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ADEQUACY AND ECONOMICS OF WATER SUPPLY IN NORTHEASTERN
ILLINOIS: PROPOSED GROUNDWATER AND REGIONAL SURFACE
WATER SYSTEMS, 1985-2010

by Krishan P. Singh and J. Rodger Adams

SUMMARY

This three-year study was a cooperative effort between the State Water
Survey and the Division of Water Resources. Its purpose is to plan for the
optimal use of the available groundwater and surface water resources in
northeastern lllinois for an adequate and



storage is provided to meet demands, wholly or partially, during periods of
low river flow. The 3200 cfs diversion from Lake Michigan was fully
accounted for in 1970 by public water supply, storm runoff, and diversions
into the Sanitary and Ship Canal. Implementation of instream aeration by

1985 and completion of phase 1 of the Tunnel and Reservoir Plan In 1986
will make additional water available



INTRODUCTION

Northeastern Illinois comprises six counties (Cook, DuPage, Kane,
McHenry, Lake, and Will) with a population of about 7 million and a land
area of 3714 square miles. Municipal and industrial water supplies are
presently obtained from either Lake Michigan or groundwater.

Northeastern lllinois is one of the most favorable areas iIn the state
for groundwater development. It is underlain at depths of 500 feet or
more by sandstone aquifers that have been used for water supply for over
100 years. At lesser depths, the area is underlain by sand and gravel and
creviced dolomite aquifers that are good local sources of groundwater.
Water from Lake Michigan is used by about 100 towns including Chicago. The
Fox and Kankakee Rivers are potential sources of water for municipal use.

Background

Since the beginning of diversion in 1900, several states have con-
tested the legality of the diversion of lake water for navigation, sewage
dilution, and water supply by the State of I1llinois and its political sub-
divisions. On June 12, 1967, the U.S. Supreme Court entered a decree
which enjoins the State of Illinois from diverting water from Lake Michigan
in excess of an annual average flow of 3200 cubic feet per second (cfs) or
2068 million gallons per day (mgd), and requires the state to apportion
the flow among its political subdivisions for domestic use and direct
diversion into thew ai373Cit Tc(y) Tj-0 Tj-0.139 Tw-0.718 62 Tjo ind TJO Tc36
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quality data and a discussion of the problems with conmingling Lake
Michigan water and groundwater. Townships in which groundwater avail-
ability from the deep sandstone aquifer was predicted to drop signifi-
cantly by 2010 were identified.

Preliminary analyses of regional systems supplying lake or river
water were conducted by Keifer and Associates (1977a). Individual town
water demands were computed from 1980 to 2010 and compared with local
groundwater resources. Technical planning policies, based on those pro-
posed by NIPC (1974), were used to select towns (unable to meet projected
water demands with groundwater only) for each of the regional supply
systems. The Fox and Kankakee River water supply systems as well as the
Lake Michigan water supply systems were proposed. The costs were calcu-
lated in 1976 dollars and included provision for engineering and
contingencies.

nl11 do=1l1ar



populations developed by the lllinois Bureau of the Budget (IBOB) in 1977.
Costs were computed in July 1980 dollars and include contingencies,
interest, and inflation factors.

Project Highlights

The information in this final report is a concise description of the
investigations conducted throughout the three-year project. Highlights
from each subject investigated are presented here to give the reader a
quick overview and to allow him the option of delving directly into the
sections of immediate interest.

Water Demands

Water use, population, and manufacturing employment data for 1970
were used to develop water demand predictor equations for each of the six
counties. In all cases, the multiple correlation coefficient was greater
than 0.992. Town water demands for future years were projected using the
appropriate regression equation and a multiplier to account for each
town"s variation from the average relation. The populations used are in
agreement with the IBOB 1977 county population projections. The total
water demand of the 273 towns iIn the six counties increases from 1272 mgd
in 1980 to 1360 mgd in 2010.

Waterd t h



About 6 to 9 mgd can be developed from the DuPage River. The DuPage River
has not been considered as a supply source because of poor water quality,
small quantity, and local opposition to such use.

Lake Water. The Lake Michigan diversion of 3200 cfs was fully accounted
for in 1970 by public water supply, lockage and leakage, navigation make-
up water (it equals the difference between the amount of water released
from the Canal at Lockport in anticipation of a storm and the actual run-
off from that storm, if the actual runoff is less than that expected),
discretionary diversion, and storm runoff. This implies that no water is
available to meet increased future demands of current users or for alloca-
tion to new users. However, with partial implementation of instream aer-
ation In 1979, discretionary diversion has been somewhat reduced. The
completion of TARP phase 1 in 1986 will reduce discretionary diversion and
navigation makeup water by 287 cfs. Presumably this 387 cfs (250 mgd) will
be available to meet public water supply demands. If the present request
to change the storm runoff accounting procedure is accepted by the U.S.
Supreme Court, 150 cfs or more could be available for other purposes
such as public water supply (Keifer, 1977b). The reduction in projected
future population by the IBOB in 1977 has lowered the future water demand
projections.

Cost of System Components

The main components of a regional system are 1) the raw water supply
from well fields or withdrawal from a river or lake, 2) the treatment
plant, and 3) the pipeline network for delivering water to a central point
in each town on the system. Each of these components requires cost
functions for its various subcomponents. These cost functions were de-
veloped in terms of July 1980 dollars by projecting the trends indicated
by Handy-Whitman Indexes (Whitman-Requardt, 1978). The increase in treat-
ment cost to reduce radioactivity in groundwater from the deep sandstone
aquifer to the permissible level and the increase in disposal cost of the
resulting sludge or brine containing radioactivity were also derived.

Capital requirements include capital expenditures with or without in-
flation, interest during construction, and 20% for contingencies. Opera-
tion, maintenance, and repair (OM&R) costs are computed for each system
component with or without inflation. An interest rate of 8% Is assumed.
Costs for the optimal systems are computed for both O and 5% annual in-
flation rates.

Cost of Groundwater

The unit cost of developing local groundwater supplies to meet the
2010 demand of each of the 177 user entities, not using water from Lake
Michigan or the city of Chicago, was computed in July 1980 dollars. The
required number of wells was calculated on the basis of meeting 1.5 times
the average demand, pumping 18 hours per day, and considering the highest



capacity well as a standby. The cheaper of the lime-soda or ion-exchange
softening was considered for the treatment plant. The cost of water at
the well was calculated on a township basis using the potential yield

and average well depth and capacity in that township. New wells in the
deep sandstone aquifer were considered only where present or future water
demands could not be met from the shallow aquifers alone.

Regional  Systems

Six regional systems providing surface water to user entities, mostly
with inadequate shallow aquifer resources, were investigated. These
supply systems are: Lake County, southern Cook County, DuPage County,
northwestern Cook County, Fox River, and Kankakee River. Preliminary
analyses considered a wide range of system configurations, serving from
a small to a large number of towns, and with considerable overlap of some
configurations for three of the six systems. Conjunctive use of ground-
water was a key part of the Fox River system, and it was considered as an
option on several other systems with towns which have or can develop
shallow aquifer well Ffields. The unit costs, towns served, and system de-
mands indicate the more economical system configurations as well as the
economic feasibility of using surface water resources with or without
conjunctive use of groundwater.

One or more of the system configurations for each of the six regional
systems were selected for optimization over the 25-year period from 1985
to 2010. The selected configurations were identified as desirable by the
preliminary analyses, the Division of Water Resources, or the county
officials. Staged construction of treatment plants and pipeline pumping
capacity was included in these analyses. Costs were computed with O and 5%
inflation rates, effective July 1980, to assess the effect of inflation on
the optimal system design. The Ffinal choice between direct supply of water
from Lake Michigan and purchase of water from the city of Chicago for four
of the six systems will depend on the price charged by Chicago.
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MUNICIPAL WATER REQUIREMENTS

Various municipalities in the six-county region satisfy residential,
commercial, and industrial water demands from groundwater and/or Lake
Michigan water (water pumped directly from the lake, or treated water
purchased from the city of Chicago). Water use is measured at the treat-
ment plant for directly diverted lake water or at the master meters in-
stalled on the inflow lines from the supplier. Well water use is generally
measured at the well head or at the water treatment plant. Therefore, the
average daily pumpage or use throughout the year, in million gallons per
day (ngd), generally refers to the raw water entering the treatment plant
(with the exception of towns using treated water from the city of Chicago)
and includes the actual domestic, commercial, and industrial water use,
water used in firefighting and public purposes such as for fountains and
parks, and water lost in the treatment plant and through leakage in the
distribution system. Unaccounted-for water equals the amount of water
pumped or entering the treatment plant minus the amount of water actually
used or billed on the basis of metered supplies. The unaccounted-for
water as a percent of total water pumped varies; the higher the percentage
the more inefficient the water system. A figure of 10 to 15 percent or
less is deemed to be satisfactory (Howe, 1971; Keller, 1976). Cost of leak
detection surveys and remedial measures to effect a reduction of about 10
in the percent unaccounted-for water is usually compensated by savings on
water over a 6-month period. The higher the percent unaccounted-for water,
the more pressing and economical are the remedial measures to bring it
within acceptable limits.

Most of the towns have a computerized billing system and they can get
information on total water billed and pumped in a year by a small change in
the computer program. Some of the towns may be doing so already. Such
information not only keeps the water authorities informed about their
system™s efficiency but also leads to better management and use of the
limited water resources of the region.

Water Use

The following sources of data were used to determine the average
water use iIn the year 1970 for 214 towns in the six counties.

1) Opinion and Order: In the Matter of Lake Michigan Water Alloca-
tion, LMO 77-1. Division of Water Resources, Illinois Depart-
ment of Transportation, April 1977.

2) Public water supply data sheets from the Division of Public
Water Supplies, Illinois Environmental Protection Agency.

3) Sanitary engineering surveys by the Cook County Department of
Public Health.

4) State Water Survey Tiles.

5) Northeastern Illinois Planning Commission reports.



6) Telephone inquiries.

The number of towns per county for which water use data were developed is:

County Towns
Cook 118
DuPage 20
Kane 16
Lake 28
McHenry 14
will 18
Total 214

Town Populations

The population for the 214 towns was taken from the United States
Census of Population 1970: Illinois, published by the Bureau of Census,
U.S. Department of Commerce.

Manufacturing Employment

The Il1linois Manufacturers Directory, 1971, was used to aggregate the
manufacturing employment listed under various industries for each of the
214 towns. These figures were generally in the same range as developed by
NIPC from the county totals, though there were some significant differences
for a small number of towns.

Data

Modifications

Some examples of data modifications, carried out before performing
statistical analyses, are:

D

2)

3)

4)

North Chicago (Lake County) water use, excluding water supplied to
the Great Lakes Naval Training Center, was 3.57 mgd during the
year 1970 for a population of 18,000.

Industrial employment for Northlake (Cook - DuPage Counties) does
not include some 11,600 employees of GTE Automatic Electric which
according to 1974 IEPA uses only 0.1 mgd from the town®s water
supply.

Water use for Lemont (Cook County) does not include water supplied
to Argonne National Laboratory and the industrial employment also
excludes 5,000 shown In the 1llinois Manufacturers Directory for
the laboratory.

Hebron (McHenry County), 1970 population of 781, used 0.17 mgd in
1970 but 0.1 mgd was used by the Kenosha Meat Packing Company with
150 employees. These employees and 0.1 mgd were excluded from the
total employees and water use.



5) Woodstock (McHenry County), 1970 population of 10,226, used 2.40
mgd in 1970 but 1.0 mgd was used by the Woodstock Die Casting
Company. This use was treated in the same manner as for Hebron.

Water Use, Population, and Employment Relationships

The following two models were tested to assess the relative iImpact of
manufacturing employment, 1, on the water use, Q, of a town with the 1970
population, P.

Q a Pa(1/p)B . (1)
Q = apatB (1/P) (2)

in which Q is the average water use In mgd (recorded at the water treatment
plant) over the year; P is the population from the 1970 census; 1 is the
manufacturing employment from the 1971 I1llinois Manufacturers Directory,

a is a coefficient, and a and $ are exponents. The second model was found
to be superior to the first because equation 1 implies a constant
multiplier for a given I/P ratio irrespective of the magnitude of P. It is
believed that water use increases with increase in P for a given value of
I/P according to equation 2.

and

The results of multiple regressions for each of the six counties are
given iIn table 1. Equation 2 was transformed to equation 3 for conducting
regression analyses:

logloQ = logloa + logloP + 8 (1/P loglOP) (3)

Four towns were dropped from a total of 118 in Cook County because the per
capita water use was much higher than the others. These were Glencoe,
Rosemont, Stickney, and Winnetka. Similarly, Lake Forest and Highland Park
were dropped from the 28 towns in Lake County.

a+p(1/]
Table 1. Regression Parameters with Model: Q = a P B(1/p)
Number .
County of towns ax10 a B R
Cook 114 0.5508 1.0546 0.0845 0.9948
DuPage 20 0.6073 1.0396 0.1106 0.9938
Kane 16 0.5012 1.0486 0.1667 0.9960
Lake 26 0.4129 1.0721 0.1682 0.9947
McHenry 14 0.3860 1.0890 0.1137 0.9924
will 18 0.5036 1.0397 0.1660 0.9943
208

Note: R = multiple correlation coefficient

10



Development  of Multipliers

A list was prepared of the 273 user entities or towns in the six
counties. Many of the towns added to the 214 used in the regression
analyses had partially developed water supply systems in 1970 or the
development took place later. The water use data for the added towns was
estimated for the year 1970 assuming fully developed supplies.

The 1970 water use for each of the 273 user entities (with the ex-
ception of Chicago) was computed with the applicable model parameters in
the table and the P and 1 data. The ratio of actual 1970 Q to that com-
puted according to the model is designated as multiplier K. It reflects
the variation of water use from the average relation depending on the
particular use and system characteristics of a particular town.

Estimated Future Water Requirements

NIPC (1976) had prepared projections of manufacturing employment, I,
and population for the years 1970, 1980, 1985, 1990, 2000, and 2010 for all
towns in northeastern Illinois. The manufacturing employment figures were
developed from the county to the township to the town level. The following
procedure wa

Q, = k a p¥E(/P) (%)






Table 2. Estimated Water Demands in mgd for Selected Years

No. Town name K factor 1970 1980 1985 1990 2000 2010
Cook County
1 Alsip 1.050 1.20 2.22 2.25 2.29 2.42 2.46
2 Arlington Heights 971 6.57 7.95 8.05 8.14 8.41 8.61
3 Barrington .871 1.15 1.47 1.60 1.70 2.17 2.23
4 Barrington Hills .870 .20 .27 .30 34 47 47
5 Bedford Park 1.000 10.00 10.30 10.30 10.30 10.30 10.30
6 Bellwood 1.047 3.10 3.04 3.04 3.04 3.02 3.03
7 Berkeley 1.002 .58 .64 .69 .69 .70 .70
8 Berwyn 1.131 6.00 5.65 5.61 5.55 5.31 5.31
9 Blue Island 1.139 3.00 2.78 2.85 2.90 3.08 3.16
10 Bridgeview 1.092 1.40 1.80 1.93 2.05 2.44 2.45
7 11 Broadviewww4X(

51 219 B



Table 2. Continued

No. Town name K factor 1970 1980 1985 1990 2000 2010
Cook County (continued)

47 Hazel



Table 2. Continued
No. Town name K factor 1970 1980 1985 1990 2000 2010

Cook County (continued)

91 Park Forest -809 2.45 2.99 3.00 3.00 3.01 3.02
92 Park Ridge 1.187 5.00 5.31 5.28 5.24 5.08 5.19
93 Phoenix .807 .25 .29 .29 .29 .28 .29
94 Posen .876 .43 41 47 .52 .74 .76
95 Prospect Heights -867 1.07 77 .80 .82 -89 92
96 Richton Park 1.013 .22 1.08 1.25 1.41 2.06 2.15
97 Riverdale 1.218 2.30 2.18 2.21 2.21 2.23 2.29
98 River Forest 1.196 1.50 1.50 1.48 1.46 1.38 1.38
99 River Grove -955 1.50 1.56 1.56 1.55 1.52 1.52
100 Riverside -899 %) .93 .93 .92 .90 -90
101 Robbins 1.255 1.10 1.01 1.02 1.02 1.06 1.08
102 Rolling Meadows -986 2.10 2.33 2.40 2.46 2.70 2.77
103 Rosemont 2.564 1.37 1.34 1.34 1.32 1.30 1.30
104 Sauk Village -895 .60 .99 1.04 1.09 1.28 1.33
105 Schaumburg -908 1.94 6.22 6.79 7.35 9.30 9.67
106 Schiller Park 1.083 1.90 1.90 1.89 1.88 1.82 1.82
107 Skokie 1.159 12.00 12.12 11.99 11.86 11.35 11.28
108 South Barrington 1.137 .03 .08 .15 21 .46 51
109 S. Chicago Heights .984 .45 240 240 -40 41 .43
110 South Holland 1.007 2.35 2.91 2.98 3.04 3.31 3.33
111 Stickney 2.494 1.50 1.69 1.69 1.69 1.71 1.74
112 Stone Park 1.043 .43 -39 -39 -39 .38 .38
113 Streamwood 934 1.60 2.53 2.80 3.06 4.07 4.23
114 Summit 1.074 1.35 1.15 1.14 1.13 1.09 1.09
115 Thornton 1.063 .38 37 .43 .48 .68 71
116 Tinley Park .983 1.15 2.87 3.17 3.47 4.60 5.10
117 Waycinden 1.310 .30 .34 .36 .38 47 .49
118 Westchester 1.272 2.44 2.43 2.42 2.41 2.36 2.36
119 Western Springs -938 1.05 1.25 1.25 1.25 1.24 1.27
120 Westhaven -828 .03 .19 .29 .38 .76 .90
121 Wheeling -860 1.43 2.30 2.37 2.44 2.70 2.76
122 Willow Springs .857 .25 .30 %) -39 .58 .59
123 Wilmette .852 2.80 2.91 2.88 2.86 2.78 2.80
124 Winnetka 1.904 2.50 2.77 2.76 2.74 2.64 2.64
125 Worth -865 .96 97 .98 .98 1.00 1.00
DuPage County
126 Addison -903 2.65 3.47 3.70 3.93 4.82 5.19
127 Arrowhead 1.140 A1 A1 A1 A1 .15 .16
128 Bartlett .676 .32 .82 1.02 1.21 1.97 2.17
129 Bensenville 1.064 1.61 1.80 1.86 1.92 2.16 2.21
130 Bloomingdale .879 .22 1.10 1.32 1.53 2.38 2.57

Continued on next page



No.

131
132
133
134
135
136
137
138
139
140

141
142
143
144
145
146
147
148
149
150

151
152
153
154
155
156
157
158
159
160

161
162
163
164
165
166
167
168
169
170

171
172

Town name

Burr Ridge

Butterfield

Carol Stream

Clarendon Hills
Country Club Highlands
Darien

Downers Grove

Elmhurst

Glendale Heights

Glen Ellyn

Hinsdale

Itasca

Lisle

Lombard

Lombard Heights
Naperville

Oak Brook Area
Oakbrook Terrace
Roselle

Valley View

Villa Park
Warrenville
Wayne

West Chicago
Westmont
Wheaton

Wi I lowbrook
Winfield
Wood Dale
Woodridge

Aurora

Batavia
Burlington
Carpentersville
East Dundee
Elburn

Elgin

Geneva
Gilberts
Hampshire

Maple Park
Montgomery & B.

Table 2. Continued

K factor 1970

1980

1985

DuPage County (continued)

562 .12 .18
1.056 31 .33
-991 .65 1.50
1.145 .68 .85
1.422 -09 213
1.228 .86 1.56
-998 3.60 4.65
-892 5.25 4.80
-959 97 1.96
1.220 2.50 3.11
1.161 2.07 2.30
1.041 .53 1.06
.584 .28 .63
1.007 3.37 3.57
-795 .09 A1
2991 2.75 4.71
2.370 1.37 1.94
1.033 .10 .19
405 .40 -89
1.001 .19 .20
.943 2.30 2.06
-600 .20 .27
-660 .05 .07
1.123 1.20 1.85
-955 .72 1.31
1.052 3.10 4.52
-838 -09 .29
1.066 .39 .50
-866 .69 1.03
-961 .93 2.18
Kane County
792 9.61 10.29
1.151 1.19 1.64
1.111 .04 .04
1.001 2.22 2.56
1.145 .32 .36
1.222 A1 .19
.932 6.59 7.75
1.139 1.50 1.69
-936 .03 .03
.837 .14 .18
.810 .04 .04
1.136 1.10 1.19

16

11.03

1.74
.05
2.69
.40
.24
8.24
1.78
.05
.23

.05
1.39

1990 2000 2010
.28 249 51
.34 .40 44

2.01 3.01 3.17
-85 -86 -86
213 .14 .15

2.17 3.39 3.47

5.73 7.73 7.93

5.12 5.68 5.89

2.40 3.29 3.37

3.45 3.94 4.12

2.50 2.88 2.95

1.25 1.61 1.79
299 1.70 1.75

4.21 5.40 5.53
.19 .19 .19

6.54 10.78 11.55

2.23 2.76 2.79
34 .63 .63

1.01 1.45 1.61
.22 22 24

2.17 2.32 2.39
42 .72 .76
.10 .18 .19

2.47 3.68 4.08

1.56 2.04 2.08

5.21 6.57 6.82
44 .73 .75
.66 .93 1.01

1.25 1.67 1.74

2.42 2.91 2.95

11.73 14.95 15.66

1.83 2.26 2.53
.05 .07 -09

2.80 3.48 3.73
44 .57 61
27 43 .50

8.69 10.82 11.86

1.87 2.20 2.28
.06 213 15
.25 .39 42
.05 .07 .07

1.63 1.87 1.97

Continued on next page



No.

173
174
175

Town name

North Aurora
Pingree Grove

St.

Charles

Table 2. Continued

factor 1970 1980 1985

Kane County (continued]

1.226 .48 .58 .66
-892 01 .01 .01
1.008 2.03 2.47 2.70

1990

.73
.01
2.90

2000

1.03
.02
3.89

2010

1.09
.02
4.37



No.

215
216
217
218
219
220

221
222
223
224
225

Town name

Round Lake

Round Lake Beach
Round Lake Heights
Round Lake Park
Third Lake

Tower Lakes

Vernon Hills
Wadsworth
Wauconda
Waukegan

Wi Idwoo

Table 2.

K factor

Continued

1970

1980

Lake County (continued)

1.088
.981
1.529
1.937
.831
1.034

972
1.154
.803
1.145

.15
.45
.12
.45
.01
.06

.07
.06
.36
9.30

.38
1.42
.15
71
.01
.09

.55
.09
41
9.70

1985

.55
1.47
.16
.81
.02
.10

.67
.10

10.19

1990

.66
1.52
.16
.89
.02
.10

-80
11

10.69

2000

1.27
1.63
.20
1.28
.02
A1

1.30
.13
.61

12.68

2010

1.51
1.83
.25
1.44
.02
.12

1.46
.14

13.10



No.

253
254
255
256
257

Town name

Channahon
Crest Hill
Crete
Elwood
Frankfort

Concluded

Table 2.
K factor 1970
Will County
1.377 .14
1.114 .60
.865 .30
1.051 .06
1.074 .25

1980

(continued)
.65

86
.38
08

1985

.69

.88
.46
08

1990

.72
-90
.55

2000

.87
-98
.88
.08

2010

.92
1.03
.98
.08



reported a greater percent of unaccounted-for water than those with lower
water use. Plausible reasons are older systems and absence of leak de-
tection surveys followed by remedial measures. It is imperative that all
municipalities keep monthly and yearly records of water pumped to the
treatment plant and that billed to the customers, so that an excessive
unaccounted-for water problem may be recognized and rectified.

Water Rate



POTENTIAL YIELD OF SHALLOW GROUNDWATER AQUIFERS

In 1966, the Water Survey estimated the potential yield of the shallow
groundwater aquifers in the six-county region to be 507 mgd (NIPC, 1966).
Moench and Visocky (1971) revised the yield estimate to 445 mgd using all
the data available at that time. Estimates of the potential yield by town-
ships (Schicht et al., 1976) add up to 455 mgd. The difference between
the 1966 and the 1971 estimates is largely caused by a reduction in the
yield in the western part of the area where the Maquoketa shale is the upper-
most bedrock and by the elimination of the potential yield for the areas with
extremely low well yields. The small difference between 1971 and 1976 esti-
mates is caused by a greater detail of computation and smaller and more
numerous subareas used in the 1976 study.

The exact location and extent of the sand and gravel aquifer are not
known. The areal extent and thickness of the Silurian dolomite aquifer are
better known, but infc2 mtionl
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Figure 1. Location map and urbanized townships
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receive water from Lake Michigan, either directly or through Chicago. An
additional 18 townships are more than 50 percent urbanized and optimal de-
velopment of well fields therein will pose some problems and difficulties.
Some of these townships have already developed their potential yield. Vari-
ous townships, shown in figure 1, have been so labelled by a perusal of the
1979 I1linois Highway Map.

Potential Yields

The potential yield of an aquifer is defined a



Table 3. Sample Computation of Potential Yield of Shallow Groundwater Aquifer
(Township: No. 11, T44N R7E, Dorr; McHenry County)

A. With Primary Development of the Silurian Dolomite

Area
Aquifer (sg mi)
Dolomite 5.6
30.4
Sand and gravel
Basal 4.4
Interbedded 0.4
Surficial 10.0
Totals
Dolomite

Sand and gravel
Shallow aquifer

Recharge (mgd/sq mi)

In

0.012
0.175

0.175
0.175
0.300

Out Net

0.012
0.175

0.012 0.163
0.012 0.163
0.175 0.125

B. With Primary Development in Sand and Gravel

Area Recharge
Sequence Line Aquifer (sg mi) (mgd/sq mi)
a 1 S 10.0 0-300
2 14S 6.0 0.150
3 B+S 1.7 0.150
4 B+1+S 25 0.075
5 D+S 2.3 0.150
6 D+I+4S 3.5 0.075
7 D+B+S 1.7 0.075
8 D+B+1+4S 25 0.038
b 9 | 11.5 0.175
10 B+1 9.5 0.088
11 D+1 2.0 0.088
12 D+B+1 9.5 0.044
c 13 B 6.0 0.175
14 D+B 6.0 0.012
d 15 D 8.5 0.175
yS 10.0
Sl 17.5
B 19.7
D 36.0
Sand and gravel = YS+)I1+}B
Dolomite D
Note: S= surficial; 1= interbedded; B= basal sand and gravel;

and

24

1.0
1.0

0.5
0.5
0.5

C

0.5
0.5
0.5
0.5
1.0
1.0
1.0
1.0
0.5
0.5
1.0
1.0
0.5
1.0
1.0

Potential
yield (mgd)
0.067
5.320

0.359
0.033
0.625

5.387
1.017
6.404

Potential
yield (mgd)
1.500
0.450
0.128
0.0%4
0.345
0.262
0.128
0.0%4
1.006
0.418
0.175
0.418
0.525
0.072
1.488
1.500
1.456
1.165

2.982
4.121
2.982
7.103



Figure 2. Distribution of surficial, interbedded, and
basal sand and gravel; and dolomite aquifers in
Dorr township, No. 11, T14N, R7E
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a recharge rate less than that for the overlying interbedded or basal aquifer.
Everywhere else, the interbedded or basal sand and gravel has the same re-
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Figure 4. Potential yield, in mgd, of shallow aquifers with
primary development of sand and gravel
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Table 4. Shallow Groundwater Aquifer Potential with Primary
Development in Silurian Dolomite or Sand and Gravel

Potential yield with primary development in

Dolomite Sand and gravel
County S&G D Total S&G D Total
Cook* 6.2 95.0 101.2 30.7 72.2 102.9
Du Page 4.0 40.0 44.0 21.6 24.0 45.6
Kane 20.0 11.5 31.5 34.4 8.6 43.0
Lake 50 49.4 544 26.8 33.7 60.5
McHenry 24.9 66.4 91.3 65.5 49.6 115.1
will 12.3 116.2 128.5 33.4 95.0 128.4
Total 72.4 378.5 450.9 212.4 283.1 495.5

*The 4 townships cross hatched in figure 1 are excluded from
potential yield calculations.

Note: S&G = sand and gravel; D = dolomite aquifer
Comparison of Yields

Shallow aquifer potential for each of the six counties considering pri-
mary development in the Silurian dolomite or the sand and gravel aquifer is
given in table 4. The potential yield with either development is practically
the same for



Sand and gravel aquifer development may be economical where it increases
yields significantly and where limited test drilling is needed for delin-
eation of the aquifer. In other areas, as well as in areas where sand and
gravel aquifer cannot support high yield wells, the primary development of
the dolomite aquifer will be more desirable.

Effect of Urbanization on Potential Yields

Figure 1 shows that there are 15 townships that are almost fully ur-
banized and are served with Lake Michigan water, directly or through Chicago.
If they are excluded from development of shallow aquifers, the potential
yield will be reduced by 49.1 mgd with dolomite as the primary aquifer and
51.1 mgd with sand and gravel as the primary aquifer. The development of
sand and gravel aquifers may not be feasible in these townships, but it
should be possible to develop the dolomite aquifer in some of them. Be-
cause of the uncertainity about the areal extent, thickness, and trans-
missivity of the sand and gravel aquifers, a test drilling program is a
prerequisite to design a suitable well field. This type of drilling pro-
gram is impractical in heavily built-up areas. It may be of interest to
note that only 2.1 mgd is contributed by a sand and gravel aquifer out of
a total of 49.1 mgd with the primary development in the dolomite aquifer.

The.783 13n exclude



AVAILABILITY OF WATER FROM FOX, DU PAGE, AND KANKAKEE RIVERS

The quantity and quality of water available from the Fox, Du Page, and
Kankakee River in northeastern Illinois were investigated to assess the po-
tential of these sources for water supply. The gaging stations, the drain-
age areas, the 7-day 10-year low Flows (Q;10), and the years of daily flow
data used are:

Drainage area Q7.10

River Gaging station (sq mi) (cfs) Record used
Fox at Algonquin 1,403 51 1924-1972

at Dayton 2,642 198 1924-1972
Du Page at Shorewood 324 45 1941-1972
Kankakee at Wilmington 5,150 450 1934-1972

The 7-day 10-year low flow values (Singh and Stall, 1973) apply to the 1970
condition of effluents discharged to the receiving stream.

Low Flow Statistics

The 7-, 15-, and 31-day low flows for the months of January through
December for each year of the flow record at the four gaging stations were
computed with the use of the daily flow data stored on DISK and a computer
program specifically prepared for this purpose. The 31-day low flow in any
month could have O to 15 days iIn the preceding or succeeding month. Sim-
ilarly, the 15- and 7-day low flow could have O to 7 and O to 3 days iIn the
preceding or succeeding month, respectively. The low flows In each year
were adjusted for the effluent flow condition in 1970 for which the Q7 1o
values hold. Curves of relation were developed for the effluent dis-
charge to the stream during dry weather conditions versus the calendar year,
for each of the towns above the 4 gaging stations. There were 4 towns above
Algonquin, 20 towns above Dayton, 22 towns above Shorewood, and 3 towns above
Wilmington. The sum of these effluents entering the Fox, Du Page, and Kanka-
kee River above the gaging stations of interest are plotted in figure 5 with
respect to time. The low flow in a particular year was adjusted by adding to
it the difference between the 1970 effluents and the effluents for the year
under consideration. For example, the 1950 low flow adjustment for the Fox
River at Dayton equals 54.12 - 26.11, or 28.01 cfs.

Flow-Deficit-Duration Frequency

From the adjusted 7-, 15-, and 3l1-day low flows during January to
December for each year of the flow record, deficit durations at different
levels of flow were tabulated at the four gaging stations. As an example, a
part of the information covering years 1961 through 1970 for the 3l-day low
flows in the Fox River at Algonquin is shown in table 5 which shows the
month and the middle of the 31-day low flow period when the flow was less
than the T o]
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Figure 5. Effluents entering the Fox, Du Page, and Kankakee
Rivers upstream of the gaging stations

32



Table 5. Nonavailability of Water from the Fox River at Algonquin
(from 31-day low flow information)

Notes: 1) M denotes the month. D denotes the date of the middle of the
31-day period, in the month on the preceding line.
2) 100 cfs is available in any month. More than 175 cfs is
available at all times in years 1961, 1962, and 1967-1970.

Table 6. Available Flow, Deficit Duration,
and



for each of the selected flow levels were determined from deficit duration
versus probability graphs. The final information is presented in figures 6
and 7.

Availability of Water

It is assumed that no withdrawals from the river for water supply pur-
poses will be made when the flow is equal to or less than the 7-day 10-year
low flow. River flow in excess of the Q; 10 can be pumped for water supply
as needed. Usually, this pumpage will not vary considerably over the year.
Availability of flow in cfs and in mgd and the associated deficit durations
in months for recurrence intervals of 10 to 40 years are given in table 6.
For a 40-year drought, the deficit duration lies usually between mid-June
and mid-October at Algonquin, between mid-May and mid-October at Dayton for
the Fox, and between mid-September and mid-January for the Du Page and
Kankakee Rivers.

Water Quality

The Water Survey has data for numerous water quality parameters stored
in readily accessible computer storage from samples of surface and ground-
water taken all over the state. The data for the Fox River at Algonquin
and at Dayton, Du Page River at Shorewood, and Kankakee River at Wilmington
were printed out separately by months -- January through December. The
means and standard deviations for each of the
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COST FUNCTIONS FOR WATER SUPPLY SYSTEM COMPONENTS

Cost functions for



Table 8. Construction Cost Parameters

Index values
Amortization Actual Estimated

System component period (years) CRF  July 2976  July 1980
1. Wells

a. Sand and gravel 25 0.0937 404 536

b. Dolomite or sandstone 50 0.0817 404 536
2. Well pumps 10 0.1490 388 503
3. Reservoirs

a. Land 50 0.0817 717 1227

b. Construction 50 0.0817 388 500

c. Intake structures 50 0.0817 388 500
4. Conveyance systems

a. Pipelines 50 0.0817 357 455

b. Pumping stations 30 0.0888 404 536
5. Treatment plants 30 0.0888 402 533

Note: Index values give HWI for all components except land for which
they represent FIN.

The 2.45¢/kwh rate for the first 100,000 kwh in a month assumes a monthly

power variation small enough to obtain a 10 percent load factor discount.

Annual electric charges are calculated from the monthly kwh and applicable
electric rate, summed over the 12 months in a year.

Wells and Pumps

The cost of constructing a well depends on the type of aquifer, the
need for a well screen and/or gravel pack, and the diameter and depth of
the well. The diameter of a well depends on the expected well capacity
and the size of the pump required. Well diameters for various pumping
rates or well capacities (Smith 1961) used in Illinois are:

Pumping rate (gpm) 125 300 600 1200
Well diameter (inches) 6 8 10 12

For intermediate pumping capacities, the larger diameter is used.

The cost of a pump includes the pump and motor, their installation,
electrical wiring, meters, connections, etc. The two types of pumping
installations in use are the vertical turbine pump and the submersible
turbine pump. The choice of one or the other depends on the preferences
of the engineering consultant, well driller, and the municipal authorities
who are guided by their past experience. From data on the wells drilled
over the last 70 years in northeastern lllinois, the useful life of a well
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83

WC , = 1150 + 520 x + (0,23 + 0.050 x) at ' (7

sd

in which x = D - 6 and D = bottom bore hole diameter in inches. In
computing deep sandstone well costs, the well diameters for pumping rates
of 350, 700, and 1000 gpm have been taken as 10, 12, and 15



kwh = 1147.6 Q H/E 12)

where Q is the average pumping rate in mgd, and E is the annual average
efficiency taken as 0.6. The annual operation, maintenance, and repair
cost for a municipal well field in July 1980 dollars is given by:

OM&R = 305 + 230 NW a3
in which NW = number of wells.

In addition, costs are incurred for rehabilitation of dolomite wells.
A dolomite well generally needs rehabilitation by acidizing once every
25 years on the average (Schicht et al., 1976). An addition of $1.20 per
gpm of well capacity is made to the OM&R cost to allow for the rehabilita-
tion cost iIncurred once over the 50-year useful life of a dolomite well.

Reservoir Costs

The reservoir storage, S, is designed to meet 1.2 times the average
yearly demand in mgd during a



IC = 78,000 + 7800 Q (16)

in which Q is the average withdrawal in mgd. The intake structure is
assumed to be built in 1984-1985.

OM&R Cost

Annual operation, maintenance, and repair cost for a reservoir and
¥ntake striicture, in 1980 dollars is computed from -, |

OMSR = 26,600 + 0.015 (RC + IC) an

Water Conveyance System

Water will be conveyed by a network of pipelines from the source,
whether groundwater or surface water, to the user towns or entities. The
conveyance network will have pumping stations to keep the pressure in the
system between 25 and 300 feet of water. The pipeline will be optimal in
the sense that the unit cost of conveyance will be minimum. 1t will be
adequate to meet the varying water demand expressed in terms of the demand
factor (ratio of the demand to the average demand) and the fraction of time
a factor is to be met. Additional storage to meet hourly demand variations
will be provided by each town according to its particular needs.

Factor Fraction of time Product
1.8 0.01 0.018
1.7 0.02 0.034
1.6 0.03 0.048
1.5 0.04 0.060
1.4 0.05 0.070
1.3 0.07 0.091
1.2 0.08 0.096
1.1 0.09 0.099
1.0 0.10 0.100
0.9 0.12 0.108
0.8 0.15 0.120
0.7 0.12 0.084
0.6 0.12 0.072

1.00 1.000

Six components of conveyance cost (Singh, 1971)



recent engineering reports on water supply for northeastern Illinois in-
dicated the need for increasing the cost of pipeline construction. Such
an increase iIs dependent on the depth at which pipe is to be laid,
drainage, road and highway crossings, extra costs involved in directing
and routing traffic, limited easements and workspace in and around
medium to large size towns, number of other utility lines to be crossed,
any breaking of pavements, etc. The iIncrease in cost is achieved by the
use of a multiplier, which varies from 1.0 to 2.0. It is 3.0 for under-
water pipelines to intakes in Lake Michigan.

Pipeline  Construction  Cost, Cy
The cost C; in dollars is obtained from
¢, = 5750 M L pt+? - (18)

in which L is length in miles, D is inside pipe diameter in inches, and
M is a multiplier.

Pipeline OM&R, C,

Annual pipeline operation, maintenance, and repair cost in dollars
is given by

C,=27rDL 2



The annual energy cost, Cs, is the product of the annual kwh and the
appropriate value from the rate schedule.

Pump Station OM&R, C;

This cost includes oiling, painting, routine checking, servicing, and
repairs to or renewal of worn-out parts. The annual cost in dollars is

_ 1.05
C, = 3520 + 26 (WP__ ) (22)

Water Treatment

Water treatment costs in two recent regional studies of northeastern
Illinois (Schicht et al., 1976; Keifer, 1977a) were based on the cost
functions iIn State Water Survey Technical Letter 11



groundwater. Groundwater treatment costs were developed from Howson (1962),
USEPA (1977), and Keifer (1977a).

Lake Michigan Water

The curves for capital, OM&R, and total unit costs in figure 8 include
coagulation, sedimentation, rapid
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capacity, lime-soda treatment becomes progressively more economical as the
plant size increases. The ion exchange cost curves are drawn up to 10 mgd.
For larger ion exchange plants, more treatment units are added, but there
is no economy of scale,

Generally, groundwater supplies in northeastern Illinois are not
treated for hardness removal in the municipal treatment plants. Home
softening of water, usually that portion which goes through the water
heater, is common and it is achieved with individual ion exchange units.
Considering the useful life of these units as 10 to 15 years, Howson (1962)
gave a total unit cost estimate which is 130 to 160¢/1000 gal of water
softened in terms of 1961 dollars. Staackmann and Agardy (1977) give a
relation between home softening cost and hardness removal. The cost works
out to 105¢/1000 gal in July 1980 dollars with 300mg/l hardness removal
for a household using an average of 450 gallons per day. However, this
cost is based on a 30-year life of the home softening units. With a life
of 10 to 15 years as used by Howson, the unit cost would be close to $2.00.
These estimates can be compared with the total cost curves in figure 10.
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RADIOCACTIVITY



Table 9.

Twp o Sand and gravel
NO. B n mean  range

McHenry County
1McHenr8 1389  Tjl4443

Radioactivity in Groundwater

Silurian dolomite

n

Tw0.85-0.750

52

mean

To

range

13)

m R

Deep
n

Y0971

13

N~ AN OO AD

AR MDA

24

37
37

sandstone
mean range
ml0p Tc443

8.8 1.0-21.8
13.0 0.6-27.1

5.8 1.0-12.1
11.0 3.0-17.0

8.5 2.0-15.6
15.4 9.0-25.9
10.5 2.2-19.4
13.4 5.0-22.0
11.0 7.8-16.7
19.1 15.9-23.9
14.5 8.0-30.6
24.0 18.0-34.8
17.0 11.0-24.7
26.2 16.0-33.0
18.6 5.4-34.9
28.1 15.0-40.1
13.6 4.0-38.6
25.2 12.0-71.0

Continued on next page

Tw080

To7) TP






Table 9. Continued
Tup a Sand and gravel Silurian dolomite

No. B n  mean range n mean  range

Cook County (Continued)

68 a 8 0.8 0.0- 2.2
B

70 a
B

71 a

72 ([3(3
B

Deep
n

sandstone

mean

range



Twp

No.

a

B

Sand and gravel

Table 9. Concluded
Silurian dolomite

mean range n mean range

Will County (Continued)

92

93

95

96

97

100

102

103

TR DR TR W DR QY DR ™A

3 12 0.0- 2.7
3 3.2 2.0- 45
2 25 1.0- 4.0
2 28 1.0- 46
8 11 0.1- 4.0
8 438 1.4- 9.0
7 21 0.0- 45
7 4.2 2.7- 5.8
6 1.2 0.0- 2.9
6 8.0 0.0-11.6
1 25

1 5.9

o is gross alpha particle activity i