The cover illustration is one of a series of stroboscopic photographs taken during tests on a model
of a drop-inlet spillway. The photograph shows
circular standing-wave patterns in the range between weir and orifice flow. This work is being
continued under the drop-inlet spillway project.
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FUNCTIONS OF STATE WATER SURVEY

In 1917 the Water Survey became a Division of the
State Department of Registration and Education charged
with the responsibility of cooperating with state and
federal agencies in studying the water resources of
Illinois and from time to time to publish reports on its
findings. Its present staff consists of 65 technical,
research, and administrative workers. Facilities include
two new half-million dollar buildings (one in Urbana
adjacent to the University engineering campus and
another in Peoria), a weather station, and a meteorology
laboratory. The Water Survey is organized into five
technical subdivisions: chemistry, engineering, hydraulic
laboratory, meteorology, and Peoria laboratory.
Primarily the Survey is concerned with the available
amounts and chemical quality of water resources in
Illinois. Sanitary qualities of water resources and supplies

are determined by the Sanitary Engineering Division of
the State Department of Public Health with which the
Water Survey closely cooperates.
The Water Survey is also active in developing water
use and conservation methods by studying and suggesting
possible means of augmenting or replacing sources that
are becoming inadequate or depleted and for double or
even multiple use of the same water.
From its inception, the Water Survey has cooperated
with the University of Illinois in mutual consultation
and use of facilities. Survey staff members use to a con
siderable extent the excellent library facilities of the
University, attend many of the Fluid Mechanics and
other University technical panels, and have now secured
the services of Professor J. M. Robertson on a part-time
basis as advisor for hydraulics research.

HISTORY OF THE STATE WATER SURVEY
Due to increasingly serious typhoid epidemics, in
1895 the University of Illinois was assigned the respon
sibility of making chemical analyses of waters through
out the state. From this early analytical work, which
marked the beginning of the State Water Survey, has
grown an organization of some fifty scientists recognized
in their respective fields.
Under the direction of the first Survey chief, Dr.
Edward R. Bartow, now professor emeritus and former
head of the Iowa State University chemistry department,
the Water Survey in 1919 pioneered in developing in
this country the activated sludge process, a new method
of sewage treatment. Continued by Dr. A. M. Buswell,
the present chief, appointed in 1920, this program was
expanded to include fundamental research in the produc
tion of methane from wastes and resulted in various
publications which have become standard references in
the field.
During the past fifteen years the chemical work has
shifted in emphasis to research in water softening, water
quality needed by industry, and causes and prevention
of corrosion, and the supervision of boiler feedwater
treatment at state institutions.
The engineering phase began with a compilation of
the first inventory of state municipal ground water sup
plies, which was published in 1925 as Bulletin 21. During
this study the late George C. Habermeyer, then chief
engineer, originated methods of determining water levels
in wells and set the pattern now used for making well
tests. This inventory (brought up to date in 1950 as
Bulletin 40) provides basic information to engineers and

well drillers for the development of new or supplemental
ground water supplies in the state.
At the same time, stream gaging studies were ini
tiated in cooperation with the United States Geological
Survey to obtain continuing records of available surface
waters, the major source of water supply in Illinois.
The serious drought of 1936 combined with tremen
dous industrial expansion during the Second World War
resulted in water recessions in vital industrial areas of
the state. Studies were made to find ways to alleviate
the difficult)'. The most critical water shortage had
developed at Peoria, and here, the Water Survey in co
operation with Peoria industry undertook one of its major
research projects - artificial recharge of groundwater.
The progress of this work is being watched with extreme
interest by engineers, especially those who may be called
upon for assistance when such shortages occur elsewhere.
Continued heavy demands for water after World War II
led to studies in loss of capacity by sedimentation in
municipal reservoirs, municipal well mortality, and
evaluation of water use and water resources in Illinois.
In 1947, the Water Survey initiated a meteorologic
program to study the rainfall resources of the state by
use of radar. Incidental to this work, in 1953, the first
known radar photographs of the growth and decay of a
tornado were made.
Most recently, upon completion of its hydraulic re
search facilities, the Survey began development work
on the hydraulic design of drop-inlet spillways. This
type of spillway is becoming more and more in demand
for use on recreational lakes, municipal reservoirs, and
farm ponds.

HYDRAULIC LABORATORY RESEARCH FACILITIES
Urbana Hydraulic Laboratory
Location

provided, 15 feet square and 50 feet high, for any project
requiring unusual vertical space.

The Urbana laboratory occupies approximately 3000
square feet of working space in the basement and ground
floor of the Water Resources building, located adjacent
to the University of Illinois engineering campus. The
penthouse of the two and one-half story building con
tains a skimming weir tank and, between the main
laboratory area and the penthouse, a hydraulic shaft is

The first floor of the building includes the business
offices, conference room, office of the Chief, the library,
office of head of chemistry subdivision, and chemical
research laboratories. On the second floor are the office
of head of engineering subdivision, engineering offices,
and additional chemical research laboratories.

FIG. 1. THE WATER RESOURCES BUILDING AT URBANA.

Laboratory Facilities
Five vertical turbine pumps pick up water from the
pump suction well and discharge to the constant head
tank in the penthouse 48 feet above. Discharge to the
tank can be regulated at 50, 300, 600, 1200 and 2400
gallons per minute, in any combination of these, or at a
combined capacity of 4550 gallons per minute. Avail
able for special projects is a 50-horsepower axial-flow

pump which is capable of delivering 6000 gallons per
minute.
From the constant head tank which has 250 feet of
weir, water may flow either over the skimming weir
and down to the pump bay or into one of three lines
connected to the manifold system on the ceiling of the
main laboratory.
The 12-inch manifold contains eight outlets at var
ious points for taking water to hydraulic experiment

FIG. 2. FLOOR PLAN OF THE URBANA HYDRAULIC LABORATORY.
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models. Water from the models discharges into the 4
by 4 feet-drainage channel which in turn flows into the
pump suction well to allow recirculation.
The drainage channel is divided by a removable par
tition to form a large volumetric tank. By measuring the
level rise in this tank for a given period of time, the
discharge from the instrument calibration setup or model
may be determined. An isometric view, (Figure 5) shows
the layout and important components of the recirculation
system.
Laboratory facilities enable the measurement of flow
rates by several different methods. For rates above three
second-feet, three "short nozzles," calibrated in place
in the recirculation system, are used. For rates less than
three second-feet, a variety of calibrated orifices and
weirs are available. Rates of discharge less than 0.005
second-feet are measured gravimetrically.

0.035 inches under full live load has been achieved by
mounting the structure on two 60-foot, 24 WF 84 beams.
Flows as great as 10 second-feet can be handled at bed
slopes of zero to four per cent.
At the upstream end of the flume, clear or sedimentladen water discharges into a steel-plate stilling basin.
From here the water flows through corrugated stilling
baffles into the transition section which is designed to
effect uniform flow to the entrance and to test sections
downstream.
The four-foot depth terminates eleven feet from the
downstream end of the transition section, leaving approx
imately forty feet of test section, two feet deep. Sluice
gates are provided at the downstream ends of both the
entrance and test sections so that hydraulic jump, sub
merged orifice flow, weir flow, etc., may be studied.
Other Research Facilities
The laboratory also has compressed air, vacuum, and
high and low pressure steam lines. There is a fullyequipped photographic darkroom in the basement area,
including camera and floodlights, and a machine shop on
the ground floor.
Current Laboratory Research

FIG. 3. FOUR OF THE FIVE VERTICAL TURBINE PUMPS
AT THE URBANA LABORATORY.

Glass-Walled Tilting Flume
An unusual glass-walled tilting flume has recently
been installed at the Urbana laboratory for research in
open channel flow and sediment transport.
This versatile research tool can be used for study of
flow patterns and relative velocities, flow nets at the ap
proach to weirs, flow in the vicinity of obstructions such
as bridge piers or baffle plates, flow through porous
media such as earthen dams or filters, seepage pressures
under hydraulic structures, erosion and gully preventive
measures, the effect of nappe aeration on the discharge
characteristics of weirs, hydraulic jumps in sloping chan
nels, sediment samplers, and calibration of laboratory
and field instruments.
Almost 93 per cent of the wall area of the nearly 59foot flume is glass (Figure 6). Maximum deflection of

Drop-Inlet Spillway. Dwindling water supplies due to
drought conditions and to increased water use have fo
cused attention on the value of small reservoirs, most of
which make use of a structure known as the drop-inlet
spillway. Last year, more than twenty of these reservoirs
or farm ponds were constructed in one Illinois county
alone. Since for the small farmer the cost of such a struc
ture might be prohibitive, research is now being done to
develop an economical, efficient design.
Dielectric Constant of Water. This project was initi
ated to measure changes in the dielectric constant of
water as flow becomes increasingly turbulent. Such a
change would indicate a stretching of molecular bonds
and shed new light on unexplained features of the mech
anics of turbulence. Current results have shown that the
change in dielectric constant, if it exists, is less than one
per cent for the maximum turbulence obtained. Contin
ued study with larger scale equipment might possibly in
dicate a more accurate relationship between the dielec
tric constant change and turbulence.
Flow Through Granular Media. Related to this work is
a study of the Fair-Hatch equation for the analysis of
flow through granular media. Preliminary work on the
study, which was initiated in 1951, was reported at the
Second Midwestern Conference on Fluid Mechanics at
Ohio State University. The study aims to develop a
method for calculating frictional losses when the flow is
in transition between the laminar state and complete
tubulence.
Bubbler System Measurement of Water Levels. Since
Survey work requires the measurement of minute changes
in water levels during pumping tests, an adaptation of
the bubbler-system was developed for greater precision.
The former instrumentation was studied, modified to cor
rect inherent errors, tested and compared with other
methods. The new instrumentation has proved more ac-
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FIG. 4. VIEW (EAST) IN MAIN LABORATORY AREA, SHOWING FLOOR CHANNEL.

curate than any other now used by Survey engineers for
measuring water levels in small observation wells. It can
be adapted for a variety of engineering purposes.
Corrosion. Equipment was recently installed for two
studies basic to understanding how corrosion develops
which were initiated by the Survey's chemistry subdivis
ion. To learn what changes occur in water quality during
transmission, five different kinds of pipe have been con
nected between two constant-head reservoirs with facili
ties for measurement of flows. A twenty-foot vertical
lucite tower was constructed to study the effect of mineral
composition of water on that developed at anode and
cathode when an emf is applied between two electrodes
separated by porous plates.
Measurement of Rainfall. Two projects relating to the
measurement of rainfall were initiated in cooperation
with the Survey's meteorology subdivision. To expedite
the analysis of data from recording raingage charts, an
instrument was developed which mechanically calculates
rainfall intensity. Called a "rainfall intensity scanner,"
the instrument was completed with the assistance of a
member of the University of Illinois mechanical engi
neering department.

Several types of recording rain gages were investigated
for accuracy for a field study now in progress to measure
the variability in precipitation over small areas. A com
posite gage embodying the desirable features of each type
was also constructed and tested.
Evaporimeter. A recording evaporation gage, essen
tially a recording rain gage in reverse with a multiplica
tion factor of 10, was designed, constructed, and
calibrated. The instrument is being used to measure
evaporation continuously (in contrast to daily total) and
also sublimation from snow and ice surfaces. The regular
U.S. Weather Bureau gage measures only liquid evapora
tion between observations. The correlation of results
obtained with data given by standard evaporation pans
with vapor-pressure gradient data is now in progress.
Peoria Hydraulic Laboratory
Location
The Peoria Laboratory of the Water Survey is situated
on state-owned property at the foot of Mac Arthur High
way near the Illinois River. Similar in design to the Ur-

FIG. 5. URBANA LABORATORY RECIRCULATION SYSTEM

FIG. 6. LAYOUT. OF GLASS-WALLED TILTING FLUME

GO

FIG. 7 LOCATION OF WATER RESOURCES BUILDING, URBANA
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bana building but proportionately smaller, the Peoria
building has three floors and a penthouse. The ground
floor or basement contains the hydraulic laboratory,
machine shop, dark room, small office, and four utility
rooms. The main offices and the chemical and bacteri
ological laboratories are on the first floor; and the en
gineering offices, drafting room, and library, on the
second.

stant level tank has 48 feet of weir length which produced
only an eighth inch rise in overflow level when the 800
gallons per minute pump is added to the others.
Three 6-inch lines bring water from the constant level
tank to a 10-inch service line around the main part of
the hydraulic laboratory in the basement. The latter line
is arranged in such a way that three separate sections
can be valved off and fed independently. Thus, it is pos
sible to shut off one experiment without affecting flow
to other experiments in progress.

Recirculation System
The hydraulic laboratory has its own water supply from
a 53-foot well with a 25 gallons per minute pump deliv
ering make-up water into an underground tank of 7300
gallons capacity. From this tank, the water is lifted by
50, 200, 400 and 800 gallons per minute pumps into the
1800 gallon constant level tank in the penthouse.
The sizes of the three large pumps were selected to
obtain a full range of pumping in 200 gallons per minute
intervals from 200 to 1400 gallons per minute. The con-

Separate two-inch lines provide water to experiments
conducted on the first and second floors. Any used water
that is clean is returned to the pump pit through a twofoot wide channel in the basement floor. Waste water
goes into the sewer through floor drains.
Figure 9 shows a diagram of the piping for the hydrau
lic laboratory. The recirculating system is independent
from the sanitary water supply of the building, however it
can also be used to fill all tanks.

FIG. 8. VIEW OF WATER SURVEY FACILITIES AT PEORIA, SHOWING RECHARGE PIT AND BUILDING.
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Recharge Pit. Another hydraulic experimental facility
is the recharge pit which is a pilot plant for studying the
effects of recharging the Peoria groundwater aquifer with
Illinois River water. It consists of a 16-inch intake pipe
to the control tower where the water is chlorinated,
screened through one-eighth inch openings, and then con
ducted through a 12-inch pipeline,equipped witha venturi tube, to the recharge pit. With a storage volume of
49,500 cubic feet, the pit has a bottom area of 2500
square feet at ten feet below pool level of the river and
a surface of 7750 square feet at pool level.
Inflow occurs by gravity directly from the river with
an average recharge inflow of slightly over one million
gallons per day. The operation of the pit allows the study
of the variations of the inflow as affected by silting, river
stages, and temperatures. The effects on groundwater in
the area is observed through the use of seven wells
equipped with water level recorders. Two other wells
with pumps are used for obtaining samples for chemical
and bacteriological analyses.
The pit was constructed in part with state funds and
in part with $70,000 contributed through the Peoria As
sociation of Commerce by local industries interested in
rehabilitating the Peoria ground water supply.
Other Research Facilities
In the hydraulic laboratory, there are compressed air,
vacuum, and gas lines, photographic equipment, a shop
with l00v and 220v AC current, power and hand tools.
Lumber, plastics, pipes, and glass tubing are provided for
models as well as several types of granular materials and
filter blocks for use in models.
For the study of two-dimensional groundwater flow
there is an 8½ inch channel, 5 feet long and 2 feet deep,
in which water levels can be changed slowly or rapidly.
A thermocouple is available to measure the temper
ature at various depths in the river, the pit, and the
wells.
A library filled with selected material and a large
drafting room serve the important phases of theoretical
analysis and report writing.
Current Laboratory Research
Laboratory Methods. A method has been devised for
measuring the clogging of sand with silt. Known amounts
of silt are placed on sand in 1 and 1½ inch glass tubing
and the rate of lowering of the water level above the
sand is then measured. The test gives comparative rather
than absolute data.
For measurement of water levels in the river and pit,
a gage was designed for visibility under adverse weather
conditions.

Permeability is measured in a four-inch plastic tube
with downward flow. The loss of head is measured in three
places at each of three levels by manometer tubes, there
by indicating any channeling in the sample, if present,
and thereby avoid false results from this source. The flow
through the tube is measured gravimetrically and the
available head of 33 feet allows a wide range of flows,
reaching into the turbulent range.
Recharge Pit Studies. The recharge pit furnishes data
on the effect and efficiency of the recharge methods by
pits, information on thegeneral hydraulic flow condition,
indication of ways of overcoming operational difficulties
and suggestions for improvements in the design of future
pits.
Model of Pit. To study special problems in connection
with the artificial recharge of ground water, a model pit
has been constructed in a way that the shape as well as
inflow and outflow levels can be widely varied.
The model pit contains a specially selected sand to
give easily measureable slopes of flow lines over a wide
range of experimentation. Flow through the model is
measured by a calibrated V weir. In the pit, flow data
is obtained from many gages spaced at various depths
and distances. To obtain data from all gages at the same
instant, photographs are taken with date and time
indication.
Operation of this model has shown that 1) most flow
occurs through the sides of the pit since flow through the
bottom is slowed by a backwater effect; 2) the rate of
flow is greater in small pits than large ones, other fac
tors being equal, that is, increase in pit size does not
appear to increase inflow proportionately; 3) rate of
inflow is higher in elongated pits than circular ones and
higher in thick aquifers than thin ones; 4) infiltered
water floats on top of the natural ground water, independ
ent of temperature conditions.
NEED FOR INCREASED RESEARCH
Research conducted at Urbana and Peoria is aiding
Illinois' citizens, industries, and agriculture to learn how
to develop, use, and conserve water resources so the needs
of a growing population and new demands for water can
be supplied.
Statistics indicate that total ground water pumpage
for municipal supplies alone increased from 40 million
gallons per day in 1900 to about 106 million gallonsper
day in 1940. By 1948, pumpage had increased to 135
million gallons per day. It is estimated that, if properly
used, the water resources of Illinois are capable of sup
porting twenty times the present population. Through wise
use of its water resources, Illinois can continue to grow
and prosper.

FIG. 9. DIAGRAM OF PIPING FOR PEORIA LABORATORY.
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FIG. 10. PROFILE THROUGH INTAKE AND RECHARGE PIT, PEORIA.
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