
individual wells a r e main ta ined . 

It is probable that in 1961 the pumping level 
in well 23. 2f4 will be below the top of the s c r e e n 

Figure 13. Estimated future nonpumping water levels in wells 
at Taylorville, 1959-1965 

and the pumping level in well 18. 8c will be only 
2 feet above the top of the s c r een . It is fur ther 
es t imated that by 1963 the pumping level in well 
18.8c will decl ine below the top of the s c r e e n and 
by 1965 the pumping levels in wells 18.8c, 23.6b9, 
and 23. 2f4 will decl ine to c r i t i ca l s tages s eve ra l 
feet below tops of s c r e e n s . 

P r a c t i c a l Sustained Yield of Aquifer 

The p r a c t i c a l susta ined yield of the aquifer at 
Taylorvi l le is l a rge ly dependent on the r a t e of 
r e c h a r g e , the hydraul ic p rope r t i e s of the aquifer, 
the geohydrologic b o u n d a r i e s of the aquifer , 
the th ickness of the aquifer, and the spacing of 
wel ls and well f ields. It has been es t imated that 
the a r e a of influence of pumping with product ion 
wel ls d i s t r i b u t e d within a 3-mile radius of 
Taylorvi l le is about 6. 3 square m i l e s and that 
17 pe r cent of the m e a n annual prec ip i ta t ion p e r 
colates to the water table . Total r e c h a r g e is 
therefore a b o u t 1,400,000 gpd or 970 gpm. 
However, computat ions made with the modified 
model aquifer using the p r e s e n t pumping d i s 
t r ibut ion indicate that if pumpage exceeds 745 
gpm water levels will eventually decl ine below 
tops of s c r e e n s . Thus , the p r a c t i c a l sus ta ined 
yield, 745 gpm, of the aquifer at Taylorvi l le with 
the p r e s e n t d is t r ibut ion of pumpage is l e ss than 
avai lable r e c h a r g e , 970 gpm, l a r g e l y because of 
the following r e a s o n s : 

(1) The average coefficient of pe rmeab i l i t y of 
the outwash depos i t s , 1400 gpd /sq ft, is 
not g r ea t and the aquifer is l imi ted in 
a r e a l extent by the walls of the bur ied 
val ley . 

(2) The avai lable drawdown is sma l l because 
the sa tu ra ted thickness of the aquifer was 
g rea t ly reduced as the r e su l t of heavy 
pumping in excess of r e c h a r g e during the 
per iod 1951-1958. 

(3) Most exist ing production wel ls a r e located 
in the thinner and l e s s p e r m e a b l e p a r t s of 
the aquifer . 

(4) The d is t r ibut ion of pumpage is not uniform. 

Computat ions made with the modified model 
aquifer show that 970 gpm (1 ,400 ,000 gpd) can 
be obtained without excess ive drawdown from 
four wells s c r eened in the th icker and m o r e 
pe rmeab l e sect ion of the aquifer . In these c o m 
putations i t was a s sumed that pumpage was uni 
formly d i s t r ibu ted to wel l 24 .4g and to t h r ee 
hypothet ical wel ls approximate ly located opposite 
Allied Mi l l s , Inc. and Hopper P a p e r Company, 
and nea r wel l 18. 8c in the new city well field. 
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A R C O L A 

The city of Arcola municipal water supply is 
obtained from wells in a n a r r o w and thin deposit 
of sand and gravel approximate ly 400 feet wide 
and 20 feet thick that t r ends nor theas t to south
wes t through the city. The aquifer is encountered 
100 to 125 feet below the land surface and is r e 
charged by the ve r t i ca l leakage of water through 
70 feet of overlying clayey m a t e r i a l s . Much tes t 
dr i l l ing has been done in the vicinity of Arcola to 
define the l imi ts of the aquifer, and a total of 8 
product ion wells have been dr i l led for the city 
s ince 1915 to satisfy ever increas ing water de 
m a n d s . Only 3 of these wel ls a r e p resen t ly being 
used; the o thers were abandoned as well yields 
decl ined. 

Between 1891 and 1959 the a v e r a g e daily 
pumpage from the aquifer i nc reased from about 
18, 000 to 146,000 gal lons. Continual i n c r e a s e s 
in pumpage caused a genera l wa te r - l eve l decline 
and in 1955 wa te r levels receded to near c r i t i ca l 
s t a g e s . As a r e su l t a new well field was de 
veloped nor theas t of town. 

Geography 

Location and Extent of Study Area 

south of Champaign and 45 mi les ea s t - sou theas t 
of Decatur as shown in figure 1. U. S. Highway 
45 and State Highway 133 pass through the city 
as do the Pennsylvania and the Illinois Cen t ra l 
r a i l r o a d s . 

Detai led study was confined to a rec tangula r 
a r ea , he rea f t e r r e f e r r ed to as "the a r e a , " of 
about 2 square m i l e s in and nor theas t of Areola 
in T. 14 N . , T. 15 N . , R. 8 E. as shown in 
figure 14. The a r e a is between 88°15' and 88°20 ' 
west longitude and between 39°40' and 3 9 ° 4 5 ' 
nor th la t i tude . 

Topography and Drainage 

The land surface of the a r e a is a gentle sloping 
plain and has elevat ions of about 675 feet within 
the co rpo ra t e l imi t s of Areola and 640 feet about 
4 mi l e s southwest and nor theas t of the ci ty. 
Drainage is to the southwest and no r theas t to 
shor t t r i b u t a r i e s of the Kaskaskia and E m b a r r a s s 
r i v e r s which flow in courses about 5 mi l e s wes t 
and eas t of the a r e a . 

Cl imate 

Areola is l o c a t e d in the southern p a r t of 
Douglas County in e a s t - c e n t r a l I l l inois , 23 mi l e s 

Figure 14. Map showing location of study area and pumping 
centers at Areola 

Graphs o f a n n u a l (1893-1959) a n d mean 
monthly prec ip i ta t ion in figure 15 were compiled 
from prec ip i ta t ion data collected by the U. S. 
Weather Bureau at Tuscola, 8 mi les nor th of 
Areola . According to these r e c o r d s , the m e a n 
annual p rec ip i ta t ion at Tuscola is 37. 73 inches . 

Figure 15. Annual and mean monthly precipitation at Areola 
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The months of g r ea t e s t prec ip i ta t ion a r e March , 
Apri l , May, June, and September , each having 
m o r e than 3.5 inches ; F e b r u a r y is the month of 
l e a s t prec ip i ta t ion having l e s s than 2 inches . 

The Arcola a r e a had a cumulat ive deficiency 
in prec ip i ta t ion of about 14 inches from 1952 to 
1956. Recharge from precip i ta t ion was below 
n o r m a l during these dry yea r s and the water 
table declined to r e c o r d low l eve l s . However, 
the avai lable water in s t o r a g e in the clayey 
m a t e r i a l s above the aquifer and the s m a l l amount 
of r e c h a r g e from precip i ta t ion were g rea t enough 
to p reven t the drought from noticeably affecting 
the yield of wells at Arcola . 

The occu r r ence of the annual max imum and 
min imum precip i ta t ion amounts expected on an 
ave rage of once in 5 and once in 50 y e a r s , based 
on data in the Atlas of Illinois R e s o u r c e s , Section 
1, is given in the next column. 

The m e a n annual snowfall is 17 inches . On 
the ave rage about 25 days a yea r have 1 inch or 
m o r e of ground snow cover; about 12 days a yea r 
have 3 inches or m o r e of ground snow cover . 

According to the Atlas of Illinois R e s o u r c e s , 
Section 1 , the mean Janua ry t e m p e r a t u r e a t 
Areola is 31 F and the mean July t e m p e r a t u r e is 
77 F. The mean length of the growing season is 
about 176 days . 

Figure 16. Map and geologic cross section showing thickness and areal extent of aquifer at Areola 
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Geology 
The unconsolidated g l a c i a l deposi ts in the 

Arcola a r ea a r e mainly Wisconsinan and Illinoian 
in age and range in th ickness from 80 to 125 feet. 
As shown in figure 16 these deposi ts cons is t 
p r i m a r i l y of ice- la id ti l l with some pe rmeab le 
wa te r - l a id si l t , and sand and grave l outwash. 
The thicker sect ions of glacial m a t e r i a l a r e con
tained in a na r row bedrock val ley cut into Penn-
sylvanian bedrock, w h i c h cons i s t s mainly of 
sha le . The o u t w a s h m a t e r i a l s a r e genera l ly 
found in the lower pa r t of the drift between depths 
of 80 and 125 feet b e l o w land sur face . The 
th icker and m o r e pe rmeab le sect ions of the out-
wash deposi t s , hereaf te r r e f e r r e d to as "the 
aquifer , " a r e Illinoian in age . 

The thick upper unit of the Wisconsinan glacial 
t i l l which occurs from the sur face to an average 
depth of 60 feet contains a high percen tage of s i l t 
and clay. The lower Wisconsinan unit and the 
Illinoian d e p o s i t s immedia te ly overlying the 
aquifer contain sand lenses within sandy t i l l . The 
aquifer contains a l a rge amount of fine sand and 
s i l t and its pe rmeabi l i ty is not g rea t . 

The aquifer can be t r a ced by logs of water 
wells and tes t holes from the south cen te r of 

sect ion 4 through the nor thwest pa r t of sect ion 3, 
T. 14 N . , R. 8 E . , and into the south cen te r of 
section 34, T. 15 N . , R. 8 E. Available geologic 
data suggest that the aquifer thins and is f iner -
grained to the southwest . However, additional 
subsurface information is needed to de t e rmine 
the l a t e r a l extent and thickness of the aquifer 
outside the study a r e a . 

The geologic c r o s s section and the aquifer 
thickness map shown in figure 16 were drawn 
from avai lable d r i l l e r ' s logs of wells and tes t 
ho les . The map shows a re la t ive ly thin and 
nar row s t r i p of pe rmeab le m a t e r i a l exceeding 
20 feet in th ickness trending from nor theas t to 
southwest through the study a r e a . The m o r e 
pe rmeab le pa r t of the aquifer sui table for deve l 
opment by wells ranges in width from about 800 
to l e s s than 200 feet. This sect ion of the p e r 
meable deposi ts is contained between the 20-foot 
thickness l ines in figure 16. 

The locat ion of wells and tes t holes for which 
geologic and hydrologic data a r e avai lable is 
shown in figure 17. Logs of wells and tes t holes 
a r e given in table 6; r eco rds of wells a r e sum
m a r i z e d in table 7. 

Figure 17. Map showing location of wells and test holes at Arcola 
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Table 6. Logs of Wells and Tes t Holes at Arcola (continued) 
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Table 7. Records of Wells and Tes t Holes at Arcola 
(Elevations in feet above sea level , e s t imated from topographic maps ) 

The aquifer is over la in by deposi ts (confining 
bed) which impede or r e t a r d the ve r t i ca l m o v e 
ment of ground wa te r . Recharge is der ived at an 
alti tude higher than the base of the confining bed; 
the aquifer i s c o m p l e t e l y sa tura ted with the 
water exer t ing an upward p r e s s u r e on the base 
of the confining bed; v e r t i c a l leakage through the 
confining bed is poss ib le ; and water is said to 
occur under leaky a r t e s i a n condit ions. 

The surface to which water will r i s e under 
leaky a r t e s i a n condit ions, as defined by water 
leve ls in a number of we l l s , is the p iezometr ic 
su r f ace . When the p r e s s u r e head, and hence, 
the p i ezomet r i c surface is lowered by the pump
ing of we l l s , the aquifer is not dewatered but is 
s t i l l complete ly full. The wa te r d ischarged from 
the wel l is der ived by the compaction of the 
aquifer and assoc ia ted beds , by the expansion of 
the wa te r itself, and by v e r t i c a l leakage through 
the confining bed into the aquifer . 

Table 6. Logs of Wells and Tes t Holes at Arcola (continued) 

Occur rence of Ground Water 
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Ground-Water Withdrawals 

When the f i r s t municipal well was instal led in 
1891 only 25 per cent of the total population of 
the city used water from this source . The r e 
ma inde r of the population obtained their water 
supply from dug or bored wells that tapped a thin 
pe rmeab l e deposit of s i l t and fine sand 15 to 20 
feet below land sur face . Between 1891 and 1915 
only about 20, 000 gallons per day were pumped 
from the city wel l s . As the water works faci l i 
t ies w e r e improved by the ins ta l la t ion of new 
wells and a water t r ea tment plant the demand for 
city wa te r inc reased and in 1959 nea r ly 90 per 
cent of the total population used water from city 
wel l s . Municipal pumpage averaged 146,000 gpd 
in 1959. Average daily ground-water wi thdrawals , 
1891-1959, a r e shown in figure 18. 

Figure 18. Ground-water pumpage, 1891-1959, at Arcola 

Until June 1955 all of the wa te r for the muni 
cipal wa te r supply was pumped from wells in the 
old well field near the water works plant shown 
in figure 17. As water levels declined in this 
a r e a , however , u n d e v e l o p e d port ions of the 
aquifer away from the center of pumpage were 
explored by t e s t dri l l ing and in May 1955 two new 
wel l s , 3.8g and 34.5a, were cons t ruc ted about 
2500 and 5000 feet, respec t ive ly , no r theas t of 
the old well field. Since May 1955 approximate ly 
75 pe r cent of the total g round-water withdrawal 
has been from the new wel l s . During December 
1959 well 4 . 4 e l in the old well field was con
t inuously pumped for one week and wells 34. 5a 
and 3. 8g w e r e a l te rna te ly pumped for the r e 
ma inde r of the month. This is the pumping 
schedule which the water super intendent intends 
using in the future. 

Fluctuat ions of Water Levels 
and Their Significance 

Water levels in wells in the old and new well 
fields declined as ground-water withdrawals in
c r e a s e d . A l a rge i nc rease in pumpage s ta r t ing 
in 1947 caused water levels in well 4. 4d in the 
old well field to decline over 30 feet within a 
per iod of only 8 y e a r s as shown in figure 19A. 
This decl ine was th ree t imes as much as had 
been observed during the p r e c e d i n g 25-yea r 
per iod. 

As the r e su l t of a shift in pumping c e n t e r s , 
wa te r levels in the old well field r ecovered from 
1955 to 1959 as shown in figures 19A and 19B. 
Data for the per iod p r io r to May 1955 in figure 
19A indicate that water levels in the old well 
field would have r ecovered about 60 feet if t he re 
were no in te r fe rence between the old and new 
well f ields. However, r e c o v e r y was nea r ly 
complete in 1959 and was only about 40 feet. 
There fo re , t he re i s apprec iable mutual i n t e r 
ference between the old and new well f ie lds . 
The dis tance between the old and new well fields 
is grea t enough so that daily changes in pumpage 
from wells in the new field a r e not r eco rded in 
well 4. 4d. However, water levels in well 4. 4d 
respond to frequent changes in pumpage in well 
4. 4e1 located 475 feet away in the old well field. 

Water levels in wells with shor t or in te r rup ted 
r e c o r d s a r e s u m m a r i z e d in table 8. Records of 
wells a r e given in tables 7 and 9. 

Figure 19. Water levels in wells at Arcola, 1953-1959 
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Table 8. Water Levels in Wells at Arcola Recharge to Aquifer 

Recharge to the aquifer at Arcola occu r s as 
v e r t i c a l leakage of water through the confining 
bed. Some prec ip i ta t ion r eaches the wa te r table 
and becomes ground wa te r . P a r t of the water 
s to red in shallow deposi ts moves downward 
through the confining bed into the aquifer under 
the influence of l a rge differentials in head b e 
tween the wa te r table in shallow deposi ts and 
wa te r levels in the aquifer . 

The water level in shallow, 10 to 30 feet deep, 
dug or bored wells fluctuates through a wide 
range in r e sponse to above or below no rma l 
prec ip i ta t ion; i n drought y e a r s many shallow 
wells go dry . However, water s to red in the 
thick confining bed is available to the aquifer so 
that drought pe r iods have l i t t le influence on water 
leve ls in the ci ty we l l s . 

The quantity of leakage through the confining 
bed v a r i e s from place to place and is p r i m a r i l y 
control led by the ve r t i ca l pe rmeab i l i ty and th ick
ness of the confining bed and the difference b e 
tween the head in the aquifer and in the shallow 
depos i t s . 

A compar i son of the pumpage graph in figure 
18 with the hydrograph in figure 19A shows that 
w a t e r - l e v e l decl ine is d i rec t ly p ropor t iona l to 
the pumping r a t e . Within a re la t ive ly sho r t t ime 
after each i n c r e a s e in pumping r a t e , leakage 
through the confining bed has i nc reased in p r o 
por t ion to pumpage and has balanced d i s cha rge . 
As the shape and extent of the cone of dep res s ion 
a r e dependent upon the hydraul ic p r o p e r t i e s of 
the aquifer and the ve r t i ca l pe rmeab i l i t y of the 
confining bed, these p rope r t i e s m u s t be defined 
before the yields of wells and the aquifer can be 
evaluated. 

Table 9. Records of Product ion Wells at Areola 
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Table 10. Coefficients of T ransmiss ib i l i t y and Pe rmeab i l i t y for Aquifer at Arcola 

Hydraulic P r o p e r t i e s of Aquifer Geohydrologic Boundaries of Aquifer 

During the per iod 1940 to 1955, five pumping 
tes ts were made at Arcola to de te rmine the hy
draul ic p r o p e r t i e s of the aquifer . The equations 
and method used to analyze data for one of the 
tes ts a r e g i v e n in figure 20. E a r l y t i m e -
drawdown data unaffected by leakage through the 
confining bed and by geohydrologic boundaries 
were used in computa t ions . Es t imates of the 
coefficient of t r a n s m i s s i b i l i t y of the aquifer were 
also made by subst i tut ing in the nonequil ibrium 
formula, specific capaci ty data , a coefficient of 
s torage of 0 . 0 0 1 , and wel l -cons t ruc t ion data. 
Specific c a p a c i t y data w e r e adjusted for the 
effects of pa r t i a l pene t ra t ion and well loss before 
they were used to de t e rmine the coefficient of 
t r ansmiss ib i l i t y . 

A s u m m a r y of the coefficients of t r a n s m i s s i 
bility and pe rmeab i l i ty obtained from the tes t s is 
given in table 10. These data indicate that the 
coefficient of t r a n s m i s s i b i l i t y ranges from 2200 
to 18, 300 gpd/ft and the coefficient of p e r m e a 
bility ranges from 275 to 660 gpd/sq ft. The 
s m a l l e r values of T and P ref lect thinner or l e ss 
pe rmeab le depos i t s nea r the edge of the aquifer; 
whereas the l a r g e r values reflect much thicker 
and m o r e p e r m e a b l e deposi ts near the center of 
the aquifer. Based on the r e su l t s of the t e s t s , 
the geology of the a r e a , and the method of p r o 
port ional p a r t s , the ave rage coefficient of t r a n s 
miss ib i l i ty of the p a r t of the aquifer with a sa t 
ura ted t h i c k n e s s of 20 feet is es t imated to be 
about 10, 000 gpd/ft . 

The coefficient of s to rage could not be a c 
cura te ly de te rmined from the tes t data because 
observat ion wells were not available during 
the t e s t s . However, computations using the 
coefficients of t r ansmis s ib i l i t y de termined from 
the tes t data, wel l -cons t ruc t ion data , and the 
nonequil ibrium formula , indicate that the co
efficient of s torage is in the order of magnitude 
of 0.001. 

Geologic conditions l imit the extent of the 
aquifer at Areo la . As shown in figure 16 the 
pe rmeab l e sand and grave l deposi ts a r e bounded 
on the nor theas t and southwest by re la t ive ly i m 
pervious deposi ts of t i l l which de l imi t the aquifer 
and act as b a r r i e r boundar ies . 

The effects of b a r r i e r boundaries on the d r a w 
down in a well a r e apparent in f igure 20. The 
water level in well 3.8g declined at an ini t ia l r a t e 
under the influence of the pumped well only. The 
t i m e - r a t e of drawdown inc reased twice , about 
5 minu tes after pumping s t a r t ed and about 25 
minu tes after pumping s ta r t ed , as the effects of 
image wel ls assoc ia ted with b a r r i e r boundar ies 

Figure 20 . Graph of results of pumping test at Areola 
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became m e a s u r a b l e . Unfortunately late t i m e -
drawdown data a r e influenced by leakage through 
the confining bed in a d d i t i o n to the b a r r i e r 
boundar ies and the exact location of the b a r r i e r 
boundar ies cannot be de te rmined from pumping 
tes t data alone. Based on geologic data and the 
r e s u l t s of pumping t e s t s , the effective dis tance 
between b a r r i e r boundaries is es t imated to be 
400 feet. The orientat ion of ideal ized b a r r i e r 
boundar ies is shown in figure 21 . 

Figure 2 1 . Map showing location of pumping centers and idealized 
geohydrologic boundaries of the aquifer at Arcola 

Vert ica l Pe rmeab i l i ty of Confining Bed 

The v e r t i c a l permeabi l i ty , P', of a confining 
bed often can be de te rmined from the r e su l t s of 
pumping t e s t s by u s i n g formulas der ived by 
Hantush and Jacob (1955) and methods desc r ibed 
by Walton (1960). However, m o s t drawdown data 
col lected dur ing pumping t e s t s made at Arcola 
a r e affected by b a r r i e r boundaries and i t i s i m 
poss ib le to i so la te the effects of the leakage 
through the confining bed. The ve r t i ca l p e r m e 
abi l i ty of the confining bed cannot be de te rmined 
from avai lable pumping tes t data. Records of 
pas t p u m p a g e and wa te r - l eve l decl ine and a 
model aquifer were used to e s t ima te the v e r t i c a l 
pe rmeab i l i t y of the confining bed. 

Model Aquifer 

The resu l t s of geologic and hydrologic studies 
indicate that i t is poss ible to s imula te complex 
aquifer conditions at Areola with an ideal ized 
model aquifer . The model aquifer is a r ec t i l i nea r 
s t r i p of sand and g rave l 400 feet wide, 20 feet 
thick, bounded on the s ides and bottom by i m 
pe rmeab le m a t e r i a l and over la in by a confining 
bed 70 feet thick. The or ienta t ion of the model 
aquifer in re la t ion to Areola is shown in figure 21 . 
Based on pumping t e s t data the average coeffi
cients of t r ansmis s ib i l i t y and s t o r a g e of the 
model a q u i f e r a r e 10,000 gpd/ft and 0 . 0 0 1 , 
respec t ive ly . 

The wa te r - l eve l decl ine at wells 4. 4d, 34. 5a, 
and 3. 8g from 1922 to 1955 was computed using 
the model aquifer , calculated hydraul ic p rope r t i e s 
of the aquifer, the image-we l l theory, the s teady-
state leaky a r t e s i a n formula desc r ibed by Jacob 
(1946), es t imated pumpage data , and s e v e r a l a s 
sumed values of the ve r t i ca l pe rmeab i l i ty of the 
confining bed. The computed decl ines were then 
compared with ac tua l decl ines and that ve r t i ca l 
pe rmeab i l i ty which gave computed decl ines equal 
to actual observed decl ines was ass igned to the 
confining bed. 

Ground-water wi thdrawals from 1922 to 1955 
were grouped into one center of pumping in the 
old well field. The center of pumping, wells 
3.8g, 4.4d, and 34.5a, and the b a r r i e r boundar ies 
were drawn to sca le on a map and the image 
wells assoc ia ted with the geohydrologic bound
a r i e s were located. The d is tances between wells 
4. 4d, 3. 8g, and 34. 5a, the pumping cen te r , and 
image wells w e r e scaled from the map . The 
wa te r - l eve l decl ine at wells 4.4d, 34.5a, and 3.8g 
resul t ing from pumpage at the pumping cen te r 
was de te rmined using the s t eady- s t a t e leaky 
a r t e s i a n formula to compute the effects of the 
r ea l and image we l l s . 

The actual decl ines in wells 4 .4d , 3.8g, and 
34.5a from es t imated or ig inal nonpumping w a t e r -
level elevations a r e 42, 30, and 17 feet, r e 
spect ively. Wa te r - l eve l decl ines of 45 feet in 
well 4 .4d , 32 feet in well 3. 8g, and 19 feet in 
well 34.5a computed by using a ve r t i ca l p e r m e 
abil i ty of 0. 04 gpd / sq ft compare favorably with 
actual dec l ines . The ve r t i ca l pe rmeab i l i ty of the 
confining bed is there fore es t imated to be 0. 04 
gpd/sq ft. Thus, the effects of two b a r r i e r 
boundaries and leakage through the confining bed 
on the response of the aquifer at Areola to d e 
velopment of wells can be s imula ted by using the 
model aquifer desc r ibed e a r l i e r and a ve r t i ca l 
pe rmeab i l i ty of 0.04 gpd/sq ft. The model aquifer 
m a y be used to p r ed i c t with reasonab le accu racy 
the effects of future ground-water development 
and the p r ac t i c a l sus ta ined yield of the existing 
3-well sys tem. 
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Theore t ica l Effects of Pumping 

The b a r r i e r boundar ies a t Arcola d i s to r t 
cones of depress ion and great ly i nc rease the 
drawdown in wel ls . On the other hand, r e 
charge from the ve r t i ca l leakage of water through 
the confining bed l imi t s the spread of the cone of 
depress ion and d e c r e a s e s the drawdown in wel l s . 
The model aquifer was used to evaluate the in
fluence of the b a r r i e r boundar ies and v e r t i c a l 
leakage on w a t e r - l e v e l decl ine . 

Theore t i ca l t ime-drawdown graphs i l lus t ra t ing 
the effects of b a r r i e r boundar ies and ve r t i ca l 
leakage on w a t e r - l e v e l decl ine a r e given in 
figure 22. Dis tances from a pumped well to an 

Figure 22. Graphs of theoretical time-drawdown (A), time-drawdown 
considering barrier boundaries (B), and time-drawdown considering 

barrier boundaries and vertical leakage (C) for the aquifer at Arcola 

observa t ion point of 2500 feet, to a b a r r i e r 
boundary of 200 feet nor thwest of the observa t ion 
point, and to a b a r r i e r boundary of 200 feet 
southeast of the observa t ion point were a s sumed 
in const ruct ing the g r aphs . The graphs show the 
amount of in te r fe rence that will occur at an ob
serva t ion point 2500 feet from a pumped well at 
any t ime from 1 to 400 days assuming an infinite 
aquifer with no r e c h a r g e (A), a finite aquifer 400 
feet wide r echa rged by ve r t i ca l leakage (B), and 
a finite aquifer 400 feet wide with no r echa rge (C). 

Curves A and C show that , with no r e c h a r g e , 
in te r fe rence in an infinite aquifer 400 days after 
pumping s t a r t ed is l e s s than two feet, whereas 
the in te r fe rence in a finite aquifer 400 feet wide 
400 days after pumping s ta r ted is over 50 t i m e s 
as much, or m o r e than 100 feet. Drawdown is 
s t i l l continuing at an apprec iable ra te 400 days 
after pumping s t a r t ed in the finite aquifer with 
no r e c h a r g e . In an aquifer recharged by ve r t i ca l 
leakage, however , the max imum drawdown is 
only 10. 5 feet and equi l ibr ium conditions preva i l 
about 30 days af ter pumping s ta r t ed . 

Figure 23. Theoretical distance-drawdown relationship in an 
infinite aquifer having hydraulic properties determined 

for the aquifer at Areola 

Figure 23 shows the amount of in te r ference 
that will occur in an infinite aquifer under s teady-
s ta te leaky a r t e s i a n conditions at d is tances of 
100 feet to about 3. 5 m i l e s from a well pumping 
continuously at 25 and 57 gpm. The drawdowns 
given occur at equal d i s tances from the pumped 
well in al l d i r ec t ions . The graphs a s s u m e that 
r e c h a r g e by ve r t i ca l leakage through the con
fining bed balances d i s cha rge . The v i r tua l radi i 
of cones of depress ion for pumping r a t e s of 25 
and 57 gpm a r e shown to be about 15,000 and 
18, 500 feet, r e s p e c t i v e l y . The theore t ica l 
drawdown at any d is tance is d i rec t ly proport ional 
to the pumping r a t e . Thus , if the pumping ra te 
was 115 gpm the drawdown at any dis tance would 
be twice that shown by the curve cons t ruc ted for 
a pumping r a t e of 57 gpm in figure 23. The 
dis tance-drawdown graphs w e r e used to compute 
the effects of the r ea l and image wells assoc ia ted 
with the model aquifer . 

P r a c t i c a l Sustained Yield of 3-Well System 
The p rac t i ca l susta ined yield of existing well 

fields at Areola is dependent upon the hydraulic 
p rope r t i e s and th ickness of the aquifer , the v e r 
t ical pe rmeabi l i ty and th ickness of the confining 
bed, the g e o h y d r o l o g i c boundar ie s , and the 
spacing of wells and well f ie lds . 

The mul t ip le -wel l s y s t e m at Areola cons is t s 
of 3 wells spaced 2500 feet a p a r t in the m o r e 
pe rmeab le p a r t s of the aquifer as shown in 
figure 2 1 . These we l l s , 4 . 4 e l , 3. 8g, and 34. 5a, 
a r e 122, 118, and 106 feet deep, respect ive ly . 
The maximum drawdowns that can occur without 
dewatering the aquifer below the well s c r e e n s in 
these wells a r e 76, 66, and 75 feet, respec t ive ly . 
Computations made with the mode l aquifer in
dicate that a max imum of 137 gpm can be pumped 
from the 3-well s y s t e m w i t h o u t eventually 
lowering water levels below tops ot s c r e e n s . 
The p rac t i ca l sus ta ined yield of the 3-well sys tem 
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can be developed by pumping wells 4 . 4 e l and 
34. 5a at 57 gpm and well 3. 8g at 25 gpm. Any 
other combinat ion of pumpage will r e s u l t in ex
cess ive drawdown in the center well of the 3-well 
sys t em. Thus , the p rac t i ca l sus ta ined yield of 
the exist ing 3-well sy s t em is about 137 gpm or 
200,000 gpd. 

The r a t e of g round-water wi thdrawal inc reased 
f rom 115,000 gpd in 1957 to 146,000 gpd in 1959. 
If pumpage continues to i n c r e a s e in the future at 
this r a t e , i t i s es t imated that the p rac t i ca l s u s 
tained yield of the existing 3-well s y s t e m will be 
exceeded by 1963. 

T A L L U L A 

The munic ipa l water supply for the vil lage of 
Tallula is obtained from a hor izontal col lec tor in 
a shallow sand and grave l aquifer which ave rages 
3. 5 feet in th ickness and 300 feet in width. Re 
charge to the aquifer is from precip i ta t ion and a 
r echa rge well connected to a lagoon. Average 
daily wi thdrawals from the col lector i nc reased 
from about 7000 gallons in 1955 to about 29,000 
gallons in 1959. As the resu l t of i nc r ea sed with
d rawa l s , water levels declined to c r i t i ca l s tages 
during s u m m e r months in 1959. 

Detailed study was confined to a rec tangular 
a r e a , he rea f t e r r e f e r r e d to as "the a r e a , " of 
about 1 square mile along the flood plain and 
within the dra inage basin of the W e s t F o r k of 
C la ry Creek nor thwest of the vi l lage in T. 17 N . , 
T. 18 N., R. 7 W., R. 8 W. as shown in figure 24. 
The a r e a is s i tuated between 89°55 ' and 90°00' 
west longitude and between 39°55 ' and 40°00' 
north la t i tude. 

Topography and Drainage 

Geography 

Location and Extent of Study Area 

Tallula is located near the southwest c o r n e r 
of Menard County in w e s t - c e n t r a l I l l inois , 18 
mi les nor thwest of Springfield as shown in f igure 
1. State Highway 123 and the Gulf, Mobile and 
Ohio r a i l road pass through the vi l lage . 

The land surface within the a r e a ranges from 
an elevation of about 630 feet in Tal lula and along 
the divide of the drainage bas in , to about 560 feet 
on the flood plain of C la ry Creek nea r the no r th 
eas t co rne r of the a r e a . Drainage is l a rge ly 
nor theas tward to Cla ry C r e e k and to Sangamon 
River about 12 mi les nor th of the a r e a . 

Figure 24. Map showing location of study area and collector 
at Tallula Figure 25. Annual and mean monthly precipitation at Tallula 
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Climate 

Graphs of annual (1941-1959) a n d m e a n monthly 
prec ip i ta t ion in figure 25 were compiled from 
prec ip i ta t ion data col lected by the U. S. Weather 
Bureau at the ci ty of P e t e r s b u r g , about 7 m i l e s 
nor theas t of Tal lula . According to these r e c o r d s 
the m e a n annual prec ip i ta t ion is 35 .11 inches . 
P rec ip i t a t ion is g rea t e s t during Apri l , May, June , 
and July and exceeds 3. 5 inches . December , 
J anua ry , and F e b r u a r y a r e the months of l e a s t 
prec ip i ta t ion , each having l e s s than 2 inches . 

The o c c u r r e n c e of the annual max imum and 
min imum prec ip i ta t ion amounts expected on an 
average of once in 5 and once in 50 y e a r s , based 
on data in the Atlas of Illinois R e s o u r c e s , Section 
1, is given below: 

The mean annual snowfall is 21 inches . On 
the ave rage about 24 days a year have 1 inch or 
m o r e of ground snow cover; about 12 days a yea r 
have 3 inches or m o r e of ground snow cover . 

Based on r e c o r d s c o l l e c t e d by the U. S. 
Weather Bureau at Springfield, the m e a n annual 
t e m p e r a t u r e is 52. 4 F. June , July, and August 
a r e the hot tes t months with mean t e m p e r a t u r e s 
of 7 1 . 9 ° F , 76. 3°F , and 7 4 . 0 ° F , respec t ive ly . 
J a n u a r y is the co ldes t month with a m e a n t e m 
p e r a t u r e of 2 9 . 4 ° F . The mean length of the 
growing season is about 180 days . 

Geology 

The municipal water supply is obtained from 
a hor izonta l col lec tor on the flood plain of C la ry 
C r e e k about 1/2 mi l e north of the corpora t ion 
l imi t s of Tal lu la . The col lector pene t ra tes a 
thin sand and grave l aquifer that ranges in thick
ness from 2. 5 to 4. 5 feet and is encountered at 
an ave rage depth of 16 feet below land sur face . 
The ave rage th ickness of the aquifer is 3. 5 feet, 
but i t probably i n c r e a s e s nor thward in the m o r e 
deeply inc ised , wider pa r t of Cla ry C r e e k val ley. 
This aquifer is not v e r y pe rmeab le and cons i s t s 
of s t ra t i f ied beds of sand, gravel , and si l t in 
va r ious m i x t u r e s . 

Alluvial clay, s i l t , and fine sand (confining 
bed) over l ie the aquifer; the sand content of the 

alluvium i n c r e a s e s with depth. Pa tches of pebbly 
glacial t i l l probably over l ie the aquifer at places 
in the val ley. The ave rage sa tu ra t ed thickness of 
the confining bed is 10 feet. 

As shown in figure 26, the sand and gravel 
aquifer is infer red to be from 150 to 370 feet 

Figure 26. Map and geologic cross section showing thickness 
and areal extent of aquifer at Tallula 

wide in the vicinity of the co l lec to r . The aquifer 
extends beneath the flood plain of Cla ry Creek 
and has an average width of 300 feet. Border ing 
the flood plain a r e a l luvial t e r r a c e s ; some of the 
t e r r a c e s extend 10 to 15 feet above the flood 
plain. The higher t e r r a c e s m e r g e into glacial 
t i l l of Il l inoian age on the uplands . The geologic 
c r o s s sect ion A-A' in figure 26 can be cons'idered 
to r e p r e s e n t in a genera l way the geologic r e 
lations a t m o s t p laces in the a r e a . The aquifer 
is over la in by a confining bed and under na tura l 
conditions ground water occu r s under leaky 
a r t e s i an condit ions. 
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The aquifer is contained in a na r row val ley 
cut into bedrock of Pennsylvanian age . The bed
rock is re la t ive ly impe rmeab le and cons i s t s 
predominant ly of shale with a l ternat ing thin beds 
of l imes tone , sandstone, s i l t s tone, f ire clay, and 
coal . 

Figure 27. Map showing location of wells and test holes at Tallula 

The location of wells and tes t holes for which 
geologic and hydrologic data a r e avai lable is 
shown in figure 27. Logs of wells and tes t holes 
a r e given in table 11. 

Table 11. Logs of Wells and Tes t Holes at Tallula 

Ground-Water Withdrawals 

The f i r s t a t t empt to develop an adequate muni 
cipal water supply for Tallula was made between 
1952 and 1955 when 5 dug we l l s , 2 feet in d ia 
m e t e r and averaging 20 feet in depth, we re 
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cons t ruc ted along C la ry Creek . The sustained 
yield of the well field was not sufficient to m e e t 
the needs of the vil lage and in May 1955 one of 
the dug wells was r econs t ruc t ed into a hor izontal 
co l lec tor . 

The hor izonta l co l lec tor cons i s t s of a 6-foot 
d i ame te r concre te ca i s son from which 2 h o r i 
zontal 8-inch d iamete r vi t r i f ied per fora ted clay 
pipe l a t e r a l s a r e projec ted nea r the bottom. The 
concre te ca i s son extends from 9. 5 feet above to 
26 feet below land surface and is capped by a 
concre te cover with a manhole for access ib i l i ty 
to the in te r io r of the co l lec tor . One hor izontal 
l a t e r a l (upper l a te ra l ) p ro jec t s from the col lector 
at a depth of 18 feet below land surface and is 
478 feet in length. The other hor izonta l l a t e r a l 
(lower l a t e ra l ) p ro jec t s from the col lec tor at a 
depth of 21 feet below land surface and is 310 
feet in length. The l a t e r a l s were placed in a 
t r ench excavated through the aquifer . After the 
l a t e r a l s were placed, the t rench was backfilled 
with gravel to a depth of about 15 feet below land 
sur face and with clay and topsoil from a depth of 
15 feet to the or ig inal land sur face . The locations 
of the concre te ca i s son and the l a t e r a l s a r e shown 
in figure 28. 

Initial planning was based on the assumpt ion 
that the municipal water demand would i n c r e a s e 
f rom 15,000 gpd to 25,000 gpd within 10 y e a r s . 
During the f i r s t year of opera t ion, 1955, the 
wa te r demand averaged only 9000 gpd, but the 
withdrawal r a t e s teadi ly inc reased and in 1959 an 
ave rage of 29,000 gpd were pumped from the 
co l lec tor . The average daily m e t e r e d pumpage 

from the col lec tor between 1957and 1959 is shown 
in figure 29A. F r o m June 1957 through Apri l 1959 
withdrawals averaged 20, 000 gpd and the m a x i 
m u m daily pumpage exceeded 24,000 gallons only 
in June 1958 when 28, 000 gpd were pumped. In 
the s u m m e r of 1959 an average of over 37, 000 
gpd w e r e pumped and as a r e su l t wa te r levels 
declined below the top of the upper l a t e r a l in the 
co l lec to r . 

Figure 29. Ground-water pumpage (A), water levels in wells (B), 
and precipitation (C) 1957-1959 at Tallula 

Fluctuat ions of Water Levels 
and Their Significance 

A record ing gage was instal led on well 8 a l , 
located 700 feet nor theas t of the co l lec tor , in 
March 1957. Wate r - leve l fluctuations in well 
8al March 1957 to October 1959 a r e shown in 
f igures 30-32. The extent to which wa te r levels 
decl ine during d ry per iods and r e c o v e r during 
pe r iods of a b u n d a n t precipi ta t ion is evident. 
Minimum wate r levels a r e recorded during s u m 
m e r and fall months when pumping is g r ea t e s t 
and r e c h a r g e is l eas t . Maximum wate r leve ls 
genera l ly occur in June and July after the spr ing 
r e c h a r g e per iod . 

Figure 28. Location and construction features of collector 
and recharge well 
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Figure 32 . Ground-water pumpage (A), water levels in well 8al 
(B), and precipitation (C) during 1959 at Tallula 

No se r ious continuing downward t rend in y e a r 
ly m a x i m u m water levels in well 8a l has resu l ted 
from pumping the co l lec tor . The wa te r table 
r e c o v e r e d in F e b r u a r y 1959 to the max imum 
stage r eco rded in April 1957 indicating that water 
pumped 1957-1958 was replenished in full. 

Year ly m i n i m u m wate r levels in well 8a1 , 
1957-1959, a r e not c r i t i ca l and a r e s eve ra l feet 
above the top of the aquifer . However, as a 
r e su l t of a r e c o r d high pumping ra te of over 
37, 000 gpd during the s u m m e r months of 1959, 
water levels declined below the upper l a t e r a l in 
the co l lec tor in Ju ly as shown in figure 29B. The 
water l eve l s in well 8a1 and in the col lec tor a r e 
grea t ly influenced by the r echa rge well d i s cus sed 
in the following sect ion. 

Recharge to Aquifer 

P rec ip i t a t ion percola t ing to the water table 
and then through the confining bed r e c h a r g e s the 
aquifer . Some r e c h a r g e may occur by the in
duced inf i l t rat ion of surface water in C la ry Creek . 
Because of the sma l l a r e a and s i l ted condition of 
the s t r e a m bed, a low s t reamflow, and the 
p r e s e n c e of c layey m a t e r i a l s beneath the s t r e a m 
bed, v e r y l i t t le r e c h a r g e from C l a r y Creek can 
be expected espec ia l ly during s u m m e r , fall , and 
winter m o n t h s . 

La rge amounts of water en ter the aquifer 
through a r e c h a r g e well cons t ruc ted in 1957. As 
shown in f igure 28, a lagoon 7 feet deep fed by 
field t i le and surface dra inage is connected to the 
aquifer through a concre te t i le filled with g rave l . 
The r e c h a r g e well is about 60 feet from the end 
of one of the l a t e r a l s in the co l lec to r . 

The annual r a t e of r e c h a r g e from prec ip i ta t ion 
to the aquifer cannot be appra i sed from exist ing 
data. Studies made by Schicht and Walton (1961) 
in dra inage bas ins with geologic conditions s i m 
i la r to those at Tal lula indicate that r e c h a r g e 
during y e a r s of n e a r or above n o r m a l p r ec ip i t a 
tion may amount to about 8 inches . Recharge 
m a y not exceed 4 inches d u r i n g dry y e a r s . 
Based on the r e s u l t s of pumping t e s t s and o ther 
geohydrologic s tud ies , the a r e a influenced by 
pumping the co l lec tor is es t imated to be in the 
magnitude of 0. 1 squa re m i l e . Recharge to the 
aquifer f rom prec ip i ta t ion falling within the a r e a 
of the cone of dep re s s ion of the col lector is e s t i 
mated to a v e r a g e 36,000 gpd during n o r m a l y e a r s 
and 16, 000 gpd during d r y y e a r s . 

Ground-wate r s to rage in the confining bed and 
in the aquifer p e r m i t s pumping at r a t e s g r e a t e r 
than r e c h a r g e for l imi ted p e r i o d s . However , 
because the aquifer and confining bed a r e grea t ly 
l imited in a r e a l extent and thickness and the 
gravi ty yield of the confining bed is r e la t ive ly 
low, the avai lable wa te r in s to rage is not g rea t . 
Pumping a t r a t e s much above r e c h a r g e for ex 
tended pe r iods will r e su l t in the rapid deplet ion 
of the aquifer . 
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Hydraul ic P r o p e r t i e s 
of Aquifer and Confining Bed 

The coefficient of t r ansmis s ib i l i t y of the 
aquifer and the ve r t i ca l pe rmeab i l i ty of the con
fining bed w e r e de te rmined from a pumping tes t 
made June 25-26, 1952. A group of wells in the 
vicinity of the co l lec tor were used . The effects 
of pumping wel l 1h1 were m e a s u r e d in 3 o b s e r 
vat ion wells located 215, 325, and 385 feet no r th 
eas t of the pumped wel l . Pumping was s ta r ted at 
11:29 a . m . on June 25 and was continued for a 
per iod of about 25 hours at a constant ra te of 9 
gpm until 12:16 p . m . on June 26. 

Drawdowns in the observa t ion wells at the end 
of the t es t w e r e plotted on logar i thmic paper 
against the d i s t ances , from the respec t ive ob 
se rva t ion wel l s to the pumped wel l , to de sc r ibe 
a d is tance-drawdown graph. The g r a p h was 
analyzed by means of the s t eady-s ta t e leaky a r 
tes ian d i s tance-drawdown type curve method 
desc r ibed by Walton (1960). Computations a r e 
shown in f igure 33. The coefficients of t r a n s 
miss ib i l i ty and pe rmeab i l i ty of the aquifer a r e 
2750 gpd/ft and 787 gpd /sq ft, respec t ive ly . 

Figure 33. Graph of results obtained from pumping test at Tallula 

The cone of dep re s s ion is d i s tor ted by the 
p r e sence of geohydrologic boundar ies so that the 
hydraul ic grad ien ts between the val ley walls and 
the pumped well a r e flat in compar i son to the 
hydraul ic gradients on o ther s ides of the pumped 
well . However , the cone of depress ion nea r the 
pumped well is not d i s to r t ed to any grea t extent 
on a line p a r a l l e l to the b a r r i e r boundar ies . The 
observat ion wells a r e on a line para l l e l to the 
b a r r i e r boundar ies and a r e therefore approx i 
ma te ly equidistant from the image wells a s s o 
ciated with the b a r r i e r boundar ies . The effects 
of the b a r r i e r boundar ies on drawdowns in the 
observat ion wells a r e approximate ly equal for a 
given t i m e . Thus, the dis tance-drawdown data 
for the o b s e r v a t i o n wells ref lect the ac tual 

gradient toward wel l l h l and they may be used to 
de t e rmine the coefficient of t r a n s m i s s i b i l i t y of 
the aquifer . 

The actual ve r t i ca l pe rmeab i l i ty of the con
fining bed cannot be d e t e r m i n e d from the 
d is tance-drawdown data because a l a rge pa r t of 
the total drawdown in the observa t ion wel ls can 
be a t t r ibuted to the effects of the b a r r i e r bound
a r i e s . Although the hydraul ic gradient pa ra l l e l 
to the b a r r i e r boundar ies is approximate ly the 
s ame as it would be if the aquifer w e r e infinite 
in a r e a l extent, the total drawdown in each ob
se rva t ion well i s much g r e a t e r because the 
aquifer is finite. The s t eady - s t a t e leaky a r t e s i an 
type curve method is valid only for the case in 
which the aquifer is infinite in a r e a l extent , and 
the apparen t ve r t i ca l pe rmeab i l i ty of the confining 
bed computed in figure 33 is much l e s s than the 
ac tual va lue . 

A compar i son of the value of P' computed 
from the t es t data with values of P' for other 
confining beds in Illinois given by Walton (1960) 
indicates that the ve r t i ca l pe rmeab i l i t y of the 
confining bed at Tallula is re la t ive ly high. 

Leakage during the s h o r t - t e r m pumping tes t 
lowered the w a t e r table v e r y l i t t l e , and for 
p rac t i ca l purposes the confining bed was not 
dra ined . However, as a consequence of p r o 
longed heavy pumping during the s u m m e r and fall 
months when r echa rge to the wa te r table is ve ry 
sma l l , the confining bed will be dra ined and 
leakage will not keep up with d i scha rge as it did 
during the pumping t e s t . Computat ions of long-
t e r m drawdown m u s t take into cons idera t ion the 
draining of the confining bed. The gravi ty yield 
of the confining bed cannot be computed from tes t 
data . A reasonable es t imate of the gravi ty yield 
is 0. 05. 

Geohydrologic Boundar ies of Aquifer 

Geologic conditions l imi t the extent of the 
aquifer . As shown in figure 26 the pe rmeab le 
sand and gravel deposi ts a r e bounded on the 
nor thwest and southeast by re la t ive ly i m p e r m e 
able deposi ts of t i l l which de l imi t the aquifer and 
ac t a s b a r r i e r boundar ies . In a d d i t i o n , the 
aquifer pinches out about 1-1/2 m i l e s southwest 
of the co l lec tor . The location of b a r r i e r bound
a r i e s often can be de te rmined from the r e su l t s of 
pumping t e s t s by using a method desc r ibed by 
F e r r i s (1959). Unfortunately t ime-drawdown 
data for the pumping tes t made June 25-26, 1952, 
a r e influenced by leakage through the confining 
bed in addition to the b a r r i e r boundar ies . The 
exact locat ion of the b a r r i e r boundar ies cannot 
be de te rmined from pumping tes t data alone. 
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Based on geologic information and the r e su l t s of 
pumping t e s t s , the effective dis tance between 
b a r r i e r boundar ies in the vicinity of the col lec tor 
is es t imated to be 300 feet. The or ientat ion of 
idealized b a r r i e r boundaries is shown in fig
ure 34. 

Figure 34. Map showing location of collector and idealized 
geohydrologic boundaries of the aquifer at Tallula 

Figure 35 i l l u s t r a t e s the effects of the b a r r i e r 
boundar ies on the drawdown in a well n e a r the 
co l lec tor . Dis tances from a pumped well to an 
observa t ion well of 100 feet, to one b a r r i e r 
boundary of 50 feet, and to the other b a r r i e r 
boundary of 250 feet were a s sumed in cons t ruc t ing 
the graph. 

Model Aquifer 

The r e s u l t s of geologic and hydrologic s tudies 
indicate that i t is possible to s imulate complex 
aquifer conditions at Tallula with an ideal ized 
model aquifer . The model aquifer is a s e m i -
infinite r ec t i l i nea r s t r i p of sand and g rave l 300 
feet wide, 3. 5 feet thick, over la in by a confining 
bed 10 feet thick, and bounded on the s ides and 
bottom by i m p e r m e a b l e m a t e r i a l . The coefficient 
of t r a n s m i s s i b i l i t y of the aquifer is 2750 gpd/ft 
and the gravi ty yield of the confining bed is 0. 05. 
The or ien ta t ion of the model aquifer in re la t ion 
to Tal lula and the col lec tor is shown in f igure 34. 

Records of pa s t pumpage and wa te r levels 
were used to t e s t the a s sumed model aquifer 
agains t pas t pe r fo rmance and thereby es tab l i sh 
the val idi ty of th is mechan i sm to e s t ima te the 
p r a c t i c a l sus ta ined yield of the co l lec tor . The 

Figure 35. Graphs of theoretical time-drawdown (A) and time-
drawdown considering barrier boundaries (B) for the aquifer 

at Tallula 

w a t e r - l e v e l decline in wel l 8a l f rom August 1 to 
October 1, 1957, was computed us ing the model 
aquifer, the image-wel l theory, the nonequil ib-
r ium formula , and es t ima ted pumpage data. The 
computed decline was then compared with the 
actual decl ine . The hydrograph of well 8a l in 
figure 30 shows that v e r y l i t t le r e c h a r g e occu r red 
August 1 to October 1 and that for p rac t i ca l p u r 
poses al l the wa te r pumped dur ing that per iod 
was der ived from s to rage in the confining bed. 
Ground-water wi thdrawals from t h e col lector 
averaged 20, 000 gpd, August 1 to October 1. The 
ac tual decl ine of water l eve l in well 8 a 1 , August 1 
to October 1, was 2. 5 feet . 

The image wells a s soc i a t ed with the b a r r i e r 
boundar ies were located on a m a p and the d i s 
tances between well 8 a 1 , the co l lec to r , and the 
image wel ls were sca led from the map . The 
w a t e r - l e v e l decline at well 8a1 resul t ing from 
pumping the col lec tor at an average r a t e of 20,000 
gpd for 61 days was de t e rmined using the non-
equi l ibr ium formula to compute the effects of the 
r e a l and image we l l s . The computed w a t e r - l e v e l 
decl ine at wel l 8 a l , 2. 7 feet, c o m p a r e s favorably 
with the actual decline suggest ing that the mode l 
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aquifer can be used to pred ic t with reasonable 
accu racy the p rac t i ca l sustained yield of the 
co l lec tor . 

Simulating Collector with Ver t i ca l Well 

The drawdown in the hor izonta l col lec tor can
not be es t imated with existing ground-water 
formulas because of the complex const ruct ion 
fea tures of the col lec tor . However, it is poss ible 
to compute the radius of a ver t i ca l well that is 
equivalent to the col lec tor by using the model 
aquifer and per formance data for the co l lec tor . 

On Apri l 28, 1955, a pumping t e s t was made 
on the co l lec tor . A drawdown of 1. 52 feet was 
observed 41 minutes after pumping s t a r t ed at a 
r a t e of 35 gpm. The model aquifer was used to 
compute the radius of a ve r t i ca l well that would 
have the s ame specific capaci ty for a pumping 
per iod of 41 minutes as did the co l lec to r . Water 
taken from s torage within the ca i s son was taken 
into considera t ion. Computations indicate that 
the col lec tor is equivalent to a v e r t i c a l well with 
a radius of 66 feet. 

P r a c t i c a l Sustained Yield of Col lector 

The r a t e at which water can be continuously 
pumped without eventually dewatering the aquifer 
below the top of the upper l a t e r a l in the col lector 
depends in l a rge pa r t upon the ra te and d i s t r i bu 
tion of r e c h a r g e . Large quanti t ies of water enter 
the aquifer through a r echa rge well in the lagoon 
nea r the co l lec tor , a s p r e v i o u s l y d i scussed . 
During extended dry per iods such as occu r red in 
1952 the lagoon probably will go dry and the 
aquifer will r ece ive ve ry l i t t le r e c h a r g e . Records 
show that C la ry Creek was dry from about August 
10 to November 25, 1952, a per iod of 107 days . 
In extended dry per iods water pumped during 
s u m m e r and fall months will be der ived from 
s torage within the confining bed above the aquifer . 

The r a t e of pumping that will lower the water 
level in the col lec tor to the top of the l a t e r a l , 
a s suming no r echa rge for a per iod of 107 days , 
can be computed with the model aquifer using the 
d is tance-drawdown curve given in figure 36. 

Figure 36. Theoretical distance-drawdown relationship in an 
infinite aquifer having hydraulic properties determined 

for the aquifer at Tallula 

Computations m a d e s imula t ing the col lec tor with 
a v e r t i c a l well having a rad ius of 66 feet indicate 
that during extended d ry per iods the p rac t i ca l 
susta ined yield of the co l lec tor is about 11 gpm 
or 16,000 gpd. 

F igu re 29 indicates that the yield of the co l 
lec tor is much g r e a t e r dur ing yea r s of near or 
above norma l prec ip i ta t ion when the lagoon is 
frequently rep lenished and ar t i f ic ia l r echa rge is 
continuous. Water was pumped at an average 
ra te of about 20,000 gpd in 1957 and 1958 without 
excess ive drawdown suggest ing that with ar t i f ic ia l 
r echa rge the p r ac t i c a l sus ta ined yield of the 
col lector exceeds 20, 000 gpd. Water levels d e 
clined to the top of the l a t e r a l in July 1959 when 
the average wi thdrawal r a t e was 37, 000 gpd. 
Thus, the p r ac t i c a l sus ta ined yield of the co l 
lec tor with ar t i f ic ia l r e c h a r g e is something l e s s 
than 37, 000 gpd. Based on data in figure 29 the 
p rac t i ca l sustained yield of the col lec tor during 
yea r s of no rma l prec ip i ta t ion is es t imated to be 
20 gpm or 25, 000 gpd. 

It is probable that the sand m a t e r i a l s in the 
bottom of the lagoon over the r echa rge well will 
clog with t ime and as a r e su l t r echa rge to the 
aquifer and the yield of the col lec tor will s teadi ly 
decline with u s e . F requen t t r e a tmen t of fi l ter 
m a t e r i a l over and in the r e c h a r g e well will be 
n e c e s s a r y to main ta in the yield of the col lector 
at 20 gpm. 
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C O N C L U S I O N S 

Geohydrologic se t t ings in many a r e a s have 
here tofore been cons idered too complex to p e r 
mi t thei r quantitative desc r ip t ion with existing 
ground-water f o rmu la s . The case h i s t o r i e s of 
ground-water d e v e l o p m e n t desc r ibed i n this 
r e p o r t suggest that i t is often poss ible to appra i se 
ground-water p rob lems with analyt ical e x p r e s 
sions by devising approximate methods of analysis 
based on ideal ized models of aquifer s i tuat ions . 
By checking computed pe r fo rmance of wel ls and 
aquifers with r e c o r d s of pas t pumpage and water 
l eve l s , the inves t iga tor is a s s u r e d of reasonably 
accura te solut ions . 

With sound profess iona l judgment geohydro
logic conditions often can be highly idealized with 
l i t t le sacr i f ice in accu racy of ana lys i s . In addi
tion, the adequacy and a c c u r a c y of bas ic data a r e 
seldom sufficient to w a r r a n t a r igorous t heo re t i 
cal and p r ec i s e quanti tat ive evaluation of ground
water condit ions. In many c a s e s , the complexi ty 
of geologic conditions d ic ta tes that quantitative 
app ra i sa l s der ived f rom any method of analys is 
can at bes t be cons idered only approximat ions . 

It is recognized that methods of ana lys i s d e 
scr ibed in this r e p o r t and based on idealized 
assumpt ions provide only approx imate answers 
on a bulk b a s i s . Idealized mode l s d e s c r i b e the 
drawdown leas t accura te ly in the immedia te 
vicini ty of geohydrologic boundar ies and i r r e g u 
l a r i t i e s . In o rde r to quanti tat ively de sc r ibe in 
detai l geohydrologic sys t ems having highly com
plex geomet ry , the invest igator will have to tu rn 
to e lec t r i c analog models which a r e m o r e v e r s a 
t i le in s imulat ing aquifer condit ions. 

The ca se h i s t o r i e s of g round-water develop
men t p re sen ted in this r epor t point out the need 
to place m o r e emphas i s on tying toge ther s c a t 
t e r ed and apparent ly disconnected studies of 
wel ls and aquifers into a r e a l s t ud i e s . I t is a p 
pa ren t that quanti tat ive answers depend p r i m a r i l y 
upon the accura te descr ip t ion of geologic con
di t ions . In the future, m o r e emphas i s should be 
placed on re la t ing the geology to hydrologic 
p a r a m e t e r s . 
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