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Foreward 

The annual vol umes of the Proceedings of the Iowa Aca­
demy of Science have been printed as a hard- cover volume of 
several hundred pages by the State Printing Board of Iowa 
for many , many years. From time to time it has come to the 
attention of the Directors of the Academy that the traditional 
presentation of papers at the annual sessions and in the Pro­
ceedings could be improved , from the standpoint of interest 
and accessibi l ity to interested parties. In recent years, 
the various section chairmen have been encouraged to plan 
symposia, panels, and other new approaches to enhance their 
section programs. This symposium on "Water Resources of 
Iowa" is one such effort. 

This monograph is a new venture in Academy publications. 
Being the first of its kind, it is an attempt to present an 
important subject in a different way then the traditional 
Proceedings. It is anticipated that the monograph will be 
of interest to schools, colleges, conservation groups, govern­
mental agencies, as well as Academy members, and will be avail­
able for purchase at a price well below actual printing cost. 

I would like to personall y acknowledge the 
Paul J. Horick of the Iowa Geological Survey in 
this work for publication. 

efforts of . 
preparing 

Cedar Falls 
August, 1969 

Robert W. Hanson 
Executive Secretary 
Iowa Academy of Science 
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PREFACE 

Thi s monograph con tains eleven papers that were pre­
sented a t a Water Resources Symposium held at the Eighty­
Fi rst session of the Iowa Academy of Science at the Univer­
sity of Northern Iowa on April 18, 1969. It comprises a 
summary of some of the more important segments of the water 
resource situation in Iowa and the problems and responsibi­
lities that have evolved in using this resource in the most 
benefi cial way for man and protecting it for succeeding 
generati ons . 

The Symposium was planned and organized with an acute 
awareness of our water resources problems, the need for data 
accumulation and research, and for regulation and management 
so that the water resource will be used wisely for all con­
cerned . 

Today, there is a large body of literature on water re­
search in the nation . Many State and Federal agenci es work­
ing in Iowa give high priority to water research, but most 
of this is of a specialized nature . There is a definite 
need for a publication providing an overall view of our water 
resources and summarizing the latest ideas and thinking . 
This publication is directed to the people of Iowa, and her 
government leaders, industrialists, engineers, hydrologists, 
conservationists, teachers, lawyers, economists, farmers, 
recreation planners and others interested in our water re­
sources so that they may be informed . 

Although the amount of information that could be presented 
at the Symposium was limited by the short time available, the 
papers in this monograph are more detailed and include illus­
trations . Of course, this work is not all inclusive. It does 
not attempt to cover every phase of the water story in Iowa. 
It does clearly point out the vital nature of the subject and 
its relation to human problems, offers some solutions, and sug­
gests areas for further study. 

I am deeply grateful to the men who contributed to the 
Symposium and to the Board of Directors of the Iowa Academy 
of Science for consenti ng to publish the monograph. With all 
humbleness , I believe this work will be a significant contri­
bution to the water resources field and that it will be a use­
ful reference for present and following researchers . 
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Acknowledgement is due to Dr. Robert W. Hanson for en­
couraging this publication; to Walter L. Steinhilber for 
counsel on the general composition of the Symposium; and to 
Dr. H. Garland Hershey for facilitating arrangements for the 
printing. Mrs. Brenda Harms patiently typed and retyped the 
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of the illustrations. 
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A native of New Salem, Illinois , Mr. Waite took his 
education at Western State University, Macomb, at the Univer­
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I OWA PRECIP ITATION 

Pau l J . Wai t e 
State Climat ologist of Iowa 
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Our precip itation , perhaps second only to temp erat u r e 
in importance , is the most wi dely me asured of all our mete ­
orological parameters . Its impo r tance is manifest in the 
abundance and type of life across I owa, in the location and 
growth of our c i ties , in the creation of our soils and land­
scapes , and the degree of our prosperity . The flow of our 
streams and springs and the ground- water levels lar gely 
depend upon precipitation . Increasingly, the imp ortance of 
preci pitation as an atmospheric cleanser and source for 
flushing the pollutants from our streams is obser ved . The 
ever increasing human requirements for water has focused the 
public eye upon precipitation as an avai lable source. Iowa ' s 
changing economy is vitally linked to Iowa ' s precip itation 
and drainage pattern . 

The forms of precip i tation falling upon Iowa include 
rain, snow , hail , drizzle, ice pellets , snow grains and less 
common forms of falling hydr ometeors. Rain constitutes 
nearly 90 percent of our total precipitation, snow about 10 
percent; other forms normally produce only small amounts . 
Dew, frost and fog, even though condensation therefrom may 
total a few inches per year, are not included as precipita­
tion. Mostly our precipitation falls from clouds, yet not 
all clouds yield precipitation. I t is only when the water 
droplets , ice pellets or crystals become large enough to 
overcome the atmospheric buoyancy does precipitation fall. 
Only during about 10 percent of the total time that clouds 
persist does precipitation fall over Iowa. 

The measurements of rainfall, along with other meteoro­
logical elements were first measured in 1819 at a U. S. Army 
fort at Council Bluffs . The first Iowa cooperative observer 
to measure precipitation was Professor Thomas Parvin , who 
began taking observations in 1839 at Muscatine, Iowa . The 
network slowly expanded until the Federal and State weather 
services were each begun in the 1870 ' s. The Iowa Weather 
Division began in 1875 with sixty cooperative observers . 
The U. s. Signal Corps Weather Service created in 1870 had 
a somewhat fewer number. In 1890, when the Federal and 
State weather services were merged in a cooperative weather 
service, the number of observers totaled 62; in 1910 the 
number was 150 . The network has grown steadily to approxi­
mately 225 published sites during the recent decades. Of 
these 225 sitesf approximately 175 are with standard eight­
inch rain gages recorded once daily . These data are printed 
monthly and annually in Climatological Data, Iowa (CD Iowa) . 
The remaining 50 sites are equipped with recording rain gages. 
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The derived hourly data are printed monthly in Hourly Preci ­
pitation Iowa (HP). Previously, hourly precipitation records 
appeared in the CD Iowa for the period August 1948-Septernber 
1951, and prior to August 1948 in the Upper Mississippi and 
Missouri River Hydrologic Bulletins. The monthly and annual 
totals are printed in the annual publication of Hourly Pre­
cipitation. Hourly data are available since the creation of 
the network in 1939. Other precipitation data regularly 
printed (CD Iowa) by the U.S. Weather Bureau, cooperating 
with the Iowa Weather Division include snow falls and snow 
depths. 

Iowa's 225 precipitation sites are located about 15 
miles apart. Since most of the 8ages are of 8-inch diameter, 
the sampling area approaches 10- of the total Iowa area. 
Control and inspection of sites and observers produces area­
sonably good mesoscale precipitation climatology for Iowa. 
Generally, microscale precipitation climatology is lacking. 

Early Iowa precipitation records are useful for histor­
ical and comparative purposes, but the 1931-60 period (in 
accordance with the World Meteorological Organization) is 
used to describe Iowa's precipitation climate (Waite, 1967). 
Figure 1 describes the 30-year average of Iowa annual preci­
pitation. The year by year variability is considerable. 
State averages since 1873 indicate that the driest Iowa year 
of record was 1910, averaging 19.89 inches which was with 
less than half that falling during 1881 when 44.16 inches 
was the State average {1858 may have been wetter than 1881). 
Since 1930 average State precipitation varied from 22.77 
inches in 1955 to 42.22 inches in 1951. Complete annual 
State values since 1873 and the nine Iowa divisions were pre­
pared by the u. s. Weather Bureau and Iowa Weather Division 
and printed in the Palimpsest, January 1969. Annual precipi­
tation variation within Iowa varies from 74.50 inches at Mus­
catine in 1851 to 12.11 at Clear Lake in 1910. 

The annual precipitation gradient, particularly steep 
in northwest Iowa, varies from near 25 inches in the north­
west to 34 inches in the east-central and southeast counties. 
The crop season precipitation (April through September), to­
taling some two-thirds of the annual total, exhibits a less 
pronounced gradient of about 20 inches northwest to around 
23 inches in most eastern and southern localities (fig. 2). 
The crop season and monthly variabilities of precipitation 
from year to year are reported in Shaw and Waite (1964). 
Since precipitation values do not conform to a normal dis­
tribution, other methods of describing precipitation are 
used. The gamma distribution parameters were used by Barger, 
Shaw and Dale (1959 and 1960) to determine weekly and also 
two- and three-weekly precipitation total probabilities. 
Feyerherm, Bark and Burroughs (1965) describe daily and lon­
ger period dry and wet probabilities. Waite (1966) adapted 

• 
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the latter for long range planning such as hay drying depen­
dent upon dry days. 

The cyclic annual pattern of Iowa precipitation varies 
from little more than an inch in February to nearly five 
inches during June, a direct consequence of the availability 
of the moisture and the proximity of the eastward moving 
storms. During winter the storm track is more often dis­
placed well to the south of Iowa, migrating northward with 
heaviest rainfalls in May and June and diminishing during 
July as the storms track across Canada. A secondary, but 
lesser, rainfall maximum is associated with the southward 
movement of the prevailing storm track across Iowa in August 
or September. 

By hour of the day, precipitation variation is relatively 
small. The hourly frequency peaks in the hour ending at 5 
a. m. in western Iowa, but peaks about an hour later in cen­
tral Iowa and two or three hours later across eastern Iowa 
localities (U.S. Weather Bureau, No. 82-11, No. 82-13, and 
No. 82-25, 1963). 

On nearly half of all the days in the year a trace or 
more precipitation falls at all Iowa locations (fig. 3). 
This approximates about two-thirds of the cloudy (about 160 
days) and the partly cloudy days (100 to 105 days). The pre­
ponderance of rainfall days are with small precipitation a­
mounts. About 75 days have no more than a trace and another 
40 days with measurable rainfalls of 0.01 inch or more total 
less than a tenth of an inch (figs. 4 and 5). Only about 20 
days per year are with half an inch or more (fig. 6) of which 
five are with an inch to two inches and one is with two inches 
more. It is in the higher categories that extensive destruc­
tion such as flooding normally occur; soil erosion begins at 
intermediate values. The probability of six inches of rain­
fall in a day at any particular Iowa point has a recurrence 
period approaching 100 years (fig. 9). The record 24-hour 
rainfall at any official rain gage location is 12.99 inches, 
measured at Larrabee on June 24, 1891. Unofficial gages in 
bucket surveys have yielded amounts in excess of 17 inches. 
On July 16-17, 1968, 24-hour amounts to 16.20 inches at Wa­
verly were reported in the heaviest northeast Iowa storm of 
record. Iowa precipitation frequencies, both point and areal 
may be derived from the U. S. Weather Bureau (1961) Atlas of 
precipitation durations and return periods (figs. 7, 8, 9 
and 10). Longer periods, two to ten days, are available from 
the U. S. Weather Bureau (1964) similar publication. From 
the latter we may ascertain that as much as seven inches rain­
fall in a week is about a once in ten year occurrence and a 
nine-inch rainfall in a week has a return period of about 50 
years . 

• 

• 
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Most of Iowa ' s violent weather is associated with thun­

derstorms. The thunderstorm frequency increases with the 
seasonal increase in precipitation. Annually the thunder­
storm days total about 40 north to 50 south occurring mostly 
during the warm months. Quite a large percentage of the 
Iowa thunderstorms are nocturnal. Thunderstorms provide 
most of our rainfall, hail, high winds, lightning, tornadoes· 
and floods. The average period of rainfall in a thunder­
storm cell is of the order of half an hour; the areal extent 
is a few miles . Supercells may exist a few hours or even 
several hours. The excessive rainfalls are most often asso­
ciated with these intense supercells, as are the hail and 
severe tornadoes. Hail is observed at each Iowa point loca­
tion about three times per season . A few very damaging hail­
storms are reported almost every season in Iowa. Lamoureux 
(1952) described economic losses as related to hail. The 
greatest hail frequency occurs in June followed closely by 
July, May and April in that order. Lamoureux cites several 
of the worst hail storms in the State history with paths up 
to a hundred miles long and several miles wide. Radar has 
proven a most effective observational tool for locating, 
tracking and forecasting thunderstorm movement, and the 
associated rainfalls. 

It is suspected that the electrical fields related to 
the production of the rainfalls in thunderstorms are like­
wise instrumental in the creation of the by-product, torna­
does, of which about 30 per year occur, mostly during April 
through September. 

Conversely much of the light rain or drizzle falls 
without thunderstorm and violent weather, being associated 
with relatively stable precipitation producing situations 
such as warm front conditions. Freezing rain or freezing 
drizzle and consequent glazing during winter often develop 
with gentle upslope motion of moist warm air (warm frontal) 
over a subfreezing air mass, so widespread during the win­
ters of 1935-36, 1952-53 and 1968-69. 

Snowfall is of consequence to Iowans for its obstruc­
tions to travel, its insulating qualities over the soil and 
its flood potential in spring. Snow coupled with wind and 
cold in a blizzard, may be deadly to man and beast. Snow­
fall, averaging little more than 30 inches per year (fig. 11), 
has varied from a State average of 11.9 inches in 1965-66 
to 59 . 0 inches in 1961- 62. The snowfall season normally be­
gins early in November followed by the first inch snowfall 
late in November or early December . Iowa normally experi­
ences 10 to 15 days with one inch or greater snowfall per 
season . Snowstorms and snow cover normalJy end in March or 
early April. The average number of days with an inch or 
more of snow cover varies from 40 in southern counties to 90 
in the northeast (fig . 12) . 
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Precipitation, or more often the lack of it in the form 
of droughts, has been related to cyclic periods; the period 
most often suggested is approximately a 20- or 22-year cycle 
which is associated with the double sunspot cycle. The rela­
tive shortness of our Iowa record and variant dry years fit 
to the sunspot cycle yields are inconclusive correlation. 
Other cycles have been even less promising, excepting, of 
course, the annual cyclic rainfall pattern with all its vari­
tions. Otherwise, rainfall (and snowfall) variation since 
1873 do not exhibit a consistent pattern or trend. 

Without access to water, as provided by some thirty 
inches precipitation a year falling mostly during the crop 
season, life in Iowa would be impossible. Without stream 
flow, the changing economy requiring recreational facilities, 
would be without artificial lakes created on various Iowa 
rivers. Our precipitation variability has created both pros­
perity and ruin. The precipitation abundances and deficiences 
coupled with severe storm damages have pointed up the useful­
ness of precipitation control. In smaller ways, such as ir­
rigation, building of dams and tiling fields, we have locally 
controlled the excesses and shortages of water. With the 
first successful cloud seeding in the late 1940's by V. J. 
Schaefer and Irving Langmuir hope was raised that precipita­
tion control was imminent. The practicability of cloud seed­
ing over the relatively level State of Iowa is yet debated, 
even though mountainous areas appear to provide about a 15 
percent increase in precipitation by seeding. Perhaps, in 
the not to distant future, precipitation control (and storm 
control) will be a reality. 
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As an Iowan, you are a custodian of 2,125 , 000 gallons 
of surface water per year, enough water to supply you with 
5,820 gallons per day. Water occurring in any basin or 
watercourse has been declared by the State of Iowa to be 
public waters and the public wealth of the people. Thus, in 
the quantity given above, the average annual runoff, or 
streamflow, of approximately 6 inches in Iowa would be dis ­
tributed to the citizenry if each could take his or her share. 
That ' s a lot of water- - almost 8 times the estimated 1960 per 
capita water use in Iowa. This does not include the flow in 
the Miss i ssippi and Missouri Rivers that does not originate . 
in Iowa. 

In this presentation on the surface water resources of 
Iowa I shall limit my discussion to (a) average streamflow, 
(b) variability of streamflow, (c) firm streamflow, and (d) 
brief remarks on the major storage facilities built, or being 
built, in the State . These remarks are also limited to the 
interior streams of Iowa- -they do not apply to the Mississippi 
and Missouri Rivers . My purpose is to provide a general pic­
ture of the availability of streamflow in the State . 

AVERAGE STREAMFLOW 

We can take streamflow as a rough measure of how much 
water is available to a region. So let's take a look at that 
average annual runoff of approximately 6 inches and make a 
few comparisons . The average annual runoff in the streams 
of the Colorado River basin and in New England amounts to 
about 6 , 500 gallons per day per-capita supply. The 6 inches 
of Iowa runoff are equivalent to 1 8 million acre-feet, or 
5 1/3 cubic miles of wa t er . The Mississippi River, North 
America ' s largest river , discharges about 133 cubic miles 
of water per year (Nace , 1964) . Thus, Iowa, comprising about 
4 1/2 percent of the land area of the Mississippi basin, con­
tributes about 4 percent of the Mississippi ' s discharge into 
the Gulf of Mexico. The Amazon, the largest river in the 
world , with a flow six times that of the Mississippi, dis­
charges the equivalent of a full year ' s runoff from Iowa in 
less than three days (Nace , 1964) . Iowa ' s annual runoff 

1/ Publication author ized by the Director, U.S . Geological 
Sur vey . 



l8 

would fi ll Lake Superior, North America ' s largest lake in 
560 years and Lake Baikal, the world's largest lake, in 1180 
years. 

Streamfl ow is highly correlated to precipitation, which 
varies from year to year and from area to area. The average 
annual runoff in the State ranges from about 2 inches in ex­
treme northwestern Iowa to more than 8 inches in eastern 
Iowa (fig. 1). It follows, in general, the pattern of the 
mean annual precipitation which ranges from less than 26 to 
more than 34 inches from the northwestern to the eastern and 
southeastern parts of the State (fig. 2). 

Precipitation and streamflow also vary with time--some 
years are wet, some are dry, and others are in the normal 
range. Figure 3 shows the variation of annual runoff for 
the Cedar River at Cedar Rapids, the longest streamflow rec­
ord in the State. Although no definite cycles are apparent, 
it does show that runoff tends to be above- or below-normal 
for periods longer than one year . The longest periods when 
runoff was above average were the two 6-year periods 1915-20 
and 1942-47 . The longest below-average period was the 7 
years from 1953 to 1959. Statistics on the extremes of an­
nual runoff are contained in table 1. The stations included 
in the table are predominantly those measuring the flow from 
basins of moderate size, and those whose records included 
the drought of the mid-1950 ' s . The smallest basins are too 
sensitive to indicate hydrologic conditions; whereas large 
basins, which integrate widespread meteorologic and physical 
regimes, are too insensitive to be truly representative of 
areal conditions. Table 1 shows a range in annual runoff 
from 0 . 21 inch in 1956 for Lizard Creek near Clare to 22.72 
inches in 1962 for the Maquoketa River near Manchester . This 
range, though not precisely defined, provides an indication 
of the range of annual flow within which those concerned with 
the water resources of the State must work. 

VARIABILITY OF STREAMFLOW 

Average flows are only a part of the story. Average 
flow, like the average annual per capita income, is a statis­
tic that provides an indication of the magnitude of the total 
resource. Knowledge of average flow alone, however, is in­
sufficient for careful planning and management . Streamflow 
is characteristically variable within a day, a month, a year, 
a decade. The nature and extent of these variations are 
critical to the management, use, and development of the water 
resources of the State. 
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The greatest var iability in str eamflow in the Uni ted 
Stat es is found in the southwestern a nd north- central parts 
of the country . In Iowa , it is common for p eak flows to be 
10,000 and more, times the mi nimum flows. As an indicator 
of t he variability of h i gh f l ows , I have chosen to use the 
r atio of the mean annual flood to the mean discharge for the 
stations listed in table 1. The mean annual flood is a fairly 
stab l e statistic which is unaffected , for the most part , by 
the chance occurr ence of a very large flood . I t is the peak 
flow that is equal ed or exceeded once on an average of about 
every other year (recurrence i nterval, 2.33 years). The 
values for the mean annual flood were taken from a report 
on the magnitude and f r equency of Iowa floods by Schwob 
(1966) . For stations listed in table 1, thi s ratio varied 
from 8 . 0 to 166. Inspection of all records for the State , 
indicates a minimum ratio of 7 . 15 for the Cedar River near 
Conesvi lle and a maximum of 533 for Indian Creek at Council 
Bluffs . In general , the stations with the smaller ratios , 
below 20 , are in the a r ea of Wisconsin glaciation where 
drainage systems are not well developed . The highest ratios 
are for small basins in the bluff areas adjoining the Missis ­
sippi and Missouri Rivers . 

As an index of the variability of low flows in table 1 , 
I have used the ratio of the flow at the 90 percent duration 
level to the mean flow . The variation of this ratio, from 
near zero to 0 . 20, is much less than that for the ratio de ­
fining high flows . The highest ratios , between 0 . 10 and 
0 . 20, are for basins in the northeastern part of the State 
where the streams are deeply incised and where the dry­
weather flows are sustained at relatively high levels by 
ground- water inflow. Surprisingly, the Maple and West 
Nishnabotna Rivers draining the Kansas drift in western 
Iowa have relatively high ratios of 0 . 09 to 0.12 , respec­
tively. Elsewhere, the streams draining the Kansan drift 
have very low ratios . 

From this brief analysis, it is obvious that Iowa 
streamflow is highly variable. On the average, every other 
year a peak flow is reached that is about 30 or more times 
the average flow . During 10 percent of the time, low flows 
are at or lower than about 3 percent of the annual flow . 
These are generalizations, which mask significant individual 
characteristics, a few of which have been pointed out in the 
preceding discussion. 

FIRM STREAMFLOW 

Now let ' s return to the 90-percent duration flow that 
was introduced into the discussion in the preceding section. 
Theoretically, the maximum developable supply from a river 
basin is equivalent to the average flow . Development of 
this supply would require an amount of storage sufficient 

I 



z 
0 

~ z 
◄ ..J 
Cl. 
X 
w 

- ' 
I 

-· ' 

< 

r < .. 
w 
• 
~ :, 

- . g • 
C l 
i u 

C 

f ~ --• 0 

~ 
C 
:, ... 

I 
co 
I 

• 
• 

... 
> 

0 

I 

' '· ~+~11~rr--=-:~i=i:-;:::;;:::?~:i~r~?~-;/:~~:1~t.J-~.-:1:;: 2 0 

,: ., 
0 s 

~ • 
• .. 
• • 

0 .. 

w 

• 
► :, 

• 
0 
w • ... 
~ 

.,. • . .. 
0 0 • .,_ 

# r-~--~-·-~-=-~A~:.!.t--:----;:'----f::::...~~~~>--0
k~~""-.... ~L-. 
0 

• 
:, 

}o~ C 
► O<,i V ., 

cs:.:.: I- .• 

r 

"' 
C 

0 

• , 

.,. C .. 
L . -- .. ., .... 

" .. .. 

• .!! 
E 
0 
0 

ti) ,._ 

0 
ti) 

IO 
N 

0 

IO 
N 

• 
rU 
~ 
0 
H 

OJ 
0' 

'° ~ 
QJ 

> 
< 
I 
I 
• 



~(S) ?>o ~ 
------ 94• r- --- 93• 92' 

MIT~

0Hn~lH\w~~:r~-;-·-\ 
N()Hl(I( , A 

I 

( 
POC4N0NTA 

26 l W 
_[ 

r Ui O O ,.,, ,._ l. R I ., ._ .. , , 4 2• 

28 
ON 

A Ol_e I R ~ 
r~,-nJ.,cl 

~--"--- .. 
95• 

(lLOl (· 
~ I O(t(: AT U R 

I 4}' --- .J .. 
94• 

25 0 --· 25 

A. ., N E 

50 
t 

I I 

VIS 

... ---

100 miles 
I 

920 

Figure 2 . - i\vera ge annual precipitation . 
in Iowa, 1931-1960. 

EXPLANATION 

-30- Average annual 

precipitation, 

inches 1931-1960. 

/" 
• 



14 

12 

10 

~ 8 
:c: 
(.) 

z 

z 

LL 
LL 
0 z 
:::::, 
0:: 

6 

4 

2 

0 

-

- - ~ 

. 

... 

Ill 

v "" 

II ... 
Mean 6 .39 inches - - - - - - - - - - - - - ~ - -

' .,J 

\J 
✓ 

II 

l/ 

1910 1920 1930 1940 1950 1960 1970 

Figure 3.--Annual runoff, Cedar River at Cedar Rapids, Iowa. 



Table 1.--Annual runoff and indicators of flow variability for selected Iowa streams 
I" 

' !/ w Drainage Kean Annual runoff in inchaa 
Kap area flow g2.33 ....92Q 
No. Station N- Period of Record aq.1111. cf• HIiian Max. Year Min. Year Qaaan Q111■a 

l Upper love II.. at Decorah 1951-67 511 265 7 .06 13 . 13 1945 2 .58 1958 30.S 0.20 
2 Paint Cr. at Waterville 1952-67 42.8 14.9 4.75 7.24 1962 1.30 1958 166 .17 
3 Maquoketa R. nr. Manchester 1933-67 305 192 8.SS 22.72 1962 1.91 1934 32.l . 20 
4 Bear Cr. nr. Monmouth 1957-67 61.3 39.3 8.69 17.49 1962 2.28 1958 50.9 .11 
s Wapaipinicon II.. at Independence 1933-67 1,048 523 6. 79 15.58 1951 .95 1934 15.6 .07 
6 Iova II.. nr. Rowan 1940-67 429 181 S.70 13.94 1951 .95 1956 8,0 .08 
7 .!nglisb R. at 1.alona 1939-67 573 326 7.60 17.61 1960 1.14 1956 17.7 .02 
8 W.Pk. Cedar II.. at Fincbford 1945-67 846 387 6.24 18.03 1951 1.05 1956 22.4 .09 
9 Winnebago ll. at Naeon City 1932-67 526 220 S.70 13.12 1965 .76 1934 12.8 . • 08 

10 S. Sltunk R. nr. Amee 1920-27, '32-67 315 132 S.70 12.81 J.944 .24 1958 32.2 .01 

11 N. Sltunk R. nr Sigourney 1945-67 730 393 7.33 16.04 1960 .52 1956 16~8 .03 12 Big Cr. nr Mt. Pleaaant 1955-67 106 57.2 7.33 17.39 1965 .so 1957 38.3 C ,002 
13 B. F. Des Moine■ R. nr. Burt 1951-67 462 123 3.53 9.45 1965 .54 1956 16.9 .01 14 Lirard Cr. or. Clare 1940-67 257 91.S 4.75 l2 .85 1951 .21 19)6 22.5 .02 15 Boone R. nr Webeter City 1940-67 844 352 S.70 14.00 1951 .57 1956 10.7 .04 16 N. Raccoon R. nr Sac City 1958-67 713 2)8 4.48 10.41 1962 .62 1968 16.l .OS 17 B. F. Bardin Cr. nr. Oiurdan 1952-67 24.0 7.9 4.48 9'.81 1962 .32 1956 75.3 <. .01 18 Kiddle R. nr. Indianola 1940-67 503 242 6.52 18.31 1947 .48 1968 32.0 .03 19 S~h R. nr Ackworth 1940-67 460 229 6.79 17.16 1947 .52 1956 34.4 .01 20 Cedar Cr. nr. l!useey 1947-67 374 191 6.92 14.70 1960 1.08 1954 32.9 .006 
21 - 17.61 Sugar Cr . nr. Keokuk 1922-31, '58-67 105 66.2 8 . 55 1929 .88 1923 33.4 ,.002 22 Floya R. at J-• 1934-67 882 174 2. 72 10.00 1951 .29 1956 24.6 .OS 23 Maple I.. at Mapleton 1941-67 669 226 4.62 12.18 1951 .so 1956 39.3 .09 24 W. Nialuabotna I.. at Randolph 1948-67 1,326 498 5.SO 11.58 1951 1.14 1968 28.9 .12 25 Nodaway a. at Clarinda 1918-24, '36-6) 762 304 5.43 1L89 1947 .67 1968 34.2 .os 26 tbaapa011 I.. at Davi■ City 1918-24, '41-67 701 354 6.80 14.37 1947 1.01 1956 23.1 .02 

lfote: N1n1we mnual runoff for period through 1968. 
a - Q2.33 1• -an annual flood; Q!Dean 1• mean flow. 
b - Q90 1• flow equaled or exceeded 90 percent of time; Qmean 1• mean flow. 
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to retain all of the wet-weather flow for release when the 
natural flow falls below the average. Most of the time, 
development of such storage is neither feasible nor economic. 
Without storage, the developable supply is much smaller due 
to the variability of strearnflow. The 90-percent duration 
flow is frequently used as an index of the firm flow avail­
able without storage. It is the flow that is equaled or 
exceeded 90 percent of the time or, conversely, it is the 
flow that is lower than that which occurs 10 percent of the 
time. This statistic, like the mean annual flood, is a 
fairly stable one--sufficiently far from the minimum, which 
is subject to erratic variation, yet low enough to be 
significant. 

Q90 
The ratio, Q mean, multiplied by 100 for the stations 

listed in table 1 give·s the percentage that low flow is of 
mean flow. As mentioned previously, this varies from near 
zero to 20 percent. To develop a specific value of assured 
supply, in terms of ratio to mean flow, more storage would 
be required in a basin having a low index of firm flow than 
one having a high index. The U.S. Geological Survey is cur­
rently working on a low-flow report that will contain low­
flow information for all gaged locations in the State. It 
has been found in this work that the 90-percent duration 
flow is roughly equal to average 7-day annual minimum flow 
that occurs on an average of once in 2 years. 

IMPOUNDMENTS IN IOWA 

In the previous discussion, storage has been mentioned 
several times. As an illustration of relative storage mag­
nitudes, let's take a look at the four major impoundments 
constructed, or under construction, in the State. These are 
the Corps of Engineers reservoirs at Coralville on the Iowa 
River, at Red Rock and Saylorville on the Des Moines River 
and at Rathbun on the Chariton River. 

Total storage volume (at flood pool level} in the Coral­
ville Reservoir is equivalent to a runoff of 3.3 inches from 
the basin, 52 percent of the average annual runoff of 6.31 
inches. Total volume in the Red Rock Reservoir is equiva­
lent to a runoff of 2.85 inches, 62 percent of the average 
annual runoff of 4.60 inches. Saylorville Reservoir will 
hold 1.91 inches, 48 percent of the average annual runoff 
of 3.99 inches for the basin. But Rathbun Reservoir, with 
a storage volume almost equal to Saylorville's and a drain­
age area less than a tenth of Saylorville 's, will hold up 
to 18.73 inches of runoff. At the average annual flow rate 
of the Chariton River, it would take about 2 1/2 years to 
fill Rathbun Reservoir assuming that every drop of water is 
stored. 
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These reservoirs are built primarily for flood control 
and most of their capacity is reserved for the temporary 
storage of flood waters and is not available for water-supply 
augmentation. For Rathbun Reservoir, however, 61 percent of 
the total capacity is r eserved for flood control and 39 per­
cent, a volume almost equal to the average annual runoff, 
is available for other purposes. It is obviously a develop~ 
ment that can be managed fo r multiple purposes . 

CONCLUSIONS 

From this broad-brush treatment of the surface water 
resources of Iowa, we see that the average annual runoff 
ranges from about 2 to 8 inches in the State. The State 
average is about 6 inches, an amount capable to supplying 
5,820 gallons per day to every man, woman, and child. This 
is an impressive supply. However, it dwindles appreciably 
when we consider that, because of the variability of flow, 
only a few percent of it is available on a firm basis. The 
1960 withdrawal for public water supplies alone (MacKichan 
and Kammerer, 1961) was equivalent to nearly 2 percent of 
the 5,820-gallon per capita supply . Thus, we see that, on 
a purely local basis, demand already approaches the firm 
supply. However, this does not take into consideration the 
vast supply available in the Mississippi and Missouri Rivers. 
The Mississippi River at McGregor and the Missouri River at 
Sioux City each have an average annual runoff equivalent to 
about 23,000,000 acre feet. Together, these two stations 
have an annual flow more than 2 1/2 times the annual runoff 
from Iowa. Surely no deficiencies in supply are expected 
for water users living within reach of these border streams. 

Storage is the most obvious means by which more of a 
variable resource can be made available for use. All but 
one of the four major reservoirs in the State are designed 
for essentially one purpose- - flood control. As population 
and water use increase , consideration of storage to meet the 
needs for water supply, waste dilution, and other purposes 
will surely follow . 
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GROUND-WATER RESOURCES OF IOWAl/ 

W. L. Steinhilber, Hydrologist, Water Resources Division 
U.S. Geological Survey 

and 
P. J. Horick, Ground-water Geologist, Iowa Geological Survey 

INTRODUCTION 

Underlying the State of Iowa is a vast rock reservoir 
that contains an immense quantity of water in storage. A sin­
gle rock unit in the reservoir, the Jordan Sandstone, contains 
an estimated 80 trillion gallons of water--an amount equiva­
lent to about •l4 years of runoff from the state. The amount 
stored in the whole reservoir is many times more. However, 
water for man's many uses is recoverable from only a limited 
number of water-producing zones or aquifers in the reservoir. 
An even fewer number can produce the quantity of water required 
for large municipalities, thirsty industries, and large-scale 
irrigation. Although the aquifers are limited in number, their 
widespread occurrence and water-yielding characteristics make 
them important and vital sources of water supply throughout 
most of the state. During the period 1961-65, they provided 
75 percent of the total water withdrawn for all purposes in 
the state, except water used for fuel-electric power genera­
tion (Murray, 1968). 

This paper presents a general description of the physi­
cal, hydrologic, and water-yielding characteristics of the six 
principal aquifers in Iowa's ground-water reservoir. Princi­
pal aquifer is defined in this paper as a water-yielding zone 
in the reservoir that is regionally significant in meeting 
specific water demands. Included in this category, in addi­
tion to the highly productive aquifers, are the extensive, 
accessible, low-yielding aquifers, such as the glacial drift, 
that meet the small but widespread rural demands. Not in­
cluded, and not discussed in this paper, are the water-bearing 
units such as the Galena Formation that have local significance 
only. The discussion in this paper is based on data collected 
under the cooperative ground-water investigations of the U.S. 
Geological Survey and the Iowa Geological Survey and on the 
references cited. 

1/ Publication authorized by the Director, U.S. Geological 
Survey. 
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HYDROGEOLOGY 

The geologic framework of Iowa's ground-water reservoir 
is swnmarized in table 1 and figures 1 and 2. The bottom of 
the reservoir is the Precambrian crystalline complex, which 
occurs at a depth of about 5,200 feet in southwestern Iowa and 
rises to the surface in extreme northwestern Iowa and to withir 
800 feet of the surface in northeastern Iowa. Overlying these 
basement rocks is a succession of consolidated sedimentary 
strata of Paleozoic age that are dominantly sandstones and 
dolomites in the lower part and shales, dolomites, and lime­
stones in the upper part. These strata have been downwarped 
into a broad trough, known as the Iowa Basin (figs. 1 and 2). 
The surface of the dipping Paleozoic rocks was beveled by ero­
sion, thus exposing older Paleozoic strata in the northeast­
ern and northwestern parts of the state and forming the ex­
tensive recharge areas of the Paleozoic aquifers in northeast­
ern Iowa and southern Minnesota. 

Strata of Cretaceous age unconformably overlie the 
beveled, southeast-dipping limb of the Paleozoic basin in 
northwestern and parts of southwestern Iowa (fig. 1). These 
nearly flat-lying strata are dominantly shales and sandstones 
that attain a thickness of as much as 400 feet. 

The surface of both the Paleozoic and Cretaceous rocks 
was considerably modified and dissected by pre-Pleistocene 
erosion. Some of the valleys that were carved into the bed­
rock are very broad and deep and contain appreciable alluvial 
deposits. Unconsolidated glacial drift and loess, averaging 
about 200 feet thick, mantles the bedrock, except for a small 
area in northeastern Iowa where the drift is largely absent, 
and locally where the present water courses have cut down to 
the consolidated rocks. Alluvial deposits of variable thick­
ness underlie the valley floors and terraces of the present 
streams (fig. 3). 

The six principal water-yielding rock units in the Iowa 
reservoir are the surficial deposits, the Dakota Sandstone of 
Cretaceous age, limestones and dolomites of Mississippian age, 
limestones and dolomites of Silurian and Devonian age, the 
Cambrian and Ordovician sandstones and dolomites, and the Dres­
bach sandstones of Cambrian age (table 1). The most consist­
ently productive units are the Cambrian and Ordovician sand­
stones and dolomites. Others that are highly productive 
locally are the alluvium (surficial deposits), the Dresbach 
and Cretaceous sandstones, and limestones or dolomites of 
Silurian, Devonian, or Mississippian age where they directly 
underlie major streams. 

Of the principal aquifers, the highly productive ones 
can be divided into two categories on the basis of their 



Table 1.- Geologic and hydrogeologic units In Iowa ...!.J 
AGE ROCK UNIT OESCRIPTION HYOROGEOLOGIC UNIT WATER-BEARING CHARACTERISTICS 

Alluvium Sond, grovel, sill and cloy Fair to large yields 

., 
Predominantly 1111 0 

N cont01n,no scattered 0 Quaternary Glociol dnfl (und1fferenhoted) Surflciol aquifer Low yields C Irregular bodies of sand .. 
0 and grovel 

Buried channel deposits Sond, grovel, slit and cloy Small to lorge yields 

u Carlile Formation 
Shale Aqulclude Does not yield water 0 Groneros Formation 

N Cretaceous 0 .. 
• :I: 

Dokolo Group Sandstone and shale Dakota aquifer Hloh 10 fair yields 

Viroil Series 
Shale and limestone Missouri Serles 

Low yields only tram Pennsylvon,on Aqulclude 
limestone and sandstone 

Des Moines Series 
Shale; sandstones, 
mostly thin 

Meromec Serles Limestone, sandy 

Mississippian Osage Serles Limestone and dolomlte, M,ss,ss1pp1on aquifer Fair to low yields cherty 

Kinderhook Series Limestone, oolitic, and 
dolomite, cherty 

Maple Mill Shale 
Shale; limestone in Sheffield Formation Devonian oquiclude Does not yield water 

Lime Creek Formation lower por1 
Devonian 

Cedar Volley Limestone 
Limestone and dolomite; 
contains evoporltes 

Wopsipinlcon Formation In southern half of 
Iowa 

SIiurian-Devonian aquifer Hi9h to fo,r yields 

u Silurian N1090ron Series 
Dolomite, locally cherty 

0 Alexandrian Series .. 
0 

• 
Does nol yield water, except locally - Moquokelo Formation Shale and dolomlle Maquoketa oqulclude 0 

in northwest Iowa CL 

Galena Formation Limestone and dolomite Minor aquifer Low yields 

Decorah Formation Limestone and thin Generally does not yield water ; fair 
Ordovician Platteville Formation shales, includes sand- Aquiclude yields locally In southeast Iowa 

stone in SE Iowa 

SI Peter Sandstone Sandstone Fair yields 

Prairie du Chien Formation Dolomite, sandy and Combrion-Ordav,clon 
cherty aquifer 

Hl9h yields 
Jordon Sandstone Sands lone 

St Lawrence Formohon Dolomlle 
Aqulclude ( wedges out 

Cambrian 
1n northwest Iowa) Does not yield woter 

Froncon10 Sandstone Sandstone and shole 

Dresbach Group Sandstone Dresbach aquifer High to low yields 

Slou, Ouorlzlte Ouortzlle 
Precambrian Bose ol ground-water Not known to yield woter e1cep1 ot 

Coarse sandstones; reservoir Monson eryptovolconlc area 
Undllferentioted 

crystalline rocks 

J/ Strotiqrophic nomenclature does not conform 10 U S Geol091eol Survey usoqt 
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recharge and water-yielding characteristics. In one category 
are the highly productive alluvial and shallow carbonate-rock 
aquifers directly underlying and in hydrologic connection with 
principal streams. These aquifers have a close space-time 
relationship to the streams--so much so that, under certain 
conditions, most of the water withdrawn from these aquifers 
is induced surface water. ~ Hence, much of the water classified 
as ground water in water-use surveys in Iowa could be classi­
fied properly as surface water--a concept of importance in 
any comprehensive plan of water development. In the other 
category are the deep, highly productive artesian aquifers in 
Iowa that are a considerable distance from recharge sources. 
These aquifers have a distant space-time relationship to 
streams in Iowa, and pumpage from them is derived from arte­
sian storage. However, these aquifers do have an important 
indirect relationship to streams in Iowa, and that is the sup­
port of base flow at centers of ground-water withdrawals. For 
example, at Mason CityY the return flow of ground-water pump­
age from the deep Cambrian-Ordovician aquifer adds about 12 
cfs (cubic feet per second) to the Winnebago River (Hershey, 
Wahl, and Steinhilber, in press). This amount is particularly 
significant during low-flow periods; as for example, when the 
10-year, 7-day natural low flow is about 7 cfs. 

Interstratified with the bedrock aquifers are a number 
of non-water-yielding shales and dense, unfissured carbonate 
rocks of great areal extent (table 1 and figs. 1 and 2). These 
are the regional aquicludes that confine ground-water flow to 
the aquifers by retarding vertical movement of water in the 
reservoir. A few of these aquicludes, however, yield small 
quantities of water locally. Yields of 10 to 20 gpm (gallons 
per minute) are available from the Maquoketa Formation in parts 
of north-central Iowa, where the formation is dominantly a 
fissured dolomite. Similar yields are available from rela­
tively thin limestones and sandstones that are interbedded 
with the thick shales of the Pennsylvanian System in parts of 
southwestern and south-central Iowa. The water, however, 
generally is highly mineralized. Occasionally yields of as 
much as 50 gpm of fair- to good-quality water can be produced 
from channel sandstones that occur locally in the Pennsylvanian. 

2/ See figure 5 for place names in text. 
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IOWA'S PRINCIPAL AQUIFERS 

Surficial Aquifers 

The surficial aquifers of Iowa comprise fluvio-glacial 
outwash deposits and fluvial deposits of Quaternary age (here 
collectively called alluvial deposits or alluvium) found along 
the present watercourses, outwash sands occupying buried bed­
rock channels , and thin discontinuous sand bodies in the gla­
cial drift. The alluvial and buried valley deposits are im­
portant sources of moderate to large water supplies, but are 
restricted in occurrence to river valleys and preglacial 
drainage lines. The glacial drift is a source of small sup­
plies only, but is important as a source for rural supplies 
because of its widespread occurrence. 

Alluvial deposits underlying the flood plains and ter­
races of Iowa's principal rivers constitute productive aqui­
fers that are currently and potentially important sources of 
water. Aquifers of appreciable areal extent occur along the 
Missouri and Big Sioux Rivers on Iowa ' s western border and the 
Mississippi River on the eastern border; others occur along 
the principal interior rivers (fig. 3). The water- bearing 
materials underlying these valleys consist mainly of fine to 
coarse sand and gravel and some interstratified clay and silt 
that were sorted and deposited by glacial melt waters. The 
coarser and more permeable deposits occur along the major 
valleys, where stream velocities were highest. The thickness 
of these alluvial deposits is from 100 to 160 feet at most 
places along both the Mississippi and Missouri Rivers and 
from 30 to 70 feet along the principal interior streams. The 
deposits thin out and grade into colluvium near the bluff 
lines. Locally, the thickness of alluvium is appreciably 
greater wherever present river valleys coincide with pregla­
cial valleys. Appreciable decrease in thickness occurs in 
areas where local bedrock highs underlie the present valleys. 

Enormous quantities of water are stored in the porous 
alluvial deposits of the Missouri and Mississippi valleys. 
The Iowa side of the Missouri River alluvium, for example, con­
tains an estimated 6 trillion gallons in storage. The thinner 
and narrower alluvial aquifers along the interior streams con­
tain smaller, but nevertheless appreciable, amounts in storage. 
Of more importance than storage, however, is the induced infil­
tration of river water that sustains the yield from these aqui­
fers when they are developed for water supplies. Requisite 
conditions for induced infiltration are discussed in detail 
by Rorabaugh (1956) and Kazman (1948), and are summarized by 
Walker (1956). Sustained yields, many of them high, have been 
developed at some localities from the alluvial aquifers in 
Iowa; additional large sustained yields are available at many 
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other localities. A number of well fields along the Mississippi 
River develop more than 15 mgd (million gallons per day) each 
on a sustained basis for industrial and municipal uses. The 
municipal systems at Des Moines and Cedar Rapids produce about 
20 mgd from the Raccoon River alluvium and more than 15 mgd 
from the Cedar River alluvium respectively. 

Individual wells tapping the alluvium along the principal 
rivers are capable of pumping large quantities of water. In 
the Missouri valley numerous wells pump from 1,000 to 1,500 
gpm for supplemental irrigation. Industrial, irrigation, and 
municipal wells in the Mississippi valley pump 1,000 to 2,000 
gpm. Individual wells tapping the alluvium of the interior 
streams commonly yield 200 to 300 gpm, but as much as 400 to 
600 gpm have been obtained along the larger streams. Much 
larger yields are available where the alluvial aquifers over­
lie gravel-filled preglacial valleys. Individual wells tap­
ping these thick alluvial aquifers at Waterloo, Cedar Rapids, 
and Ames yield as much as 2,000, 1,200, and 1,100 gpm, respec­
tively. 

Buried bedrock valleys underlie the glacial drift in 
many parts of the state; some have been mapped (Beveridge, 
1947; Twenter and Coble, 1965), and others are being mapped 
currently. The valleys that are filled with coarse alluvial 
materials provide from 10 to 100 gpm to wells at many locali­
ties. Occasional yields of 500 gpm and more are available 
from the aquifers where they are overlain by or are in close 
proximity to present-day watercourses (Twenter and Coble, 
1965). The most productive of the aquifers occur in the cen­
tral and eastern parts of the state. 

Glacial drift is a source of water supply for numerous 
farms and rural homesteads throughout the state, except in 
the extreme northeast corner where the drift is largely absent. 
The drift consists principally of pebbly and sandy boulder 
clay containing lenticular or shoestring bodies of sorted sand 
and some poorly sorted sand and gravel. The drift thickness 
ranges from Oto 600 feet and averages about 200 feet over 
the state. The producing zones are the sand bodies within or 
at the base of the drift. Wells may be dug, bored, or drilled 
and may range from 15 to 20 feet to as deep as 400 feet or 
more. Generally, these wells yield only a few gallons a min­
ute, but with favorable conditions and proper well design as 
much as 10 to 20 gpm may be obtained. The best drift wells 
are in the area of the late Wisconsin drift lobe in north­
central Iowa where outwash sands are abundant. However, rural 
residents depend heavily on the drift aquifers in western and 
southern Iowa where the bedrock formations may be deeply 
buried and yield only small supplies of poor quality water. 
In many places in these areas the drift sands are the only 
sources available for acceptable quality water at a reasonable 
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depth. The drift aquifers are less important in northeastern 
Iowa because they are thinner, and the shallow bedrock aquifers 
yield the required supplies. 

The Dakota Aquifer 

Strata of Cretaceous age, principally the Dakota Sand­
stone (table 1), comprise the chief bedrock aquifer in north­
western Iowa and less extensively in western and southwestern · 
Iowa. These rocks are present across most of the northwest­
ern part of the state as far east as Kossuth, Wright, Webster, 
Greene, and Guthrie Counties, and as irregular remnants as far 
south as Montgomery and Page Counties (fig. 1). Maximum 
thickness of the full Cretaceous System is somewhat more than 
400 feet in central Sioux and Osceola Counties, from where it 
thins northwestward and southeastward. 

The upper part of the Cretaceous consists of a thick 
succession of shales representing the Carlile and Graneros 
Formations. These shales attain a maximum thickness of 250-
300 feet in Lyon, Sioux, and Plymouth Counties and thin to 
the east and south. The thickness is not uniform as the sur­
face of the shales was deeply eroded before deposition of the 
glacial materials. The underlying Dakota Sandstone also con­
tains considerable shale, but has water-bearing sandstones in 
both the upper and lower parts. In the eastern areas com­
monly only one sandstone is present. Maximum thickness of the 
Dakota Sandstone is about 260 feet, as observed in logs of 
wells at Sioux City; but average thickness probably is closer 
to 50-75 feet. Near the boundaries of the formation the 
thickness may be only 10 to 20 feet or less. Usually the 
Dakota Sandstone is rather fine-grained and poorly cemented, 
which frequently causes sand-pumping troubles when wells are 
over-pumped. Proper well construction and aquifer develop­
ment can minimize this problem. 

Deposits of sandy and pebbly glacial drift of variable 
thickness mantle the Cretaceous rocks. Depending on the local 
thickness of the drift and the thickness of the Carlile and 
Graneros shales in the upper part of the Cretaceous, the depth 
to the Dakota Sandstone varies considerably. Generally, in , 
the northwestern counties it is necessary to drill between 250 
and 600 feet to penetrate the Dakota aquifer, whereas in the 
eastern areas the Dakota usually can be reached at between 
100 and 350 feet. 

The Dakota aquifer generally can be counted on to pro­
duce sufficient water for all rural and many municipal require­
ments. Even where the aquifer is only moderately thick, many 
wells have been developed to yield 50 to 100 gpm. Some munici­
pal wells in Osceola, O'Brien, Sioux, and Cherokee Counties 
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have been tested at 350 and 750 gpm. At Sioux City where the 
Dakota Sandstone is recharged by water from overlying alluvial 
sands and gravels, yields in excess of 1,500 gpm have been 
obtained. At Red Oak in southwestern Iowa, where the Dakota 
is thin but apparently is recharged readily, yields of up to 
1,000 gpm are available locally from the aquifer. 

The Mississippian Aquifer 

The Mississippian aquifer consists of a thick sequence 
of limestones and dolomites between the overlying shales of 
Pennsylvanian age and the underlying Maple Mill-Sheffield shales 
of Devonian age (table 1). These rocks underlie that part of 
Iowa south of a line from Des Moines County northwestward to 
Hancock County and thence southwestward to Woodbury County 
(fig. 1). 

The aquifer thickness ranges from Oto about 600 feet 
with the average thickness about 350 feet. In the area where 
the aquifer has its main development, the average thickness 
probably is closer to 250 feet. In certain locations pregla­
cial streams cut deep channels into the bedrock and removed 
much of the upper part of the Mississippian rocks. 

The principal area for developing wells in the Missis­
sippian aquifer is an elongated belt roughly bounded by a line 
extending from Des Moines County to Wright County on the 
northeast and by the Des Moines River on the southwest. This 
includes the subcrop area of the aquifer and an irregular 
fringe area of thin overlapping Pennsylvanian rocks immediately 
southwest of the subcrop area (figs. 1 and 2). In the north 
central part of this area the specific capacity of wells com­
pleted in the Mississippian aquifer generally is more than 
1.0 gpm per ft (gallons per minute per foot) of drawdown and 
yields of 100 to 200 gpm are common. Exceptionally large 
yields have been obtained from wells intersecting large crev­
ices or where the aquifer is recharged by infiltration from 
overlying glacial sands or directly by the infiltration from 
nearby streams. For example, wells have yielded from 500 to 
900 gpm at a few localities in Wright, Hardin, and northern 
Story Counties. Less favorable conditions are found in the 
central and southeastern parts of the area owing to the scar­
city of crevices in the formations. Domestic wells usually 
yield 5 to 10 gpm, but in many localities it is difficult to 
obtain as much as 2 or 3 gpm. However, some municipal wells 
in southeastern Iowa have been developed to yield 25 to 50 gpm. 

In this principal development belt, the Mississippian 
aquifer is overlain by glacial drift and in places by Pennsyl­
vanian shales and usually lies 50 to 100 feet below the surface 
in the north-central part of the area and 100 to 400 feet below 
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the surface in the central and southeastern parts. The 
aquifer has a gradual overall dip to the southwest from the 
main subcrop area, so that many hundreds of feet of Pennsyl­
vanian rocks and glacial clays overlie the aquifer in south­
central and southwestern Iowa (fig. 2). Yields of wells in 
these areas generally are low, although occasional yields of 
50 gpm have been reported. The water is of such poor quality, 
however, that the aquifer is little used. 

The Silurian-Devonian Aquifer 

The Silurian-Devonian aquifer, comprising the Niagaran 
and Alexandrian Series of Silurian age and the Cedar Valley 
and Wapsipinicon Formations of Devonian age (table 1), under­
lies the entire state except for the northeastern and north­
western corners. The aquifer subcrops immediately beneath 
the glacial drift in a broad belt in northeastern Iowa and 
beneath the Cretaceous rocks in a narrow belt in northwestern 
Iowa (fig. 1). Southwest and southeast of these subcrop areas, 
it dips beneath the Devonian aquiclude and other younger Paleo­
zoic rocks (fig. 2). The aquifer's thickness ranges from 0 
to 650 feet and generally is between 200 and 350 feet through- ' 
out its area of occurrence. 

In the northeastern subcrop area, where the aquifer is 
overlain only by glacial drift, the depth to the top of the 
aquifer ranges from Oto about 300 feet, the greater depths 
generally along the southwestern part of the subcrop area. 
Elsewhere the aquifer is reached only after drilling through 
several hundreds of feet of younger consolidated rocks and 
glacial drift (fig. 2). 

The aquifer is composed of relatively dense limestone 
and dolomite, whose porosity and permeability are dependent 
principally on secondary rock openings--fractures, joints, 
brecciated zones, and solution tubules. These water-bearing 
rocks are highly anisotropic with respect to ground-water 
flow--as are most carbonate rock aquifers--because the second­
ary rock openings are randomly oriented and are variable in 
size, extent, and frequency of occurrence. The anisotropic 
nature of the aquifer makes it difficult to determine aquife r 
coefficients or to predict yields from the aquifer with any 
assurance. However, on the basis of well records, the aqui­
fer's porosity and permeability are known to be best developed 
in the northeast subcrop area. In this area, the rock open­
ings were enlarged by solution activity by relatively rapid 
ground-water circulation during the long interval of pre­
Pleistocene time that these rocks were exposed to erosion. 
Also in this area, the aquifer is overlain by glacial drift 
and receives recharge more readily than it does in the area 
where the aquifer is covered by the Devonian aquiclude. 
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The main area for developing wells in the Silurian­
Devonian aquifer is the northeast subcrop area, a broad belt 
about 65-70 miles wide and 200 miles long, extending across 
the northeastern part of the state from Muscatine, Scott, 
Clinton, and Jackson Counties on the east to Howard, Mit­
chell, Worth, and Winnebago Cpunties at the Minnesota bound­
ary (fig. 1). The specific capacity of wells in this area 
generally is at least 2.0 gpm per ft of drawdown and commonly 
as high as 4.0 to 6.0 gpm per ft of drawdown. Many municipal 
and industrial wells obtain between 150 and 400 gpm per well 
from the aquifer. Most domestic wells pumping from the 
Silurian-Devonian aquifer will deliver from 10 to 30 gpm with 
small to moderate drawdowns. However, in some places where 
the wells have failed to intersect a good crevice system, it 
may be difficult to obtain as much as 1 gpm per ft of draw­
down. Often this situation may be remedied by acidizing and 
developing the wells or moving a few hundred feet to a new 
drilling site. 

One of the best ground-water provinces in all of Iowa 
is a narrow strip along the Cedar River valley from Charles 
City to Waterloo, which is underlain by creviced limestones 
of Devonian age. Yields as great as 2,000 to more than 4,000 
gpm have been recorded from wells at Cedar Falls and Waterloo, 
and somewhat less at Waverly and Charles City. The specific 
capacity of these wells ranges from 200 to 350 gpm per ft in 
the Cedar Falls-Waterloo area and from 60 to 185 gpm per ft 
in the Charles City-Waverly area. The aquifer in these areas 
receives induced recharge from the river through a thin layer 
of alluvial sand and thence through cavernous limestones. 

The Silurian-Devonian aquifer is utilized much less in 
the area where it is overlain by the Devonian aquiclude. In 
the central and southern parts of the state, yields of 20 to 
150 gpm can be obtained, but the water contains high concen­
trations of sulfate and total dissolved solids. The minerali­
zation is attributed to thick evaporite deposits--gypsum and 
anhydrite--that occur in the Cedar Valley and Wapsipinicon 
Formations. In western and southwestern Iowa the aquifer is 
deeply buried beneath younger rocks (fig. 2). In these areas 
of deep burial, well developed crevice systems are proportion­
ately fewer in the carbonate rocks. As a result, the yield 
of wells is smaller than in the northeastern subcrop belt. 
However, based on records of a few wells, yields of as much 
as 200 gpm of acceptable quality water might be obtained 
locally. 
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The Cambrian-Ordovician Aquifer 

The Cambrian-Ordovician aquifer is widespread and 
consistently yields several hundred to more than one thousand 
gallons of water per minute to individual wells throughout the 
eastern three-fourths of the state. It crops out in the north­
eastern corner of the state and subcrops beneath the Creta­
ceous rocks in northwestern Iowa {fig. 1). The aquifer is 
present beneath younger Paleozoic rocks at progressively greatei 
depths to the southwest and southeast. The depth to the top 
of the aquifer in southwestern Iowa, the deepest part of the 
Iowa Basin, is about 3,200 feet {fig. 2). The total thick­
ness of the water-bearing unit ranges from Oto 600 feet in 
eastern Iowa and from Oto 400 feet in the western part of 
the state; the average thickness throughout its subsurface 
extent is generally between 400 to 500 feet. 

The aquifer consists of three water-bearing formations, 
the St. Peter Sandstone and Prairie du Chien Formation of 
Ordovician age and the Jordan Sandstone of Cambrian age {table 
1). The St. Peter is a friable, medium-grained, almost pure 
quartzose sandstone that is rarely more than 50 feet thick. 
Although it is capable of yielding 50 gpm or more to wells in 
eastern Iowa, the formation generally is cased off in wells 
drilled to the Cambrian-Ordovician aquifer to prevent caving 
of the friable sandstone or to shut off poor-quality water. 
The Prairie du Chien Formation consists principally of dolo­
mite but includes some sandstone beds. Its thickness is sev­
eral hundred feet in the subsurface of eastern and southern 
Iowa, but in northwestern Iowa the formation weages out. The 
formation is believed to yield significant amounts of water 
to wells penetrating the Cambrian-Ordovician aquifer; however, 
its performance generally is masked by the performance of the 
underlying Jordan Sandstone. The Prairie du Chien, however, 
is the principal water-producing unit for some wells in south­
central Iowa. Also, in some unusually high capacity wells 
{greater than 25 gpm per ft of drawdown) finished in the 
Cambrian-Ordovician aquifer, most of the water is obtained 
from extensive crevices in the Prairie du Chien. The Jordan 
Sandstone is the principal water-producing unit and is pene­
trated by practically all wells drilled to the Cambrian­
Ordovician aquifer. This formation is a medium- to coarse­
grained, pure quartzose sandstone whose thickness ranges from 
75 to 125 feet in southwestern Iowa. Based on a few labora­
tory determinations, the effective porosity of the formation 
is believed to be 10 to 15 percent in northeastern and north­
ern Iowa, where the sandstone is poorly cemented and quite 
friable. The degree of cementation increases and the porosity 
commensurately decreases to the southwest. 

The transmissibility of the aquifer {principally the 
Jordan Sandstone) has been determined by pumping tests at a 
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few sites in eastern and northern Iowa to be between 30,000 
and 40,000 gpd per ft. A storage coefficient of 2.8 x 10-4 
was determined at one site and is believed to be of the cor­
rect order of magnitude for the aquifer in eastern and north­
ern Iowa. In areas where the Jordan is between 75 and 125 
feet thick and where cementation has not reduced the porosity 
and permeability, these aquifer coefficients are usable to 
predict water-level drawdowns in and near pumping wells and 
to calculate optimum well spacing. 

Recharge to this deep artesian aquifer in Iowa is prin­
cipally by subsurface inflow from the north, and discharge is 
by subsurface outflow to the southeast (fig. 4). The average 
velocity of flow through the aquifer, from recharge to dis­
charge area, is calculated to be about 100 feet per year. The 
piezometric high in northwest Iowa (fig. 4) is attributed to 
recharge by seepage from the Dakota aquifer, which has a 
slightly higher pressure head than the underlying Paleozoic 
aquifers. Recharge is enhanced in this area by the absence 
of the Paleozoic aquicludes, which either wedge out or undergo 
facies changes to dolomites. 

The aquifer is utilized extensively by municipalities 
and industries in the eastern three-fourths of the state. 
Many small communities in central and southern Iowa also 
utilize the aquifer because the overlying rocks do not yield 
enough water or the water is highly mineralized. Yields of 
up to 1,000 gpm are obtainable in most of the northeastern 
one-half of the state. Limited well data indicate that yields 
of only 100 to 300 gpm are available in much of the southwest­
ern quarter of the state. Specific capacities of wells fin­
ished in the aquifer commonly range from 5 to 25 gpm per ft 
of drawdown in northern and eastern Iowa and from 1 to 3 gpm 
per ft of drawdown in southwestern Iowa. Occasional specific 
capacities of 30 to 80 gpm per ft of drawdown have been 
reported from the eastern half of the state. The yields and 
specific capacities of many wells have been increased 50 to 
100 percent by acidizing or shooting and surging the wells. 
Most properly developed or stimulated wells in eastern and 
northern Iowa will yield over 1,000 gpm and have specific 
capacities of 10 gpm per ft or more. 

Significant lowering of the aquifer's pressure head has 
occurred at a number of localities where large amounts of 
water are pumped from the aquifer. Loss of pressure head in 
the vicinity of wells pumping from the aquifer have been 
recorded at Ottumwa (100 feet in 70 years), Grinnell (100 
feet in 80 years), and a number of other smaller communities 
in southeastern Iowa. The most extensive piezometric lowering 
has been recorded at Mason City, Cerro Gordo County, where 
withdrawals of water from the aquifer totaled 110 billion 
gallons between 1912 and 1969. During this period, water 
levels have declined between 140 and 200 feet at the principal 
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Figure 4.-- Piezornetric map of Cambrian- Ordovician aquifer 

EXPLANATION 
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Piezomefrlc contour 

Shows altitude of pre-development 
piezometrlc surface baaed on orl9-
inal water-level information. Con­
tour interval 100 feet. Supplemental 
50 foot contour shown by dashed 
line. Datum is mean sea level. 
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centers of pumping and over 100 feet throughout the city and 
its immediate vicinity (Hershey, Wahl, and Steinhilber, in 
press). Analysis of water-level data indicates that the cone 
of drawdown has been practically stabilizing since about 1959, 
about the time that withdrawals began to stabilize at 8 to 9 
mgd. Increased withdrawals in the future, however, will cause 
additional piezometric lowering until stability is again 
achieved at the new pumping rate. 

The situation at Mason City is typical of pressure-head 
losses that will occur at most localities in the state whenever 
the Cambrian- Ordovician aquifer is stressed by heavy pumpage. 
Loss of pressure head is incurred because the withdrawal rate 
from the aquifer exceeds the replenishment rate at the pump­
ing site and water is taken from artesian storage. The re­
sultant cone of drawdown expands as more and more water is 
taken from storage to satisfy the withdrawals at the pumping 
site. If withdrawals are fairly constant, the drawdown cone 
will practically stabilize when enough water is diverted to 
the pumping site by interception of down-gradient flow (water 
that normally would discharge past the pumping site as under­
flow). Continually increasing withdrawals from the aquifer, 
which is the usual pumping regimen in growing communities, 
prevents stabilization of the drawdown cone and water levels 
in wells continue to decline. Remedial measures to slow down 
excessive water-level declines in areas where the Cambrian­
Ordovician aquifer is heavily pumped are discussed by Walker 
(1956). 

The Dresbach Aquifer 

The Dresbach aquifer as here defined consists of a se­
quence of coarse- to fine-grained sandstones between the over­
lying Franconia Formation of Cambrian age and the underlying 
crystalline rocks or quartzites of Precambrian age (table 1). 
The overlying Franconia is principally a fine-grained, glauco­
nitic sandstone, but includes much shale, dolomite and silt­
stone locally. These strata and the overlying St. Lawrence 
Formation are relatively impermeable in Iowa and are consid­
ered to be an aquiclude between the Dresbach and Cambrian­
Ordovician aquifers. However, the Ironton Sandstone, the 
basal member of the Franconia, where present, is hydraulically 
connected with the Dresbach and is considered to be part of 
the aquifer. 

The Dresbach Group is divided into three formations 
from the top down--the Galesville Sandstone, Eau Claire Forma­
tion, and Mount Simon Sandstone. The latter includes some 
sandstones that may belong to the so-called Red Clastics of 
Precambrian age. The combined Ironton-Galesville section is 
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about 150-200 feet thick in eastern Iowa, but thins westward 
and appears to be absent in the western half of the state. The 
Eau Claire is principally a fine-grained sandstone in the east­
ern counties, but changes to a shale in central Iowa; locally 
it contains dolomite. This unit's thickness averages about 
200 feet. The Mount Simon is practically all sandstone, althou~ 
some thin shales may be present in the lower part. The Mount 
Simon sandstones are about 1,325 feet thick at Clinton, at 
least 325 feet thick at State Center, and 125 feet thick at 
Redfield. The Mount Simon may be absent in southwestern Iowa, 
although the Red elastics apparently are very thick in Page 
County. 

The top of the Dresbach lies at a depth of 50 to 75 feet 
below the surface at Lansing in the northeastern corner of the 
state and dips gradually to the south and southwest. It was 
reached at 675 feet at Dubuque, 1,600 feet at Clinton, 2,030 
feet at Burlington, 2,980 feet at State Center, and 3,560 feet 
in Page County in southwestern Iowa. 

The Dresbach is a significant aquifer only in a few east­
ern counties, where it also is one of the most productive in 
Iowa. High capacity wells yielding water of acceptable quality 
for municipal and industrial use have been developed at Lansing, 
Dubuque, Clinton, and Maquoketa. Some of these wells are 
capable of delivering 2,000 to 3,000 gpm with specific capaci­
ties of from 10 to as high as 100 gpm per ft of drawdown. 
Attempts were made to develop additional water supplies from 
the Dresbach aquifer at Mason City, State Center, Grinnell, 
McGregor, and Mt. Pleasant. All attempts were unsuccessful, 
however, because the yields generally were less than 50 gpm 
and/or the water was mineralized and not of acceptable quality. 

Significant pressure-head losses have occurred at Clinton, 
where large amounts of water are withdrawn from the Dresbach 
aquifer for municipal and industrial use. Pumpage from the 
aquifer has increased from about 1 mgd in the early 1900's to 
about 15 mgd in 1968. During this period, water levels have 
declined more than 250 feet at the major pumping centers and 
more than 125 feet throughout the city. Because withdrawals 
are continuously increasing, water levels have not stabilized 
as yet and the cone of drawdown continues to expand. 
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SUMMARY AND CONCLUSIONS 

I owa ca n be divided into three somewhat overlapping 
ground- water provinces as follows : 1) the Paleozoic province 
in the northeastern two- thirds of the state; 2) the Cr eta­
ceous province in the northwestern part and extending into 
the southwestern part of the state ; and 3) the Pennsylvani an 
province in the southwestern part (fig . 5) . Aquifers in the 
Paleozoic provi nce can produce the quantities of water to 
satisfy increasing demands of the more populous , industrial­
ized parts of the state . Withdrawals from the Cretaceous 
province can satisfy moderate regional demands and heavy de­
mands locally. Only small supplies generally can be obtained 
in the Pennsylvanian province , except locally where alluvial 
aquifers may be fairly productive. Most rural requirements 
are satisfied by the glacial drift and relatively shallow 
bedrock aquifers throughout all three provinces . 

Although large quantities of water can be developed 
from the deep artesian aquifers , particularly in the Paleo­
zoic province, increased withdrawals will be accompanied by 
increasing pressure-head losses in the vicinity of the pump­
ing centers . Water levels eventually will stabilize when 
the increased costs of pumping compel the use of other sources 
of water or application of conservation techniques (McGuinness, 
19 6 3) . 

Very large quantities of water are available on a sus ­
tained basis from the principal alluvial aquifers, which 
scarcely have been tapped (fig . 5). Production from these 
sources , if properly planned and developed, runs into the 
tens of millions of gallons per day. Large-scale, future 
ground-water devel opment for industry and irrigation will 
almost certainly be located in the valleys of the principal 
streams because of assured supplies of good-quality water 
(Walker , 1956). 
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PALEOZOIC GROUND-WATER PROVINCE 

The upper carbonate aquifers commonly yield 50 to 300 gpm to individual wells; occasionally 300 to 500 9pm; and 

rarely 500 to 2000 9pm. The Combrion- Ordovician aquifer commonly yields 500 to l000 9pm ond occasionally os 
much os 1500 9pm . The Dresbach aquifer In elltreme eost -centrol port 9enerolly yields 1000 to 3000 9pm. 

CRETACEOUS GROUND-WATER PROVINCE 
The Dakota aquifer commonly yields 50 to 100 9pm; occosionolly os much as 70011pm; ond rarely 1000 to 1500 11pm. 

PENNSYLVANIAN GROUND-WATER PROVINCE 
The Pennsylvonlon rocks 9enerolly yleld only 10 to 20 9pm. Intermediate carbonate aquifers 9enerolly yield 50 9pm and rarely 
as much os 200 11pm. The deeply buried Combro-Ordovlclan aquifer 9enerolly yields 100 to 200 9pm and rarely os much 

oa 300 9pm. 

~I 
ALLUVIAL AQUIFERS 

Yield, of 1000 to 2000 9pm per well ore ovoiloble from Mississippi ond Missouri River volleys. Alluvium of larger in­
terior streams commonly yields 200 to 300 9pm ond occoslonolly 300 to 600 11pm; yields of 1000 to 2000 9pm 
ore ovolloble locally where burled channel aquifers underlie olluv lum. 

Figure 5 .-- General availability of ground water in Iowa 
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THE CHEMICAL QUALITY OF IOWA'S WATER RESOURCES 

R. W. Coble 
Hydrologist, Water Resources Division 

U.S. Geological Survey 

INTRODUCTION 

This paper presents a general appraisal of the chemical 
quality of Iowa's water resources. Some problems--hardness, 
iron, fluoride, nitrate, and saline water--are considered. 
Data concerning the principal sources of water, the streams 
and lakes, the alluvial aquifers, and the major bedrock 
aquifers are presented in tables and on maps . Although good­
quality water is available in some local areas from minor 
bedrock and glacial drift aquifers, the scope of this paper 
will not permit a discussion of these. 

The better quality waters in Iowa are those containing 
less than 500 mg/1 (milligrams per liter) of dissolved 
solids. These waters are almost always of the calcium bi­
carbonate or calcium magnesium bicarbonate type. Waters 
containing from 500 to 1,000 mg/1 of dissolved solids are 
considered to be of fair quality. In some areas, ground 
water with concentrations of up to 1,500 mg/1 is used ex­
tensively, and is considered to be acceptable. These waters 
usually grade from calcium or calcium magnesium to the sodium 
type and from bicarbonate to sulfate or sulfate chloride type 
in areas where the dissolved-solids content increases. 

The water quality in the bedrock aquifers is shown on 
the following pages by a series of maps showing the distri­
bution of the dissolved solids. The highest dissolved-solids 
value shown on the maps is 2,500 mg/1. Concentrations 
greatly exceed this value in some places, but it is not prac­
tical to show these areas on generalized maps. Areas of 
unusually high concentrations are mentioned in the text. 
The Manson area shown on some maps represents a cryptovol­
canic area where crystalline Precambrian basement rocks 
occur near the land surface. Except for isolated patches, 
these crystalline rocks are not covered by any be drock 
aquifers. 

The interpretations made in this paper are based on 
several thousand chemical analyses that are in the file s of 
the Iowa Geological Survey and the U.S. Geological Survey. 
The chemical analyses in these files were performed by the 
State Hygienic Laboratory. Where numerous analyses were 
available from one particular public supply, those reported 
in the 1964 publication, "Public Water-Supply Data ," by the 
State Department of Health were used. Even though that pub­
lication includes only analyses of municipal supplies, it 
is the most recently published and complete tabulation of 
chemical analyses of Iowa ' s water. 
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GENERAL PROBLEMS 

Some characteristics of Iowa's waters are common in 
almost all places and from all sources. Others are wide­
spread, but not universal. 

Nearly all of Iowa's natural waters are very hard. 
Hardness is a nuisance which affects the use of the water 
for many domestic and industrial purposes, but it can be 
effectively eliminated by treatment. Hardness in excess of 
about 100 to 150 mg/1, calculated as an equivalent amount 
of CaCO is noticeable and troublesome for many uses. Hard­
ness rartges from 150 to 400 mg/1 for surface waters and from 
250 to 500 mg/1 for ground waters from the more commonly 
used aquifers. Some alluvial aquifers will yield water with 
a hardness of from 150 to 200 mg/1, and water from some bed­
roc~ aquifers in areas where they yield highly mineralized 
water often will have a hardness in excess of 1,000 mg/1. 

Iron, which can be a nuisance in staining clothing and 
porcelain, is not a problem in water from Iowa streams and 
lakes. However, it does occur in amounts (more than 0.3 mg/1) 
which can cause problems in some places in all aquifers. 
Iron in troublesome amounts is commonly found in water from 
the alluvial aquifers, in sand aquifers beneath the glacial 
drift, and in near-surface bedrock aquifers. 

Nitrates in excess of acceptable concentrations occur 
at times in most streams and have been found in many shallow 
wells. More than 45 mg/1 of nitrates are thought to cause 
methemoglobinemia in infants. The source of nitrates is 
of organic origin and comes mainly from barnyard wastes, 
septic tank effluent and fertilizers. 

Concentrations of nitrate are low most of the time in 
surface waters. However, they rise considerably and some­
times exceed 45 mg/1 in streams during times of overland run­
off. The nitrates are derived from material washed into the 
streams from the land surface. Most of this can be attributed 
to livestock wastes and fertilizers. 

Although nitrate problems in ground waters are encoun­
tered most often in the southern part of Iowa, the occurrence 
of high concentrations is related more to improper well con­
struction and location than to a particular region. Problems 
are encountered in almost all cases in shallow dug or bored 
wells which have brick, field stone or concrete or clay tile 
as casing or shoring material. Water in these wells is ob­
tained from glacial drift or sand and gravel. Contaminated 
water enters these wells by running directly into the well 
from the ground surface or through the porous casing or shor­
ing material after infiltrating only a short distance through 
the surficial material. 
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Most wells that are constructed with continuous iron 
or steel casing and that are situated so that surface drain­
age runs away from the well usually are not contaminated with 
nitrates. Some exceptions do exist, however. Instances of 
properly constructed wells yielding high nitrate concentra­
tions are common in some alluvial aquifers. Upper layers of 
sand and gravel may contain unacceptable amounts whereas 
parts of the aquifer below an intervening clay layer contain 
negligible amounts of nitrate. Continued applications of 
fertilizer on flood plain and terrace areas may result in 
this problem becoming more widespread. Where clay layers 
do not separate the alluvial aquifers into two or more parts, 
nitrates may contaminate the only major source of ground 
water over a large area. 

Other exceptions occur in wells which are drilled into 
limestone or dolomite, where the aquifer lies near the land 
surface. Joints and crevices, which are common to these 
rocks, can transmit water from the surface to the water­
bearing zone rather rapidly. A few cases of nitrate concen­
trations approaching excessive levels are known, particularly 
in eastern Iowa. 

Fluoride is added to many of Iowa's public water supplies 
to aid in the prevention of dental caries in children. Too 
much fluoride is thought to cause the mottling of tooth 
enamel. The U.S. Public Health Service recommends that, in 
Iowa, concentrations of fluoride should be between 0.8 and 
1.3 mg/1 and concentrations in excess of 2.0 mg/1 shall be 
grounds for rejection of the supply. The natural concentra­
tion of fluoride exceeds this amount in some ground waters. 
One notable example is in the central part of the state in 
sections of Dallas, Polk, Boone, and Story Counties. Water 
from the Mississippian aquifer here generally contains 5 to 
6 mg/1 of fluoride and one sample had 9 mg/1. Other samples 
from this aquifer in surrounding areas show lower amounts, 
but amounts still in excess of 2.0 mg/1. Analyses from the 
Jordan aquifer also show fluoride in excessive amounts in 
an area west of the city of Des Moines and southwest of the 
Des Moines River downstream from the city. Several Jordan 
wells there yield more than 2.0 mg/1 of fluoride, and some 
have amounts slightly more than 3.0 mg/1. 

Mineralized or saline water--waters containing more 
than 1,000 mg/1 of dissolved solids--occurs in parts of all 
of Iowa's major bedrock aquifers. Under present technology 
and economics, these waters are avoided when searching for 
a water supply for public or most industrial uses. These 
saline waters should be considered as a resource rather than 
a liability. The water could be utilized in some industrial 
processes. Cooling is one example. Presently known water 
desalinization processes may be employed or new ones developed 
in which these waters might be made potable economically. 
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Iowa's saline waters might be considered as a low-grade water 
resource, looked upon in the same light as the mining indus­
try looks upon low-grade ore deposits. They are something 
to hold in reserve until our technology or our needs allow 
or demand that we use them. 

SURFACE-WATER RESOURCES 

The water in our streams is comparable, with respect 
to its gross chemical aspects, with the water from the better 
aquifers in the basin that each stream drains. However, sur­
face waters show a wide range of dissolved-solids concentra­
tions at any one place. The lowest concentrations occur 
during times of high discharge when the streams are carry­
ing water from recent precipitation or snow melt and the 
highest concentrations occur during times of low discharge 
when the streams are carrying the base-flow contribution 
from ground-water inflow. 

The lowest dissolved-solids concentrations are found 
at times of highest runoff in the spring and early summer. 
While the concentration of dissolved matter is lower at 
these times, high runoff results in material from the land 
surface being carried into the streams. Not only do ni­
trate concentrations increase, as was described before, but 
increased amounts of other compounds such as phosphates are 
evident. 

The highest concentrations of dissolved solids occur 
most often during the period from November through February 
when discharge is low, the water temperatures are near freez­
ing, and an ice cover often exists. At these times, the 
bicarbonate content of the water increases to as much as 
500 to 600 mg/1. This results in a high alkalinity and a 
high calcium carbonate hardness. 

Where streams are continuously monitored or samples 
are collected and analyzed daily, a concentration-duration 
curve can be constructed which is much like a flow-duration 
curve for stream discharge. Data of this type have rarely 
been collected in Iowa. Increasing demands for all types 
of uses are going to be made of our streams. Much more 
sampling and even monitoring will be needed in order to 
anticipate and maybe to eventually control several of the 
water's characteristics. 

However, some streams have been sampled periodically 
for the past 13 years. The arithmetic means and the stand­
ard deviations of the dissolved solids and the chemical types 
of the water indicated by the analyses of these samples are 
shown for a few streams in table 1. The highest means, 

• 



Table 1.--Chemical quality of some Iowa river waters 

/" 
Di ssolved Solids 

River Sampling Point Water Type Mean St d. No . of Samp l i ng Drainage Area 
(mg/1) Dev . Samples Per iod (sq. miles) 

Mississippi Clinton Ca - HC03 196 33 31 1956-69 85 ,600 
Clint on Co . 

Mississippi Keokuk Ca - HC03 231 37 28 1956- 69 119 , 000 
Lee co . Ca · Mg - HC03 

Cedar Cedar Rapids Ca - HC03 309 60 30 1956- 69 6,510 
Linn Co . Ca· Mg - HC03 

Mg·Ca - HC03·Cl 

Iowa Marshalltown Ca - HC03 381 74 11 1961-68 1 , 564 
Marshall Co . 

Skunk Ames ca - Hco3 500 111 25 1956- 68 315 
Story Co . 

Des Moines Fort Dodge Ca - HC03 492 132 29 1955- 68 4, 190 
We"bs;ter Co. Ca · Mg - HC03 

Ca· Mg - S04 · HC03 

Des Moines Des Moines Ca ·Mg - HC03 478 137 43 1956-69 6,245 
(Euclid Ave . ) Mg · Ca - HC03 
Polk Co . Ca - HC03 

Ca - HC03·S04 

Des Moines Ot tumwa Ca - HC03 422 104 30 1956- 68 1 3 ,374 
Wapel l o Co. Ca Mg - HC03 

Ca · Mg - HC03·S04 

Nodaway Clarinda 
Page Co . 

Ca - HC03 243 30 27 1956-68 762 

Missouri Sioux City Ca·Na - S04 507 55 14 1960- 6 8 314 , 600 
Woodbury Co . Na ·Ca - S04 

Ca · Na - HC03·S04 

Missouri Council Bluffs Ca · Na - S04 4 88 66 28 1956- 68 322,800 
Pott awattamie Ca· Mg - HC03 

Co . Na ·C" - S04 
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which are just slightly more than 500 mg/1, are from the 
interior streams which drain the central part of the state 
and from the Missouri River. The lowest means of the dis­
solved solids are less than 250 mg/1. They are from samples 
of the Mississippi and Nodaway Rivers. The Nodaway River 
is believed to be typical of streams in southwestern Iowa 
whose base flow is derived from surficial materials and not 
from more mineralized bedrock aquifers. The major type of 
river water is calcium bicarbonate with the exception of 
that from the Missouri River. The first type listed in table 
1 for each stream has the most frequent occurrence; and 
where several are listed, the last one was found in only 
one or two samples. 

Lakes and reservoirs constitute another surface-water 
source. Natural lakes in northern Iowa are commonly used 
as a source for a public supply, and several reservoirs have 
been constructed in southern Iowa where appreciable ground­
water sources are hard to find and the natural flows in 
streams are not dependable. During the summer of 1964, 
Bachmann (1965) samples 61 lakes and reservoirs and re­
ported seven parameters for each. With the exception of 
one bog lake and a few lakes whose waters contained high 
sulfates, he found them to be what he called typical hard­
water lakes. The higher average specific conductances and 
sulfate concentrations Bachmann listed were from lakes in 
northwestern Iowa. Considerable variation can be found in 
the lake waters in that part of the state. Complete mineral 
analyses are available from three lakes in Dickinson County-­
West Okoboji, Spirit, and Silver Lakes (table 2). These 
lakes are not more than 10 miles apart, but the analyses 
show a considerable difference in chemical composition of 
their waters. Three samples were collected from each lake 
during the drought period of 1956-57 and may not be typical. 
However, additional samples from Spirit Lake indicate that 
the three 1956-57 analyses from that lake, at least, are 
typical. Hence, the others from that period are probably 
typical also. 

The dissolved-solids content of Silver Lake is twice 
that of Spirit Lake and more than two and one-half times 
that of West Okoboji Lake. The sulfate concentrations in 
Silver Lake is five times that in Spirit Lake, and ten times 
that in West Okoboji. Spirit and West Okoboji Lakes' waters 
are of the calcium bicarbonate type; that from Silver Lake 
is ·calcium sulfate. 

The natural lakes are essentially windows in the ground­
water table, and the lakes waters' chemical characteristics 
are similar to those of the ground water in their respective 
areas. High concentrations of dissolved solids and sulfates 
also occur in the water of the bedrock and alluvial aquifers 
in this area, and the concentrations in the lake water 



Lake 

W. Okoboji 

W. Okoboji 

Spirit 

Spirit 

Silver 

Table 2. - -Quality of water in three lakes in Dickinson County 

Town Supply 

Arnolds Park 

Okoboji 

Spirit Lake 

Spirit Lake 

Lake Park 
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result from the inflow of grouna water which contains large 
amounts of sulfate. 

GROUND-WATER RESOURCES 

Alluvial Aquifers 

Unconsolidated alluvial aquifers are present along most 
major stream courses in Iowa. These sands and gravels offer 
a source of good-to-fair quality water in many areas where 
the underlying bedrock aquifers contain highly mineralized 
water. The quality of the water from the alluvial aquifers 
is quite variable. It is difficult to delineate areas where 
dissolved solids fall within a particular range. Often 
there will be as much of a variation within one well field 
as there is from several locations along any particular val­
ley. The quality depends a great deal on the thickness of 
the aquifer, the depths of the wells, the underlying aquifer 
or aquiclude, and whether the water is coming from storage, 
induced infiltration, or from local precipitation. The cli­
matic conditions often have much to do with the quality. 

Generally, water containing less than 500 mg/1 of dis­
solved solids can be found in the alluvial aquifers (fig. 1). 
The water at one well field may range from 300 to 700 or 
400 to 800 mg/1; but in the areas shown on the map as having 
less than 500 mg/1 of dissolved solids, a lower value can 
be obtained even though some water with higher values is 
present. The only areas having dissolved solids generally 
greater than 1,000 mg/1 are in the northwest along the Little 
Sioux and the Little Rock Rivers. All alluvial waters in 
Iowa are of the calcium bicarbonate or calcium mangesium bi­
carbonate type except in the reaches where the dissolved­
solids concentrations are more than 1,000 mg/ 1. These 
waters are of the calcium sulfate type. 

Bedrock Aquifers 

The major bedrock aquifers in Iowa are the Dakota Sand­
stone, Mississippian limestones and dolomites, Silurian­
Devonian limestones and dolomites, and the Jordan Sandstone 
and associated dolomites. 

The Dakota Sandstone of Cretaceous age is the major bed­
rock aquifer in western and northwestern Iowa. It covers 
more than 20 percent of the state, but its dissolved-solids 
concentration is below 500 mg/1 in less than 5 percent of 
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Iowa and below 1,000 mg/1 in about 12 percent. Figure 2 
represents water from the upper part of the Dakota Sandstone. 
Waters with concentrations greater than those shown on the 
map are sometimes encountered. The highest concentrations 
of dissolveq solids occur in the west-central and north­
western areas. 

The Mississippian aquifer underlies about 60 percent 
of Iowa and is an important source of water to several com­
munities in about 10 percent of the state. It consistently 
provides water of good quality in the north central part of 
the state and somewhat less consistently in the southeast 
(fig. 3). The 2,500 mg/1 line outlines the area where evap­
orite deposits are often found in the Mississippian rocks. 
In southern Iowa dissolved-solids concentrations of greater 
than 3,000 to 4,000 mg/1 are common and concentrations of up 
to 8,000 mg/1 are not unusual. The Mississippian is one 
aquifer that yields some water containing excessive amounts 
of fluoride. This occurs in parts of Boone, Dallas, Polk, 
and Story Counties in central Iowa. 

The Silurian-Devonian aquifer occurs in about 85 per­
cent of Iowa. It is an important source of water over the 
northeastern quarter of the state where the dissolved-solids 
content generally is less than 500 mg/1 (fig. 4). The dis­
solved-solids content of the water increases rapidly in a 
southwestward direction mainly because of the presence of 
evaporite minerals, mostly gypsum and anhydrite, which are 
present in the Devonian rocks. The area of evaporite 
occurrence in the Devonian is generally that enclosed by 
the 2, 500 mg/1 line on the map. The dis sol ve.d-solids con­
tent of the water from the Silurian-Devonian aquifer in the 
evaporite may exceed 8,000 mg/1, especially in southeastern 
Iowa. 

The most productive bedrock aquifer in Iowa is the Jor­
dan aquifer. It is found in nearly the entire state and is 
used extensively in the eastern two-thirds of Iowa. The 
dissolved-solids concentration is often less than 300 mg/1 
in the northeast and increases toward the west and south 
(fig. 5). Water with less than 500 mg/1 of dissolved solids 
is found in the Jordan aquifer over more than 20 percent of 
the state, less than 1,000 mg/1 in more than 35 percent, 
and less than 1,500 mg/1 in over 60 percent of the state. 
The fluoride concentrations of the water from this aquifer 
were described in a previous section of this paper. 

A comparison of figures 3 and 4 with figure 5 will re­
veal why the Jordan is an important aquifer in Iowa. In a 
large area, the Jordan contains water with lower concentra­
tions of dissolved solids than is contained in the bedrock 
aquifers which overlie it. This fortunate situation affords 
a potable supply to many communities and industries where 
other sources of water are unsuitable. 
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A problem does exist in these areas, however, in that 
a well must pass through the saline water in the upper aqui­
fers in order to reach the potable supply in the Jordan. 
The saline water must be completely excluded from these 
wells by placing well casing through the saline water zones 
and then completely filling the drill hole around the casing 
with cement. Some Jordan wells were not constructed this 
way in the past, and many have been abandoned because they 
produced saline water. Unfortunate as it was that money was 
wasted in drilling these wells, a more serious problem has 
developed. Saline water from these aquifers is flowing 
through these well bores and into other aquifers which con­
tain potable water, thus the potable source is being contam­
inated. Improper construction is not the only reason this 
is taking place. The saline water, being very corrosive, 
can cause the well casing to be eaten away or to disinte­
grate allowing free passage of the saline water into wells 
that were once properly constructed. 

Such a situation is suspected of being responsible for 
one municipal well in a community in Des Moines County yield­
ing water which is becoming more saline with time. Another 
similar well is also used for the town's water supply. This 
first well should be repaired or plugged before the second 
well becomes contaminated. Another case similar to this has 
occurred, but fortunately the problem was discovered and the 
leaking well was repaired before much damage was done. 

Abandoned wells exist in Iowa where situations like 
these could be taking place today. The contamination has 
not been discovered because the aquifers being contaminated 
are not being used in the vicinity of these old wells. How­
ever, the aquifers could be ruined for future use in these 
localities. Small leaks of saline water into these wells 
may seem insignificant, but they have been leaking into the 
potable aquifers for many years; and a little water with 
8,000 mg/1 of dissolved solids can contaminate a large 
amount of otherwise potable water. 

Figure 6 is a summary of figures 3, 4, and 5 and shows 
the minimum dissolved-solids content available from bedrock 
aquifers in the state. The better quality water consistently 
occurs in north-central, northeastern, and eastern Iowa. 
The water in all the bedrock aquifers is much more mineral­
ized in the southern, southwestern, and western parts of 
Iowa. 
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SUMMARY 

Water of good quality is available from one or more 
sources throughout most of Iowa. Hardness and iron are nui­
sances in many places, but can be treated. Nitrate problems 
exist in some shallow ground-water supplies and in some 
streams at times of high runoff. Fluoride concentrations 
in excess of recommended concentrations are known to occur 
only in part of two aquifers . 

• 

Iowa 1 s streams usually contain water with less than 
500 mg/1 of dissolved solids. When the dissolved-solids 
content exceeds this amount, it is most generally the result 
of a higher bicarbonate content which occurs during times 
of low discharge in the winter months. 

Alluvial aquifers occupying the valleys of the major 
streams generally yield water of good quality. A large 
part of Iowa is underlain by one or more bedrock aquifers 
that contain good or fair quality water; although poor 
quality water does occur in all aquifers. The better waters 
from the bedrock aquifers generally are found in the north­
eastern one-half of Iowa and in smaller areas in the western 
and northwestern parts of the state. 
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It is estimated that man's use of water in Iowa was ini­
tiated about 10,000 years ago by the American Indian. White 
man's use apparently was initiated by Father Marquette and 
Louis Joliet in 1673. Their first use of Iowa water was for 
navigation near the mouth of the Iowa River. The earliest 
settlements in Iowa developed on the banks of her many creeks 
and rivers which were used as sources of water, sources of 
power, as trade routes, for waste disposal and various other 
purposes. Today, certain waterways continue to be important 
as water supplies and most continue to be used for waste dis­
posal purposes. 

The first water power development in Iowa was au. s. 
Army sawmill on the Yellow River in the 1830 1 s. By 1879 
there were 712 flour and grist mills in Iowa. It is esti­
mated that only about 18 of these mills still remain today. 
The use of Iowa's streams for hydroelectric power was impor­
tant during Iowa's early history but has almost vanished from 
the scene. There are 11 dams in the state licensed for hy­
droelectric power and still used for that purpose. Nine dams 
are licensed for electric generation other than hydroeletric 
and are used to store water primarily for cooling purposes. 
Three dams are licensed for industrial or manufacturing pur­
poses. 

As of March 31, 1969, 5,216 applications for water per­
mits had been received at the Water Commissioner's office 
since its inception in 1957. About 1,650 of these were for 
use of water relating to highway construction, 710 were for 
industrial use, 865 were for irrigation, 195 were for muni­
cipal use, 890 were for storage and 49 were for recreational 
use. About 800 applications for renewal or modification of 
existing permits have been received. 

On March 31, 1969, there were 2,255 water permits in 
force, excluding highway permits. There were 649 for irri­
gation, 37 for recreation, 472 for industrial use, 199 for 
municipal use, 897 for storage and 1 drainage well. Exclu­
ding storage, which is from natural runoff, these permits 
authorize the use of water from 1,585 sources consisting of 
701 wells, 530 streams and 354 reservoirs. Three hundred 
and four of the permits originally granted for purposes other 
than highway construction are no longer in force. Highway 
construction water permits normally are granted for a period 
of one year. 
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A maximum annual amount of about 2,000,000 acre-feet of 
water is authorized for industrial use; about 93,000 acre­
feet for irrigation; about 142,000 acre-feet for municipal 
use; about 8,200 acre-feet for recreational use; and about 
87,000 acre-feet for storage. Most of the industrial water 
is obtained from streams, while wells supply the largest 
portion of the water for irrigation and municipal use. The 
source of water for recreational use is divided quite evenly 
between streams and wells. Surface reservoirs are the pri­
mary sources for industrial uses because the use of water in 
the production of road building materials is included in the 
industrial classification. About 66 percent of the irriga­
tion water is obtained from wells. 

By far the largest use of water in Iowa is for the grow­
ing of crops. Including pasture land there are about 
30,000,000 acres of crop land in Iowa. Assuming an annual 
evapo-transpiration use of 21 inches, 52,500,000 acre-feet of 
water are consumed by plants each year. This is a total of 
17,100 billion gallons or about 95 billion gallons per day 
for the 6-month growing season. It is estimated by the U.S. 
Geological Survey that all other off-channel uses in the 
United States require about 1,600 gallons per day per person. 
This represents a daily use of about 4.64 billion gallons in 
Iowa. The use by evaporation and transpiration is approxi­
mately 20 times the total amount used for all other off-chan­
nel purposes. Almost all the water used by the crops in Iowa 
is supplied directly by rainfall, but irrigation has been in­
creasing and will increase more in the future and must be ta­
ken into account. 

In 1949 about 7,500 acres of land were irrigated in Iowa. 
In 1956 this had increased to about 27,000 acres. As of March 
31, 1969 irrigation of 93,200 acres was authorized. A maxi­
mum annual quantity of 99,300 acre-feet of water was author­
ized for this use by the 649 valid irrigation permits. Wells 
are the primary source in 362 permits, streams in 237 and re­
servoirs in 50. The amount of water authorized from each 
source is not in proportion to the nwnber of permits. That 
is, wells are authorized by 56 percent of the irrigation per­
mits but supply 66 percent of the water. Streams are the 
source for 36 percent, but supply 28 percent of the water. 
Reservoirs are the source for 8 percent of the irrigation per­
mits and supply 6 percent of the water. 

The protected flow concept and its enforcement apparently 
has discouraged some of the stream irrigators who did not re­
new their permits because they were not allowed to irrigate 
during certain droughts. Their reasoning is that since they 
are not allowed to withdraw water at the time their crops 
need it the most there is no good reason for maintaining an 
irrigation system. Of the 79 irrigation permits that have 
terminated, 51 authorized streams, 24 authorized wells and 4 
authorized reservoirs as their source. 
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Irrigation is practiced in almost every county in the 
state, but the greatest concentration of projects occurs on 
the Missouri River flood plain. About 40 percent or 247 of 
all the irrigation permits in Iowa are in the six counties 
bordering the Missouri River downstream from Sioux City. 
Eighty-four permits or 14 percent, are in Monona County 
alone. About 80 of the 84 permits in Monona County author­
ized wells as the primary source. 

Reports of water used and personal interviews indicate 
that less than one-half of Iowa's irrigators actually irri­
gate during any certain year. They normally apply 4 to 8 
inches of water during the growing season and average about 
6 inches. However, as much as 22 inches have been applied 
to certain specialty crops such as sod and certain nursery 
crops. Irrigation in Iowa generally is supplemental irriga­
tion and is used to prevent crop failures during drought per­
iods and to increase yields and improve product quality on 
certain crops. 

One of the most important uses of water in Iowa is for 
municipalities. There are 944 incorporated cities and towns 
in Iowa with a total 1960 population of 1,909,361 persons, 
and 751 of these communities have public water supply systems 
serving about 1,877,000 persons. There are 449 cities and 
towns with populations over 500. All but one of these have 
public water supply systems. One unincorporated area with an 
estimated population of 500 also has a public water supply. 
There are 193 incorporated towns with populations of less 
than 500 that do not have public water supplies. About 
32,000 people or about 1.8 percent of the population living 
in incorporated communities are not served by public water 
systems. Forty-six unincorporated communities are served by 
public or quasi-public water supply systems. There are num­
erous privately owned water systems supplying water to incor­
porated and unincorporated areas throughout the state. 

Streams are the source of water for 9 municipalities, 
21 use impounding reservoirs, 6 use natural lakes, and 715 
use wells. The 6 natural-lake supplies are in northern Iowa 
with 5 of them being in Dickinson County. The 21 communities 
using impounding reservoirs are all located in the south cen­
tral part of the state. 

As of March 31, 1969, 199 municipal water permits have 
been granted. About 93 percent or 186 of these permits au­
thorize wells as the primary source; 8 authorize streams. A 
municipality is not required to make application for a water 
permit until its use of water is increased by 100 thousand 
gallons or 3 percent, whichever is greater, per day more than 
its highest per day beneficial use prior to May 16, 1957. 
Municipalities that change sources of water must also make 
application for a water permit. Industrial users of water, 
having their own water supply within corporate limits, are 
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also nonregulated until their water use exceeds 3 percent 
more than the highest per day beneficial use prior to May 16, 
1957. Information relating to these nonregulated uses gener­
ally is not available. Experience has shown that complete 
water use information throughout the state is desirable for 
administering Iowa's water law and for comprehensive planning 
purposes. The value of the information presently available 
would be greatly enhanced by the addition of comparable in­
formation relating to nonregulated uses. 

The United States Resources Council states in its Novem­
ber 1968 report entitled nThe Nation's Water Resources", that 
the national average of total water withdrawn by public water 
supply systems within the conterminous United States in 1965 
was about 157 gallons per capita per day. The average per 
capita use of water for municipal purposes in Iowa is consi­
derably lower than it purportedly is for the nation. It ap­
pears that the average use of water per capita per day in 
Iowa's towns and cities is about 100 gallons, varying from 
about 30 in small towns without public water supply systems 
to about 135 in larger cities having large industries and 
high water-use demands. 

Generally, the large cities of the nation have high per 
capita uses. For example, Chicago reports an average daily 
per capita use of more than 250 gallons of water. Iowa has 
no large cities of comparable size and water demand. The per 
capita use is also much higher in cities where extensive lawn 
irrigation is practiced. 

The population in many Iowa cities and the per capita 
use of water have increased and are expected to continue to 
increase. In Des Moines the population increased from about 
126,000 in 1920 to about 250,000 in 1968. The daily per ca­
pita use of water increased from 68.5 gallons to 121.38 gal­
lons during the same period. Both figures just about doubled 
in the last 48 years and the total use of water in Des Moines 
has increased almost fourfold. 

A maximum annual withdrawal of about 2,000,000 acre-feet 
is authorized by the 472 industrial water permits in Iowa. 
Reservoirs comprise the largest number of sources for indus­
trial permits because the production of highway construction 
material such as sand, gravel, and limestone is included in 
that category. Many of the pits and quarries involved must 
be dewatered or serve as the source for processing water and 
are classified as reservoirs. The industrial permits include 
245 reservoirs, 128 wells and 99 streams. Streams provide 79 
percent of the water used under industrial permits, reservoirs 
provide 14 percent and wells provide 7 percent. 

I 
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The 472 industrial permits include 26 authorizing the 
use of water for electric generation plants. Although large 
quantities of water are used for this purpose, most of it is 
used for cooling and the water is returned to the stream 
within a few minutes after it is withdrawn. The quality of 
the water is unchanged except for a slight rise in tempera­
ture. 

The largest single off-channel use of water in Iowa is 
an electric generating plant. Its maximum withdrawal rate, 
630 cubic feet per second, is larger than the discharge of most 
Iowa streams. This plant has a maximum annual use of 460,300 
acre-feet. The water is used for cooling and is returned 
to the river shortly after withdrawal. 

The largest single consumptive water use in Iowa will 
also be an electric generation plant. The planned nuclear 
generation plant on the Cedar River near Palo, Iowa will be 
a 550-megawatt plant. It is scheduled for completion during 
December, 1973 and will have a continuous consumption of wa­
ter of 16.5 to 20 cubic feet per second. This is larger 
than the normal flow in most creeks and some of the rivers 
in Iowa. It is reported that nuclear plants generally re­
quire about 40 percent more cooling water than conventional 
plants. It has been estimated that the nation's demand for 
electric power is doubling every six to ten years and that 
about 50 percent of all future expansion is planned as atom­
driven plants. 

Iowa water law states that the Water Commissioner and 
the Natural Resources Council shall have the authority to is­
sue a permit for beneficial use of water in a watercourse 
provided the established average minimum flow is preserved. 
Therefore, protected minimum stream flows had to be estab­
lished before permits authorizing consumptive uses from wa­
tercourses could be granted. Protected flows have been es­
tablished for every major stream and most of the minor streams 
in Iowa. The protected flows are based primarily on the ma­
terial presented in Iowa Natural Resources Council Bulletin 
No. 9, "Low-Flow Characteristics of Iowa Streams", published 
in 1958. This publication is the result of a cooperative ef­
fort of the Iowa Natural Resources Council and the U.S. Geo­
logical Survey. The work was done at the District Office, 
U. S. Geological Survey, Iowa City, Iowa, under administra­
tive direction of v. R. Bennion, District Engineer. Harlan 
H. Schwob, Hydraulic Engineer, U. s. Geological Survey, was 
the principal author. This bulletin lists data on low-flows 
at 84 stream gaging stations in Iowa. It lists the minimum 
flow for the period of record for 1-, 7-, 30-, 60-, 120-, and 
183-day periods. Discharges for selected duration percen­
tages from l to 99 for the base period 1934 to 1953, and for 
the period or record are also listed. The same duration per­
centages for the months of July and August and the 6-month 
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growing season April 1 to September 30, for the 1934-53 base 
period are also shown. The recurrence interval in years for 
selected periods and magnitudes of flow are listed for the 
1934-53 base period. · 

The protected flows are designed to provide adequate 
protection to the supply of water for ordinary household, 
poultry, livestock, and domestic animal uses, for fish and 
wildlife, for recreational and aesthetic uses of the stream, 
for pollution control and dilution of wastes, and for other 
uses of a public nature. All consumptive and depleting uses 
of water from streams are restricted so that water may not 
be withdrawn from the stream if the flow therein is less 
than the protected flow. This procedure apparently has been 
well accepted throughout Iowa and has not resulted in any 
serious problems. 

The protected flow for each river basin in Iowa is es­
tablished at the most downstream gaging station in the basin. 
It is then projected upstream to the other major gages on 
the stream by means of a correlation using comparable yield 
curves. The protected flows are calculated for other points 
on a stream as needed. As more stream flow information be­
comes available, the computed comparable flows at upstream 
points may be changed slightly, from year to year. Most of 
the basin protected flows are based on 30 to 40 years of re­
cord and only one has changed because of additional infor­
mation since the program was started. That was at a station 
with only 8 years of record at the time Bulletin No. 9 was 
prepared. The protected flows at many upstream points are 
based on much shorter records and occasionally do change 
slightly as additional stream flow records become available. 
Bulletin No. 9 is presently being updated by the U.S. Geo­
logical Survey, Iowa City, Iowa in cooperation with the Iowa 
Natural Resources Council. At least 10 years of new data 
will be added to existing records. 

The regulation of withdrawals of water from watercourses 
during periods of low flow i. one of the most important func­
tions of the Water Commissioner's Office and is probably the 
most unusual feature in the Iowa water law. It is also the 
least understood feature in the law and is the one we have 
the most questions about. It is based on the protected flows 
just discussed. When the flow in a stream drops to the pro­
tected flow, parties making withdrawals therefrom for consump­
tive uses are advised that their withdrawals must cease until 
the flow recovers to a flow greater than the protected flow. 

Low-flow regulation - an unfortunate abbreviation because 
it is not the flow that is being regulated, but the withdrawal­
actually begins during November of the preceding year upon 
receipt of the report of subsoil moisture throughout Iowa 
from the Iowa State University. The "plant available" moisture 
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in the top 5 feet of soil is plotted on a map, giving some 
guidance as to what may be expected for base flow the fol­
lowing spring and summer. The fall forecast, of course, 
can be completely changed by the rainfall situation the fol­
lowing spring and summer. Updated reports of the subsoil 
situation are received periodically during the spring and 
summer months. 

Monthly reports of the flow at the 110 stream gaging 
stations in Iowa are received from the three u. s. Geologi­
cal Survey subdistrict offices in Iowa. The previous month's 
measurements are normally received the first or second week 
of each month. Measurements of flows of less than 200 per­
cent of the protected flow made during the critical summer 
months are reported promptly by telephone to the Water Com­
missioner's Office. During periods of low flow, additional 
measurements are made at about 450 low-flow partial-record 
stations throughout the state. The ten years of records 
that have been accumulated for the low-flow partial-record 
stations have been used to establish protected flows on many 
smaller streams. 

Generalized reports Qf state-wide rainfall are received 
from the u. s. Weather Bureau each week throughout most of 
the year. These weekly reports show the rainfall distribu­
tion for the previous week and list the precipitation depar­
ture for the last week, the last two weeks and the last four 
weeks for the nine reporting districts in Iowa. The Weather 
Bureau's monthly report lists the rainfall received, the nor­
mal rainfall, and the departure; all for the current month; 
and the departure since January 1 for each of the 9 districts. 

Two publications relating to low-flow characteristics of 
Iowa streams during the summer months were published during 
1966. The Iowa Water Resources Research Institute published 
"Recession Characteristics of Iowa Streams, Part I - Temporal 
and Areal Distribution of Recession Constants", Joseph W. 
Howe, Principal Investigator. The Water Resources Division, 
Iowa City District Office, U.S. Geological Survey, u. S. 
Department of Interior, in cooperation with the Iowa Natural 
Resources Council published "Summer Base-Flow Recession Curves 
for Iowa Streams". This report was authored by Carroll W. 
Saboe, Hydraulic Engineer. In general, both of these publi­
cations are designed for use in predicting the time at which 
the base flow of Iowa streams will reach a particular magni­
tude such as the protected flow. These reports have proved 
to be useful tools and should be more useful each year as 
their use is established. With these additional two publi­
cations we now have fairly reliable data for predicting the 
occurrence of flows near the protected flow on Iowa streams. 
It is hoped that in the near future it will be possible to 
predict the occurrence of low flows a few weeks before they 
occur, so advance notice can be given to the water users who 
will be affected. 
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All perrnittees making withdrawals of water for consump-
tive uses from a stream are contacted within a day or two 
after the report of a low-flow is received. The perrnittees 
are questioned in relation to their plans for withdrawing 
water for the rest of the season and advised of the low-flow 
condition. The total withdrawal rate of all perrnittees who 
plan withdrawals of water for the current season from that 
particular reach of the stream is determined, and added to 
the protected flow to establish a cut-off flow. Each per­
mittee is then advised of the cut-off flow and how to ascer-
tain whether or not the flow in the stream is above the cut- · 
off flow. It is then the perrnittee's responsibility to as­
certain that the protected flow is not violated. Under cer­
tain conditions the perrnittee is required to read a staff 
gage each day before any withdrawals are made and to furnish 
a written record of these readings to the Office of the Water 
Commissioner. 

The use of water in Iowa has been increasing each year 
and it is anticipated that it will continue to increase along 
with Iowa's population, industrial development and economic 
growth. There have been and will be occasional local short­
ages of water, but no major state-wide shortage is antici­
pated in the foreseeable future. 
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The word "flood" can evoke several questions in the 
minds of thoughtful individuals. Questions as: (1) how big 
do floods get and is there a limiting size? (2) how often 
do floods occur, especially those of great size? (3) how 
much damage will the great floods do? and (4) how may they 
be controlled or what actions may be taken to protect life 
and property? A thorough discussion of even one of these 
questions would be impossible in a short paper such as this. 
It is my purpose, therefore, to discuss briefly only the 
first of these questions; that concerned with the magnitude 
(but not the limiting size) of floods, and to show how Iowa's 
experience compares with that of other states in the Midwest. 
To do this I propose to make comparisons of flood magnitudes 
with size of drainage area and to list the ratio of flood 
discharge to that of the mean annual flood. Also included 
are brief descriptions of the precipitation causing the flood 
events in Iowa discussed in this paper. 

DEFINITIONS 

For the purpose of this paper the highest peak discharge 
in each year will be considered the annual flood. This in 
spite of the fact that in some years the peak may not overflow 
the banks and thus may not fit the common definition of a 
flood. However, by use of this definition we have a flood 
event for each year of record and, therefore, a sample of the 
flood population that can be analyzed by statistical methods 
(Dalrymple, 1960). One of the products of such an analysis 
is the mean of the annual flood discharges (MAF)--a useful 
tool in the study of flood magnitudes. The u. s. Geological 
Survey defines a MAF as a graphically determined mean with a 
recurrence interval of 2.33 years. The mean so determined 
is an estimate of the mean of the annual floods that would 
be determined by arithmetical methods from a very long record-­
perhaps 1,000 years or more. Also, it is approximately the 
flow equivalent to a bankful stage on many streams. By using 
graphical methods the MAF discharge can be determined with 
fair accuracy from a short record of 10 or more years of peak 
discharges. Regional studies have shown that the MAF can be 
correlated with drainage area and other parameters to produce 
an estimate of its discharge for ungaged areas. A cooperative 

!/ Publication authorized by the Director, u. s. Geological 
Survey 
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study with the Iowa Highway Research Board (Schwob, 1966) 
has defined the MAF and other flood statistics for the State 
of Iowa at both gaged and ungaged sites. u. s. Geological 
Survey Water Supply Papers covering flood magnitudes and fre­
quencies furnish the statistics for areas adjacent to Iowa, 
also on a regional basis. 

If frequency studies have been made they can furnish an 
estimate of the rarity of some floods. However, most flood 
records are too short to permit reliable frequency estimates 
for the rarer floods--often, frequency estimates not exceeding 
the SO-year level are a practical limit. In Iowa the SO-year 
flood discharge has a ratio of 3.10 to that of the MAF except 
in a small area of northwest Iowa. In this area the ratio 
is 4.50. In the selected midwest states the ratio at the SO­
year level in some locations is as high as 9. 

FLOOD RECORDS 

Before we look for the answers to our questions, it is 
desirable to examine the flood records available in Iowa. 
At present there are 116 complete-record gaging stations 
within the borders of the state. The drainage area for 
these stations range from 1.33 to over 14,000 square miles. 
Additionally, as a cooperative project with the Iowa Highway 
Research Board, flood records are being collected at 134 
crest-stage gages which have drainage areas ranging from 0.33 
to 252 square miles. A few discontinued gaging stations also 
provide flood discharge data as do a considerable number of 
peak discharge measurements obtained at miscellaneous sites. 
The longest flood record in the state is the 66-year record 
of the Cedar River at Cedar Rapids. Data on maximum known 
floods for Iowa and for selected midwest states are shown in 
tables 1 and 2. These data have been taken from publications 
of the u. s. Geological Survey (see references) and its cooper­
ating agencies. For Iowa, only those data are listed that 
are necessary to define the flood experience curve to be shown 
later. For other midwest states only floods with ratios to 
the MAF greater than those experienced in Iowa on drainage 
areas of comparable size are tabulated. No flood ratios meet­
ing this requirement were found for Minnesota, Wisconsin, 
Illinois, or Missouri. In both tables floods at gaging sta­
tions and at miscellaneous sites have been included without 
differentiation. The items in table 1 are listed in descend­
ing order of ratios whereas in table 2 the data are listed by 
state. 

PRECIPITATION 

All floods listed in table 1 resulted from rains having 
intensities that were greater than those indicated for a 100-
year frequency (Hershfield, 1961) but were less than the 

• 
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Table l. Maximum known floods in Iowa in ratio to the mean annual flood 

Stream 
Drainage 

area 
ss_. mi. 

1. Floyd R. at Alton 265 

2. Big Devil Cr. nr. Ft. 
Madison 152 

3. Big Sugar Cr. nr. Viele 109 

4 . Pine Cr. nr. Winthrop 28.3 

5. Floyd R. at James 882 

6. Wayman Cr . at Garber 6.98 

7. Dawson Cr. nr. Sibley 4.35 

8. Union Park Cr. at Dubuque 1.07 

9. Des Moines R. nr. Tracy 12,479 

-Flood 
discharge 

cfs 

45,500 

80,000 

60,000 

24 , 200 

71,500 

15,500 

4,290 

3,000 

155,000 

Ratio 
to 

MAFl/ 

36 

29 

28 

20 

17 

17 

15 

11 

4.3 

Date 

6- 7,8- 53 

6- 10- 05 

6- 10- 05 

7- 17- 68 

6- 8- 53 

5- 31- 58 

6-7- 53 

7- 9- 19 

6-14- 47 

1/ The mean annual flood used is that from Bulletin 28, Iowa Highway Research 
- Board 

/" 



Table 2. Maximum known floods in North Dakota, South Dakota, 
Nebraska, and Kansas with -ratios greater than Iowa 
experience for comparable size of drainage area. 

Stream and State 

Turtle R. at Manvel, N. Dak. 
Redwater Cr. above Belle 

Fourche, S. Oak. 
Castle Cr. nr. Rochford, 

S. Oak. 
Claghorn Canyon at Rapid City~ 

S. Dak. 
South Canyon at Rapid City, 

S. Dak. 
Deep Cr. nr. Glen, Nebr. 
Cottonwood Cr. nr. Dunlap, 

Nebr. 
Plum Cr. Trib. at Farnum, 

Nebr. 
Buffalo Cr. 
Elm Cr. nr. 
Wood R. nr. 
North Loop 

Nebr. 

nr. Darr, Nebr. 
Overton, Nebr. 
Riverdale, Nebr. 

R. nr. St. Paul, 

Republican R. at Stratton, 

Drainage Flood Ratio 
area discharge to Date 

sq. mi. cfs MAF 

556 

920 

32.6 

6.96 

6.06 
10.9 

82.2 

19.8 
63 
31 

379 

1,270 

28,000 

16,400 

8,500 

2,920 

2,960 
3,050 

28,100 

4,300 
9,000 
8,000 

20,000 

26 

22 

121 

122 

141 
25 

72 

29 
36 
44 
37 

4-17-50 

6-16-62 

7-28-55 

7-13-62 

7-13-62 
8-15-53 

7-28-51 

6-22-47 
6-22-47 
6-22-47 
6-22-47 

Nebr. 4,800 

90,000 

200,000 
200,000 

25,900 

24 

25 
24 
30 

6-6-1896 

5-31-35 
5-31-35 
6-21-47 

Republican R. at Trenton,Nebr.5,000 
Dry Cr. nr. Curtis, Nebr. 20 
Medicine Cr. at Cambridge, 

Nebr. 
Union Cr. Trib. nr. Madison, 

Nebr. 
E. Fk. Maple Cr. nr. Howells, 

Nebr. 
Indian Cr. north of Max, Nebr 
Indian Cr. nr. Max. Nebr. 
W.Fk. Big Blue R. trib. at 

McCool Jct., Nebr. 
W.Fk. Big Blue trib. nr. York 

Nebr. 
S.Fk. Solomon R. at Alton, 

Kans. 
Solomon R. at Niles, Kans. 
Prairie Dog Cr. at Dellvale, 

Kans. 
Saline R. trib. at Collyer, 

Kans. 
Gypsum Cr. nr. Kipp, Kans. 

680 

2.5 

67.1 
72.6 
81.8 

17.2 

6.9 

1,720 
6,770 

663 

2.5 
250 

120,000 

2,560 

22,000 
13,300 
27,000 

15,200 

23,000 

91,900 
178,000 

65,500 

3,220 
64,500 

26 

21 

29 
95 

180 

42 

104 

6-22-47 

6-2-50 

6-11-44 
7-31-62 
7-31-62 

7-9-50 

7-9-50 

24 7-12-51 
23 7-14-51 

24 5-28-53 

27 8-18-61 
43 7- -51 



83 

probably maximum precipitation (Riedel, et al, 1956). 
One possible exception is the 1947 flood on the Des Moines 
River at Tracy that has a drainage area of 12,500 square 
miles. Estimates of precipitation maximums are unavail­
able for drainage areas of this size; however, the 1947 
rainfall in the basin probably did not equal the maxi-
mum probable. The relative frequency of precipitation 
causing the floods listed in table 2 was not determined. 

The nine major floods listed in table 1 were caused 
by six storms. Floods numbered 1, 5, and 7 were caused 
by excessive precipitation on June 7, 1953, over north­
west Iowa. The precipitation resulted from two storms 
centers over the ar~a and produced as much as 10.8 and 
11 inches in a period of about 14 hours. Amounts in 
excess of 7 inches were general over much of the area. 

Floods numbered 2 and 3 resulted from a storm on 
June 9, 10, 1905 in southeastern Iowa. Precipitation 
totals of 12.1 and 10.25 inches in 12 hours were recorded 
at Bonaparte, Iowa, and La Harpe, Illinois, respectively. 
In the Devils Creek basin near Fort Madison the amounts 
varied from 7 to 10 inches. 

Flood number 4 resulted from a storm on July 16, 17, 
1968, in the Waterloo and Independence general areas. 
Precipitation as much as 16 inches in 24 hours fell in 
one area whereas as much as 14 inches in 24 hours fell 
on the Pine Creek basin. 

Flood number 7 resulted from heavy rainfall over the 
Wayman Creek basin near Garber in northeast Iowa on May 
31, 1958. No rain gages were in the area of maximum pre­
cipitation; however,it was estimated to be about 6 inches 
in 3 hours. 

Flood number 8 resulted from rains on July 9, 1919, 
in Dubuque with totals as much as 3.87 inches in five 
hours. Of this amount, 2.23 inches fell in a period of 
1 hour. 

Flood number 9, in June 1947, resulted from widespread 
rain over a period of several weeks in the Des Moines 
River basin. The flood on June 14 at Tracy, in the lower 
Des Moines River basin, is the greatest of record in Iowa 
for a drainage area of this size. 

COMPARISONS OF FLOOD MAGNITUDES 

Data in tables 1 and 2 have been used to prepare 
figure 1 which shows the enveloping curve for Iowa floods. 
Also shown are the data from the selected rnidwest states. 
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Figure 1.--Relation of peak and mean annual flood discharge to drainage 
area in Iowa and other midwest states. 
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It should be noted that the Iowa data do not include the 
record of the border streams. 
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Flood discharges are frequently compared on the basis 
of size of drainage area. These comparisons are generally 
made by using logarithmic graph paper to plot either (1) 
the peak discharge against drainage area, or (2) the dis­
charge per square mile against drainage area. Figure 1 
shows a type (1) plot. The dashed curve points out the 
highest values from Iowa and the states listed in the 2 
tables. Sometimes curves used in this type of plot are 
straight lines enveloping all but a few points. Also shown 
on the plot are the mean annual flood values for items 
listed in tables 1 and 2. Three MAF values for drainage 
areas less than 40 square miles in South Dakota were less 
than 100 cfs (cubic feet per second) and are not shown. 

DISCUSSION 

Figure 1 shows the magnitude of the flood discharge 
without regard to frequency or to possible undetermined phy­
siographic influences on flood magnitudes. The graph also 
shows that the mean annual flood in Iowa and other states 
varies greatly even for drainage areas of approximately the 
same size. Within areas smaller than a state, the ratio of 
a flood to the MAF is an indication of the rarity of the 
flood--the larger the ratio, the rarer the flood. However, 
because of the variation of the MAF discharge, this may not 
hold true for areas as large as several states. Thus, the 
ratios in table 1 when compared to the larger ratios in 
table 2, may not indicate less rare floods. 

Because of the relatively short record of streamflow 
in Iowa and adjacent states, it is not possible to compute 
the frequency of the extreme events that are shown in figure 
1. Statistical studies made of short flood records furnish 
an estimate of the SO-year flood within a state or region, 
but are not adequate to estimate the frequency of the rare 
floods shown in tables 1 and 2. Floods exceeding the esti­
mate of the SO-year flood are common--in the period from 
1940 to 1968 there were floods exceeding the SO-year flood 
discharge at one or more places in Iowa in 20 of the 29 years. 
The flood records at 182 sites were used in flood frequency 
studies in Iowa--94 of these records included floods greater 
than the SO-year flood. However, these do not represent 94 
storms since floods caused by a single meteorologic event 
may be measured by more than one gaging station or miscel­
laneous measurement. 

Tables 1 and 2 show the date of each flood peak listed. 
It should be noted that all are late spring or summer floods, 
not affected by snow melt. Also, it should be noted that in 
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Iowa they are not all ancient history--one flood peak helping 
to define the enveloping curve on figure 1 occurred in July 
1968. 

Finally, floods that are of much lower magnitude than 
the floods discussed in this paper have caused widespread 
suffering and property destruction. Snow-melt floods are in­
cluded in this category. 
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The three major sources of pollutants to the water re­
sources of Iowa are agricultural, industrial and municipal 
in origin. It is common practise to attribute practically 
all of the water pollution problems to industrial waste but 
this allegation is unfounded and not supported by the facts 
in the Iowa environment. Also, the "fish kill" is a very 
poor yardstick with which to measure the condition of Iowa 
streams. A much better evaluation can be assessed using the 
recently adopted Iowa Water Quality Standards. The fish 
kill is far too drastic a limit and requires enormous de­
terioration of water quality from normal status of surface 
water in Iowa and certainly does not permit the analysis of 
trends which can eventually lead to an increased incidence 
of fish kills. 

Iowa has approximately 15,000 miles of flowing streams 
and fish kills have occurred on only about 300 miles. Mea­
sured by this yardstick, we are operating at the 98% accep­
tance level and the number of fish kills occurring annually 
are actually decreasing. This is primarily due to the fact 
that waste treatment facilities are covering municipal and 
classical industrial waste sources to a quite adequate ex­
tent. In the past, practically all fish kills were traced 
to overloaded or poorly operated municipal waste treatment 
plants or to dumpage of toxic industrial wastes into our 
streams. The majority of the industrial waste produced 
fish kills were accidental spills and good engineering has 
greatly reduced the incidence of this type fish kill. Prac­
tically all of the urban population of Iowa is served by mu­
nicipal waste treatment to an adequate extent as recently 
stated by the Federal Water Pollution Control Administration. 
In fact, Iowa ranks at the top with respect to urban waste 
treatment facilities. Most of the municipal treatment faci­
lities on internal streams have secondary treatment which re­
moves 85-95% of the organic load but towns and cities on our 
two large border streams usually are treated by primary fa­
cilities removing about 35% of the initial organic loading. 
Primary treatment plants are designed to take out the float­
able and settleable solids producing an effluent which has 
little if any visible detrimental effect on the receiving 
stream. 

• 
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It has been quite common practise for many years that 
industries existing within municipal borders make every at­
te.mpt to pass their industrial waste through the city treat­
ment facilities rather than discharge to streams directly. 
All industries, of course, have not done this and it is the 
current vigorous policy of the Iowa Water Pollution Control 
Commission to sponsor and order where required municipal 
treatment of industrial waste. If this is not feasible, it 
is current policy to require industries to provide the equi­
~alent of at least primary treatment. In any event, indus­
tries are being required to provide whatever level of treat­
ment necessary to protect the quality of the receiving stream 
as measured by the Iowa Water Quality Standards currently in 
effect. 

Compared to the quality of surface water in other states 
having comparable economic development, the quality of surface 
water and ground water in Iowa stands at a high level. The 
Water Quality Standards for the State of Iowa have been set 
at levels which very adequately protect the streams so that 
all of the necessary uses can be met. We do not have streams 
classified essentially for waste disposal and navigation but 
all of our streams are subject to standards which adequately 
provide usage for public water supply, aquatic life propaga­
tion and growth, recreation, industrial and agricultural pur­
poses. It is the intent of the Iowa Water Pollution Control 
Commission to maintain this high quality and we feel that 
economic growth in all its phases is compatible with this 
goal if surveillance, adequate planning and a spirit of coop­
eration and understanding is applied by all participating 
groups in our society. 

A great deal has been written on industrial and municipal 
waste contribution to pollution of Iowa streams and much has 
been achieved regarding control of these wastes but far too 
little has been researched, evaluated and controls planned or 
accomplished with respect to the very significant water pol­
lutants originating from the use of farm chemicals and modern 
agricultural practises. The remainder of this paper will 
attempt to judiciously establish the sources and significance 
of agricultural wastes in the total quality panorama and pre­
sent some factual data collected over a two decade period of 
fairly comprehensive study as a part of statewide monitoring 
programs carried on by the State Hygienic Laboratory at the 
Unive rsity of Iowa. These research projects have been in con­
junction with various state agencies such as the Iowa State 
Department of Health, the Iowa State Conservation Commission, 
the Iowa Geological Survey, etc, and have been funded in part 
by these agencies usually on a contractual basis. 
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There are over 150,000 individual farmsteads in the 
State of Iowa, raising cattle, hogs, sheep, and poultry hav­
ing a population equivalent (PE) far exceeding the human pop-
ulation of our state. The excreta from these animals pro-
duce enormous amounts of carbonaceous and nitrogeneous wastes 
of which large portions eventually reach the water courses 
of our state. These wastes usually get into our streams fol­
lowing excessive run-off from either rain or snow melt. This 
excessive leaching of the soil surface carries soluble mate­
rials and organic compounds adsorbed on or absorbed in soil 
particles that move into the streams as siltation. This phe­
nomenon cleanses the soil surface of broad areas of our state 
depending upon the characteristics of the rain or melting 
and is not restricted just to feedlots or barnyards. Consi­
dering the broad areas over which significant rainfall occurs 
in our state, it is not difficult to see that enormous amounts 
of organic materials can reach our streams in very short per­
iods of time. Especially is this true during the time when 
the earth is frozen and the rain is unable to percolate down­
ward to ground-water aquifers. 

One might postulate that the large amount of water car­
rying these organic materials into the streams would dilute 
out the concentration of oxygen demanding materials and that 
no adverse conditions would occur. This is not true, as a 
considerable number of fish kills have actually been caused 
by the rapid influx of . agricultural organic material into our 
streams at levels sufficient to deplete the dissolved oxygen 
in the water resulting in the death of large numbers of fish 
due primarily to oxygen deficient conditions. This phenomenon 
occurs frequently during winter thaws when the receiving 
streams are still ice covered making oxygen replenishment by 
atmospheric contact quite impossible. Severe winter fish 
kills have occurred on central Iowa streams and the analytical 
evidence gathered during our investigations tightly supports 
this theory. 

Susceptibility to oxygen depletion by agricultural or­
ganic runoff is heightened by the fact that most of the water 
flowing in central Iowa streams during wintertime conditions 
prior to run-off comes from ground water seeping into the ri­
ver bed. It is a well known fact that most ground-water aqui­
fers in Iowa are very low in dissolved oxygen content and 
therefore the rivers are in their poorest condition to accept 
the oxygen demanding agricultural organics. 

1/ The Encyclopedia Britannica Yearbook 1969 farm livestock 
census lists Iowa as having approximately 7.1 million 
cattle, 13.7 million hogs and pigs, 947,000 sheep and 
lambs, 17 million chickens, and 218,000 turkeys. Horses 
were not listed, but the horse population in Iowa is 
sizeable and probably increasing.-Ed. 
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The biological oxygen demand (BOD-organic load) of Iowa 
streams will average approximately 5-10 parts per million 
(ppm). This low BOD level can justifiably be considered as 
the normal organic loading of the streams coming from human 
and industrial imput. Our records show that it is not at 
all uncommon for the BOD during runoff to reach levels of 
25-30 in rivers like the Iowa, Des Moines and the Cedar. We 
have on record one situation where a small feeder stream 
showed 350 parts per million of BOD in the early stages of 
soil leaching run-off. The fact that we have had frequent 
agriculturally produced fish kills indicates that the organic 
materials discharged to the streams during this run-off condi­
tion exerts its oxygen demand with great rapidity. Coupled 
with the fact that the organic loading can come from the 
leaching of many thousands of acres of agricultural land, it 
is not difficult to see the importance of this situation. In 
our opinion, the early stages of this runoff phenomenon car­
ries the highest amount of organic loading and it is during 
this early period when this sharp oxygen demand is imposed on 
the stream that the sudden lowering of available oxygen results 
in the death of fish. Most limnologist (aquatic biologists) 
feel that 4 parts per million of dissolved oxygen is a legi­
timate lower limit for warm water fish species and that 3 
parts per million of dissolved oxygen for any significant 
period of time will result in fish kill of significant magni­
tude. Several cases studied intimately on the Iowa river in 
the Iowa City area have recorded dissolved oxygens as low as 
1 part per million in the river upstream from the Coralville 
reservoir. This condition occurs frequently and fish kills 
of significance are recorded almost every year, usually in 
late January or February at the time of the first major win­
ter thaw run-off. Careful and immediate investigation of 
these reported fish kills have not developed any evidence in­
dicating that they were produced by municipal or industrial 
wastes. 

Decaying plants produce significant amounts of soluble 
and insoluble carbohydrate materials which add their organic 
oxygen demanding load to that normally coming from the common 
use of animal excreta as broadly distributed fertilizer. 
These are the materials that are leaching into the stream and 
in their various stages of microbiological degradation they 
exert rapid oxygen demand, producing oxygen deficiency and 
subsequent fish kills. 

Nitrogeneous materials are also of great import in water 
quality although under normal circumstances they are not of 
significant import with respect to fish kills. Plant protein, 
animal manures used as fertilizers, chemical fertilizers con­
taining ammonium and nitrate compounds contribute the major 
sources of nitrogen from agricultural sources. These mate­
rials reach the stream in a similar r.1anner during run-off 
periods but their oxygen demand is us ually much slower and 
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they are not normally causative agents of severe and sharp 
oxygen deficiency conditions. Nitrogen exists in water in a 
variety of states or conditions with the two most important 
being the nitrate and ammonium ion states. The condition in 
which nitrogen exists at any given time is a function of oxy­
gen levels, temperature, species of bacteria and the age of 
the nitrogeneous material itself. Ammonium ion is one of the 
reduced states of nitrogen and is in position to take up oxy­
gen from the water supply under the proper conditions. As 
ammonium ion itself, it is a toxicant to many aquatic orga­
nisms and the Iowa Water Pollution Control Commission has a 
maximum permissible level of ammonium ion of 2 parts per mil­
lion as nitrogen. Iowa streams are usually well below this 
level and fish kills attributable to ammonium ion have to 
our knowledge occurred only as the result of accidental agri­
cultural or industrial spills. The toxicology of ammonium 
ion to aquatic life is highly complex but it should be re­
corded here that the records of the State Hygienic Laboratory 
over more than twenty years indicate that the ammonium ion 
concentration in central Iowa streams is increasing, espe­
cially during the last three or four years. While practi­
cally all municipal sewage treatment plants release ammonium 
ion, the levels in Iowa streams recorded during non-run-off 
periods is usually less than 1 part per million. A large 
number of values exceeding 4.0 parts per million have been 
recorded in several Iowa streams this spring and only fortu­
nate circumstances of temperature and oxygen levels prevented 
damage to aquatic life. Most of the nitrogeneous material 
was organically bound but these high levels of ammonium ion 
are alarming to those of us who realize the damage which can 
be caused to aquatic life when the proper natural circum­
stances coincide with these high ammonium levels in our 
streams. 

Elevated concentrations of ammonium ion in surface waters 
cause difficulties other than strictly aquatic and it has been 
extremely difficult to produce an adequate grade of distilled 
water here at the University and severe and costly problems 
with respf9t to operation of our steam generation plant have 
occurred . .Y Extensive chlorine demand in surface water plants 
around the state also results from increased nitrogeneous 
loadings of our streams . 

The nitrogeneous materials , especially nitrate ion , serve 
as nutrients for the growth of biological organisms such as 
algae which eventually degrade in the stream producing adverse 
conditions from sudden oxygen demand and taste and odor con­
tributing metabolites . The eutrophication of Iowa surface 

~/ The University of Iowa, Iowa City , obtains the bulk of its 
water f rom the Iowa River. - Ed . 
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waters is a well demonstrated fact. One central Iowa stream 
serving as the raw water source for a large municipality has 
recorded nitrate ion levels as high as 43 parts per million 
with considerable frequency during the last couple of years. 
The nitrate level in this stream 15 to 20 years ago averaged 
in the neighborhood of 10-15 parts per million showing the 
increase in nitrogeneous nutrients which has occurred over 
this time period. Again, this phenomena of increasing nitro­
geneous content in Iowa streams is much greater in the smaller 
internal streams, while the large dilution of water from non­
agricultural areas supplying the Mississippi and the Missouri 
has prevented significant increase of both organic and nitro­
geneous materials in these border streams. If this trend con­
tinues, it is quite likely that we will be facing the problem 
of nitrate content in streams to be treated for public water 
supply which exceed safe limits for nitrate content. Nitrate 
ion content over 45 parts per million produces infant cyanosis 
or blue babies when this water is used for preparation of in­
fant formula. This is a serious disease and in the past has 
resulted in the death of several Iowa infants. 

It is highly infeasible to remove soluble nitrate ion 
from public water supplies and we should all be aware of the 
serious implications which this trend of rising nitrate ion 
in surface water portends. 

Approximately 18-22% of water supplies submitted to the 
State Hygienic Laboratory from private and rural water sup­
plies contain nitrate ion concentrations above 45 parts per 
million. (See Table 1). This figure does not represent an 
extensive increase over the percentages which our laboratory 
has recorded for many years and it would be very easy to de­
velop complacency over this lack of increase of nitrate ion 
in farm wells. Let us analyze this situation for a moment 
recognizing some of the economic and educational factors in­
volved. Recent years have seen a reduction in the number of 
farmsteads having shallow, dug or bored wells and as the eco­
nomic status of the Iowa farmer has improved we have noticed 
an increasing number of drilled and deeper well samples being 
submitted to our laboratory. It is significant to note that 
the percentage of high nitrate specimens has remained at the 
18-22% level even though the specimens submitted are from 
types of wells normally not subject to nitrate contamination. 
Also, we have recorded nitrate ion concentrations in some 
Iowa wells as high as 3,200 parts per million which grossly 
exceeds the magnitude of extremely high nitrate concentrations 
recorded in the early 1940s. It would be very easy to say 
that these high nitrates are primarily produced by the use of 
nitrogeneous fertilizers, but a careful evaluation of the lo­
cation of the well, its construction and the possible usage of 
nitrogeneous chemicals will be necessary before such a conclu­
sion is valid. 

r 
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April 
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June 
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Oct 

Nov 

Dec 

Annual 

TABLE 1 

PERCENT OF TOTAL NITRATES OVER 45 ppm 

1965 1966 1967 1968 

16.8 16.5 15.6 

20.8 15.6 18.1 

16.3 16 . 3 15.5 

15.2 20.8 16.4 14.6 

11. 0 22.8 17.3 18.5 

15.5 21.2 20.1 13.4 

15.1 17.2 18 . 2 14.9 

22.0 17.3 15.9 22.9 

20.1 25.4 13.6 19.3 

22.1 15.4 16.5 18.9 

16.8 16.5 13.7 17.5 

20.6 14.0 12.8 18.8 

16.5 20.9 16. 4 17.4 

-------------------

12,000 - 15,000 nitrate analysis performed 
annually on private well specimens . 

1969 

14.7 

16.7 

22.6 

18.8 
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Based on the increase noted in nitrate and ammonium con­
centrations in surface waters and the greater numbers of 
drilled wells yielding ground water high in nitrates, it ap­
pears very logical to postulate that nitrogeneous farm che­
micals are reaching both our streams and underground aquifers 
in increasing concentrations. In our opinion, the high ni­
trates in well water supplies is due to surface run-off get­
ting into the well due to improper location or construction, 
rather than percolation of these materials downward through 
the soil to the subterranean aquifer. Good judgment must 
still be used in choosing the location of the well so that 
it is not in the path of farm land drainage. It is still 
good practise to be deeply concerned about the caliber of 
construction so that the well is given all the protection 
possible with respect to drainage carrying contaminating 
materials. A resource as important as the farm water supply, 
often serving both the family and livestock, certainly de­
serves all necessary attention so that it is not accidentally 
and irreparabley damaged. Many materials commonly used 
around a farm can contaminate a well and its aquifer so that 
cleanup and restoration is practically impossible. 

Many fertilizers contain significant percentages of 
phosphate (P04) ion and these materials being largely solu­
ble find ready entrance to surface water streams during soil 
leaching run-off. While they are not toxic to aquatic life, 
they serve as nutrients for algae and stimulate their growth 
resulting in oxygen depletion and taste and odor problems. 
Our research into the phosphate problem has been quite scanty 
and it can only be said that the phosphates are undoubtedly 
increasing in concentrations as their environmental associa­
tion in quite similar to the nitrogeneous materials. Again, 
our research does show that the phosphate content of internal 
smaller streams in Iowa exceeds considerably the levels of 
phosphate in our two large border streams. 

Animal excreta used for fertilizers can be conside red as 
a farm chemical produced on the farm. Its contribution to the 
bacterial loading of Iowa streams is delineated to a consider­
able extent. We know that the coliform bacteria content in 
Iowa surface waters is at its highest level in the early stages 
of run-off. These high bacterial levels far exceed the water 
quality standards established by the Iowa Water Pollution Con­
trol Commission and all scientists and engineers involved in 
water quality recognize that these bacterial levels are of 
agricultural origin. Many bacterial organisms pathogenic to 
man are transmitted by the fecal material of livestock and 
the contribution of agricultural bacterial pollutants is pro­
bably the major water quality deficiency in Iowa streams. 
Hydrologic conditions in our state are such that the highest 
agriculturally produced bacterial levels occur simultaneously 
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with the time of greatest recreational demand. Building mu­
nicipal and industrial sewage plants is not going to signifi­
cantly alter this condition. Improvement in the bacterialo­
gical levels of our streams is only going to come when agri­
culture makes the necessary effort to correct this condition. 

It is significant to note here that the recent stream 
monitoring has indicated that high nitrogen and phosphate le­
vels occur in the face of lesser rises in bacteriological pol­
lution. This tends to indicate that greater amounts of com­
mercial chemical fertilizers are being used rather than live­
stock excreta. This change in farming practise has tended to 
reduce the bacteriological loadings on our streams and in this 
respect is a step in the right direction. 

The use of pesticides as farm chemicals has occupied the 
limelight more than any other class of materials. They have 
been responsible for highly significant advances in agricul­
tural efficiency and have produced vastly improved food pro­
ducts benefiting the consumer with respect to cost and qual­
ity. They are in many cases highly toxic to humans and other 
animals but if used properly as directed their contribution 
to the environment is tolerable consistent with their benefits. 
The State Hygienic Laboratory in conjunction with the Iowa 
State Conservation Commission has been involved in environ­
mental pesticide research for approximately 15 years. The 
garnet of environmental involvement has been covered over this 
period encompassing monitoring of milk, dairy products, sur­
face and ground water, air, soil and food products. The 
Iowa State Conservation Commission has been much interested 
in the amounts of various pesticides reaching the aquatic and 
wildlife environment and has provided financial aid to the 
laboratory so that these projects can be carried out. An 
extensive amount of data on the environmental conditions with 
respect to pesticides have been gathered and three areas of 
water quality will be discussed in this paper. 

Chlorinated hydrocarbons are extremely durable in the en­
vironment even carrying over from one application season to 
the next, while the organophosphates deteriorate very rapidly 
in the presence of water and sunlight. The data herein pre­
sented will be restricted to primarily the chlorinated hydro­
carbon phase of the problem which does not necessarily mean 
that we consider them the most important. Organophosphates 
are highly toxic to human beings and their use as farm che­
micals with potential toxic effect on the applicators make 
them extremely important from an individual standpoint. Or-
ganophosphates are far less toxic to fish and aquatic life J 
however and a considerable portion of our research disre-
garded these materials for that very reason. 
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Farmers and licensed pesticides applicators often mix 
their compounds in close proximity to the farm well for con­
venience. This has resulted in a considerable number of ru­
ral well owners requesting our laboratory for services re­
garding the possible contamination of their private water 
supply. Since 1966 we have had approximately 150 such re­
quests wherein it was suspected that pesticide had in one 
manner or another reached the well itself. Table 2 shows 
the area from which these specimens came, the probable mode 
of entry into the well and the pesticide concentration found. 
Without going into the toxicities of the concentrations deli­
neated, it can be seen that the contamination of private well 
supplies with pesticides contemplated for use on the farm is 
a real rather than an imaginary problem. The analysis of 
pesticides, even when we know the probable compound involved, 
is a lengthy and costly proposition which limits the actual 
number of tests that can be economically perfoi:med. Many of 
the materials are carried in solvents which themselves are 
damaging to the well supply and are extremely resistant to 
removal by simply pumping out the well. In fact, some of 
the materials are essentially irremovable and their entrance 
into the well results in its abandonment. This is a severe 
financial blow to a farmer and is invariably the result of 
negligence or at least unawareness of the significance and 
possibility of contamination. Scientists and physicians are 
not at all certain what the maximum safe permissible concen­
trations are for many of the commonly used agricultural pes­
ticides so that no one wants to make the decision regarding 
the acceptability of detectable levels in well water. This 
often leaves the farmer very confused regarding his course 
of action once we have detected measurable concentrations of 
toxic pesticides in his well water. Obviously, the best pro­
tection is to restrict pesticide solution mixing anywhere 
near the well. 

Because we were interested in the mode of entry of sur­
face applied pesticides from a normal agricultural situation, 
the State Hygienic Laboratory set up a controlled experiment 
near Iowa City in the spring of 1967. 

Two farms were selected, No. 1 in northeast Johnson 
County which was using only aldrin, and No. 2 in southeast 
Johnson County which was using aldrin on part of its land 
and diazinon on part. Drawings illustrating the farm lay­
outs and drainages are shown in figs. 1 and 2. Aldrin was 
used in the fields indicated at a rate of 2 pounds actual 
aldrin per acre and diazinon at a rate of 2 pounds actual 

' diazinon per acre. 

The run-off water from farm No. 1 finally drained into 
Rapid Creek which empties into the Iowa River just north 
of Iowa City. 
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Figure 1. Layout of Farm 
using only 

No . 
aldrin 

. . .. . . . • • • • • • • • • r • • • • • • • . . - . .. . . . - . - .. • 

1 i n northe ast 
pesticic'e . 

~-ohnson Countv 
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TABLE 2 

PESTICIDE PROBLEMS IN PRIVATE WELLS 

Area 

June 1966 Ridgeway 

June 1966 Wapello 

June 1966 Altoona 

June 1967 Ossian 

July 1967 Clarence 

Feb 1968 Keota 

March 1968 Shenandoah 

March 1968 Belle Plaine 

Sept 1968 Salix 

Sept 1968 West Burlington 

March 1969 Keota 

Found 

10 ppm 2,4-D 

.09 ppb dieldrin 

.07 ppb aldrin 

15 ppb atrazine 

10 ppb 2,4-D 

5 ppb chlordane 

5 ppb cyprex 

20 ppb tref lan 

10 ppb atrazine 

16 ppb treflan 

l ppb chlordane 

Cause 

Siphoned into well 

Flushed into well 
when washing equip­
ment 

Spilled near well & 
ran into well 

Siphoned into well 
from mixing tank 

Siphoned into well 
from mixing tank 

Termite exterminator 
injected chlordane 
into soil 

Spilled down well 
during mixing 

Siphoned into well 
from mixing tank 

l 

Siphoned into well 
from mixing tank 

Termite exterminator 
injected chlordane 
into soil 
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The run-off water from farm No. 2 runs into the Cedar 
River in Muscatine County. 

On May 1, 1967 all the drainage sites selected which 
had water flowing in them were sampled. These are labeled 
as creeks or rivers in the drawings and tables. The other 
natural surface drainage paths which contained no flowing 
water at this time are labeled drains. 

Insecticides had not been applied on these farms for 
' 

the 1967 season at this time, and there had been no rainfall 
for several days prior to this. 

Table 3 shows the locations where samples were collected. 
No pesticides were detected at or above the 0.01 part per bil­
lion concentration level. 

Within the two week period following this sampling all 
the fields marked were planted with corn with the insecticide 
listed on the drawings and in all fields the herbicide atra­
zine was added. 

From May 1st to June 7th there was no rainfall which 
caused any surface run-off. On the morning of June 7th there 
was a four inch rainfall, county wide, which began at about 
midnight and continued until noon. 

Table 4 lists the points sampled on June 7, the time 
sampled, estimated rainfall at this time, and amounts of pes­
ticides found in the water. There was water flowing in all 
the drainages at this time and the creeks were either bank 
full or overflowing. 

The water in the creeks sampled normally is slow flow­
ing and fairly clear; however, all the water samples taken 
on June 7th were quite turbid and contained suspended soil 
particles. 

The samples were collected in gallon glass jugs and the 
solids allowed to settle for 24 hours. The water (which was 
still somewhat turbid) was decanted off and analyzed. Traces 
of heptachlor and heptachlor epoxide were found in several of 
the samples but since these were much lower in concentration 
than the dieldrin and alQrin and since their source is un­
known (carry-over form previous years or draining from other 
land) they were omitted from Table 4. 

Aldrin is slowly converted to dieldrin in the presence 
of oxygen and sunlight and by micro organisms. All the sam­
ples which contained aldrin also contained greater amounts of 
dieldrin. Evidently the month which the aldrin was on the 
soil was sufficient for the majority of it to be converted to 
dieldrin. 
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Layout of Farm No. 2 in 
using aldrin pesticide on 
diazinon on another part. 

Johns on r.oun ty 
its land and 
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The results are quite consistent in table 4, the samples 
which are taken closest to the source of the insecticides con­
taining the largest amounts. The only exception being creek 
Bon farm No. 2. The low aldrin ~ dieldrin content of this 
sample cannot be explained. 

No diazinon was found in the surface run-off from farm 
No. 2 even though it was applied to one of the fields. Dia­
zinon is an organo phosphorous insecticide which is readily 
hydrolized by water. Unlike aldrin it is not converted to 
other compounds which are readily detected. Apparently the 
majority of the diazinon which was applied to farm number 2 
was degraded during the month it was on the soil. 

After the water was decanted off, the solids which had 
settled during a 24 hour period were dried and analyzed for 
aldrin and dieldrin content. The amount of solids present 
and insecticide concentrations in them are listed in table 5. 

Because of the relatively small amounts of solids in the 
samples taken and the somewhat inexact method of separating 
them from the water the percent solids in table 5 is probably 
only an approximation of the solids being carried by the 
streams. 

From the amount of solids and the concentration of al­
drin and dieldrin on the solids it can be seen that the total 
amount of insecticides carried by these solids is about equal 
to the amount carried by the water. 

Even though the concentration of pesticides is much 
greater in the solids than in the water, the weight of the 
water is so much greater than that of the solids that the 
total amounts of pesticides carried by the solids and by 
water were about equal in samples described in this report. 
Possibly some of the insecticides in the water were carried 
by soil particles which were small enough that they did not 
settle out in 24 hours. 

The data in this report make it clear that pesticide 
concentration in surface water due to agricultural run-off 
is much higher in the small streams which are directly fed 
by the run-off water. 

A significant portion of the pesticides are adsorbed on 
solid soil particles which will settle out on the bottom of 
the streams and rivers. There the pesticide may be partially 
desorbed and taken into the water slowly over a long period of 
time. It will also be slowly degraded to less toxic products 
over a period of time. 



TABLE 3 

Samples Collected May 1, 1967 

Farm 1 
Creek A 
Rapid Creek 
Iowa River (Iowa City) 

TABLE 4 

Farm 2 
Creek B 
Creek C 

Samples Collected June 7, 1967 
Pestici des i n Water 
Parts Per Bil lion 

Farm 1 Dieldrin Aldrin Diazi non Time 

Drain 1 
Dr ain 2 
Creek A 
Rapid Creek 
Iowa River 

Farm 2 

Drain 3 
Creek B 
Creek C 

*None detected 

·0.10 
0.20 
0. 1 9 
0.11 
0.01 

* 
0.08 
0 . 13 

0.02 
0 . 06 
0.06 
0.04 
* 

* 
0 . 01 
0.06 

TABLE 5 

• 

* 
* 
* 

Samples Collected June 7, 
Pesticides in Solids 

Parts Per Billion 

1967 

Farm 1 Dieldrin Aldrin Diazinon 

Drain 1 143 97 
Drain 2 170 120 
Creek A 150 131 
Rapid Creek 63 29 
I owa River 28 15 

Farm 2 

Drain 3 * * * 
Creek B 142 137 * 
Creek C 18 2 * 
*None detected 

9:30AM 
9:30AM 

10:00AM 
8:45AM 

10:30AM 

12 noon 
12 noon 
12 noon 

% Solids 

0 . 22 
0 . 19 
0.24 
0 . 16 
0.05 

0 . 28 
0 . 10 
0 . 27 

Inches of 
Rainfall 

3 
3 
3 
2.5 
3.5 

4 
4 
4 

• 
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A study of ground-water wells on Muscatine Island in 
1965 showed definite evidence that these wells, producing 
from sandy soil and alluvium, were contaminated by pesticides 
applied during agricultural practise in that area. DDT, ODE 
and Dieldrin were used in specific locations and were shown 
to subsequently occur in the well water on the farms studied. 
Concentrations as high as 58 parts per trillion of DDT and 
7 parts per trillion Dieldrin were shown to have occurred 
under the conditions studied. While these levels arP in them­
selves relatively low for human consumption, they do clearly 
indicate the vulnerability of farm wells to pollution in cer­
tain soil conditions by percolation and/or surface water run­
in. Again, the logical warning not to apply toxic chemicals 
in the immediate area adjacent to a farm water supply seems 
highly pertinent. 

Pesticide concentrations in major streams are shown by 
representative data in table 6 and table 7. These data are 
a part of the information gleaned by our routine river pesti­
cide sampling program which currently involves sampling points 
at 10 points at 10 different locations on critical Iowa streams. 
The earlier data indicates the lack of sensitivity in pesti­
cide methodology occurring in 1965 when we were able to deter­
mine DDT and its degradation products in the neighborhood of 
100 parts per trillion or 0.1 parts per billion. Three years 
later in 1968 table 7 shows actual quantitation in the parts 
per trillion (ppt) range and indicates that we are now able 
to delineate pesticide concentrations even at the low levels 
existing currently in our major streams. The concentrations 
shown in table 6 indicate the extremely low levels of common 
chlorinated hydrocarbons in Iowa surface waters and in our 
opinion do not serve as cause for any alarm with respect to 
usage for either public water supply or other uses. The che­
mist has improved his ability to detect to such a gross ex­
tent, that we can almost be accused of creating a problem 
where none exists. The values we are able to report with 
accuracy and precision now would have been reported as zero 
or absent using the methodology which was current as little 
as five years ago. There is no epidemiological data indica­
ting that concentrations which we are finding in Iowa streams 
is detrimental to any of their uses. 

The past year has seen our laboratory involved in stu­
dies of heavy metal concentrations in streams, bottom sludges 
and in aquatic life residing in these streams. We have 
found levels of chromium, zinc, copper and other heavy metals 
throughout this aquatic environment in concentrations higher 
than we anticipated. Some of these metals are now being in­
corporated as trace metal nutrients in livestock feeds and 
this fact is of considerable interest to us. We wonder if 
agricultural practises as well as industrial metal containing 
discharges are contributing to this reservoir of potentially 
toxic metals. Fish aggregate some of these metals to a large 
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TABLE 6 

Survey of Chlorinated Hydrocarbon Pesticide Levels 
Selected Iowa Rivers 

Sampling points: 

Mississippi River: 
Cedar River: 
Iowa River: 
Raccoon River: 
Missouri River:: 

Results to date: 
Feb Mar 

Dubuque: * * 
Davenport: * * 
Cedar Rapids : * * 
Iowa City: * ** 

Des Moines: * 
Council Bluffs: * * 

1965 

April 

* 

Dubuque - Davenport 
Cedar Rapids 
Iowa City 
Des Moines 
Council Bluffs 

May June July 
* * * 
* * * 
* * * 
DDT * * 
0.4 ppb 
DOE 
0 . 1 ppb 
* * * 
* * * 

• in 

Aug Sept 
* * 
* 
* * 
* Inc. 

Inc. Inc. 
* * 

* No pesticides found in concentrations as high as 0.1 ppb 
** No pesticides found in concentrations as high as 0.3 ppb 
Inc . Received but not completed 



TABLE 7 

PESTICIDE IN IOWA RIVERS 1968 

( Port, Per Bllllon) 

SOURCE APRIL MAY JUNE JULY AUGUST SEPTEMIEIII OCTOI(" 

Ml11is1lppl River Oieldrin 
DOE 0.00!5 ODE 0 .002 DOT 0 .00!5 NO NO NO Dubuque 0.003 

Davenport ND ND ODE 0 .003 ND DDT 0 .004 Oieldrin 

0.004 
NO 

Missouri River 
ND ND ND Dleldrln 

NO NO DDT 0.004 Council Bluffs 
0 .002 

Raccoon River Oieldrln Oleldrl n 
0.003 DDT 0 .005 0.004 ---- DOT 0 .00!5 DOT 0 .004 Dt.Nrln 0.005 Des Moines 
DOT 0.006 DDT 0 .004 

Dieldrin Dieldr l n Cedar River 
0.004 DDT 0.010 Oieldrln Cedar Rapids 0.00!5 NO 

0.010 ODE 0 .012 NO DOT 0.012 DOE 0.004 

Oieldrln Iowa River Dleldrin Dieldrln 
0.008 Dleldrln Oieldrln ND NO Iowa City 0 .006 0 .004 
DDT 0.012 0.006 0 .007 

ND= Not detected 
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extent in their skeletons and it is of import when consider­
ing their propagation and growth characteristics. The State 
Hygienic Laboratory anticipates increased study of the heavy 
metal problem in order to delineate the source of these ele­
ments and their signigicance. Extension of these studies to 
drinking water supplies of both surface and ground-water ori­
gin is already in progress. 

A very important aspect of stream pollution which often 
goes unrecognized is siltation. Iowa soils due to their pecu­
liar structure and the practise of high percentage cultiva­
tion are especially subject to erosion. Iowa streams carry 
a vast silt load which precipitates out and tends to cover 
natural bottom habitats with clay, mud and silt. This cover 
renders the bottom inhospitable to the natural fish food 
organisms and creates a hostile environment for natural fish 
species even though the water quality itself is good. 

A constant stream degradation results and until we re­
verse the trend with erosion control we can look forward to 
an expanding loss of fishable streams in Iowa. This is a 
perfect example of a non-toxic pollutant whose physical ef­
fect is just as lethal as sewage or toxic chemicals. The 
Iowa Water Pollution Control Commission has prohibited dis­
charge of lime softening plant sludge into streams because 
of a similar damaging effect yet we continue to pour agri­
cultural land siltation into our streams in vast tonnages 
every year. The ecological balance of nature conveys no 
group privilege. 

We have talked at considerable length on the real and 
probable contribution of waste materials by agriculture to 
the aqueous environment. Because the contributors on the 
individual farmsteads are so numerous and scattered all over 
our state, the control of these waste discharges presents an 
enormously complex problem. While much has been done by soil 
conservation groups in retaining water where it falls, we 
must do a far better job in this respect in the future. Sim­
ple percolation downward through the soil adsorbs or absorbs 
the majority of the surface contaminating materials so that 
the hazard to the subterranean ground-water supply normally 
is not a significant factor. It is the soil surface leach­
ing with rapid runoff into the streams of Iowa that is the 
prime problem with respect to agricultural pollution. It is 
utterly unrealistic to ask the Iowa farmer to reduce his 
usage of ertilizers, pesticides and other soil conditioners, 
as the demands for quantity and quality placed upon him by 
the American consumer could not be met with agricultural 
practises in force a decade ago. We must learn to live 
with the usage of these chemicals. 
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The manufacturing chemist is working diligently to de­
sign farm chemicals which will serve their intended purpose 
and then degrade or decay into materials having no adverse 
environmental effects. He also is attempting to design these 
materials so that they bond or fasten themselves onto soil 
particles with slow, graded release as needed in the agricul­
tural process. However, trying and getting the job done are 
often two different things. The monitoring trends presented 
in this paper indicate that we have not as yet reached as 
acceptable point in product development with respect to hold­
ing applied farm chemicals at the point of application. They 
are reaching our streams and our ground-water supplies. In 
my opinion, the best hope for success lies in the field of 
improved soil conservation designed to retain the moisture 
where it falls and force it into the ground-water environment. 
Obviously, total success in this respect would produce streams 
with insufficient flow to provide dilution water for munici­
pal and industrial waste assimilation and other important 
needs for minimum surface-water flow. 

It is apparent that cooperation of all segments of this 
problem is necessary to an adequate solution. The farmer, 
scientist, ~ngineer, hydrologist, soil conservationist and 
the general public are going to have to adapt their indivi­
dual operation to the common good rather than placing group 
special privilege first. Water resources are limited and we 
cannot demand high water quality on one hand expecting total 
cooperation from other segments while insisting upon excep­
tions for ourselves. The surveillance of the water environ­
ment across this state is a monumental task requiring trained 
scientists and engineers with expensive and sophisticated 
equipment. Programs within the State Hygienic Laboratory 
and the other mentioned agencies have developed over the past 
20 years must be supported and expanded if we are to find the 
answers to these important and perplexing environmental pro­
blems. The nucleus of an adequate water pollution control 
program currently exists and given the financial support from 
our legislature we can be sufficient to the need. 
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The State of Iowa has a number of laws concerned with 
the management, protection, control and utilization of its 
water resources. These laws have been passed over a long 
period of time as the understanding of various problems dic­
tated a need for legislative action. Some of this legisla­
tion has pioneered in areas of necessary public protection 
and Iowans can be proud of the foresight of their lawmakers. 

This paper is not intended to be a legal treatise. It 
would be most inappropriate for the writer, an engineer, to 
attempt to comment on the legal aspects of the multitude of 
statutes loosely grouped in the classification "Iowa Water 
Laws". As an employee of the Iowa Natural Resources Council, 
the most all-inclusive state agency dealing with water, for 
17 years, and as the State Water Commissioner, acting in a 
quasi-judicial position in administering the Iowa Water 
Rights Law since its passage in 1957, I will attempt to 
briefly cover the broad field and then deal more specifically 
with the duties of the Council as outlined in Chapter 455A 
of· the Iowa Code. 

The source of all water in Iowa is precipitation. In 
recent years scientific advancement has indicated the possi­
bility of changing the amount, type, distribution or time of 
precipitation by weather modification. The legal aspects of 
such alterations are many, and although some thought has been 
given concerning legislation to regulate weather modification, 
Iowa does not have laws concerning such activities. 

One of the earliest problems in the water field that re­
quired legislative action was drainage. General and speci­
fic laws covering drainage activities have been passed by 
the Iowa legislature over a period of many years. A book 
entitled "Iowa Drainage Laws" was published by the Iowa High­
way Research Board in 1957. It contained 870 pages, thus 
illustrating the multicipity and complexity of laws in this 
field. There is no state agency with the duty or authority 
to coordinate, assist or supervise the vast number of local 
and county boards, commissions, voluntary or legal organiza­
tions and agencies legally authorized to carry out some 
drainage functions. Attempts in recent years for the very 
desirable modernization and simplification of the laws cover­
ing drainage activities have been unsuccessful. There is de­
finite need for legislative action to provide a state agency 
to supervise and coordinate drainage and a ssociated flood 
control and levee activities. 
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Adequate laws protecting the purity of public water sup­
plies are very ably administered by the State Department of 
Health and local boards of health. 

The State Department of Health has a commendable record 
of encouraging installation of adequate sewage and waste 
treatment facilities in Iowa over a long period of years. 
In 1965 the Iowa legislature strengthened the pollution con­
trol laws by the creation of the Iowa Water Pollution Control 
Commission. This commission, using the Public Health Engi­
neering staff of the State Department of Health, has speeded 
up the installation of municipal and industrial waste treat­
ment facilities, and is attacking other sources of water pol­
lution such as runoff from feedlots. Pollution caused by 
runoff from agricultural lands and by solid waste disposal is 
also being studied. 

The State Soil Conservation Committee, since its crea­
tion in 1939, has assisted in the formation of the 100 coun­
ty-wide Soil Conservation Districts (Pottawattamie County 
has two districts) covering the entire state. These districts, 
created by a vote of the people and governed by an elected 
board, have, with the assistance of Federal agencies, pri­
marily the Soil Conservation Service and Agricultural Conser­
vation Program, been instrumental in getting landowners to 
install many practices that signif~cantly effect water re­
sources. Soil conservation measures reduce sediment loads 
that fill reservoirs and stream channels and make the water 
less desirable for other uses. These measures also reduce 
the rate of water runoff and conserve water for later use 
by storage in surface reservoirs or in the ground due to in­
creased infiltration. 

The State Conservation Commission by law administers the 
large state-owned bodies of water including natural lakes 
and meandered streams. As a part of its program of providing 
recreational facilities for residents of the state, the com­
mission has constructed and manages a number of artificial 
lakes and duck marshes. It supervises the activities of the 
legally constituted county conservation boards that develop 
recreational programs, many of them water based, at the county 
level. 

The Iowa Geological Survey is legally constituted as the 
state agency responsible for the collection, interpretation, 
and reporting of basic geologic and hydrologic data. The 
Survey works cooperatively with the Water Resources Division, 
u. S. Geological Survey, in obtaining both stream flow and 
ground-water data. Soil and rock cutting samples from more 
than 21,000 wells are available in the Survey files plus a 
very large number of driller's written well logs. This pro­
bably constitutes one of the best inventories of the under­
ground geologic framework and aquifer conditions available 
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in any state. This information has been obtained mostly from 
cooperating well drillers on a completely voluntary basis. 
Laws regulating well drilling have been considered but Iowa 
has no legislation in this area as yet. 

The broad field of Iowa Water Laws would also include: 
the public utility regulation laws insofar as they affect 
water service; eminent domain laws authorizing condemnation 
for water supplies, sewer systems, water power generation, 
flood control works and related water resources interests; 
authorization for cities and towns to provide water and 
sewage services, to construct, operate and maintain flood 
control systems and to create water recreational areas, and 
to finance these improvements by various means; and laws au­
thorizing formation of benefited water districts and sani­
tary districts within counties. 

The foregoing maze of laws authorizing various activities 
in the field of water was no doubt paramount in the thinking 
of the legislature when it states"-- it is hereby declared to 
be the policy of the state to correlate and vest the powers 
of the state in a single agency, the Iowa Natural Resources 
Council, with the duty and authority to establish and enforce 
an appropriate comprehensive state-wide program for the con­
trol, utilization and protection of the surface and ground·­
water resources of the state." (Chapter 455A.2 Iowa Code 
1966) 

The present functions of the Iowa Natural Resources 
Council are the product of an evolutionary development in­
volving the work and study of a series of legislative commit­
tees and the capable assistance of the water agencies at va­
rious levels of government. In 1947, the Iowa legislature 
appointed the Interim Flood Control Committee. One of the 
stated purposes of this Committee was to study Iowa's need 
for laws on the control and use of water, and to submit drafts 
of any recommended legislation pertaining to this area. A 
primary aspect of the report submitted by this Committee was 
a recommendation that a State Water Control and Resources 
Council be established. The Committee further recommended 
that a function of the new Council be to study the problem 
of the preservation of ground water in the state, and to cor­
relate the action of the federal, state, and local governments 
in all activities relating to flood control and water supplies. 

In 1949 the Iowa legislature established the Iowa Natural 
Resources Council and assigned to it duties in accord with the 
recommendations of the Interim Flood Control Committee. In 
addition, the Council was given the authority to establish and 
enforce a comprehensive state-wide plan for the control of wa­
ter and the protection of the water resources of the state. 
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The nine members of the Natural Resources Council are 
appointed by the governor for overlapping six year terms. 
Selection for memberships is made from the electors of the 
state at large solely with regard to their qualifications 
and fitness to discharge the duties of office and without 
regard to their political affiliation. Thus far this pro­
cedure for selection has resulted in an administrative agency 
operating around a core of persons highly qualified in water 
resource development and management. The Council is required 
to "meet at the seat of government on the first Monday in the 
months of January, April, July and October" and by custom 
normally has a two day meeting each month. Th~ work of Coun­
cil, under procedures established by it, is performed by a 
full-time staff. 

By 1955 the competition for water in certain areas of 
the state had become so potentially serious that the legis­
lature saw fit to create an Iowa Study Committee on Water 
Rights and Drainage Laws. 

The primary purpose of this Committee was to present a 
comprehensive report which would include a consideration of 
all water problems or potential problems, existing legisla­
tion, court decisions, and any federal laws which would pro­
vide assistance in the area. 

After several public meetings 'and careful study, the 
committee drafted a bill in the form of an amendment to the 
1949 legislation which created the Natural Resources coun­
cil. This proposed water rights law was submitted along with 
the ~ommittee's report in 1956. Following, as it did, several 
years of serious water shortage, the idea of regulating the 
state water resources in the public interest so appealed to 
the Iowa legislature that the bill swept through both houses 
of the 57th General Assembly without a dissenting vote. The 
legislature was sufficiently impressed by the importance of 
the new law that it made it effective immediately upon pub­
lication and the law went into effect May 16, 1957. 

Statutory provisions pertaining to comprehensive plan­
ning of water resources were clarified by amendments to Chap­
ter 455A in 1965 at which time a new flood-plain regulation 
section was added. 

The functions of the Council as established by law, 
therefore, are roughly divided into four categories - (1) 
comprehensive planning, (2) regulation, (3) flood-plain 
management and (4) water use. 

During the years 1952 to 1958 inventory reports of wa­
ter resources and problems in the various river basins in 
the state were made by the staff of the Council. These re­
ports showed in general terms the amount of water being used, 
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the amount available, the potential water shortages in cer­
tain areas of the state, the flood problems, and other water 
related data essential for long range, comprehensive planning. 
These reports were published as Bulletins No. l through 8. 
Regulatory functions demanded the time of th~ limited staff 
during the following years and a state-wide comprehensive water 
resources plan has not been developed. Staff members in re­
cent years have been a part of committees composed of state 
and federal officials engaged in preparing comprehensive long­
range plans for the Missouri and for the Upper Mississippi 
River Basins. 

Section 455A.33 of the Iowa Code under the title - powers 
of the council - states, "It shall be unlawful to suffer or 
permit any structure, darn, obstruction, deposit or excavation 
to be erected, used, or maintained in or on any floodway or 
flood plains, which will adversely affect the efficiency of 
or unduly restrict the capacity of the floodway, adversely 
affect the control, development, protection, allocation, or 
utilization of the water resources of the state, or adversely 
affect or interfere with the state comprehensive plan for water 
resources, or an approved local water resources plan, and the 
same are declared to be and to constitute public nuisances, 
provided, however, that this provision shall not apply to 
dams constructed and operated under the authority of Chapter 
469 as amended." 

The reference to Chapter 469 of the Code concerns the 
mill dam law. Construction and operation of mill darns was 
very important to the economy of the state during its early 
history. Their importance has diminished in later years and 
at the present time only 21 are being used for manufacturing 
or power purposes. Regulation of mill darns was transferred 
from the Executive Council of the state to the Iowa Natural 
Resources Council by the legislation which established the 
Resources Council by 1949. 

The regulatory functions assigned to the Council by Sec­
tion 455A.33 have required an increased amount of time each 
year. Projects reviewed include channel changes, road bridges 
and grades, levees, water impoundment structures, and build­
ings on the flood plains of the state. During 1968 orders 
were issued by the Council authorizing 323 different projects. 
Each project requires individual inspection and study and each 
order contains conditions designed to assure that public and 
private interests will be protected. 

Review of flood control-projects proposed by the U. s. 
Army Corps of Engineers, are by law, and as designated by the 
Governor, reviewed by the Iowa Natural Resources Council prior 
to authorization and installation. Many of these projects 
such as the large dams at Coralville, Red Rock, Rathburn and 
Saylorville, and the levees along the Mississippi, Missouri 
and Little Sioux Rivers, are very important in water control. 
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Regulation of use of the flood plain, the third general 
function of the Council, is a relatively new concept in flood 
damage prevention. Historically, man has tried to reduce the 
flood damages through the exercise of control over the river 
in time of flood. Dams and reservoirs, levees, dikes, flood 
walls, and channel improvements have been constructed at great 
cost, principally by federal, state, and local governments. 
The steady increase in flood hazards and damages despite the 
expenditure of billions of dollars in tax funds has led to a 
new approach to the reduction of these hazards and damages -
the exercise of control over the land lying adjacent to the 
river through the planned management and development of flood 
hazard areas. 

Regulation of flood-plain use can be carried out by a 
variety of means - encroachment lines, zoning ordinances, 
subdivision regulations, and modifications or additions to 
building codes. Park and open space developments, evacua­
tions, urban renewal, flood proofing, tax reduction, and 
warning signs are other methods which may be helpful, parti­
cularly in special localized areas. 

Flood-plain regulation involves the establishment of 
legal tools with which to control the extent and type of de­
velopment which will be allowed to take place on the flood 
plains. There are two basic objectives of such regulation. 
The first is to assure the retention of an adequate floodway 
for the river, floodway being defined as the channel and 
those portions of the adjoining flood plains which are rea­
sonably required to carry and discharge flood flows without 
unduly raising upstream water surface elevation~. These­
cond objective of regulation is to encourage sound land use 
consistent with the flood hazard and the community land use 
needs. 

Zoning is the legal tool used by cities, towns and coun­
ties to control and direct the use and development of land 
and property. The zoning ordinance is used to implement and 
enforce the comprehensive plan which has no legal status. 
Flood-plain zoning is not a special type of ordinance but 
merely another set of provisions which can be incorporated 
into the comprehensive zoning ordinance so that flood damage 
can be minimized. 

These considerations led the 1965 Iowa legislature to 
enact the new flood-plain regulation Act. Under the Act, the 
Council may establish and epforce regulations for the orderly 
development and wise use of the flood plains of any river or 
stream within the State, and alter, change, or revoke the 
same. The Council shall determine the characteristics of 
floods which reasonably may be expected to occur and may by 
order establish encroachment limits, protection methods, and 
minimum protection levels appropriate to the flooding 
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characteristics of the stream and to reasonable use of the 
flood plains. The Council may cooperate with and assist lo­
cal units of government in the establishment of encroachment 
limits, flood-plain regulations and zoning ordinances rela­
ting to flood-plain areas within the local units' jurisdic­
tion. 

At the request of local communities and on approval by 
the Iowa Natural Resources Council, the Corps of Engineers 
has completed flood-plain information studies in eight flood­
hazard areas in Iowa. Five additional studies are in progress 
or have been initiated. From these studies, which show the 
areas inundated by various magnitudes of floods, the Council 
determines permissable limits of encroachment to guide the 
Council and local communities in preserving adequate flood­
way area and in promoting sound flood-plain use consistent 
with the flood hazard. The Council has completed encroach­
ment studies at four locations and six additional studies 
are underway. Such a study by the Council in 1960 was used 
by Iowa City in adopting regulations governing the use of 
the floodway and flood plains as a part of its comprehensive 
zoning ordinances approved in 1962. 

The fourth general function of the Council 1s adminis­
trating the water rights law. This is believed to be the 
first comprehensive water rights law adopted in the 31 eas­
tern more-humid states. It is administered by a water com­
missioner and deputy water commissioners, employed by and 
acting under policies and procedures formulated by the Coun­
cil. 

One of the important aspects of the Iowa law is that it 
regulates both surface and underground waters and they are 
treated as a single resource. The interconnection between 
surface water and ground water is well known in Iowa. Some­
times this interconnection is apparent almost immediately. 
Sometimes there is a delay of days, weeks, months or years 
before a change in one affects the other. All decisions on 
applications for regulated uses of water take into account 
the effect the use will have on the entire water resource. 

Other important features of the Iowa law include: 

1. A public hearing, conducted following legal 
notice as prescribed by law, is required on 
each application for a permit to use water. 

2. The permit is granted, or the application de­
nied, by the Water Commissioner or a deputy 
on the basis of hearing which he conducts and 
other available information. 

t 
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3. Determinations of the Water Commissioner must 
be appealed to the Council within 30 days of 
filing of the determination and a decision on 
this · appeal made on the basis of another hear­
ing by the Council prior to appeal to the Courts. 

4. No permit may be granted for more than 10 years. 

5. Priorities, as such, are not established. 

6. Minimum flows in streams are protected against 
withdrawals for consumptive uses. 

Iowa law requires that a permit be secured for any use 
of water in excess of 5,000 gallons a day, with a few excep­
tions. 

A permit is also required for the diversion of water or 
any material from the surface directly into any underground 
watercourse or basin. Such diversions existing when the law 
was passed do not require a permit if waste or pollution is 
not created. The present policy is to deny requests for such 
permits unless it can be conclusively shown that there is no 
danger of pollution. The reason for this is the danger of 
contaminating or polluting the underground water supplies on 
which about 85 percent of Iowans depend for their drinking 
water. 

Provisions for the initial step of the administrative 
appeal to the Iowa Natural Resources Council prior to liti­
gation in the courts has proven very beneficial. Although 
several determinations of the Water Commissioner have been 
appealed to the Council, there have been no cases tried in 
court during the twelve years of operation of our law, · thus 
saving time and money for all concerned. 

The Iowa Attorney's General and their staffs have worked 
very closely with the Iowa Natural Resources Council and have 
helped to develop procedures that could be followed covering 
the various phases of the law. Cooperation of water users 
throughout the state has been excellent and has assisted ma­
terially in the progress that has been made in administering 
the Iowa law. 

Correlative to the water rights law is the oil and gas 
law. Early in 1963 a deposit of commercially acceptable crude 
oil was located in southeastern Iowa, the first such discov­
ery in our state. The legislature, meeting that year, passed 
legislation regulating development of this new resource and 
assigned administration of the new law to the Iowa Natural 
Resources Council through the Office of the State Geologist. 
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A permit must be obtained from the State Geologist for 
the drilling of each well for oil or gas. A $50 fee is re­
quired and a bond must be furnished by each operator to as­
sure compliance with the rules and regulations and proper 
completion of the well. The rules · and regulations are de­
signed to insure suitable protection of water and oil and 
gas resources and to provide that adequate well information 
is obtained and submitted to the State Geologist. More than 
100 wells have been licensed to date. Several of these wells 
extend into the basement complex at depths exceeding 3,000 
feet. Most of the wells have been drilled to explore geolo­
gic conditions at depths of 2,000 feet or less in an attempt 
to locate formations suitable for underground storage of na­
tural gas. 

Generally, these are the laws concerned with water in 
Iowa. An excellent monograph published by the Agricultural 
Law Center, College of Law, University of Iowa in 1966 en­
titled "A Decade of Experience Under the Iowa Water Permit 
System" by Professor N. William Hines is recommended reading 
for those interested in more detailed legal treatment of the 
water rights law. 

The administration of each of the laws mentioned is the 
responsibility of the second branch of government, the exe­
cutive. The laws in many instances have been supplemented 
by rules and regulations required for efficient administra­
tion. 

When conflicts arise, the third branch of our system of 
government, the judiciary, resolves these conflicts through 
interpretation of the statutes and rules involved and the 
application of constitutional precepts to the case at hand. 

Many of the statutes mentioned, including the water use 
and permit system, the floodway encroachment - flood-plain 
regulation provisions and the water pollution control law, 
have never been tested in the Iowa courts on any basis; also 
the constitutionality of such regulation generally, the ade­
quacy of the particular statute, or the reasonableness and 
necessity of a particular administrative act or order have 
never been tested in the courts. Although scholars may the­
orize at length regarding the progressive trends in technical 
and judicial thinking in such matters, and arguments favor­
ing the constitutionality and adequacy of such laws often 
can be buttressed with impressive facts reflecting the chang­
ing situation and needs, the final and only opinion that 
really matters is that of the court of last resort finding 
the particular law constitutional, adequately drawn and pro­
perly administered. This is not to say that these theories, 
opinions, facts, and authoritative writings are of no value. 
Judicial decisions are often influenced or based on the same 
considerations first enunciated by experts totally concerned 

' 
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with problems in the area in question. T~e construction 
placed upon a statute by the administering agency and the 
apparent successful administration of a statute of consider­
able public importance, over a substantial period of time, 
is also considered by the courts. Once enacted by the legis­
lature, a particular statute normally is presumed to be con­
stitutional and is administered as enacted until overturned 
by the courts. 

No doubt additional laws will be required for the con­
trol of water. Change is inevitable and as our civilization 
becomes more complex, water, one of the most important re­
sources and definitely a limited one, will require more com­
plex management. On the basis of the past actions, we in 
Iowa can look to the future confident that enlightened legis­
lators, able administrators, and just courts will provide le­
gal means so that our water resources may continue to be used 
with the greatest service to the people of Iowa. 

-
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Iowa has one of the most comprehensive mechanisms in 
the United States for the overall management of surface- and 
ground-water resources. The laws involving water management, 
particularly those enacted in recent years, were especially 
tailored to fit the State of Iowa after comprehensive studies 
had been made to identify the State needs. These laws are 
working very well, not only because they were soundly drawn, 
but because of the highly competent staffs chosen to adminis­
ter them in the various departments. 

Management of Iowa's water and water-related land re­
sources is principally in the hands of five state departments 
and two federal agencies. They are the Iowa Natural Resources 
Council, the Iowa Water Pollution Control Commission, the 
State Department of Health, the State Conservation Commission, 
and the State Soil Conservation Committee, the Corps of Engi ­
neers, U. S. Department of the Army and the Soil Conservation 
Service , U.S. Department of Agriculture. 

At lower levels of government in Iowa numerous entities 
are legally involved in water management to varying degrees. 
They include cities and towns; levee, drainage, and sanitary 
districts, soil conservation districts and others. 

If we admit research, and the collection and synthesis 
of basic data as part of water management--and, of course, I 
think we must--then the Iowa State Water Resources Research 
Institute, the Iowa State University, the University of Iowa, 
the State Hygienic Laboratory, the u. S. Weather Bureau, the 
U. S. and Iowa Geological Surveys, and others also play sig­
nificant roles. 

How these governmental agencies function and the parts 
they play in the management of Iowa's waters are discussed 
by Bullard elsewhere in this volume. A rather full discussion 
of the laws involving them will soon appear in reports of the 
Type 1 studies of comprehensive long-range planning committees 
for the Missouri and Upper Mississippi River Basins. There­
fore, no attempt will be made here to explore this area of 
our consideration except to point out that the major duties 
and responsibilities of coordinating the management of our 
waters on a statewide basis have been placed in the hands of 
the Iowa Natural Resources Council and the Iowa Water Pollu­
tion Control Commission while the other agencies play impor­
tant but less extensive roles. 
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Although Iowa's laws and procedures for water manage­
ment are reasonably adequate today, some problems remain. 
Improvements are offered by certain sections of companion 
bills (SF 17 and HF 17) now before the 63rd Iowa General 
Assembly. These bills would establish, prescribe the boun­
daries of, and provide for administration and support of six 
conservancy districts, which together would include the en­
tire territory of the State of Iowa. In effect the conser­
vancy districts are river basins or combinations of river 
basins in Iowa as shown on figure 1. 

The districts are envisioned to coordinate the work of 
individual drainage and soil conservation districts, and to 
facilitate putting into effect the comprehensive statewide 
water resources plan being developed by the Iowa Natural 
Resources Council as prescribed by law. 

The bills provide for and require full coordination and 
communication not only between the district boards and local i 
agencies but between the boards and the Iowa Natural Re- .~ 
sources Council as well. These are certainly among the most 
attractive and beneficial aspects of the proposed legislation. 
The study committee and drafters of the bills should be com­
mended if only for their conception of the administrative 
framework that would coordinate and streamline water manage­
ment from the grass roots to the highest state government 
levels. The concepts of the committee would solve numerous 
present problems and would vastly improve our present very 
loose coordination as well as provide a feasible mechanism 
for communication through the various levels of government. 

At present Iowa has a sufficient supply of good water 
over most of the State. Not only is it plentiful now but it 
will be plentiful for many decades in the future--if managed 
properly. This does not mean, however, that there is an am­
ple supply suitable for most uses in all areas of the state. 
In some areas the quantity is limited, in others the quality 
is poor, and in still others increases in present heavy pump­
ing from wells will impose additional problems. Nevertheless, 1 

except perhaps in a few small areas, it now appears that ade­
quate supplies of acceptable water are or can be made availa­
ble throughout the state for the foreseeable future and on an 
economically feasible basis if sound management policies are 
followed. 

It is not possible to include in such a short report as 
this must be, all of the aspects of water management when it 
is remembered that the subject includes coordinated manage­
ment in the following major areas: Public water supply, 
pollution control, water-based recreation, soil conservation, 
and run-off retardation, drainage and levees, flood control, 
lake and river (meandered streams) conservation, channel 
changes, road bridges and grades, water impoundment structures 

-
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and buil dings o n the flood plains , heat exchange, drilling 
for o il and gas production and storage, and a variety of 
ground- water areas. 

The aim of t his r e port theref ore is only to outl ine very 
bri efly some of the r ecent advan ces, concepts , and problems 
of wat er r esources management in Iowa. With thi s in mind, it 
meshes wit h the o t her papers in this volume. 

WHY IS WATER MANAGEMENT NEEDED 

Water is the most vital manageable resource upon which 
man depends for the maintenance and expansion of social or­
ganization. The failur e of l ocal governments to take cogni­
zance of this fact in the more arid western lands of the Na­
tion duri ng t i me of popul ation and water- use increase has re­
quired some costly remedies . The greatest practical benefit 
of sound management , based on adequate basic information , is 
the money that is saved i n the long run. The question is 
often raised "Can we afford to spend the money we now spend 
a nd p l an to spend in the near future on water resources? " 
The answer is that we cannot afford not to do so. The alter­
natives are almost invariably more costly. 

It is vital to recognize that all available water is a 
part of the total supply, and that the effects of developing 
either surface water or ground water must be considered in 
relation to the total supply. This imposes some constraints, 
but it also has significant advantages. Water management is 
intimately associated with and dependent upon many factors. 
It requires a knowledge of the available sources of supply, 
their quantity and quality , and the alternatives of treat­
ment of these supplies within the financial capabilities of 
the users. It is dependent upon parametric and stochastic 
forecasting of population , social and economic trends . Legal 
aspects are often of prime importance . ''How much water is 
available for use? " often means "How much money is available 
for the treatment and to get the water from the source to the 
point of use? " Thus , dollars are a consideration and above 
all, total management of our water resources, if it is to be 
successful , must be based on solid hydrologic information. 

Conservation management of water does not mean leaving 
things as they are . Water moves , on and below the surface. 
For most purposes , it must be intercepted and used--or lost. 
The problem boils down to how much can be used without up­
setting the balance of supply and demand , and without in­
fringing on the rights of others . 

The use of water in the United States has been rising 
steadily for several decades as shown in figure 2. In the 
past 15 years the withdrawal of ground water alone has 
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doubled as indicated in table 1. (Murray, 1968). There 
is every reason to believe that it will continue to grow in 
future decades -- in the cities and towns, in business and 
industry, and on the farms. Projections indicate that by 
the year ·2000 an estimated 100 million people will join the 
present 200 million in the United States. By A.D. 2000 the 
quantity of water used in central Iowa will have increased 
130 percent from 1960, (Twenter and Coble, 1965, p.15) al­
though the population will have increased only 55 percent. 

Although all of Iowa may not be in the average -- in­
crease population class, we still must expect appreciable 
population increase here. At the same time we should expect 
additional industrial expansion (new industry) in Iowa along 
with an increase in production by present industry. More 
important, with a SO- percent increase in national population 
will come a commensurate increase in the demand for food and 
fiber, •,•hich may really be Iowa's place in the sun. Clearly, 
under these conditions, water will have to play an increas­
ingly important role for irrigation alone if our food pro­
duction is to be materially increased. 

MANAGEMENT PROBLEM AREAS 

Water Supply 

As already suggested, ground water and surface water are 
so intimately related that for proper solution of the over-all 
problems of planned management, it is necessary to have all 
the facts regarding both sources. For example, consider a 
stream flowing in an alluvial valley and water being with­
drawn from both the stream and the alluvium. During periods 
of high runoff when stream levels are high, the alluvial aqui­
fers normally are recharged. Conversely, when stream levels 
drop, the ground-water discharge provides the base flow of the 
stream. From this it is obvious that withdrawal from either 
source can and does have an effect upon the other source. 

It is vital in present-day long-range planning for devel­
opment and management to be certain that the surface- and 
ground-water forecasts are evaluated with the ''oneness'' of 
water always in mind. Use of forecasts prepared without this 
fundamental concept can lead to serious repercussions, parti­
cularly during periods of drought or periods of maximum use 
from one or both sources . 

Another example of ground-surface water relationships 
highlights other management possibilities and problems. It 
has been estimated that, on the average, approximately one­
third to two- fifths of the streamflow in the United States is 
water that has come from ground-water reserves. The average 
daily discharge of Iowa ' s rivers and streams is 15,600 million 
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Tobie 1. - Water used in Iowa, 1965 

(Partial figures may not odd to totals bec;ouse of independent rounding) 

Population served Water de livered Water 

Industria l and commercial uses Domestic con-

Use Ground Surface All Ground Surface AIJ Per use and sumed 
water water water water water water copiti Air Except air All loues (mgd) 

(thousands) (thousands) (thou$0nds) a (mgd) condit ioning conditioning (mgd) (mgd) (gpd) uses (mgd) (mgd) (mgd) (mgd) 

Public supplies 1,470 402 1,870 150 47 200 104 1. 2 56 57 140 19 

Rura l uses 
Domestic 41 .3 41 7 . 0 

160 
Livestock 130 20 150 150 

Irrigation 
(87,000 acres) 47 26 73 73 

Self-supplied industries 

Thermoelectric power 1,500c 
21 

O ther uses 130 55 180 19 

Hydroelectric power 95,000 

d Summary 2,7~8 500 1,600 2,100 770 
290 

United States 196,411 61,000 250,000 310,000 1,600 78 , 000 

a Mill ion gallons per day 
b Gallons per day 
c Mostly used for condenser cooling 
d Does not include water wi thdrawn for hydroelectric power 

(Adopted ofter MJrra y 1968) 
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gallons. If one- third of that amount is ground water, we 
are l osing an average 5 , 200 mil l i on gallons a day f r om under­
ground reserves. We would not want to and could not conserve 
a ll of thi s water , b u t some of it coul d be conserved and per­
haps stream flow stabi l ity impr oved through better management. 

It is ground water that keeps streams flowing in dry 
times, d u ring many winter months, and augments stream flows 
except during flood or high precipitation and melt-water run­
off peri ods. Why , then, should we not replenish our aquifers 
or even store water underground from the surplus available 
from surface-water floods? We can utilize our underground 
reservoirs in much the same manner as we do surface reser­
voirs, applying similar technological competence for plan­
ning and managing the underground facility. 

Replenishment has been tri ed by various methods of 
spreading and by recha~ge wells and has been successful in 
some cases , but much more research and experimentation needs l 
to be done to know how successful it might be on a large 
scale in Iowa. If areas along streams where recharge possi­
bilities are favorab l e could be set aside to allow flood wa­
ters to cover them, a two- fold purpose might be served in 
shaving flood peaks and increasing aquifer recharge. 

In Iowa, as throughout the nation, there is a growing 
tendency for large water users to concentrate in relatively 
constricted areas within or near cities and towns. This 
poses numerous problems in all phases of water management, 
especially potentiality of local over-pumpage of groundwater 
reserves. Obviously, decentralization would be a possibility 
for alleviating these problems. However , economics and to­
tal availability of water in the immediate area are the con­
trolling factors at the present time and will continue to 
prevail until such time as the cost of water becomes prohibi­
tive within any one water- use complex. Prudent over-all ma­
nagement can be an important factor in lessening the problems 
involved. 

It may b~ necessary to set priorities for water use. 
However, it would not be feasible or desirable to set rigid 
state-wide priorities. Priorities for a city or town with 
large industrial and manufacturing development need to be 
different from a nonindustrialized municipality or a domi­
nantly agricultural area. Within a single river basin all 
three of these situations may occur and acceptable management 
may require a complex system of priorities in time and space 
to protect low-flows in streams, overpumping from wells, and 
consequently to manage the total supply for the greatest 
common good and the most economic benefits. 

--
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As an example of the foregoing, consider cities and 
towns located along the Mississippi and Missouri Rivers and 
the major tributaries of these rivers. Water is available 
to the cities and industries on or near these rivers from 
multiple sources, i.e., (1) directly from the river (with 
added treatment cost), (2) from high yielding alluvial sands 
and gravels under the river flood-plains, and (3) from bed­
rock aquifers at intermediate or greater depth. In such in­
stances the principle of conjunctive use can be applied. 

In the past most of the municipalities as well as the 
industries along these rivers used the intermediate or deeper 
ground waters as a source of supply. Davenport and Council 
Bluffs are notable exceptions in that they have always used 
river water. 

In 1956 the City of Dubuque changed from the available 
deep aquifer to Mississippi River alluvium, thus making more 
water at a shallower pumping level available for present and 
future industrial use within and near the city. Later when 
the deep wells again began to flow at the surface, the deeper 
water was used to prevent waste and was advantageously blended 
with the alluvial water in the treatment process. Water from 
the deep aquifer now comprises about 30 percent of the total 
supply. 

At present Clinton is studying the possibilities of fu­
ture development of the river or the alluvial supplies. If 
a change of source of municipal supply should materialize, 
present industrial users off the flood plain would benefit 
and the way would be opened for additional industries to de­
velop closer to the city, because of the resulting rise of 
the piezometric surface of the deep bedrock aquifer in the 
surrounding area. 

As a further step in modern management near the same 
city, a major industry, located on the flood plain and now 
using deep wells as its major source, is looking toward the 
alluvium as an alternate source of supply or to augment its 
present supply without additional draft on deeper aquifers. 

All of the deep wells in the Clinton area do or will 
ultimately interfere with each other to an increasing degree 
as heavy pumping continues. On the other hand, the amount 
of water held in storage in the alluvial aquifer in this 
area is so great and recharge to it so frequent (if not con­
tinuous) that serious interference problems are not expected 
to occur in the shallow wells, even with relatively close 
spacing. Water taken directly or indirectly from the Missis­
sippi River would have an insignificant effect on the regi­
men of the stream. 
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The objective of the foregoing practices is to manage 
the available total water suppl y in such a way that require­
ments of the municipal- industrial complex be met as effi­
ciently as possible. As water problems become acute in lo­
calities of concentrated withdrawals , the principle of con­
junctive use will become an important management tool. 

A most interesting question--semantic at the moment- ­
is involved in this area of management . Obviously it cost 
hundreds of thousands of dollars to change from a deep well 
to a shallow well or a river supply . Other deep well owners 
in the area are being materially benefited by such a move. 
The question is : Should the benefited well owners be re­
quested or required to share the costs of the operation from 
the benefits that they receive? 

What management problems do we face, however, when only 
one source of water supply is available? For surface waters 
within the State we think this problem has been largely 
solved by the Iowa Natural Resources Council policy of pro­
tecting low flows . A similar solution is not discernably 
available for ground waters primarily because the problems 
are more varied and complex and because we have less basic 
data on which to found satisfactory solutions. Basically 
the problem resolves itself into management of ground- water 
levels . When a well is pumped, the water level in the well 
is lowered . This causes the water table level in unconfined 
aquifers or the piezometric (pressure-indicating) surface in 
artesian aquifers surrounding the well also to decline. Thus, 
a cone of drawdown is formed as pumping continues and the dia­
meter and depth of the cone increases with higher pumping 
rates and with time. Most commonly the area of the drawdown 
cone spreads beyond the property lines of the well owner. 
If adjacent property owners have no wells in the same aquifer, 
no apparent damage is done , and perhaps , this phase of the 
problem needs no futher consideration. However, if conti­
guous or other nearby property owners have one or more wells 
tapping the same aquifer , serious interference problems may 
occur when the cones of drawdown intersect. The resultant 
cone 9f depression or the drawdown at any point in the area 
is the algebraic sum of the several cones of depression. 
Furthermore, if a new well is installed by another property 
owner within the radius of influence of the pumping wells, 
he , too , is effected to a greater or lesser degree. Usually 
this means lifting water from a considerably greater depth 
which may require larger pumps and certainly higher pumping 
costs. 

In areas of heavy ground- water withdrawal , particularly 
industria l ized cities and towns, the area affected by the 
total cone of depression commonly is not small . In Mason 
City after more than 30 years of pumping, the appreciable 
cone of drawdown (more than one foot) in 1942 had a 20 - mile 
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radius from the apex of pumping. This is estimated to mean 
a drawdown of 83 feet one-half mile from the pumping center, 
63 feet at one mile, 53 feet at two miles, and 42 feet at 
three miles. Effective drawdown at the apex of the cone has 
increased at an average rate of about four feet a year since 
1942 (i.e., a total of more than 100 feet) and the cone of 
drawdown has increased commensurately in radius and depth 
(Hershey, Wahl, and Steinhilber, 1969). This phenomen is 
known to exist to varying degrees in numerous other cities 
and towns in Iowa using ground water as a source of supply. 
Unless pumping is reduced, water levels in these areas will 
continue to decline indefinitely although theoretically at 
a decreasing rate. If the municipalities increase in popu­
lation, expand industrially and utilize the principal aqui­
fer to meet the resulting increased demand, the water levels 
will drop more rapidly. 

Some may ask--Is this bad? At Mason City the principal 
aquifer (Jordan Sandstone) is more than 900 feet below pre­
sent pumping levels and theoretically pumping levels could 
be lowered to the top of the aquifer. Unfortunately, we 
do not know the hydraulics well enough to evaluate what will 
happen to the flow pattern and the loosely consolidated for­
mations with high water velocities and high pressures that 
will result from such severe pumping regimens. 

How can we manage to resolve these compound and complex 
problems when they arise and make more water available for 
beneficial use and at lower cost? Proper well spacing has 
been widely practiced and controlled or staggered pumping 
schedules can help prevent excessive drawdown of ground-water 
levels or heads. Numerous other suggestions have been made 
including decentralization (already mentioned), compacts 
among the users, a modified form of unitization (as practiced 
by the oil industry) , area authority, districtization on a 
water use basis, and finally recharge under rigid controls. 
Several of these are similar, none is fully satisfactory. 
It is a vexing problem, but solutions are being sought and 
ultimately will be found--hopefully through research with 
more basic data. 

Flood Insurance and Flood Damage Reimbursement 

Flood insurance is now obtainable under the law, but it 
is too early to evaluate the feasibility of this controversial 
mechanism. Flood insurance, like other state and federal re­
imbursement in any form for flood damages, is not truly a 
management function. In fact it mitigates against flood-plain 
management except in a relatively few instances, e.g., manu­
facturers who must be contiguous to water transportation, 
sewage disposal plants, flood control works, and the like • 
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Flood-Plain Management and Flood-Plain Zoning 

One of the most interesting and, perhaps, one of the 
most important advancements in water management in Iowa in 
the past few years is the increasing public knowledge and 
acceptance of flood-plain management and flood-plain zoning. 
Iowa has shown strong leadership in this advance in planned 
management. Iowa City already has a flood-plain zoning ordi­
nance in force which was arrived at after study and coopera­
tion with the Iowa Natural Resources Council, the Corps of 
Engineers and others. Several other cities, notably Daven­
port and Cedar Rapids, are nearing completion of final plans 
for a flood-plain zoning ordinance on Duck Creek and Prairie 
Creek respectively. Numerous other cities and towns are in 
various stages of preparing formal flood-plain management 
facilities. A few counties have shown an interest in the 
possibilities of county-wide flood-plain zoning. 

In Iowa the aim of flood-plain zoning is to give the lo­
cal governing body adequate control of the valley in order 
to prevent undue encroachment on the channel, but at the same 
time to permit land owners to make reasonable use of their 
river-bottom lands. The benefits are numerous. One major 
benefit, for example, is that land owners and developers are 
deterred from placing structures on or in the floodway that 
will suffer damage or be destroyed by floods. 

Flood-plain zoning procedures in Iowa are following a 
uniform general plan but each project has different charac­
teristics that must be given special treatment. A full dis­
cussion cannot be given here, but a very brief commentary 
follows: 

After rigorous study, a decision is made on what 
size flood is to be protected against, i.e., the design 
flood. (For Iowa City, a river flow having a 2-percent 
chance of occurrence in any one year was adopted as a 
reasonable figure upon which to base land use and channel 
capacity.) After this decision has been reached, the 
Natural Resources Council prepares a flood-plain map 
showing the limits required to convey the design flood. 
This zone may not be encroached upon by filling with any 
material or by building any structure that would cause 
an obstruction to the conveyance of the design flood. 
Only open-space uses are permitted, e.g., truck gardens, 
parks, golf courses and the like. The flood-plain map, 
with topographic contours also shows the location of an 
''inundation limit'' or zone outside the "conveyance or 
encroachment zone." Within the inundation limit, struc­
tures are permitted, but no floors or basements may be 
lower than the water level of the design flood. Thus 
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the land in this zone may be put to any use permitted in the 
adjacent zoning district provided the land is filled to the 
level of the inundation limit. (For more detail see Howe, 
1963 and Cooper, 1968.) 

Disposal of Wastes 

Waste disposal is a major water management problem. 
The Federal Water Pollution Control Act literally demands 
cleaning up our streams. Almost automatically this makes 
underground disposal of wastes look inviting and there will 
be increased pressures to attempt to take this alternative. 
Some authorities are recommending and accomplishing the dis­
posal of wastes underground through wells. 

This is short-sighted thinking for Iowa, where 90 percent 
of our people rely on ground waters for their source of domes­
tic supply; and where business, industry, and agriculture also 
rely heavily upon underground sources for usable water. Nei­
ther should our aquifers containing mineralized water be has­
tily considered for disposal sites. 

Demineralization of water is becoming progressively l ess 
expensive. A new breakthrough or a cheaper source of power 
could suddenly place large supplies from presently unusable 
sources of ground water within our grasp. Why, then, permit 
increasing pollution hazards through disposal wells? 

However, it should be noted that demineralization also 
poses additional disposal problems. At the present time for 
each gallon of desalted water produced, we have a gallon of 
more highly mineralized water that must be disposed of in 
some manner. Although this ratio most likely will be improved, 
the disposal problem will be more difficult because of the more 
concentrated nature of the waste product. 

In summary on underground waste disposal, the present Iowa 
law and official policy virtually prohibits introducing dele­
terious materials into wells for waste disposal. The law and 
policy are working very well and it is recommended that they 
not be tampered with. 

Return Wells 

A tempting solution to another vexing problem in water 
management is that of returning used ground water to the ori­
ginal or to another aquifer. Obviously this would materially 
help sustain higher ground-water levels, help eliminate pre­
sent disposal problems and have still other advantages. How­
ever, returning water underground is fraught with hazards 
that threaten underground reserves. Some of these are obvious-­
other are less so. 
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It has already been stressed that polluted materials 
should not be permitted to be disposed of underground. In 
addition , some ground waters pumped to the surface undergo 
rapid chemical changes that-- in Iowa--make them undesirable 
to return underground. 

Unescapable , however, is the fact that large volumes of 
ground water are used for cooling alone, much of which is re­
tained in a closed system but after use is then discharged- ­
ultimately to a nearby stream. At first glance it appears 
that it is a shameful waste not to return this water to its 
original source. However, there are disadvantages that could 
or would result. 

One of the most important of these is that the tempera- , 
ture of the water is raised and if returned nearby, would in- JI 

crease the ground-water temperature and reduce the efficiency 
of the cooling operation. This might be offset by removing 
and using the heat from the water during the cold months of 
the year. Moreover, the possibility of leaks, breaks in the 
system, well deterioration and other incidents that could 
result in aquifer contamination must be recognized. 

Until now the Iowa policy has been in opposition to re­
turn wells except under very special circumstances. This 
policy should be examined periodically, and perhaps additional 
carefully controlled experimental work done, particularly in 
areas of heavy ground-water use. 

It is recommended that the management of return-well pro­
grams he made the responsibility of the local governmental en­
tity with periodic checks by state officials. This method of 
operation would reduce the chances of widespread contamination 
in the aquifer if the return-well system should break down. 

Discharging ground water used for cooling to waste is 
only part of the story. Most of the ground water used by mu­
nicipalities and industry is not consumed and it, too, is dis­
charged to the streams. In most cases treated effluent is 
beneficial to the receiving stream, particularly during low fl< 
periods. In fact, the discharged water in some instances has 
periodically comprised almost the only flow in the stream dur­
ing long dry periods. Obviously there is opportunity to ma­
nage suitable effluents so that they can be utilized to better 
advantage. It has already been suggested that they be re-used 
directly for irrigation or for surface spreading to recharge 
shallow sand and gravel aquifers. 

Furthermore, under mutually acceptable contractual agree­
ments, discharged cooling water from one industry might be 
used by another that does not require a low temperature water 
for its purposes. It is even conceivable, under rigid control 
of course, that industrial cooling effluents could be discharg, 
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into a municipal supply prior to treatment. This could also 
apply to ground water used for heating, a mechanism not yet 
utilized in Iowa, but practiced elsewhere. In any event, in­
creased demand for water, particularly in industry-congested 
municipal areas will require more attention by management for 
better and more reuse of available water supplies. There are 
a host of potentials available. 

GROUND WATER MANAGEMENT REQUIREMENTS 

The pressures that have been intensifying in recent years 
to plan for water development, use, and management have been 
heavily directed toward surface water. Ground water has not 
been neglected, but requirements regarding it have not been 
as complete or as voluminous as for surface water nor are re­
quired data as obviously or easily gathered. However, the 
day is not far off when more detailed attention will be given 
to ground water, and pressures will be applied to all of those 
in the water resources endeavor for more intensive efforts. 
Some near-future requirements relating to ground-water manage­
ment but involving other disciplines as well, seem apparent. 

In certain areas more test drilling is needed, not only 
in relation to our shallow aquifers but in connection with 
our deeper ones as well. Such test drilling should not follow 
the common test drilling programs of the past where: 1. no 
location maps were made, 2. no land-surface elevations de­
termined and 3. only the barest of essentials on the water­
yielding potential of the tested areas were preserved. 

Many pumping tests yield only a small portion of the to­
tal information that could be obtained with minor changes in 
procedure. The latest and most sophisticated formulas require 
that certain procedural specifications be met. Adherence to 
these specifications usually does not cost more money; pri­
marily it is a matter of planning that can pay big dividends. 

Regarding water quality, more numerous chemical analyses 
should be made than we are now making, not only from newly 
developed sources but especially to monitor quality changes 
in established supplies. Analyses for monitoring need not 
always require that all elements be determined. One or two 
constituents could be sufficient to determine if there is any 
change in the mineral content. 

From present trends, particularly in the pollution field, 
it appears that there will soon be a demand for better located 
and more ruggedl~ constructed wells to withstand better the 
pressure, corrosion, and other forces which tend to cause 
wells to fail. These wells will be as fully developed and as 
fully stimulated as the cost-to-benefit ratio will allow, with 
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the most economical operation and production that is possible 
This will apply to both alluvial and rock wells, whether they 
be municipal, industrial, agricultural or private. A badly 
located, poorly constructed, leaky, or polluted private well 
can be just as dangerous as a municipal or industrial well in 
the same condition. 

It appears that the time is near to require that at 
least some wells be plugged when they are abandoned or essen­
tially useless, or when it can be clearly demonstrated that 
they are in such condition that they are hazardous to other 
wells or to one or more important aquifers. Particular tar­
gets in this regard are the deeper wells that penetrate sever, 
water-bearing zones, at least one of which contributes highly 
contaminated, or highly mineralized water to the well, or is 
"taking" water from the major aquifer involved, because of 
different hydrostatic heads. 

At the present time Iowa has a good program for collect- i 
ing and processing ground-water data for general use. How­
ever, except for a few localities in the state we have only 
the very roughest approximation of how much ground water is 
available for use and how much we are pumping. For good 
management, more precise data are necessary. If management 
must wait to gather the required basic data until it is needec 
it will be too late. The time to collect and process ground­
water data for a wide variety of uses is now. 

To get more precise estimates of proved ground-water re­
serves and withdrawals may require continuous water level and 
pumpage figures on high-production municipal, industrial and 
agricultural wells. Better instrumentation and methods need 
to be devised to accomplish this in the most feasible manner. 

SUMMARY 

Iowa has plenty of good water. Not only is it plentiful 
now but it will be plentiful for many decades in the future 
if properly managed. The facilities for managing this vital 
resource are largely at hand through laws, policies and pro­
cedures now operable; and in Iowa, unlike most other states, 
they apply to both surface and ground waters. And it is re­
cognized that all of the water available (i.e., surface and 
undergroun9) must be considered in prudent management of the 
total supply. 

Flood-plain zoning is permissible in Iowa and acceptance 
of it is growing. The aim is to give the local governing 
body adequate control of the stream valley to prevent undue 
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encroachment on the floodway, but at the same time to permit 
landowners to make reasonable use of their river-bottom lands 
while protecting them from losses. 

Disposal of wastes underground is prohibited and at pre­
sent it is the policy of the state to discourage any waters 
to be diverted underground. The primary reason for this is 
that about 90 percent of the people of the state rely on 
ground water as their source of domestic supply. 

Priority of use has not been set in Iowa except that 
private-domestic and a few other uses are not regulated. In 
areas where large water users concentrate in restricted areas, 
protected low flows are established for streams on a formula 
basis. Where more than one water source is available (surface 
or underground) there is a growing tendency to look to the 
principle of conjunctive use for economic and other reasons. 
Where the only source of supply is a single aquifer, the pro­
blem is more difficult and requires special management prac­
tices. 

Water management coordination and communication is very 
good at state department level. This does not extend down­
ward to the same degree through local levels to the "grass 
roots." Attention needs to be given to better communication 
and better coordination throughout all levels of water manage­
ment in the State. 

In the past, management requirements for ground water 
have not been as sophisticated or voluminous as for surface 
water. Soon more detailed attention must be given to ground 
water. Some of the near future requirements relating to 
ground-water management but involving other disciplines as 
well include: 

1. More test drilling in certain areas for strati­
graphic purposes. 

2. Pumping tests to determine the quantities of water 
available from specific aquifers. 

3. Chemical analysis especially to monitor changes in 
established supplies which could identify leakage, 
pollution, and other deleterious results of well 
deterioration. 

4. Better located and more ruggedly constructed wells 
to withstand better the possibilities of contamina­
tion and the pressures, corrosion and other forces 
which cause wells to fail. 

5. Plugging abandoned wells, particularly deeper multi­
aquifer wells in which at least one aquifer contri ­
butes poor quality water to the well or "takes" water 
from the principal aquifer. 

6. More precise estimates of proved ground-water 
reserves. 
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Iowa has one of the most comprehensive mechanisms for 
the management of her surface and ground waters in the Unitec 
States. The shortcomings of the management system are known. 
They are minor and can be eliminated by proper planning and 
the continuance of the support that the administrative and 
legislative arms of state government have given this vital 
water resources program in the past. 

Water is our most valuable manageable natural resource. 
Unguided management commonly leads to errors that require 
very costly remedial measures. But management founded upon 
research and systematic basic data collection and interpre­
tation invariably saves dollars and makes more and better 
water available to the user. 
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Until recent years, Iowa ' s growth and development has 
been limited more by excesses of water than by deficits. 
With re l atively few exceptions , water has been regarded as 
abundantly p l entiful for beneficial uses in the "Ricardian" 
sense of a free gift of nature . In past decades, Iowa has 

1d been concerned wi th planning of water from a disposal point 
of v i ew , since planning of beneficial uses of a plentiful 

lS01 resource is redundant and even superfluous. 
tor. 
as Presently , however , Iowa is in a transitional stage of 

1- water use and development wherein water deficits for benefi-
1- cial purposes are sharing responsibilities for the State ' s 

growth and development along with the earlier concerns of 
,t- excesses of water with their adverse consequences. During 

this transitional stage, as is usually the case , our insti-
1s tutions , uses and even concerns relating to water , lag behind 
1nt1 adjustments r equired for meeting Iowa ' s future needs for wa­

ter . With the increasing demands for water as an essential 
ingredient of the states growth and development, attention 

1h and effort must necessarily shift to the planning of water 
as a scarce rather than an abundant surplus resource. 

The need for water resources planning for beneficial 
uses is becoming increasingly obvious. Future needs for wa­
ter in a growing and developing Iowa economy, will expand 
the demand for water around 5 percent per year through 1980, 
with even greater increases in prospect beyond 1980. 

As water becomes more scarce in meeting the expanding 
needs of industry, agriculture and services , the science of 
economics has an increasingly important role to play in wa­
ter resources planning . Since economics is primarily con­
cerned with decision making processes in allocating scarce 
means for achieving competing ends in a manner that will max­
imize net benefits for the decision maker and his clientele, 
water , being s c arce a nd i t s use claims being competitive, 
comes within the purview of economic analysis. I should has-
ten to add , however, that the usefulness of economic analysis 
in planning the use, allocation and development of water in 
meeting Iowa ' s future water needs is limited by the physical 
and technological data available to the eco nomist. Economic 
analyses will yield results no better than the physical ano 
technological coefficients with which the e conomist works 
and the results can be eve n less useful unle ss the e conomist 
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adapts his theories, models and tool s of anal ysis to the 
u n ique and complicated prob lems associ ated with water use . 

This means that economics mu st become a member of the 
team alongside geology , climatology , hydrology , soils , engi­
neer ing and other d i sciplines in identifying and evaluating 
alternative courses of action with the associated conse­
quen ces in the planning process. This means a multidiscipli­
nary approach to the understanding and solution of Iowa ' s fu­
ture water problems . 

The purpose of this paper is to explore with you some of 
the major economic considerations which appear essential in 
the planning process for meeting Iowa ' s future water needs. 

In pursuing this purpose , I address my remarks to three 
major questions. First, how can Iowa gain access to suffi­
cient water supplies to meet its growing needs in the years 
ahead? Second, how may water be allocated among competing 
uses and users in a manner that will facilitate rather than 
obstruct a growing economy within the state in the years 
ahead? Third, how may these development, allocation and use 
processes be managed through decision making and decision im- · 
plementation? 

My remarks in formulating possible answers to those ques­
tions are organized under the following headings: (1) Pro­
jecting demands and supplies of waters, (2) Allocating water 
among competing uses, and (3) Organizing water use and devel­
opment management entities. 

Throughout this paper, planning is considered an inter­
mediate but conjoint step between research and action. Re­
search is necessary to yield data and ideas for planning. 
And planning in using these data and ideas is basic to action 
in ameliorating the state ' s water problems. 

Projecting Demands and Supplies of Water 

In the planning process , efforts will necessarily be di­
rected to approximatin~ demands and supplies of water in the 
years ahead . Such approximations are necessary in providing 
essential elements of a normative and predictive framework 
of analysis . However, these approximations are not to be 
considered as aggregates but as segmented differentiated sup­
ply and demand approximations derived from relevant estima­
tors . Included in the differentiations are: (1) qualities 
linked with demands by amounts and qualities linked with sup­
plies by amounts, (2) spatial occurrences of quality-linked 
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supplies and of quality-linked demands and (3) temporal oc­
curren17s of quality-linked supplies and quality-linked de­
mands.-

Both the quality of available water supplies and qual­
ity of water demanded by particular uses are extremely vari~d. 
As the state and nation move toward quality control legisla­
tion and administration, quality-oriented research is sorely 
needed to help guide these actions. It appears that control 
legislation is moving further and faster than is supported by 
available facts. But this is part of the cost of the research 
establishment not performing timely and relevant studies. 

There are two fundamental characteristics of the supply 
of the demand for water insofar as quality is concerned. 
These are 1) quality heterogeneity of water supplies, and 2) 
quality differentiation of demand according to uses. 

There remains a tendency to consider water a homogeneous 
commodity or factor as the case may be. However, it is be­
coming increasingly obvious that water is extremely hetero­
geneous and it (in its supply and in its demand) is highly 
differentiated in quality as well as spatially and temporar­
ily. In fact, it may be useful to think of numerous water 
commodities and many water factors. Besides quality deter­
minants, there are both spatial and temporal differentiating 
determinants in addition to structure rigidities mentioned 
earlier. 

In referring to demand, further differentiation is re­
quired in terms of direct and derived components of demands. 
This differentiation becomes important in systems analysis 
involving regional accounts as well as in those allocations 
which must be made through ordinal rather than cardinal ori­
ented criteria. Thus, not only must we solve the complex 
problem of determining the technical coefficients for water 
used as an input, but also the even more difficult one of 
specifying the demand for water as a "final product," with 
all of the difficulties inherent in specifying the ordinally 
ordered and non-economic parameters. 

Quality Heterogeneity of Water Supplies 

A particular supply unit of water may be hard or soft, 
warm or cool, colored or clear, or it may vary in many other 
ways. The common chemical formula for water, H20 has t e nded 
to impute a homogeneity to water which actually does not ex­
ist. During recent decades the structure o f water has b een 

1/ For further discussion of these differe ntiations see Ack­
erman and Lot, 1959. 
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complicated by the discovery of three isotopes for both hy­
drogen and oxygen which results in mixtures of thirty-three 
different substances. Thus, water is not a simple single 
compound but is extremely complicated. 

Water has many unusual properties which vary among ex­
isting supplies and condition its use. Water occurs in three 
distinct forms, solid, liquid, and gas. While most sub­
stances contract when frozen, water expands. In addition, 
water has a very high heat capacity and surface tension. It 
easily dissolves many compounds which thereafter remain in 
solution, thus earning for water the title, "universal sol­
vent." Water quality varies tremendously through impurities 
which are introduced by natural as well as man-made forces. 
Thus, various water sources possess different qualitites that 
must be appraised in terms of the use to which a particular 
source of water is to be put. 

Quality Differention of Demand for Water~/ 

A supply of water with a particular quality may serve 
a number of purposes unequally well. Different uses demand 
different properties in water or at least vary in their tol­
eration of particular properties. For example, living cells 
may require the presence of certain minerals in water, whereas 
battery cells will not tolerate minerals. Quality of water 
must necessarily be associated with a particular use. Dif­
ferent qualities are required (or tolerated) for human con­
sumption, navigation, power, irrigation, food processing, 
manufacturing, air conditioning, recreation, and fish and 
wildlife propagation. Even within each of these major cate­
gories specialized demands require different water qualities. 
Within the recreational use, swimming, fishing, and boating 
possess quality differentiations . Within manufacturing, 
beer, aluminum, paper, and synthetic fiber production possess 
important quality differentiations. 

Thus, the "quality mix" of a particular water supply 
must be appraised in terms of the uses to which it is put. 
Water quality suited for one use may be absolutely unsuited 
for another use. For instance, navigation purportedly can 
tolerate the lowest quality mix, requiring basically only a 
little water surface and adequate depth. It appears that 
there is little, if any, relevancy for an universal quality 
standard. On the other hand, quality standards must be 

y For discussion of a theoretical framework for handling 
conflicts between demands for water of different quali­
ties, see Timmons and Dougal, 1967. 
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developed in relation to the specific uses to be made of par­
ticular water supplies in the process of satisfying human 
wants. 3/ 

Recent water use projections for Iowa suggest that the 
. gross use of water may be expected to increase 4.1 percent •. 

Allocation and/or Development 

Recent concern with water has emphasized development of 
additional supplies rather than reallocation of present sup­
plies. As stated in the Rand Corporation Research Study: 
"Essentially all the limited analytical attention devoted in 
the past by other author,s to the technology and economics of 
water supply has been directed to the question of when and 
how to develop additional water supplies and not to the 
question of whether existing supplies are being well utilized. 
Perhaps this has been due to the romantic appeal of solutions 
to water problems through construction of great dams and 
aqueducts as compared with the undramatic nature of solutions 
through better utilization on reallocation of existing sup­
plies." (Hirshleifer, DeHaven, Milliman, 19 60, p. 4) • 

The North American Water and Power Alliance (NAWAPA), 
and Missouri River Diversion Canal Proposals, aside from the 
proliferous smaller projects such as the Central Arizona Pro­
ject (CAP), carrying ·price tags running into hundreds of bil­
lions of dollars and time lags running between one-third and 
one-half centuries, are illustrative of the water development 
insanities visited upon the nation. 

The rapidity of technological change including potential 
desalinization, cloud seeding, and chemical synthesis, pro­
vides sufficient uncertainties and perhaps probabilities of 
these long term projects being rendered obsolete and useless 
before they even reach completion. 

It appears that the major problems rest with allocation 
of existing regional supplies rather than in development of 
additional supplies. For example, one recent study in Ari­
zona reveals that seven sectors of the state's economy, 
which rank from first to seventh, inclusive, in amount of 
personal income generated per acre-foot of water, were allo­
cated only ten percent of the state's water supply. On the 
other hand, sectors ranking eighth to tenth, inclusive, were 
allocated 90 percent of the state's water. ( You~g and Mar­
tin, 1967, p. 12). 

l/ See Timmons, 1967. 
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Unless and until means are found and developed for a 
more efficient allocation of existing supplies, we cannot 
determine the needs or requirements for additional supplies. 
Furthermore, unless remedied, current built-in allocation 
inefficiencies most likely will be extended and perhaps fro­
zen into additional supplies as they are developed. 

Allocating Water Among Competing Uses 

Current allocative devices such as permits and the ap­
propriation and riparian doctrines if taken as "givens" se­
verely restrict analysis of water allocation within the 
framework of supply and demand. Efforts must be made in re­
search and planning, to use these allocative devices as de­
pendent variables in the allocation process. In fact, cur­
rent allocative devices, as determined through water rights, 
tend to make water a free resource within the limits of sup­
ply with resulting diseconomies of use 1) between uses, 2) 
in intensity of a particular use, and 3) through external­
ities. For example, under the Iowa Water Allocation Law, 
the payment of a $15.00 fee provides an individual (firm, 
municipality) with as much water as is needed for a "bene­
ficial" use. (Code of Iowa, 1966). It seems reasonable to 
interpret the statute as meaning any use is beneficial as 
long as the marginal productivity of the water is non-nega­
tive. The resulting ''uneconomic'' uses are not difficult to 
imagine. 

In bringing together the demands and supplies as differ­
entiated by quality, time and space in the approximations, 
we are confronted with the problem· of allocation if there 
is not in prospect sufficient supply of water of a specific 
differentiation to satisfy the demand of such a differentia­
tion. 

In this case, planning is concerned with the problem 
common to economics of allocating a scarce resource among 
competing ends. Such planning may pursue two major alterna­
tives or combinations thereof. These two alternatives are: 
(1) expanding and creating market mechanisms for water pri­
cing; and (2) institutional pricing through synthesizing 
market prices and costs as weights assignable to the several 
competing uses. 

Expanding and Creating Market Mechanisms for Pricing 

One alternative of allocation is to create market mech­
anisms wherein water is priced as a product or as a factor. 
Subject to restraints of spatial and temporal occurrence, wa­
ter could be metered and sold by private, government, or 
quasi government entities on a F.O.D. or F.O.B. basis. In 



149 

this manner, when a particular differentiated supply became 
scarce, price would ration the supply among the highest va­
lued uses, or call forth an increased supply as motivated by 
price or a combination of the two. 

This alternative would necessarily invalidate current 
existing claims to water, established through the various 
rights systems. This alternative has been discussed widely 
in the literature but very little research has been devoted 
to its elaboration and implementation. Professor Gaffney's 
ideas on this matter are certainly relevant and helpful. 
(Gaffney, 1962). 

Institutional Rationing 

Another alternative for allocating a scarce water sup­
ply component among competing uses would be through institu­
tional rationing. However, such rationing must be based 
upon criteria other than mere rights of use as is presently 
the case, if we are interested in getting water into uses 
with the highest value product. Here again, there are means 
whereby this object may be accomplished. As reasoned by 
Professors Young and Martin: " •.. It is presumed that signals 
offered by the price system should have relevance in alloca­
tion of water in Arizona." (Young and Martin, 1967, p. 9). 

As an economic basis for institutional rationing of wa­
ter whereby water is not put through market mechanisms and 
priced, there are two major approaches for assigning relative 
values to water in consideration of differentiated supplies 
and demands. These are value productivities and opportunity 
costing. 

Value Productivity 

In the value productivity approach, water would be 
priced through a synthetic market of shadow prices (defined 
by opportunity costs used in lieu of money prices) indica­
tive of imputed values of water in alternative uses through 
input-output analysis. Alternatively, water could be allo­
cated on the basis of relative contributions by uses to state, 
products or incomes through sector accounting processes. Ta­
ble 2, taken from the Young and Martin Arizona study, reveals 
that the manufacturing sector ranked first in terms of perso­
nal income generated per acre-foot of water with a $82,301 
payoff. 

However, over 90 percent of the water was allocated to 
the agricultural sector with payoffs only in the $14 to $80 
range which was less than one thousandth the payoff of water 
used in the manufacturing sector. 



Table 2. Personal Income Per Acre-Foot of Water Intake in 
Arizona Sectors and Rank of Each, 1958.a/ 

Percent of 
Arizona Water 
Consumed 

Sector 

Food and Feed Grains 
90% Forage Crops 

High Value Intensive 
Crops 

Primary Metals 
Livestock and Poultry 
Utilities 
Mining 

Dollars of 
Personal Income 
Per Acre- Footb/ 

14 ( $3) d/ 
18 ( $1} d/ 
80 ($13,d/ 

1,685 
1,953 
2,886 
3,248 

10% Agricultural Processing 15,332 
Industries 

Trade Transportation 60,761 
and Series 

Manufacturing 82,301 

a 
Source: Young & Martin, 1967. 

b 

Sector 
Ranke; 

10 
9 
8 

7 
6 
5 
4 
3 

2 

1 

Personal income is defined to include wages and salaries, 
rents, profits, and interest. 

C 
Ranked from highest (1) to lowest (10) value added. 

d 
Additional personal income generated indirectly from inputs 
purchased from other sectors. 

Interpreting the results of this analysis, the authors 
conclude that, " ••• if, the problem is to obtain maximum eco­
nomic growth for the state, this water must generate benefits 
in excess of costs of transporting and distributing it. 
Since this is not the case reallocation of available water 
becomes the preferred solution." (Young and Martin, 1967, 
p. 18}. 

Opportunity Costs Estimated from Shadow Pricing 

Another approach which is complementary to the value 
productivity and income generated ideas briefed above, is 
based upon opportunity costing analysis wherein the cost is 
suggested in the form of shadow prices estimated from 
relinquished or diminished options. 

t 
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Four components of opportunity costing analysis are con­
sidered here. They are a) relinquished use options, b) di­
minished use options, c) relinquished supply-source options, 
and d) relinquished supply treatment options. The first two 
components are very similar to the case cited by Professor 
Gaffney wherein each wild duck taken in Ventura County Cali­
fornia used $560 worth of water valued in terms of lima bean 
production sacrificed by water used in the duck club. (Gaff­
ney, 1962, p. 200-02). 

Relinquished use options. The price of a particular 
use may be imputed from the cost of the use option(s) relin­
quished in the achievement of the particular use. For exam­
ple, the denial or forced cessation of use of water from a 
stream by an industrial plant results in an annual loss of 
$100,000 worth of product as the plant goes out of business 
in order to protect the annual production of 25,000 trout 
annually. In this example the production of trout becomes 
the use allocated. Even though the price of trout may be 
difficult to determine in the market, the price may be esti­
mated from the cost of the relinquished use forced out in 
the allocation process. In this instance, the trout would 
have an imputed price of $4 each. 

Diminished use options. Continuing with the same exam­
ple, let us assume that the 25,000 trout could be produced 
annually with a reduction in product by the industrial plant 
of $50,000 annually. In this case the use diminished amount­
ing to $50,000 would impute a price to the trout of $2 each. 

Relinquished supply source options. Continuing with 
the same example, let us assume that the industrial plant 
could either obtain its water from another source or could 
release its effluent in another manner. Let us further as­
sume that this alternative source of water or effluent dis­
posal would cost the plant $50,000 more than the cost of the 
use of the trout stream. In this case, the relinquishment 
of the stream by the plant in order for the 25,000 trout to 
be produced would yield an imputed price to the trout of $2 
each. 

Relinquished supply treatment options. Let us assume 
further that the industrial plant could treat its effluent 
in a manner that would not affect adversely trout production 
in the stream for a cost of $25,000 but the plant would re­
main in business with a net product value of $75,000 rather 
than $100,000. In this instance the price imputed to the 
trout would be $1 each. 

Through these suggestions, it would appear there are 
numerous criteria and tools whereby the allocation of water 
may be evaluated. Also, it is obvious that present legal 
systems of water allocation do not discern between use values 
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and within use levels of application. Consequently, water 
becomes a free resource to the extent of its availability as 
determined by existing water rights with no incentive to eco­
nomize. 

Organizing Water Use and Development Management Entities 

In bringing together within a planning unit the several 
differentiated supply and demand components, in the interest 
of optimizing all uses from a scarce water supply, we become 
concerned with decision making units which we shall term "ma­
nagement entities." River Basins or Water Resource Regions 
have been delimited in an effort to approximate such water 
use entities. The North Central Region of the United States 
is made up of all or parts of seven Water Resource Regions 
for purposes of comprehensive planning by the Water Resources 
Council which was established by Congress in 1965. (Water 
Resources Planning Act: U. S. Statutes at large 79, chapter 
244, 1965). These regions are much too large and hetero­
geneous to provide the supply-demand use entities required 
for allocative purposes even though useful at a particular 
level of aggregation. 

Proposals were presented to the Sixty-third Iowa General 
Assembly which would form six Conservancy Districts within 
Iowa. 

Several determinants appear important in identifying wa­
ter use entities for purposes of economic analyses. Included 
among these determinants are space, time, quality, technology, 
source, benefits, costs and incidence. 

Spatial determinants are important wherein water pro­
blems are modified, intensified, or relaxed, depending upon 
the movement and congregation of people and industry. Cali­
fornia is a classical example, as well as the Pacific South­
west. 

Temporal determinants appear to be important insofar as 
flow probabilities, frequencies, and risk are concerned. 

Quality determinants need to be considered in regards 
to actual industrial sensitivity and response to quality mix 
of water. Food and beverage processing industries for pack­
aged products may be the most sensitive, as well as drinking 
water, but many large users of water may be quite insensitive 
to the quality mix. So what percent of water use is in the 
latter category? Certainly recreation, fish and wildlife 
uses are affected, but what about the high income producers? 

• 
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Technological determinants offer the most hope for con­
tinuing to be able to solve water problems. Pricing systems 
will affect the amount of emphasis to be placed on technology 
and water saving research. Consequently a feed-back exists 
from political process in regard to this determinant. 

Source determinants are also reflected to some extent 
in spatial determinants. However, in the case of ground 
water versus surface water and use and re-use (versus new 
supplies), we have unique source variables. 

Costs, benefits, and incidences are determinants, and 
as outlined by Boulding, there is a strong social case for 
making water expensive to accomplish improvement in techno­
logy, and to make water "dear," even by taxing it if neces­
sary. (Boulding, 1964, p.91). 

Following the identification of supply-demand management 
entities based upon the criteria of determinants as outlined 
above, we become concerned with optimizing water use includ­
ing internalizing the externalities. 

In the use of water by private or by public firms exter­
nal diseconomies frequently arise among competing uses whereby 
part of the costs of use are shifted to other firms (indepen­
dent economic units) in a spatial or temporal incidence. 
Through this process dissociation problems arise whereby cer­
tain water costs of one use are transferred to other water 
uses. Therein subsequent water uses are made more expensive 
or thereby other uses are foreclosed entirely. For example, 
the effluent discharged by a private or public firm, such as 
a municipality or a dairy product processing plant respect­
ively, would change the quality of the water to the extent 
that fishing or swimming downstream would be prohibited or 
decreased. 

Dr. Allen Kneese has concluded that ''a society that al­
lows waste dischargers to neglect the offsite costs of waste 
disposal will not only devote too few resources to the treat­
ment of waste but will also produce too much waste in view 
of the damage it causes." (Kneese, 1964, p.43). 

This type of dissociation may be interspatial or inter­
temporal in the sense that the costs are transferred either 
to other geographical areas or to future points in time. 

On the other hand, benefits may be shifted or external­
ized from costs incurred by water users in making investments 
which yield a water quality also required by other uses. If 
the investor in water quality cannot capture the benefits 
required to provide the incentive to make the investment, he 
may be compensated by users who receive the benefit. Presu­
mably, a surplus of benefits would be created which would 
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constitute a base for compensation. Or users could be organ­
ized into investment groups who would share the costs in re­
lation to benefits received from the water quality investments 
The formation of a water quality district would be an appli­
cation of this concept. 

Consider another example of this type of dissociation as 
it relate& to quantities of water. A large municipality con­
structs a reservoir for water supply. Its use is largely non­
consumptive. Assume that an efficient waste treatment plant 
in the city discharges a high quality effluent into the down-· 
stream channel. If irrigators or other water users make sub­
sequent beneficial use of that water in the downstream chan­
nel, without compensation, the municipality has failed to 
capture all of the benefits of its investment. This situa­
tion has occurred in Iowa below the Coralville Reservoir in 
the case of irrigation and potentially could occur in other 
situations in the State. It points out inadequacies of the 
present Iowa water allocation system. 

l The level or size of the multidimensional objective 
function must be determined as well as the division of wel­
fare and the means for dividing the welfare. Thus, the size 
of the income pie, the size of the pieces distributed and 
nature of the instrument for cutting the pieces are all im­
portant facets of the process. As stated by Professors Young 
and Martin: "We advocate choices which would maximize the 
aggregate income of the state's population. In addition, we 
require that no one segment of the population should gain an 
unfair advantage over any other segment in the distribution 
of income gains. We are concerned with the size of the ''in­
come pie" attributed to each alternative water policy and 
the division of this pie. (Young and Martin, 1967, p.9). 

Various levels of firms could be formed within or from 
management entities corresponding to the incidences of allo­
cation decisions to be made. Decisions made at lower or 
smaller aggregations must necessarily be consistent with de­
cisions (but not necessarily the same kind of decisions) made 
at highe~ pr larger aggregations of determinants discussed 
earlier . !! 

For a more extensive discussion of 
regional public districts , and the 
of activities and functions in one 
ment firm, see Smith , 1964 . 

the types of local or 
needs for consolidation 
water resource manage-



155 

These types of firms, from an analytical viewpoint, are 
not unlike the multiple firm aggregations dealt with in water­
shed analyses using linear programming tools • .2/ Also, the 
research approach from an analytical viewpoint may use sys­
tems analysis as applied conceptually at least to river ba­
sins.GI 

In summary, we have posed three major questions relating 
to the planning for Iowa's future water needs. In pursuing 
the means for answering these questions we have suggested 
the need for a multidisciplinary approach with the kinds of 
issues with which economics is concerned. These include 
estimating water demands and supplies and differentiated by 
quality, time and space. Also, the allocation of water among 
competing uses is discussed in terms of using market and in­
stitutional criteria. Procedures are suggested for placing 
relative values on water in competing uses in terms of pro­
ductivity and opportunity costing. Finally, the need for 
and nature of management entities are outlined as a decision 
making basis for planning and carrying out specified uses 
and developments of water resources. In the presentation, 
the conjoint interrelationships between planning, research 
and action (or implementation) have been suggested. 

Journal Paper No. J-64 71 of the Iowa Agriculture and Home 
Economics Experiment Station, Ames, Iowa. Project No. 1445 

5/ See Pavelis, Johnson, Schroder & Timmons, 1961. 

6/ See Maas, Hufschrnidt, Dorfman, Thomas, Marglin & Fair, 
1966. 
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Water resources research is, I believe, except for re­
search in the science of peace, the most important research 
area of modern times. I shall talk about some important 
areas of water research needed in Iowa but a few preliminary 
remarks seem pertinent. 

Food, water, clothing and shelter are considered essen­
tial for man's life. But food and water are more important 
than clothing and shelter. Man has lived without clothing. 
In the winter of 1834, when Charles Darwin sailed around the 
end of the South American continent in the Beagle, he saw 
Indians at Tierra del Fuego going naked in the snow. 

Water is more important than food. A person can go many 
days without food, but not without water. In Arab countries, 
the people fast during their month of Ramadan. If Ramadan 
falls in the summertime, it is a severe hardship because no 
water or food can be taken from sunup to sundown. The more 
devout Muslim while working during Ramadan in the hot summer 
fields does not even swallow his saliva. In the Sahara De­
sert, the most vicious act of an enemy is the poisoning of 
a well. 

To come closer to home, I might say that I grew up in 
Utah, a grandson of Mormon pioneers who came to that then 
desert, unproductive land to be left unmolested in their re­
ligion. There the Mormon pioneers learned to irrigate. I 
early learned the importance of water because my father had 
farms on which my brothers and I worked during the summers. 
One farm was under the lower canal, and the other under the 
upper canal. The upper canal only had water when the snow 
in the mountains was normal. In years when the snowfall was 
less than normal, there was no water in the upper canal, and 
the fields of the upper farm did not produce. The farms un­
der the lower canal had water from Utah Lake, and this water 
could be depended on. Among my father's farm hands, we had 
a full-time irrigator. One of my first surprises in the area 
of water science was to learn that our irrigator we nt out t o 
irrigate when it was raining. Our irrigator knew from his 
experience, or that of others, that a Utah s ummer rain did 
not provide the water of a good irrigation. 

1/ Journal Paper No. J-6240 of the Iowa Agriculture and Home 
Economics Experiment Station, Ames, Iowa , Project 998. 
Work supported in part by the Department of the Inte rior, 
Office of Water Resources Res. P.L. 88-379. 
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An important water problem I learned about when I was 
in Utah was salting of soil through improperly applied irri­
gation water. There was a whole community in Utah that had 
abandoned its settlement because improperly applied irriga­
tion water had, by evaporation, brought excess salts to the 
soil surface and poisoned their farm land. I learned of 
other problems. One of my uncles had to put in tile drains 
12 feet deep to keep salt from rising to the surface of a 
soil. Also some waters were suitable for irrigation, some 
not. Water was the very essence of these people's physical 
lives. My mother's father was an early leader in arid Mil­
lard County, Utah. One of the towns in Millard County was 
and still is called Oasis. I shall never forget my mother 
telling me that my grandfather, when she was only 3 years 
old, died from illness contracted while repairing a break 
in an important irrigation canal. 

In those days, much of the water knowledge came through 
experience. We are more sophisticated now, but our problems 
have multiplied. There are, not only those of getting enough 
water for domestic purposes and for our crops, but also the 
whole problem of water pollution has arisen. Our streams 
and lakes that used to provide recreation have become fouled 
by improper use. Water pollution is now a distinct area of 
research. Nevertheless, some of the water problems I met as 
a boy are still with us, and research is still needed on 
those problems. We still ask: How much water is required 
to produce a crop of corn? How much for soybeans? Potatoes? 
Plants use more water than they need. This is called luxury 
consumption. How can this be stopped? What is the best way 
to prevent soils from salinizing in reclaimed land areas 
where the sun brings salts to the surface when irrigation wa­
ter is supplied? In Iowa, when should supplementary irriga­
tion be applied to increase our crop yields? 

The Iowa State Water Resources Research Institute 

Our nation's water problems have become so acute in re­
cent years that Congress has called on the land grant univer­
sities of the nation to set up water resources institutes for 
university-level research on water problems. The land grant 
universities were selected for the establishment of these 
water-resource research institutes because the land grant 
universities had made such an outstanding record in research 
in agriculture and related areas. America, through land 
grant universities research, had attained the highest stan­
dards of agriculture production in the world. By the 1964 
Water Resources Research Act, Congress has now helped to est­
ablish water resources research institutes in the 50 states 
and the Territory of Puerto Rico. The institute in Iowa is 
called the Iowa State Water Resources Research Institute, and 
in keeping with the times we abbreviate it ISWRRI (mnemonic: 
is worry!). 
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I believe it is important for those attending this sym­
posium and those others who will read the published report of 
the sumposium to know about the organization of ISWRRI. The 
state institutes, although they are all funded from Washing­
ton, D.C., in the same way, are not all set up the same way. 
In Iowa, there is the Director, who happens now to be me, and 
a council of eight members. The council members are appointed 
by the Vice President of Research of Iowa State University 
and presently are: Dr. E. R. Baumann, Professor of Sanitary 
Engineering; Dr. Robert Bachmann, Associate Professor of Zool­
ogy and Entomology; Dr. Keith M. Hussey, Head of the Depart­
ment of Earth Science; Dr. Howard P. Johnson, Professor of 
Agricultural Engineering; and Dr. John F. Timmons, Professor 
of Economics, all from Iowa State University, Ames. From the 
State University of Iowa, we have Professor J. w. Howe, De­
partment of Mechanics and Hydraulics; Professor N. William 
Hines, School of Law and Agricultural Law Center, and Dr. 
John F. Kennedy, Director of the Institute of Hydraulic Re­
search. An important function of the Council is to evaluate 
and recommend which research projects should be funded by 
Washington for the "annual allotment grant" made to each wa­
ter resources research institute. Presently this amount is 
$100,000 a year. Another function of the Council is to eva­
luate and recommend the funding of so-called matching grant 
projects submitted to the Institute. Suitable projects are 
rated and sent to Washington, and, if the university or other 
sponsor of the applicant puts up half of the amount, the 
federal government will put up the other half. We now have 
7 matching grant projects in operation, and we have had 32 
allotment grants, 18 completed, 14 in progress. Besides the 
selecting of the allotment and matching grant projects, our 
council members advise our legislature, other public groups 
and the public, when called upon for special water knowledge. 
I must say that ISWRRI cooperates very closely with estab­
lished research units, both on the university campuses and 
elsewhere. The Water Resources Research Act of 1964, under 
which we operate, states that we are not to interfere with 
other water resources research projects, and we are advised 
to keep in touch with the research projects going on in these 
other agencies. This is the reason we meet annually with all 
the agencies we know of who have strong interest in water re­
source research. These agencies advise us on important areas 
of research. Presently (April 1969), the "allotment" and 
matching grant'' projects that have been or are being supported 
by ISWRRI, some of them suggested by the agencies we meet 
with, are as follows: 

ISWRRI Allotment Grant Projects 

1. Economic factors in the establishment of water quality 
stream standards ( 1966-196 8) (dates are inclusive) 

2. Evaluation of flood damage to corn from controlled depth 
and frequency of flooding (1966-1968) 
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3. Moisture movement to vertical sinks in water-unsaturated 
soil (1965-1968) 

4. Recession characteristics of Iowa streams (1966-1968) 
5. competitive recreational uses of selected Iowa lakes 

(1966-1968) 
6. Discharge--valley form relationships of selected Iowa 

streams (1966-1968) 
7. To collect, characterize and study the biodegradability 

and the chemical oxidation of carbon-adsorbed materials 
from effluents from sewage plants (1966-1968) 

8. Pollen and diatoms in sediments of a post-Pleistocene 
lake (1965) 

9. Preirnpoundment survey of vegetation of Saylorville Darn 
impoundment area (1965) 

10. Legal aspects of small watershed program in Iowa (1965) 
11. The movement of radionuclides through soil formations 

(1966-1967) 
12. Geology of the regolith aquifers of the Nishnabotna Basin 

(1966-1968) 
13. Properties of tile drainage water (1966-1968) 
14. Influence of geohydrology on landscape and soil formation 

(1966-1969) 
15. Laboratory investigation of flow in river bends (1966-

1967) 
16. Reoxygenation of Iowa streams (1966-1968) 
17. Feasibility of fish production in tertiary waste treat­

ment ponds (1968-1969) 
18. Economic analysis of alternative water pollution control 

measures (1968-1969) 
19. Model flood-plain zoning ordinance (1968) 
20. Energy loss of flow around alluvial channel beds (1968) 
21. Using soil filtration to reduce pollution potential of 

lagoon effluent entering ground water system (1969) 
22. Management of cattle feedlot wastes (1969) 
23. Waterfowl populations and recreational use patterns in 

the proposed Saylorville Reservoir area as related to 
preirnpoundment conditions (1969) 

24. Development of a mathematical model for the simulation 
of flat-land watershed hydraulics (1969) 

25. Development of pulsating adsorption filter for tertiary 
treatment of waste waters (1969) 

26. Simultaneous flow of water and heat in water-unsaturated 
Iowa soils during evaporation (1969) 

27. Lirnnological factors affecting pesticide residues in sur-
face waters (1969) 

28. Effects of lirnnological factors on water treatment (1969) 
29. Effects of river curvature on resistance to flow (1969) 
30. Interrelationship of surface and subsurface flow in the 

Nishnabotna drainage basin (1969) 
31. Use of infrared and other radiation techniques to evaluate 

drought in Iowa and adjacent areas (1969) 
32. Treatment of aqueous agricultural wastes for clean water 

and for microbial protein production (1969) 
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ISWRRI Matchi ng Grant Projects 

1 . Study of operation of the Iowa water permit system (1966 ) 
2 . Ground-water seepage patterns to wells for unconfined 

f low (1 96 7 ) 
3 . Physical, l egal and economic aspects for assessment of 

costs among drainage districts (1968) 
4 . Struc t ure of forest bordering the Saylorville Impound­

ment (1967) 
5 . Analysis of the economic implications of the permit sys ­

tem of wat er allocation (1968) 
6 . Economic analysis of organization of water users (1968) 
7. Flow of water into tile drains in stratified soils (1969) 

THE ISWRRI ADVISORY COUNCIL 

I have said that the ISWRRI council meets annually with 
an advisory group of representatives of state and federal 
agencies concerned with water problems. Agencies presently 
represented , with identification letters for later reference, 
include: 

STATE AGENCIES 

1. Iowa Conservation Commission (ICC) 
2. Division of Fish and Game, Iowa Conservation Commission 

(IFG) 
3. Iowa Highway Commission Materials Office (IHM) 
4. Iowa Highway Research Board (IHR) 
5. Iowa Natural Resources Council (INR) 
6. Iowa State Department of Health (IDH) 
7. Environmental Engineering Services, Iowa State Depart-

ment of Health (IES) 
8. Iowa Water Pollution Control Commission (IPC) 
9. Iowa State Soil Conservation Committee (ISC) 
10. Drake University (IDU) 
11. Iowa State University Veterinary Diagnostic Laboratory 

(IVL) 
12. Iowa Development Commission (IDC) 

FEDERAL AGENCIES 

1 . U.S. Geological Survey (USGS) 
2 . Soil Conservation Service (US-SCS) 
3 . Soil and Water Conservation Research Division, Agricul­

tural Research Service (US-ARS-SCS) 
4 . U. s . Bureau of Public Roads , Division of Bridge Engi ­

neering (USBPR) 
5 . u. S . Fish a n d Wildlife Service Bureau of Sport Fisheries 

and Wildlife (USFWL) 
6. u. S. Weather Bureau (USWB) 
7 . Federal Water Pollution Control Administration (FWPCA) 
8 . U. S . Bureau of Outdoor Recreation (USODR) 
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10. 

U.S. Army Engineers 
and Omaha districts) 
North Central Forest 
(USFS) 

(Rock Island, St. Paul, Kansas City 
(USCE) 

Experiment Station of the U.S.D.A. 

Water Research Needs 
as Suggested by the ISWRRI Advisory Council 

This list includes 12 state agencies and 10 federal 
agencies. The representatives of these agencies have sug­
gested important areas of research that I shall list, needed 
for Iowa. The list emphasizes the importance of water re­
sources research. This list should stimulate and help re­
search workers in their selection of problems, some of which 
we hope our Institute can support financially. Some of the 
items in the list, especially from 1966 and 1967 are being, 
or have been, worked on to a limited extent. The list is 
not in order of priorities, and there is some overlap from 
year to year. Some of the items are given almost verbatim 
as they were presented at our Advisor's Meeting. For con­
formity of presentation, quotation marks have been omitted. 
An agency seeming to have a major interest in the item, gen­
erally the agency that suggested the item, has its initials 
given. 

For the Year 1966 

1. There is a need for basic information on which to 
base water quality standards applicative to industry, farmers, 
and municipalities. There is a need for basic stream data 
such as temperature, oxygen content, and pH. ·rhere are pro­
blems with taste and odor of fish, such as the gassy flavor 
of channel catfish from the lower Des Moines River. (ICC) 

2. There is an anticipated great increase in concentra­
tion of large farm feedlots. There is a need for guidelines 
to be set up for disposing of wastes from such feedlots be­
fore they are established in great numbers. (IDC) 

3. There is need for a deeper channel in the Missouri 
River for providing a means of exporting farm commodities. 
What is the best way to deepen the river and maintain it? 
(IDC) 

(The next 7 items are from the u. S. Geological Survey.) 

4. Elimination or control of iron bacteria in wells. 
(USGS) 

5. Development of an inexpensive method of sulfate re­
moval from ground-water supplies. (USGS) 

6. Determination of nitrate buildup in streams and 
ground-water systems. (USGS) 

7. Impact of pesticides and insecticides on water sup­
ply systems. (USGS) 

• 
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8 . Laboratory studies to develop effective and inex­
pensive str uc t ures to control channel meandering in loess 
soils . (USGS) 

9 . Development of inexpensive instrumentati on for mea­
suring low-velocity flows. (USGS) 

10 . Effects of urb anizat ion on peak flows and water 
qual ity . (USGS) 

11. Some of the water-related problems involved with 
highway construction and maintenance are: erosion from bare 
soil (need work on both methods of checking erosion and costs 
of the me t hods), effects of using weed and brush killer, 
salt problems from highway deicing (a commonly used additive 
is chromium), and risks due to storage of salt, asphalt, or 
chemicals in large depots. (IHM) 

12. Legal research for regulation of the transportation 
and storage of fertilizers, asphalt, etc., from the stand­
point of possible contamination of ground or surface water. 
(IHM) 

13. Research on drainage structure design, on back wa­
ter, and on periods of inundation, for highway engineering 
design. (IHR) 

(The next 18 projects are from the Iowa Natural Resources 
Council) 

14. Economic evaluation of water resources developments 
with regard to benefits and losses attributable to flood con­
trol, recreation, fish and wildlife, water supply, water 
quality control, and irrigation. (INR) 

15. Hydrology and planning with emphasis given to the 
smaller (150 sq. mi. or less) drainage areas. (INR) 

16. Research on the origin and movement of sediment 
from the uplands to the mouths of the state rivers including 
the effect of sediment load on fish and wildlife, water 
treatment requirements and problems, reservoir life, and ri­
ver behavior. ( INR) 

17. Scour and sediment relationships with regard to en­
gineering works. (INR) 

18. Behavior of bridges and road embankments during 
flood flows, both in the laboratory and in the field. (INR) 

19 . Adaptability of recreational use of flood control 
reservoirs or other type reservoirs with large pool fluctua­
tions. ( INR) 

20. Channel stabilization methods taking into account 
effects on fish , wildlife, and recreation, first cost, main­
tenance costs, and benefits to agriculture and flood-plain 
improvements. (INR) 

21. Evapotranspiration rates of common Iowa crops and 
total water use for specific yields. (INR) 

22. Economic feasibility of irrigation of various Iowa 
crops. ( INR) 

23. Value of capillary fringe moisture and relationship 
between depth of water table and value of capillary fringe 
moisture . ( INR) 
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24 . Quality of farm drain tile discharge and filters 
needed to remove any contaminates . (INR} 

25 . Prediction of low flows from soil moisture , climato­
logical, and other readily available data. (INR} 

26. Evaporation from open water versus evapotranspiratior 
from an equal area of marsh vegetation. (INR) 

27 . Correlation between rainfall, ground-water levels, 
and sustained low stream flows . (INR) 

28 Artificial recharge possibilities of ground-water re­
servoirs in Iowa. (INR) 

29 . Industrial use of water by unit of product. (INR) 
30. Effect of generation plant on stream with and with ­

out cooling towers (consumptive use versus temperature rise 
of water in stream). (INR) 

31 . Model county and municipal flood-plain ordinances 
under existing statutes and judicial decisions. (INR) 

(The next six projects are from the Iowa Environmental 
Services , Dept. of Health.) 

32 . Information is needed to help establish public 
health regulation standards. (IES) 

33 . The fate of nitrates in soil. (IES) 
34. How to minimize salt as a water pollutant. (IES) 
35 . A better measure of pollution than the number of 

coli bacteria present. (IES) 
36. Better ways to remove tastes and odors from water. 

(IES) 
37. Find the safety factors needed in case of a break­

down of a sewage treatment process, such as might be caused 
by a power failure. (IES) 

38. Since silt is probably our greatest pollutant, there 
exists a real need for methods and ways to minimize erosion. 
Larger farm machinery is making it very difficult to utilize 
some present-day conservation practices meaning that new 
easier-to-use practices are needed. The problem of erosion 
is even more important because there will be more acres of 
row crops in the future to meet expanding national and world 
food needs . In addition to problems arising from soil losses 
from agricultural lands, there is also a problem of silt 
losses from real estate developments. (ISC) 

39. Research on educational programs to get the public 
to accept Soil Conservation Service recommendations. (US­
ARS-SCS) 

(The next four projects are from the u. S. Soil Conser­
vation Service o) 

40. Problems associated with the sulfates in the ground 
waters of southern Iowa . (US- SCS) 

41. Waste disposal methods for large feedlots. {US- SCS) 
42. Influence of pesticides, etc., on the soil by the 

year 2000 or 2020. (US-SCS) 
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43. Turbidity of lakes in relation to adjacent soil type. 
(US-SCS} 

(The next six projects are from the u. s. Bureau of Out­
door Recreation.) 

44. Demand for water-oriented recreation (this is an 
area of little known but often needed information). (USODR) 

45. Development of design and use standards and of esti­
mates for costs of land and facilities for outdoor recrea­
tion. (USODR) 

46. Economic impact of outdoor recreation developments 
in regard to recreation expenditures, seasonality of econo­
mic benefits, and techniques to stimulate complementary de­
velopments. (USODR) 

47. Effect of water quality upon the recreational uses 
of waterways and impoundments. (USODR) 

48. Evaluation of effect of low flow releases from im­
pounded water on downstream recreation and natural beauty. 
(USODR) 

49. Determination of ways and means to assure compati­
ble uses of available water and in particular with regard 
to recreation. (USODR) 

50. The stability of structures for training rivers, 
in particular, dikes. (USBPR) 

51. Influence of engineering projects on recessions of 
rivers, such as effects of dumps on a river plain. (USBPR) 

52. Preimpoundment studies of the Saylorville Reser­
voir area. (USCE) 

53. Water-quality standard for reservoirs and data on 
the recreational use of reservoirs. (USCE) 

(Projects 54 through 63 are from the U. s. Bureau of 
Sport Fisheries and Wildlife.) 

54. Recreational use patterns on the Des Moines River 
and Big Creek areas scheduled for inundation by the Saylor­
ville Impoundment. (USFWL) 

55. Furbearer and waterfowl use patterns and ecology on 
the Des Moines River and Big Creek areas scheduled for inun­
dation by the Saylorville Impoundment. (USFWL) 

56. Chemical, biological and siltation effects of feed­
lots on farm ponds, lakes and streams. (USFWL) 

57. Occurrences of water-borne diseases in ponds, lakes 
or streams, receiving runoff from feedlots for cattle and 
hogs. (USFWL) 

58. Management of water areas and land for waterfowl 
spectacle for general outdoor recreational use. (USFWL) 

59. Movement of fertilizers and insecticides from farm 
lands to ponds, lakes, and streams, and underground water 
supplies. (USFWL) 

60. Soil erosion, silting, and pollution as affected by 
recreation area site development and area overuse. (USFWL) 
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61. Design criteria for use in construction of lagoons, 
holding tanks, digestion tanks, and leaching fields for dis­
posal of wastes from farms, roadside rest areas, recreation 
areas, and rural industries. (USFWL) 

62. Hydrology and ecology of farm ponds, lakes, and 
potholes. (USFWL) . 

63. Ecological effect of chloride contamination from 
salt application to highways and city streets. (USFWL) 

64. Bog and swamp hydrology. (USFS) 
65. Technical effectiveness of trees planted along 

stream banks to check erosion. (USFS) 
66. Research in the U.S. Weather Bureau Office of Hydro­

logy is directed largely toward the responsibility of the 
Weather Bureau for issuing forecasts of floods and river con­
ditions to the general public. Continuous flow forecasts are 
increasingly important for water supply, flood control, pol­
lution abatement, navigation, and many other purposes. For 
small water management structures, such as urban storm sewers 
and culverts, it is necessary to have flow data as to fre­
quency and volume of maximum flow. (USWB) 

67. A water-related problem in Veterinary Science is 
hjgh nitrate content in water. Nitrate contents from farm 
wells as high as 100 ppm (one was 2,800) have been measured. 
Ordinarily nitrate problems first show up as effects on re­
productivity or weight gains of livestock, but there is also 
an influence on human health (such as night blindness). They 
estimate that 15 to 20 percent of the Iowa farm water supplies 
have nitrate levels above 44 ppm. Commercial fertilizers 
are not believed to be the cause of these high nitrate con­
centrations. Research is needed on night blindness and wells. 
(IVL) 

Research Needs Suggested at the 1967 ISWRRI Advisors' Meeting 

Besides projects suggested in 1966 for which the research 
has not been started or completed, the Advisors suggested or 
reiterated the following: 

(The next two rather extensive items are from the Iowa 
Conservation Commission.) 

68. There is a need for intensified research on control 
of blooms of blue-green algae in lakes and streams. The 
State Conservation Commission is devoting much time and fu­
tile efforts to controlling these monstrous growths in the 
natural lakes, primarily in Dickinson County. Last summer, 
for example, 68,900 pounds of copper sulfate were used, most 
in East Okoboji. In spite of intensive efforts to maintain 
some control, the treatments are of little value, and of 
course, are very expensive. Copper sulfate is a poisonous 
substance and may have harmful affects on the biota even 
though presently they are difficult to appraise. Many of 
the lakes though, have been treated for 40 years with copper 
s u 1 fate • ( I CC ) 



169 

69. Research is needed to discover a new, more effec­
tive, and less expensive algacide, but preferably research 
should be directed toward natural controls. This could in­
volve some species of animal that would consume these 
growths at a sufficient rate and still not upset the preda­
tor-prey relationships of fish which is required for good 
angling. Efforts have been made to decrease the available 
phosphorus content from known sources of pollution. But 
this would be of little value except where treated sewage 
might enter a lake. The vast sources of watershed contamin­
ation virtually eliminates this approach. Some research has 
indicated that a reduction in the phosphorus content of lakes 
subject to heavy blooms might effectively control the growth. 
In view of the great amount of research that has been done 
over the past 30 or 40 years on this problem, it appears that 
a crash program is needed with virtually unlimited financial 
support such as the lamprey control study on the Great Lakes. 
A satisfactory chemical or biological control can be devel­
oped if sufficient emphasis is placed upon this increasingly 
vexing problem. Aside from the unsightliness of these offen­
sive primitive plant growths, occasionally certain species 
become extremely toxic to all warm-blooded animals that drink 
from the infested waters. Several catastrophic losses to 
wildlife and livestock have occurred in Iowa and elsewhere. 
Consequently, it is hoped that sufficient interest might be 
generated by this Institute to initiate a research program 
directed toward a solution of this problem.* (ICC) 

70. In Iowa, 80 percent of domestic water use is derived 
from ground water, yet roughly 1/3 of Iowa's ground-water 
supplies have high sulfate and nitrate concentrations. Sul­
fates may run as high as 2,500 parts per million (ppm) and 
nitrates 300 ppm. USGS gives high priority to the following 
research areas for 1967: {i) development of inexpensive 
methods of sulfate removal from ground-water supplies; {ii) 
determination of nitrate buildup in streams and ground-water 
systems; and {iii) elimination or control of iron bacteria 
in water wells. {USGS) 

71. Economic and social aspects of water resources re­
search should be emphasized. The new research should be di­
rected toward new codes to advise the public. (IHM) 

72. Water pollution caused by highway operations, road 
salting, road bank erosion, etc. (IHR) 

(Projects 73 through 89 were suggested by the Iowa Na­
tural Resources Council who believe items 73, 79, 83, 87 and 
89 should have high priority.) 

* In regard to item 69, ISWRRI is cosponsoring, with the 
Water Institutes of other Mid-Continent States, a research 
symposium at Iowa State University, Nov. 18, 19, 20, 1969, 
entitled ''The role of agriculture in clean water.'' The 
Iowa Agricultural Experiment Station, the Iowa State Ex­
tension Service, and other agencies are cooperating. 
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73. Economic evaluation of water resources developments 
with regard to benefits and l osses attributable to flood con­
trol , recreation , fish and wildlife, water supply, water qual­
ity contr o l, a n d irrigation . Such methods would aid in the 
determin ation of desirable water resources developments and 
the allotment of resources between uses where demand exceeds 
supply . The foregoing would consist of a number of coordi­
nated research projects. ( I NR) 

74 . Hydrology and planning with emphasis given to the 
small (150 sq. mi. or less) drainage areas. The studies 
might include the effects on runoff and flood frequency, ef­
fects of flood - plain encroachment on hydrograph shape and 
flood routing, economic factors affecting intensive flood­
plain uses , and effects of general urbanization of small 
watersheds. (INR) 

75. Research on the origin and movement of sediment from 
the uplands to the mouths of the state rivers including the 
effect of sediment load on fish and wildlife, water treat­
ment requirements and problems, reservoir life, and river be­
havior . (INR) 

76. Scour and sediment relationships with regard to en­
gineering works. Of particular interest is a study of the 
time dimension of scour at constructions during flood occur­
rences. (INR) 

77. Behavior of bridges and road embankments during 
flood flows, both in the laboratory and in the field. Method~ 
presently used should be examined for theoretical soundness 
and hydraulic coefficients should be tested by comparison to 
both laboratory and prototype experience. (INR) 

78. Adaptability of recreational use of flood control or 
other reservoirs with large pool fluctuations. (INR) 

79. Channel stabilization methods taking into account 
effects on fish, wildlife, and recreation, first cost, main­
tenance costs, and benefits to agriculture and flood-plain 
improvements. In addition, structural stability analyses of 
riprap and other measures used in channel works. (INR) 

80. Evapotranspiration rates of common Iowa crops and 
total water use for specific yields. (INR) 

81. Economic feasibility of irrigation of various Iowa 
crops. (INR) 

82. Value of capillary fringe moisture and relationship 
between depth of water table and value of capillary fringe 
moisture. (INR) 

83. Quality of farm drain tile discharge and filters 
needed to remove any contaminates. (INR) 

84. Prediction of low flows from soil moisture, clima­
tological, and other readily available data. (INR) 

85. Evaporation from open water versus evapotranspiration 
from an equal area of marsh vegetation. (INR) 

86. Correlation between rainfall, ground-water levels, 
and sustained low stream flows. (INR) 

87. Artificial recharge possibilities of ground-water 
reservoirs in Iowa. (INR) 
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88. Industrial use of water by unit of product. (INR) 
89. Effect of generation plant on stream with and with­

out cooling towers (consumptive use versus temperature rise 
of water in stream). (INR) 

(The next item with 5 subitems is from the Iowa Water 
Pollution Control Commission . ) 

90. Major water pollution factors in Iowa are: (i) an­
aerobic lag9ons, (ii) eutrophication of lakes, (iii) salt 
accumulation in ground-water supplies due to salts and corro­
sion inhibitors used in highway operations, (iv) fertilizers 
(use of anhydrous ammonia is increasing by leaps and bounds), 
and (v) pollution of surface waters by animals wastes. (IPC) 

91. Research on water capture on the land to reduce over­
land flow; also research on properties of tile drainage water 
should be continued. (ISC) 

92. The role of land treatment and use upon the availa­
bility and the quality of surface runoff needs further explo­
ration . None of the agricultural chemicals can do what they 
are intended to do if they are allowed to wash off in exces­
sive amounts. We need facts relative to the economics of 
keeping agricultural chemical (i.e., fertilizers, insecti­
cides and herbicides) as near to their point of application 
as possible. We need facts on the effect of land treatment 
measures (contouring, terracing , conservation cropping sys­
tems, etc.) on the quality and the rate of direct surface 
runoff. We need to anticipate future land use and agricul­
tural chemical use so that we might avoid some of the water­
related problems involved in their misuse. (US-SCS) 

93. Quantative and reliable data should be obtained re­
garding the level of nitrates coming out of tile drains. In 
northeast Iowa, the problem of surface drainage into sink 
holes is an important one. Furthermore, the pollution caused 
by feedlots located in watersheds and the question "Who will 
determine the water quality controls" should be studied. 
(US- SCS) 

94. Flow in river bends as related to highway structures. 
(USBPR) 

(The next five projects are from the Corps of Engineers.) 

95 . Channel straightening and stabilization. (USCE) 
96. Flood-plain classification. (USCE) 
97. Effects of reservoir operation on the growth of 

aquatic plants. (USCE) 
98. Toler ance of native shrubs and trees to flooding. 

(USCE) 
99. Saturation point of recreational use of reservoirs. 

(USCE) 

(Projects 100 through 115 are from the U. S. Bureau of 
Sport Fisheries and Wildlife.) 
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100. Recr eational use patterns on the Des Moines River 
and Big Creek areas schedu l ed for inundation by the Saylor­
v i l l e I mpoundment . (USFWL) 

101 . Furbearer and wat e r fowl use patterns and ecology 
on the Des Moines River and Big Creek areas scheduled for 
i nundation by t he Saylor ville Impoundment . (USFWL) 

102 . Chemical, biological and sil t ation effects of feed­
lots on farm ponds , lakes , a nd streams . (USFWL) 

103 . Occurrence of water-bor ne diseases in ponds , lakes , 
or streams receiving runoff from feedlots for cattle and hogs . 
(USFWL) • 

104 . Management of water areas and land for waterfowl 
spectacle for general outdoor recreational use . (USFWL) 

105 . Movement of fertilizers and insect icides from farm 
lands to ponds , lakes , streams , and underground water supplies. 
(USFWL) 

1 06 . Soil erosion, silting , and pollution as affected 
by recreation area site development and area overuse . (USFWL) 

107. Design criteria for use in construction of lagoons , 
ho l ding tanks , digestion tanks , and leaching fields for dis­
posal of wastes f r om farms, roadside rest areas , recreation 
areas , and rural industries . (USFWL) 

108 . Hydrology and ecology of farm ponds, lakes, and 
potholes. (USFWL) 

109. Ecological effect of chloride contamination from 
salt application to highways and city streets . (USFWL) 

110. Effect of thermal pollution and resultant open wa­
ters in winter on the seasonal occurrence of waterfowl, with 
special reference to "wintering " of waterfowl . (USFWL) 

111. Effects of thermal pollution on reproductive cycles 
of fish and other aquatic organisms on disease and parasite 
organisms that might otherwise be periodically reduced by 
low temperatures . (USFWL) 

112 . Use of thermal pollution in securing year-round pro­
duction of fish and perhaps maintain populations of species 
not capable of withstanding normal winter temperatures . 
(USFWL) 

113. Use of water circulators to destroy thermal and 
chemical stratification thereby increasing the cycling of 
nutrients and perhaps controlling bluegreen algae through 
the stimulation of more desirable algal species. (USFWL) 

114 . Evaluate effects of power plants (fossil fuel and 
atomic) in relation to fish and wildlife, especially their 
relationship to intake of cooling waters , the effluent , and 
resultant thermal pollution on fish and wildlife and ecology 
of streams . (USFWL) 

115 . Evaluate effect of s i ltation on general aquatic or­
ganisms used in the food chain of fish and wildlife in gen­
era 1 . ( USFWL) 

116 . Behavior of ground water under different types of 
vegetation . (USFS) 
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117 . Agricultural pollution will increase because the 
price of nitrogen fertilizer is now about 10 cents a pound, 
but in 10 years , it wi l l probably d r op to 5 cents per poun d, 
resul t ing in larger applications . ISWRRI should attempt to 
prepare " a standard problem anal ysis procedure. " (USFS)* 

118. Evaluation of pollution as related to the whole 
ecosystem. ( IOU) 

Research Needs Suggested at the 1968 ISWRRI Advisors ' Meeting 

In addition to projects suggested in 1966 and 1967 for 
which the research has not been star ted or completed the ad­
visors suggested for or reiterated research as follows: 

(The next nine projects (119 through 127) are from the 
U. s . Corps of Engineers . ) 

119. Effects of flood- plain encroachment on hydrograph 
shape and flood routing. (USCE) 

120. Economic factors affecting intensive flood-plain 
uses. ( USCE) 

121. Effects of general urbanization on small water­
sheds. (USCE) 

122 . Adaptability of recreational use to fluctuations 
of pool levels in flood control reservoirs. (USCE) 

123 . Research into channel stabilization methods to mini ­
mize l osses of fish, wildlife and recreation. (USCE) 

124. Economic impact of water resources projects as con­
cern secondary benefits. (USCE) 

125 . Rationale or analysis and conversion of secondary 
benefits to national or regional benefits. (USCE) 

126. A study to determine the "saturation point" of re­
creational use as related to a given surface area of water 
and project lands. (USCE) 

127. A study to develop a procedure for evaluation of 
natural beauty. (USCE) 

(The next four projects (128 through 131) are from the 
Iowa Conservation Commissi on.) 

128. Lake eutrophication is probably the foremost pro­
blem facing the State Conservation Commission. Although we 
realize that eutrophication, or the aging process whereby 
lakes evolve into marshes and eventually dry land areas can­
not be stopped , it most assuredly can be slowed down . Re­
searchers working with ISWRRI can discover how to arrest and 
control the inflows of nutrients and silt into our natural 

* ISWRRI has not prepared "a standard problem analysis pro­
cedure" , other than general outline forms for submitting 
a research project. ISWRRI thinks one investigator may be 
more successful with his approach than that wh ich might 
be suggested by ISWRRI. 
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and artificial lakes . There are at least four approaches 
to the probl em , which are at best only remedial controls. 
These include : c hemical , b i ological , mechanical and ecologi­
cal contr ols. For conservation purposes the ecological ap­
proach seems to hol d the most promise. With regard to eco­
logical control , research by ISWRRI might tell us how to slow 
down the nutrient input , how to make nutrients in the form 
of p l ant and fish crops and evaluate these techniques as a 
tool to retard eutrophication , how to interfere with sedi­
ment - water interchange of nutrients, or perhaps create speci­
fic plant diseases to control water weeds and algae. (ICC) 

129. We need comprehensive studies by disinterested in­
dividuals of the total effects of straightening streams. 
These investigations should invol ve indepth pre- and post­
straightening s t udies and should evaluate changes either an­
ticipated or brought about in the physical , chemical, and 
biological features of the streams. (ICC) 

130 . Fish ki ll resulting from various kinds of waste 
disposal occur in Iowa periodically. Although we usually 
know er can determine the source of these kills , we need re­
search directed toward indentifying specific pollutants and 
methods for correcting them. (ICC) 

131. Thermal loading of our flowing waters is increas­
i ng at an accelerated rate. In connection with this there 
are many things that need evaluation. Among the more impor­
tant , we want to know are : To what degree is thermal loading 
beneficial? Conversely , to what degree and at what point 
does thermal loading become harmful? What effect does dif­
ferent l evels of thermal loading have on the biomass of the 
receivi ng water? (ICC) 

132. Effects of stream straightening on various highway 
structures . (USBPR) 

133 . Use of chemical to maintain stability of soil struc­
ture to keep the plowed soil surface ''open'' and prevent ero­
sion . (US-ARS- SCS) 

134 . Research on some fish species that are slowly becom­
ing extinct in Iowa. (USFWL) 

135. Benefits and damages to fish and wildlife resulting 
from large storage reservoirs and channel straightening works. 
(USFWL) 

136. Economics of stream straightening, channel scour , 
low- cost bank p r otection facilities , crop losses due to inun­
dation caused by highways , and stream pollution resulting 
from erosion of highway slopes . (I HR) 

137 . In connection with highway rest stops , the problems 
seem concentrated on the following areas : provision of an 
adequate water supply , construction of sanitary facilities, 
and disposal of wastes . (IHR) 

138 . Flood- plain zon ing ordinances; assessments of costs 
among drainage districts . (INR) 

139 . Conventional san itary land fills are being used for 
solid waste disposal purposes. However , the ground water may 
be polluted by recharge and seepage through the landfill. 
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Therefore, the effectiveness of the sanitary landfill de­
pends on the characteristics of the soil at the bottom of 
the fill. Research is needed to specify more clearly what 
types of soils or lining material would be suitable to pre­
vent seepage through sanitary landfills. (IDH) 

140. How to put a value on water resources research 
data. (USGS) 

141. Ground-water recharge on a massive scale. (USGS) 

Item number 141 concludes the list of items. The list 
is imposing and brings out the importance of research. The 
list is by no means inclusive. For example, there have been 
listed research projects planned or currently underway in 
the Iowa Agricultural and Home Economics Experiment Station, 
or the Iowa State University Engineering Experiment Station, 
both at Ames; or the Institute of Hydraulic Research at Iowa 
City. Members of the ISWRRI Council, being staff members of 
the two universities are involved in water problems research 
in divisions of their universities. 

CONCLUSION 

At the beginning of this talk I said that, in my opinion, 
except for research in the science of peace, water resources 
research was the most important research area. Water research 
is also important in peace. Our federal government has ini­
tiated a program entitled "Water for Peace." A world-wide 
Water for Peace meeting was held in Washington, D.C., in June 
1967. Two of our ISWRRI members participated in this meet­
ing with research papers. 

The many projects listed here prove the importance of 
water resources research. Such research, and its application, 
should help bring peace to the world and make better living 
for ourselves and our children. 
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