
P
E

R
M

IT
T

E
D

 W
A

T
E

R
 U

S
E

 IN
 IO

W
A

, 1985
B

y D
. L. R

unkle, J. L
 N

ew
m

an and E. M
. S

hields

U
.S

. G
E

O
LO

G
IC

A
L S

U
R

V
E

Y
 

O
pen-F

ile R
eport 86-302

P
repared in cooperation w

ith
IO

W
A

 D
E

P
A

R
T

M
E

N
T

 O
F

 W
A

T
E

R
, A

IR
 A

N
D

 W
A

S
T

E
 M

A
N

A
G

E
M

E
N

T
 and the

IO
W

A
 G

E
O

LO
G

IC
A

L S
U

R
V

E
Y

Iow
a C

ity, Iow
a 

1985



U
N

IT
E

D
 S

T
A

T
E

S
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

H
E

 IN
T

E
R

IO
R

D
O

N
A

LD
 P

A
U

L M
O

D
E

L, S
E

C
R

E
T

A
R

Y

G
E

O
LO

G
IC

A
L S

U
R

V
E

Y
D

allas L. P
eck, D

irector

For additional inform
ation w

rite to:

D
istrict C

hief
U

.S. G
eological S

urvey, W
R

D
P.O

. B
ox 1230

R
m

. 269, Federal B
uilding

400 S
outh C

linton S
treet

Iow
a C

ity, Iow
a 

52244-1230



C
O

N
T

E
N

T
S

A
bstract 

.............................................. 1
In

tro
d

u
c
tio

n
............................................ 1

A
cknow

ledgem
ents ..................................... 1

E
xplanation of data ..................................... 2

A
quifers in Iow

a ........................................ 2
Total perm

itted w
ater use ................................ 4

A
gricultural (non-irrigational) ............................ 7

S
elf-supplied c

o
m

m
e
rc

ia
l............................... 9

S
elf-supplied in

d
u
s
tria

l................................ 11
Irrigation ........................................... 13
M

ining ............................................. 15
P

ow
er generation .................................... 17

P
ublic w

ater suppliers ................................ 19
S

u
m

m
a

ry
............................................. 24

S
elected re

fe
re

n
c
e

s
.................................... 24

F
IG

U
R

E
S

1. 
Total perm

itted w
ater use in Iow

a C
ounties, 1985 ......... 3

2. 
Total perm

itted w
ater use by category .................. 4

3. 
Total perm

itted surface-w
ater use by c

a
te

g
o
ry

............ 4
4. 

Total perm
itted ground-w

ater use by c
a
te

g
o
ry

............ 5
5. 

Total perm
itted surface-w

ater use by source ............. 5
6. 

Total perm
itted ground-w

ater use by source ............. 5
7. 

Total perm
itted ground-w

ater use by aquifer ............. 5
8. 

P
erm

itted agricultural (non-irrigation) w
ater use in

Iow
a C

ounties, 1985 
.............................. 6

9. 
P

erm
itted agricultural (non-irrigation)

surface-w
ater use by s

o
u
rc

e
........................ 7

10. 
P

erm
itted agricultural (non-irrigation)

ground-w
ater use by a

q
u

ife
r........................ 7

11. 
P

erm
itted self-supplied com

m
ercial w

ater use
in Iow

a C
ounties, 1985 

............................ 8

12. 
P

erm
itted self-supplied com

m
ercial surface-w

ater use
by source ....................................... 9

13. 
P

erm
itted self-supplied com

m
ercial ground-w

ater use
by source ....................................... 9

14. 
P

erm
itted self-supplied com

m
ercial ground-w

ater use
by a

q
u

ife
r....................................... 9

15. 
P

erm
itted self-supplied industrial w

ater use
in Iow

a C
ounties, 1985 ........................... 10

16. 
P

erm
itted self-supplied industrial surface-w

ater use
by source ...................................... 11

17. 
P

erm
itted self-supplied industrial ground-w

ater use
by a

q
u
ife

r...................................... 11
18. 

P
erm

itted irrigation w
ater use in Iow

a C
ounties, 1985 ..... 12

19. 
P

erm
itted irrigation surface-w

ater use by source ......... 13
20. 

P
erm

itted irrigation ground-w
ater use by source ......... 13

21. 
P

erm
itted irrigation ground-w

ater use by a
q
u
ife

r......... 13
22. 

P
erm

itted m
ining w

ater use in Iow
a C

ounties, 1
9

8
5

....... 14
23. 

P
erm

itted m
ining surface-w

ater use by s
o
u
rc

e
........... 15

24. 
P

erm
itted m

ining ground-w
ater use by s

o
u
rc

e
........... 15

25. 
P

erm
itted m

ining ground-w
ater use by a

q
u
ife

r........... 15
26. 

P
erm

itted pow
er w

ater use in Iow
a C

ounties, 1985 ....... 16
27. 

P
erm

itted pow
er surface-w

ater use by source ........... 17
28. 

P
erm

itted pow
er ground-w

ater use by a
q
u
ife

r........... 17
29. 

P
erm

itted public w
ater supplier w

ater use
in Iow

a C
ounties, 1985 ........................... 18

30. 
P

erm
itted public w

ater supplier surface-w
ater use

by source ...................................... 19
31. 

P
erm

itted public w
ater supplier ground-w

ater use
by a

q
u
ife

r...................................... 19

T
A

B
L

E
S

1. 
Total perm

itted w
ater use, in m

illion gallons per year,
by category for each c

o
u
n
ty

....................... 20
2. 

A
quifers in Iow

a ................................... 22



P
erm

itted W
ater U

se in Iow
a, 1985

by D
. L. R

unkle, J. L. N
ew

m
an and E. M

. Shields

A
bstract

This report sum
m

arizes w
here, how

 m
uch and for w

hat purpose 
w

ater 
is 

allocated 
for 

use 
in 

Iow
a 

w
ith 

perm
its 

issued 
by 

the 
D

epartm
ent of W

ater, A
ir and W

aste M
anagem

ent. In Iow
a, from

 a 
total perm

itted w
ater use of 855,175.45 m

illion gallons per year, 
about 

58 
percent 

is from
 

surface-w
ater 

sources 
and 

about 
42 

percent is from
 ground-w

ater sources. S
tream

s are 80.5 percent of 
the total surface-w

ater use and w
ells m

ake up 80.1 percent of the 
total ground-w

ater use, w
ith 65.4 percent of ground w

ater com
ing 

from
 surficial aquifers. P

ow
er generation is the use category that is 

perm
itted the largest am

ount of total w
ater use, 46.6 percent, w

ith 
surface w

ater being the source of 96.7 percent and 77.9 percent of 
the 

surface 
w

ater 
is 

from
 

stream
s. 

The 
public 

w
ater 

suppliers' 
category is the next largest use type w

ith 15.7 percent of the total 
perm

itted 
w

ater. 
G

round 
w

ater 
constitutes 

74.4 
percent 

of 
the 

public 
w

ater 
supplier category 

w
ith 

51.7 
percent 

from
 

surficial 
aquifers. S

urface w
ater m

akes up 25.6 percent of this category w
ith 

83.0 percent of the surface w
ater w

ithdraw
n from

 stream
s. M

ining 
com

prises 13.4 percent of the total w
ater use and is the third largest 

w
ater-use category. G

round w
ater is the source of 63.3 percent of 

perm
itted m

ining w
ater use w

ith 94.3 percent of this from
 quarries 

and 
sand 

and 
gravel 

pits. 
S

urface w
ater is the source of 36.7 

percent of the perm
itted m

ining w
ater use w

ith 97.6 percent from
 

stream
s. Irrigation is the fourth largest perm

itted use type using 12.0 
percent of the total w

ater use. E
ighty-eight percent of irrigation is 

from
 ground-w

ater sources w
here surficial aquifers account for 94.7 

percent. S
tream

s are 81.1 percent of irrigational surface-w
ater use. 

S
elf-supplied industrial users are perm

itted 10.6 percent of the total 
perm

itted w
ater use w

ith 85.5 percent of this from
 ground-w

ater 
sources 

and 
14.5 

percent 
from

 
surface-w

ater 
sources. 

O
f 

the 
self-supplied industrial ground-w

ater use, 47.9 percent com
es from

 
surficial aquifers and of the self-supplied industrial surface-w

ater 
use 86.1 percent is from

 stream
s. S

elf-supplied com
m

ercial use is 
allocated 1.5 percent of the total perm

itted w
ater. S

urface-w
ater is 

the 
source 

of 
37.7 

percent 
of 

this 
and 

62.3 
percent 

is 
from

 
ground-w

ater sources. A
gricultural (non-irrigation) use is 0.3 per­

cent of the total perm
itted w

ater w
ith 73.3 percent from

 ground- 
w

ater sources and 26.7 percent from
 surface-w

ater sources. The 
areas that are allocated the m

ost w
ater perm

its are east-central 
Iow

a and w
est-central Iow

a.

Introduction
The inform

ation presented in this report w
as com

piled to sum
m

a­ 
rize the am

ount of w
ater allocated through the D

epartm
ent of W

ater, 
A

ir and W
aste M

anagem
ent's (D

W
A

W
M

) w
ater perm

it system
. The 

data used in this report includes all active perm
its that w

ere issued 
by D

W
A

W
M

 prior to July 26, 1985. This data represents m
axim

um
 

perm
itted w

ithdraw
als and not necessarily actual use.

A
s part of an am

endm
ent to the 1957 Iow

a W
ater Law

, beginning 
July 1, 1985, all w

ater users w
ho use m

ore than 25,000 gallons per 
day (gpd) have one year to obtain a w

ater w
ithdraw

al perm
it from

 
D

W
A

W
M

. 
P

rior to this, 
m

unicipal w
ater users 

and 
self-supplied 

w
ater users, w

ithin city lim
its, in existence before 1957, w

ere not 
required to apply for perm

its if they did not increase w
ithdraw

al 
am

ounts or change the source from
 w

hich they w
ithdrew

 w
ater. A

lso 
w

ith this am
endm

ent, w
ater users w

ithdraw
ing m

ore than 25,000 
gpd from

 the M
ississippi, 

M
issouri and the segm

ents of the B
ig 

S
ioux R

iver and the D
es M

oines R
iver that m

ake up the S
tate border 

betw
een 

Lee 
C

ounty and 
M

issouri 
w

ill 
be 

required 
to obtain 

a 
perm

it. W
ith this new

 legislation, it is expected that m
any new

 w
ater 

w
ithdraw

al perm
its w

ill be issued to longstanding w
ater users in 

Iow
a.
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E
xplanation of data

A
 w

ater use perm
it is issued to a w

ater user for an area of land. 
W

ater is allocated from
 three m

ajor sources: w
ells, reservoirs, and 

stream
s. For this report, reservoirs are divided into 7 types: natural 

lakes, 
artificial 

lakes, 
farm

 
ponds, 

m
ain-stem

 
reservoirs 

(dam
s 

constructed 
across 

a 
m

ajor 
drainage 

w
ay), 

and 
lagoons 

are 
surface-w

ater types of reservoirs. S
and or gravel pits and quarries 

are considered ground-w
ater reservoirs.

S
om

e 
assum

ptions 
concerning 

the 
data 

w
ere 

m
ade 

for 
this 

report. W
hen the sam

e am
ount of w

ater is allocated from
 different 

sources (w
ells, reservoirs, or stream

s) w
ithin the sam

e perm
it, the 

am
ount 

allocated 
is 

divided 
equally 

betw
een 

the 
sources. 

For 
exam

ple, if 52.1 m
illion gallons per year (m

gy) is allocated from
 both 

w
ells and stream

s then it is assum
ed that 26.05 m

gy is allocated 
from

 w
ells and 26.05 m

gy from
 stream

s. W
hen w

ater is perm
itted 

from
 several different aquifers it is assum

ed, for this report, that all 
the w

ater is allocated from
 the prim

ary aquifer.
For this report, the total perm

itted w
ater use and the perm

itted 
w

ater for each of the seven w
ater-use categories is divided into 

surface w
ater and ground w

ater and presented on the S
tate m

ap for 
each C

ounty along w
ith the num

ber of perm
its issued. P

ie diagram
s 

illustrate the distribution of surface-w
ater, ground-w

ater, and total 
w

ater use by w
ater-use category. For each w

ater-use category, pie 
diagram

s are used, w
hen appropriate, to illustrate the am

ount of 
w

ater 
perm

itted 
from

 
different 

surface-w
ater 

and 
ground-w

ater 
sources. B

ar diagram
s are used to represent the am

ount of w
ater 

allocated from
 ground-w

ater aquifers.

A
quifers in Iow

a
R

ocks and sedim
ents, such as sand and gravel, sandstone, and 

fractured lim
estone, that store and transm

it significant quantities of 
w

ater to w
ells are called aquifers. 

S
hale, 

unfractured 
lim

estone, 
glacial till, and clay generally restrict w

ater m
ovem

ent and form
 

confining units. Table 2 describes the geologic and hydrogeologic 
units in Iow

a. The com
m

only discussed aquifers in Iow
a are listed 

under the hydrogeologic unit colum
n in table 2.

S
urficial aquifers are unconsolidated deposits of sedim

ent near 
the land surface. A

lluvium
 consists of sand and gravel deposits that 

are located underneath the floodplains of the m
ajor rivers in Iow

a. 
S

om
e sand and gravel deposits interbedded w

ith glacial till m
ay 

contain sm
all am

ounts of w
ater accessible to w

ells. Locally, buried 
channel deposits, w

hich are ancient stream
 sedim

ents overlain by 
glacial till, are im

portant aquifers.
B

eneath these unconsolidated deposits 
are 

layers of consoli­ 
dated sedim

entary rocks called bedrock. The five m
ajor bedrock 

aquifers in Iow
a are the D

akota, M
ississippian, S

ilurian-D
evonian, 

P
rairie du C

hien-Jordan, and D
resbach aquifers. Tw

o other aquifers 
are the P

ennsylvanian, w
hich is used in parts of w

estern Iow
a, and 

the St. 
P

eter, w
hich is used w

ith the underlying Jordan aquifer. 
S

om
e aquifers are separated from

 one another by confining beds in 
certain parts of Iow

a.
For this report, the w

ater perm
itted from

 the P
ennsylvanian and 

M
ississippian aquifers w

as com
bined in the aquifer bar diagram

s 
because the w

ater allocated from
 the P

ennsylvanian aquifer w
as 

alw
ays less than 10 percent of this com

bined total in each w
ater-use 

category. The C
am

brian-O
rdovician aquifer includes the follow

ing 
aquifers for this report: G

alena, St. P
eter, P

rairie du C
hien-Jordan 

and 
D

resbach. 
In 

Iow
a, 

the 
P

rairie 
du 

C
hien-Jordan 

aquifer 
is 

generally the m
ost productive and the m

ost used of the C
am

brian- 
O

rdovician aquifers. Therefore, m
ost of the w

ater allocated from
 the 

C
am

brian-O
rdovician 

aquifers 
is 

probably 
from

 
the 

P
rairie 

du 
C

hien-Jordan aquifer.
U

nderlying the sedim
entary rocks in Iow

a are m
etam

orphic and 
igneous crystalline rocks of P

recam
brian age. These rocks form

 the 
base of the ground-w

ater reservoir in Iow
a.
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Total perm
itted w

ater use
A

 total of 855,175.45 m
gy is perm

itted to 
be w

ithdraw
n from

 
Iow

a's 
surface-w

ater and 
ground-w

ater 
resources. 

O
f this total, 

492,001.66 m
gy, or 57.5 percent, is perm

itted from
 surface-w

ater 
sources and 363,173.79 m

gy, or 42.5 percent, from
 ground-w

ater 
sources.

The distribution of perm
itted w

ater use and num
ber of perm

its 
issued 

by county is show
n 

in figure 
1. T

able 
1 

show
s the total 

perm
itted 

w
ater 

use 
by 

category 
for 

each 
county. 

The 
largest 

perm
itted w

ater use is 182,570.10 m
gy in Jackson C

ounty. M
ore 

than 99.2 percent of this total is perm
itted for pow

er generation. Linn 
C

ounty has the next largest perm
itted w

ater use w
ith 163,732.40 

m
gy. A

bout 84.7 percent of the total perm
itted am

ount is for pow
er 

generation. 
O

ther 
counties 

w
ith 

large 
total 

perm
itted 

w
ater-use 

am
ounts are: B

lack H
aw

k, W
oodbury, M

onona, H
um

boldt, P
olk and 

M
uscatine. A

bout 58.5 percent of B
lack H

aw
k C

ounty's w
ater use is 

perm
itted to pow

er generation. 
For W

oodbury and 
M

onona, 
the 

largest perm
itted w

ater use is for irrigation purposes. A
lm

ost all of 
the w

ater perm
itted in H

um
boldt is for m

ining purposes. O
ver half of 

P
olk C

ounty's perm
itted w

ater use is to public w
ater suppliers and 

49.0 
percent 

of 
M

uscatine 
C

ounty's 
perm

itted 
w

ater 
use 

is 
to 

self-supplied industrial use.
Total perm

itted am
ounts in m

illion gallons per year for each of the 
seven w

ater-use categories are show
n in figure 2. The distribution of 

surface-w
ater use 

am
ong 

the w
ater-use 

categories 
is show

n 
in 

figure 3 and ground-w
ater use in figure 4.

M
ore than 80.5 percent of the perm

itted surface-w
ater use is from

 
stream

s, as show
n in figure 5. Figure 6 illustrates that w

ells are the 
m

ajor 
source 

of 
perm

itted 
ground-w

ater 
use. 

M
ore 

than 
65.4 

percent 
of 

the 
perm

itted 
ground-w

ater 
use 

from
 

w
ells 

is 
from

 
surficial aquifers as show

n in figure 7.
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Agricultural (non-irrigation)
A

gricultural (non-irrigation) w
ater use is defined in this report as 

the w
ater used for anim

al production and com
m

ercial feedlots. The 
agricultural 

(non-irrigation) 
w

ater-use 
category 

has the 
sm

allest 
perm

itted use of the seven w
ater-use categories. The use perm

itted 
by county is show

n in figure 8. S
om

e of the agricultural w
ater users 

receive their w
ater from

 tow
n and rural w

ater supplies and therefore 
are included under the public w

ater suppliers' category.
A

 total of 56 w
ater-use perm

its have been issued in 36 of Iow
a's 

99 
counties 

w
ith 

2,181.01 
m

gy 
allocated 

to 
agricultural 

(non- 
irrigation) 

use. 
O

f 
this 

total, 
581.34 

m
gy, 

or 
26.7 

percent, 
is 

perm
itted 

from
 

surface-w
ater 

sources, 
and 

1,599.67 
m

gy 
from

 
ground-w

ater sources. The am
ount of w

ater allocated from
 surface- 

w
ater sources is show

n in figure 9. A
ll perm

itted ground-w
ater use 

is from
 w

ells w
ith over half allocated from

 surficial aquifers and a 
third 

from
 

the 
D

akota 
aquifer 

(figure 
10). 

D
elaw

are 
C

ounty 
in 

northeastern 
Iow

a 
has 

the 
largest 

perm
itted 

agricultural 
(non- 

irrigation) w
ater use of 843.90 m

gy.

F
 o rm

 
p

o
n

d
s

 
2

3
 . 7

7
 

4 . 
1%

A
r t i f i c i o

I 
Io

k
e

s
1
0
.0

0
1
.7

%

F
igure 9. 

P
erm

itted agricultural (n
o

n
-irrig

a
tio

n
) su

rfa
ce

-w
a

te
r

use, 
by source, 

in m
illion gallons p

e
r ye

a
r and percent

Figure 10. 
P

erm
itted

 ag
ricu

ltu
ral (n

o
n

-irrig
atio

n
) g

ro
u

n
d

-w
a

te
r 

use by aq
u

ifer



4
3
°4

2
° 

_

E
X

P
L
A

N
A

T
IO

N

..2
. 

s
u
rfa

c
e
 w

a
te

r u
se

 in
 m

illio
n
 g

a
llo

n
s
 p

e
r y

e
a

r
3
4
5
.8

0
 

g
ro

u
n
d
  w

a
te

r u
se

 in
 m

illio
n

 g
a

llo
n

s
 p

e
r y

e
a
r

10 
th

e
 n

u
m

b
e

r o
f p

e
rm

its
 is

s
u

e
d

F
ig

u
re

 11. 
P

e
rm

itte
d

 s
e
lf  s

u
p
p
lie

d
 c

o
m

m
e
rc

ia
l w

a
te

r u
se

,

S
C

A
LE

 
1
:2

5
0
0
0
0
0

0 
10 

20 

I 
I 

I

50 
M

IL
E

S

I 
I 

25 
50

K
IL

O
M

E
T

E
R

S

8



S
elf-supplied com

m
ercial

The self-supplied com
m

ercial w
ater-use category includes a w

ide 
variety of w

ater uses for businesses, governm
ent establishm

ents, 
and other organizations. S

om
e exam

ples of establishm
ents in the 

self-supplied com
m

ercial category are: 
hotels and other lodging 

places, recreational and am
usem

ent services, educational institu­ 
tions, hospitals, and governm

ent agencies. O
nly self-supplied com

­ 
m

ercial w
ater users are perm

itted. M
ost self-supplied com

m
ercial 

w
ater users located in or near tow

ns receive w
ater from

 public-w
ater 

supplies and so are included under the public w
ater suppliers' 

category. The distribution of self-supplied com
m

ercial w
ater use in 

Iow
a by county is show

n in figure 11. B
lack H

aw
k C

ounty has the 
largest perm

itted self-supplied com
m

ercial w
ater use of 3,386.70 

m
gy. Frem

ont C
ounty in southw

estern Iow
a has the m

ost num
ber of 

perm
its issued w

ith ten.
O

ne hundred w
ater-use perm

its have been issued and 13,074.60 
m

gy have been perm
itted for self-supplied com

m
ercial use in 40 

counties in Iow
a. A

bout 37.7 percent of this total is perm
itted from

 
surface-w

ater 
sources 

and 
alm

ost 
all 

of 
that 

is 
perm

itted 
from

 
stream

s 
(figure 

12). 
A

 total 
of 8,139.00 m

gy 
is 

perm
itted 

from
 

ground-w
ater sources and nearly all of this is perm

itted from
 w

ells 
(figure 13). M

ore than 50 percent of the w
ater perm

itted from
 w

ells 
is from

 the S
ilurian-D

evonian aquifer and 34.9 percent from
 surficial 

aquifers (figure 14).
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Self-supplied industrial
The industrial w

ater-use category includes a variety of uses such 
as m

anufacturing, processing, cooling, housekeeping, and drinking 
w

ater. O
nly the self-supplied industrial w

ater users are perm
itted. 

S
om

e self-supplied industrial w
ater users receive w

ater from
 public- 

w
ater supplies and are therefore included under the public w

ater 
suppliers' category.

Figure 15 show
s the distribution for perm

itted self-supplied indus­ 
trial 

w
ater 

use. 
The 

largest 
perm

itted 
am

ount 
to 

self-supplied 
industries is 14,213.10 m

gy in C
linton C

ounty. O
ther counties w

ith 
large 

perm
itted 

am
ounts 

are 
B

lack 
H

aw
k 

(12,742.00 
m

gy), 
M

uscatine 
(12,431.50 

m
gy), 

D
ubuque 

(8,612.00 
m

gy), 
Linn 

(7,897.40 m
gy), and W

oodbury (6,347.90 m
gy). W

oodbury C
ounty 

has the m
ost self-supplied industrial perm

its issued w
ith eleven.

A
 total of 134 w

ater-use perm
its and 90,581.29 m

gy have been 
allocated to self-supplied industrial w

ater users in 50 counties in 
Iow

a. O
f this total, 13,144.51 m

gy are perm
itted from

 surface-w
ater 

(figure 16) and 85.5 percent from
 ground-w

ater sources. A
bout 47.9 

percent of the ground w
ater perm

itted for self-supplied industrial 
w

ater 
use 

is 
from

 
surficial 

aquifers 
and 

36 
percent 

from
 

the 
C

am
brian-O

rdovician aquifer (figure 17).

Figure 16. 
P

erm
itted self-su

p
p

lied
 industrial surface w

ater use, 
by source, in m

illion gallons p
er year an

d
 percent

5
0
0
0
0

Figure 17. 
P

erm
itted

 self-su
p

p
lied

 in
d

u
strial g

ro
u

n
d

-w
a

te
r 

use by aq
u

ifer
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Irrigation
The irrigation w

ater-use category includes the irrigation of farm
 

crops, specialty crops, and golf courses. A
 total of 1,593 w

ater-use 
perm

its have been issued in 85 of Iow
a's 99 counties. M

ost of the 
counties not having any irrigation perm

its are located in southern 
Iow

a 
w

here 
sufficient 

w
ater 

sources 
required 

for 
irrigation 

are 
unavailable (figure 18).

A
 total of 102,593.24 m

gy has been perm
itted for irrigation w

ater 
use w

ith 11.9 percent from
 surface-w

ater sources. S
tream

s account 
for the largest part of surface-w

ater perm
itted irrigation use, 81.1 

percent, and farm
 ponds are second w

ith 13.3 percent (figure 19). 
A

bout 88.0 percent, or 90,308.82 m
gy, of the w

ater perm
itted is from

 
ground-w

ater 
sources. 

W
ells 

are the 
m

ost typical 
ground-w

ater 
source perm

itted 
for 

irrigation 
use 

(figure 20). 
S

urficial 
aquifers 

account for 94.7 percent of the ground w
ater perm

itted from
 w

ells. 
M

ost of the w
ater allocated from

 surficial aquifers is from
 alluvial 

aquifers 
that 

underlie 
the 

floodplains 
of 

the 
M

issouri 
and 

the 
M

ississippi R
ivers.

M
onona 

C
ounty 

has 
the 

largest 
perm

itted 
use 

of 
w

ater 
for 

irrigation, 29,410.75 m
gy. O

ther counties w
ith greater than 10,000 

m
gy 

perm
itted 

are 
H

arrison 
(14,723.39 

m
gy) 

and 
W

oodbury 
(11,536.00 m

gy). C
ounties w

ith greater than 2,000 m
gy are: Louisa 

(2,009.00 m
gy) and M

uscatine (2,131.70 m
gy) located along the 

M
ississippi 

alluvial 
aquifer, 

P
ottaw

attam
ie 

(2,554.60 
m

gy), 
M

ills 
(2,572.80 m

gy), Frem
ont (2,829.40 m

gy), and S
ioux (5,200.08 m

gy), 
all located along the M

issouri alluvial aquifer.F
o

rm
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Figure 19. 
P

erm
itted irrigation surface-w

ater use, by source, 
in m

illion gallons p
e
r year and percent
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M
ining

The m
ining w

ater-use category is defined as that associated w
ith 

the 
extraction 

of 
naturally 

occurring 
m

inerals. 
M

ining, 
in 

Iow
a, 

includes quarrying, sand and gravel pit operations, m
illing (crunch­ 

ing, screening, and w
ashing) and other processes custom

arily done 
at the m

ine site, or as part of m
ining activity. The prim

ary m
ining 

activities in Iow
a involve quarrying of lim

estone and the production 
of sand and gravel.

A
 total of 392 w

ater-use perm
its for m

ining activities have been 
issued in 91 Iow

a counties. A
 total am

ount of 114,189.90 m
gy has 

been perm
itted to the m

ining w
ater-use category w

ith 41,861.45 
m

gy perm
itted from

 surface-w
ater sources and 63.3 percent from

 
ground-w

ater sources. The distribution of perm
itted m

ining w
ater 

use is show
n in figure 22. 

A
bout 97.6 percent of the perm

itted 
m

ining w
ater from

 surface-w
ater sources is from

 stream
s, and the 

rem
ainder is from

 artificial lakes, 
natural lakes, farm

 ponds, 
and 

m
ain-stem

 
reservoirs 

(figure 
23). 

O
f 

the 
ground-w

ater 
sources, 

about 51.4 percent is allocated from
 quarries, about 42.9 percent 

from
 sand and gravel pits, and about 5.7 percent from

 w
ells (figure 

24). 
O

f the 
am

ount 
allocated from

 w
ells, 

about 
78.7 

percent is 
perm

itted from
 surficial aquifers (figure 25).

The largest perm
itted am

ount for the m
ining category is 30,467.80 

m
gy for H

um
boldt C

ounty in north-central Iow
a. S

om
e other C

oun­ 
ties w

ith greater than 5,000 m
gy perm

itted am
ounts are B

lack H
aw

k 
(6,084.90 m

gy), and W
orth (5,726.20 m

gy).
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Pow
er generation

The pow
er w

ater-use category includes the w
ater perm

itted to 
pow

er generating facilities. U
ntil recently, m

any pow
er facilities on 

the border rivers w
ere not required to apply for perm

its, because 
they w

ere unregulated. A
lthough this w

ater-use category has large 
allocation, in reality it consum

es a sm
all percent of w

ithdraw
n w

ater 
since m

ost is used for flow
 through cooling and returned to the 

stream
. The largest total perm

itted am
ounts for pow

er generation 
are 181,173.20 m

gy in Jackson C
ounty and 138,682.50 m

gy in Linn 
C

ounty (figure 26).
There are 26 perm

its issued to pow
er generation facilities in 17 

counties in Iow
a. P

ow
er has the largest w

ater use allocated of the 
seven w

ater-use categories. A
 total of 398,196.40 m

gy is perm
itted 

for pow
er generation w

ith 96.7 percent allocated from
 surface-w

ater 
sources. 

O
f 

the 
surface-w

ater 
sources, 

about 
77.9 

percent 
is 

allocated 
from

 
stream

s, 
about 

11.7 
percent from

 
natural 

lakes, 
about 8.4 percent from

 m
ain-stem

 reservoirs, and the rem
ainder is 

allocated 
from

 
artificial 

lakes 
and 

farm
 

ponds 
(figure 

27). 
A

ll 
perm

itted ground w
ater used for pow

er generation is from
 w

ells, 
and m

ore than 96.5 percent of that is from
 surficial aquifers (figure 

28).
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Public w
ater suppliers

P
ublic w

ater suppliers are the largest perm
itted w

ater-use cate­ 
gory, if the pow

er generation w
ater-use category is excluded from

 
the total. A

 public w
ater supplier is defined as an establishm

ent 
prim

arily engaged in the distribution of w
ater for sale for dom

estic, 
com

m
ercial, 

and 
industrial 

purposes. 
S

om
e 

exam
ples of 

public 
w

ater 
suppliers 

in 
Iow

a 
are 

cities, 
tow

ns, 
m

obile 
hom

e 
parks, 

housing associations, and rural w
ater associations.

The largest am
ount allocated in this category is 19,968.00 m

gy in 
P

olk C
ounty. O

ther counties w
ith large perm

itted am
ounts are Linn 

(14,911.50 m
gy) and B

lack H
aw

k (10,791.40 m
gy). The perm

itted 
ground-w

ater and surface-w
ater use for public w

ater suppliers is 
show

n by county in figure 29. Four hundred and fifty-five perm
its 

have been issued in 93 counties.
A

 total of 134,359.01 
m

gy has been perm
itted for public w

ater 
supplier 

use, 
w

ith 
25.6 

percent 
allocated 

from
 

surface-w
ater 

sources and 100,014.57 m
gy from

 ground-w
ater sources. O

f the 
surface-w

ater 
sources, 

83.0 
percent 

is 
allocated 

from
 

stream
s, 

about 12.3 percent from
 artificial lakes and about 4.6 percent from

 
natural lakes (figure 30). A

ll of the ground w
ater is allocated from

 
w

ells 
and 

about 
51.7 

percent of this 
is 

allocated 
from

 
surficial 

aquifers, 22.1 
percent from

 the C
am

brian-O
rdovician aquifer and 

12.8 percent from
 the D

akota aquifer (figure 31).
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P
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itted public w

ater suppliers su
rface-w

ater use, 
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illion gallons p
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d
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Table 1. Total perm
itted w

ater use, in m
illion gallons per year, by category for each county

W
A

TER U
SE C

A
TEG

O
R

IES

C
ounty 

A
gricultural 

S
elf-S

upplied 
(non-irrigation) 

C
oranercial

A
D

A
IR

 
ADAM

S 
A

LLA
M

A
K

EE 
A

PPA
N

O
O

SE 
AUDUBCN 
BOTTOM
BLA

CK
 HAW

K
BO

O
N

E
BREW

ER
BUCHANAN
BU

EN
A

 V
IST

A
B

U
TLER

C
A

LEO
JN

CA
RRO

LL
C

A
SS

CED
A

R
CERRO

 G
O

RD
O

CH
ERO

K
EE

CH
ICK

A
SA

W
CLA

RK
E

CLA
Y

CLA
Y

TO
N

C
LIN

TO
N

CRA
W

PO
RD

D
A

LLA
S

D
A

V
IS

D
ECA

TU
R

D
ELA

W
A

RE
D

ES 
W

IN
E

S
D

IC
K

IN
SO

N
D

U
BU

Q
U

E
EM

M
ET

FA
Y

ETTE
FLO

Y
D

FR
A

N
K

LIN
FREM

O
N

T
G

REEN
E

G
RJN

D
Y

G
U

TH
R

IE
H

A
M

ILTO
N

H
A

N
CO

CK
H

A
R

D
IN

H
A

R
R

ISO
N

H
EN

RY
HOW

ARD
H

U
M

BO
LD

T
ID

A
IO

W
A

JA
C

K
SO

N
JA

SPE
R

1
1
.0

0
1
0
0
.0

0
2

2
.2

0

2
0
.0

0

38.01

843.90
21.90
30.10

52.60

9.00
10.00
10.80
16.00
27.40

2.60
6.40

3386.70
9.10
3.30

184.70

690.80

15.00

104.90

33.80
333.80

21.00
19.50
70.00

1810.60

510.10
91.90

1.00
13.00
65.20
10.40

S
elf-S

upplied 
Industrial

317.70

12742.00

407.50

999.99

25.30
17.40
12.30

159.20

341.70
180.00

14213.10
1030.80
726.00

50.00

8612.00
24.00

131.40
1751.00

4.00
88.00

20.00
551.80
892.20

475.00
157.70

Irrig
atio

n

105.60 
65.80

702.20
17.30

243.60
124.90
250.20
295.80
171.70
268.09
715.90
16.90

1184.51
114.10

1075.60

1169.40

142.09
293.70

1180.49
187.30

1.30

301.50
322.20
113.50
193.69
306.60
584.80
509.10

2829.40
864.09

366.20
121.00
371.90
188.30

14723.39
3.00

29.30
100.90
85.40
72.10
39.10

551.90

M
ining 

Pow
er

1334.40 
772.30 

2.40 
50.00 

141.80 
388.00 

1062.80
6084.90 

47513.10
583.80
473.40 

1303.40
722.00
752.60
138.70
17.90

1782.70
857.40
503.30

2604.60
201.40
95.20
81.50

368.60 
1202.00

363.00
260.30
243.10
87.30

890.10
348.10
359.50 

52.60
55.10

274.50
210.20
612.60
95.50

1741.90
32.60

140.10

2380.40
3905.80
2366.50
847.20
40.20

1263.30
30467.80

711.00
271.40
625.70 

181173.20
2880.50

P
ublic 
W

ater 
S

uppliers

200.51 
270.00 
625.10 

2385.10 
200.00 
79.70

10791.40
155.20
858.60
122.00

1308.70
96.50

241.50
791.40
65.00

372.00
1095.50
2844.40
313.00
403.20
813.80
291.80
305.70
993.50

1937.50

134.50
462.00
587.50
947.50

5493.90

723.90
1008.30

50.00
137.90
356.00
302.40
400.90

1185.00

678.60
497.10

1166.30
146.00
304.00
190.00
317.00
564.00

1441.20

T
otal 
per 

county

1,534.91 
1,042.30 

995.20 
2,526.90 

693.60 
1,208.30

81,220.30
765.40

3,289.80
1,153.60
2,311.50
1,221.80

431.10
3,842.18
1,638.30

917.50
4,913.01
3
,2

8
7
.2

0
1,665.20

484.70
3
,8

9
5
.5

0
834.80

14,921.19
2,581.10
4,036.19

225.31
1,025.90
1,654.00
1,373.00
1,388.70

14,827.70
448.89

1,794.00
3
,5

0
9
.6

0
2,305.00
4
,9

5
1
.1

0
1,360.19

311.40
777.10

4,227.30
4
,9

3
7
.4

0
4,153.00

16,067.69
1,209.50
1,438.60

30,873.70
1,002.00
1,207.10

182,570.10
4,873.60
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Table 1. Total perm
itted w

ater use, in m
illion gallons per year, by category for each county (cont.)

C
ounty 

A
gricultural 

(non-irrigation)

JEFFER
SO

N
JO

H
N

SO
N

JO
N

ES
KEOKLJK
K

D
SSU

TH
LEE
LIN

N
LO

U
ISA

LU
CA

S
LTO

N
M

A
D

ISO
N

M
AHASKA

M
A

RIO
N

M
ARSHALL

M
ILLS

M
ITCH

ELL
M

ONONA
M

DNROE
M

ONTGOM
ERY

M
OSCATTNE

O
'B

R
IE

N
O

SCEO
LA

PA
G

E
PA

LO
 A

LTO
PLYM

OUTH
POCAHONTAS
PO

LK
PO

TTA
W

A
TTA

M
IE

PO
W

ESH
IEK

RIN
G

G
O

LD
SA

C
SG

O
TT

SH
ELBY

SIO
U

X
STO

RY
TAM

A
TA

Y
LO

R
U

N
IO

N
VAN BUREN
W

A
PELLO

W
ARREN

W
ASHINGTON

W
AYNE

W
EBSTER

W
IN

N
EB/G

O
W

IN
N

ESH
IEK

W
DODBURY

W
ORTH

W
RIG

H
T

3
.0

0

1
8
.2

0
118.60

41.00

53.00
13.00

31.20

87.50

13.70
153.10

2.50

109.00

20.40

11.60
151.90
31.50

48.90

40.00

4.40
6.60

S
elf-S

upplied 
C

onroercial

200.00

20.00

160.20
22.00

130.00
703.80
341.80

810.70

12.00

336.00
839.20

25.00

205.00
628.20

52.20
0.00

22.80
24.10

130.30

449.90

586.60

S
elf-S

u
p

p
lied

 
In

d
u
strial

18.00
892.50

599.60
4541.00
7897.40
343.00

815.00

193.00

12431.50

1934.00
939.40

10.00
2389.00
500.00
60.00

326.00
2075.00

45.00
1012.50

10.00

2747.00
3.00

19.20
6347.90

502.20

Irrig
a
tio

n

217.90
110.40
60.30
48.90

606.79
772.20
421.70

2009.00

1249.89
123.90
216.00
278.70
58.90

2572.80
433.20

29410.75

2131.70
186.48

768.70
3438.80
1952.10
110.80
929.60

2554.60
43.50
65.20

567.90
133.90
232.00

5200.08
504.30

3.60
2.30

5.20

384.50
32.60

206.50
252.00
87.00

11536.00
284.30
133.40

M
ining

325.90
2958.30
769.70
368.20
106.60
398.30

1819.30
2166.70

15.00
2450.50
1336.00
1628.90
980.80
114.10
835.40
726.90
52.60

102.80
1904.20
977.60
974.30

1452.10
449.40
667.30
157.40

2803.90
1120.90
662.30

97.80
960.50

1263.40
166.20
360.60

1722.00
90.30
16.30

729.90
198.40

554.30

1157.20

298.60
2018.90
5726.20

60.50

Pow
er

14207.10

138682.50

1432.80

52.80

4686.00
263.00

4.50

120.00

4061.40

3390.00

2.00

P
u
b
lic 

W
ater 

S
u
p
p
liers

1010.00
5721.70
793.00
60.00

264.10
1427.90

14911.50
160.00

8.80
694.00
325.00
387.80

2414.60
2567.00
841.00
50.00

589.20

8805.30
648.00
631.80

1070.00
216.00
872.30

19968.00
125.70
645.00
75.30

436.50
376.00
420.00

2311.00
4881.70
616.30
194.00
690.10
65.00

173.00
769.20
591.50
160.00

3544.80
169.70
471.60

8273.00
26.40

251.10

T
o
tal 

p
er 

county

1,556.80
23,215.50
2,515.50

495.30
1,695.69
7,159.40

163,732.40
4,838.90

30.80
1,999.89
2,899.40
2,069.80
5,026.00
6
,1

%
. 30

3,580.90
1,331.60

31,537.55
245.60
134.00

25,337.50
1,899.58
2,870.79
3,290.80
4,104.20
3,644.80

270.70
30,657.50
5,951.80
1,350.80

238.30
1,995.30
4,187.30
1,329.80
8,083.58
7,670.50
3,417.90

212.60
1,540.00

313.60
5,246.90
1,264.80
1,178.40

182.80
7,719.60

555.00
880.80

32,022.30
6,036.90
1,535.81

TO
TA

L
2
,1

8
1
.0

1
1
3
,0

7
4
.6

0
9
0
,5

8
1
.2

9
 

1
0
2
,5

9
3
.2

4
 

114,189.90 
3

9
8

,1
9

6
.4

0
134,359.01

8
5
5
,1

7
5
.4

5
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Table 2. G
eologic and hydrogeologic units in Iow

a

[A
dapted from

 S
teinhilber and Ho rick

, 
19701

AGE

Qua r ternary

Cretaceous

Pennsylvanian

Mississippian

Devonian

Silurian

ROCK UNIT

Alluvium

Glacial drift 
(undifferentiated)

Buried channel 
deposits

Carlile Formation 
Graneros Formation

Dakota Group

Virgil Series

Missouri Series

Des Moines Series

Heramec Series

Osage Series

Kinderhook Series

Maple Mill Shale 
Sheffield Formation 
Line Creek Formation

Cedar Valley 
Limestone 

Wapsipinicon 
Formation

Niagaran Series 
Alexandrian Series

DESCRIPTION

Sand, gravel r 
silt 

and clay

Predominantly till 
containing scattered 
irregular bodies of 
sand and gravel

Sand, 
gravel, 

silt 
and clay

Shale

Sandstone and shale

Shale and limestone

Shale; 
sandstones, 

mostly thin

Limestone, 
sand

Limestone and 
cherty dolomite

Oolitic limestone 
and cherty dolomite

Shale, 
limestone in 

lower part

Limestone and 
dolomite; 

contains 
evaporites 

in southern 
half of Iowa

Dolomite, 
locally 

cherty

HYDROGEOLOGIC UNIT

Surficial aquifers

Confining unit

Dakota aquifer

Confining 
unit or
local 
Pennsylvanian
aquifer 

Mississippian 

Pennsylvanian
aquifer

Mississippian 
aquifer

Confining unit

Silurian-Devonian 
aquifer

WATER-BEARING 
CHARACTERISTICS

Moderate to large yields

Small yields

Small 
to large yields

Does not yield water

Moderate to large yields

Very small yields only 
from locally productive
limestone and sandstone

Small to moderate yields

Does not yield water

Moderate to large yields

22



Table 2. G
eologic and hydrogeologic units in Iow

a (cont.)

AGE

Ordovician

Cambrian

Precambrian

ROCK UNIT

Maquoketa Formation

Galena Formation

Deoorah Formation 
Platteville Formation

St. 
Peter Sandstone

Prairie du Chien 
Formation

Jordan Sandstone

St. 
Lawrence 

Formation

Franconia Sandstone

Dresbach Group

Sioux Quartz ite

Undifferentiated

DESCRIPTION

Shale and dolomite

Limestone and dolomite

Limestone and thin 
shales, 

some sandstone 
in southeast Iowa

Sandstone

Dolomite , 
sandy and 

cherty

Sandstone

Dolomite

Sandstone and 
shale

Sandstone

Quartzite

Coarse sandstone 
crystalline 

rocks

HYDROGEOLOGIC UN]

Confining unit

Minor aquifer

Confining unit

St. 
Peter 

aquifer

Prairie 
du Chien- 
Jordan
aquifer

Confining unit 
(wedges in 
northwest Iowa)

Dresbach aquifer

Base of ground-wa
reservoir

[T

Cambrian

Ordovician
aquifer

iter

WATER-BEARING 
CHARACTERISTICS

Does not yield water, 
except locally

Small yields

Generally does not yield 
water; except locally

Used with underlying 
Jordan aquifer

High yields

Does not yield water

Large yields

Does not generally yield
water except at Nanson 
cryptovolcanic area in 
northwest Iowa

2
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S
um

m
ary

In Iow
a, total w

ithdraw
als of 855,175.45 m

gy w
ere perm

itted from
 

ground-w
ater and surface-w

ater sources prior to July 26, 1985. O
f 

this total, 492,001.66 m
gy is perm

itted from
 surface-w

ater sources 
and 363,173.79 m

gy is perm
itted from

 ground-w
ater sources. The 

counties 
w

ith 
the 

largest 
allocations 

are 
Jackson 

C
ounty 

(182,570.10 m
gy), Linn C

ounty (163,732.40 m
gy) and B

lack H
aw

k 
C

ounty (81,220.30 m
gy). P

ow
er generation is the largest perm

itted 
w

ater category (398,196.40 m
gy) w

ith public w
ater suppliers as the 

second largest perm
itted w

ater category (134,359.01 m
gy). M

ining 
is perm

itted 114,189.90 m
gy and irrigation is perm

itted 102,593.24 
m

gy. Follow
ing these w

ater-use categories are: self-supplied indus­ 
trial 

(90,581.29 m
gy), 

self-supplied com
m

ercial (13,074.60 m
gy) 

and agricultural (non-irrigation) w
ith 2,181.01 m

gy. O
f the agricul­ 

tural (non-irrigation) w
ater use, 1,599.67 m

gy is from
 ground-w

ater 
sources and 581.34 m

gy is from
 surface-w

ater sources. D
elaw

are 
C

ounty is perm
itted the largest am

ount of w
ater, 843.90 m

gy, for 
agricultural (non-irrigation) purposes. For the self-supplied com

m
er­ 

cial w
ater-use category, 4,935.60 m

gy is perm
itted from

 surface- 
w

ater sources and 8,139.00 m
gy is from

 ground-w
ater sources. 

B
lack H

aw
k C

ounty has the largest perm
itted self-supplied com

­ 
m

ercial w
ater use of 3,386.70 m

gy. S
elf-supplied industrial perm

it­ 
ted w

ater use contains 77,436.78 m
gy from

 ground-w
ater sources 

and 13,144.51 m
gy from

 surface-w
ater sources. The county that has 

the 
largest am

ount of perm
itted self-supplied 

industrial w
ater is 

C
linton C

ounty w
ith 

14,213.10 m
gy. 

G
round w

ater accounts for 
90,308.82 m

gy and surface w
ater accounts for 12,284.42 m

gy of 
irrigational 

use. 
M

onona 
C

ounty 
is 

the 
county w

ith 
the 

largest 
perm

itted 
irrigation 

w
ater 

use 
w

ith 
29,410.75 

m
gy. 

The 
m

ining 
w

ater-use category is perm
itted 41,861.45 m

gy from
 surface-w

ater 
sources and 72,328.45 m

gy from
 ground-w

ater sources. The county 
that has the largest am

ount perm
itted for m

ining is H
um

boldt C
ounty 

w
ith 30,467.80 m

gy. For the pow
er generation category, 384,899.90 

m
gy is allocated from

 surface w
ater and 13,346.50 m

gy is allocated 
from

 ground w
ater. The county w

ith the dom
inant pow

er w
ater-use 

is Jackson C
ounty w

ith 181,173.20 m
gy. G

round w
ater accounts for 

100,014.57 m
gy and surface w

ater accounts for 34,344.44 m
gy of 

public w
ater suppliers. P

olk C
ounty is the county that has the m

ost 
w

ater 
perm

itted 
in 

the 
public 

w
ater 

suppliers' 
category 

w
ith 

19,968.00 m
gy.
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