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REJORT COMPOSITION

The survey report is divided into a Su~iuiiary, and 9 Appendices. A
charge for each appendix and si.minary report to cover the cost of printing
will be required, should purchase be desired. The appendices each con-
tain a different category of information. Alphabetically identified,
the appendices are:

A . Background Information - This appendix includes the population
and industrial projections, wastewater flows and the engineer ing data
used as a basis for planning.

B. Basis of Design and Cost - This appendix contains the criteria and
rationale used to design and cost the final alternative wastewater treat-
ment system components.

C. Plan Formulation - The appendix presents the planning concepts
and procedures used in developing the alternative wastewater management

F plans that were examined during the study.

D. Description and Cost of Alternatives - This appendix contains a
cost description and constniction phasing analysis for each of the final
five regional wastewater management alternatives. Components of these
alternatives are described in detail in Appendix B.

E. Social - Environmental Evaluation - This report provides an
assessment:of the social and environmental impacts likely to arise
from the implementation of the final five alternatives.

F. Institutional Considerations - This report presents an assessment
of the institutional impacts likely to arise from implementation of the
final five alternatives.

G. Valuation - This appendix presents a broad evaluation of the
implications and use potential inherent in the final five alternatives.

F!. Public Involvement/Participation Program - This appendix documents
the program used to involve the public in the planning process.

I. Comments - ‘liiis appendix contains all of the formal comments from
local , state and Federal entities as the result of their review of the
other appendices and the Summary Report. Also capsuli zed are the view s
of citizens presented at public meetings .

The Summary doc~inent presents an overview of the entire study .
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PREFACE

GENERA L

This volume is a part of the United States Army , Chicago Dis-
trict , Corps of Engineers , Survey Scope Study for Regiona l Wastewater
Management in the Chicago-South End of Lake Michiga n area . The
overall Survey Scope Study report consists of a Summary volume and a
numb er of supporting appendices. This appendix , Appendix B - Basis
of Design and Cost , contains the basis of the design and costs for
five regiona l wastewater management systems presented in the Sum-
mary volume , and detailed in Appendix D , Description and Cost of
Alternatives.

Appendix B Is divided into two part s , a formal volume and a
data annex , Data Annex B - Basis of Design and Cost , which presents
more detailed , supporting information pertinent to the forma l presenta -
tion . Appendix B and Data Annex B are bound under separate cover .
This volume is the Data Annex.

The Data Annex is structured parallel to the Appendix , with
corresponding roman—nur neraled sections and upper case , lettered sub-
sections . Specific information is referenced in the Appendix and is
placed in the pa rall el Data Annex section and subsection . There are
a number of subsections which do not ha ve materia l referenced in the
Data Annex .

DATA ANNEX LABELING

Page numbering and Figure and Table identification are refer-
enced by a four place designation . An example of each is presented
below :

Table Labeling and Referencing

Table B A - I V - A - 3
Identifies I 1ldentifles table number , numbered
reference as consecutively from beginning of
a table I subsection

Lldentifles subsection of section

Identifies section of data annex

Identifies Appendix , then data annex

—vii— 
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Figure Labeling and Referencing

Figure BA - III — C - S
Identifies Lldentifies figure number , num—
reference as bered consecutively from
a figure beginning of subsection

Identifies subsection of section

Identifies section of data annex

Identifies Appendix , then data annex

Page Numbering and Referencing

BA - VII - D - 14

Identifies Appendix , L ldentifies page number ,
then data annex — numbered consecutively

from beginning of sub-
section

Identifies section of
data annex Identifies subsection of section

REFERENCES

Reference numbers for bibliogra phic references are listed
chronologically at the end of data annex subsections.

-viii-
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I. INTRODUCTION

B. DESCRIPTION OF REGIONAL
WASTEWATER MANAGEMENT

ULT I MATE WATER QUALITY GOALS

An integra l part of the C-SELM study was the formulation of ultimate
water quality goals. These goals were developed by the Corps of Engineers
and were based on a variety of water uses such as supplemental potable
water supplies , primary-contact recreation , healthy aquatic environment
and aesthetic considerations. Presented in Table BA-I-B-i is a list of
parameters defined in this study as critical pollutant s .  The concen-
trations of these parameters which reflect the ultimate water quality
goals of the study are also presented .

The purpose of the technica l goals of the C-SELM wastewater
management study is the prevention of water resource degradation by
waterborne wastes together with efficient reuse of the renovated waste-
water and its separate constituents . Since the characteristics of the
majority of the C-SELM streams are dependent on sewage treatment
plant and stormwater runoff discharges , th e achievement of the ul t imate
water quality goal requires a goal geared to maximum reasonable purity

of sewage effluent and stormwater ru noff .  Thus , the ult imate water
quality goals of this study are translated to a “No Discha rge of Critical
Pollutants ’ (N DCP) effluent goal. This NDCP effluent goal was for-
mulated by the Corps of Engineers for this s tudy.  It does not represent
an accepted or adopted standard by the EPA . The critical levels for
the wastewater -stormwater constituents of the ND CP goal are based
upon t he natural  background levels of the receiving stream or aquifer ,
with specific expections of constituents that are highly toxic or
otherwise injurious to the environment at trace levels. A s a basi s
of design three grDups of const i tuents  and a cceptance levels of each
are established:

1. Constituents that should be absent from the wastewater
effl uent as discharges

2.  Constituents that comprise the minimt..L. . ..cceptaflCe list
that must be considered

BA-I -B-i 
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3. Constituents that should be given particular consideration
as warranted by their impacts on the region

Thus , on this basis , together with considerations concerning
performance levels that can presently be achieved by application of the
best available technology, the NDCP goal was formulated as shown
In Table BA-I-B-2. Performance data , in this table , for advanced
biological treatment was based primarily on small-scale operating
systems , and for physical-chemical and land treatment on limited small
scale operating experience and on pilot plant , engineering and
lab oratory studies. Higher performance may be technically at ta inabl e
by each process. The extrapolation of the performance data to large
size processing facilities is considered reasonable for the scope of
this Study. Prototype facilities would be provided during the imple-
mentation period in order to develop the required large scale operating
experience .

BA-I -B-4
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EXISTING EFFLUEN T AND WATER QUALITY STAN DARDS

In the development of the list of water quality and effluent

standard s and requirements the following materials were utilized to

provide the needed inf ormation.

1. Illinois Pollution Control Board:
a. Newsletter No. 36 , November 15 , 1971
b. Newsletter No. 39 , December 27 , 1971
c. Newsletter No. 40 , January 10 , 1972
d. Newsletter No. 44 , March 8 , 1972

2. Indiana Stream Pollution Control Board:
a. Regulation SPC IR-2 , September 18 , 1970
b. Regulation SPC 4-R
c. Regulation SPC 7—R
d. Regulation SPC 9 , June 13 , 1967
e. Regulation SPC 10 , June 13, 1967
f. Regulation SPC 12

3. Summary of Conference , Pollution of the Interstate
Waters of the Grand Calumet River , Little Calumet
River , Calumet River , Wolf Lake , Lake Michigan
and their tributaries Clndiana-Illlnois) :
a. March 2—9 , 1965
b. January 4-5, 1966
c. March 15 , 1967
d. December 11-12 , 1968 and January 29, 1969

4. Summary of Conference , Pollution of Lake Michigan
and its Tributary Basin (Wisconsin_Illinoi S.4fldJ.ana
Michigan) :
a. January 31 , February 1-2, 5-7, March 7-8,

12 , 1968
b. Februar y 25 , 1969
c. March 31 , April 1, May 7 ,

September 28—30, October 1—2 , 29 , 1970
March 23—25, 1971

BA-I-B-7



______________

Illinois Water Quality Standards (Adopted)

A. Lake Michigan waters

1. Freedom from unnatural sludge or bottom deposits ,
floating debri s , visible oil , odor , unnatural plant
or algal growth , unnatural color or turbidity , or
matter in concentrations or combinations toxic or
harmful to human , animal, plant or aquatic life of
other than natura l origin.

2. pH (STORE T number - 00400) shall be within the
range of 7.0 to 9.0 except for natural causes.

3. Radioactivity:

a. Gross beta (STORET number - 03501)
concen tration shall not exceed 100
pico curies per liter (pci/i) .

b. Concentrations of radium 226 (STORET
number - 09501) and strontium 90
(STORET number - 13501) shall not ex-
ceed 1 and 2 pico curies per liter, re-
spectively.

4. The following levels of chemical constituent s shall
not be exceeded:

BA-I-B-8
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CONSTITUENT STORE T NUMBER CONCENTRATION (mg/i)

Ammonia Nitrogen (as N) 00610 0 .02
Arsenic (total) 01000 0.01
Barium (total) 01005 1.0
Boron (total) 01020 1.0
Cadmium (total) 01025 0.01
Carbon Chloroform Extract (CCE) 32005 0, 2
Chloride 00940 12.0
Chromium (total hexavalent) 0,05
Chromium (total trivalent) 1 .0
Copp er (total) 01040 0.02
Cyanide 00720 0 .01
Fluoride 00950 1.4
Iron (total) 01046 0 .3
Lead (total) 01049 0 .05
Manganese (total) 01055 0.05
Methylene Blue Active Sub stance

(MBAS) 38260 0.5
Mercury 71900 0.0005
Nickel (total) 01065 1.0
Nitrates plus Nitrites as N 00630 10.0
Oil (hexane—solubles) 00550 0.1
Phenols 32730 0.001
Phosphoru s 00665 0 .007
Selenium (total) 01145 0. 01
Silver (total) 01075 0.005
Sulfate 00945 24.0
Total Dissolved Solids 00515 180.0
Zinc 01090 1.0

5. Any substance toxic to aquatic life shall
n~t exceed one-tenth of the 48-hour median
tolerance limit (48-hr. TLm) for native fish
or essential fish food organisms.

6. Waters shall be of such quality that with
treatment consisting of coagulation, sedi-
mentation, filtration, storage and chlorin-
ation , or other equivalent treatment pro-
cesses , the treated water shall meet in all

BA - I-B —9



respects both the mandatory and recommended
requirements of the Public Health Service
Drinking Water Standard s - 1962

7. Dissolved oxygen (STORET number - 00300)
shall not be less than 90% of saturation
except due to natural causes.

8. Based on a minimum of five samples taken
over not more than a 30-day period, fecal
coliforms (STORET number - 31616) shall not
exceed a geometric mean of 20 per 100 ml.

9. Temperature (STORE T number - (°F) 00011
and (° C) 00010) :

a. (1) All sources of heated effluent s in
existence as of Ja nuary 1, 1971
shall meet the following restrictions
outside of a mixing zone which shall
be no greater than a circle with a
radius of 1 ,000 feet or an equal
fixed area of simple form.

(a) There shall be no abnormal tern p-
erature changes that may affect
aquatic life .

(b) The normal daily and seasonal
temperature fluctuations that
existed before the addition of
heat shall be maintained.

(c) The maximum temperature rise at
any time above natural temper-
atures shall not exceed 3°F. In
addition, the water temperature
shall not exceed the maximum
limits (°F) indicated In the follow-
ing table:

Jan. Feb. Mar, Apr. May Tune July Aug. Sept. Oct. Nov. Dec.

45 45 45 55 60 70 80 80 80 65 60 50
(2) The owner or operator of a source of

BA-I-B- lO



heated effluent which discharges 0.5
billion British Thermal U nits per hour
(BTU/HR.) or more shall demonstrate
in a hearing before the Illinoi s Pollu-
tion Control Board not less than 5
nor more than sIx years after the
adoption of this regulation , that
discharges from that source have
caused and cannot be reasonably
expected in future to cause signifi-
cant ecological damage to the Lake .
If such proof is not made to the
satisfaction of the Board , backflttin g
of alternative cooling devices shall
be accom plished within a reasonable
time as determined by the Board .

(3) The owner or operator of a source of
heated effluent shall maintain such
records and conduct such studies of
the effluent s from such source and
of their effect s as may be required
by the Environmental Protection Agency
or in any permit granted under the
Environmental Protection Act.

(4) Backfi tting of alternative cooling
facilities will be required if , u pon
complaint filed in accordance with

‘Board rules , it is found at any time
that any heated effluent causes
significant ecological damage to the
Lake .

b. Any effluent source under construction
as of January 1, 19 71 , but not in oper-
ation , shall meet all the requirements
of Section 1 of this regulation and in
addition shall meet the following re stric-
tions:
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(1) Neither the bottom , the shore, the
hypolimnio n , nor the thermocline
shall be affected by any heated
effluent .

(2) No hea ted effluent shall affect
spawning grounds or fish migration
routes.

(3) Dis charge structures shall be so
designed as to maximize short-term
mixing and thu s to reduce the area
significantly raised in temperature .

(4) No di scharge shall exceed ambient
temperatures by more than 20~ F.

(5) Heated effluents from more than one
source shall not interact .

(6) All reasonable steps shall be taken
to reduce the number of organisms
drawn into or against the intakes.

(7) Cleaning of condensers shall be
accomplished by mechanical devices.
If chemicals must be used to supple-
merit mechanical devices, the concen-
tration at the point of discharge shall
not exceed the 96-hour TLrn for fresh
water organisms.

c. (1) No source of heated effluent which
was not in operation or under con-
stru ction as of January 1 , 1971
shall discharge more than a daily
average of 0 .1 billion BTU/Hr ,

( 2) Sources of heated effluent which
di scharge less than a daily average
of 0.1 billion BTU/Hr . not in oper-
ation or under construction as of
Jan uary 1, 19 71 shall meet all
requirements of sections 1 ari d 2
of thi s regulation .
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B. Restricted use waters

1. Chicago Sanitary and Ship Canal

2.  Calument -Sag Channel

3. Littl e Calumet River from its junction with the Grand
Calumet River to the Calumet-Sag Channel

4. Grand Calumet River

5. Calumet River

6. Lake Calumet

7. South Branch of the Chicago River

8. North Branch of the Chicago River from its confluence
with the North Shore Channel to its confluence with
the South Branch

9. Des Plaine s River from its confluence with the
Chicago Sanitary and Ship Canal to the Interstate
55 bridge

10, North Shore Channel , except that dissolved oxygen
in said Chan nel shall be not less than 5 mg/i
during 16 hours of any 24 hour period , nor les s than
4 mg/i at any time.

a. Freedom from unnatural sludge or bottom deposits
floating debris , visible oil , odor , unnatural
plant or algal growth , or unnatural color or
turbidity.

b. pH (STORE T number - 00400 ) shall be within the
range of 6 .0 to 9 .0 except for natural causes.

c. Dissolved oxygen (STORE T number - 00300) shall
not be less than 3,0 mg/ i during at least 16
hours in any 24-hour period , nor less than 2 .0
mg/i at any time.

d. Based on a minimum of five samples taken over
not more than a 30-day period , fecal coliforms
(STORE T number - 31616) shall not exceed a
geometric mean of 1, 000 per ml , nor shall more
than 10% of the samples during any 30-day
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period exceed 2 , 000 per 100 ml.

e. The following levels of contaminants shall not
be exceeded:

CONSTITUENT STORET NUMBER CONCENTRATION (mg/i)

Ammonia Nitrogen (as N) 2 .5
Arsenic (total) 01002 0 .25
Barium (total) 01007 2.0
Cadmium (total) 01027 0. 15
Chromium (total hexavalent) 0 .3
Chromium (total trivalent) 1 .0
Copper (total) 01042 1.0
Cyanide 00720 0 .025
Fluoride (total) 00951 2.5
Iron (total) 01045 2 .0
Lead (total) 01051 0.1
Manganese (total) 01055 1.0
Mercury (total) 71900 0.0005
Nickel (total) 01067 1.0
Oil (hexane solubles or

equivalent) 00550 15.0
Phenols 32730 0 ,3
Selenium (total) 01 145 1.0
Silver 01077 0.1
Zinc (total) 01092 1.0

f.  Temperature (STORE T numbers - (°F) 00011 and
(°C) 00010) shall not exceed 93° F (34°C) more
than 5% of the time , or 100°C) at any time .

C. General use waters

1. Chicago River

2. Little Calumet River

a. Freedom from unnatural sludge or bottom
deposits , floati ng debri s , visible oil , odor ,
unnatural plant or algal growth , unnatural color
or turbidity , or matter In concentrations or
com binations toxic or harmful to human , animal ,
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plant or aquatic life of other than natural origin.

b. pH(STORET number - 00400) shall be within the
range of 6.5 to 9.0 except for natural causes.

c. Phosphorus (STORET number - 00665): Phosphorus
as P shall not exceed 0.05 mg/l in any reser-
voir or lake , or in any stream at the point where
it enters any reservoir or lake.

d. Dissolved oxygen (STORET number - 00300) shall
not be less tha n 6.0 mg/i during at least 16
hours of any 24 hour period , nor less than 5.0
mg/i at any time.

e. Radioactivity:

(1) Gross beta (STORET number - 03501) concen-
tration shall not exceed 100 pico curies per
liter (pCi/i) .

(2) Concentrations of radium 226 (STORE T number
09501) and stontium 90 (STORET number -

13501) shall not exceed 1 and 2 plco curies
per liter respectively .

f .  The following levels of chemical constituent s
shall not be exceeded:

I

I
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CONSTI TUENT STORE T Nu MBER CONCENTRATION (m g/i)

Ammonia Nitrogen (as N) 00610 1.5
Arsenic (total) 01000 1.0
Barium (total) 01005 5 . 0
Boron (total) 0 1020 1.0
Cadmium (total) 01025 0 .05
Chloride 00940 500.
Chromium (total hexavalent) 0. 05
Chromium (total trivalent) 1 .0
Copper (total) 01040 0 .02
Cyanide 00720 0.025
Fluoride 00950 1.4
Iron (total) 01046 100
Lead (total) 0104 9 0. 1
Manganese (total) 01055 1.0
Mercury 71900 0.0005
Nickel (total) 01065 1.0
Phenol s 32730 0 .1
Selenium (total) 01145 1 .0
Silver (total) 01075 0.005
Sulfate 00945 500.
Total Dissolved Solids 00515 1000.
Zinc 01090 1.0

g. Based on a minimum of five samples taken over
not more than a 30-day period , fecal coliforms
(STORET number - 31616 ) shall not exceed a
geometric mean of 200 per 100 ml , nor shall
more than 10% of the samples during any 30-
day period , oxceed 400 per 100 ml .

h. Any substance toxic to aquatic life shall , not
exceed one-tenth of the 48-hour median toler-
anc e limit (48-hr . TLm) for native fish or
essential fish food organisms.

I . Temperature (STORET numbers (f e ) 0001 1 and
(C°) 00010 ) :
(1) There shall be no abnormal temperature

changes that may adversely affect aquatic
life unless caused by natural conditions.

1 h 



(2) The normal daily and seasonal temperacture
fluctuations that existed before the addition
of heat due to other than natural causes
shall be maintained .

(3) The maximum temperature rise above natural
temperatures shall not exceed 5°F .

(4) In addition , the water temperature at repre-
sentative locations shall not exceed the
m aximum limits in the following table during
more than one percent of the hours in the
12 -month period ending with any month .
Moreover , at no time shall the water temp-
erature at such locations exceed the maxi-
mum limits in the following table by more
than 3° F.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

60° 60° 600 90° 90° 90° 90° 90° 90° 90° 90° 60°

D. All other waters in the C-SELM region (Public and Food
Food Processing Water Supply Use Waters)

1. Freedom from unnatural sludge or bottom deposits ,
floa ting debris , visible oil , odor , un natur al plant
or algal growth , unnatural color or turbidity, or
matter in concentrations or combinations toxic or
harmful to human , animal , plant or aquatic life of
other than natural origin.

2. p1-I (STORET number - 00400) shall be within the
range of 6.5 to 9.0 except for natural causes .

3. Phosphorus (STORET number - 00665): Phosphorus
as P shall not exceed 0.05 mg/l in any reservoir or
lake , or In any stream at the point where It enters
any reservoir or lake,

4. Dissolved oxygen (STORET number - 00300) shall not
not be less than 6.0 mg/i during at least 16 hours
of any 24 hour period , nor less than 5.0 mg/i at
any time .
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5. Radioactivity :

a. Gross beta (STORE T number — 03501
concentration shall not exceed 100 pico
curies per lite (pc/i).

b. Concentrations of radium 226 (STORET
number - 09501) and strontium 90 (STORET
number - 13501) shall not exceed 1 and 2
pico curies per liter respectively .

6. The following levels of chemical constituents shall
not be exceeded:

CONSTITUENT STORE T NUMBER CONCENTRATION mg/ i

Ammonia Nitrogen (as N) 00610 1.5
Arsenic (total) 01000 0.01
Barium (total) 01005 1.0
Boron (total) 01020 1.0
Cadmium (total) 01020 0.01
Carbon Chloroform

Extract (CCE) 32005 0.2
Chloride 00940 250.0
Chromium (total hexavalent) 0.05
Chromium (total trivalent) 1 • 0
Copper (total) 0104(’ 0.02
Cyanide 00720 0.01
Fluoride (30950 1.4
Iron (total) 01046 0.3
Lead (total) 01049 0.05
Manganese (total) 01055 0.05
Methylene Blue Active

Substance (MBAS) 38260 0.5
Mercury 71900 0.0005
Nickel (total) 01065 1 • 0
Nitrates plus nitrites as N 00630 10.0
Oil (hexane—solubles) 00550 0.1
Phenols 32730 0.001
Selenium (total) 01145 0.01
Silver (total) 01075 0.005
Sulfate 00945 250.0
Total Dissolved Solids 00515 500.0
Zinc 01090 1.0
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7 . Based on a minimum of five samples taken over not
more than a 30-day period , fecal coliform s (STORE T
number 31616) shall not exceed a geometric mean
of 200 per 100 ml , nor shall more than 10% of the
samples during any 30-day period , exceed 400 per
100 ml.

8. Any substance toxic to aquatic life shall not exceed
one—tenth of the 48—hour median tolerance limit
(48 -hr. TLm) for native fish or essential fish food
organisms.

9. Temperature (STORET numbers (F°) 00011 and (C°)
00010):

a. There shall be no abnormal temperature changes
that may adversely affect aquatic life unless
caused by natural conditions.

b. The normal daily and seasonal temperature fluctu-
ations that existed before the addition of heat
due to other than natural causes shall be main-
tained.

c. The maximum temperature rise above natural
temperatures shall not exceed 5°F.

d. In addition, the water temperature at representa-
tive locations shall not exceed the maxium limits
in the following table during more than one per-
cent of the hours in the 12-month period ending
with any month . M oreover , at no time shall the
water temperature at such locations exceed the
maximum limits in the following table by more
than 3°F.

Jan . Feb . Mar . Apr. May June July Aug . Sept . Oct . Nov . Dec.

60° 60° 60° 90° 90° 90° 90° 90° 90° 90° 90° 60°

10. Waters shall be of such quality that with treatment
consisting of coagulation , sedimentation , filtration ,
storage and chlorination , or other equivalent treatment
process , the treated water shall meet In all respects
both the mandatory and , except for chlorides , sulfate ,
and total dissolved solids, also the recommended
requirements of the Public Health Service Drinking
Water Standard s - 1962.
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Indiana Water Quality Standards

A. Regulation SPC 4-R (Proposed)

1. Lake Michigan Waters

2. Inner Harbor

3. Gary Harbor

4. Burns Harbor

a. Free from substances attributable to municipal ,
industrial , agricultural or other discharges that
will settle to form putre scent or otherwise
objectionable deposits .

b. Free from floating debri s , oil , scum , and other
floating materials attributable to municipal ,
industrial , agricultural or other discharges in
amounts sufficient to be unsightly or deleterious.

c. Free from materials attributable to municipal ,
Industrial , agricultural or other discharges
producing color , odor or other conditions in such
degree as to create a nuisance .

d. Free from substances attributable to municipal ,
Industrial , agricultural or other discharges in
concentrations or combinations which are toxic
or harmful to human , animal , plant or aquatic
life .

e. Free from substances attributable to municip al ,
industrial , agricultural or other discharges in
concentrations or combinations which will cause
or contribute to the growth of aquatic plants or
algae in such degree as to create a nuisance ,
be unsightly or deleterious or be harm fu l to
human , animal , plant or aquatic life or otherwise
impair the designated uses.

f.  Fecal Coliform Bacteria: (MPN or NF Count/
100 ml)

BA - I-B- 20

- -.

~

. . Ad



r . ..--

~~~~~~~ ~~~~~

-- .—

~~~~~~~~~ 

(1) Whol e—Body Contact: The fecal coliform
content at all recognized beach areas
shall not exceed 200 per 100 ml ar ~
monthly geometric mean based on not less
than five samples per month ; nor exceed
400 per 100 ml In more than ten percent
of all samples taken during a month .

(2) Partial-Body Contact: The fecal coliform
content at all locations in harbor areas
other than at recognized beach areas shall
not exceed a geometric mean of 1 , 000 per
100 ml , nor exceed 2 , 000 per 100 ml ~n
m ore than ten percent of the s.~mp1es.

(3) Lake Michigan Open Water: The fecal
coliform content in the open water of l ake
Michigan shall not exceed a geometri c
mean of 20 per 100 ml .

g. Toxic Substances: Not to exceed one-tenth of
the 96—hour median tolerance limit obtained iro~n
continuous flow bioassay s where the dilution
water and toxicant are continuously renewed ,
except that other , lower application factors may
be u sed In specific cases when justified on the
ba sis of available evidence or in the case of
materials that are persistent , syn ergisti c i that
have cumulative effects.

h. Radioactivi ty (pc/i) : The gross beta concentra-
tion shall not exceed 100 pico curler per liter
respectively.

I. Temperature: Municipal water and wastev~ater
treatment plants and vessels are exempted ~r r n
the following:

(1) All temperatures are expressed In deqrees
Fahrenheit . In all receiving waters the
points of measurement shall normally he in
the surface one meter at such depth as to
avoid thin layer surface warming due to
extreme ambient air temperature s , but
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where required to determine the true
distribution of heated wastes , and natural
variations in water temperature , mea sure-
ments shall be made at greater depths and
at several depths as a termal profile .

(2) There shall be no abnormal temperature
changes so as to be inj urlos to fish , wild-
life , or other aquatic life or the growth
or propagation thereof. In addition , plume
interaction with the bottom should be
minimized and shall not injuriously a ffect
fish spawning or nursery areas.

(3) The normal daily and seasonal temperature
fluctuations that existed before the addi-
tion of heat shall be maintained.

(4) At any time and at a maximum distance of
1 ,000 feet from a fixed point adjacent to
the discharge and or as agreed upon by the
State and Federal regulatory agencies , the
receiving water tempera ture shall not be
more than 3 degrees Fahrenheit above the
existing natural water temperature nor shall
the maximum temperature exceed those
listed below whichever is lower.

Month Temperature -

January 45
February 45
March 45
April 55
May 60
June 70
July 80
August 80
September 80
October 65
Novem ber 60
December 50
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(5) All new wa ste heat discharges or enlarge-
ment of existing facilities exceeding a
daily average of 0 .5 billion BTU/hour ,
which had not begun operation as of the
effective date of this regulation , and which
plan to use Lake Michigan waters for cool-
ing shall be limited to that amount essen-
tial for blowdown in the operation of a
closed cycle cooling facility . Plants not
in operation as of the effective date of
this regulation , will be allowed to go into
operation provided they are committed to a
closed cycle cooling system construction
schedule approved by the State and Federal
regulatory agencies.

(6) Water intakes shall be designed and
located to minimize entrainment and damage
to desirable organisms. Requirements may
vary depending upon local conditions but ,
in general , intakes are to have minimum
water velocity and shall not be located in
spawning or nursery areas of important
fishes. Water velocity at screens and
other exclusion devices shall also be at a
minimum .

(7) Discharges other than those now in exis-
tence shall be such that the thermal plumes
do not overlap or intersect .

(8) FacilIties discharging more than a daily
overage of 0.5 billion BTU/hour of waste
heat shall continuously record intake and
discharge temperature and flow and make
those records available to regulatory
agen cies upon request .

j .  Oil: Oil or similar materials shall not be pre-
sent In such quantities that they will produce a
visible film on the water surface , coat the bank s
bottom of the lake or harbors or in any way be
toxic or harmful to fish or other aquatic life .

k.  Constituent l imitat ions.
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In the following table the criteria for the Inner Harbor Basin
are for evaluation of the waters between the shore and a line from
the existing Calumet Harbor breakwater to the existing light on the
Inland Steel breakwater. The criteria for Gary Harbor and Burns
Harbor are for the evaluation of waters enclosed by the Gary Harbor
and Burns Harbor breakwaters. The criteria for Lake Michigan are for
evaluation of all shore and open waters outside of the specified
harbor areas.

Criteria
Gary Harbor and

Parameter Inner Harbor Burns Harbor Lake Mich.

Dissolved Oxygen
(percent sat.)
24-hour avg. 80% 85% 90%
M m .  value 70% 75% 80%

pH (rang~ 7 .5— 8.5 7 . 5 — 8 . 5  7 .5—8.5

Turbidity No turbidity of Same Same
other than natural
origin that will
cause a substantial
visibl e ~ontrast
with the natural
appea rance of the
water.

True Color (units)
Monthly avg. 5 5 5
Singl e value 15 15 15

Threshold Odor (units)
Hydrocarbon and/or chem.

Daily avg. 6 5 4
c in c l l e  value 15 10 8

Odor No obnoxious odor Same Same
of other than natu-
ral origin.
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Criteria
(Continued) /

Gary Harbor and Lake
Parameter Inner H arbor Burns Harbor Mich .

Ammoni a Nitrogen (mg/ i)
Monthly avg. 0.05 0.03 0.02
Single value 0.12 0.10 0.05

Chlorides (mg/i)
Monthly avg. 20 15 10
Single value 30 20 15

Cyanide (mg/i) Not to exceed Not to exceed Not to
0.025 at any 0.0 1 at any 0.01 at
time time any time

Fluorides (mg/ i)
Monthly avg. Not to exceed Not to exceed Not to

1.01 at any time 1.0 at any time exceed
1.0 at
any time

D issol ved Iro n (mg/I)
Monthly avg. 0.15 0.15 0.15
Single Value 0.30 0.30 0.30

~~gnol-1ike Substances (mg/i)
Monthly avg. 0.002 0.001 0.001
Single value 0.005 0.003 0.003

Sulfates (mg/i)

Monthly avg. 39 26 26
Single Value 75 50 50

Total Phosphorus (P) (mg/i)
Monthly avg. 0.03 0.03 0.03
Single Value 0.05 0.04 0.04

Filterable Residue (mg/i)
(total dissolved solids)
Monthly avg. 197 185 172
Single value 230 215 200

Arsenic (mg/i) Not to exceed Same Same
0.05 at any
time
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(Continued) Criteria
Gary Harbor and Lake

Parameter Inner Harbor Burn s Harbor Mich .

Barium (mg/i) Not to exceed Same Same
1.0 at any
time

Cadmium (mg/i) Not to exceed Same Same
0.01 at any
time

Hexavalent Not to exceed Same Same
Chrome (mg/i) 0.05 at any

time

Lead (m g/i) Not to exceed Same Same
0.05 at any
time

Selenium (mg/ i) Not to exceed Same Same
0.01 at any
time

Silver (mg/i) Not to exceed Same Same
0.05 at any
time

Total Mercury (mg/ i) Not to exceed Same Same
0.005 at any
time

B. Regulation SPC 7-R (Proposed)

1. Grand Calumet River

2. Indiana Harbor Canal

a. Free from substances attributable to municipal ,
industrial , agricultural or other discharges that
will settle to form putrescent or otherwise
obj ectionable deposits.
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b. Free from floating debris , oil , scum , and other
floating materials attributable to municipal,
industrial , agr icultural or other discharges in
amount sufficient to be unsightly or deleteri-
ous.

c. Free from materials attributable to municipal ,
industrial, agribcultural or other discharges
producing color , odor , or other conditions in
such degree as to create a nuisance .

d. Free from substances attributable to muni cipal ,
industrial , agricultural or other discharges in
concentrations or combinations which are toxic
or harmfu l to human , animal , plant , or aquatic
life .

e. Free from substances attributable to municipal ,
indust rial , agricultural or other discharges in
concentrations or combinations which will cause
or contribute to the growth of aquatic plants or
algae in such degree as to create a nuisance ,
be unsightly or deleterious or be harmful to
human , animal , plant , or aquatic life or other-
wise impair  the designated uses.

f .  Dissolved Oxygen: Concentrations shall average
at least 3.0 mg/l during any 24-hour period
and shall not be less than 2.0 mg/i at any
tim e.

g. pH: No values below 6.5 or above 8.5 ,
except daily fluctuations which exceed 8.5 and
are related to photosynthetic activity , may be
tolerated.

h. Temperature : The ater temperature shall not
exceed 90 degrees Fahrenheit at any time.

i. Fecal Coliforrn Bacteria: The fecal coliform
bacteria content (either MPN or MF count)
shall not exceed a geometric mean of 1 ,000
per 100 ml , nor exceed 2,000 per 100 ml in
more than ten percent of the samples , except
during periods of stormwater runoff.
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j .  Filterable Residue (total dissolved solids):
The filterable residue content shall not average
more than 275 mg/ i during any 24-hour period
nor exceed this value at any time except in
waters flowing westward into Illinois the concen-
trations shall not exceed 500 mg/i .

k. Chemical Constituents: The following levels of
chemical constituents shall not be exceeded at
any time .

Constituent Concentration (mg/i)

Ammonia Nitrogen 1.5
Chloride a. 35.0
Cyanide 0.1
Fluoride 1.3
Iron (dissolved) 0 .3
Mercury (total) .005
Phenol—like substances 0.010
Sulfates 75.0

a. I n waters flowing westward into Illinoi s the Concentration
shall not exceed 125 mg/ i .

1. Toxic Substances: Not to exceed one-tenth of
the 96-hour median tolerance limit obtained
from continuous flow bioassays where the dilu-
tion water and toxicant are continuously renewed ,
except that other , lower application fa ctors may
be used in specific cases when Justi fied on the
basis of available evidence.

m. Total Phosphorus: The content of total phos-
phorus shall not exceed 0 .10 mg/i at any time
except in waters flowing westward Into Illinois.

n~ Biochemical Oxygen Demand: The biochemical
oxygen demand shall not exceed 10.0 mg/i .
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o. Oil: Oil or similar materials shall not be
present in such quantities that they will pro-
duce a visible film on the water surface , coat
the banks and bottom of the stream or in any
way be toxic or harmful to fish or other aquatic
life. ln addition, the total oil concentration,
determined by the petroleum ether extration
method , shall not exceed 5.0 mg/l .

C. Little Calumet River flowing into Illinois (Regulation SPC 9)

1. Free from substances attributable to municipal,
industrial, agricultural or other discharges that will
settle to form putrescent or otherwise objectionable
deposits.

2. Free from floating debris , oil, scum , and other
floating materials attributable to municipal , indu s-
trial , agricultural or other discharges in amount
sufficient to be unsightly or deleterious.

3. Free from materials attributable to municipal , indus-
trial , agricultural or other discharges producing color ,
odor or other condition s in such degree as to create
a nuisa nce .

4. Free from substance s attributable to municipal ,
industrial , agricultural or other discharges in conce n-
trations or combinations which are toxic or harmful

to human , animal , plant or aquatic life .

5. Coliform Bacter ia - M P N/ l 0 0  ml

Maximum value 5 , 000 except during periods of storm-
water runoff .

6. Fecal Streptococci - N u m b er / l O O  ml

Maximum value 500 except during periods of storm -

water runof f .

7. Turbidity

No turbidity of other than n atur a l  r iq in  that Will
cause sub st ant ia l  v i s ib l e  contrast  wi th  the n atur a l
appearance el the water .
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8. True Color - U nits

Annual Average Not more than 25
Single Daily Value

or Average Not more than 50

9. Odor

No obnoxious odor of other than natural origin.

10. Temperature - ° F.

Single Daily Value
or Average Not more than 90

11. Oil

Substantially free from visible floating oil .

12. pH — U nits

Annual Median Within range 6 .5 -9 .0

13. Dissolved Oxygen - mg/ i

Average Not less than 4 .0
(May through Sept.)

Single Daily Value
or Average Not less than 2 .0

14. BOD - mg/ i

Single Daily Value
or Average Not more than 10.0

15. Ammonia-Nitrogen (N) - mg/ i

Single Daily Value
or Average Not m ore than 1 .5

i 6. Methylene Blue Active Substance - mg/ i

Single Daily Value
or Average Not more than 0.5

i7 .  Cyanides (CN) - mg/ l

Single Daily Value
or Average Not more than 0 .025
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18. Phenol-like Substances - mg/ i

Single Daily Value
or Average Not more than 0.02

D. Wolf Lake (Regulation SPC 10)

1. Free from substances attributable to municipal ,
industrial , agricultural or other discharges that will
settle to form putre scent or otherwise objectionable
deposits .

2. Free from floating debri s , oil , scum , and other
floa ting materials attributable to municipal , indus-
trial , agricultural or other discharges in amounts
sufficient to be unsightly or deleterious.

3. Free from material s attributable to municipal , agri-
cultural or other discharge s producing color , odor
or other conditions in such degree as to create a
nuisance.

4 . Free from substances attributable to municipal ,
industrial , agricultural or other discharges in con-
centrations or combinations which are toxic or harm-
fu l to hum an , animal , pl ant or aquatic life .

5. Bacteria - Bumber/i00 ml by MF Techniques

a. The number of bacteria shall be the arithmetical
average of the last five consecutive sample
results .

b. Satisfactor area If MF coliform are less than
1,00 0 and MF fecal streptococci are less than
100.

c. Satisfactory area if MF coliform s are from 1 , 000
to 5 , 000 and MF fecal streptococci are less
than 20.

d. A si ngle sample with over 100 ,00 0 collform s
shall require Immediate Investigation as to the
cause. Item s to be considered in the jud gment
of cause and action to be taken include the
sa nitary survey , winds , currents and weather
conditions.
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7. True Color - Units

Annual Average Not more than 5
Single Daily Value

or Average Not more than 15

8. Temperature —

Not more than 85

9. 011

Substantially free of visible floating oil.

10. pH - Units

Daily Median Within range 7 . 0 — 9 . 0

i i .  Dissolved Oxygen - Percent Saturation

Annual Average Not less than 90
Single Value Not less tha n 80

12. Ammonia—Nitrogen (N) - mg/ i

Annual Average Not m ore than 0 .05
Single Value

or Average Not more than 0.12

13. Methylene Blue Active Substance - mg/l

Annual Average Not m ore than 0 .02
Single Daily Value

or Average Not more than 0.05

14. Cya nlde s (CN) - mg/i

Single Value Not more than 0.025

15. Total Phosphates (P04) - mg/ i

Annual Average Not m ore than 0 .03
Single Daily Value

or Average Not more than 0.04

E. Rearing or imprinting areas for sairnon id fish (Regulation SPC
12 , Proposed).

1. Trail Creek from Black Road on the West Branch and Meer
Road on the East Branch downstream to HIghway 35.
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2. Little Calumet River and tributaries Joining it from
the southern boundary of the Westville Prison Farm
down stream to the Wagner Road Bridge near
Chesterton .

3. Black Ditch from Beverly Drive down stream to Lake
Michigan.

4. Salt Creek above its confluence with the Little
Calumet River.

a. Dissolved Oxygen: Concentrations shall not
be less than 6.0 mg/i at any time or any
place . During the spawning season or during
period s of rearing or inprinting , the dissolved
oxygen shall not fail below 7.0 mg/ i at any
time or place .

b. Temperature: No heat shall be added .

c. Ta ste and Odor: There shall be no substances
which impart unpalatable flavor to fish or taint
any of the associated biota; or result in an
offensive or unnatural odor of the water or in
the vicinity of the water.

d. pH No values below 6.0 or above 8.5 ,
except daily fluctuations which exceed pH 8.5
and are correlated with photosynthetic activity ,
may be tolerated. However, any drop below
6.0 or sudden rise above 8.5 not related to
photosynthesis indicate s abnormal conditions .

e. Oil : Oil or similar materials shall not be
present In such quantities that they will
produce a visible film on the water surface ,
coat the banks and bottom of the stream , or
in any way be toxic or harmful to fish or other
aquatic life.

f.  Turbidity : No material from other than natural
causes shall be added which will cause the
turbidity of the water to exceed 10 Jackson
turbidity units (JTU) .

BA - I-B -3 ~
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g. Settleable Solids: No settleable material from
other than natural causes shall be added in
quantities that will adversely affect salmonid
fishes or the natural biota .

h. Color: No material from other than natural
causes shall be added which will produce a
noticeable change from the natural color or
clari ty of the water.

i. Floating Materials: Free from floating debris,
scum , and other floating materials in amounts
sufficient to be unsightly or deleterious.

j .  Radioactive Materials: The gross beta concen-
tration shall not exceed 100 pico curies per
liter (pc/i) . In addition , the concentrations of
Radlum-226 and Strontium-gO shall not exceed
1 and 2 pico curies per liter , respectively .

k. Toxic Substances: Not to exceed one—tenth of
the 96-hour median tolerance limit of salmortid
fishes or the natural blota obtained from con-
tinuous flow bioassays where the dilution water
and toxicant are continuously renewed , except
that other , lower application factors may be
used in specifi c cases when justified on the
basis of available evidence.

1. Fecal Coliform Bacteria: The fecal coliform
bacteria content (either MPN or MF count) shall
not exceed a geometric mean of 1 ,000 per 100
ml , nor exceed 2,000 per 100 ml in more than
ten percent of the samples .

m . Plant Nutrients: Free from substances attriutable
to municipal , industrial , agricultural or other
sources in concentrations or combinations which
will cause or contribute to the growth of aquatic
plants or algae in such degree as to create a
nuisance, be unsightly or deleterious, or be
harm ful to salmonld fishes or the natural blota .

n. Mercury (Total) : The total mercury concentration
shall not exceed 0 .005 mill igrams per liter
(mg/l) at any time or place .
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F. Migration routes for salmonid fish (Regulation SPC 12,
Proposed).

1. Trail Creek from Highway 35 downstream to Lake
Michigan.

2. Little Calumet Rive from Wagner Road Bridge downstream
to Lake Michigan via Burns Ditch .
a. Dissolved Oxygen: Concentrations shall average

at least 6.0 mg/ i during any 24-hour period and
shall not be less than 5.0 mg/i at any time . During
periods of migration , the dissolved oxygen shall not
fall below 6.0 mg/i at any time or any place .

b. Temperature :

(1) The normal daily and seasonal temperature
fluctuations that existed before the addition of
heat due to other than natural causes shall be
maintained.

(2) The maximum temperature rise at any time or
place above natural shall not exceed 2 degrees
Fahrenheit. In addition , the temperature shall
not exceed 70 degrees Fahrenheit at any time
or place during periods of migration nor exceed
85 degree s Fahrenheit at any time.

c. Turbidity: No material from other than natural
causes shall be added which will cause the turbid-
ity of the water to exceed 25 Jackson turbidity units .

d. Settleable Solids: Free from substances that will
settle to form putre scent or otherwise objectionable
deposits .

e. Color: Free from materials producing color or other
conditions that will create a nuisance or interfere
with the normal migration of salmonid fishes.

G. Put-and-take trout fishing (Regulation SPC IR-2) .

1. Salt Creek from 150 East to 500 North .

2. Trail Creek , West Branch from U.S. Route 20 to town ~f
Waterford .
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a. Free from substances attributable to municipal ,
industrial , agricultural or other discharges that
will settle to form putrescent or otherwise objec-
tionable deposits.

b. Free from floating debri s , oil , scum , and other
floating materials attributable to municipal , indus-
trial , agricultural or other discharges in amounts
sufficient to be unsightly or deleterious.

c. Free from materials attributable to municipal , indus-
trial , agricultural or other discharges producing
color , odor or other conditions in such degree as
to create a nuisance .

d. Free from substance s attributable to municipal ,
industrial , agricultural or other discharges In con-
centrations or combinations which are toxic or harm-
ful to hu m an , animal , plant or aquatic life .

e. Dissolved Oxygen: Concentrations shall not be less
less tha n 6.0 mg/I at any time or any place .
Spawning areas (during the spawning season) shall
be protected by a minimum DO concentration of 7.0
mg/ i .

f .  pH: No values bel ow 6.0 nor above 8.5 , except
daily fluctuations which exceed pH 8.5 and are
correlated with photosynthetic activity, may be
tolerated. However, any sudden drop below 6.0 or
sudden rise above 8.5 not related to photosynthesis
indicate s abnormal conditions which should be Inves-
ti gated Immediately.

g. Temperature : Temperature shall not exceed 65~ F or
a 5°F rIse above natural , whichever is less.

h. Toxic Substances: Not to exceed one-tenth of the
96-hour median tolerance limit obtained from con-
tinuous flow bioassays where the dilution water and
toxicant are continuously renewed , except that other
application facto rs may be used In specific cases
whe n just if ied on the basis of available evidence
and approved by the appropriate regulatory agencies.
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I. Taste and Odor: There shall be no substances
which impart unpalatable flavor to food fish , or
result in noticeable offensive odors in the vicinity
of the water .

j. Bacteria: The fecal coliform content (either MPN or
MF count) shall not exceed a geometri c mean of
1,000 per 100 ml , nor exceed 2 , 000 per 100 ml in
more than ten percent of the samples.

H. All other waters in the C-SELM Region (Aquatic life and
partial body contact , Regulati on SPC IR- 2 ) .
1. Free from substance s attributable to municipal , ind ustrial ,

agricultura l c r  other discharge s that will settle to form
putrescent or otherwise obj ectionable deposits .

2. Free from floating debri s , oil , scum , and other floating
materials attributable to municip al , ind ustrial , agricul-
tural or other discharges in amounts sufficient to be
uns i~ ht1y or deleterious.

3. Free from materials attributable to municipal , industrial ,
agricultural or other discharges producing color, odor or
other conditions in such degree as to create a nuisance .

4. Free from substances attributable to municipal , indust rial ,
agricultural or other discharges in concentrations or
combinations which are toxic or harmfu l to human , ani mal ,
pla nt or aquatic l i fe .

5. DIssolved Oxygen: Concentrations shall average at least
5.0 mg/I per calendar day and shall not be less than
4. 0 mg/l at any time or any place outside the mixing zone .

6. pH: No values below 6 .0  nor above 8 .5 , except dai ly
fluctuations which exceed p1- I 8 .5  and are correlated wi th
photosynthetic activity , may be tolerated. However , any
sudden drop below 6 .0  or sudden rise above 8 .5  not
related to photosynthes is  indicate s abnormal conditi~~n~
which should be invest igated imm edia te ly .

7 . Temperature:

a.  There shall  be no abnormal temperature change  th at
m ay  a f f e c t  aqu at i c  l i fe  un less  caused by natural
conditions
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b. The normal daily and seasonal temperature fluctu-
ation that existed before the addition of heat due to
other than natural causes shall be maintained.

c. The maximum temperature rise at any time or place
above natural temperature s shall not exceed 5°F.
In addition , the water temperature shall not exceed
the maximum limits indicated in the following table .

Month Temperature -

January 50
February 50
March 60
April 70
May 80
June 90
July 90
August 90
September 90
October 78
Nov ember 70
December 57 

. -

8. Toxic Substances: Not to exceed one-tenth of the 96-
hour median tolerance limit obtained from continuous flow
bloassays where the dilution water and toxicant are contin-
ually renewed , except that other application factors may
be used In specific cases when just if ied on the basis of
available evidence and approved by the appropriate regu-
latory agencies.

9. Taste and Odor: There shall be no substance s which
impart unpalatable flavor to food fish , or result in notice-
able offensive odor s in the vicinity of the water .

10. Bacteria: The fecal colIform content (either MPN or MF
count) shall not exceed a geometri c mean of 1 , 000 per
100 ml , nor exceed 2 , 000 per 100 ml In more than  ten
percent of the samples.
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Illi nois Effluent Standards (Adopted)

A. Lake Michigan Waters

1. Deoxygenating Wastes: On or after 12/31/74 , n o effluent
shall exceed 4 mg/ i of BOD 5 or 5 mg/ i of suspended
solids.

2. Bacteria: No effluent shall exceed 400 fecal coliform s
per 100 ml . )

3. Ph osphorus (STORET number 00665) : No effluent shall
shall contain more than 1.0 mg/ i of phosphorus as P.

4. Additional Contaminants: The following levels of contam-
inan ts shall not be exceeded by any effluent:

CONSTITUENT STORE T NUMBER CONCENTRATION (mg/l)

Arsenic (total) 01002 0 .25
Barium (total) 01007 2 .0
Cadmium (total) 0 i027 0.15
Chromium (total hexavalent) 0 . 3
Chromium (total trivalent) I .0
Copper (total) 01042 1.0
Cyanide 00720 0.025
Fluoride (total) 00951 2.5
Iron (total) 01045 2.0
Iron (dissolved) 01046 0 .5
Lead (total) 01051 0.1
Manganese (total) 01055 1.0
Mercury (total) 71900 0.0005
Ni ckel (total) 01067 1.0
Oil (hexane solubles or

equivalent) 00550 15.0
pH 00400 range
Phenols 32730 0 .3
Selenium (total) 01145 1 . 0
Silver 01077 0.1
Zinc (total) 0 1092 1.0
Total Suspended Solids 00530 15.0

(from sources other than
deoxygenating wastes)
a. The pH lImitation Is not subject to averaging and must be

met at all t imes.
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B. All other Waters in C-SELM region

1. Deoxygenating Waste s

a. On and after 7/ 1/7 2, no e f f luent  shall exceed
30 mg/ i of BOD 5 or 37 rig/i of suspended solids
except as follows:

(1) No e f f luen t  from any source whose untreated
waste lou d is 10 , 000 populat ion equivalents or
more , or from any source discharging into the
Chicago River System or into the Calumet River
System shall exceed 20 mg/i of BOD 5 or 25
mg/ i of suspended solids.

b. On or after 12/31/73, no e f f luen t  whose dilution
ra tio is less tha n five to one shall  exceed 10 mg/ i
of BOD5 or 12 mg/l of suspended solids except
as follows:

(1) Sources whose untreated waste load is 500 , 000
population equivalents or more shall comply by
12/3 1/77.

(2) Source s whose dilution ratio is two to one or
more but less than five to one shall comply
by 12/31/74.

(3) Sources emp loying third—stage treatment lagoons
shall be qxempt provided all of the following
conditions are met:

(a) The untreated waste load is less than 2500
population equiva lents .

(b) The source is suff ic ient ly  isolated that
combining with other sources to aggregate
2500 popu ]~~t i~~n equivalents  or more is not
practicab le .

(c~ The l aao i ns arc properly constructed ,
mainta ined , and o~. o r i t r d .

(d) The e f f l u e n t  does ~ot. , alone or in combin—
at l i  ri with other  sources , cause a violation
of applicable water q u i l i t y  s tandards .
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(d) The e f f luen t  does not , alone or in combin-
ation with ~th or sources , cause a violat ion
of applicable water quality standards.

c. On or after 12/31/7 3, no e f f luen t  whose dilution
rati o is less than one to one shall  exceed 4 mg/ i
of BOD 5 or 5 mg/ i  of suspended solids , except
as follows:

(1) Source s employing third-st 0ge t reatment  lagoons
shall be exempt provided all of the following
conditions are met:

(a) The untreated wa ste load is less than 2500
population equivalents .

(b) The source is sufficiently isolated that
combining with other source s to aggregate
2500 population equivalents  or more is not
practicable .

(c) The lagoons are properly constructed , main-
tained , and operated.

(d) The ef f luent  doe s not , alone or in combin-
ation with other sources , cause a violation
of appl icable water quality standards.

(2) Other sosr ees , not having an untreated waste —

b i d  ‘ i f 500 , 000 p lo t i on  equivalents or more ,
shall  be exempt provided all of the following
condit ions are met :

(a) The e f f l uen t  shal l  not , alone or in co~~bin —
~~t i u n  with e t l i c r sources , cause a violation
of any appl icable  water quality standard .

(b) The e f f l u e n t  sha l l  not , alone or in combin—
ot i o n  with thor  sources , cause dissolved
oxygen in the wat e r s  of the State to fall
below 6 .0  mg/ I  during at least  16 hours of
any ~4-hour  period , or below 5.0 mg/ l  at
an~ time

Cc) The eff luent  s~ a 1l not exceed 10 mg/I of
ROD 5 or 12 mg/ i of suspended sol ids.
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d. On or after 12/31/7 7, no effluent from any source
whose untreated waste load is 500,000 population
equivalents or more shall exceed 4 mg/ i of BOD 5
or 5 mg/i of suspended solids.

2. Bacteria: No effluent shall exceed 400 fecal coliform s
per iOO ml.

3. Ammonia nitrogen as N. (STORET number 00610) : No
effluent from any source which discharges to the Chicago
River System or Calumet River System , and whose untreat-
ed waste load is 50 , 000 or more population equivalents
shall contain more than 2 .5  mg/i of ammonia nitrogen as
N during the months of April through October , or 4 mg/i
at other times , af ter 12/31/77.

4. Additional Conta minants:

a. The following levels of contaminants shall not be
exceeded by any effluent:

CONSTITUENT STORET NUMBER CONCENTRATION (mg/i)

Arsenic (total) 01002 0 .25
Barium (total) 01007 2. 0
Cadmium (total) 01027 0.15
Chromium (total hexavalent) 0. 3
Chromium (total trivalent) 1.0
Copper (total) 01042 1.0
Cy anide 00720 0.025
Fluoride (total) 00951 2.5
I ron (total) 01045 2 .0
Iron (dissolved) 01046 0.5
Lead (total) 01051 0 .1
Manganese (total) 01055 1.0
Mercury (total) 71900 0 .0005
Nickel (total) 01 067 1.0
Oil (hexane solubles or

equivalent) 00550 15.0
pH 004 00 range
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(Continued)

CONSTITUENT STORE T NUMBER CONCENTRATION (mg/i)

Phenol s 32730 0 .3
Selenium (total) 01145 1.0
Silver 01077 0.1
Zinc (total) 01092 1.0
Total Suspended Solids 00530 15.0

(from sources other than
deoxygenating wastes)

The pH limitation is not subject to averaging and must be met
at all times.

(1) Total Dissolved Solids (STORET number 00515)
• shall not be increased more than 750 mg/i

above background concentration levels unless
caused by recycling or other pollution abatement
practices , and in no event shall exceed 3500
mg/i at any time.

C. Enforcement Conference Requirements: The adopted and
proposed Illinois wastewater treatment plant effluent
standa rds meet the requirements of the ‘ Conference In the
Matter of Pollution of Lake Michigan and Its Tributary
Basin (isconsin-Illinois—Indiana—Michigan) ” and the “Con-
ference in the Matter of Pollution of the Interstate Waters
of the Gra nd Calumet River , Little Calumet and Their
Tributaries (Indiana—Illinois) . “

Indiana Wa stewater Treatment Requirements

Except for those wastewater treatment requirements given in the
recommendations of the “Co nference In the Matter of Pollution of
Lake Michigan and its Tributary Basin (Wisconsin - Illinois - Indiana
- Michigan) ” and the “Conference in the Matter of Pollution of the
Interstate Waters of the Grand Calumet Rive , Little Calumet River ,
Calumet Rive , Wolf Lak e , Lake Michigan and their tributaries (Indiana
— Illinois)” , Indiana has no effluent standards. The requirement s
of the “Lake Michigan ” and “Calumet” Conferences are :
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1. Secondary Treatment

2. 80% Total Phosphate Removal

3. Disinfection

An approach to additional effluent requirements would be to relate
existing low stream flow s to effluent flows . In areas where there
i s no significant natural base flow , the water quality standards could
be considered to be the effluent guidelines. Where there is a
natural low flow in the streams , dilution potential could be consid-
ered and related to comparable Illinois effluent standards. The
principal municipal wastewater treatment plants together with the
appropriate 7 day ,  10 year flow dilution ratios are given in Table
BA-I-B-3

The dilution ratio with natural stream low flow is essentially zero
for East Chicago , Gary and Hammond . Therefore , the eff luent  require-
ments for these plants could be those of Regulation SPC 7-R , exam-
ples of which are:

1. Total Phosphoru s - 0. 10 mg/i (max.)

2. BOD - 10.0 mg/ I (max.)

3. Ammonia Nitrogen - 1. 5 mg/ i (max.)

Dilution is available at the ot~her treatment plants.  As an example
of the application of Illinois effluent standard s to these plants , the
following maximum BOD and suspended solids (ss) would be required :

Dilution Max . BOD5 Max . SS
Location Ratio mg/ l mg/ l

Chesterton 16/1 30 37
Crown Point 0.2/i 4 or 108 5 or 12a

Hobart 1.9/1 10 12

Michigan City 0.9/ 1 4 or 108 5 or 12 8

Valpara ls o 0.8/ 1 4 or 108 5 or 12a

a
Tl~e variation in the BOD 5 and suspended solid parameters reflect

the provisions at a specific STP that can effect a variance In eff luent
requirements .

Any further definition of Indiana effluent guidelines far the
pu rp~ 9es of t h i s  st udy mus t  hc’ coord ina ted  wi th  the I n d ia n a  State
Board of H e a l t h .  B A - I — R — 4 4

L •- - ‘—~~~~~~~ •~~~~~‘ -~~~~~~~~~~~~~~~~ -.•‘
.
~~~— . • -



C
0 0 Q — — — — —) ) ~ ~~(0 (~ ~~

~~ — Q

0
—

~~ 0 t~ ~~
. c..J ~~

2 ~
(1) 0

0

~~ ~~ ~~ -

0 If) 0 — -~~ ~~~ C’)
— C’, C’)

~ ~~~Q o~’ ~ :i n ~.. ~.. .~~() ~—. —‘ — a)
>~~~ 0 0 0 r ,  .-. I.. a)

.0 Q) W 0

~~~~~~~~ 

.

~~ 
~ ~ ~ 0 . 0 . —

~~~ 
G) a) 4-’

I- I-. I.. 4-’ a) a) —

15 0 15 ~ i~

z
-4

4-’
— 0o t
Z 4-’

—I 
U) 4-’

U

>4 0)
(.4
(0

; i
C t: ~

(0 >~ ~ 
(0

U) ~~ ~ 
.0 0 —(0 .C i.. 0 —

~ 0 0 0

BA-I-B-45



DATA ANNEX B
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III . FLOW BA SIS OF DES IGN

A . PRESENT DOMESTIC-COMMERCIAL AND INDUSTRIAL FLOWS

WASTEWATER TREATMENT PLANT INVENTORY

The existing municipal wastewater treatment plant operating data
Is presented in Table BA -I l l—A- i .  The information presented in th i s
table represents a compilation of data from several sources inc lud ing
treatment plant operating report s on file with the Indiana  State Board
of Health , the 1970 annual operating reports for the Metropol i tan  Sani-
tary District of Greater Chicago (MSD) and the Bloom Township  Sani-
tary District , the Northeastern I l l inois Planning Commiss ion  (NIPC)
wastewater plans , State of I l l inois Sani tary Water Board’ s 1970 data
book on wastewater treatment works and private correspondence with
treatment plant off icials .

Municipal effluent waste loadings are estimated us ing  concentra-
tions which typically reflect treatment performances presently encountered
In the study area. For example , the typical concentrations used for
secondary treatment plant ef f l u e n t  ar e as f o l lows

Total dissolved solids = 400 mg 1
Suspe nded solids = 25 mg~~l
COD 60 mg/i
BO D5 = 20 mg /i
Total N = 20 mg/ i
Total P = 8 mg /I
Fecal col i form bacteri a = 400 MPN ‘ 100 ml

Since the three main  MSD pl ants  (N o r t h  Side , \Vest-South west
and Calumet) are rather  unique c~ n s i d e r i n g  the i r  t r e a t m e n t  capac i ty  a~ d
proportion of indus t r i a l  l o a d i n g s  (42 % ) , ac tual  1970 o p er a t i n g  data  is
reported . These three p l a n t s  t rea t  s ’ime I , 370 MC;D which ace lu n t s
for 86% of the tota l (1 , 594 MCD) m u n i c i p a l was tewat er  f l o w  genera ted
In the C-SELM stud y area .

In addi t ion t i  the mun i c ipa l syst ’n” s l i s t ed  ab v o , t h i  r i  O X I  st
over 100 mi sce l l aneous  sy st o n s ~ . . schools , tols , restaurants )
t rea t ing  a tota l  wastewater  f low in  the  a rn ~ f 3 — 5  M(

hi ~I II - / ’ - I 



INDUST R IAL TREATMENT PLANT INVENT ORY

The significant industria l wa stewater discharges to surface wa-
ters in the C-SELM study area are presented In Table BA-II I-A-2 together
with their chara cteristic inf luent and effluent pa rameters in pounds/day.
Industrial wastewater treatment operations are considered significant if
the total discharge exceeds 5 MGD . The information presented in this
table reflects surface discharg e record s from the Indiana State Board of
Health , U.  S. Army Corps of Engineers - Chicago District , the Nort h-
eastern Illinois Planning Commission wa stewater plans , and the Sta te
of Illinois Sanitary Water Board ’s 1970 data book on wastewater treat-
ment works.

The pollutant loadings presented in Table BA-ItI-A-2 reflect re-
ported data on file with the above agencies. The symbol BL indicates
no significant differences in pollutional loading between the background
level of the intake waters and the discharge waters. The symbol NA
Indicates that although actual data is not available , there is a signi—
ficant difference in quality between the background level of the intake
waters and the discharge waters.

Presented in Table BA-III-A-3 are the current waste solids (sludge)
management practices for major industries.

BA-flI-A-2



Table BA-Ill-A-i DCISTING MUNICIPA L WASTEWATER ~

Sewer Present
Type Treatment Estimated Estimated __________________

,.ocation — — — — — Present Industrial Estimated
(Receiving ~ A v.rs qe Ave rage Design

Sewage Stream. Mile ~ Pop . Esti mated Wastewater Wastew ater Capacity Total
Treatment Plant Designation ~ 0 e Served Service Ar ia Flow Flow Averag e Dissolved Suspm d

Na me point) (1000 .) (Squa re Miii. ) (MGD) (MGD) (MGD) Sol ids Solida

DES PLAINES RIVER DRAINAG E BASIN

Graysl ake Mi IS X X 4 . 5  1.6 0.45 0.09 0. 7 1501 94

Grandwood Park U.C. Mi S. S X X 1.2 NA 0.12 NA 0.2 400 25

Lindenhurst Water Co. N. Mi 5. 6 .Des X X 3 .0 2.2 0.3 0 0. 25 1000 63

102

Gages Lake S.D. Di , Des 94 X X 4.1 1.9 0.41 0 0.6 1368 85

Vickory Manor Serv. Di,Bul l .Des X X 0.2 NA 0.02 NA 0.1 67 4
91.4

LCPWD
Countryside Manor Des 90 X X 1.0 0.1 0.1 0 0.1 334 21

Libertyville . S. Des 84.5 X X 10.0 14.0 1.0 0.1 2.0 3336 209

LCPWD — Sylvan Lake In 10.9 X X 0.6 0.3 0.06 0 0.1 200 13

Mundele in Hew 7.4 X X 14 .4 6.2 1.44 0.2 2.2 4804 300

LCPWD - Vernon Hi lls Haw 4 , In 3 ,
Des 79.6 X X 0.72 0.4 0.07 0 0.12 233 IS

Lincolnshtre Des 79 X X 2.0 2.0 0.2 0 0.2 6 66 7 42

LCPWD — S.E. Sew.Wks. Ap 0.4,Des 76.3 X X 1 .0 0.9 0.1 0.01 0.I~ 334 21

Chevy Chase S & W Co Des 75.8 X X 0.26 NA 0.03 NA 0.03 100 6

MSDGC-Barrl ngton wa,ds But Il.7 X X 0.6 NA 0.06 NA 0.1 20& 13

Long Grove Bu9 . X X • 0.1 0.04 0 0.04 133 8

Buffa lo Grove Bu 5.3 , X X NA NA NA NA 0.08

Buffal o Grove U.C. 8u 3 , Des 72.S X X 6.0 3.0 0.75 0 .1  0. 75 2 502 15 6

_ _ _ _ _ _ _ _- - - - J__  -__—.__ _ _- - _



(ISTING MUNICIPA L WASTEWATER TREATMENT FACILITIES 1 of 8

ESTIMATED WASTE LOADINGS (LBS/DAY)
st.d Estimated ___________ __________ _______ _______ _______ _____________

lent Industrial Estimated

~ge Average Design Fecal
water Wasteweter Capacity Total Cotiform
pw Flow Average Dissolved Suspended NFI

3—N Organic NO3—N P Ba cteria
ID) (MGD) (MGD) Solids Solids COD BOD N ~MPN/l00 ml) Comm ents

0.09 0. 7 1501 94 225 75 64 8 4 30 < 400

1 NA 0.2 400 25 60 20 17 2 1 8 < 400

0 0.25 1000 63 150 50 43 5 3 20 < 400 Expanding plant to
0.5 MGD Capacity

0 0.6 1368 85 205 68 58 7 3 27 < 400

NA 0.1 67 4 10 3 3 1 (1 1 < 400

0 0.1 334 21 50 17 14 2 I 7 < 400

0.1 2 .0 3336 209 500 167 142 17 8 67 < 400

0 0.1 200 13 30 10 9 1 1 4 < 400

0.2 2.2 4804 300 721 240 204 24 12 96 < 400

0 0.12 233 IS 35 12 10 1 1 S < 400

0 0.26 667 42 100 33 28 3 2 13 < 400

Plans to inaees e

0.01 0.D 334 21 50 17 14 2 1 7 < 400 capacity to 2 .0 MG I)

I NA 0.03 100 6 15 5 4 1 I 2 < 400

NA 0.1 20(, 13 30 10 9 1 1 4 C 400

I 0 0.04 133 8 20 6 6 <I  3 C 400 Services Ant ique
Rus~np s~ P1st..
Sr h o l . ~nd
Few homes

NA 0.08

0.1 0.75 2S02 156 375 12S 106 13 6 50 C 400

_ _ _  _ _ _ _  _ _ _  _ _ _  _ _ _ _  - -  ___ BA-llI-A -3



--- ~~~~~~~~~.—. —- —

Table BA-Ill-A-i PCISTING MUNICIPA L WASTEWATE~

1 Sewer Present
Type Treatment Estimated Estimated __________ —

Location Present Industr ial Estimated
(Receiving Average Aver age Design

Sewage Stream . Mile ~ Pop . Estimated Wastewat er Weeteweter Capacity Total
Treatment Plant Designation ~ 0 e Served Service Area Flow Flow Average Diss olved SW

Name point) (1000’ .) (Square Mile.) (MGD) (MGD) (MGD) Solids St

Sukit otat For Des Plain.. R prior to
confluence with Salt Creek 49. 58 32. 7 5.15 0.5 7 .73 171 80

Salt Cli. Sub-diainage Basin

Rosalie Sp6.54 X X 6.0 2 .5 0.7 0.1 1.0 2335

Bloomingdale Sp4.8 X X 1.5 1.2 0. 15 0 0.2 500

DCDPW—Nordic Park Sp2.5 X X 0.28 NA 0.03 NA 0.1 100

Itasc~ SpO.5 .Sa 28.2 X X 5.0 8.0 0.5 0 . 13 0.6 1668

Wood Dale Sa 27.6 X X 4 . 5 2 .8  0.45 0 .02 1.0 150 1

Bensenvifle Ad 10. X X 11.2 6.5 1.1 0.2 2.0 3670

Citizens County Ad9 , X X ~iA NA NA NA 0.09

N. Elmhurst S.D. Ad 8.6, Se 24 x X 2.4 0.8 0.24 0 0.3 801

Addison — North Se 23.5 X X 2.7 1.58 0 2.0  5271
25.0

— South Se 22 x x X 3.3 2.48 0.5 2.l 8273

Elmhurst Se 20 X X 50.0 9.4 5~~) 0 6.9 16680

Salt Ck Drainage Basin 3.1 Se 19.6 X X 26.0 4.5 3.6 0.2 2 .8 120 1 0

Highland Hills S.D. 8u3.S IC X 1.1 NA 0.11 NA 0.25 367

York Center Coop . 3u2 .7. Sa 18.8 IC IC 0 . 1 2  NA 0.01 NA 0.2



TING MUNICIPAL WASTEWATER TREATMENT FACILITIES (Cont .)  2 of 8

ESTIMATED WASTE LOADINGS (LBS/~~iY)
ted Estimated __________ __________ ______ _______ ______ ______ ____________

nt Industr ia l Estimated
ge Average Design Fecal
ster Wastewatar Capacity Total Co l iform

Flow Avera ge Dissolved Suspended NH3—N Organic N 0 3 -N P Bacteria
(MCD) (MGD) Solids Solids COD BOD N (MPN/100 ml) Comment s

0.5 7.73 17180 1074 2577 859 730 86 43 344 <400

0.1 1.0 2335 146 350 117 99 12 6 47 <400 Plans to exp.
1.7 MGDAct
s ludge w/ex ist lng
trickling filter

0 0.2 500 31 75 25 21 3 1 10 <400

NA 0.1 100 6 15 5 4 1 < 1  2 < 400

0.13 0.6 1668 105 250 84 it ~ ~ ~~

0.02 1.0 1501 94 225 75 64 8 4 30 <400

0.2 2.0 3670 229 550 183 156 18 9 73 <400

NA 0.09

0 0.3 801 50 120 40 34 4 2 16 <400

0 2.0 5273 329 791 264 224 26 13 105 <400

0.5 2.1 8273 517 1241 414 352 41 21 165 <400 Plans to Include
slud ge dewatering
& ex pansion of
present tertiary
(mixed mediafil ter .)
equipment

0 6.9’ 16680 1043 2500 834 709 84 12 334 <400 To i ns ta l l  Chem ical
prec ipit ation equip-
ment which will
Inc . plant cap 15%

0.2 2.8’ 12010 751 1801 600 5 10 60 30 240 <400 Pla ns for expansion
up to 12 MCD

NA 0.25 367 23 55 18 16 2 1 7 <400

NA 0.2 2 5 2 1 < 1 C I I < 400

________ ________ _______ _______ ____ _____ ____ _______ 
BA-Ill-A -4



Table BA-Ill-A-i EXISTING MUNICIPAL WASTEWATER I
Sewer Presen t
Type Treatment Estimated Est imated 

_______________

Location 
— 

Present lrcdusUj~ 1 Estimated
(Receiving ~~ ~~

‘ 

~ Average Average Design
Sew age Stream , MIle ~ Pop . Estimated Wastewater Wastew at er Capacit y Total

Treatment Plant Designat ion ~ ~ Served Service Area Flow Flow Average Dissolvc ~d Sus~Name point) ~ (1 000’ s) (Square Miles) (MGD) (MGI)) (MGI)) Solids Sol~

Oakbrook Terrace Sa 16. 7 X X .7 NA 0.07 0 0.07 233

Oakbroo k U.C. Sa l 3.5,Des 45. X X 10. 0 NA 1.0 o.os 0. 9 3 , 33~

Subtotal For Salt Creek prior to
confluence with Des Plaines River 143. 8 41.7 17.02 1.2 20.51 ! “ ‘~~~~

W i llowbrook Rd. Estates Fl 4.8 X X 0. 13 NA 0.01 NA 0. 02 33

Hinsdale S. D. Fl 4 .5 ,Des 33. 2 X X X 32.0 2.6 3.~~s 0 4 .2 5 l2 ,~~44

DCDPW - Marion Br. - Saw 4.5 ,
Brookhaven Des 30. 6 X X 17.0 NA 1.25 NA 1. 25 4 , 170

DCDPW-Space Valley Des 28 X X O~l NA 0.01 NA 0.01 33

Romeoville Des 23.6 X X 8.5 2.0 0.9 0 1.0 3, 1 8)2

Alexande r UC Des 23.6 X X 0.3 NA 0.03 NA 1 .5 1( 8)

Subtotal Des Plaines River prior to
the confluence with Chicago Sanitary
and Ship Canal 251 .41 79.0 28.22 1.7 ~~ 27 ~ ~~

Chicago River Sub-draina ge Basin

Great Lakes Naval
Training Center
Green Bay Sk 40.5 X X 12.0 0. 7 1 .2 0 2 .2 4 ( ~ )3

NSSD-Clavey Road Sk 30. 2,
N. Br. Chi 22. 9 X X X 30.0 NA 4.5 NA 4.5 is , u 1 2  ç

Riverwoods S&W Co. W . Fr. N. Br. I
Clii 32 X X 0. 1 NA 0.01 NA 33

Deerfield W . Fr. N. Br.
~hi 29, N. Br.
Chi 19. 3 X X l~ .0 5.8 l.~ 0.3 2. 2~ t~ (k)5 37

MSDCC-North Side N. S. C. 3. 3 ,
N. Br. Clii 7. 7 ,
SSC 30. 8 X X X 1424 . 0 145.0 R2” .u 9f~.9 4 10.0 l,0~~),S72 46 . 3(

Subtotal Chicago River System prior
to the Chicago Sanitary & Ship Canal 1484. 10 151.5 134 . ~ l t)~ .2 419 .05 1, 115 , 925 47 ,9~

Ms1x ;(’~w c ’ s t  Southwest SSC 25 X X X 33(X). O 270.0 544 . 11 418. 0 l 2 K L ~ 2 , 1’ IS . 514 l68,9~



~~ING MUNICIPAL WASTEWATE R TREATME NT FACILITIES (Cont.) 3 of 8

[ ESTIMATED WASTE LOADINGS (LBS/DAY)
led Estimated _________ _________________ _______ ______ ______ ___________

st Industrial Estimated 1~~~~
~ Average Design Feca l
iter Wastewater Capacity Total Coliform

Flow Avera~e Dissolved Suspended NH3—N Organic NO3 —N P Bacteria
(MGI)) (MC D) Solids Soiids COD BOD N MPN/100 ml) Comment s

— 1’
0 0. 07 233 15 35 12 10 1 1 5 <400

0 0.05 0.9 3,336 209 500 167 142 17 8 67 <400

2 1.2 20.51 56,778 3,549 8,517 2,839 2,413 284 142 1,135

1 NA 0.02 33 5 2 1 <1 < 1  1 < 400

5 0 4.2S’ 12 844 385 963 321 546 64 32 257 < 400 Plans to expend to
9. 6 MGD

5 NA I .2~~ 4 , 170 261 626 209 177 21 10 83 < 400

1 NA 0.01 33 2 5 2 1 < 1 < 1  3 < 400

I) 1.0 3,002 188 450 150 128 15 8 60 < 400

13 NA 1.5 100 6 15 5 4 1 < 1 2 < 400

1.7 36.27 94, 140 5,467 13 ,158 4 ,387 4.000 471 235 1,883

0 2.2 4,(X)3 250 600 200 170 20 10 80 < 400

I NA 4~ S 15,012 938 2,252 751 709 75 38 300 < 400

NA 0 1  33 2 5 2 1 < 1 < 1 1 < 400

8 0.3 2.25 6,005 375 901 300 255 30 15 120 < 400

0 )t~,Q 410. 0 1 ,090,872 46 , 362 114 ,540 38,181 16, 636 6.545 8, 182 16, 363 < 400

51 17.2 419. 05 1,115,925 47 ,927 118 ,291 39,434 17,771 6, 670 8 , 245 16, 863

4 1 8 .0  1200.0 2, 815 ,S14 168,935 337 ,861 112,623 80,244 20.413 1,408 16,894 < 400

___ ____  ____— ___________ BA -Ill-A-S



Table BA-Ill-A-i EXISTING MUNIC IPA L WASTEWAT

Sewer Presen t
Type Treatment Estimated L s t 1 m~~ted

Location 
— — 

Rresent .~~~~f I  L I Estim t~ i fl —

(Receiving ‘
~~ Average A ” ~r~,r;

Sewage Stream , Mile ~
‘ 

~ ‘o u Pop. Estimated Was tewater Wastewat er ~~~~~ ty
Treatment Plant Designation ~~ 

‘
~~ ~ Served Service Area lIow Flow A~ er~~.

Name point) ~ (1000’ s) (Square Miles ) (MCD) ~. MC~~) Solids

t.Lul e_Calumet Drai~~~te Basin
3T~charg ing int~Ttes Plaines River

Township Li . C. P1 18 .5 X X 0.8 NA NA NA N;

Selym U. C. P1 16. 8 , Har X NA NA NA NA N.;

Schererv iil e Sc 2.5 , Oar 3.6 X X 4. 2S 9.0 (( . 37 II NA 1 , 2.44

Dyer Oar 3.5 ,
L .(a1 29. 5 X X 3.3 5 .5 0. 36 1) I NA 1 , 2(X)

Lansing L. cal 25. 2 X X 2 1 .0  5.0 2. 1 0 .1  2 .5  I 7 ,006

Bloo m Township S. D. Tho 32. 3 X X 80. 0 14 . 2 9. 9 3.0 12. 1 33 , 028

MSDCC-E. clii . Hts . De 20 X X 26. 0 0.9 2. 6 0 2 .4  1

Steger Thi , De 18 X X 7.0 1.6  ((.7 NA 1.0 2 , 335

W ood Hill iJ .C. l)e 14. 4 X X 1.0 NA 0. 1 N A 0. 25

Crete Dc 9.7 X X 3 .8  1.5 0. 38 0 11 .4 1 , 268

Crete-Greenbiar Dc 7.9  X X NA 1 . 5 NA 0 NA

Crete -Swiss Valley Dc 6. 9 , Tho 30. 3 X N NA 1.5 NA 0 0. I

Glenridge Subd. But 11 .5  N N 0.4 NA . ( N I l  NA ( 1 . 1 6  407

Ric ht on Park But Trib2.5 , Bu8 X X 1 . 5  3.0 0. 15 NA (1.3 500

Floss moo r But 3.5 X X 6.0 3.0 0. 6 Q 0. (4 2 ,002

I l ) I 1 1 € ’ s sd  But 1 .3 , Tho 29 .5  X N 2(1. 0 4 .5 2 ,0 0 3.1 i t 2

Thornton Tho 26.4,
I.. Cal 22. 5 X X 3. 7 1. 9 1) 37 0 ( 1 4  1 , 2 ) 4

MSI X’,C-Fl aze l Crest Cal U 4 . 0 ,
L. Cal 19 .4  I
Cal. Sag 16 X N 8. 0 2 .5  0 .8  0 1.0 2 , 1 1 1

MS[)GC-Cal umel L. Cal 10. 5
Cal — S 16 X X N ~~M . 0 2 0 .  0 198. 1) 00 )1 .4 1 0 . (1 66(1 , 52 i~

Subtotal l . i t t le Calumet River prior to
conf luence wi th  the Cal Sag Channel 1(4 0 . 75 4 0 ~. 6 2 f t .  ~4 89 . I 435 . 2 )  ( 1 . 4 1

I & ’ r r i w a v  T i $ , 7 , C a l - S l O.5 X N 1. 9 NA 0.2 NA . 0 2

M S I X C - 1  ) rl and Park Mc G. MiS , I I I
Ca l - S 5 .2 , I
SSC 1 3 . 1  N N 7 . 5  4 . 0  ( L75 I (I

~

_ - . . i . : .  - - .~~~~ _ .~~~~J .  H

k .
~~~~~~~~



:NG MUNICIPAL WASTEWATER TREAT MENT FACILITIES (C ont .)  4 of 8
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ESTIMATED WASTE LOADINGS (LBS/DAY)

d EstI:i ,’ted _______ _____________________________ _______________ ______________

Industrial Estimated
e Average ~esi.j n Fecai
iter .V,i st ’~w a t ,~r C~~p .i.. 

~~~
. C~ t , i )  I Co li form

Flow A verage r st~ lved Suspended N H 3 — N Organic N0 3 -N P Bacteria
).\!.~L)~ (MCD) S o j ; Js  SolIds COD SOD N (MPN/l00 ml) Comments

NA N.;

NA NA

0 NA 2.44 77 185 62 52 6 3 25 < 400

U NA 1 ,201) 75 180 60 51 6 3 24 < 400

0.1 2. 5 7 ,006 43(4 1,051 350 298 35 18 140 < 400

.1.0 12. 1 33 ,026 2 , 064 4 , 954 1 ,651 1 , 404 165 83 660 < 400

1) 2 .4 1, 674 
I 

542 1,301 434 369 43 22 173 < 400

NA 1.1 4 2 , 335 140 350 117 99 12 6 47 < 400

NA 0. 25 334 21 50 17 14 2 1 7 < 400

(1.4 1,268 79 190 63 54 6 3 25 < 400

o 0. 1

NA (1 . 16 467 23 55 18 16 2 1 7 < 400

NA 0. 1 500 31 7.5 25 21 3 I 10 < 400

0 (1.1 2 (812 25 300 1(X) 85 10 5 40 < 400

0 3,(4 6, o~’2 200 500 167 284 33 17 133 < 4(X)

0 0.4 1 , 2)4 77 185 62 52 6 3 25 < 400

0 1.0 2 , 1.)~ i I 07 4(X) 133 113 1 3 7 53 < 4(X )

Assumed figure..
6)’,)( 310. 11 660 ,~~2i’ ‘ 23 , 04 (4 4 , 2 16 28 ,072 23 , 449 4 , 293 1 , 651 9,908’ < 400 actual dat, not

ava ilable

69.1 44 S . 21 ~2h1 , I I )  2~ , 183 11 , 4 ,992 31 ,331 26 ,361 4,635 1,824 11 , 277

NA 1 1 2  42 
: 

1181 33 28 3 2 13 < 400

(1 0.4 2, 412 I Si 375 125 106 13 6 50 < 400

_ _ _  1 . _ _ _  
BA-III-A-6

-
~~~
- - .

~~~~~~~~~~ - -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Table BA-Ill-A-i EXISTING MUNICIPAL WASTEWATER T

Sewer Pre sent
Type Treatment Estimated Estimated 

________________

Location Present Industria l Estimated —

(Receiving ‘
~~ ~

‘ 
~ Avera ge Average Design

Sewage Stream , Mile ~ Pop . Estimeted Wastew eter Wastewater Capaci ty Total
Treatment Plant DesignaUon ~~ 

‘
~~ ~ ~ Served Serv ice Area Flow Flow Avera ge Dissolved Susp ends

Name point) ~ ( 1000 ’ s) Square Miles ) (MCD) (MCD) (MCD) Solids Solids

MSDGC- Lemont SSC 10. 2 X X 5.0 20. 6 0. 69 0.2 0.7 2,302 141

Lockport DR 1. 3, SSC 1.9
Des 16,9 X X 8.5 4.0 0.9 0 1.0 3,002 758

Subtotal Chicago Sanitary & Ship Canal
prior to the confluence with Des Plaines
R iver 5693.75 785.7 1399.59 584. 5 1956.95 4.669 .031 245 , 145

Derby Meadows D.C. Lo 11 .2 X X NA NA NA NA 0.05

Chickasaw Hill U. C. Lo 8.9 X X NA NA NA NA 0. 1

Lockport Heights S.D. Lo6.8,IMC X X 1.0 NA 0.1 NA 0.11 334 21

Bonnie Brae - Forest Ft 1.4, IMC .
Manor S.D. Des 15.8 X X 2,8 NA 0.28 NA 0.25 58

Hickory Creek Sub-d.~ inage Basin

Prestwick U. C. Hi 20 X X NA NA NA NA 0.03

Citizens-Arbury Hills Hi 16.3 X X 0.7 NA 0.07 NA 0.24 233 15

Frankfort Hi 13.9 X X 1.7 NA 0. 17 NA 0.35 567 35

Mokena E. Br. Ma 4.4.
Hi 10. 3 X X 5.0 1.0 0.5 0.02 0. 35 1 ,668 104

New Lenox H1 8.5 X X 1.8 NA 0.18 NA 0.25 38

Oak Highlands-lngalls
Pk. S. I). HI 4.0 X X 1.0 NA 0. 1 NA 0.25 334 21

Preston D.C. Hi 1.0 X X 1 .2 NA 0.12 NA 0.2 400 25

Joliet Hi 0. 1 , Des 13. 2 X X 82. 0 11.0 18.0 7.22 22.0 60 048 3.753

Subtotal Hickory Creek prior to the
confluence with the Des Platnes River 93. 40 12.0 19. 14 NA 23. 1” 63 , 8.51) 3,991

Ranch Oaks Serv . Ase n. Ia 16. 2 X X 0 .2 NA 0.02 0 (1. 1 ) 4  67 4

Manhattan Man 5. 3, 
I

Ja 10.9 . Des 6.4 X X 1.4 0.8 0. 14 593.42 (1.2 ‘
~~

‘ : 29

Subtotal Des Plaines River prior to the
confluence wit h the DuPa e River 604 . % 877. 5 1447. 49 593.42 2 (1(7. 41 4,828 , 523 254, 715

River Sub-drainage Basin

MS1’)GC-l (anover W . Br . flu 58.5 X X 21 .3 11 .2 1 .53 
0 ~~~~ ~~. lu4 319x 0.6 

, 
2 ,002 60

__L

~~~

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , _



~CISTING MUNICIPAL WASTEWATER TREATMENT FACILITIES (Corit. ) 5 of 8

ESTIMATED WASTE LOADINGS (LBS/DAY) 
I 1

Umeted Estimated 
___________ __________ —

resent Indus tria l Estimated 
.-

eersge Average Design Fecal
pt.weter Wastewater Capacity Total Coliform
low Flow Average Dissolved Suspended NH 3—N Organic N03-N P Bacteria
MGD) (MCD) (MCD) Soiids Solids COD BOD N MPN/100 ml) Comments

0.69 0.2 0.7 2,302 144 345 115 98 12 6 46 < 400

0.9 0 1.0 3,002 758 2 , 703 901 169 94 < 1 68 < 400

P9.59 584.5 1956.95 4,669 ,031 245.145 553,682 184,562 124 ,777 31,840 11 ,491 45 ,211

~ 
NA NA 0.05

NA NA 0.1

0.1 NA 0.11 334 21 50 17 14 2 1 7 < 400

0.28 NA 0.25 934 58 140 47 40 5 2 19 < 400

NA NA 0.03

0,07 NA 0.24 233 15 35 12 10 1 1 5 < 400

0. 17 NA 0. 35 567 35 85 28 24 3 1 11 < 400

0.5 0.02 0.35 1,668 104 250 83 7 1 8 4 33 < 400

0.18 NA 0.25 600 38 90 30 26 3 2 12 < 400

0. 1 NA 0.25 334 21 50 17 14 2 1 7 < 400

0.12 NA 0.2 400 25 6 20 17 2 1 8 < 400

18.0 7.22 22.0 60,048 3, 753 9,00 3,002 2 , 55 301 150 1 , 20 < 4(X)

19.14 NA 23.67 63,850 3,991 9.57 3, 192 2.71 320 160 1,27

0.02 0 0.03 67 1’ 3 < I < I I ( 400

0. 14 593. 42 0.2 467 29 71 23 23 2 I 9 < 41*)

F
.49 593. 42 2 1) 17.4 1 4 ,828 ,823 254,715 576 ,68 192 , 2 3 1 13 1 , 568 32 , 64( 1 1 1 , 830 4(4, 4)11

1.53 NA 5, 104 319 76 255 21 7 26 I) 100.6 2,1*12 60 1.51 50 85 10 ~ ~ < 4 (81

____ _______ I J 
j 

_____ BA-II I -A-7



Table BA-Ill-A-i EXISTING MUNICIPA L WASTEWATER fl

Sewer Present
Type Treatment Estimated Estimated _______________

Location Present Indust riai Est imated I

(Receiv ing ‘
~~ Average Average Design

Sewege Stream , Mile ~~
‘ 

.~~ ~ Pop. Estimated Wastewat .r Waat ewater Capacity Total
Treatment Plant Designation ~ E a Served Service Area Flow Flow Avezage Dissolved Suspl

Name point) ~ (1000’ s) (Square Miles ) (MGD) (MCD) (MGD) Solids Soil

MSDGC-Bartlett W .Br. Du 53.7 X X 4.6 8.0 0. 46 0 NA 1,535

Apple Orchard U. C. W. Br. Du 52.9 X X 0.4 NA 0. 04 NA 0. 26 133

Maddox W . Br. Du 49. 4 X X NA NA NA NA 0.01

DCDPW -Cascad e W. Br. Du 49.0 X X * 0 NA 0 0.01

Carol Scream Kl 2.2 .
W .Br.Du 47 X X 4.5 5.0 0.45 0.1 0.5 1 ,501

Winfield W .Br. Du 44 X X 3.0 1.5 0.3 0 0.5 1.000

West Chicago W.Br. Du 43 X X 11.0 6.0 1.5 0.1 3.0 5 ,004 31

Wheaton S. D. Sp 3. 4 a
W,Br. Du 39. 6 X X 38.0 14.0 6.16 0 5.0 20.550 1.21

Utilities Inc . , Westf iejd Fe 4.7 X X NA NA NA NA 0.06

Utilities Inc. , Scots Plainj Fe 0.2
W. Br. Do 36.8 X X .4 NA 0.04 NA 0.26 133

Naperville-North W.Br.Du 35.3 X X 1.1 1.0 0.6 0.75 3,336 2(
-Central W. Br. Du 32.4 X 23 0 3~4 2. 0 0.04 2.5 6.672 41
-South W.Br.Du 30.5,

Du 27 .7 X X 1.1 0.6 0 0.6 2,002

Subtotal W . Branch DuPage River prior
to the confluence with the E. Branch 108. 20 51. 3 14. 68 0. 3 13. 45 48.972 2,1

Glendale Heights E.Br. Du 49. 2 X X 6.8 2.5 0. 68 0 1.0 2,268

DGDPW-Glen Ellyn Hts E.Br. Du 47.7 X X 1.0 NA 0.1 NA 0.2 334

Lombard E.Br. Du 46. 6 X X 33. 0 5.0 3.7 0. 03 4.4 12 . 343

Glen Ellyn E. Br. Du 43. 7 X X 21.0 7.5 2. 1 0 2.3 7 .006

DCDPW-Butterfield E. Br. Du 43.0 X X 2.4 NA 0.24 NA 0.72 801

Citizens-Valley View E. Br. Do 41 .0 X X 2.4 NA 0.24 NA 0.24 801

Downers Grove S. D. St . J. 3. 3, X 8.0’
E.Br. Du 39. 6 X X X 40.0 5.0 4.5 0.09 5.5 15 ,012

DCDPW-Lis le E. Br. Du 38.5 X X 7.0 2.5 0.7 0 0 9  2,335

W oodr idge S&W Co. E. Br. Do 35.4,
Du 27.7 X X 3.6 1.9 0. 36 0 0.4 1 ,20!

Subtotal E. Branch DuPage River prior
to the confluence with the W . Branch 117.20 24. 4 12. 62 0. 12 15 . 66 42 , 101 2 , )

Plainfield Ri 18. 5 X X 2. 2 NA 0.22 NA 0. 3

Clt izen s- W. Suburban Li 14. 5 , flu 14, 4 X X 0, 7 NA 0.07 NA (1.24 236

Will County Water Co. Do 10 X X NA NA NA NA 0. I

Camelot U. C.~ Inc. Do 7.2 X X 0. 1 NA 0.01 NA 0.04 33

Crest Hill-Es ~t Ro 10 X X 0.3 NA 0. 03 NA 0.05 11*)

Crest Hill-Paramount Ro 9.5 X X 0.5 NA 0.05 NA (1. 1)6 67

_ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  
___1. . 1

— ~~~~~ , - , , —,. ,.,—,-— ~...



STING MUNICIPAL WASTEWATER TREATMENT FACILITIES (Cont. ) 6 of 8

ESTIMATED WASTE LOADINGS (LBS/DAY)
Itimated Estimated ______________________ _______ _______ _______ — _____________

Pissent Industria l Estimated
Ave rage Average Design Fecal
•teweter Westew ater Capacity Total Col iform
flow Flow Average Dissolved Suspended NH3-N Organic NO 3 N P Bacteria
04GD) (MGD) (MGD) Solids Solids COD BOD N ~MPN/ 1OO ml) Comment s

0.46 0 NA 1, 535 96 230 77 65 8 4 31 < 400

0.04 NA 0.26 133 8 20 7 6 1 < 1  3 < 400

NA NA 0.01
Services drive-in &

NA 0 0.01 truck rental Co.

0.45 0.1 0.5 1, 501 94 223 75 64 8 4 30 < 400

0.3 0 0.5 1,000 63 150 50 43 5 3 20 ( 400

1. 5 0.1 3.0 5.004 313 751 250 213 25 13 100 < 400

Expanding to 5. 3 in-
6. 16 0 5.0 20. 550 1. 284 3,082 1, 027 873 103 51 4 1 1 < 400 ~1uding sto rmw at er

)verflow lagoon
NA NA 0.06

0.04 NA 0.26 133 8 20 7 6 1 <1 3

1.0 0.6 0.75 3, 336 209 500 167 142 17 8 67 < 400 Presently expanding
2 0  0.04 2.5 6,672 417 1 ,001 334 284 33 17 133 < 400 plant

0.6 0 0. 6 2,002 125 300 100 85 10 5 40 < 400

14.68 0.3 13,45 48,972 2,996 7,195 2 ,399 2 ,083 247 123 980

0.68 0 1.0 2,268 142 340 113 96 11 6 45 < 400

‘0. 1 NA 0. 2 334 21 50 17 14 2 1 7 < 400

3.7 0.03 4.4 12,343 771 1,851 617 525 62 31 247 < 400

2.1 0 2.3 7,006 438 1.051 350 298 35 18 140 < 400

0.24 NA 0.72 801 50 120 40 34 4 2 16 < 400

0. 24 NA 0.24 801 50 120 40 34 4 2 16 < 400

8.0 ‘Plans tou pgrade
4.5 0.09 5.5 15 , 012 938 2,252 751 638 75 38 300 < 400 sec. to 6MGD&a ls o

chem . precipitation
0.7 0 0.9 2 , 335 146 350 117 99 12 6 47 < 400

0.36 0 0.4 1 ,201 75 180 60 5) 6 3 24 < 41*)

12.62 0.12 15. 66 42 , 101 2 , 631 6 , 314 2 , 105 1 , 789 211  107 842

0.22 NA 0.3 734 46 110 37 31 4 2 IS < 4(X)

0.07 NA 0.24 236 15 35 12 10 1 I S < 400

NA NA 0.i

0.01 NA 0.04 33 2 5 2 1 < I < 1 I < 4(X)

0.03 NA 0.05 IOU 6 IS 5 4 1 ( I 2 < 4(K)

0.05 NA 0.1* 167 10 25 8 7 I 
~. I 3 < 4~~ 2 -8

__-— 
BA-Il l- A -B
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Table BA-Ill-A-i EXISTING MUNICIPA L WASTEWATE R TREAT N
Sewer Present
Type Treatment Estimated Estimated

—— — — — Present Industria l —.
Locat ion Ist imeted
(Receiving ~~

‘ .
~~ 

Average Average Design
Sewage Stream , Mile Pop. Estimated Wastew ater Wastew ater Capaci~ . 7 t , .

Treatment Plant Designation 
~~~~~~ Mites ) (MGD) (MCD) Average Diss~,lv,~d Susç

Crest Hill-West Ro 8.5 X X 0.4 NA 0. 04 NA 0.05 133

Westfield Ro 6.2 , IMC , x x 0.4 NA 0.04 NA 0.12 133
Du 1.0,
Des 3.8

Sublotal DuPage River prior to the
confluence with the Des Flam es River 230.0 75.7 27.76 0.42 30.o: 12 , ou~ 5

Total Des Plaine~i River out of Swdy Area 6273. 96 953. 2 1475.25 593. 84 7) I4~ . 4(4 4 , ‘~2l , 4.~2 260

Rockdale IMC X X 2.0 NA 0. 2 NA 0. 3

LAKE MICHIGAN DRAINAGE BASIN

Camp Logan Ke 0.3, LM
42°27’50”, 87°47’SO”) X NA NA NA NA I I ,

NSSD-Wi~ukegan LM(42°22’30 ” ,
87°48’ 45” ) x x 65.0 NA 9.75 NA ~i.05 ~2 , S2i~ 2

NSSD- North Chicago LM(42°19’ ,
87°49’50”) X X 20.5 NA 3.0~ NA 3.35 ) (~ , ~~~‘

Great Lake s Naval LM(42° 18’ ,
Traintng Center- LakeFron t 87° 50’) X X 17.0 1.7 1.7 )j 2. 1

NSSD- Lake Bluff LM(42°16’30”,
87°49’45”) X X 3.5 NA 0.5 NA ~~~~~~~~ I,

NSSI)- Lake Forest LM(42°l4’30”,
87°49’) X X 10.9 NA 1 .1 NA I. ~~~~~~~

Fort ~~eridan LM(42°l3’ ,
87°48 ’1 5” ) X X 5.0 NA (( . 5 NA ; . 2 1 , 1 1(4

NSSD-Park Ave. LM(42°l2’,
87°47’ 45” ) X X 5. 1 NA 0 .5 1  NA (I.~~ I .

NSSD-Ravine Dr. LM(42°0’ 50” ,
87°46’25” ) x x 4.5 NA (1. T~ NA 0. u 2 ,

NSSD-Cary Ave. LM(42°10’ 10” ,
87° 47’) X X 7. I NA I. NA (~. 1 ,

Grand Caluniet River l~~ainage Basin

Hammond S.)). Cr Cal 12 .0, X X 180.0 47.5 35. 0 ‘f’. ) ’ I > , c .’ 7,
Cal 7 .b , LM(4l°

44 ’ , 87°3I’ 45”)

E. Chicago S. D. Cr Cal 13. 7 , X X 57.0 12. 3 10. S 2) . ) .  ‘~
. , 1I2 ~ 2 ,

IIIC 4.0

Cr Cal 18.5
I I I C 4,)), X X 21*1.0 42.0 18.2 S I ll i2 , 4~~’ 7 ,
I Nl(4 l’~4)(
(4 _

~
I 2 f , . ( ) ) • • )

Total ( ; raud I ,i~ t l ’ l I ( ’ t  River discharging
Into I.ake Michigan 

I 
I F . (*1 101. 8 ~ 1.2’ ) L I I  2(42 2 S  17 ,

_ _  H __L

~~

. L I

_ _ _  - . .~~~~~_ _



IUNICIPAL WASTEWATER TREATMENT FACILITIES (Cont .)  7 of 8

Estimated 

- T ESTIMATED WA STE WADIN GS (~~S/~~~~
Industrial Estimated ~~~~~~~~~~~~~~~~ 

- ________ _______ _____________

Average Design Fr Wastewater eca
Flow 

Capacity Coliform
(MCD) 

Average Dissolved Suspended NH3—N Organic N03 —N P Bacteri a
(MGD) Salid~ Solids COD BOD N MPN/100 ml) Comments

NA 0. 05 133 8 21 7 6 1 < 1 3 <400

NA 0. 12 133 8 21 7 6 1 < 1 3 < 4(JJ

0. 42 30.07 92 ,009 5,722 13,731 4,582 3,937 467 233 1,854

593.84 2047.48 4, 921 ,432 260,437 590,421 196,813 135,505 33,107 12 , 123 50,260

NA 0.3 667 42 1~ 33 28 3 2 1. < 400

NA 1). 1

‘Estimated @
NA Q~()5 32, 52( 2,033 4, 871 1,626 1,38: 163 81 650 < 400 150 gpcd

‘Est imated @
NA 3, 35 10, 008 626 1, SC 500 425 50 25 200 < 400 150 gpcd

0 2 . 1  5,~ 71 354 851 284 241 28 14 113 < 400

‘Plans call for

NA 0.28’ 1,668 42 1 1,500 500 94 52 < 1  38 < 400 abandoning plant

‘Plans call for
NA 1.2’ 3,670 927 3,300 1,100 206 115 < 1 83 < 400 abandoning plant

NA 1.25 1,668 421 1,500 500 94 52 < 1 38 < 400

‘Plans call for

NA o.:’ 1,70) 430 1,530 510 96 53 < 1  38 < 400 abandoning plant

‘Plans call for

NA 0.0 2,335 590 2, 100 700 131 73 < 1 53 < 4(X) abandoning plant

‘Plans call for

NA ( 0  3, .13o ~42 3,000 1,000 188 104 < i 75 < ~~~~ abandoning plan t

‘0 .))’ 1 ) ) , ~c 2  7,4~5 17 ,964 5,988 5,091 600 299 2 , 395 < 41*)

21 . 0 3S , 112 (4 2 , 1 89 5 , 254 1 , 751 1 , 489 175 88 88’ < 400 ‘Phosphorus re-
I 

ncc )val by chemical

I 
preolpitallon

‘5) . )) )2~
’, I L  7~ Q~~ 1Q , I IS  6 , 372 5 , 4 )7  638 319 2 , 548 < 400

1 2.5 1)0 . 1 )  2 (42 22~ l~~,
(
~~

) (2, 333 14 , 111 11 ,007 1 ,413 706 5,031

_ _ _ _  
_ _ _  

_ _ _
!BA- rn-A- g 



Table BA-Ill-A-i EXISTING MUNICIPAL WASTEVI ’A TER TI

Sewer Present
Type Treatment Estimated Estimated

Location Present Ind~ ’ ;t riil Estimated
(Receiving Average Average Design

Sewage Stream , Mile ~ .~~ ?~‘ ~ ~ Pop. Estimated Wastewater Wastewater Capacity Total
Treatment Plant Designation ~ 3 Served Service Area Flow Flow Average Dissolved

Name point) ~ (1000’ s) (Square Miles) (MGI)) (MGD) (MGD) Solids

Little Caluiiiet River Drainage Basin
to Lake Michig~h

Ghescerton L.Cal 53. 5 X X 4.7 10. 8 0 .7 0 1 .5 2 , 335

Sa 16. 2, L. Cal
Valpara iso 49.8,Bu 1.3, X X 20.0 7.6 3.1 0.1 3.1) 10, 342

LM(41°37’SO”
87° 10’ 35”)

Crown Point 8D28. 7 , Deep 2S. X X 11.0’ 7.0 1.8 0 1.8 t ,oos
Oeep7 .5 , L. Cal 

*Hobart 4l .6,Bu l .3 , X X 17.0 [2.0 1.7 0 2. 1 
~, 671

LM(41°37’SO”,
87° 10’ 35’)

Total’ Little Calumet River discharging
into Lake Michigan 59.7 37.4 7. 3 0. 1 8. 4 2~4 353

Tr 1.7 , LM
Michiga n City (42°13’ ,

86°54’30”) X 63.0 16.0 8.3 ~,o NA 27 ,689

Total Discharges into Lake Michigan 691.30 210.9* 118. 96 4 ~~~~~ 
NA 396 850

Legend
Stream _Legend

ROD - Biochemical oxyge n demand
COD - Chem ical oxygen demand Ad - Addison Crt’uk i; ~ Cal
Di - Ditch Al) - A pt a k is i c Creek l i a r
E Br - East Branch RI) - Beaver Darn I)iich liaw
Fr - Fork Bu - Buffalo Creek SIC
N Nitrogen Bul - Bull Creek In
NA - Not Available But - Bulterfield C i t ’ck Ia
N Br - North Branch Cal-S - Caliiicwi-Sa~ Channel Re
P — Phosphorus Cal—I Calumet 1.10101) )~ i ,iii1a ~ c.’ l)itch R I
S Br - ~x)utFI Branch Clii - ~~c ieag ~ R iver l..Cal
S. D. - Sanitary District F)R - Deep Run I Ni
S&W - Sewer & Water Ik ’ ci (‘t &’e’i

UC - Utility Company I~ ’cp - Deep Ri ve’r I
W Br - West Branch Des - tk,i. l’lainec~ )~ Iv ~- i 51.1
DC[)PW - Du1’age County Department of Public Works I)u - l)uPagt’ Rivet
LCPWD - Lake County Public Works Department . l e t  i v  ( i t ~(’k \~, n
5151* 1 ’ — S tet i ~p’ l l i taf l  Sanitary District of Greater Chicago I — I cddvi ia ’ci ’  ( i & ’ t ’ k  51 1
NSSI) - N rtl i  SIl lrt ’ Sanitary District • J • ~~ ( ‘t t ’i.’k Mi

~~~ea_~~j .e~~~~~

. -
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MUNICIPA L WASTEWATER TREATMENT FACILITIES (Cont.) 8 of 8

ESTIMATED WASTE LOADINGS (LBS /DAY)
Es t Ima ted _____________________ ______ _______ _______ _______ ______ ____________

Industrial Estimated
Average Design Fecal

~ Wastewater Capacity Total Co [lform
Flow Average Dissolved Suspended NH3—N Organic N03-N P Bacteria

(MGD) (MGD) Solids Solids COD BOD N (MPN/100 ml) Comments

Plans for phosphoru
0 1.5 2.335 146 350 117 99 12 6 47 < 400 remova l & detention

pond

0. 1 3. 0 10 342 646 1 551 517 440 52 26 207 < 400 Installing phoaphoru
removal equipment
& plant expansion to
6 MCD

0 1. 8 6,005 373 901 300 255 30 15 120 < 400 ‘Populationeatlmated

0 2. 1 5 , 671 354 851 284 24! 28 14 113 < 400 ‘Fbpu larion estim ate l

0.1 8. 4 24,333 1 ,521 3,653 1,218 1,035 122 61 487

0.9 NA 27 ,689 1,73 1 4,153 1, 384 1, 177 139 69 554 < 400

NA 396,850 27 ,535 70,299 23 , 433 17,067 2 ,364 956 7,360 ‘Includes the NSSD
total service area
54 sq. miles and
a total industrial
flow = 2. 3 MCD

ddison Creek Cr Cal - Grand Calumet River NSC - North ~iore Channel
ptak is ic Creek lIar - h art Ditch P1 - Plum Creek
MVe r Darn Ditch t law - Hawthorn Drainage Ditch Ro - Rock Run
Iffalo Crcc k I\IC - Illinois & Michigan Canal SSC - Sanitary & Ship Canal
ill Creek In - Indian Creek Sa - Salt Creek
Itt erf ield Creek Ja - Jackson Creek Saw - Sawmill Creek
sl urnet -Sag Channel Re - Rellog Ravine Ditch Sc - Schererville Ditch
slumct Union I)rainagi.’ Ditch RI - klein Creek Sk - Skokie River
hicag i River I~.Ca I - Little Calumet River Sp - Spring Brook
eep Run 1.5 1 - I,ake Michigan St. J - St. Joseph Creek
ser C ree k I. i  - l i ly Cache Creek So - Sugar Creek
~ep River Lu - i.ong Run Thi - Third Cree k
es Flam es River Ma - Marley Creek Tho - Thorn Creek
uPage River \t~in - Manhattan Creek Ti - Tin ley Cree k
!rrv Crc&’k McI) - M cDanald Creek Tr - Trail Creek
lddy ruent Creek \ IcC - \IcCinnis Sloughlage (‘rcek 511 - Mill Creek

BA -Ill-A-iD
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.
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Table BA-III-A --2 INDU ~~~RLA L SURFACE WASTEWA I

iIdIdm.i 

— 
F 051 1 0 Q~~~c i S f l t

1-a Coilfo7~~ 
~~~~~ 

—

~

--,— ---. - ‘- - -

~~~~~~~~~~~ 
Z :z ; w  

_ _ _ _ _  : ‘~~ ~~~~ 

~~~~~~~~~ 
i~~~

L.A 14 Sig

Direct DD.cA.rI. (L.3 .LO4,qi

C,ec On,,..Ith 011,0. L.M. I 2203 5 Pow., Th.ec.i NA 40/ 62/ NI 2 , 930 . 4 4  3’  4 ‘6 ‘ ‘ 2 1  I . 3 4 7 .  NA I ~4 NA

Zio., 31.110,1 42—20—44 94 70 2 , 910 J 211 . 15 II ‘ ‘ - 0 ’  99 , 4 1 9
01-41— 92 -

C,ec.,onw..i th Odiso. , L i d. i 153.92 1 Pow.. Tio.,w.i IL 39/ 42/ II, 3 .500 46 I 23 I 96 4 
~6 ‘6 940 . 929 /  IL

W .0A.1.n 39.110. 4 2 — 0 3 — 0 0  41 73 . 300 I ~~~~~ ‘~ ‘‘- 0 1 94 ‘4 )4 ’ . 1 . 929  I
57-45 -30 4 .4 0 Pow.. Soiid.. IL NA 49/ IL I ’  4 1 I I  44  ~9 03 001 I II. . 009.’ IL

1.14. 49 6 ; 1I II - 3 ’ . . 002 .033 il -~

U . 5. &l.. i L U .  1 4. 27 9 Steci Soild I . /7 34 / 30/ IL 1, 3 7 5/ .5 - I I I  ‘6 0 ‘4 1 3 4  52. 04 . 1 ’
WooS.9., 4 2— 20— 9 3 501) 34 79 4 , 4 ’  3 00 Oi l I . 004 iS?

57—44—i l  ; -
*56015 L.bo. .lo.i .. L I I .  1 iN S [9,o. Solid. . 9/ 35/ 43/ IL 25 I 2’ •‘ , ‘ ,3 093 II 009 . .2 69/
Noct fl Chio 93o 4 2 - i s - I A  900, 00 64 49 40 1 . 99 . 4 ’  4 .0 ’  I I )  4.4 ’ . 3 3  .04 0

I’-49- I0 To,U.r
3.0.14cc.

Wlno.3k. 140.10,4.0 L,U. 1 12.13 9 Pow., T1414 .9 NA 40/ 97/ 345 NA III NA 3,4 - 31* NA 
I 

~~ 61 7.0
O.,,U’tc G.ow,.tino 42—0 4—23 92 95 I

St.tion 07— 44—li -

Ce.UIL W.l L.U . 4 17 0 W.t., 69cIoow,4 NA 12 ,’ ‘1- IL iSA 14’ 64 - NA NA ~4 NI NA IL
?iiU.tiec Pl.nt 41—94-03 ?iit,.tiw, Solid. NA NA -
C3Uc.9,, 07-33-OS

ii. 5. SOS.i L i d . 1 013.1 3 914.9 T0s.CO0. 5/4 50/ 151 Ii. 42 . 4 - 9 1 6  I 941  I I  4 .9 .  . 2 3 6  I ’o  2 3 4  .94 9/
$o,,th Wo.6. 43— 44—20 NO.09.,, 47 15 232 24 ,3 .9’ II ‘ 4 .719 0 .141 .49

s i — l i — D O  

~~~~~~~~ s s~.i COD 5-6 90/ 99/ IL ‘191 .1 I 
~ 9 4 7 

- 
, - 09 ‘1 2 9 1  444 .093 .92

43 93 164 .1 ‘
~ 

9 . 99 2 .91 . 3 . 3  0 0 0 .001 0

C~~ .o,iw..iti, 311.0, L U , 19 420 0 Pew., Th.,w.i, 344 42/ 69’ NA . 169 9, 93. 20 9’ •‘ - - 3 ~~- - I , i~09.3. U4W 31.00,, 43—41-21 1.14. 49 74 I - I ‘2 43. ii 20 .3 . ‘ 9 .9  ‘ • . . 9 7
07—3 1—07

53,4.710., UIIec L .M . ii 10.02 9 9 Gr.in th.,e.l . 9/9 40/ 60/ 76/ ‘ I I I 9 . 7 30 . 140 , . 1 1 9  .002 Ii .004 ’ 242 -
?79d,.o.t. Co. 42— 43 — 9 0 Miii SOD ‘0 iOI 0 21 .3 .04 3.0 5 4 . 9 3  090 .92 7 .04 9 .295
H. .oi,d, m d .  97-30—il ,
Unio., C.,btd.C.,p. L I I .  II 47. 14 5 5 O~o.nlo SOD 9, - S  39,’ 93/ IL 71 . 9 9 , ’ 4 , 96 1.030, 4. ’4 . 9 6  Ia . 4  . 0 4 9  1’,
Wm01100. m d .  4i 4i—29 ciw.ic.i 61 04 0 .99 3. 7 5 .339 0 0 4 CII 9 ’’

97—21— 20

5 .3I0.n Oil co. L U .  II 20 .37 0 0 P.Ir.i .,i. Solid. . 5/ 25.- 66/ IL 50.01/ 2 ,12/ .242 1 .219 2. .099 .007/ 002 .0’)
Wiut ios , led . 41—40—36 Cli... 40 11 90 Ii. ? 4.695 4 .115 14 .009 .021 9. 3 2 ~~ 

I 
~~~~ I 270

87— 20—24 Tb.,..i.
POD. ‘ -
5354934., 

. 
J

oil.,
?ii.noi.

93,10 9 P.ti0i~~ ‘Th.3 li. IL 35/ 64’ IL 19 1 .9  9 . 9 -  . 4 2 9 - ’ 1 . 1 2 ’  05  I 8., p .009 . . 13’
POD . Cli. 74 96 1 11 .9 9 .9  3 . 3  12 ,2 . 0 59  - 09 .SO~ ‘4 .

U. S. 514.0 L U .  II 4.4 0 c .,g loUd.. IL NA 69’ IL 0 0 IL .2. IL C - 0 2 5  C 0 .
loffoq ec Sl.tio. 43—39— 2 0 Th52 .i 89 13 . 1 3  .33 3 9.54 .017 . 1 1 9 1514 .095

07 .24-44 COD

N.37I3~,= I,disn .14. II 4 13 0 Po.,~~ 1’9l~ 52Ii . IL 30/ 40/ IL 6 2 . 72 Il l, 5 . 1 7  IL 3~ 5 92.
Pobuc $.rr~c.Co. 4 3-34 — 14 SOlid. 37 79 .4 7 . 59 40 .8 9 . 9 7  . 9 9 5  ‘ ~‘ I 

•~ IL
0.3’,. 911.0. 87 - 24— l I  -

UnIo~~C~4bld CO7p . L id . II 300 5 Ci.,.ic.i ?34...a l IL 40. 05/ IL 140 . 1  1 .11 1 . 1’ ’  .4’ ; 192 ~~~ 
I 

~ ‘ 2 ’  IiLAIId. oyoj.4w ~ 4 5 .34— l i  90 82 1 4 1 .1  1,41 1 .17  .4 1  . 2 8 2  . 05 ‘ 
0 

-

Gecy indl4.. 07 — 23 — SI

ti. S, St.. i L U. II 74, 3 3 31.si Solid., 9 .4 NA 47/ IL 06 .3’ 2 .19 . .99, I SiS .5*9. ‘ I ’  109 I 6
0..’, 4 3 — 9 7 24 Nitroq.3~, ‘2 1 3 1 . 2 1 2 .13 . 4 9  4 I . 934 os. IC’ I 04I~ — i 9 — 3 l 0111,1.14, I ,

76.9 S Ot..i COD 3 , 3  NA IL 00 . 9 2 ,  1. 12 2 56 IL .9 .  II 004 . 20
99 1 . 92 .444 91. 1’ 9, C l )  , II

21, 2 5 5 51.4 1 Solid ., 9 1 5  NA 4 ’ ’  IL 18 , 3 III 9 1 . 0 ’ S  002 .02’ II I II~5003 94 09 II 0 .35 .40 2 .59 
I 

0 503 4 ’

No.I 6~~ s Iodi.n. L U .  2i 454 0 Po.,e, TiS.,.,.i IL 96 39 IL 919, 1 ‘4 I / 9 . 2 3  IL 3 ’  Ii IL I IL IP1,14110 0.,vli . Co. 4 9 - 1 0 — 4 6  9, 43 999.~ ‘4 I 9. 1 0 9  ,~~
,

~~~~~~~~~ 94 81.01—29

No.794.14 iodlll. L II . II ill 0 POwW 114415291 62. IL 3 2 4 . 1  2’ I 0 . 2 ’ S  IL IL II 
~ , 5PoOli 9. 0 5. ~~~ 4 -43-1 0  DO ‘9 9 2 4  3 2 ’  I 0 2 ’ S

1415419.7 1 I~7 .  lId. 04. 54-40 ,

.
5,0.01. 1 09544.’ 

I‘90 ‘8.79. 30
l..E• UIC 3AO .n 9104.i I I ‘ I I ’ 9  lOS 0’ I 300 J I I 9 4 9 4  9 4 .  6 1 3 4  ‘ II’

I I3. ~ 
604 33 1 III 9 44 , I 3 09 , 3 4 9  6~~~. 2 ~~~~~ ’ I .

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _  ..L. L . .

‘I-., - -~~— - ~~~~~~~~~ 
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Po.L.i l a n t  L o s d i r o g s  1 0 0 0  i b s / d a y l  
________

oo. & ,,,,,,,,j~ ~~~~~~~ ~~~ T, , ~ , MoI I~~~~ , _  —
079,fl lo 

,/1) 
G~~...n PI~~noi. ~~~ J1)

C

~~~~

d.

~~~~~~ 

05
,
11 CII I. ‘33 M

,
o 

/ 
91 1 24

—~~~~~~~_ _ _  7_”
_ 

— -- — - .~~-~~~~~~~~~~~ - 

I ‘I’~~’1. .4 ‘. ‘ I I C  313 . 11.43 E ’ r - ,,I6545,
I &. ~~‘,, . 1 ’  - . . . 2 53  . 42

665.39/ 2 ,2/ 2.255/ NA 4.09/ NA IL NA .400/ NA NA NA .390/ NA 23/ NA 1.3/ NA .990/ 0. 0’ - I.l ~ I I ’S 1 . 15
144.35 2.2 2 . 2 4 5  4 .0 9  9 .2  .350 I 7 .1 .150 2 .2 .~9~ II5~ ’9 143 7 4  1 5,’ so

- 
14 ISO 1 5 1 4  ~~51 50

I A 311.4 - I . 4 2 .6 .533.4/ 3.04/ .70/ 940/ .925/ IL IL .94.’ 9.9/ IL . 2 ! ’  .028.’ .032/ .150 I 1 , 4  . 2 1 4 /  .025/ .002/ . 201/ .09 ,~ lot. 6 1  . 2 0  8, 1 3 . 1
$1.1 3.04 .70 941 .2 .921 .9 9,9 .1! .029 . 039 . S S S  I 2 . 1 , 5  .270 .032 .00 1 .30 9 .251 , , ,4~~5, 1 5 . 1  .1 4 4  92
.31/ .03/ .007/ IL .009/ IL IL .009/ .010/ IL .022/ IL IL .003/ .0 16,  .002/ 0/ 8L 002 ’  .00 24 ~~~~~~ 0343185499 0417. ,4410
.31 .932 .023 .02 .004 .195 .083 .015 .057 .002 .009 .002 .003 4,1.4110 p47.004

.7W 0/.04 .024/ IL 0/ .3 / 0/ IL IL IL IL I IL IL IL .009/ IL AL IL IL I 
.008 5,11 091180 .4456 iloo. p,oc~~ ..2n4.A.

5.44 .013 .000 .097 .083 .106 .002 10.0109, 004.4 08 5053494 01 iwO

.31/ .093/ .053/ IL .009/ .269/ 0/ .001/ IL IL IL IL IL IL .032/ 9L AL IL IL AL
4.67 .133 .441 .133 .040 .013 .053 .093

MA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA 345 NA NA IL 145 IL NA 4* NA NA NP. NA NA Ii. NA NA NA NA Pro~~.. oUoIInoUon ci 41406*794

.4/ .392 /  .293/ .470/ .034/ .949/ .034/ IL IL IL IL IL IL IL 4 . 4 3 ’  OL IL IL IL .002 lnt.0. 1 ‘O .l~ r40 l 335.90 00 401359•

.7 .15 . 109 3 .043 .99 .03 • .716 .103 03 twO 04.40.. .

i.IS/ .111/ .2 17/  .494/ .033/ .92/ .033/ IL IL IL BL IL IL IL I 4 . 535 , AL IL IL IL .002’ 200 4 4 1 . 1 ,  I•  no. ,.o ,od.d . 1,4.6.
II 0 0 0 .020 0 . 0 38  3 .1 .11 oS OInQ I 004•d on .08.09. 03 twO
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Table BA-II!-A’-3

CURRENT WASTE SOLIDS MANAGEMENT

Class Process Generating Character of Type of Present Solids
of Industry Waste Solid Waste Treatment Management

Steel Blast Furnace Flue , Dust con- Physical settling 95% reused in process
tam ing iron 5% treated w/lime and
oxide , alumina , lagooned
silica , carbon ,
lime & magnesia 

_______________________________

Coke Gas-Tar & ammo- Physical settlin g, Recover arnmonium su l-
nia , phenols & recirculation , fate , crudetar , gas , riaph-

BOD , cyanide biological thalene , coke dust , ben-
zene , tol uene , xylene

Pickling FeSO (unused Physical-evap- Treatment produces recy-
acid iron salts ) oration-stripping cled sulfuric acid and the

following potential by-pr odu ct( sh
Copper a s & Fe504’i -1 20
Copperas & H2504
FeSO4~ H2 O & H250 4
Fe2(S04) & H2S04
Fe ’f”F’t 7 H 2S0 4
iron Powder
Fe304 (polishing &

pigments )
Fe304 & Al 2 (SO 4 ) 3

Rolling Mills Oils Physical Burned or reused SS

Mill Scale Physical Reused in process

Petroleum Pumping, desal t- SS,DS , oil , wax , Scrubbin g, evap- Reprocessed , burned or
ing , distilling, sulfides , ch lo- oration , f lot a- scavenger service
fractionation rides , mercaptans tion , mixing,
alky lat ion , and pheno l ic corn- aeration , blob - (80-90% of total water
polymerization pounds , cresyl- gical , oxidation , used in plants are for

ates & dissolved coagulation , cen- cooling only)
iron trifugation and

incineration

Pharmaceutical Fermentation- Organic sub- Anaeobic diges- Dried and use in food
antibiotic waste stances , peni- tion , controlled stock

d u b  aeration , evap-
oration & incin-
eration

Food Cannery Organ ic To municipal Land Disposal

Process ing system , lagoon ,
spray irrigation ,
anaerobic diges-
t ion

Explosives TNT Volatile solids . ri lter through Land Disposal
strongly acid , black soil
color

Smokeless- Acid , gunco t ton Aeration ,S Land Disposal
powder ether alcc,hol , bIological

a n i l i n e

Smail arms Oily , copper Os (,reasno tlot ,n - Lend Disposal
ammunition zinc grease tion , chemical

_ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

Power Solid radio- Radi oa c tive Burial , inci nera- Land Disposal
,l ctive waste lion , or remolt-

trIg

Soap Soap Floatable I r t t y  P ( ‘ 2 ,11 1 Reprocessed
acid 

, 
,,,,,,,, ~~ . ______________ - .
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III , FLOW BASIS OF DESIGN

B. FUTURE DOMESTIC-COMMERCIAL AND INDUSTRIA L FLOWS

C-SELM POPULATIONS AND PROJECTIONS (1950-2 020)

Presented In Table BA -Ill— B— i of this section are population
data for the C—SELM area for the period 1950-2020 .  This data is
taken from U.  S. Census Bureau statistics and previous material
developed by the Corps of Engineers and revised following sugges-
tions by NIPC . Figure BA-Ill-B-i indicates the three sub-areas
within the City of Chicago.

BA-Il l - B -i
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Table BA— Ill-B-i

COOK COUNTY , ILLINOIS
(Population 1000’ s)

1 of 11
Townships 1950 1960 1970 1980 1990 2000 2010 2020

Berwyn- Cicero-
Oak Park 182 184 182 185 185 185 185 185

Bloom 41 71 9 5 117 14 0 154 161 165

Bremen 25 55 94 134 190 226  237 2 4 0

Calumet  12 19 24 26 28 31 33 35

Chicago (City)
Nort h 1019 1024 1014 1014 1014 1022 1030 1038

Chicago (Ctty ’
~

Centra l 2251 2131 1921 1835 1835 1843 1851 1859

Chicago (City l
South 352 397 431 451 451 460 469 478

Elk Grove 6 28 80 105 112 117 122 127

Eva n ston 74 79 80 82 84 86 88 90

Lemont 5 7 8 15 28 40 43 46

Leyden—Norwood 124 146 161 168 173
Park 3 1 31 31 31 3 1

64 112 131 155 177 192 199 204

Lyons 52 82 101 125 135 143 147 149

Maine 39 95 140 178 186 194 199 201

~Iew Trier 42 60 65 66 66 66 66 66

NI les  25 96 111 13 0 135 13 5 135 13 5

Northfie ld 17 44 66 96 117 120 120 120

Orland 2 7 15 36 72 88 96 99

BA -h r-B -2
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Table BA-Ill-B-i (Cont.)

COOK COUNTY , ILLINOIS (Cont .)
(Population 1000 ’ s) 2 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Palatine 8 31 55 81 109 133 133 133

Pa los 6 18 33 49 57 62 64 66

Proviso-River
Forest—Riverside 123 191 205 205 205 205 205 20 5

Rich 9 35 45 68 97 116 116 116

Schaumberg 1 11 51 76 106 124 124 124

Stickney ii 31 42 54 6 4 72 75 77

Thornton 77 138 188 215 250 250 250 250

WheelIng 17 59 119 147 159 166 173 176

Worth 42 108 156 172 186 196 202 204

C—SELM Total 4502 5113 5452 5817 6183 6426 6523 6588

Barrington 4 5 8 11 17 25 28 30

Hanover 4 11 34 50 76 112 141 150

County Total 4510 5129 5494 5878 6281 6563 6692 6768

BA-I tt-B- 3



Table BA-Ill-B-i (Cont.)

DU PAGE COUNTY , ILLINOIS
(Population 1000’ s) 3 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Addison 18 42 72 120 158 183 195 200

Bloomingdale 4 15 37 59 86 113 132 140

Downers Grove 36 67 93 122 137 144 150 154

Lisle 11 21 49 75 100 126 142 150

Milton 26 51 76 103 150 181 195 200

Naperville (part) 5 8 10 20 35 60 80 90

Wayne (part) 2 3 4 12 20 40 61 65

Winfield 10 16 23 34 52 72 ~00 115

York 43 90 125 161 165 165 165 165

C—SELM Tota l 155 313 489 706 903 1084 1220 1279

N apervi l le  (part) 0 0 3 8 15 29 47 65

Wayne (part) 0 0 1 2 7 12 23 30

County Tota l 155 313 493 716 925 1125 1290 1374

BA -I l l -B -4 
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Table BA-Ill-B-i (Cont. )

LAKE COUNTY , ILLINOIS
(Population 1000 ’ s) 4 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

A ntioch (part) 1 3 4 5 7 10 11 12

A von (pa rt) 4 7 8 12 15 22 3 1 40

Benton—Zion 15 22 31 43 53 65 76 88

Deerfield—West
Deerfield 29 50 64 93 125 140 150 150

Ela (part) 2 4 6 9 13 19 25 31

Fremont (part) 1 3 4 6 9 13 17 22

Lak e Villa (part) 2 4 6 7 8 i i  16 22

Libertyville 10 19 26 40 72 102 119 129

Newport 2 2 3 5 9 11 15 20

Shields 29 41 55 68 80 85 85 85

Vernon 3 7 13 22 39 51 57 60

Warren 4 10 16 25 35 44 52 5t

Waukegan 51 70 77 99 115 120 125 125

C—SE LM Tota l 153 242 313 434 580 693 779 840

Antioch (part) 4 6 8 9 10 10 12 13

Av on (part) 5 10 12 16 22 29 39 55

Cuba 4 6 9 14 23 33 42 4 ’)

Ela (part ) 2 4 6 9 1 3 18 24 . 0

Fremont (part ) 2 5 8 12 17 24 33

BA-Ill-B -5 
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Table BA-Ill-B-i (Cont .)

LAKE COUNTY, ILLINOIS (Cont.)
(Population 1000’s) 5 of ii

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Grant 5 9 11 16 21 30 43 60

Lake Villa (part) 1 4 6 7 8 11 15 21

Wauconda 3 7 10 13 15 18 20 22

County Total 179 293 383 530 709 866 1007 1132

BA-lII -B-6
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Table BA-Ill-B-i (Cont.)

WILL COUNTY , ILLINOIS
(Population 1000’ s) 6 of 11

Townshjps 1950 1960 1970 1980 1990 2000 2010 2020

Channahon 1 2 3 4 5 6 7 9

Crete (part) 4 10 13 17 22 28 34 40

DuPage 1 5 20 33 48 62 77 92

Frankfort 3 6 9 18 32 46 55 62

Green Garden (part) 0 0 0 0 1 1 2 3

Homer 1 4 7 15 28 46 67 90

Jackson (part) 1 1 2 2 3 4 6 8

Joliet 77 94 96 107 130 157 176 190

Lockport 17 27 33 40 58 74 89 104

Man hattan (part) 0 0 0 1 2 3 3 4

Monee (part) 1 3 4 35 45 60 73 85

New Lenox 3 6 10 16 26 40 55 70

Plalnfield 4 7 11 16 24 38 50 60

Troy 1 3 12 19 31 45 62 80

Wheatfield 1 1 2 5 11 17 25 35

C—SELM Tota l 115 173 227 328 466 627 781 932

Crete (part) 2 2 2 2 2 2 1 1

Florence 1 1 1 2 3 4 5 6

Green Garden (part ) 1 1 1 2 4 5 10 12

Jackson (part ) 0 0 0 1 1 2 2 2

BA-III-B-7
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Table BA-Ill-B-i (Cont.)

WILL COUNTY , ILLINOIS (Cont .)
(Population l0 00’ s) 

7 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Manhat tan  (part) 1 2 2 2 3 4 6 7

Monee 1 2 3 5 7 8 11 15

Peotone 2 2 3 4 6 10 15 20

Reed 2 2 3 4 5 6 7 8

Washington 2 2 3 4 5 6 9 12

Wesley—Custer 1 2 3 4 5 6 7 8

Will 1 1 1 2 3 4 5 6

Willmington 4 5 5 6 7 9 10 12

Wilto n 1 1 1 2 3 4 5 6

County Total 134 192 250 368 520 697 874 1047

BA- I l  r -B -8
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Table BA-III-B-1 (Cont )

LAKE COUNTY , INDIANA
(Population 1000’s)

8 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Calumet 150 211 216 220 226 236 245 256

Center (part) 10 15 19 30 35 45 51 60

Hobart 22 39 41 52 64 72 81 90

North 162 204 203 206 209 214 219 226

Ross 7 15 29 41 57 72 87 100

St. John (part) 5 10 15 26 38 50 62 75

Winfie ld (part) 1 1 1 2 3 4 7 8

C—SELM Tota l 357 495 524 577 632 693 752 815

Cedar Creek 4 5 6 11 14 18 21 24

Center (part) 1 2 3 4 8 7 9 11

Eagle Creek 1 1 1 2 4 7 10 12

Hanover 3 6 7 12 17 24 29 35

St. John (part) 1 2 2 2 3 3 3 3

West Creek 2 2 3 5 7 9 11 14

Wi nfield (part) 0 0 0 1 3 4 5 6

County Total 369 513 546 614 688 765 840 920

BA—III—B— 9



Table BA-Ill-B-i (Cont.)

IA PORT E COUNTY , INDIANA
(Population 1000’s)

9 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Center (part) 11 13 13 15 17 20 22 25

Cool Spring 3 5 11 17 23 28 34 40

Michigan 32 39 40 41 42 43 44 45

New Durham (part) 1 2 1 2 3 3 4 5

Springfield (part) 1 2 2 3 4 5 6 7

C—SliM Tota l 48 61 67 78 89 99 110 122

Cass 1 1 1 1 i 2 2 2

Center (part) 11 11 i i  11 11 11 11 10

Clinton 1 1 1 1 1 2 2 2

Dewey 1 1 1 1 1 2 2 2

Galena 1 1 1 1 2 3 4 5

Hanna 1 1 1 1 1 2 2 2

Hudson 1 2 2 2 3 4 5 6

Johnson * * * * * 1 1 1

Kankakee 2 2 3 3 3 4 5

Lincoln 1 1 2 2 2 3 3 4

New Durham (part) 1 3 3 4 5 6 7 -

Noble 1 1 1 1 1 2

Pleasan. 1 2 2 2 2

Prairie * * * * *

BA-I l l -B— t O
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Table BA-HI-B-i (Cont.)

LA PORTE COUNTY , INDIANA (Cont.)
(Population 1000’ s) 10 of 11

Townships 1950 1960 1970 1980 1990 2000 2010 2020

Scripo 1 2 2 2 2 3 3 4

Springfield (part) 1 1 2 3 4 5 6 7

Union 2 2 2 2 2 3 3 4

Washington 1 1 1 1 1 2 2 2

Wills 1 1 1 1 1 2 2 2

County 77 95 104 117 132 160 176 196

BA -Ill-B-li



Table BA-Ill-B-i (Cont,)

PORTER COUNTY , INDIANA
(Popula tion 1000 ’s) 11 of 11

TownshIps 1950 1960 1970 1980 1990 2000 2010 2020

Center 15 19 25 30 37 46 58 77

Jackson (part) 1 1 1 2 4 7 10 15

Liberty (part) 2 2 2 7 12 20 30 40

Pine 2 3 3 8 12 17 25 34

Portage 6 14 28 44 64 90 121 164

Union (part) 1 2 2 3 6 11 17 24

Wes tches ter 7 11 14 22 32 44 59 80

C—SELM Total 34 52 75 116 167 235 320 434

Boone 2 2 3 4 5 7 11 14

Jackson (part) 0 0 1 1 2 2 3 5

Liberty (part) 0 0 1 1 2 1 1 2

Morgan 1 1 1 3 6 9 13 17

Pleasant 2 2 2 3 5 7 11 14

Porter 1 2 2 5 8 12 17 23

Union (part) 0 0 0 0 0 1 1 2

Washington 1 1 1 3 6 10 15 19

County Total 41 60 86 136 201 284 392 530

BA —Ill—B— 12
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IV. COMPONENT BASIS OF DESIG N

A . REGIONAL TREATMENT SYSTEMS

1. SOILS INFORMATION

Introduction

Among the mos t Important Items which mus t be cons idered in
the selection of a site suitable for wastewater renovation by the
“living filter ” is the soil. The soil dictates not only the quality
considerations of the land treatment system , but also the engineering ,
design and subsequent operation of the system. The following portion
of this annex will discuss soil characteristics which are pertinent
to the selection of a land treatment site . The methodology of site
selection based upon these key soil characteristics follows the dis-
cussion on Soil Selection Considerations. Soil characteristics are
also very Important in creating an optimum design of irrigation equip-
ment . An analysis of this Impact follows the Site Selection . The
final portion of this section presents a discussion of the soil pro-
cess associated with the “living filter ’ concept .

Soil Selection Considerations

General

Wha t Is Soil? A clear distinction should be made at
this time in reference to the type and nature of soils Information that
is required for site selection. A differentiation should be made be-
tween what might be called geologic , engineering and soil science
terminology . Each of these are Important and play a part In the prop-
er selection of suitable irrigation sites. Geologists view the earth’ s
crust as made up of rock and so-called unconsolidated sediments .
This unconsolidated material is composed mainly of solid particles
derived from physical and chemical weathering of the rock plu s vary-
ing amounts of moisture , organic material , and air. This same mater-
ial is wha t the engineer calls “ soil” . He is chiefly concerned with
its variou s physical and mechanical properties and how they influence
the support of structures , the maintenance of excavations and other
considerations . As these sediments , or engineering soils , are exposed
to the influences of weather , temperature , biological activity , and
other factors , they are further modified . Eventually , the surface layers

BA-IV-A - 1 
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become ca pable of sustaining plant growth . These upper layers ,
usually identified as from five to six feet in depth , are what concern
the soil scientist and the agricultura l users of the earth ’ s surface .

The following discussion and terminology used in that discus-
sion is kept , to the most part , within the framework of soil science .
In only Isolated situations are geologic and/o r engineering terminol-
ogies used . These uses are identified and explained .

A great deal of information is available on the characteristics
of Illinois and Indiana soils. The United States Soil Conservation
Service (SCS) , In cooperation with agricultural experiment stations
at sta te universities , provide numerous publications dealing with soil
characteristics and properties. These include such excellent sources
as Individual county soil surveys , Irrigation and drainage guides ,
soil interpretation sheets and many , ma ny more .

Before specific soil properties important to site selection are
addressed , an introductory discussion is presented which goes Into
the formation and classification of agricultura l soils.

Soil Formation and Classification. The main factors
which influence the formation of soils are ; parent materials , cli mate ,
native vegetation , drainage , t im e , and , of course , man. The pa rent
materia l of minera l soils are formed by the disintegration and decom-
position of rock . These materials may be moved from place to place
by glacial , wind or water action . Organic soils are formed from the
remains of plants. The main parent materials for the soils in the
area of this study consist of b ess , outwash, till , and all uvium .

Climate Is an important factor in soil development and is res-
ponsible for many soil differences. Climate largely determines the
type of weathering which takes place , and influences vegetation
types . Temperature and rainfall  are the major  components of climate .
Vegetation refers to the native vegetation under which the soils formed .
For the states of Illinois and Indiana , for instance , the native vege-
tation was prairie grass and forest or trees. Drainage is generally
controlled by relief . The amount of moisture in the soil during its
development , a direct influence of amount of drainage , affects the
rate of weathering and the development of soil colors . Time as a
fa ctor in soil formation is highly dependent upon the other forming
factors .

The soil formation process creates a characteristic profile
whic h conceptually is the same for most soils. A vertical section

BA-IV-A-2
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through what are called “horizons” and extending into the parent
materia l , Is known as a soil profile. An idealized soil profile , with
key identifications is shown in the following figure :

Mineral soi l mi, ,.d with organ c mat.-
ro l . Th. dar kest horizon in many toi l,

A, and lb. horizon usuall y hoe ing mo.imum
Horizons of ma.imu m ‘ biolog ical oc t i r i ty. A ,. is th , plow f oyer
biolog ical activit y, o f and may or may not be thick ., than A,.
.luv iotion (r .mova t of
matm’iols diss olv.d or
sutp.nd.d in wo te r) , Li ght .color. d hor izon from which cloy
or both 4 and other min erals in su s pension o,The solo.. 2 so lut ,o n hav e been removed.(th. gen.t~c

soi l
developed Transitional to B, but more l i ke A than S.
by soi l ________

forming
processes ) B~ 

Transitional to A , but mor, like B then A.
Horizo ns of illuv iol ion
(o f  occumu lolio n of
s us pended n ot. r ia l Horizon of max imum clay, or o f iron and
Iro n A) or of mali. B organic material accumu latio n; or hor izon
mum c loy accumulation , 2 having maximum developmen t of block y
or of block y or pr i. or prismatic structure.
mat ic st ructure, or a
combination of hess

93 Transitional to C

Parent mater ial similar to or the same

C as that from which the solu ni (A ond B
horizons) developed.

R Bedrock

Principa l horizons of upland soils.

The processes of soil formation take place primarily in the A and B
horizon . Maximum biological activity takes place in the A horizon ,
while the greatest degree of accumulation of leached materials will
be in the B horizon . In discussions which follow , reference will be
made to surface and subsurface soils . The A horizon is usually called
the surface soil . The B and C horizon s are considered surface soils ,
also, within the context of this report, although they are descr ibed
by other term s in soil science writings.

BA-IV-A-3



Soils that have very similar profiles are usually placed in the
same soil series. Each of these soil series is named for a nearby
geographic feature or town . With the exception of the A horizon , all
major horizon s of all soils within a particular series are similar with
respect to thickness, arrangement and other characteristics.

Soil series are grouped into what are called soil associations.
The grouping s are made for soils with simila r parent material and
surface soil color.

These soil classification tools are helpful in grouping soils
with similar characteristics for site selection , What are some of the
characteristics important to the “ living filter ” concept ?

Soil Identification Characteristics

Texture. There Is a need for fine distinctions
in the texture of soil horizons . Distinguishing textural characteristics
of m ineral soils are the percent compositions of sand , silt and clay,
which , in turn , is determined by particle size. Varying amounts of
sand , silt, and clay combine to form soil textura l classifications such
as sandy, loamy , sandy loam , etc. The following figure presents the
standard triangular classification system used by soil scientists to
make textural classifications: 100

‘990

80

70
CLAY

160
Al

V C
SANDY V ~40 CLAY 

/ \
V LOAM~( SIL TY CLAY

SANOY CLAY /\ LOA M
LOA M 

/ \,/20 
LOAM

SANDY LOA M SILT LOAM
1,~ 

______ SILT
OAM

SAND SAND

‘q~~~’~ t -
~~ 0 ~~ “o ‘

~~, 
‘~~ b

Triangular Textural Classification Chart
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Structure. Soil particles are usually aggregated
or grouped . The size and sha pe of these groupings is called struc-
ture . Structu re plays a key role in crop productivity by affecting
root penetration , water intake rate , movement of water within the soil
and the resistance of the soil to erosion .

Color, Different soil colors result from a num-
ber of key factors . Color indicates the amount of organic materials ,
chemical compounds , and probably most importantly , the drainage of
the soil. For instance , light yellow to yellowish-brown soils m di-
cate good drainage , with a fully established aerobic regime in the
surface horizon.

Th ere are numerou s other identifying characteristics , but for
our purposes , it will suffice to j ust  mention those presented above .
The next Important area in the description of soil selection consider-
ation s is the interaction of the soil and the water which move s through
the soil.

Soil-Water Considerations

Genera l. The movement of water into and through the
soil horizons plays what is probably the most important part In dic-
tating the selection of a particular soil for a spray Irrigation appli-
cation. It should be pointed out here , however , that upper horizons
of a soil are not the only part of the soil complex that effects water
movement . Parent materials below the developed soil profiles are also
important. If an impermeable layer is found three feet below the
surface , there would be little chance that one could apply large doses
of irrIgation water to the surface of the soil and expect a viable ,
aerobic condition suitable for crop growth to exist very long . The
underlying parent material must be capable of removing , or draining
away the water which is supplied at the surface and doing so on a
sustained basis. If a situation exists where natural conditions do
not allow proper drainage , modifications to the soil system can be
made to induce this drainage . Such modifications are made on a reg-
ular basis in farming situations and present no new technological
implications .

The following parts of this discussion will address some of
the Important parameters Involved in the movement of water into and
through soils In the soil profile discussed above . In addition , gen-
eral comments will be addressed to the same considerations for the
underlying , parent material.

BA -IV-A -5
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Infiltration , Percolation and Permeability . Infiltration
Is described as the passage of water through the soil surface inter-
face into the underlying substratum or horizons of the soil. A dis-
tinction is made between infiltration , percolation and permeability .
Percolation is the downward movement of water through an unsaturated
soil. The soil contains numerous noncapillary channels through which
thi s gravity water will flow . The gravity water will follow the path
of least resistance . Per meability permits the movement of water through
a saturated soil medium . In addition , permeability can be thought
of in connection with either a vertical or horizonta l movement of water.
The three phenomena are closely related since Infiltration cannot
continue unimpeded unless percolation and/o r permeability move the
infiltrated water away from the surface .

The rate at which the water moves through the soil is expressed
as either the percolation rate (length/time) , or permeability (length/time)
according to whether you are considering an unsaturated or saturated
soil. Infiltration rate , as used in most literature on the subj ect , is
the rate at which the water moves into the soil surface , when the
soil beneath the surface is saturated . Additional Information on inf ii-
tration , percolation and permeability and its effect on spray iri~lgation
system design will be covered in another portion of this annex.

It Is imp ortant to have a rate of infiltration , percolation and
permeability that will insure the adequate drainage of the soil under
irrigation . The rate of percolation is tied to the permeability , with
the permeability as a lower boun’d on its value . In addition , since
the rate of infiltration is usually determined with a saturated condition
below the surface , one can associate a maximum steady-state infil-
tration rate with the permeability of the soil. Therefore , a ny value
of permeability will serve as a lower bound , or minimum expected
level, for the other two terms.

What are some of the soil characteristics that influence the
permeability of a soil? Permeability is Influenced by particle size ,
void space (pores) and soil structure . For an indication of the particle
size , and subsequently textural influence , on permeability, reference
is made to the table below .

The void or pore space is proportional to the particle size with
the smaller the particle size the smaller the void size . Structure is
one of the most important soil characteristics influencing permeability ,
especially in fine gralned soils . When the structure is aggregated or
gr ouped , as poi nted out earlier , there are larger channels or pores for
f low , and subsequently higher permeability . In fine grained soils

BA-IV-A-6 



P A R T I C L E  Stl.E R A N G E  
~E F F E C T 1V E ’  P E R M t  \ 1~~LITY

In~ hcs Milhmelcrs SI Z E  c O E F FI  ! F N T — I ~
c.. 0,,,,, ~~~ ~~~~, 0,5 in. O;,~ mm. Ft F~ n ’ ~j__Cm sce .

D r r r ~d’, ST~~XF 120 36 — — 48 — 106. 10~ i~~ . IO~ 100
One-man STONE 12 4 — — 6 — 30 • 10~ 30 IO ~ 30

Cleas , fine tc . coar se GR.%VE L 3 ‘~~ 80 10 ‘/3 — 10 • 10 10 • I O~ 10

risc , un~~ -m GI6 .~V E L  % S 1.5 ‘ , — 5 • 10’ 5 s

Vc: -v ur s e . ~,,r. , uniform SAND 
~ ~; 

3 0.8 ‘ .,
~ 

— 3 10’ 3

U,,.f ’ rm , coa rse SA ND ~ 
‘
~~~ 

2 0~~ — 0.0 0 . 4 .  10~ 0.4~~~~l5  a ;

Uni form , n;cdi,,rn SAND — — 0 5 0 .25  — 0.3 0. 1 , t 0 ’  0. 1 ‘ 35 1 0 1

Clcan , we?l-grndcd S.’S ND & GRAVEL — — 20 0.05 — 0.1 0 .01 ,  10’ C 01 • IO~ 0.0 !

U n i f o r m , f inc  SAND — — 0 2ii 0 05 — 0.06 4000 4 Q0 40 1 0 ’

~V Th g I~~~C J . •~ i t v S \ N L )  & G R A V E L  — 5 0./I — 0.02 400 10 4

S, ;ts  SAND — — 0 005 — 0 .01  100 10 1 0 1

Uniform SILT — — 0.05 0 .005 — 0.006 50 5 0 . 5 .  1 0 ’

Sandy CLAY — -. 1 0  0.001 — 0.002 5 0 5  0.05 . l~ -‘

Sj!;v CLAY — — 0.05 0.C~)1 — 0 .00 15 6 0 . 3  0 0 1 . l 0 4

CLA Y (30 to 50% clay sizes) — — 0.05 0 . 0005 — 0.0008 0 1 0.01 0 , 001  .

Col l o idal  CLAY (—2 M ~ 50%i — — 0.01 SOA — 40A 0.00 1 1 0 ’  I O ~~’
______________ — —

‘fv piral v:,J iies of fw r ; n  } )  l , , , e n ,

which are not aggregated , the per meabili ty will be much less , The
agg regated soils are usually natural ly  occurring , but can become dis-
aggregated through excess t i l l ing operation s , lack of vegetal cover ,
and other outside inf luences .  Also , crop root sys tems help to develop
extensive channels and increase permeabil i ty .

Permeability is presented in most soil science publications in
descript ive t e rms .  Terminology used in the I l l ino i s  Drainage Guide is
used as a standard f or this analysis  with r~ spect to the soil horizons
abov e the parent mater ia l .  These definitions are as follows:

1. Rapidly permeable (more than 6 inches per hour
and moderately rapvily permeable (2 to 6 inches
per hour) .

2 . Moderately permeable ( .6  to 2 inches per hour) .

3. Moderate ly slowly pe rmeable ( . 2 to .6 inches per
hour ) .

4 .  Slowly permeable ( . 0 6  to . 2 inches per hour) and
very slowly permeable (less than . 06 inches per
hour) .

BA-IV-A-7 
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Based upon dra inage requirements mentioned in the . ompo nent
Basis of Design Section of thi s ro c’rt , the “ moder ately permeable ”
and the “ rapidly perm eable and moderately rapidly  1>e r me abt e ’ cI/ ’ssi-
fi cation s present a range of values adequate to p r o . i c e  s u f f i c i e n t
dr ainage . If necessary however , wh ere all other con d i t ions  are ade-
quat e , a moderately slowly per meable rating ‘.~‘i1l be t oler .~ted . W ith
respect to textural classifications and , sub secn . ent ly, par t ic le  size ,
this ra nge of permeabi lity is reflected in most cases by a s i l t  b /3m
soil for the moderate permeability to sandy-grave l ly  soil for the rapid-
ly permeable .

The foregoi ng discussion on permeability for the upper  horizons
al so holds true , in most cases, for the underlyi ng parent mater ia l .

Other Considerations . In addition to the internal  drainage con-
siderations reflected through the permeability discussion above , sur-
face drainage and other topographic al features of an area are important .
The area should be relatively flat to lig htly rollin g in topography to
most readily accept the center-pivot system , and to control surface
drainage .

The physica l considerations of site selection as di i cussed
above are extremely important.  But j us t  as import ant  a~ i- the biological
and chemical mechanisms within the soil which provide a iarge portion
of the pollutant removal abilities a ssociated with the soil.  Biological
considerations such as microbes which bring nutr ients  to the plants and
stabilize soil structure are important . Chemical c on si d e rc i L ion s  such as
cation exchange capacity and iron and aluminum concentrat ion are also
Important.

Most soils which have bee n productive in the past have an ac-
tive biological commu nity ; this  criteria , however , is of i im i ° ’ d
importance to site selection since the majori ty of I l l inois  and Indiana
soils are highly productive . The cation exchange capaci ty  and iron
and aluminum concentration is available from actua l f i e ld  :;am ~..ling
and laboratory testing or from agricultural  soil p ub l i cat ions  such as
county soil surveys . These properties are most closei~- associated with
soils which have some fine-grained texture within the surfac e  hor izon s .
Most Illinois and Indiana soils also meet this cri teria . I nf o r mat i o n
on specific soils will be give n in other sections of t h i s  a n n e x .

The actual soil process associated with tn  pa ssage of t o ’ated
wastewater through the soil , and how all  of the fa c t ors , ~. . hys ica1 ,
chemical , and biological a f fec t  it , is covered in Sec t ton  V of t h i s
annex , entit led Soil Process.

BA-IV -A-8



The i m portance of parent materia l permeability was discussed
above . .\ r o th er  concern which must be addressed is the thickness of
this  pa len t  layer.  Adequate thickness is necessary to develop the
proper d r a i r ~age regime as discussed in Appendix B Section IV-A .

Summary. To summarize , one might  say that to be ideally
suitable for selection as a spray irrigation site , the soils within a
part icular  area should have adequate permeability , healthy biological
environment , proper chemica l composition , be underlain by a parent
mater ia l  of proper depth and permeabili ty and exist in a f la t  to gently
rolling topogra phical setting .

Site Selection

Genera l . This section presents a detailed discussion of gen-
era l areas which were selected for use in the land treatment  sys tem.
A selection methodology is outlined , followed by a site -by-site tabu-
lar descript ion of the various major soil assoc iations (see above)
within these areas .  These description s are given on Tables B-IV-A-l -5 .

Selection Methodology. Each major  soil association for both
state s was stu. i  led in detai l  within the framework of the Soil Selection
Considerations presented above . Particula r at tention was given to the
permeabil i ty component ,  As a f i rs t  cut-off , all soils which did not
fall  wi thin  the f i r s t  three permeabil i ty criteria , as outlined above , were
automatical ly  removed fro m consideration. This information was avail-
able for both I l l i n o i s  and Indiana from overall soils maps and county
soil survey publ ica t ions .

The next cri teria observed was the underlying parent mater ia l .
Permeabi l i ty  and thickness  were determined from all available infor-
matio n , which incl uded geologic and eng ineering publications , field
dr i l l i ng  records , well logs , interviews with knowledgeable persons
in state engineering and geologic agencies , and , of course , the soil
survey informat ion . Those soils with unsui table  parent mater ia ls  were
deleted . Un~~!itab le parent materials  were identified as those which
were basical ly  impermeable .

Following th is , informat ion from state publications on the irri-
gati ~n n potent ial  from a s t r ic t ly  agric ultura l point of view was con-
sidered . This  help ed establish soil inf i l t ra t ion rates and other per-
t inent  f eatu r e s .  Those  soils which did not have adequate i rr igat ion
potent ia l  and or in f i l t r a t ion  rates  were deleted . An in f i l t r a t i on  rate
of greater  tha n or equal  to 1 .5 inches per hour was selected as a
lowe r l i m i t .

BA-IV-A-9
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The next criteria observed was the overall soil color . This
helped establish if the soil had exhibited adequate drainage over its
historical developme nt .  A light colored soil would indicate , in gen-
eral , a good aerobic condition.

At this point in the analysis , the geographical location of the
re maining soil associations was considered . All associations which
were not within a reasonable distance to the actua l s tudy area were
deleted .

The next step in selecting the general areas was to reduce the
scope of observation from the soil association leve l to the soil series
level . Individua l series were studied , and where available , key phy-
sical-chemical relationship such as cation exchange capacity were
observed. This information is incorporated in some county soil surveys .

Soils within the individual soil series were investigated for
permeabil ity . At this time , requirements were stiffened to include only
the first two categories of permeability . Except for one or two iso-
lated cases , all soil series selected fell within this stipulation . Al so ,
individual series were investigated for their irrigation potential .

The soils which survived this rigorous screening are presented
below . Samples were taken in the field at randomly selected sites
within the soil a rea chosen. Laboratory tests were run on these sites
to determine the cation exchange capacity and the iron and a luminum
conte nt. In addition , trained personnel were sent to the field to ob-
serve actual soil conditions.

Selected Soils. The following information on soils within the
selected land treatment areas is presented in a tabular form . The
i rrigation areas are identified by county of location , and , where neces-
sary , loca tion within the county . Maj or soil associations are identified
and broken down Into major soil series within the association . Other
soil series which may be associated with the particular association
are also shown . Surface and subsurface characteristics are shown .

For surface soils , I . e .  , A -B horizons , the te xture , in f i l t ra t io n
rat e , permeability and thickness are shown . [‘or the subsurface soils ,
the texture , permeabi l i ty , and depth to impermeable layer are presented .
The depth to the water table is also shown .

The f i n a l  three columns present the results of the laboratory
analys is  on cation excha nge capacity and Iron and a l u m i n u m  content .
These sam nies for this series of tests were obtained for only the
predomin ate  soil serie s wi th in  any s ingle  a s soc iat ion , so values  may
not be shown tot certain series listed . In ad di t ion , no p ertinent
samples were taken i n Kendall  County .
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implication s of Inflltratlon~ Percolation and Permeability on Center-
Pivot DcsiQn and Operation

The section above on Soil Selection Considerations discussed
the differences between infiltration , percolation , and permeabi lit y’ , and
their rate considerations . These three parameters of the soil are ex-
tremely important when the use of a spray Irrigation system is anti-
cipated . As the amount of water to be applied in any one period
Increases , and the time available in which to apply it remains the
same , it becomes a distinct possibility , that , without prope r design
of applicat ion , the soil complex can become overtaxed and surface
runoff of applied flows may result . The following discussion ad-
dresses this concern .

Infiltration is considered as the movement of water through the
interface of soil surface Into the pore space of the soil. Implicit
in this statement is the assumption that the water which is infiltrating
into the soil is applied uniformly over the surface , and that the infil-
tration rates reflect a uniform application over the surface . However ,
soil conditions under a farming situation do not allow the water being
applied to spread evenly over the entire soil surface . Farming tend s
to change the uniform surface application by the influence of the can-
opy effect set up by plants , and the general nature of row cropping
operations . A better term for the acceptance of water into the soil
might well be “ intake ’1 , with an analogous term of “intake rate ” used
for the time rate at which water is accepted into the soil. The terms
intake and intake rate are used by most irrigation texts and practitioners .

The intake rate , like the infiltration rate , depend s on many fac-
tors , such as , soil type , texture , structure , porosity , degree of sat-
uration , amount of organic material , vegetal cover , and time of the
year. One of the soil characteristics which probably most influences
the intake rate is the noncapi llary porosity . Porosity determines the
storage ca pacity of the soil and also effects resistance to flow . In-
take rate tends to increase with increasing porosity . An increase in
the organic matter may result in inc reased intake capacity , largely
because of an increase in porosity associated with the structure of
the organic material .

The exact effect of vegetation on the capacity is somewhat
di fficult to identify because It also influences interception . Just
the same , vegetal cover doe s inc rease intake as compared to barren
soil , and three main reasons can be advanced: (1) it retard s surface
flow , givi ng the water additional time to enter the soil; (2 ) the root
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system increases the perviousness of the soil; and (3) the foliage
shiebTh the soil fro m water droplet impact , and therefore , reduces

packi ng ” of the soil surface .

The intake rate of a particular soil greatly inf luences the sel-
ect.ion of a part icular  area for spray irrigation . This is even more
true when the irrigation is to be accomplished by the use of the center-
pivot syste m. With the center-pivot system , the circumfere nt ia l  dis-
tance trave led increases as you move radially out along the lateral
arm of the rig and subsequently , the speed of the moving lateral in-
creases . With increasing speed , the intensity at which the water is
applied to the soil increases. If this application rate exceeds the
intake rate of the soil , ru noff will occur. The problem then is to
properly ba lance the center-pivot system with the soil conditions to
produce a situation of no runoff .

A gr eat deal of work has been done in trying to determine the
intake rate of a soil. Some investigators have assumed that the intake
rate is equal to the steady state , saturated percolation rate . However ,
it has been shown that the intake rate of a nonsaturated soil can be
defi ned as a decaying function of time , with higher intake rates being
available in the ea rly stages of water application , and decreasing rates
available as the time duration extends. This intake rate would reach
some steady-state val ue which would be appr oxima te ly equa l to toe
soil s per meabi l i t y .

It might be rem embered in the discussion of the difference
between percolation and permeability , tha t percolation was a down-
ward movement of water through the unsaturated soil. Therefore , in
the early stages of water applicatio n , water mov es not only down
through the cha nnels , but al so has to fill these channels . This im-
plies a greater mov ement of water into these pore s ’ in the ear ly
t ime period , and this is reflected in a faster intake rate . In addition ,
there are capillary pores which , if not already fi l led , will  store water.
Capil lary forces will continuously divert gravity water into the capil-
lary pores , so that the quantity of gravity water passi ng successively
lower horizon s is diminished . This leads to increasing resist ance to
gravity flow i n the surface layer and again implies a decreasing intake
rate as the Le ngth of irrigation incidence increases in time . The in-
take rate in th e early phases of an irrigation application is less if the
capi l l ary  pores are filled fro m a previous irr igation .

Figure BA -fl/-A- i presents a typica l intake ate curve (or a t ine
sa ndy loam soil.  It can be seen that in the ear ly  t ime periods the
intake ate is quite high , but decays over t ime , becoming asymptotic ’
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to th e steady-state permeability of the soil.

The determining factors for the application rate at any given
point on the irrigation lateral of the center-pivot system is the depth
of water which must be applied and the width of the spray pattern .
The application rate is independent of the rotational speed of the
syste m.  Since the quantity of water to be applied in the C-SELM
de sign is a maximum of 6 inches per week , the only va riable left
to manipulate is the width of the spray pattern .

Increasing the width of the spra y pattern increases the time
duration spent covering any given point on the soil surface. With the
same depth of water to be applied , this in effect reduce s what might
be called the average rate of application. Howeve r , there a re limit-
ing conditions on the width of spray pattern . Available information
from center-pivot manufa cturers indicates tha t a 100 foot width of spray
pattern is a pra ctical maximum , using the down-spray type nozzles
a nticipated in this study . Withi n the confines of the required maxi-
mum application of 6 inches per week and the spray pattern width
Constraint , the length of the lateral arm becomes a dictating feature
in matching a center-pivot system to a given soil.

Increasing arm length produces higher application rates and
decr eased durational times for the lateral arm to pass any given point .
When examining the intake rate vs. the t ime curve presented in Figure B,.A-
IV-A- 1 , it can be seen that plotted points of application rate vs.
duration (time) which fall below the curve would produce no runoff ,
while those that fall above , would produce runoff . Since application
ra te and duration are a function of the length of the rig , with the
spray pattern along the lateral , lateral arm length becomes the key
in matching a rig design to a particular soil.

Therefore , to create an optimum (in this case , mi nimum va lue)
application rate and duration combination , two things can be done .
The width of the spray pattern is set so as to reduce the rate of ap-
plication to the lowest possible value . In addition , the number of revo-
lutions used to supply the total weekly application is increased , thu s
decreasing the time duration needed to apply any given amount of
water (remembering that the application rate is not a function of t ime ) .
The table below presents an example of application rates for a spe-
cific center-pivot system .

Interpretation of the table Indicates tha t the most desirable
(minimum value) combination , with respect to intake would be 1 .2
Inches per application for 5 revolutions per week . This produces a

BA-IV-A-20
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1000 IT . LATERA L , CE NTER-PIVOT SYSTEM 6 IN W E
APPLICATIO N , 1C ~ HR . TOTAL APPLICATION T IME

Radia l Our ot ,on of Poss Apphco?,on Rgte
DLst a nce (Hour s) (Inche s/Week)

from Center- Spra y 3 Revs. 4 Revs . S Revs .
Piv ot Width ~ Per Wk ,  Per W,. . Per W k .
( feet l  

~~~~~~ 
2 , Rev . I .S Res’ , 1 , 2 ’ , Rev , ~~~~~~~ 4 Rev/W k S ~~~~~~~

300 5 8 1,73 1 ,29  1 ,04 . 1,, 1 .16 1 . 1 6

6 00 76 1,13 0 .85  0 .68 1 .77 1.77 1, 77

1000 100 0.89 0,67 F , 54 2.25 2 .25 2.25

a Rig design feat ures a spray width which incre ases linearly with increasing d ist ance from the center pivol

duration of 0 .54 hours at the end of the 1, 000 foot rig . By referri ng
to the intake curve in Figure BA-IV-A-i this would be reflected by
point 11 1 11

, whi ch falls well below the plot of intake-rate vs .  t ime ,
indicating no runoff . This analysis  can be expanded to other soils
and rig lengths .

Two distinctive soil textures were chosen as representative of
the treatment site soils , i . e . ,  fine sandy Loa m and silt loam. Using
the analysis  above , each soil and center-pivot rig system were com-
pared to assure that no runoff would occur .

The intake rate curve shown in Figure BA-TV-A-i has been
characterized by investigators as lineal in a log-log plot . From such
a log-log plot an equation was obtained for the in take  rate curve as-
sociated with a part icular  soil. This has been done for the two repre-
sentative soils mentioned above , and their  plots are presented in Fig-
ure BA—IV-A—2 . Figure BA-IV-A-2 also presents a plot of the applicat ion
rate vs. t ime for the 1 , 000 foot i r r iga t ion  rig defined l f l  the table pre-
sented above . It was brought out ear l ie r  that  when the appl ica t ion
rate was below the in take rate , no runoff  would occur.  Therefore , it
can be seen that  as long as the appl ica t ion rate vs .  t ime (A-T ) olot
lies below the intake rate vs .  t ime (I-T) p lot , the system wil l  pro-
duce no r u n o f f .

As an example , if for a des ign  capaci ty  of ~ inches per week ,
this 6 inches is applied in 3 rotations , the A-T plot wi l l  lie above

BA— T V - A - 2 1  
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the s i l t  loam ~~—
‘
~
‘ cur’~’u and be low the  i ’ne  s a n d y  loa n l —T c r .  . ( n e

can a s s u me ,  the re fore ,  tha t runoff  w i l l  be produ ced v~u t h  ‘Jan  r b.j corn —
b in a t i on  on s i lt  loa m , but not on f ine  s andy  loam.  ~t ‘~a’~ a l se  he
seen f rom th ese A — T  and I— T c~.~rvos tha t , i f t h e  s a n e  si”  inc~~es is
app l ied  in f i . ’c’ ro ta t ions , no ri.j noff w i l l  be produced “e  eit ier s od .  Sin . -
l iar  plots  arc  presented in Figures BA — I V — A — 3  and R ’ \ — I V — A — . ar 1 , 300 —

foot and 1 , 500—foo t  l atera l arm c e n t er — p i v o t  sy s t em s , r . ’spe t iv e lv

Tn Figures  B A — I V - A — 3  and BA -IV— i~- 1 , it can be seen t r a t  the
length of t Jo  rig i n f l u e n c e s  the a p p l i c a t i o n  rutc ’ and tee d . a a t i a n .  such
t ea t  r u r i o t r  would cv produc ed 00 a s i l t  loa m so i l .  A ga i n , as in  t in
case of the 1 , 0 0 0 — f o o t  r ig ,  the 1 , 300 —l F Fnt  a n d  1 , 500 - t ’  rig V.’ ( F ~ . 1d
not produc e r u n o f f  on a f ine  sandy l o a m .  It should  be po in t e d  ~~ a t
t h i s  t ime  t h a t  the tnt . ]  ke cu i  yes shown v. or e devel oeod  for a ha r e  s o i l .
This is a ‘~‘ery conservat ive  condi t ion ,  as was  brought  out above in t h ~.
d i scu ss ion  an t h e  e f fec t  of gro und coc’er . ~ lso ignored far  the  sake
C o f l Se r Y o t i Sm  is the e f fec t  a t  cvha t hydrologists  cal l  “depression  nt  , Fi . 3 C C ” .

N o r m a l l y , d ep i e s s i o n  storage is ~ h n n t  1” in vo lume on f l a t  to g e n t l y
r e l l i e c  farm land . The depression storage t e m p o r a r i l y  stores cxc ’ S ’SS

app l i ed  wa t~’r and gives a greater dura t ion  for In f i l t r a t i on  t han  tb d ii -
at ion of i r r iga t i on  wate r  app l i c ’ot in r .  dur ing  one pass of a pivot  r j ~’

On a p a r t i c u l a r  s i te se lec ted  for f ina l des ign , the  a m o u n t  of depress i nt
s tora q e can.  bc u ’’ .’a Iu ate d for each tract  to be i r r igated and its macn i -
tude  t a k e n  in to  account  in de t e rmin ing  the  p e r m i s s i b l e  length nt
p1 ‘.~nt  m a c h i n e . If I ”  af d epr es Si an  St ~~r aqs ’  were to he a live vs pres nt ,
for example , it could be ad d ed  to the i n f i l t r a t i o n  c a p a c i t ’~’ r the  d I r —
a t ion  of the m a c h i n e  t r av e r s e  to a n t a i n  a longer des ign  ler .ath  of m a c h i n e ,
This in t u r n  W a l l  Id r e du c e  t h e  cost  of t h e  i r r i g a t i o n  si’s t a r t  . Th c a p —
p l i c a t i te of th e  eho ’.’c — u :e n t i o n e d  fac tors  to r educe  i r r i ga t i o n  sy ~ t~~r c’ 1S t

iS  m ’ S i ’ r ’ ’~ d to s u ’ :nec u e n t  f i n a l d e s i g n .

This  a n a l y s i s  ~~~~~~~~~ t e a t  H e f i n ~t e  l i m i t a t i o n s  . ‘i t h e  at~~ 1L at
c e n t e r —  p i  c. ) t  sy: t I m u  and i t e  condi t ions  ot opera t en ar e  l - r ’ u t b t  1
p l a y  by t h e  t y p e  of soi l  b r in g  used at  a m i r t i c u l a r  s i t  , I )  r i m
leng ths  used in t h i s  st  ‘ d y  ‘ ‘ i ’ne r ’ . ’e t ivc ly  r e f l e c t  t h  1 5 1  l i n i i t i t r ’ n  s . “ I I
r i q u  p laced on si t l a i m  t ype  soi ls  have b een  den  j qn ~ H at  I , ‘t OO ‘~ F F t

l e n qt h s  u.’h i !e  t h e r e  on sandy  soi l s  have i r on des igned  up to ,

i n l e n g t h . In a d d i t i o n  to the  de s ign  rco ’t i  n - t r on ,  t h e  a c N e
of tu e  cent r - p i . ’ot i i i  I t i  ~ r i g  h i s  0011 ‘ r t . i S T i s h C d . I i .  t~~~ ’ si l t
l . ) 1 ’  so i l  i~~r’e~~ , op e r a t i on  is r e q a i l e l l  on a f i ’ .” ~O t 1 t l . m  nO r W r ’ C ’ . .~1S i 5 ;

a t  ti l l  c i p e c i t ’ .’ , six  i nches  is . i p p l i e d . If  less  t H ~ n ( H  s i u  l f l ( ’h ( ’S
iS e p p l i e l , t i e  spe ed n t  r t I N .  0 m i s t  sl i l l be m e t r t . i i n t ’ J . l ’ ai i f l~~

st a nce , i f c l ’ I r H a ;  T h s ’  week 0fll~ t our  en ‘ ‘ n e — h i l t  i i  ches 5 . 1 ’  t ’  ‘ ( ‘

P I \ — I V — A — 2 3
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appl ied , it would be appl ied  in three and t h r e e— q u ~~r t u r  r• .”, ’o I n t h.4 n s ,
in order to provide the appl ica tion ra te -dura t ion  con~h i n a i i e n  w h i c h
produces no runof f .

Soil Process

Potential  contents c f  wastewater  vs. the soil ~~~~~~~~~~~~~~ Pr e~c sals
for the u t i l i za t ion  of wastewater  for i rc igat ion and the use of soil sys-
tems for the reclamation of wastewater have recently received wide ac-
claim as novel ideas. Yet , Whetstone (1965 )  has presented , in chron-
ological order , 663 abstracts of papers reporting observat i ons  and data
fro m water reuse appl icat ions and studies . The an n o t a t e d  bibl io gra phy
was compiled from the l i terature deal ing with wastewater  reuse  for ir-
rigation , recreation , and groundwater recha rg e du r ing  a Period ‘ia t ir ~q
from 1892 through 1965. Another annotated bibl iography con ta in ing  2 ) 2
abstracts of papers dealing more specif ical ly  with the use of sew ~qe
ef f luen t  as an agricu 1tura~ water resource and lar d  disposal  of l i qu id
waste was published by Law (1 968 ) . Todd (1959 )  has su m m a r i z e d  re-
charge of ground water up  to and including the calendar year 1954.
Several of the papers he abstracted presented informat ion about the
use of sewage ef f luent  for groundwater recharge , while  others reported
r esul ts  regarding the use of soil systems to pur i fy  polluted su r f ace
~~o.er supplies .

From the large body of l i te ra ture  it is obviou s tha t  O C t  a l l  t o -

searchers had the same objec t ives .  Sometimes the obj ec t iv e  was s i m p l y
to spread contamina ted  water on soils to avoid the cost ‘ -1 t h e  t r e a t m e n t
which would be necessary  to permi t  its d is~~harge to su r face  w a t e r s .
Tn some w ate r—def i c i en t  a rea s , was tewater  has  been used t o  i r ’ i o i t e
crops at rates ari d a m o u n t s  s u f f i c i e n t  fa r  good y i e l d s  her ’a .~se o t h e r
sources were not a v a i l a b l e .  Often w c i s t ew at e r  h as  been app l i ed  to
agricul tura l land fa r  in excess of the needs of p l an t s . i h e  m a i n  I F I
j e c t iv e  in ap o l y in g  excessive water  to crop land  was to u t i l i n - t b
growing p lan t  as i s-avenger  of the  n u t r i e n t s  from the ~~ON h a t i n g  W a i t e -
water  before it e v e n tu a l l y  recharged ground water  i q I l i f e r s . \ t. i ~~y t i n l o s ,
soil s y s t em s  h a v e  been used aS f i l t e r s  in the absence  t g r l  w i n g  ( ‘r o l s .
Where water  was returned to su r face  supp l e s  by p u m p i n g  s t r m t e q i c . i l l v
located w e l l s  or used to prevent the  in t rus ion  of sa l ine  w a t o m  by in-
creasing the  water  level in aqu i f e r s , h igh  a p p l i c a t i o n  r a t e s  11 i i’
precluded the growing  of crops.

A l t h o u g h  the  d i s t i nc t i on  has n u t  1 Iway s  b e r m  me d’ in t b ’  o ld er
i i t e ra tu r e , sewage spreading , s ludge d i sposa l  e~ hi nd , a n n  t he  use vi
e f f l u e n t  for i r r i g a t i on  and or ground water  recharge ire  f l F  S . ‘ I I F  ) f l y f l ’I O U S

BA — l’’— A — 2  i~ 



terms. Because of its continually changing and widely-varied compo-
sition , raw sewage (as a unique entity) has not been studied in suf-
fici ent detail , in conjunction with land application practices , to es-
tablish standard s concerning its effect on the land as regards : possible
disease transmission through crops; alteration of physical , che mical and
biological cha racteristics of soil; and chemical pollution of water sup-
plies. For this reason , the spreading of untreated waste (sewage
spreading) on land is not an acceptable practice in the United States ,
al th ough is it successfully  practiced in such locations as Paris , France ,
and Me Jbou rne , Aust ralia . Before waste can be recycled , solids (sludg e)
and wastewater (effluent) must be appropriately treated to cause it to
be compatible with the soil system and the environmenta l concerns as-
sociated with soil sy stems.

Mu nicipa l waste frequently consists of mixtures of domestic or
household waste , sur face ru noff or stor rnwater , a nd industria l waste .
Some processing industries , particularly the food industry , produce wastes
which are amenable to biological treatment even though they are usua l ly
much more concentrated tha n domestic sewage . It may be of interest to
comp are some of the average BOD (biochemical oxygen demand) values
for several kind s of industria l wa ste as given by Jude ll (19 66) , reproduced
below , with the BOD value of 300 mg/ i normal ly  used as an average
fo r domestic sewage. While it is often purported that m anj  of the
high BOIJ wastes can be directly spread on land as an economica l and
effecti ve means of disposal , such wastes improperly managed could cause
odor and insect problems.

TYPICA L ROD VA LU ES OF SOM E INDUSTRIAL
EFFLU ENTS

TYPE OF WASTE ROD (5 DAYS)
(mg / I )

Abattoir 2 , 500
Brewery 500
Gas Works 6,500
Dairy (whey) 32 , 000
M al t i r igs  1 , 200
Petroleum Refinery 800
Sta rch Process 10 , 000
Tannery 2 , 500
Pharmaceut ical  4 , 000
Petrochemica l 8 , 000
D i s t i l l e r y  7 , 000
Raw Sugar Pr ocess ing  500

BA -I V -A-27



Many toxic and nontoxic organic waste materials arise from in-
dustrial processes , such as the chemical  production of textiles , plastics ,
pharmaceuticals , dete rgents and pesticides . After a period of accli-
mation , some organic toxic substances , such as phe nols and formal-
dehyde , can be almost  completely removed from wastewater by biolo-
gical treatment , even though at  suf f ic ient ly  high concentrations they
are bactericidal (Jackson & Brown , 1970) .

Low (1 970 )  provides information regarding concentration levels
of various toxicants in the e f f luents  from a range of processes used
in the meta l f in i sh ing  and al l ied industries . Meta ls  commonly present
in metal f in ishing e f f luen t s  at relat ive high concentration are coppe r ,
nickel , zinc , and chromium . There is some indicat ion that  when any 

F

one of the above metals exceeds a concentration greater  than 10 mg/ i
in sewage the biological treatment of sewage eff luent  is seriously im-
peded (USPHS 1965) .  Even in the absence of inhibitory concentration
levels , biological processes of sewage treatment  seldom remove more
than 80 pe rcent of the metals . Thus , it is possible even for a second-
ary e f f luent  to contain meta l s  in concentra t ions  greater  tha n those es-
tablished as permissible levels in i r r igat ion water .  It may be reasoned
that even though biological  t reatment  doe s not guarantee tha t continued
use of a waste wi l l  not result  in an accumulation of a toxic substance
in soils , it does mit igate  aga ins t  the ominous s i tuat ion always present
when untreated munic ipa l wastes  or wastes treated by chemical -phys ica l
method s are recycled to land . Because toxic substances reduce the
rate at which wastes can be treated in a biologica l system , the increased
cost for treatment plant capaci ty , anc i l l a ry  equipment , aeration , and
personnel will  prompt the s taff  of sani ta ry d is t r ic ts  to enforce the elim-
ination of concentra ted toxicants  at  the i r  source . Pretreatment  of toxic
waste prior to discharge to sewage works has been thoroughly discussed
by Cha lmers  (197 0) .

Incidents of accidenta l c o n t a m i n a t i o n  of underground water sup-
plies by meta l processing was te , open s t ockp i l i ng  of sa l t,  l each ing
from ga rbage pits , broken sewers , i n a d e q u a t e l y  designed d r a i n a g e  f i e lds
for septic t a n k s , mine  d ra inage , brine discharge , etc. are reported
often enough as to leave l i t t l e  doubt  t ha t  there is a l i m i t  to the ca p-
acity of soil sys tem to a s s i m i l a t e  waste . Al though  soils  have vary ing
capacit ies to remove wa te r  con tamina tes by f i l t e r i n g ,  sorption , exchange
and precipi ta t ion , to a large extent  i t s  e f fec t iveness  in wa ter renova t ion
is determined by the a b i l i t y  of th e  mic roorgan i sms  t h a t  p o p u l a t e  the
first few feet of soil depth to convert the contaminates to innocuous
volatile substances and t o  some degree incorpora te  the  m a t e r i a l s  in to
new protoplasm . Thus , waut materials supplied in concentrations t h a t
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inhibit  the growth of microorganisms , either directly as a toxicant or in-
directly by adversely altering favorable physical  properties of the soil ,
reduce the soil’ s capacity to ass imi la te  waste mater ia ls .  Once waste —
water contaminates have migrated below the biological ly active zone in
soils , their remova l is main ly  by sorption and chemica l precipi tat ion
reactions.  The fixed capabilit ies of these physica l and chemica l proces-
ses can also be exceeded , t h u s  permitt ing contaminates  to t ravel  long
dista nces as a consti tuent of water moving through biological mater ia ls
in response to a pressure gradient . Contamination of underground water
supplies can often be traced to si tuations where polluted water was either
directly injected or allowed to c i rcumvent  the biological ly active soil
surface.

Davids and Liebor f l 9 5 1~ h av e ru-ported chromium c o n t a m i n a t i o n
of ground water at a d i s tance  greater than one mile from an a i r c r a f t
i ndus t ry ’ s waste disposal  pit  located in N a s s a u  C o u n ty ,  New York .
( oncentrat ions up to ~ 0 mg/i were found in some of th e water samples
collected from test wel ls .  Later , it was discovered that  ground water
was also being contamina ted  wi th  cadmium migrat ion from the pits used
to dispose of plat ing and anod iz ing  wastes (Leiber and Welsch , 1954) .
Water collected from a depth of 33 feet in one of several test wel ls
located a d is tance  of 700 feet from the pit had a cadmium content  of
3 . 2  mg/i . Similar  incidents  of con tamina t ing  ground water with ch romium
from at tempts  to dispose of electroplating waste in i n f i l t r a t i o n  p i t s  were
discussed by Deutsch (1963 ) . Discharge of plating waste  in a p it
located in Allegan County ,  Mich igan , resulted in the c o n t a m i n a t i o n  of
a glacial  drif t  aquifer  for at least 1 , 000 feet in one direction from t h e
pit and to a depth of at least 37 feet .  He cites other examples  of
contaminat ion  of aquifers  wi th  chromium or ig ina t ing  from i n f i l t r a t i o n  p i t s
but says the hazard to water supp lies from the cyanide contained in
such waste is largely e l imina ted  by the method of d i sposa l .  Such
me~a ’ coritamlr at o~’ of groun d water is prir t cipallr ’  the result of improper
acidi ty  cortrol associated with the meta l  d~earing was tes .  The r e s u l t i q
h igh ly  acid condit ion pervades the soil  man t l e  and destroys the  m e t a l -
f ixing capabi l i t ies  of the so i l .

Deutsch (1963) also reports severa l examples of p o l l u t i o n  f
underground water supplies by organic m at e r i a l s , such as g a s o l i n e , fue l
oil , creosote and picr ic  a c i d s .  A g l a c i m i  dr i f t  a q u i f e r  b r I w 1 I i  -

coal waste  pit in Ant r im C o u n t y ,  Mich igan  was con tamina t e d  w i t h  phenol
in an carec a 3 mi les  long,  a ha l f  m i l e  wide and to a depth of ab u t  ~~)0
feet .

The acceptance of m v a r i e t y  of i n d u s t r i a l  was te  and  st r n w i t e r
f lows into sewer sys tems  c o m p l i  t e s  the problem f c ’ h . i r i  ‘t o r i  Hng t in -

t r e a t e d waste . Some of t he  wide v a r i a t i o n  in comj s i t i o n  I o f f l u  nt
~t ’fli p l ace t F  p lace and  t i m e  to t i m e  i s  removed by h i l u i c i l  t r . 1 i n ’~’t
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of sewage . Thus , from the sta ndpoint of designing a safe reclamation
and recycling system , one could make a strong argument  for accepting
only e f f luen t  from a biological pre-treatment fac i l i ty  with a composi t ion
equica lent  to secondary ef f luent . Some a verage concentration leve ls
of various consti tuents of secondary ef f luent  were presented by Wein-
b ’ - u er , et al ( t 9 6 6 )  and is reproduced b elow as Table BA -TV- A— 6 .

.c i e r a l capab i l i t ie s  of the soil process . Where soil sys tem s  are ~o
L~ used for renovat ing wa s tewa te r , p l ans  sh ould inc lude  m a n a g e m e n t
pract ices  to opt imize  condi t ions  for the main tena nce of mixed  c u l t u r e s
of organisms to consume the waste by their  m u l t i p l i c i t y  of metabol ic
processes.  Such management  practices cannot  be specif ical ly stated
wi thou t  an examina t ion  and a n a l y s i s  of the c l ima t i c , soil , geologic ,
and hydrologic condit ions of the site to be used for was tewater  d isposal
a n i on renovat ion .  However , it is possible to s ta te  in genera l t e r m s
what  migh t  be expected from a properly selected and well managed
soil  sys tem . For genera l s ta tements  regarding soil sys tems it seems
appropr ia te  to quote from an excellent l i tera ture  review and interpi-e-
t at i on  of research f indings  prepa red by McGauhey and Krone ( 1 9 6 7 ) .

‘ Reconstructed soil systems such as sand f i l t e r s  for  water
t rea tment  are well known to the engineer and are qui te  predic-
able both in rate of in f i l t r a t ion  of water and change in q u a l i t y
to be expected . in the case of natural soil systems , however ,
most of the engineering effor t  reported in the l i t e r a t u r e  has been
concerned with tak ing  advantage of the ab i l i ty  of undergr ound
Strata to store or to t ransport  wate r .  Essen t ia l ly  no e f fo r t  has
been made to engineer a soil system deliberately to exploi t  i ts
abi l i ty  to change the qua l i ty  of the water;  and it is in t h i s  area
that  the greatest gap exis ts  between research and engineering
practice . Therefore , it Is important  to su m m a r i z e  wha t is known
concerni ng the quali ty factors which a soil system wi l l  and wil l
not remove from a was tewater .

Bacteria and v i ruses .  Research f ind ings  from studies of
th t r ave l  of bacter ial  and vira l pol lu tants  wi th  p ercolat ing water  and
w l t i ’L g roundwater  in satura ted aqu i fe r s  reveal a number of f e c t ~ of engi-
neering importance . Among the most  per t inent  are:

1 . Bacteria beha ve l ike  other particu late mat ter  in soils en d
are removed b y s t r a i n i n g , sed imenta t ion , en t r apmen t , and
abso rp t ion . In add i t i on  they are sub jec t  to  die-away in
an un fa vorable e n v it o n m e nt .
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Table BA-IV-A-6

AVERAGE COMPOSITION OF MUNICIPA L SECONDARY EFFLUENT

Average Average increme nt
concentration in added during

Component secondary eff luent  water use b
(mg/I) mg/i lb/day /

1000 pop.

Gross organics 55 52 64

Bio-degradable organics
(as BOD) 25 25 31

Methylene blue active sub-
stance (MGAS) a 6 6 7

Na-I- 135 70 86

K~i~ 15 10 12

NH 4-I- 20 20 25

Ca4-+ 60 15 18

Mg-H- 25 9

Cl— 130 75 92

NO 3— 15 10 12
NO 2 — 1 1 1
BOO 3— 300 100 120

C03= 0 0 0

S04= 100 30 37

Si0 3= 50 15 18

2 5 25

Hardness (CaCO 3) 270 7 0
Alka l i nity ~COCO 3) 250 85 100

Tota l dissolv ed solids 730 320
a Apparent a lky l  berizene suiphonate
b Conce ntration increase from tap wa ter to secondary e f f l u e n t
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2 . The ability of bacteria as living matter with enzyme sys-
tems to move more freely than inert particles has not been “

evaluated , since most research has uti l ized living particles
as the test material.

3. Coliform and other bacteria has been observed to move F
but a few feet with percolating water in unsaturated flow
and a few hundred feet in groundwater in saturated systems .

4. Intestinal pathogens may survive in soil for period s up to
about 2 months , depending upon the organic content of
the soil , and re tain their virulence during the period of
survival.

5.  Viruses are removed by soil systems , probably principally
by adsorption , a s effectively as are bacteria .

6. It may be concluded that both biological antagonisms and
physica l remova l of bacteria l and viral cells characterize
the change in biological qual i ty of water percolating through
a soil system; and that the system is a quite efficient
device for removing such cells .

Chemicals. The ability of soil systems to remove chemi-
cals from percolating water is quite limited . Biodegradable organic
materials are normally attacked in the clogging zone and reduced to
intermed iate compounds and ult imately to stable compounds which
characterize groundwater , e . g . ,  nitrates , pho sphates , carbo nates ,
sulfates , etc . Concerning these and other ions wh ich may come from
industrial wastewaters , a number of important facts may be noted:

1 . A considerable fraction of the 300 mg/I  tota l dissolved
solids added to water by domest ic  use appear as anions
and cat ions no rma l ly  found in groundwater . Thus an in- F

crease in the norma l mine ra l i za t ion  of groundwater  is to
be expected if wastewater  is percolated through a soil
syste m. Under normal conditions of soil pH , phosphates
a re effect ively removed . Chlorides , s u l f a t e s , and n i t ra tes ,
however , move qui te  f reely  with pe rco la t ing  water and
si tuat ions  have already deve loped where n i t r a t e  content
has li mited the use of sewage e f f luen t s  for gr~ u n d wat er
recharge .
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2.  Chromate , gasoline , phenols , picric acid , and miscellaneous
chemicals have been observed to travel many  miles;  hence ,
in general , soil systems must  be considered ineffect ive in
treat ing many industr ia l  wastewaters . However , under
appropriate condit ions not c learly defined at present , soils
may have a capaci ty  for removing chromate , phenols , and
other compounds.

3 . Synthetic detergents can be effect ively destroyed by bio-
chemical degradation in a biologically act ive aerobic soil
system in which there is no escape of par t ia l ly  degraded
material  from the biosystem.

4.  Radioisotopes of various elements are removed to varying
degrees in a soil sys tem.  The problem , however , is a
speciali zed one beyond the scope of this  report .

5. Most of the common pesticide residues move very slowly
downward in a soil profile . With increas ing water solu-
bil i ty insecticides tend to move more rapidly .

Particulate matter.  Inert  and organic particulate matte r
is effectively removed , usual ly  by the top 5 or 6 inches of a soil
system . Individua l parti cles may penetrate further , but is to be ex-
pected tha t a soil system will remove particulates from a wastewater.
C logging of the infiltrative surface rather tha n quality of the percolated
wate r is the principal factor in relation to particles , with the possible
exception of bacterial and vira l cells which have the potential to mul-
tiply in the huma n body. ”

To progress from the general sta tements  above to predictions of
water qua l i t y  that  can be obtained from a specif ic  soil system , seve~~~
tc~ctors mus t  be considered . The qua l i t y  of water obtained by way of
groundwater  recharge with was tewater  depends on:

1 . Qual i ty  of wastewater .

2 .  The method of app l icat ion ( i . e . ,  crop i r r igat ion or rapid
inf i l t ra t ion  basins ) .

3. Rate of application and to tal annual  quant i t ies  appl ied .
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4 . The depth to the water table , cha racteristics of the soils
above the water table , and the cha racteristic of th e geo-
logical material below the water table comprising the
aquifer .

5. The elapsed time between appl icat ion and withdrawa l as
d etermined by rate of groundwater flow and dis tance between
point of application and discreet drainage collector .

Le Gra nd (1964) described a method for conducting a pre l iminary
site evaluation in terms of groundwater contaminat ion potential  from
areas where wastes are released to loose granular eart h at or near
ground su rface. He presented the method as a means for making a
quick ini t ial  appraisal of the suitabili ty of a site for the discharge of
“ contamin ates that attenuate or decrease in potency with t ime , by oxi-
dation , chemical or physica l sorption , a nd dilution thr ough dispersion ” .
The method involves the estimation or measur ement of five environmental
fa ctors. The fa ctors are the (1) depth to perman ent water table , (2)
adsorption capacity of the geologica l materials , ( 3) permeabil i ty of the
geological materi al , (4) water tabl e gradie nt , and (5) d is tance  to point
of use.  His f igure , reproduced below , depic ts  the re la t ionship  between
the f ive  factors:  

Diagram of Environmenta l Factors

WI’ s tands  for water table;  D , d i s t ance ;
G , gradient;  P , permeabil i ty;  and S .
sorption . The solid l ines connect d i rec t ly
related factors ;  the dashed lines , inv e r s e ly
related factors . R e l a t i o n s h i ps ar e not
necessarily m u t u a l l y  exclusive and may be
lacking  or obscured because of overr iding
fa ctors.
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The water  table  is the d i s tance  below the base of the d i s p o s a l
line (soil su r face  for crop i r r iga t ion) , as  de te rmined  by i ts  pos i t ion
95 percent ot the t ime . Both sorption and per~n e e b t l i t y  is bas ed on
par t i c le  size or texture of the geologica l m a t e r i a l .  The w a t er  tab le
grad ient  is de te rm ined  from the average e levat ion  va lues  obtained f r a n ,
a w at e r  table topographica l  m a p  for the  a f fec ted  area . The d i s t ance
used is the s t r a i ght  l ine  d i s t ance  th e  f l u i d  t r av e l s .  From repeated
t~ i a l s  and a d j u s t m e n t s  of va lues  obtained from ac tua l and h v p o t h e t cal
f i e l d  condi t ions , Le Gra nd developed a scale for each of t h e  l i ve  fa c-
tors e a r n  which  measured v a l ue s  can be converted to weig hted  v a l F ,~en .
He r e fer s  to the weighted va lues  as  “ po int values ” . P point va l v e  is
a n u m erica l expression of the r e l a t ve importance t h a t  a p a r t i c u l a r  fac tor
exerts in the d i s s ipa t ion  of the con tamina te s  conta ined in w a s t c~veter .
The sum of the “ point va lues ” represent ing  each of the f i v e  enviror
menta l factors is used to predict the su i t ab i l i t y  of a pa r t i cu l a r  si ’e
for renovating wastewater . Prediction of the poss ib i l i ty  of water  con-
t a m i n a t i o n  based on tota l “ point values ” for a pa r t i cu l a r  waste d i s ch a r o a
Si te  are interpreted from another  scale .  Potential  cont 8minat ion
c l a s s i f i c a t i o n s  range from imminen t  to impossib l e .  He a l s o  points a~ t
tha t  sites may  be improved by such th ings  as lowering the water t ah i ,
reducing g rad ien t s  by reduced pumping  of wel l s  and  or r e d u c i n g  inpu t
or loading rates , appropriate  pre—tr e a tment  of waste , in t roduct ion of
sorptive mater ia l in the path of the was t e , etc .

Le Grand s empi r ica l  method for e v a l u a t i n g  s i tes  for  was te  dis-
posal  mo d w at e r  r enovat ion points  the  w ay  for the  dcivol p m en t  F~ i no U F r
methods for  p r ed ic t ion , It succeeds in o rg an iz ing  f i v e  in t e r d ep e n d e n t
t a c t  is  in such  a w a y  t ha t  a d e f i c i e n c y  in one factor  and tn  e o m n c l _
n a t i o n  n y  a n o t he r  is taken  in to  account for e a sy  in terpr ot e t i  v

Nels on and E l iason  (1 966 )  described a n o t e  sop h i s t i c a t e d  : t ~~t n  ~
ton p red ic t ing  th e  movement  of com p o n e n t s  th rough  the  groun d .  Tho U
m eth o d  i n vo l v e s  the solving of a E u l e r i a n  bound ary  v i l u e  pro b l em to
ob t a i n  the fl t e nt i a l  ef lorey d i s t r i b u t i o n  th r o u c i o i i t  t a nt ic e  hr  I low S , : ; —
tern which is then user1 to set up T i er an g i a n  e q u a t i o n s .  ~o l v i n c m  f I t
L Fig r  m u ” l i a n  e qu a t i o n s  provides the p a t h s  üf  f l e w , the f l u x  ( F r  mfl t o r  1
d i s t r i b u t i c n  , and the  t ime  of t r a v e l  a l o ng  the  flow p at h s . A f t e r  h a v m n t
o b t a in e d  t u ( ’  macroscopic  or i \ r e r i a e  ~1 ~~ e f f e c t s , they  show h w the
microsco n ic ’  an n c cts of hydr odynam ic  d i s p e r s i o n  and  d i t i u s i o n  c l i i  he
combined w i t h  the macrosc op ic a n a l y s i s .  The c o n a h i t i  it  ion p a  ‘dl s ho
p r e d i c t i o n  of t h e  ar r iv a l  d i s t r i b u t i o n  at  1 p a r t i c u l a r  p o i n t  in  I (~ t O  t i n

m aci me of a f l u i d — c o i n c i d e n t  component  ( t r a v i s  ~v t h  ~in d t tb. ‘~a ta
r ate  a n  water )  - an t i m e d  in the  w a n t  w
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Along the same line of reasoning Cearlock (1966 )  i l l u s t r a t e d  how
equation s describing biologica l , chemica l , and phys i ca l  r eac t i ens  of
pol lu tants  with their envi ronments  could be interrela ted wi th  those for
flow ana lyses .  The transport  equat ion , de rived from the interrelat ion
of the equa t ions  for the two independent  phenomena of f l u i d  f low and
react ions rate , yields the concentra t ions  d i s t r ibu t ion  of a f l u i d — n o n -
~oincident component (such as a m m o n i u m , phosphate  ions , etc .) i n  the
groundwater  flow region .

Before wastewater  d isposa l  or water rec lamat ion projects  are ini-
t iated , every effor t  should be made to an t i c ipa te  the q u a l i t y  of the re-
claimed water a t t a inab le  from the use of a par t icu lar  si te . The alcu-
lation of concentrat ion d i s t r ibu t ions  of components provides in fo rmat ion
tha t can be used to assure the most  e f f i c i en t  and economic use of a
site , control of the water af te r  in f i l t r a t ion , e f f i c ien t  locat ion of sam —
pling wells for monitoring and drainage wells  for recover ’ .

Nitrogen and phosphorus .  The use of several agronomic crops
and nat ive forests  have been used in a stud y st il l  in progress at Penn-
sylvania  State Un ive r s i t y ,  to determine  the chemica l , physica l , and eco-
nomic f ea s ib i l i t y  of using growing p lan ts  and soil sys tems  to renovate
secondary waste  t reatment  plant e f f luen t s  (Kardos , 1967) (Sopper , 1968) .
From the work now in progress at Penn State and other reported exper—
iences , it a ppears that the amount  of n it rogen applied as a c o n s t i t u e n t
of the e f f l u e n t  will limit the a m o u n t  tha t  can be c o n t i n u o u s l y  applied
on a par t icu la r  soil area . Phosphorus  sorpt ion and con’~ersion to s p a r i n g l y
soluble compounds should be s u f f i c i e n t l y  rapid in most  a g r i c u l t u r a l
soils tha t its transport to ground water  supp l i e s  would be e x c e e d i n g l y
small , corresponding to background unpo l lu ted  ground water and surface
water concentrat ions.

Fur thermore , there is reason to  bel ieve from i n f o r m a t i o n  r e p or t e d
by El l i s  and Erickson (1969) , tha t  much  of the phosphorus  adsorp t ion
capac i ty  of the soil  would be restored dur ing  the win te r  m o n t h s  by
conversion of adsorbed phosphorus  to s p a r i n g l y  so luble  su b s t a n c e s .
They found that  33 to 100 percent  of the  phosphorus  adsorp t ion  c a p a c i ty
was recovered at  the end of 3 mon ths  in the phosphorus  sa tu ra ted
surface  hor izons  of 2 ’) soils found  in M i c h i g a n .  M a n y  at  the soi ls
had sandy  sur face  hor izons .  The B hor izon of most  of t h e  so i l s  had
recovered 100 percent of th eir  phosphorus  adsorp t ion  c a p a c i t y  at the
end of three  m o n t h s .  Most  of the  soi ls  h a v i n g  sand y s m i r f a c ! m o r i n o n n
adsorbed three to four  t imes  m are  phosphorus  than dune  sand . Thus ,
even the most  unproduc t ive  type  of soi l  found  ~t t h e  M i d w e s t ” r t i  t F I t O S  

-

‘would  appear  to have s u f f i c i e n t  r a p a c i t y  to r e n o v a t e  w a s l c w i t a r
n t m i n i n g  r e l at i v e l y  high c o n e e n t r i f  O t i S  of p h o s p h a r i n t a r  lon g period s

of t i m e .

1 r i c e  i t m a t t i  Trace l en t t i t s  m i q i n a t i n g  t o r n  m r n b n t r l l w a n t
are l i k e l y  to he present  in r e l a t i v e l y  low cora ’ n l r t i on  i n  t r e a t e d  e f f l u e n t s

. in compared to the i r  cot i t t r t i t i  in t i l E  s lu d e ’ tlt i t ’ r i i l . Abo ut  75 t~
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85 percent of the trace e lements  ar r iv ing at an ac t iva ted  s ludge  t reatment
p lan t  are removed and a c c u m u l a t e  in the sludge . Even so , e f f l u e n t  wil l ,
for the most part , be appl ied  on land at  much higher  rates tha n s ludge
and probably on sandy lands where high in f i l t r a t ion  capaci t ies  are assured .
Infi ltration rates for water  from s ludges is controlled by the s ludge
solids and not by soil class;  that  is , soil texture is r e l a t ive ly  unim-
porta nt from the s tandpoint  of dewatering s ludge on land . But because
clay mine rals , with their combination of adsorpt ion  and ion exchange pro-
perties , are important  in f ixing heavy meta ls  in inso lub le  forms , heavy
textured soils are preferred for u t i l i z ing  s ludge .  Since sandy soils ,
with a reduced capaci ty for f ix ing heavy me ta l s , are more l ike ly  to
be used for renovating wastewater  e f f l u e n t s , every effor t  should  be
made to keep soluble metal  e l ements  at  to lerable  concentration levels .
Tolerable concentrat ion s are those recommended as maximum p e r m i s s i b l e
levels in i r r igat ion water  by the N a t i o n a l  ‘lechnica l  Advisory Commi t t ee
(1968) and published in Water Qua l i ty  C r i t e r i a .  For the  major  portio n UI
the meta l s , most munic ipa l  e f f l o e n t s would me e t  the recommended stan-
d mrd ~ for heavy metal  c o n c a n m i t i o t i s .  In the m u n i c ip a l i t i e s  where h e a v y
meta l problems arise , those indus t r ies  d i scharg ing  large quant i t i es  of
the problem meta l elements should be persuaded to appropr ia te ly  pre-
treat their  wa stes.

Summary.  The performance of the soil process can be most  con-
cisely summarized by exa niin inq the end-product of ea r-h cc n s t i t u c ’n .  tha
might  come into contact with the soil  via w a s t ew i t e c  i r r i g a t i o n .

Suspended solids are removed by the arra y of mechanisms
ooC ascribes to dispersed media f i l t e r s , i .e.  , screening , en t rapment ,
grav i ty  forces , coagulation and f loccu la t ion  and Van Der \Va a l  forces.
Organic suspended solids t h u s  captur ed by  t i m  soil m a n t l e  slowl y

r e ik d o w n  and so lub ilj ze  an u  are co n v e rt e d  th rou gh  mu -roo m ga  r i  sm f l l E O t ,  —

colism to new organic  cell m a t t er  end ga seous  carb t i  d i o x i d e .  The
new organic mat ter  and the m c m l  r e s idues ,  t o g e t h e r  w i t h  the in e r t  sus-
pended solids th a t  ire  also captured , a c c u m u l a t e  s lowly  in t h e  s o i l
man t l e .  The solid 1 but o rg a nic~ con ten t  ot s o i l s , w i t h  or without irriga-
t ion , so lubi l izes  and is lost  to the soil m an t l e  it  a net  r at e  of three
to four percent per y ear .  The c r i t i c - i l  c i t  s ign c a m s  i d o r i t i o n  f r  a pp i  ~c a—
tio r i  rate of suspended so l ids  via i r r i g a t i o n  is t h a t  the  soi l  s yst e m  d e s
not become — l o g g e d  F i n d  t h a t  the  r i f t  i o r g a n i c -  i t t  S i t  ~~~t l  l o s  net
exceed the eventua l  ass  i m i l a t  ion c ap a b i l i t i e s  ol the  5 m l  ni ic ’t a r g i t  a snas
The l i terature is rep l et e  w i t h  d e c u m t i m t , m t  h i m  i t i l i ( ’ t i t l q  t h a t  p r e — t r ( ’aLe m
west  w i t e m , such i s  c h a r i t ’t ’t i ze d  by  m u n i c i p a l  : t i ’c ’ n d i r e  , l i l m i t ’ i m l ,  O F E S

I t  b eg in  to s t r a i n  the  S( i ls  a s s i m i l a t i v e  c a l t i c i t  \ h r  S U S I t ’ i i i t ’u s d i e s .
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Dissolved organics, inc luding  organic nitrogen consti tuents
ari d those consti tuents cnaract er ized as biochemical oxygen demand (dOD) ,
chem ical oxygen demand (COD), total organic carbon (TOC ) ,  organic—
deri ved color , oils and grease. are removed in the soil mant le  by means
of an adsorpt ion mechan i sm.  Two widely di f ferent  component s in the
soil are ca pable of this  adsorption mechan i sm.  One of the components ,
microorganisms , must  adsorb the  dissolved organics into their  exterior
enzyme system in order to pro-process the dissolved organics for sub-
sequent metabolic uptake in which new cell matter and carbon dioxide
are the f inal  products.  The lat ter  part of this process requires aerob ic
soil condit ions.  The second soil compo nent , clays , are also capable
of adso rbing dissolved organics much like activated carbon adsorbent s.
The organics sorbed on such clays are , in a sense , stockpiled for sub-
sequent processing by mic roorgan i sms .  In this  case , however , the
microorganisms must  be mobile since the organic molecules remain :txed
to the clay adsorbent unt i l  completely ass imila ted by microorganisms.
In the case of either adsorbent , the uptake of organics can be quite
rapid . A substantial  l i terature tes t if ies  to the adequacy of the soil
process for eas i ly  a s s imi l a t ing  dissolved organics in the range of con-
c~ ntrations encountered in munic ipa l secondary e f f luen t s .

Nitrogen, in the form of ammonia  and nitrates and ni t r i tes ,
is captured by a variety of mechanisms and is the consti tuent in waste-
water that  l imits  the overall irri gat ion applicat ion rate of a typica l
munic ipa l  secondary ef f luent  wastewater . Ammonia nitrogen is captured
by an ion exchange mechanism , commonly referred to as the cat ion
exchange capaci ty  of the soil , which is par t icu la r ly  mani fes ted  by
orga nic and clay components of the soil mant le . This mechanism is
capable of captur ing other cat ions  as well as the ammonium ion but
ma in t a in s  a rechargeable se lec t iv i ty  for the ammonium ion large enough
to give the soil mant le  a ni t rogen b a n k i n g  capaci ty  aga ins t  the fu ture
di stributed nitrogen demands of the growing crop . This is the soil
property that permits the farmer to a p p l y  his fert i l izer in discrete
amounts  and s t i l l  supp l y the d is t r ibuted  demand of his  crops. The
ammonia  ni t rogen is subsequen t ly  a t t acked  by n i t r i f y i n g  m i c r o o r g a n i s m s
during the spr ing to f a l l  period of the year and converted to n i t r a t e
nitrogen which  is no longer held by the soil man t l e  but is ins tead  free
and mobile and ca pable of m i g r a t i n g  to’ the crop root s where it is assi-
mi l at ed  by the growing crop.

Not a l l  of the  n i t r a t e  nitrogen is  adsorbed by the  crop roots ,
however , and t h i s  ha l anc i -’, together  wi th  a n y  n i t r i t e  n i t rogen, is free
to migra te  down towards the g roundwa te r  sump below the  soil  m a n t l e .
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Along the wa y, the nit rate ari d nitrite nitrogen will en counter denitr ify-
ing bacteria that will , as long as a souL ce of dissolved organic carbon
is avai lable , partially reduce the oxidized nitrog en forms to nitrogen
gas and manufactur e  some new organic cell material.  The remainder of
unreduced nitrate and nitrite nitrogen will eventually migrate to the
groundwater tabl e where further change will cease.

Some of the ammonium ion stored in the soil mantle will also
be the nitrogen source for the new microbial cells formed by aerobic
synthesis in the upper soil mantle. If more dissolved organic carbon
substrate were available in the irrigated municipal secondary eff luent
wastewater, a much more significant portion of the tota l nitrogen applied
in irrigation would report to microbial synthesis. Present well-managed
fertili zer strategies, as appli ed to agricultural crops , regardless of
whether the fertilizer source is commercia l chemical or irrigated murici-
pal secondary effluent , appears to permit a residual of approximately
ten percen t of the applied nitrogen to percolate through to the ground-
water .  While this residual concentration is below any prob lem-caus ing
concen tra t ions , it nevertheless is a waste of a resource .

It is possible that  regional wastewater management , through i ts
bringing together of municipal a nd industrial waste residues , will  pro-
duce a combined irr igable wastewater with a higher overall carbon to
nitrogen ratio that  will materially af fec t  the nitrogen dynamics  wi th in
the soil mantle and that  will likely af fec t  the governing rate of total
irr igating water per acre per year. Most industries producing an organic
waste have a wastewater  that is n i t rogen-def ic ient  as contrasted wi th
munic ipa l  secondary effluent .

The evidence In the ag ricultura l l iterature demonst ra tes  tha t  n i t m a-
gen appl ica t ions  in practical balance with crop up tak es  yie ld  agricul-
tura l drainage water with up to 2 mg/I nitrogen represen t ing  ten per-
cent of the applied nitrogen . While it is possible to produce much
higher  nitrogen concentrations in the d ra inage  water c o n s i s t e n t  w i t h
much higher rates of application , this practice does n t r e f l ec t  good
management , regardl?ss of whether the source of n i ” rogen is oomrn m iel
fe r t i l i ze r  or pre-treated wastewater .

Phospho rus , in the soluble form as or th ephosphate , is
re moved in the soil mantle by adsorption/ ion excha nge on soil  clay con-
s t i tuen t s .  In acid soils , the phosphorus absorbing cons t i t uen t s  are pr i-
mar i ly  a lumin um and iron . In basic soils , the ca lc ium and ma~~n e s i u m  con-
tent  of the clays can contribute strong adsorption s i tes  for ph o sphorus .
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There is always an equilibrium amount of soluble phosphoru s present
in the soil solution from which the crop is able to derive Its require-
ments through the root structure . Phospho rus is applied at a rate which
exceeds the crop uptake; thu s , the soil is called upon to act as an
ultimate sink for phosphorus.

The acti ve adsorbing components in the soil clays at any  one
ti me are only an estimated ten percent of the tota l components within
the soil potentially capable of adsorbing and holding phosphorus. Once
the immediate phosphoru s aasorblng capabil i t ies of the soil have been
saturated , a resting period , such as the winter non-irrigation season ,
is requi red to permit the chemical equilibria within the soil mantle to
readjust and produce new active phosphoru s adsorption sites . Com-
plete adsorption activity is recovered within three to six months .

From a short-term equilibrium adsorption consideration, the range
or sandy-to-clay soils and their  respective depths that  have been
encountered have exhibited phosphoru s removal lives of ten to one
hundred years . From the standpoint of the long-term equilibrium ad-
sorption capabilities of this sa me soil range , allowing for appropriat e
rest and recovery periods , the phospho rus removal l ife of these soils
is between one hundred and one thousand years . The capabilities of
the soil to adsorb and hold phosphorus is evident both from the litera-
ture and from the residual concentrations of phosphorus in groundwater
in ag ricultura l areas. In well designed irrigation systems,  u sing munici-
pal secondary eff luents, it is possible to produce an agricultura l drain-
age of reclaimed water with background phosphorus concentrat ions of
0 .0 1  mg/i .

Viru s and pathogens are removed by the same
mechanisms as cited for suspended solids since they are , indeed , micro-
scopic suspended solids. Various investigations have determined that ,
once these constituents have been captured in the soil mantle , they do
not long persist .  Apparently , the soil environment is not conducive to
their surviva l , perhaps , because the Indigenous soil microorganisms are
too acclimated and competitive to permit a less tha n indigenous species
to survive . A properly designed soil process irrigation system is cap-
able of doing a one hundred percent effective job of dis infect ion .

Heavy metals are ion exchange/adsorbed by the clay con-
stituents of soils and are chelated by the organic const i tuents  of soils .
Once captured by the soil , they are held irrev ersibly in the normal soil
experience , requiring varying degrees of acidic leaching to effect  their
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release. Wi thin certain limitations prescribed by agricultural experience ,
small residual concentrations of most metals are compatible with soils
and can be almost completely removed by soils. As the organic
concentration of soils decomposes , new solid organic matter is being
fo rmed along with the deposition of more clays , so that in a “livi ng
filt er~ type of soil system there appears to exist an unl imited life sink
f or controlled amounts of heavy metals .

Chlorinated hydrocarbons~ p~ sticides and phenol-like sub-
stances are captured in the soil by adsorption mechanisms much like
other dissolved organics and subsequently converted to new cell material
and gaseous carbon dioxide by aerobic mic roorganisms. The acceptable
concentration of these constituents in the soil and wastewater system
must be substantially controlled and regulated by pre-treatment , how-
ever , much like the limitation on heavy metals . These organic species
are largely inimical to the soil microorganisms , and to abuse the soil
system with an overload would eliminate the very microorganisms that
accomp lish the adsorption , an ulti mate disposal. The pre-treatment
afforded by the municipal biological system in producing a secondary
effluent is sufficient guarantee against excessive concentrations of
these species .

Tota l disso lve d solids exclusive of the species heretofore
discussed , pass through the soil process unaltered . Typical of constit-
uents in this category are sodium , su lfate , and chloride . Potassium
is la rgely extracted by the crop root system for crop growth .
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2 . IRRIGATION IMPACT ON AGRICULTURE

Productivi ty

There is l i t t le  doubt that  in most  years  in the Nor th  ~ient r a l
State s , feed grain and forage crop yie lds  could be increased 20 LO

100 percent , depending on the soil type , by the process of waste-
water i r r iga t ion  according to crop nutr ient  needs.  The greater  yields ,
in terms of percentage increase , wou ld be expected on soils wi th  low
available water holding capacit ies , such as sandy loa n~s and sand s .
Wastewater  i r r iga t ion  has a lso  been carried on with  success in less
permeable soils without any de t r imenta l ef fects  clue to the p l c c \ - i i l i n g
moist soil condit ions.  It is un l ike ly , however , that  crop yi e ld s
would show marked increases under  those lat ter  condi t ions .  There
certainly exists sorre level of m i n i m u m  soil p ermeabi l i ty  for a g iven
crop and a given irrigation rate dt  which  det r imenta l e f f e c t s  would be
observed in the crop production .

Recommended Grass Crop

Where sandy soils are to be u t i l i z e d  for renovat ion of waste-
water , the one most ideal crop appears to be Reed n nn a :~’a : a rs ,
Phalaris  arundinacea.  Firs t , it is adapted ~o the nor thern  ha l f  of
the Un ited Sta tes and Canada . It grows well in poorl y d r a ined  areas
and can wi ths tand  severa l weeks of flooding withou t ‘ :-n - c c sn i ~’c i n j u r y .
Paradoxical  as it may seem , Reed can ’n rygr a s s  i s  a l so  one of ‘ i c
most d rought - res i s tan t , cool—season g ra s s e s.  This  is no~ e i ly  a
paradoxic character is t ic , however , because ne ar ly  a l l  g rass  p lant s
capable of wi ths tanding  long periods of f looding  are also e’-ccee i-
ing l y drought  to l e ran t .  It is a cool season ~e r en n i a l , onc of t ’ ie
earl iest  grasses  to begin growth in the sp r in g , coo of t h e  v e ry  few
grasses that  wi l l  con t inue  to grow in July , and o n l v  a ~ew q i a ss e s ,
such as Kentucky b luegrass , w i l l  con t inue  to gr ow it  co l . ler  te mpera -
tures than wi l l  Reed cana rygra s s .  From the ~t , in  ip o i n t  c~~ ;e lec t ing
a plant to serve is a scavenger of p lan t  n u t r i e n t s  f rom w i ~~t e w i t u c
it is helpfu l to have a p l an t  t h a t  s tar t s  q’ -v . t h  very e c  ly in  t h e
spring wi th  a f u l l — b l o w n  root sys tem rind w h i c h  con t i n u e s  I g m
during the summer  season and well  on i n t o  lat e  f r i l l .

If not managed by proper g raz ing  or cu t t i ng  for  h ay ,  3ec i
cana rygrass may grow to heights  of fou r t~~ seve n t o o t  r i n d  b u c c n . t ’  very
coarse and u n p a l a t a b l e  to l ivestock . On the e th e r  ha nd if , by ej ’h c r
g razing or clipping , the grass i s not pe rmi t t ed  to m - i 1ce i’~ n ,  55100

growth , it  com pa res very well i n pa l a t ah i  Ii  ty ,ind m i t ’ of m i t l c c by
livestock wi th  a number  of o t h e m  gr a s s e s .  \V hen pm ) ‘pe r ly  t m  t i l i  ~‘ 1
and managed , Reed c m n r y g r a s s  is s u 3 n . ’r i o r to ‘ : ‘ m  i i  ‘ - t h e m  gr in - a ’s
in tha t  it often has a h i g h e r  p r o t e i n  an I u r i n e ’  a 1 c o n t e n t  0: i a
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l ignin and fiber content . Reed cana rygrass yields and protein content
can be great ly  increased with ni t ro gen fer t i l izer  as evidenced by the
data in Table BA-IV-A-7 compiled f rom a report by Ramage et al ( 1 9 5 k ) .

The four  levi ’ls C’! n : tr o g en  shown in Table  B A — I V — A — 7  were a p p l i e  - i
a n n u a l l y  for three years  in the  form of m r n r n o n i u m  ni trate on a pure Reed
cancr rvgrass  stand grown on Duchess  sha le  loam at the Rutgers Dauxv
Research  Farm in northern N w  Jersey . The 50 and 100 lbs per acre
nitrogen appl ica t ions  were made each year af te r  the first  cutting , whi le
the two higher  levels were spl i t , h a l f  of each being appl ied eri ch year  in
March and the remaining h a l f  after the f i r st  cutting . A ll  plots were
fer t i l i zed  each spring with the equivalent  of 100 lbs per acre of P 2 05,
and 100 lbs per acre of K 2 0. The grass  was cut three times each year
ri nd the dry matter  y ie lds  reported in Table  BA— T V-A—7 are average tota l y i e i~ s
for three cut t ings  for three years . Dry mat ter  yields were de t e rmined
drying  at  lOO C .

In view of t I m e  y i e ld s  as g i v e n  in Table BA—I J — A — 7  i t  is t e m p t i n g  t o
sp e cu l a t e  t h a t  where wastewater  is supplied in su f f i c i en t  amounts  at
t ime ir i te r va la  j u s t  adequate  to main ta in  optimum levels  of water ,
n i t r ’aen , and  other nu t r i en t s  in the g r a s s  root zone , average dry r i a t t e r
or ‘h .m c t i e f l  migh t  exceed by a c o n s i d er a b l e  marg in  the 4 . 5 tons per m o r e
obt a ined  w i th  the 400 lbs per acre  nitrogen t rea tment . If the dry mat ter
v ie  Ill c ‘ul a be increa sed  by op t i m i z i n g  the water and nutrient  s u p p l y ,
there  is rio r e a son  net to a lso  expect  even higher  protein leve l s  in the
~or aqo . Prote in  contents  m a ’-  appro ach those n o r m a l l y  reported f c r  a l f a l t a
The ’ p c t : r s i u m  supp l i e d  by wr i s tewat er  may be a real advan tage  in con—
sido r inc!  t i m ’ ’ J~’nr m d  for t he  e ’ en~eot  wi th  m n c r e  sing yiel ms , i s  n :  lec ted

‘ri th e  nT ’ :- i l t s  fo r  p o t a s s i u m  nr ’r novrm l F urthermore , it seems r e a s on a b l e
to - ‘xm a t ’~- t m cons t he :  h l v  or ’ ’ . ‘ t n  percent  of the ni t rogen s u m  r ’ l i  ‘U in
w i  St ‘w m t c r  would  h e  o r -  ‘v ‘re ’.l t h an  i i -  o ‘p orted in T ab i c  BA— l \ / — A — 7  t om
r i o r i 1 i c r i t~on of imm oniun i  n i t i  i t ’ ’ . l ’ ir c- t , the nitrogen would be even !
ii t n i i n i t  I t h roughou t  t h ~ g r o w i n g  s e m s o n  in a m o u n t s  tha t  rn ‘et h u t  do

not gr e at l y  exce l t he  nu t r i en t  n eeds  of the u r i s s  for m a x i m u m  r o c lu c t i n
S c : m - l l v , ft’ n i t r o g e n  sop 3  l ied in w ,ms tewat r ’r  would be in tb ’  a ro mi ’ ’ n i i m r : :
in ‘ i t i r i n i c  fo rm and thus  w u T I he r ’ ’t , r i n e d  wi thin  the g r a s s  r ‘et ~~‘n ’ ’

by lig h t , r o qu e n t  a p p l i c i t i o r m n .

I ) a i l y in te rmi t t en t  S! r ay i r r i g a t i o n  may be e spec ia l ly  s i g n i f i c a n t
in c h t m i n i n g  h igh  y i e l d s  of fc r , m q e  nm m t e r j , m  s in that  the con t i n u o u s
main tenanc e ’  ot  h i gh  moi  stu r  I ‘n ’  Is w i l l  h e lp  t in s  ure m a x i m u m  i n t ’n s l t \
o 1 o i l  d i v i s i o n  mmi i ce l l  e n ! m r g e r i y~~t i n ol m nt  l e ave s . I n t e ’n s i\ - , ’ ce l l  d i v i s i o n
and h igh  degree  of c c l i  en l , mr q ’m ’nt p r o v i d e  c o n d it i o n s  Hr a nic r ‘ ‘ t i c i ,  r:1
pH ‘t vn t het i c  cap  c i ty  of le a v es  , I i  n can be a ch i , ’\ - ’ when p l a n t - I ! ’ ’
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,i llowed to pe r i o d i ca l ly  su l  er a wat  r -~to ss . Urn h r  ri ‘rn U Ii  oh!  condi t ions
orowing p l ant s  oft c ’ri  su f 1er r e l at i v e  Iv : :h i ’,rt no : iod~ o f  water  :- t r ( ’s  s du r ing
the day  when the r i te  of water  loss I n  rn I o m e n  b’: t r a n n p m r . i t i a  -n
the r ite of wate r  i n ta k e  by roots .  1P m : ’  n’ c ’r i t v  c f  the water s t ress  in
t erm s of yield ro duct i  os d e p e n d  on soil  m o i s t u r e  con t en t  , soil  type , c l i —
mat i c -  condi t ions , kind of crop,  -an d stage of p l an t  qro -v ,’~h .  For vene t a t ive  ;~

crops the writer s t ress  can o t onm be seve re enough to a loo t  y i e l d s  of city
m atte: without  being v i sua l ly  O v i o i i S  . During s l i m m e r m o n t h s  in t h e  Nor th
C e n t r al  State s , dr i i l v spray  i r r i q c t r t ’ m m  is u r u b 1 i u ly  the on ly  way t e r r e  i s  of water
stress can be prevented in nl m nt s growing on c ’oar ’.:e sandy textured so i l s .
By spray irr igat ion of v,’ Hr d i r e c t ly  on leaf  s u r f a c e - s to m a x i m ize  o v i p or o t o n
the losses of water by t r an sp ir at i co  a re  iuw’:r . Thus , the d emand  for  ri h igh
rate of water adsorpt ion  by l :mnm t root s from th e ’ su r round in g  soil  is h - c r ea sed .
The reduced requirement  for a r a p i d  i n t ak e  ~ l wat e r  by root s in s a n ’i  s n i l ~
is of special  b e n e f i t  b e cau s e  w a ter  conduct iv it i c s  in s~~nd s d ecr e a s e  ver ’,’
r ap id ly  as water r- n t a n t  Uo c ’re  s ’ s  . W}e ’n th e-  f l u x  of ‘v , t r  f r  mo the so i l
to the root su r face  is le ss  t h o m  tb ’. ou t f low of w ’tnr  by t r  m r i s p i m - a t i ’n ,

is depleted in p lan t  10 i  f t i s  su ’s  as w at e r  c o n t i nu e s  t~ be lost  l v  t m - i ns-
piration . Thi s wat e r  st r ess  , m r m : t  t h e  c au s i n g  ci reduced  y i e l d s  mn ~v ‘it e n  be
temporary , develop ing  only lur ing ‘eriod s of m a x i m u m  r : o l r  t A  n o ak .

To prevent the deve!oprn m i t  of ‘~-at , ’r - tr ’ ‘ns ~~s t h at  imi tv dec r e as e
yields  of Reed c a n ,k r v g r a s s  go ‘wino ‘n s a n dy  ! l f i ( i 5  , soil mn’i Ju r : content s
shou t d be m a i n ta i n e d  at n ‘t l e — s  I . n -‘ ic -l h t \ -  per cent  of th~ r i vj i l a b l c ’
water  h o l d i n g  c an o e - i t s  of t h e  so i l .

D o i ly  lig ht s~ ’r my ,mo ‘I ic Itim ns of wa ‘t ow m t e r  w’ a I a pr ov i  l i t ’ for i

lon g ’  r r e tent  m o m ,  per ion n i :  t i m ’ soil sun ice m c i  w i t h i n  the o lan t  a t

zone for e f f i c i e n t  adsorp t ion  of the t i an t  nu t r i en t s  . \\- ith  f r equen t  , l i gh t
a p l i c at i on s  , a or ot r q i r  m t  i t ~ of t i m ’ ’ p i m t  n u t r i en t s c ’ : m t aned in
wa a t ’  w m t r ’ r  w i l l  be exp osed t th e  1 ‘ e m  p t i  en s u r fa c e s  at  p l an t  i t .  ,
l e ssen ing  t h e  chance for  n u t r i ’  ‘ i t s  to me ’’ w m t l ,  t o  r n o i : i t m n o  w t em to
soil d e p t h s  below the rout son ’ . I ’ urt o - n m : m r e ’ , ic i ly Snom y m m n m a m t i o n
w i th  v,’ m stew ten cvi a d  von Ii he ly  m or e  - ‘ the  t t a I and  ac t ive  lv
a d sor b i n g  r i ot s m i r t r m - , ‘vo r  t h a t  i t i n a b l e  w i t h  i n r ’ i m m r m t  heavy m r ’ p l i —
c : t t c r m . A I m ’ my ‘ r m i t i c c  I I  t i n r r e , , s e s  t~~~ or sP i t  gr wl tm wo uH
a l so  i n c r - i s c  p a t  deve i ’  ‘an n t .

Ir : ac~ ‘~~ Gr ass  Crop SLr te ’j y -n r em

Since it is e n v i o i o a e ’ i t h a t  I .  r s i r e  large n i e t m  ‘ p m  i t .  i - are a as
much is 1 , OI ~O sq i i r e  i i  ml ’s rn my I ~c’ nec ’ b ’  ‘I a We l w  J r  i r r m ’ :  c t  fl
pr oj e ct , some thought  h a s  t h e  gini  i to t i m e  i t  - l i i - . t i mmi t the grass
pr -luced by t i :  ~ ‘r t m  . U t i l i n m t i , r i  i s  a hay  ~‘r ‘p ‘v ’~ i m l d  req im ’ 1

rather la rg e  l i ve  stuck  Cm h - m r  a ’  c I m m : .  or m:I ~ m~ ‘Pt I ‘ t ‘ ‘ i , -m mb -cc t e l
red i -  ti s’ i t ’ . On t h e  b as is  t i ’ ’ a t ’  ‘v, ~‘p t  i i t o ’  I “i h I s , ‘ ‘ i t

. R m r i c - l l i ’ ’ m m  t is ~ ! i m ’ ~ w eld  U r n  I c c ’ l c’a~~h ve m r . -u sullilimu t b
e ’ m Suni p t i  i 2 ~ u Us ‘ ‘ I  i i  i ’ ‘c ’ : I i’: : r 1 , O~ P p ‘cm al m n i ’  1 , about

l \ - - \ ’  ‘c - -I~~
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5 t on s  uf ie~y ~~ r c-ar  ‘.vould be requ i red  per ani m al Thus , t o use al l
the L~ y would ra q emi r e  the presence of -ab out 760 , 000 cattle in the area .
Since cock animal  c’.’ ‘~m 1,i excrete 0. 3 to 0. 4 pounds of nitrogen each
day , about 97 ,3 ra i tm ! io i :  pounds of n i tro gen would be generated each year
from the l ivestock opera t ion .  A l l o w i m m g  f or an a mm o n i a  vola t i l iza t ion loss
of -1 m ~) percent of the n i t iog n contained in an ima l  waste , about 58 .4  

-

ni i l l tor m pounds of n itr ogen would need to be recycled to land . A maximum
loading rate of 500 poun d s of animal  c-aas:o ni t rogen per acre per year ,
would require 116 , 800 acre s- of addi t ional  land .  The next year additional
livestock would be needed to consume the pr oduce f i u r m the additional
116 , 800 acres , increasing the onim n , i l  waste  disposal problem and the
requirement tor additional acreage each ‘, ‘emr . Ut i l iza t ion of the grass
through a silage system would result  i~; s imilar  nitrogen retentions within
the area . Thus , export of some crops from C-SELM tor a n i m a l  feed is re-
quired . The air ount of n i t rogen exported from th0  area in th i s  manner
shou ld jus t  equa l the amoun t of nitm coj cn impor t ed  into He C—SELM area
in the form of other  food products . Another Jit ern - - t ivc  i: tee u se or Ho
arj m a l manu re s on o th erwise  mac fe r t i l i z e r s  acres ;  th i s  approach proper l ;
applied can accommodate  the C’ .-SE T ,~ - prod s-  oil n i t rogen  er t i r e l y  in the
C- SELM area of inCluence .

One way to avoid compounding an an imal  waste  d i sposa l  program
witS a mun ic ip~i l  was tewate r  c i lovat ion pUOq r a i i :  ‘,vould he to cut  Reed C a—
na rvgrass at a he igh t  of ~borm t 1 2 — 1 k  inches , deh v dr a :m : , pe lle t ize , and
mar~eet in m u c h  the same wan as i l t r i f ,  is h~~n d l , d . Pr op er ly  man aged
the t ’ ‘ t m i  and diges t ib le  ~r o t e imi  conten t  of t h e  grass  should  compare
favorrib l ’1 w i t S  a l f a l f a . I roe great  adv . n t sq e  to th i s  m a c t h o U  of market-
ing the er i s s  is t h at  it would pro st - m t  a m i n i  n ’a m of incoms” enj en ce  to
the i rr igat ion u ; - o r , r t i o n . Reed cm n a r ’ , m r  ss pr , ePi c s - s  a r n r s sj c ’e  root
system , capable of s up p a l t i n u  C mr ’,’~’s t i”c  e q u i p m e n t  immed ia te ly  follow-
ing an I p i 1 i ’ i t i n ~m of water  by U r i q a t i - n  or r a i n f a l l .  Theref ore , irri-
gation schedules do not need to be ch~mng eci  for  h a rves t i ng  opera t ions .

Alf - l fr i  is the cr ‘p most  commonly  deh yd rat e d , but era n s  crops
properly m ana ged c, mn be ‘n cm ssed for m m m , r r k o t i n e  in the s ,mm e  w a y .
Perennial  rye , c 1 m 1 m r y ,  and fescue c sr r s se s  aro ‘sr, ’wm in B r i t i s h  Colum-
bia for deh . - is  t i ’  ri ft N r i s n ;a n  1956 ’) . Iii !‘Ion ici , , Pensacola  Bri h ia
gra ss  is d e m l l ’d r  m t e c l  an d  pelleted for  cat t l e  and ‘t s r  feeds (b r o wn  1966)
In the Southeastern U m dt c-c j dt tes  , c i a  i t  1 b a r r i o - i a  gr a s s  is dehydrated
on a t rinl y extensive so- li’ . T ime  U .S . r~ .~\ . .-‘m q r i c - u l t u r r m l f ’ e-m ~e ,m rch  Ser-
vice has  sme - c im mu la t ec i  a or ’. ’ m t  do d  of i : f r mn t ion roe r U ing  the  ‘ l e h y d r a —
tion r ind  ~‘c ’l ] e ti m - ig ‘mt coa m t  1 bur mnu d i g i  ‘ m t  t h a i  C - : , rob I ~h or i t c ’r v
- it the Georgia Coas ta l  P I , i i m m  i - m ’ ’r i n i , ’ : ’t  :-‘ t , t i  m c , ‘li ft i r , C m i i .
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Freshly harvested grasses general ly  have higher moisture con-
tents than a l fa l fa  and thus  the operating cost of dehydrating grass is
higher than for a l fa l fa . Therefore , t a  reduce the cost for dehydrat ing
Reed canarygrass it might be desirable to u t i l i ze  field drying after
clipping to reduce moisture content s to rot  more than about 70 to 75
percent of itS dry weight . With field drying,  cost of dehydrating to
a final  moisture content of 8 to 10 percent dry weight should be com-
parable to the cost for processing a l fa l fa .

Figure BA-TV-A- 5 is a schemat ic  view c.f the dehydra t ion  and pel let ing
process for Reed canarygrass , which was originally presented as Figure
5 in Guidelines for Cooperative Al fa l f a  Dehydrating Plant s, U . S . D . A . ,
Farmer Cooperative Service , Informat ion Bullet in 68 , 1970. The eco-
nomic considerations of dehydration are discussed in some detail in
the same bulletin . It is estimated that the cost for a dehydration
plant having an 18 , 000 pound per hour evaporative capacity would range
from 377 , 515 to 419 , 165 dollars . The estimate includes cost of land ,
buildings , and equipment for harvesting and haul ing,  dehydration ,
grinding, pelleting , and storage. Such a dehydration plant would have
a 3 to 4 dry ton per hour output and a 100 day seasonal output of
10 , 000 tons . Considering all fixed and variable cost , including market-
ing,  it is estimated that the total cost for producing a ton of dehydrated
alfal fa  pellets would be 40 .55  dollars . However , th i s  es t imate  includes
a purchase cost of 10.50 dollars per ton of fresh a l f a l f a  on a dry weight
basis .  From these data it appears that  a cost of 30 to 35 dollars per
dry ton would be a reasonable cost estimate for processing and market-
ing the Reed canarygrass used as a nutrient scavenger in a water recl a -
mat ion  project .

Dehydration plant sizes generally range from 6 , 000 to 30 , 000
pounds per hour of evaporative capaci ty.  Some reduction in processiiso
cost might be realized by the ins ta l lat ion  of a larger capacity plant
than the size for which estimates were presented . Generally,  the capa-
city of dehydration plants have been regulated by the avai labi l i ty  of the
crop. To keep transport ing cost to a reasonable level , the hau lage  dis-
tance f r o m  the  f ie ld  to the dehydrat ion plant  should not exceed 10 mi le s .

‘m Vh er e sr’~’ e r m l  square miles are dedicated to the continflo s grow-
ing of Reed c-in arygrass as part of the scheme for renovat ing waste-
water , the dehydration plant  could be centrally located to min imize  cost
for t ranspor t ing  the r i w  mater ia l s.  For example , if the dehydrat ion plant
was centrally located in a 10 square mile area the hau lage  dis tance
would seldom exceed much more th an  about -5 mi les .  The- 10 q im ac

BA- TV-A -4 ‘I
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miles  could enclose 64 , 030 m o r e s  on wh ich  ‘t h o u t  320 , 000 t a n  1 ~
- ‘cc:

C,ile niorcrss c - ( ’ u l ( i  b m ’  ; r c d c ~c- c-d t ~n an n u a l  pr ’ :u c tj  - i ’ . ot 5 tons  per
i( ’re . If dur ing the j ron’ icg  season the  cehy d n a t i o n  pI n t  is  operated
l~~Q m m  a , then about  2 , u h b  tons  of r cv j i m m i e  ial  mus t  be deh~’Sr teJ

r i m  mm ea ch ~~~ hour d y .  On ai ms hourly b i s i s  th e  dehydn1t ion  p l an t
must  have mn ou t ;  at  of I l l  icy t o n s .  i’m s s u m i n g  for g r m s s  t hat  ‘1 de—
:mvmar ~~ m m ~ m m  1 s t  must  have an m~vcm p cmr t ive  c - a p m c i t y  of P , 000 pounds  per
hour ‘em Len of production , then a p l a n t  with an ev por ,t ive capaci ty
of b m 6 , 000 pounds per hour will be n eed ed  to p rocess  the Peed c m i .  ny—
grass rod ’ , L ’ed w i t h i n  each 10 square i-nile are s . If some economic ’ s
can he realized in the  construction of a larger  d eh y d r a t i o n  pi nt ,
centra l ly  located with respect to f i e lds  f m -r e f f i c i e n c y  of ( por t ion ,
then processing cost should be 03 more t l i m: 30 do l la r : - per ton and

ps sig n i f i m ‘ , i nt ly loss .

During the  l i s t  t on  y ear s  orices t m r H ’h ’ ’dr - ted , m l f ~~lf , i  :5c c 1 ,
coi L m i r i n g  at least 17 ‘r ce :at ; ‘r r - t r ’ i  m : m o d  100 , 000 u n i t s  of c i t - m i m ic
A , h av e  r anger )  t r am  42  t m 52 d o l l , m r : - : ‘ ‘ r t , ’~ i . Deh ’\ ’ m i r , m t c - , : k m - c ’ , )

is mo m ,cr ,  ss produced ma ,‘r ’wa s tow ,  , t c r  i r r i g  mU on c u n d i t i r m m :  s cvi 11 have
a : : L r m ’ m m t  v a lue  c ’ r i u m ’  loot  in a l l  r e spect s  t aif it. , , i m u t  cc ’ u:.m t c lod
of p r i c e  it cc - il l command on tri o o~~eii r n - m r k e t  is not k i ,owu . He w n ,  -r ,
con si ’:c ’nil ig t h e  q’s m H,ty and quant i ty  of produce , mod t h e  c- im v o : a i o m s c e
to C r e , m t  L ak e s  m i s i p p i m r g  ce n t e r s , foreign m : , i r l o t s  m a y  be dev -loped t mar
a l l  of the  production by an e f fec t ive  m r  m i m m o t i  o r m .m 1 pr ,  ‘ m r  m m . The size -
able ‘ e m l u m c i o  of qua l i ty  p roduce  c~- o c m l m )  ~~; crr m ’.t a l c r q ’ — s c r l e  m r o i m i a t i r i m , i l

r m Jr m P nec’ t ’lop o ’ i g m i  mar ta t s  wh i c h  s~ vo not been -w i l l ab l e  P

I t , ~h. pri m i u c - oma . ( ) ~‘, ‘i l  m i d  t r a n s i e n t  ma t m l f . i h t ,  r io  m l  iS  X~’c l iS iVe  and
rn -any la r gc ’  c i t r o n .  of a l f a l f a  n r m m d u m - t i m ’ m s  are t m ’ ’  - c r !r m m : :  ‘art t a c i l i t i e s
t m  com ;. c- t e  in cv c , r im i, ; m m i m ’ k o t s .

I f am m a m h o t  pri c -  ma t  - 15 d o l l . rs or t is cou ld  h e  m ) , ’ c a ’ l m ’ p e d  then
. l D m m L i t  75 d o l l m r s  ~m - r  c r c  would be a v a i l a b l e  t m H a t  iii ’ \‘,‘ a m m t e c v it e r

) m p l i c ’ , m t i c  is c-ost . ( ‘ m m d - ’ Peed c a n , m r \ - g r . m s s  i m m s  h e e i m  o : t , j ) l l S i i ( ’ ( i , the-
c’ : s t for n r m r d u c ’ i n g  p 1cc i i i  i t o r r m l C ;  is e m a s r ’ i , t i  i i ’ . ’ i! t of \v -~~;t , ’c- ’ , t , ’r u p —
; m l i c m t m ’ r s . ‘\h l  other c m m s t  oh i m m r ’ m ’ o t i m m m ;  a r ’  i m cluded in t h e  31 ) d ’ l l i r o
p ’ r  t n of p r m m c e : m i ’ i : m m ’; r o a m ..

m m .  ( t ( 3~~ S

h I m b s t , i l m t m  i l l ’) ,’ g r r ’ . i m  r im ou n t s  of n i t m r ’ m m  a m :  - m r o  i , - m : , ’’~~ed t m  m : :  d i m ;
b y t i n ’  h l , m r v i ’ : : t i I m q  of - ‘ri H in  by ‘ m ~~y t h o r  ~r in C l ’ ’ ) ’ . l H c h m  b u s hel
(Sf (~aI r : m~L i l i  harvc t m ’H w m l l  C ’a t , n  abou t  ‘ m . m p ou rS  c t  r : m t r  m e m i . A

) 5 ,  — ) V  ,“ ~
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bushel of v.’h eut cc ml l  c- c l a i m :  s m , ’:. ,t one - t h i n ,  f mm p o u n d  m m - r e  n i t r m  gen
th in corn , out t ot a l  y i e l a  a per c r c ’ f r ‘.c i~ ‘ .~~~ , , p  renal’ or . sly l w ,  en
tnas n corn , m t ie~~st i :.  the  N anti ,  P’ m ’ m t r , m l  St ies . ;: C ; wd  m m a n a g e —
macma t practices , a yield of 200 b u s h e l s  p m r  c :rc’ ’a t ( 5 - r i m  d r a in ,
shouid be possible on the corn belt sandy  lands  t r r i a o t e d  w i t h  munici-
pal pretreated wa sto wcmter . Special care wi l l  be ’ needed to ; m m a i i s t a i i - .
the moisture supp ly  cit a leviol  gr~- ’ 1 tc r t i , , : , 80 : ( ‘r ca -n t  c’i t h e  ac’ ,a i l :mo lc
moisture holding cap aci ty  of sandy so i l s , especia l ly  ar m y th e c r i u i c , 1
period of six weeks before to three c-vi e -m s a f t e r  u s, : tasseling n t a m g e .
On some sandy soils with less than  an inch of i m v . s i l , h l o  cv , 1ter per
foot depth , at least 0 .35  inches of \ v m s t e w , t or  per d o . - wi l l  be re-
quired from M a y  15 to Augus t  15 of each e , m ~.

Pr~eoaut ions Against  Hazards  to Soil  C rops a~a~ i n s u r es

Us ing  soil columns and lid ,)  m iot : , I cbs-m n and \Vil son  (1970 )
studied the fate of iron , manganese , mu ck ’:l  , c- ‘ ; ‘ m m e ’ r , z in c , lead ,
cobalt , hexavalent chromium , cadmium , and s t ront ium l u r i n g  and a ft e r
their appl icat ion on soils as a const i tu t ent  ‘f s ( ’w m q e  , f f l u e n t .  They
found s ignif icant  amounts  of iron , n m : a m s q a m s e s e  mnd ccpm ‘ ‘i in f i l t ra te
samples and concluded t h a t  these meta l s  :m my be the f i rs t  to saturate
soils. Cobalt and hexavalent  chromium were never m : ’m’es ~~nt in detect-
able amount s in the sewage e f f l u e n t .  S t ron t ium mm s ov c ’d w it h  wate r
through the s u s  ‘ i t  a relat ively rapid r a t e , i n t e rmi t t en t  i r r iga t ion
practices tha t  resulted in an aerobic e n v ir c ’ , c m ’ m st ) r m ’~ idcd the most
f a v o r - ab l e  condit ions for the f i l t ra t ion ‘ ‘f m e t a l s  ba -soi l s .  Bermuda
grass  did ass insi late  several trace e l c - n m e n t s  bvm t not in s u f f i c i e n t
am:  m - t ;  to s: p s u s t a i n  th is  meta l  f i l tc ’r i  mmcm c- , m p u c m i t v  of the  a’ a! . ii f f 1

~sp~~iic - i t i ’ -’ns r i n g e d  f rom -127 to 602 inches  in 11 weeks

LesIche ( 1 9b l i l t o u n d  i m m c r e c i : ; € : ’ , )  C O f l c e : l t r s i i O m m S  ‘ ‘ I  chr  m~’ m l u ~ : m  , ~- m d p er ,
nickel  , lead , and sinc  in 0. 5N coLic ad :) ‘ ‘ a t l - l : t  of soi l  samples
ca l l - a P I  f r a n .  ~: 1 ’ m t : : t r e a t ed  w i t h  568 t ’ I : S  t S( c v . m q e  s l , ; ’ i m : e  ) ‘er i cr ’ ,

ms compared to u n t o ’ . ted p l m t s .  T i e  a lso m ) , - t , ’ r : m j i s e ’ I  t r a c e  1
conc m t r i t i ’ , m .  in leeks , bee ts , m m  ‘t . , t a e S , 5 0 1  c- s i r - I S  m : r m W m i  on t r e i t c  a
and u m m t r e mt ed  plots .  P l a n t s  qr ’ w m m  - m l ,  tn - c l a m , m n d  , : ,  t i - i ’ d  p1 t s  Wi: no

m n m l y z e d  for c’- m b . m i t , ch romium , c :m p p ’r , moly bdenum , m mi * ’l , l e m d  ,

z inc c o n t e n t s .  Those’ to  ‘ i:  tr c ’a t e ’l  pl ot :;  c : ’ : : t i i i m e d  l , m r m m c ’ r  c i b a i m t r . m t i -  ‘ - 5

of nick ’! and :~ i l m C  but m m ’t of C ’ f l m ) a ’ r  m m m d  i , ’ a c l  wh e n  c c m m n p : m r e . i  t o  am , a i s t s
in p lan t s  q r ’m w i s  on control  }‘l A S .  N e ’ k - -l a nd s i m m c  1 ’  m o b ’ , )  a I ’ m ’ m r ,

t i -  a sly concen t ra ted  in  t o p m ;  t h a n  r o ot : ’ Tho mas cc a no , ‘ vm P .  cc t : r t
the sludge t r ea tment  c i m i s e  m n  in cr , ’ . m s o , )  m m m t , m , , - ‘f , m a y  ‘ ‘ - I  m i s  i n
pot .  m t t m i  h o rs . m ‘ r m y i n l  m l . : c-~ n’ : .  1 - m I ’  ‘ t i - i )  a I i m ’ : ; - ’ I i  , ‘ ‘ m e  mi t s

B A—I V —A — ~~
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Hi nesly , et al (197 1) have analy zed v a r i o u s  P : m - 5  of cr ’ p pl i m s a s
grown on plots fertilized with an acroUic ~i l l y  dige s t s  ; , m I u dc ;e  ,mo r .~~, a ’ —

eral trace elements.  While near ly  all of t I e ’  tr , ,c ’, ’ (sj o m : m e f l t  S

mercury tend to increase in plants  with  increased s l u d u m ’  P- - m a l i : a t :  mc
rate s , none approach levels that would present a h i  sem i : :  to c:i: u f r -

consuming the produce.

Three important  li terature reviews reveal  the m d i  t i s . m t  , C’- ’e’l i  . i ~ 1

partial treatment of waste and chemical  d i s in fec t ion , some n t ’  t a ]

di sease hazard s exist for both h u m a n  and cinimal consui :.ptman uma-

cooked crops which have been irrigated with ccciata tm atm s -ic - n t  p 1 m m
effl uent s (Rudolfs , Fa lk , and Ragotzke , 195f l  pu eep,  I ’~~ 3 (Colurei :: t ;
and Bordner , 1970) • In general , it appea rs t out  :~i~lv soc m m mi’ . c - i l I u m.

or equivalently treated wastewater which l a s s  I c o n  c h l m ~r m m ; m t o , m  s h o u l d
be used for irrigation of vegetables te’ he ea ten  r m ac - . [co n t re - ’t
wastewater should not be used for irr igati on of -,‘eqot. :mb les A i m i n g to e

last twenty days prior to harvest .

Ada ms and Spendlove (1970 ) found c i or o so l iz e d  m: .  i c m  - i ”  m l S r m : S

transported downwind during the nig ht am a i s t a n c i ’  mf 0 .  P i~~i 1 m  ‘S

trickling filter used in secondary t rea tment  of sev c ’qc-  m ’ f f ! u c : h  .

ever , it should be pointed out tha t the p o t ( ’ i m t i  11 h e a l t h  isam ~~,s” 1 I n. n
pathoge nic microorganism tr ansported in  ae rosO ls  has  r e t  ) . cen ,  c’s 11
documented . Such concerns may lack f m , u m ; d , m t i ’ n l ’ t : m ,o m m s e c ’  i n ’  ~‘ m , , ’ ‘ -

~~~

ever been able to show that  the incidence of ‘ h i s e m s e  a aew m c ; b -  t r a c t -
ment workers is greater than chance occur e : ces t o  m ’ m s : i c m c t o d  i ,

- normal populations (Dixon and McCab c , 1 9 h 1 ’ . I- ! c c .  ‘n , t o  mw c h r m m i o

~~~~~~~~ a ny such p o s s i b i l i t i m - m s , w a a t ’ - w - m t e r  icr a -lion :p’St’ mmi ~a - ~‘ t ~s t  a- -

designed to eliminate a e r o m s ul dec’t ’ l ,  p i m m o m i t  t h r , ’ c i m ; h  m m  , ‘~ -

disp ersion systems and ill  e t f lu e n t s  to I ’ m :  i r r i g a t c - d  m : : u s t  - -
prior to irrigation to the c ’x t o ; t  n e c e s sm r y  i’ ) c r c c l ; -  ~~‘ sim ~m ’ i llc -: m; t me P’s

hazard .

In a discussion of pond s yst e m s  f- ’r ’c,- : s ’, e w ,m t e r  e m  m m c m  me ; :
et al ( 1970) state s t h m t  an  e f f l m - ’ m : t  b act ’ n m m - I o g i c - m l  cou ld  m t  m m l i i  I
coli Type I per 100 ml should be c o u s i m h o n e c )  t h e  u p p ’r I i ; :  i t  1
97 .5% confidence range (ex c c em h ’d  b’,- on ly  2 . 5 ’ ” )  m a t  ‘ ‘ 1 :  i u o i S t  m ,  ml  I
In most ins tances, such e f f lu e n t :- m  sh- m m m l i  be ac ’ ’; t , m b l m ’  t i  1 ) m m a  i rri-
gation of crops for h u m an  c ’ ‘ mm a re m :  t m c m i  c I s  c i  c l i ’  - , - t  i ] b c i ’,’ ‘ ,, - ms m e

raw , for flood irr ig at ion of t r a i t  and t m m ’ l i i s e d  c ’ i mm ; -s , em i r m m a , P a

pasture s for grazing , tar irrigation ol ; i i  c~ m ur : , m . : , p , m i m .s m : o :  : ] ‘  ‘ 1

fields , and f t  ‘ h i s c h - m r q ’ -  i i s t , t m ’, - s u m s . ’ A t i  ‘ i n , )  ‘t ’ c C ’ . i i i t c  \~~ 0 .h i s  ‘ n’s

~~orn rriittee ( l ’~68t su ’ ; m ; ~- s t ’  I iS m l  ; m m i d e l l m ’ i 1 1 m m ’  h i c ’ t ’ ’ u m A c~ ’ . - ~~~~
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‘ 
irr: :; : tion wa ter t h at  th e- feccil  coliform should not exceed an ar i thmet ic
m a v c s r m g e  of 1 , 000 t ’er 100 m m : ! .  The average count should be based Cu
at l~s .aat  two consecutive sa mp l e s  examined per month  during the
~~ .~~ i j m t l O f l  season and m a n y  One sansp le examined in any month  should ma cm u
exceed m foca l c a l l :  r mm- d en s i ty  of more than  4 , 000 per 100 ml .

Lxcep t  p er h ap s  fa r  tne protection of workmen employed on the
1rni ~m , c t i o i ;  c v i s t c --w: mter  r c ’ ’mc mv a t ion  site , the above bacteriological qual i ty
c r i te r ia  m mm . ,my  be too restrictive . First , the criteria is intended for
USe ma n cv~l ta r s  for irn ig :i t i ”n under  condit ions in which no provisions
exist  for c o m m t r m ’ t l i n g  t i l l  waters and re turn f lows.  Plans for waste—
w.c te- r r e c l a m a t i m ’ m :  s i t e s  mu s t  a lways include plans  to main ta in  complete
c-a t e- s i e v e r  :m l l  v e c t o r  applied sr f a l l ing  on the area . Secondly,  the
cr i tman i a  w .m s  st amh ’ l i shed  to protect the public , mem bers of wh ich mig ht
come into i m n s e d i m t e  contact with the i r r igat ion water .  A wastewate-
rec l amat ion  s i te  would usua l ly  be considered a ter t iary water t reatment
f ac i i i t - :  ee ’ncpt for mul t ip le  use areas such as park s and green spact ’s
a n - i  t h a s  shou ld ho no more public thdn any other s i m i l a r  processinç
pI t :  a . 1 l ie  t h ir d  point  to make  is tha t , where grass  is used as a
nu t ; i~5 b i t  scavenger  to b’s dehydrated by heat  before it is marketed ,
ia~ d i l a l 5 C~~’S for  d i sease  agents  to he t r ansmi t t ed  th rough  the crop
pro cuc - m : i s m m m l .
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~~~~~ ‘ A (  i ” ~ BA~~~NCE FOR THE ~~ND TREATMENT SYSTEM

I rma: n : t i - :,n

The purpose of th is  section is to present the detailed design
c a l c m m l a t ’ ,sns for the ni t rogen loading and nitrogen ba lance of the land
t :  5’ m t m e n t  sys ’ en , . As previousl y mentioned in Appendix B , Section
‘o~ A , the  ns , is s  of n i t rogen  appl ied to the land controls the application

rate  of ‘y astewater . The detailed calculat ions for es t imating C-SELM
‘.‘.‘ ,ms tc ’xO t e r n i t r og en  concentrat ions  for the design year 2 020  are pre —
s, -mmm t ecl  in th is  section together wi th  the irr igat ion application rate s
err )  the desig n land sy stem ni t rogen ba lance .

m t : - - s o m m  m ; r - r i c e n t i -a tj on  for Design Year 2020

i n t ’ - , a - : uc- t ! c n .  A detailed ana ly s i s  is performed to estimate as
c lo s el y ~-s r ’c s s ib l e  the C-SELM wastewater  nitrogen content for the
-ae . -ns ami ‘ --ca ;  2 2 0 . Because of the varying character of the wastewaters ,
f t - ’ a m ’ s j or  was tewater  generators  are analyzed . The first  is typica l
I cr  ‘a st i . ;  was t ewa ter g enera ted in the suburbs of I l l ino is .  The second

t ’ . pe is tho M SD was tewater whe re flow is characte r ized b~. large in-
dus t r i a l in p u t s . The third type is that projected for the State of In-
d iana . Inc lude d  in this flow are t y p i c a l  municipa l wastewater to—
qc’ he r - -sIPs r ecycled f lows  from the two cr i t ica l  industries , pe troleum
O ri - ,i m~t’ ’ol .

m ’ ) l S ~~~~U l m U r ~ )S . For the design year 2020 , approximately 18%
Cf the m m i i  dry ‘.— z e at he r  w aste a~r ate r  f low in the C—SELM study area
is cr-a t : m - s t o a m  by suburban areas in I l l i no i s . The character  of this
P m m c ”  iS : m i i n l y  tha t of a domest ic  wastewater . After  secondary treat-
merit , tno t n t , , i  nitrogen content of this waste is assumed to equal
2 ’) ‘c ’ i ~ I .

~~A . Far the des ign  year  2020 , approximate ly  67% of the
~~~~ ‘ ~ :~~~- dl LM lay  ‘ - ; m - m t h ~sr flow is contributed by urban areas in Illinois
-~‘ ; : m m c h are p r e : ; -n t l y t y p i f i e d  by the  ~c b-D wastewater flows . These
f l c m w m ;  h i v e  m l  m i  t I m  - m c i  : m m - A u a t m i a  1 c o n t r i b u t i o n s  and the refore cannot be

- - r m a  i - ier ’sd ; v h m c - s l  of a l o i :m e s t i c  waste . Data covering a f ive—year  period
t m :  th e  tb  cc l am g o a t  M SD ~m l  m i s  serving the cdh icago area indicates
t i  .t the :i ’ecrrago n i  t r , m m ; e n  c on t e n t  c f  the wastewater  is 15 . 2 mg ‘1

m d l  ~n m  . The I n d i a n . ,  ‘x . m S t e ’w , ; t o i  f lows are comprised  of three
n : i j o r  type s . Hi , :  ‘m a ; n t c i p m  1 n o , t c ’ m  c o n t r i b u t i n g  57’X m ’ f  the tota l flow
i ;  - h am a a t - ~r i s ed by - ‘  t y p i c - ;  I tota l n i t ;  c ’ g m ’ : m  content  of 20 mg 1 . As

a -n t - s i in - H - ;  ‘ ems  ix  B , :-~ -ct ion  III  —
~~~ - approximately 10% of the total

-i m ’, ’~~c’’ t I - o r  H e w  in Ind i ana  is ‘ ‘ a n t i m i  u t . o m h  by the  p e t r o l e u m  indus t ry .
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This flow represents a 9 1% recycle of wastewater over the present
practices. It is es t imated that presently 35 pounds (~~) of ammonia  nitro-
gen finds its way into indus t r ia l  wastewaters per 1000 barrels of crude
oil produced .-~/ The production of 1000 barrels of oil presently require s
440 gallons of wastewater.  Therefore the estimated present nitrogen
content of petroleum wastes is

3 54k N - ~. barre l j j~4~~~~ g io 6 ga l .
1000 barrels 

X 4~~Q gal . X 8 3 4  ,i:_ 1 X 
MG - . m s .g/

Assuming a 91% petroleum wastewater recycle for the year 202 0 , then
.09 (440 ) or only 40 gallons of wastewater  would be generated per
1000 barrels of crude oil produced . This recycling effect  increases
the 2020  tota l nitrogen concentration in petroleum wastes to:

440 ( 9 . 5 4 )  105 mg/I

The third type of waste generated in Indiana is contributed by the steel
industry . As presented in Appendix B , Section 111—B some 3640 pounds
of ammonia  n it rog on are lost to wastewater in the production of 4110 tons
of steel.  Present  steel production practices u t i l i ze  40 , 000 gallons of
water per ton )f steel. This represents an estimated total nitrogen
content of rh o wastewater equal  to:

3640 * P H 14~ N H ,, -N 1 Ton steel 1 MG -mg io 6 ga l .

4110 Tons of s tee l  ~~~~~~~~~~~~~~~ 40 , 000 ga l .  X 8 3 4  ~ - l  x
~~~~~~~~~

=2 . 2m9/ 1

Assuming  a g2 . 5 m/, recycle of the present steel wastewater generation ,
then 0. 075 (40 , 00 0 )  or 3 , 090 gallon s of wastewate r are generated per
ton of steel pmodu ced . This  recycl ing effect  increases the 2020  tota l
nitrogen c r r m m ; c ’ n t m i Ha ‘n in a t m _ mel  wastes  to:

(2 .~~) 2 9 . 3  my.  I

The we igh t  I total n i t ro g en  concentrat ion for Indi an a  “~- , m s t e v ~’ m t o r  is’ as
follows:

M u n i c i p a l  57 .” of f low (i’ 20 m n q 1 11 . -

Pe t ro le un m 10% of f low @ 105 flmq ~~i I 1)~~~5

33% of f low C2 9 .  my 1 - -

‘~a-o ; age ‘l ’ o t , m  1 i’~ Content  31 . 7 n ig I
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Summary . A summary of the three major wastewater types are
prese nted below:

Illinois Suburbs = 18% of flow @ 20 mg/i ~~
‘ 3 .6

MSD = 67% of flow @ 15 .2  mg/i = 10.2

Indiana = 15% of flow @ 31.7 mg/I = 4 . 8

Tota l N itrogen Content on a dry weather flow basis = 18 . 6 mg/I

As presented in Appendix B , Section 111-C , the storm water flow
3 630 — 2927to municipal systems is equal to 3630 or 24/a  of the average

dry weathe r flow . The total nitrogen content of urban stormwater runoff
is cited to range from 2 .7 to 3.5 mg/l..~/~./ A ssuming a nitrogen con-
tent in storm water runoff of 3 . 1 mg/I , the following calculation provides
an estimated C-SELM wastewater nitrogen concentration on a wet flow
basi s .

Nitrogen Content = 
1(18.6 ) ~~~~~( 3 ” ~ = 15.6 mg/i

Assuming -~~ 5% contingency factor , the total nitrogen content of
the wastewater used in the design of the land treatment system is 16.5
mg/i .

Nitro gen Design Loadin g for Land System

The wastewater irrigation application rate for the land treatment
system is equal to 4 .5  inches per week for 30 weeks or some 134
Inches of wa stewater per yea r. The following calculation provides the
design nitrogen loa d to the land system .

135 in. 1 Ft 1 MG
Amount of Nitrogen Applied= Yr. 

X 12 in X 3 . 0 7  ACrFt x 16.5 mg/i x 8 .34

= 500 pounds total Nitrogen/Ac . - ‘Yr .

N itrogen Balance

In order to insure conformance with the NDCP effluent standard s ,
the amount of nitrogen applied must be consistent with the nitrogen cro p
uptake and the volita lization and denitrification nitrogen removal mech-
anism.  It is assumed that 300 pounds of nltrogen/7\c . /Y o ar  can he
utilized by crops as shown in the agricultura l cropping progra m pa per
of this section . Also 150 pounds of n itrogen/Ac./Year are lost th rou gh
volitalizat ion and denitrification processes. The remaining 50 pounds
of nitrogen /Ac . /yea r lost to the groundwater system I s equivalent to
the residual NDCP effluent nitrogen standard of some 2 mg/I .
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PHOSPHORUS LOADING CALCULATIONS

Introduction & Assumptions

Assuming  that phosphorus is retained in the acid C-SELM soils
principally by the soil’ s concentration of avai lable  iron and a l u m i n u m ,
and that the stoichiometry between phosphorus  and iron and a l u m i n u m
can be expressed as follow s , P + Fe and Al —~~FePO 4 and A1PO 4 the
stoichiometric ratios between phosphorus and iron and a l u m i n u m  for the
respective C-SELM agr icul tura l areas are as follows:

C-SELM Agricul tura l Areas
Soil Concentration in mg/kg

Kankakee River
Kendall County McHenry County Basin Area

Iron , Fe~ 8 10 5
- +3A l u m i n u m , Al 23 ~j

TOTA L 31 31 14

The average atomic weight of iron (atomic weight - 56) and a l u m i n u m
(a tomic weight — 27 ) in the C-SELM agricultura l area s is designated by

which equals:

Kendall  County Ca lculation

~~~~~~ 
=~~~~ (56)  ± ‘~~~~ (27) = 34.4

McHenr y county Calculation

= -
~~~ (56) + -

~~~~~ (27 ) 36. 3

Kankakee County Calculat ion

= -j -
~~ 

( 56 )  + -j -
~ 

(27) = 37 .4

The stoichiometric ratio of phosphorus to~~~ for these area s is:

Stoichiometric Ratio C-SELM Agricul tura l
in */4 Area

= 0. 90 Kendall County
34.4

= O.~~6 McHenry County
36.6

= 0 . 83 K ankakee River Area
37 . 4

-

~
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~

- - -  --~~~~~



It is as sumed that one—half the depth of the non-consolidated
or soil la yer is available for saturation for phosphorus adsorption and
subsequent fixation without exceeding the design concentration for
phosphorus In th e dra inage water , (a reasonable assumption inasmuch
as th e phosphorus concentration gradient in so1l has been demonstrated
to exhibit such a behav 1or) ..~/ The phosphorus adsorption ca pability
of the various C—SELM agricultura l areas are as follows:
C -SELM Agricultura l 1/2 Average Depth to Phosphorus Adsorption

Area ~~~~uic1ude , Feet Capabi1ity~ #/Aq ._
Kendall County IQ 1220

McHenry County 10 1160

Kankakee River !~ea- 30 1520

Kendall and Mc}*e~ ry. County ga1c~~a~p~
4.35 (10~ ) Ft. 2/Ac. x 10 Ft. x (10 2) 4f/Ft

3 
X 3 1(10

_ 6
) * P,”%Soj~ x 0.86

= 1220 *P/Ac . Adsorption Capabil i ty

Kankakee Area Calculation

4 .3 5( 10~ ) Ft 2/Ac . x 30 Ft. X ( 10 2 ) */Ft 3 x 14(10 6) ~ P/#Soil x 0.83
= 1520 *P/Ac . Adsorptio n Capabi l i ty

Land System Life ~or Phosphorus Loadings

The phosphorus concentration of irrigated wastewater applied to
agricultura l la nd s is estimated to equa l 5 m.g/1 as soluble orthophos-
pha te phosphorus. This concentration Is based on present munic ipd i
wastew eter data In the C—SELM area (6 mg/i) together with da ta on sol-
uble phosphorus concent~at ton of stormwater (1mg/i) . This stormw ater
flow is estimated ~to eqi~al ;o,me, 20% of the tptal.
l35 Ft of H 2

Q - 

3 4 2 6
12 Yr. 

-- x 62.4 */Ft x 4 . 3 5 ( 1 0  ) Ft /Ac. x 5(10 ) *P , -’%H 20

1~.4 *P/~ear tnput

Pbos ph~rus uptake by crop ~Q *Pt~’ear

Net Phosphoru s adsorbed tn Land = 104 tP/Year

Therefore on the basis of ava1i~.b~e iron and alumi n iam concsntr ation s ,
the short-term phoeptrbru s remo +a l lives of the C-~ ELM ag ricultura l area s
are as follows:

BA-IV-A-6 1.



C-SELM Agricul tural  Short-Term P Adsorption
Areas L ife of C—SELM Soils , Year

Kendall County 12

McHenry County 1.1

Kankakee River Area 14

The work of Ell is and Erickson ,~~~ gives clear evidence that  the short -
term available iron and a luminum adsorption capabi l i ty  of soils is a
renewable characterist ic if a suitable rest  period is provided the soil.
During such a rest period the soil undergoes a shift  in chem ical
equil ibrium with the adsorbed phosphorus being more f i r m l y  fixed to
the now adsorbed iron and a luminum s i tes .  S imul taneous ly , new
and previously unavailable iron and a luminum site s wi th in  the soil
matrix are made available for additional phosphorus adsorption . The
equilibrium adsorption sites avai lable  in a given soil are a funct ion
of the soil type , its short-ter m adsorption history and the concentration
of phosphorus ion that is in the vic ini ty  and thus  in ne - i c  equ i l ib r ium
with the adsorption si tes.  El l i s  ar Ri  E r ickson ’ s v~’e demonst ra te s
that this  renewable equi l ibr ium adsorpt ion  capacity can be accom plished
during a three month res t ing period for ~he so i l  j ’ t  ~~~ ing there  is an
abundance of iron and a luminum u l t i m a t e l y  ava i lab le  In the so i l .  Al-
though the selected C— SELM agr icu l tu ra l  soils -ire ro1a~ i’~’ely low in
iron and a luminum concentra t ion , i t  is e s t i m a t e .  th oc  they never theless
contain 0.5  to 1 . 0 per cent (5000 Ic’ . 10000 mg, m _ g )  : - ~n a m _ a l I t a  2
pe rcent (10 , 000 to 20 , 000 ~aq -aj ) a l u m i n u m .  These are s u H i c m c ’ n t l y
high concentrations to permi t  con t i nua l l y  renewable adsorpt ion c ap a c i t y

for many years even though only  a f ract ion of the u l t i m a t e l y  a v a i l a b le
iron and a luminum concentrat ion would i”e ava i l ab le  at t he  soil gra in
surface . It is on the basis of t h i s  renewable ad s- ’rp t ion  capacity
that a soil l i fe t ime of 100 to 10 1) 0 years is projected for a C— S P I N )  lan d

system with  respect to phosphoru s remov al .

These calculated s h o r t — t u r n  a d aot -p t i c i n capab i l i t i e s  a r t ’ consccv . i

tively low as judged by t he con- p ar ab le  phosp horu s a d s c r m - t m c ’ n  charac-
ter is t ics  reported for comparab l e  a an ~iy b arns  and clay looms in the
pape r by El l i s  and Ericksc mn , They routine!’; report l b O O  to 2000 ~P Acu’

fo r a 3 foo t soi l de pth.  Prorating these c h a r a c t e r i st i c; t m  oW com-
parable C—SELM soils and depths would yie ld  shor t —term ~iJ m ; o i  p t i t  ‘ mm

character is t ics  of 5000 to -10 , 000 ~F -‘n - r e .

The Kendall  and McT i enry  County soils ire u n d e m l o i i m  by c i lcerous
soils which are capable of chemically I m l S o r I m l n M  phos~~l m o i r m s  due  to
their h igh calc ium c o n te n t .  Pc c r e d i t  has i t - t n  t . m H a n i  for  t h i s  : ; u i ’ ; m _ - q n t ’nt
removal  in th is  in a ly s i a .

~
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Fina l ly ,  no credit  ha s  been taken  for the iron and a l u m i n u m
concentrations present in the e f f l u e n t  admin i s t e red  to the land . These
concentrations can a m o u n t  to 1 to 10 m g i ’ l and can represent a further
s ign i f i can t  i n- s i tu  adsorpt ion capac i ty  for phosphorus . Furthermore , if
additiona l extension of phosphorus  remova l l i fe is desired , it can be
induced by appropr ia te  chemica l addi t ions  of soluble  iron and/or alum-
inum to the secondary e f f luen t , prior to i r r iga t ion .

The foregoing a n a l y s i s  was made prior to the a v a i l a b i l i ty  of
data from the MST) showing the i n f l u e n c e  of the City of Chicago phos-
phate detergent ban on residua l soluble  phosphorus  in secondary e f f luen t .
The avera ge soluble  phosphorus  concentrat ion now being discharged
from the three large MSD plant s , which comprise  the majo r i t y  of the
C-SELM treated f lows , is approxima tely 1 mg /i . Thus , the phosphate
detergent ban has reduced soluble phosphorus  concentrations from the MSD
trea tment  p lants  by a factor of six as contra sted with  the earl ier  pro-
ject ions .  S imi la r  phosphate  detergent  b a n s  ha ve been requested by
the Federa l EPA on State-wide bases , bu t there a pp ear to ex ist some
lega l quest ions  tha t first  need resolut ion . Should phosphate  detergent
bans become u n i v e r s a l ly  app l ied , the inputs to the above a n a l y s i s  would
obviously cha nge s ign i f ican t ly  to fur ther  a l l ev ia t e  concern about  the
phosphorus remo v~al  l i fe  of the land t rea tment  system .
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4.  IRRIGATION AND DRAINAG E SYST E N 1 -~ N/\LY S 1S

Intro ion

The dra inage  system to be ins ta l l ed  in t h e  proposed i r r iga t ion
area is designed to avoid the i n t r u a t o n  of g roun dw a ter i n t  the aerated
zone for  period s less than  24 hours and to ur vide s u f f i c i e n t  storage vol-
ume for winter  reuse flows , in order to c l a r i f y  th e  per formance  of the
proposed system a ma thema t i ca l  mode l  s i r n u l a t w g  t h e  a c tua l  operation
of the land t rea tment  system is e s tab l i shed . ~li i s  sectio n intends to
present the basic equat ion and the t i l l age  schedule used in the analy-
sis and the resul ts  of the a n a l y s i s .

Basic Equat ions

The cont inui ty  equat ion  for the control volume ahude (refer  to
the sketc h below) can be wri t ten as fol lows:

d H w  11w
-
~ 

-

.i~

:—- = 0  ( 1)

in which A is def ined by A SCFi .- p ; S is the space n u t w o e n  two dra in
tiles; C is a factor which accounts for  change in ~h aye  and varies
between 0 . 8 to 1. 0 in typical  cases;  F is the f u n c t i o n  of the radius  of
the dra in  tile , Rd , the height  of the d r a i n  t i le from the imperviou s
layer , Hd , and the spacing of the d ra in  t i l e-i ; f is ~he lr a in ab le  pore-
space f rac t ion  and p is the pe rmeab i l i t y  of the  soil .

I
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By imposing a forcing funct ion that  r e p r e s en t . ,  the  a r4 L ’  t t n . n
rate of water , the general solution of Equat ion (1)  can  e e:-:p’~~sst -el
by:

A A N -(N -n~~iL~’.(Hw) N (
~~

) (e — 1) £ r~ e ( 2 )
nr- 1

in which I is the application rate of water inc luding  r a i n f a l l  ~t 1~ i m _ r i  —

gation water , and N is number of days from the day wh€ r-i t i m _ i n - to n
sta rted .

Eq. (2) can be divided into two components , the con:pon I ’r ,t  due
to the current application of wate r and the component h u e  to the pre-
vious application . That is

(H w) N = (~~ ) (eA 
- 1) li N e 

~~~

‘ 

1 

In e 
- ( P -n- - f l ; J t~

The component due to previou s a pp l i cat i - n - on the oth er h e n r i ,
can be obtained by solving Eq .  (1 )  when the Icnce te n : is acro . Tb-
result is 

—

( H w )  = (Nw) “
‘ ( - ~)n n - i

If t is take n as one day then Eq. ( 4 )  can be s im p l i t ’ i :

(Hw ) = (Hw )  u A 
( r

n n - i

If (Hw) is considered as the com ponent due to p r e v i o u s  i p p l i c i t  i n
then 

~~~~n — i  is equivalent  to (Hw ) N - ~~ 
thus  E q .  ( 3 )  can  I - c  ova i t  t o t

as 

(Hw) N = 
~~ 

~~~ (o
h 

- I )  1 (~~ )

Eq.  (6 )  is the basic equa t ion  used in the m a t h e m i t i c  m l  s i m u l a t i o n
model ,

Ti l lage  Schedule and R e s u l t s  of A n a l y s i s

Two d i f f e r e n t  types  f t i l l a g e  s chedu les , c-n t i e n - i l  an d  a
t i llage are considered in a s s o c ’i a t i - i n  w i t h  th e  r a i n f a l l  I i r n o  sor es
desc ribed in the ma in  text . l o c h  s c h e d u l e  is  d t  er - - m i .  d 1 a ’ - t ‘i or
the ag r i cu l tu r a l d i s c us s i o n  p r e n o i t ed  in  f l - i t - n  A n n e x  P , t~~ - -~~m ~n I V  ‘ 

-
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- - ‘r n ani -r i  cased or t h u  n p  ic ul t ra l discuss ion  presented in Da ta
Ana~ -x B , S-H ‘ t i n  IV— A an d  a l so  r esented in the  fo l l owing  tab le .

. . m a  Convent iona l Ti l l ag~
—

~~ Ti l l  Sched App Rate
Do Day

Ap
~

i 1 29 - 3° 4 7 - i i  5
I — 11 1 2 4

l i

J u n e  —— 1a 2 — 4
17 — 18 3k

61

j u i~ ’ —— 6 — —  6
‘n i .  2~ — 31  6 10 — 14 6

2 6 — 31

Sept . I — 17 6 1 — 17 6
Oct .  -- H -— 6

50

N v .  14 - 19 14 - 19 5
4 g

Not e :  The . - m p p l i c i t i o n  r a t e  changes  dur ing  a month  are shown in super —
s c r m n - t a , b , c e n - . ,  :m rH the I - t ou r; are as fo l lows :

from j u n e  1 i c  J u n o  I g: Nov . 20 to Nov. 30
b: m m  .I n i  2 to b a n e  12 h: N I m y  1 to P l y  I
C: t m c j n i  J a n e  13 to June  31) i :  N - l a y  5 to Ni ay  25
1: ‘ru m~,c 0 t . 1 i - n  0 - c t .  ~0 j : May 26 fir  M a y  30
-: ( i cr ~ I to Oc t .  3 1 k Jun e  5 to J o e  9

t :  No v . 1 to V . 13 1 :  Jun e  10 1. June  30

1 t a  u t  the  - m r  m l y s i s  for ii ~ n o — t i  I l a n u  an d  for the  conven —
t i o m n i l  t i l l - i n . - sch .-d u Ie ar : po se- - t e l  in t h e  f o l l o w i n g  t a b l e s .

[ r ~~ - - a t e - f  i n  F t c - i , ’ BJ’e— l , ’ — A — h  is TI p i 1 . h i c t l  p r e s e n t at i o n  of
t is n f l  ~I m  d (4 t an a l  ‘~ - 

- 15 
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7 30 0 .0 0  0. I~~ 0.a’( ,’~ 3 .9 7  J. ’36 27 .  (‘0 1 . 7 5  6 6 . o U  7 3 . 3 5
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Table  BA-IV-A ’- Y (Cont inued )

M D RF EVL HIR H ’~V QDR S T 2 M R F ’  SVM [V S T ’ M I P  S~~V D R
41 5 0 . 0 0  0 . 1 4  ‘ 3 . 4 1 6  _ n . d ’d 5 .d b  2 4 1 . 0 6  1 1 . 5 7  7 I . I ’ a 7 4 3 . 4 9
8 10 0 .00  0 . 1 4  0 .3 0  3. 141 5 .41/ )  ,a L O . 0 6  1 2 . 2 4  ‘/14 . 5 7 3 5 . 7 4 1
41 15 0 . 0 0  0 . 1 ’ .  _ n . i a O I . ’a7  U . o b  .4 . 36 1 2. 9 2  75. 43 4 1 7 . 3 6
41 20 0 . 0 0  U . I  0 .4 1 6  1 . 19  u.~~5 .43 . 06 1 3. 6 0  7 9 . 1 1  9 I . 3 ’ e
41 25 0 .00  0 . I ’ 4  5 .4 1 6  1. 33 0 . 1 2  2 4 1 .3 6  4 / . 2 3  8 4. 00 9 4 . 6?
43 30 0.00  0 . 1 4  0 . 0 0  3 . 2 /  u . j 2  ‘,‘6 . 2-I I .~. 9 ’ 5  4 14 . 00 9 5 . 2 0
9 S 0 . 0 0  0 . 12  o . O 0  0. 149 0 . 12  d c a . 7 3  15 . 63  84 . 00 9 5 . 9 0
9 t O  0 . 0 0  0.Ou 0 .00 0 . 1 1  0 . 0 9  2 3 . 73  1 6 . 0 3  3 - 4 . 0 0  9 6 . 4 5
9 15 0.00 0.00 0.00 ‘ . a . O S  3 .u 4  4 o . 4 1 6  1 6 . 0 3  3 4 . 0 0  9 6 . 7 5
9 20 0 . 0 0  0 . 1 2  0 . 3 6  0 .86  o . 12  2 3 .36  I o . 2 /’  ó~,.5/ 97.12
9 25 0 . 0 0  0 . 1 2  0 .4 6  2. 14 1 0 . 1 2  2 9 . 1 ?  l 6 .~” 5  9 0 . 8 6  9 7 . 7 2
9 30 0.00 0 . 12  0 .6 /~ 3 . 57  0 .12  2 9 . 1 2  1 7 . 4 4  9 5 . 1 4  98 . 2 9

10 5 0.00 0 .06  0 . 3 6  4 . 94  0 . 1 2  2 9 . 1 2  1 7 . 4 1 4  9 9 . 4 3  9 8 . 8 7
10 10 0 . 0 0  0.38 0.41,’~ b . L 4 1 0 . 4 1 6  2 9 . 3 2  1 , 3 . 2 4  l U i . 7 1  1 0 0. 1 9
10 15 0 . 0 0  ‘3 . 041 3 . 4 1 6  ‘S . l ’ s  u.~~~ 2 9 . 1 2  ) 3 . ( ’ ’ a  108 . 00 10 3 . 7 4
10 20 0 . 00  0 .08  3 .4 1 6  6. 32 0 . 3 6  1 / . 9 2  I / . a ’ ~ 1 12 . 29 1 08 . 0 3
10 25 0 .00  0 .08  0 . 0 0  6 .85  u . -3 6 .33.31 I ’.. ‘ 1 4  1 1 4 . 6 6  1 1 2 . 3 1
10 30 U . u u  0 . 03  0 . 3 6  6. 77 u . d 6  3 3 . 5 1  1~~ . 8 1 4  1 1 9 . 1 4  1 1 6 . 6 0
I I  5 0.00 0 .04  3 . 7 1  6 .J~ 0.-;!. 3 3 . 52  2 0 . 1 3  1 2 3.5 !  12 1. 1 4
I l  10 0 .00  0 . 0 - a  0 . 7 1  / ‘ . I I  ~. . 4 ’ , ,3 , 3 . s7  2 k ’ . -  12 7 . 1 4  3 2 6 . 0 3
I I  15  0 .00  3 . 0 4  0.00 6 .0 3  0 .36  35. 30 10 . 56  1 2 9 . 0 - 4  12 9 . 5 7
2 1  20 3 .00  a J . 0 4  0. 7 !  5 . 9 0  3 . 12  3 5 .6  I 2 Q •  77  I 3,~’ . 00 1 3 0 . 4 1 9
I I  25 0 . 0 0  0. J~~ 0. / 1  6. 13 aI.36 3 .412 20. ‘13 I ,3i .  5 7  13 3 . 7 0
I l  30 0 .00  3 . 0 4  0 .00  5. 43 0 . 1 2  .4 5 . 4 1 %  2 1 . 2 0  I 3 ’ . .3 ’1  1 3 s .  76
12 5 0 .00  0 . 0 2  0 .00 5 .25 ~~. 12 3 5 . 9 1  2 1 . 2 /  I ” . . 2  2 3 6 . 3 4
12 10 0 .00  0.32 , I . 1 0,) . 1 6  i .  1 2  .‘ a’. 35 2 1 . J’s  1 14. L I  1 3 o . 9 3
2 2  I S  0 . 0 0  0 . 0 2  0 . 0 0  4 . 3 3  0 . 1 2  3 5 . 3 5  . 1 . 4 3  I ‘~.2 9  1 3 7 . 5 1
12  20 0 . 01  0 . 0 2  5.00  5 . 3 . ~ 0 . 1 2  3 / . 5 4 1  2 1 . 5 1  1311.29 2 3 8 . 09
12 25 0 . 3 0  0 . 0 2  .0 0  4 . 9 7  0 . 12  3 7 . s 4 1  2 1 . 5 4 1  I . ” . . 2 9  1 3) 3 .641
12 30 0 . 0 0  0 .02  0. 00 ~. ,  1 0 .12  .3- ’ .OS 2 1 . ’ a 6  1 3 4 . 1 7 ’ )  l,4 .26

1 5 0 . 0 0  0 . 0 2  0 . 0 0  4. 53 0 . 1 2  341. 1 4 1 a  2 1 . 7 5  1 3 4 . ,-”) 1 3 9 .9 6
1 10 0 . 0 0  0 . 0 2  0 . 0 0  4 . 3 1  0. 12  ,4a- • ‘a0 2 1 . 4 1  -~ 1 4 ’.. , ’ )  I . ~Q. 54
I l ’s 0.00 0.02 0.00 ‘a . u 3  0 .12  341 .~~~ , ‘ I . ’ . I  1 3 4.2 9  I . ~ I . 1 2
I 20 0 . 0 0  0 . 0 2  0 . 0 0  3 . 7 6  , 2 . 1 , r  J , L . 140 2 1 . ’.’  ~~~~~~ I I . 7 I
1 2’ s 0 . 0 1  0. 02 0 .00  J.~ S 5  ‘ , ‘ . I . ’ .a9.2 -i ,~ _ n . u ,  1. 4 a . , 1 ’. 14 2 . 2 1
1 30 0 .00  0.02 3.00 3.~’0 ~~. 12 i’.. 3 5  2 _ n .  I’. 13 ’ . . 29  1’., . s 7
2 5 3.130 0.02 (3.00 ,‘.1’14 1 . 4 5 ’  1 4 • J 5  2 1 . 2 1  1 3 . 2 - a  1 4 4 .5 !
2 10 0 . 00  0 . 02  ‘J. 00 2 . ~/ a ’ . I , ’ .a ’) • 35 - 2. 3 / I .4 ’ a .  29 1414. 15
2 I S  0.09 0 . 0.  0.00 ‘ . /4  _n~~ 13 3 9 . - a ’. : - _n ’ . ’,3 1 4’..,’’ % . , 4 .7 4

2 2&) 0 .00  ‘ ) . 3 2  (‘ .00 2 . 43  ‘ J . 1 , ~ a ’ . 1 1’ .  - .5’ .  I~~ ’,. “ 14 5 . 3 2
2 25 0.00 3 . 0 2  0. oU 2.  I S U.  I ?  4 4 . 14/ , - 

- . 6” I 4 4 .  2 -~ I” ’’. 90
3 5 0. 15 0 .uJ  0 .00  ‘ . 39  V. 1? ‘.1,1. /~ _n - ‘.3, ) 1, 54 . ‘9 I4~,.413
3 10 3.00 0.03 a a . Q 5  I . ’ ” -, j . 1 2 ~Laj . ~~a3  ‘ 4 . 0 2  1 3 4 . 1 ” )  l ’ a ; . ’aO
3 IS 1. 0,3 U . U i  0. 00 I • ‘sO a ’ . 12 ,a~ - .  ia ,a , ‘ a . I 5 134 .  “ 143 . 00
3 20 0 . 0 2  0 .03  _ n . 0 0  1 . 2 1  ‘ ‘ . 1 2  ~~~~~~~ - .12 I i’..,’) 1’.3.5d
3 “ 5 0. 00 ‘ ‘ . 0 3  0 . 0 0  I . ’,’ I  a ) .  I , -’ “a ’ . U’  3. ’.’.’ I _ n ’ a . ‘4 I 14’!. 3 6
3 30 . 0 O  0 . 0 3  2 .0 0  a~ . /2 U .  I . ’ “ a ,a . /~~ -

-
- - . s_ n I a , . , - ’ 4  I~~~1.  15

S
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Table [~- ‘ —l\I - -A— 1O

RE 1~ LL ’E’3 OF SFC i ’ L,~L F 1O N  ANA~,V313
U St~’-~C~ ~ u TTL L”\C [ S’. ’H V DUL F

081 14 : 49 C I I  T J 4 1 S .  0 2 / 2 0 / / 3

HYU8 O L O G I ’ 3  C O N D I 1 I O N :
FR EQUENCY F ‘.AI1~F’ALL = 100. Y )4

D~ A 1NA G E SY S T E M :
DRAIN TIL E S PA 0 t ’ ~ 0 = 200 .  FT
L) EPTrI OF A Q )J I F E R  1 1 . / i  /‘ [
( SATUR ,ATE Li )
S1~~E OF DRA I,9 P IPE 0 .50  Fl
HEIGH T OF R~10T Z41 NE / . 0 0  Fl
( F 1~~M 1412 IIF’ DRA IN T ILE )
MAX CAP OF DRA IM S Y S T  = 0 . 1 3 5 7 1  IN /DAY

AQUI FER C i I ARAC TERL. f l IC Sz
PE~8 IEASIL ITY 100.00  G PO/S Q FT
STO RAGE C O E F F I C I E , ’4 T  = 0 . I 0

T ILA GE SCIILoULE: NO TILAGE

D R A I N A G E  SY STEM OPERATION:
STA RT DATE FL OW REGIA. = 25TH DAY OF •8 ’IN MONTH
REGI.LATE D FL OW = 0 .05827 IN/ DAY

P4 0 RF EVL #418 HW ODR SUMRF 50MEV SUMI2 SUM &) R
4 1 0 . 19  0 .00  0 . 5 7  3 . 5 9  0.06 0 . 1 9  0.00 0 .57  0 .06
4 2 0.00 0.06 0 .57  0 . 5 7  0 . 5 3  0 . 19  0 .06 1 . 1 4  0 .59
4 3 0 . 9 7  0. 06 0.57 1 . 1 7  0 . 7 6  1 . 1 6  0.12 1 .71 1.35

4 4 0.00 0.06 0 . 5 7  0 . 8 4 1  0 . 85  1 . 1 6  0 . 1 8  2 . 2 9  2 .20
4 5 0.00 0.06 0 .5 7  0 . 7 1  0 .7)  1 . 16  0 .24  2 .86  2 .93
4 6 0.00 0.05 0 .57  0.63 0.61 1 .2 6  0. 30 3 .43  3 .54
4 7 1. 0 7  0 . 0 6  0 . S 7  1.28 0.410 2 . 2 3  0. 36 4. 00 4 . 3 4
4 41 0.00 0.06 0.51 0.99 0.86 2.23  0 .4 2  4 . 5 7  s. 19
4 9 0.00 0.06 0 .57  0 . 7 6  0 .79  2 . 2 3  0.48 5 . 1 4  5.99
4 t O 0.00 0.06 0 . 57  0. 66 0./’S 2.23 0.54  5 . 7 1  6 . 6 4
4 I I  0 .08 0 . 0 6  ‘1. 57 0 . 6 5  0 . 6 0  2 . 3 1  0.60  6 .29  7 . 2 3
4 12 0 .00 0 .06  0 . 5 7  0 .60 0 .57  2 . 3 1  0 . 6 6  6 . 8 6  7 . 8 1
4 1 3  0.00 0.06 0 .57  0 .541  0 . 54  2.31 0.72 7.43 8.35
4 14  0.00 0.06 0 .57  0 .57  0 .52 2 . 3 1  0. 78 8.00 8.81
4 I S  0 .00 0 .06  0 .5 7  0 .5 6  0 . 5 2  2 . 3 1  0.13 4 8 . 5 7  9 . 3 9
4 16 0.00 0 . 0 6  0.57 0.56 0 .5 !  2 . 3 1  0.90 9 . 1 4  9 . 9 0
4 17 0.5? 0.06 0.57  0.86 0 .65  2 .83 0 . 9 6  9.71 10.55
4 lB 0.12 0.06 0.57 0 . 7 7  0.15 2 . 9 5  1 . 0 2  10.29 1 1 . 3 0
4 19 0 . 1 1  0 .06  0 . 5 7  0. 72 0.633 3 . 0 6  I .08  10.86 1 1 . 9 8
4 20 0 . 1 9  0 .06  0 .5 7  0 . 7 5  0 .6 1  3.25 1 . 1 4  1 1 . 4 3  12 . 6 6
4 21 0.00 0.06 0 .57  0.65 0 .64  3.25 1.20 12 . 0 0  13.29
4 22 0 . 6 2  0 .06  0 . S7  0 . 96  0 . 7 4  3 . 8 7  1 . 2 6  12 . 5 7  14 . 03
4 23 0.00 0 . 0 6  0.51  0 . 7 5  0.78 3 . 8 7  1.32 13 . 14  14 .81
4 24 0 .6 1  0.06 0 . 57  1 . 0 1  0 .80  4. 48 2 .38  13 . 7 1  1 5 . 6 1
4 25 0.00 0.06 0 .57  0.7 ’ ?  0 .80 4 . 48 1 . 4 4  24. 29 16 . 4 2
4 26 0 .2 1  0.06 0 .S7  0 .78 0 .71 4.69 1.50 14.86 11 .12
4 27 0 .80  0 .06  0 .5 7  I . I 8  0 .83  5. 49 1 . 5 6  15 . 4 3  1 7 . 9 5
4 28 0 . 6 1  0 .06  0 .57  1. 4 0  0 . 8 6  4’ . 3 Ø  1.62 16.00 18 . 8 1
4 29 0.311 0.06 0 .00  0.95 0 .66  6.48 1. 6 8  16 . 0 0  19 . 6 7
4 30 0 .00 0 .06  0 .00  0 . 4 1  0 . 6 2  6.48 1 . 7 4  16 . 0 0  20.29

-
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Table BA—TV- A -iD (Continued)

S I 0 .00 0.09 0 . 0 0  0 .2 ’.  0.06  6 . 4 8  1 . 4 1 3  1 6 . 0 0  2 0 . 3 5
5 2 0.00 0.09 0.00 0.16 0.06 6 . 4 8  1 . 9 2  16 . 0 0  2 0 . 4 1
5 3 0.00  0 . 0 0  0 . 0 0  0 . 1 1  0 .06  6.43 1.92 16.OD 20.46
5 4 0.00 0.00 0.00 0 . 0 7  0. 0 6  6 . 4 8  1 .9 2  16 . 0 0  2 0 . 5 2
5 5 0.00 0.00 0.00 0.03 0 . 0 4  6 . 4 8  1 . 9 2  16 .00  2 0 .5 7
5 6 0.00 0.00 0.00 0.01 0.02 6.48  1 . 9 2  1 6 . 0 0  20 .59
S 7 0.00 0.00 0.00 0 . 01  0 .O i  6 .443 1 .9 2  1 6 . 0 0  20 .60
5 8 0 .00 0.00 0.00 0.00 0.00 6.48 1.92 16.00 20.60
5 9 0.013 0.00 3.00  0 .02  0 . 0 1  6 . 5 1  1 . 9 2  16 . 0 0  2 0 . 6 1
S 10 0 . 15  0.00 0.00 0 . 10  0 .05  6.66 1 .92  16 .00  20 .66
5 I I  0 .37 0.00 0.00 0 . 3 6  0.06 7 .03  1 .92  16.00 20 .72
5 12 0.00 0.09 0 . 1 4  0.36 0.06 7.03 2 . 0 1  1 6 . 1 4  20 .78
5 13 1.70 0.09 0.00 1.65 0.06 8 . 7 3  2 .10  1 6 . 14  20 .83
5 1-4 0.00 0.09 0 . 1 4  0.98  0.13 6 8 . 7 3  2.19 16.29 21.69
5 IS 0.00 0.09 0 . 1 4  0 .49 0.66 8 . 7 3  2.28 16.43 22.36
5 16 0.00 0.09 0 .14  0. 48 0 .06  8.73 2 . 3 7  16.57 22.41

S Ii 0. 58 0. 09 0 . 14  0.96 0. 06 9 .31  2 . 4 6  1 6 . 7 1  22 .47
5 18 0.06 0.09 0 . 1 4  0 .52 0 .67 9.37 2.55 16 .416 23.14

5 19 0 . 3 3  0.09 0.14 0. 46 0. 45 9 . 7 0  2 .64 17 .00  23.59
5 20 0 .00 0.09 0 . 14  0. 46 0 .06 9.10 2 . 7 3  1 7 . 1 4  23 .65
5 21 0.00 0.09 0 . 14  0 .45  0 .06 9 . 7 0  2.82 17 .29  2 3 .7 1
5 22 0.00 0.09 0 .14  0. 45 0.06 9 . 7 0  2 .91  17 . 4 3  2 3 . 7 7
5 23 0.04 0.09 0 .14  0. 48 0.06 9 . 7 4  3.00 1 7 . 5 7  2 3 . 8 3
5 24 0.00 0.09 0 . 1 4  0. 47 0.06 9 . 7 4  3.09 1 7 . 7 1  23 .88
S 25 0.27 0.09 0 . 1 4  0 .69  0.06 10 . 0 1  3. 18 17 .86  2 3 . 9 4
5 26 0.00 0.09 0 . 14  0 .35  0 .4 8  10 . 0 1  3.28 18.00 24 .42
5 27 0.00 0 . 0 9  0 . 1 4  0 .35 0 .06  1 0 . 0 1  3 .37  1 8 . 1 4  24. 48
5 28 0.00 0 .09  0 . 1 4  0 . 3 5  0 .06  1 0 . 0 1  3 . 4 6  18 . 2 9  2 4 . 5 4
5 29 0. 00 0.09 0 . 1 4  0 .34 0.06 10.03 3 .55  18.43 24 .60
5 30 0.00 0.09 0 .14  0.34 0.06 10 .0 1  3 .64 1 1 3 . 5 7  2,4 . o 5
5 31 0 .23 0.09 0 . 1 4  0 .52  0.06 10 .24  3 . 7 3  18 . 7 1  2 4 . 7 1
6 I 0.00 0 . 1 3  0 . 1 4  0 . 2 5  0 . 3 5  13 . 2 4  3 . 13 / a  1 1 3 . 6 6  2 5 . 0 7
6 2 0.00 0 . 1 3  0.29 0.33 0.06 10.24 3.99 1 9 . 1 4  2 5 . 1 2
6 3 0.00 0 . 13  0.29 0 .41  0.06 10 .24 4 . 1 2  1 9 . 4 3  2 5 . 1 8
6 4 0.00 0 . 13  0.29  0.50 0.06 10.24 4 . 25  1 9 . 7 1  2 5 . 2 4
6 5 0.04 0 .13  0.29 0 .6 1 0.06 10. 26 4. 38 20.00 2 5 . 3 0
6 6 0.65 -~. l 3  0.21 0 .75  0 .62 10 .93  4 . 5 1  20.29 2~, . - ’2
6 7 0.05 0 . 13  0.29 0. 47 0.56 10.98 4 . 64  20 .57  26 .48
6 8 0.23 0. 13 0. 29 0 . 75  0.06 1 1 . 2 1  4 . 7 1  20.416 2 6 . 5 4
6 9 0.00 0 . 1 3  0.29 0. 44 0 .54  1 1 . 2 1  4 .90  2 1 . 1 4  27.08
6 10 0.00 0 .13  0. 29 u. 52 0.06 1 1 . 2 1  5 .03 2 1 .4 3  2 7 . 1 4
6 I I  0.70  0 . 13  0.29 0 . 7 4  0. 58 1 1 . 9 1  5 . 1 6  2 1 . / I  2 7 . 7 2
6 12 0. 32 0 . 1 3  0 .29 0. 62 0 . 6 2  I 2 . 2,~ 5. 2 9  22.00  2 8 . 3 4
6 13  1 . 2 ’  0 . 1 3  0 .86  1.59  0 . 8 1  13. 48 5. 42 22 .86  2 9 . 1 6
6 I a  “ .00  0 . 13  0 .86  .46 0. 1 3 6  13. 48 5 .5 5  2 3 . 7 1  3 0 . 01
6 I S  0 .0, )  0. 13 0 .86  1. 3 8  0.86 13 . 4 8  5.68 2 4 . 5 7  3 0 . 8 7
6 16 0.00 0 . 1 3  0 . 8 6  1 . 2 7  0 . 8 6  13 . 48 5 . 8 1  2 5 . 4 3  ‘ 1 . 7 3
6 I i  0.08 0 . 13  0 .86  1 . 2 3  0.86 13 . 5 6  5 . 9 4  2 6 . 2 9  32 .541
6 lB 0.00 0 . 13  0.86 1 . 12  0 .86  1 3 . 5 6  6 . 0 1  2 / . 1 4  3 3 . 4 4
6 19 0.00 0 . 1 3  0.86 1 .0 1  0.86 13 . 56  6.20 243 .00 34. 30
6 20 0.00 0 . 13  0.86 0.90 0.85 13 .56  6 . 3 3  28.86 3 5 . 1 5
6 2) 1.00 0 . 13  0.86 1.63  0.86 14 . 56 6 .46  2 9 . 7 1  3 6 .0 1
6 22 0.00 0 . 13  0.86  3 . 5 2  0 .86  14. 56 6 . 5 9  30.57 36.86
6 23 3.00 0 . 1 3  0.86 1 . 4 1  0 .56 14 . 56 6 .72  3 1 .4 3  3 1 .72
6 24 0.00 0 . 13  0.86 1 . 3 1  0 .86 14 . 56 6 .85  32 .29 38 . 58
6 25 0 . 0 5  0. 1 3  0.86 1 .2 4  0 . 8 6  1 4 . 6 1  6 .98  33. 14  39 . 4 3
6 26 0 . 1 7  0 . 13  0 .86  1 . 2 7  0 .66  1 4 . 78 7 . 1 1  3 4 . 0 0  40 .29
6 2 2 .56  0 . 1 3  0.00 2.58 0 .6 6  1 7 . 3 4  7 . 2 4  34. 00 4 1 . 1 5
6 28 0.00 0. 13 0.86 2 . 4 7  0.86 1 7 . 3 4  7 . 3 7  3 4 . 1 3 6  4 2 . 0 1
6 29 0.00 0 .13  0.86 2 . 3 7  0 .416 3 7 . 3 4  7 . 5 0  3 5 . 7 1  4 2 . 6 6
6 30 0 .00  0 . 1 3  0.86 2 . 2 6  0 . 86  1 7 . 3 4  7 . 6 3  3 6 . 5 1  4 3 .  12
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Table BA-IV-A-iO (Continued)

7 I 0.00 0 . 17  0 .43 6  2 .12  0.86 17 . 3 4  7 .80 37. 3 44. 58
7 2 0.00 0 . 1 7  0 .86 4 . 9 7  0 .86 17 . 34  7 .9 7  38 . 29 4 5 . 4 3
7 3 0.00 0 . 17  0 .86 1 .83  0.86 1 7 . 3 4  8 . 1 4  3 9 . I q  46 .29
7 4 0 . 1 2  0 . 17  0.86 1. 7 9  0 . 8 6  17.46 5 . 3 1  40.00 4 7 . 1 5
7 5 0.00 0 . 1 7  0.86 1 .65  0 .86  17 .4 6  8 .48  40.86 48 .01
7 6 0.00 0.17 0.86 1.50 0.86 17 . 4 6  8 . 6 5  4 1 . 7 1  48.86
7 7 3 .00  0 . 17  0 .86 1 . 3 6  0 . 8 6  17 . 4 6  8 . 8 2  4 2 .57  4 9 . 7 2
7 8 0.00 0 . 1 7  0 .86  1 .22  0 .86  17 . 4 6  5 .99  43.43 50.58
7 9 0 .00 0 . 17  0.86 1 . 0 8  0.86 17 . 4 6  9 . 1 7  44.29 5 1 .4 3
7 10 3.00 0 . 17  0 . 8 6  0 .93  0 .86  17. 46 9 .3 4  4 5 . 1 4  52.29
7 I I  0.00 0 . 1 7  0.86 0 . 8 4  0 .8 1  7.46 9 . 5 1  46 .00  5 3 . 10
7 12 5. 40 0 . 11  0.00 4. 48 0 . 8 6  22 .86  9 .6 8  46.00 53 .96
7 1 3  3 . 5 5  0 . 1 7  0 .00  6 . 58  0 . 8 6  2 6 . 4 1  9 .8 5  46.00 5 4 .8 1
7 14  0.00 0.17 0. 8 6  6 . 4 4  0 .86  2 6 . 4 1  10 . 0 2  4 6 . 8 6  55 . 6 7
7 15  0 . 0 0  0 . 1 7  0 .416  6.3 0  0.86  2 6 . 4 1  10 . 19 4 7 . 7 1  5 6 . 5 3
7 16 0 . 0 0  0 . 1 7  0.86 6 . 1 5  0 . 8 6  2 6 . 4 1  10 .3 6  46 .57  57 . 3 8
7 I i  0 . 00  0 . 17  0 .86  6 .0 1  0 .136  2 6 .4 1  10 .53  49 . 43 58.24
7 18 0 .00  0 . 1 7  0 .86 5 .8 7  0 .8 6  2 6 .4 1  10. 70 50. 29 5 9 . 1 0
7 19 0 . 00  0 . 1 7  0.86 5 . 7 3  0 . 8 6  2 6 . 4 1  3 0 . 8 6  5 1 . 1 4  5 9 . 9 6
7 20 0.00 0 . 17  0.86 5 .513  0 .86 2 6 .4 1  1 1 . 0 5  52.00 6 0 . 81
7 2 1  1 . 1 8  0 . 1 1  0 . 8 6  6 . 4 3  0 . 8 6  2 7 . 5 9  1 1 . 2 2  5 2 . 8 6  6 1 . 6 7
7 22 0 . 01  0. 17  0.86 6 .29  0 .86  2 7 . 6 0  1 1 . 3 9  5 3 . 7 1  6 2 . 5 3
7 23 3 .00  0. 17 0.86 6. 15 0 . 8 6  2’? . 60 1 1 . 5 6  5 4 . 5 7  63. 38
7 24 0 .00  0. 17  0 . 8 6  6 . 0 1  0 .86  2 7 . 6 0  1 1 . 7 3  5 5 . 4 3  6 4 . 2 4
7 25 0 .00  0 . 1 7  0 .136 5 .86  0 . 8 6  2 7 . 6 0  1 1 . 9 0  56 . 2 9  6 5 . 10
7 26 0 . 00  0 . 1 7  0 . 8 6  5 . 7 2  0 .86  2 7 . 6 0  12 . 0 7  5 7 . 1 4  6 5 . 9 6
7 27 0 .00  0 . 1 7  0 . 8 6  5 . 5 4 1  0 . 66  2 7 . 6 0  12 . 2 4  58 .00  6 6 . 8 1
7 28 0 .00  0 . 1 7  0 . 4 1 6  5 . 4 4  0 .86  2 7 . 6 0  1 2 . 4 1  5 8.86  6 7 . 6 7
7 29 0 . 00  0 . 1 7  0 . 8 6  5 . 2 9  0.13 6 2 7 . 6 0  12 . 5 9  5 9 . 7 1  6 8 . 5 3
7 30 0 . 0 0  0 . 1 7  0 .86  5 . 1 5  0 . 8 6  2 7 . 6 0  1 2 . 7 6  6 0 . 5 7  69 . 38
7 3 1  0 . 0 0  0 . 1 7  0 .86  5 . 0 1  0 .8 6  2 7 . 6 0  12 . 9 3  6 1 . 4 3  7 0 . 2 4
8 I 0 . 00  0 . 1 7  0 . 8 6  4 . 4 1 7  0 .86  2 7 . 6 0  1 3 . 1 0  62.29  7 1 . 1 0
8 2 0 . 0 0  0 . 1 7  0 . 4 1 6  4 . 7 3  0 . 8 6  2 7 . 6 0  1 3 . 2 7  6 3 . 1 4  7 1 . 9 6
8 3 0 . 4 6  0 . 1 7  0.~4 6  4 . 9 7  0 . 8 6  28 . 0 6  1 3 . 44 64 . 0 0  7 2 . 8 1
13 4 0.00 0 . 1 7  0 .3 6  4.3 3 3 0.13 6 28 . 06 1 3 . 6 1  6 4 . 4 1 6  7 3 . 6 7
41 5 0 .00  1 3 . 1 7  0 . .’~6 .~ . ‘. ‘.  0 .8 6  2 14.06 3 3 . 7 7  6 5 . 7 1  / 4 . 5 3
6 6 0.0,)  0. I l  0 .6 6  4.54 ~~~~~ 28. 0 6  1 3 . 9 4  66. 57 7 5 . 38
8 7 0 . 00  0 . 1 7  0 . 8- )  4. 40 0 .8 6  28 . 06 1 4 . 1 1  6 7 . 4 3  7 6 . 2 4  a
8 41 0 . 00  3 . 1 7  0 . a3 t -‘ .2b 0 .8 6  243 . 06 14. 28 68 . 29 7 7 . 1 0
41 9 0 .00  0 . 1 1  0 . 4 1 6  4 . 1 2  0 . 4 1 6  28 . 06 14 . 45 6 9 . 1 4  7 7 . 9 6
43 10 0 .00 0 . 1 7  0 .4 1 ’ .  , . ‘!41 0 . 4 1 6  2 4 1 . 3 6  14. e’ 2 7 0 . 00  7 8 . 8 !
S I I  0 .00  0. I i  3.33 6 ~~~~~~ O. a 4o 2 8 . 0 6  14 . 79 10 .86  19. 6 1
13 12 0.00 0 . 1 7  U.86  3. 70 0 .4 1 6  28 06 14 . 1 6  / 1 . 7 4  4 1 0 . 5 3
8 13  0 . 0 0  0 . 1 7  u . 4 1 6  3. 56 0 . 4 1 6  2 8 . 0 6  1 5 . 1 3  7 2 . 5 7  8 1 . 3 8
41 1 4  0 . 0 0  0 . 1 7  0 . 8 6  ~. 4 2  0 . 4 6  241 . 06 1 5 . 3 0  7 3 . 43 3 3 2 . 2 4
8 I S  3 . 0 0  0 . 1 7  0 . - ~ 6 3 . 2 1  0 . 1 3 6  23 . 0 6  1 5 . 4 7  14 .2 ’.  4 1 1 . 3 0

8 16  0 . 0 0  0 . 1 7  0 . 3 6  3 . 1 3  3 . 4 3 6  ,~4 1 . 0 6  1 5 . 6 4  7 ’~. I 4  4 .* . 9 6
41 I i  0 . 0 0  0 . 1 7  0 .4 1 6  2 . 9 9  0 . 4 6  2 4 . 0 6  1 5 . 4 3 3  7 6 . 0 0  ‘ . 4 . 3 3 1
8 I S  0 . 0 0  0 . 1 7  0 . 8 6  2 . 4 1 5  0 .86  28 . 06  l S .~~’. 16. 416 8 5 . 6 ?
8 19 ‘ 3. 0 0  0 . 1 7  0 . 33 6 2 . 1 1  0 . 4 1 6  28 . 06 1 ’ . . 1 5  7 7 . 7 3  8 6 . ’. l

41 20 u.tiO 0 . 1 7  3 . 4 6  2 . 5 7  “ . 4 1 6  , : 4 1 . 0 6  16 . 3 2 7 4 1 . 5 1  4 1 7 . 3’.
41 2 1  ( 1.0 0  0 . 1 /  0 .4 1 6  2 .4 i  0.4’. , , ) 4 . 0 6  1 6. 48  7 7 . 4 3  133.~~.
43 22 j .O0  0 . 1 /  u .’.t, 2 .2! 0.416 2 ’ . .U ’ .  1 6 . 6 5  41 0. 2 ’ !  3 9 . 1 0
34 23 3 . 0 0  0 . 1 /  0 .8 6  2 . 1 5  0 .41 6  ,- 4 1 . 3 6  16. r~ 8 3 . 3 4  419.’~ 6

43 24 3.00  0 . 1 /  ‘ ) . - ‘)ô ,~ .‘3O .4’. -‘4 . 06 6. 41 ’! 8 1 . 0 0  ‘ ! U . 4 1 !
41 25 ~. O 0  0 . 1 !  0 .8 6  2. ‘-‘ 0 . 0 6  1”41 . 06 I 1 . 1’ .  ~~. . d 6  ‘!0.47
-7 26 . U ~ j .  Ii 0 .a ) ) i  2. 34 3 . 0 6  24 . 0 ’ .  I I • i j  33. .i,’ 9 3 . -.’ j

-‘ 2 7  0 . 0 0 0 . 1 7  , ) . O L  2 . 1 5  - .a . tj #) ,~~s . u 6 I i . S U  P 3 / . ’ . ’ .  ~~~~~~~
-4 1”. ‘ .6 3  0. I / [..)13 ‘.48 3.0’ .  l’ a l . o 4  1 1 . 6 7  - 4 , ’ . ”~~ ‘ . 3 . 0 5

‘3 .~~~ u . ’,’) 3 .1 7 -3 .00 /. - ‘ ~ 0 .A  /~~ 
U - ~ ll.r , 4 ‘~~~.1(, ‘ ! I . I O

‘4 30 0 . 0 0  0 . 1 ’  0 . 0 - )  , ‘ . l u  0 . 0’.  2 3 . 6 ~ 1 3 . 0 1  4 1 . ’!’ ‘. 1. 16

41 I I  ~ . Q 3 “ . 1  / 0 .3 0  I . ’ ! l ’  0 .3 6  ?‘..“~ ‘.1  -i~~~ .
-
~~3~ 4 3 . ,’,’

i~A - I V — A -  ~~~ 
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Table BA-IV-A-iO (Cont inued)

9 1 0.00 0 . 1 5  0.00 1. 74 0.0’ .  28.69 1-3 .33 82.86 91 .28
9 2 3 . 0 4  0 . 15  0.00 1 . 61  0.0 6  2 8 . 7 3  1 3 . 4 7  82 . 56  9 1 . 3 4
9 3 0 .00 0 . 1 5  0 .00 1 . 4 4  0 . 0 6  2 8 . 7 3  1 4 3 . 6 2  8 2 .8 6  9 1 .4 0
9 4 0.00  0. 3~~ 0.33 1.27 0.06 28.73 18 .77 82.86 91 .45
9 5 0 .00  0 . 15  0.00 1 . 0 9  0. 06 2 8 . 7 3  1 8 . 9 1  8 2 .8 6  9 1 . 5 1
9 6 0.00 0 .15 0.00 0.’..2 0.06 2 4 1 . 7 3  19 . 0 6  8 2 . 8 6  9 1 . 5 7
9 7 0 . 03  0 . 1 5  0 .00 0 . 7 5  0 .06  2 4 1 . 1 3  1 9 . 2 1  4 3 2 . 8 6  9 1 . 6 3
9 8 0 .00  0 . 1 5  0 .00  0 .58  0. 06 2 8 . 7 3  1 9 .3 5  82 .86  9 1 . 6 9
9 9 0. 0 0  0 . 1 5  0 .00  0 . 4 1  (‘ . 06  2 8 . 7 3  19 . 5 0  8 2 . 8 6  9 1 . 7 5
9 10 0 . 0 0  0 . 1 5  0 . 00  0 . 2 4  0 . 0 6  2 8 . 7 3  1 9 . 65  8 2 .86  9 1 . 8 0
9 I I  0 .00  0 . 1 5  0 .00  0 . 0 7  0 . 0 6  2 8 . 7 3  1 9 . 7 9  8 2 . 8 6  9 1 . 8 6
9 12 0 . 1 3  0.00  0 .00 0 . 1 3  0 . 0 6  2 8 .8 6  1 9 . 1 9  8 2 . 8 6  9 1 . 9 2
9 13  0 .00 0.00  0.00 0.08 0 .06  2 6 .56  1 9 . 7 9  82 . 86  9 1 . 9 8
9 14  0 . 0 0  0 . 0 0  0 .00  0 . 0 4  0 . 0 5  2 8 . 4 1 6  1 9 . 7 9  8 2 . 86  9 2.0 3
9 I S  0 .00 0 . 0 0  0 .00  0. 0 2  0 . 0 3  2 8 . 8 6  1 9 . 7 9  8 2 . 8 6  92 . 0 6
9 16 0 . 0 0  0 . 0 0  0. 00  0 .0 1  0 . 0 !  2 8 .86  19 .  /9 8 2 .6 6  9 2 . 0 1
9 I i  0 .00  0.00 0 . 0 0  0.00  0 . 0 1  2 4 3 . 8 6  1 9 . 7 9  82 . 8 6  9 2 . 0 7
9 18 0 .00  0 .0 )  0 . 4 3 6  0 . 6 7  0 . 0 6  2 8 . 4 16  1 9 . 7 9  8 3 . 7 1  9 2 . 1 3
9 19 0 . 00  0 . 1 5  0 .86  1 . 2 2  0. 0 6  28.86 19 .9 4  8 .4 . 5 7  9 2 . 1 9
9 20 0 . 0 0  0 . 1 5  0 .06  1 . 7 6  0 . 0 6  2 6 . 8 6  20 .09  4 1 5 . 4 3  9 2 . 2 5
9 2 1  0 . 2 6  0 . 1 5  0 . 8 6  2. 52 0. 0 6  2 9 . 1 2  2 0 . 2 3  86 . 2 9  9 2 . 3 0
‘~ 22 0.00 0 . 1 5  0 .86  3 . 0 6  0.06 2 9 . 1 2  20.38 8 7 . 1 4  92 .36
9 23 0 . 0 0  0 . 1 5  0 . 4 1 6  3 . 6 1  0.0 6  2 9 . 1 2  2 0 .53  1 38 . 0 0  9 2 . 4 2
9 24 0 .00 0 . 4 5  0 . 1 3 6  4 . 1 5  0 . 0 6  2 9 . 1 2  2 0 . 6 7  8 8. 8 6  9 2 . 4 8
9 25 0.00  0 . 1 5  0.86 4 . 0 3  0 . 8 6  2 9 . 1 2  2 0 . 4 3 2  8 9 . 7 1  9 3 . 3 4
9 26 0 .00  0 . 1 5  0 . 8 6  3 . 9 0  0 . 8 6  2 9 . 1 2  2 0 . 9 7  90. 57 9 4 . 1 9
9 27 0.00 -3 .1 5 0 .86  4 . 4 5  0 .06  2 9 . 1 2  2 1 . 1 1  9 1 . 4 3  9 4 . 2 5
9 28 0 .00  0 .15 0.86 4.33 0.416 29.12 21.26 92.29 95. 11
9 29 0 .00 0 . 1 5  O . ) 36 4. 20 0 .4 1 6  29.12 2 1 . 4 1  9 3 . 1 4  9 5 . 9 7
9 30 0.00 0 . 1 5  0 .86 4 .033 0.13 6 2 9 . 1 2  2 1 .5 5  94 . 0 0  9 6 . 8 2

10 I 0.00 0 . 1 0  0 . 4 1 6  4.00 0 .416 29.12 2 1 . 6 5  9 4 . 4 1 6  97 .68
10 2 0.00 0 .1 0  3 .416  4 . 541  0 .06  2 - 7 . 4 2  2 1 . 1 5  9 5 . 7 1  9 7 . 7 4
t O  3 0 .00  0 . 10  0.8 ’.  4 . 5 0  -3.86 2 9 . 12  2 1 . 8 5  9 6 . 5 7  9 8 . 6 0
13  4 0.00  0 . 10  3 . 4 1 6  4 . 4 I  0 . 4 1 6  2 9 . I 2  2 1 . 9 5  9 7 . 4 3  9 9 . 4 5
10 5 0 .00 0 . 1 0  0 .4 1 6  4 .3 3  0 .86  2 9 . 1 2  1 2 . 0 5  98 .29  1 0 0 . 31

~0 6 0.00 0.10 0.86 4.25 , I . 8 6  2 9 . 1 2  2 2 . 1 5  9 9 . 1 4  1 0 1 . 1 7
10 7 0 .00  0. I 0 0 .86  4. 16 ( 1 .41 ’ .  29. 12 22 .25  10 0 . 0 0  10 2 . 0 2
10 41 0 . 0 0  0 . 10  0.416 .1.08 0.86 ~a7 12 22. 35 100.86 102.88
I t )  9 0 . 0 0  0 . 1 0  0 .416  4 . 0 0  0 . 8 6  2 9 . 1 2  2 2 .4 5  1 0 1 . 7 1  10 3 . 74
10 10 0 . 0 0  0 . 1 0  0 . 4 3 6  4 . 5 4 3  0 .06  2 9 . 1 2  2 2 . 5 5  10 2 . 5 7  10 3 .8 0
10 I I  0 . 0 0  0 . 1 0  0 . 86  4 .5 0  0 . 8 6  2 9 . 1 2  2 2 . 6 5  1 0 3 . 4 3  1 04 . 6 5
13  12  0 . 00  0 . 1 0  0 . 8 6  4 . 4 1  0 . 8 6  2 9 . 1 2  2 2 . 7 5  1 0 4 . 2 9  1 0 5 . 5 1
10 13  0 . 0 0  0 . 1 0  0 . 4 1 6  4 . 3 3  o . 4 1 e ~ 2 9 . 1 2  2 2 . 8 5  1 0 5 . 1 4  1 0 6 . 3 1
10 14 0.00 0 .10  0 .86  4 . 2 5  0 . 8 6  ‘ - 1 . 1 2  ?, - . ‘~ 5 10 6 . 0 0  1 0 7 . 2 3
I’) I~~ 0.00 u . 10  0 .416 4 . 1 6  0.13 6 2 ’ 7 . I2  23 .05  I a , , ’ . . 4 1’.  108 . 08
10 16 0.80 0. 10 0.36 4 . 7 5  , , . ~~ 6 ‘ 3 . -~~~- : 7 .  I S  1 0 1 . 7 1  1 0 8 . 9 4
10 I /  0 . 0 0  0.4 0 j . ) 3 6  ‘ a . 6 6  0 . 86  ,.2~.9,’ 2 3 .2 5  1 0 4 1 . 5 /  309.80

10 IS 0.uO ‘ ( . 1 0  0.’.’, 4. 541 o . 86  2 -!. ’?? ,- ‘ J . 4’-, 1 3) ’ . . 43  1 1 0 .6 5
10 19 0 .3 0 0 .10 O. ,~’b ‘..50 0.36 , ‘9. ’42 2 3 . 4 5  1 10 . 2 !  1 1 1 . 5 1
I a )  23 0 .00  0 . 1 0  0 . 4 1 6  - 3 .4 1  0.86 2 9 . 1 .  2 J • 5 ,  1 1 1 . 1 4  3 1 2 . 3 1
3 0  2 1  0 . 00  ‘~ . l 0  0 . 4 1 6  ~I . 3 j  0 . 4 1 e ,  - 7 . 9 2  . 1 . 6 5  1 1 2 . 0 0  1 1 3 . 2 3
1’ ) ,‘? 0 . 0 0  0. (0 0 .4 1 ’.  4 . 2 5  0 .4 1 / ,  ,‘- .9? 2 . 75  I I I’ . ’. ’.  1 1 4 .  O~
10 2 3  0 . 0 0  0 . 1 0  ‘ ‘. ‘ . b  4 . 1’ .  0 .4 1 ’ .  1 ’ 9 . 9 d  2 , . ’ . S  1 1 3 . 7 1  1 1 4 . 9 4
10 -‘4 ‘ . 3 9  2 . 1 0  0 .0 0  ( ‘ . 1 ’ !  0 .36  3 3 .3 1  23.~~ 5 1 1 3 . 7 1  1 1 5 . 80
10 25 0 .00  a .  (0 0. 4 6  ‘ . 1 1  0.’.’. 33.31 2~i . O 5  1 1 4 . 5 1  1 1 6 . 65
10 2’. ‘ a .  20 ‘ . 4 4 3  0.81. 6. ‘3 a ’ . ~ 6 .33. 5 3  ‘i. I ’ .  I I ” .  43 I I  7. SI
1)3 2/ 0.00 — . 1 3  ( l . 4 1 ( .  ‘a . I I  U . 4 1 ’ .  3 3 . 5 1  3” .  . 5  I I ’ - . ”. l I ’ 4  • 17

10 ‘41 ‘ . , J a i  a . ,) . ‘ .4 1 6  ~~~~~~~~~~~~~~~ 3 3 . 5 4 ‘~~.~ 3 5  1 1 7 . 1 4  1 1 9 . 2 3
10 - 0.00 - . 0  .41 ’ .  5 . 94  .~~~ -, .54 .- ... .~~‘ - 1 1 4 1 . 0 0  1 2 0 . 3 4
1 0 : 3 ’ )  0 .3 0  ua . 10 U.’ .’ .  ,.a l ’. ‘.3 ’ . j~~. 5 I  4 . 5 5  I I ’ ~ .4 1 6  l ? - ) . ~~ 4
10 3 1  ‘ .03  ‘ . 4 0  ‘ . 7 1  . 7 , 5 ‘ ‘ .‘.‘. ii. “ l  - .‘ .‘ .5 1 1 1 . 5 7  I~ 1 . 8 0

\ /  /‘~— 0
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Table BA-TV -A-b (Continued)

I I  I 0.00  0 . 0 5  0 . 7 1  6 . 4 6  0 . 0 6  3 3 . 5 4  2 4 . 7 1  1 0 .29  1 2 1 . 4 1 5
1 1  2 0 . 01  0 . 0 5  0 . 7 1  6 . 0 0  0.416 33. 52 2 4 . / 6  1 2 1 . 0 0  12 2 . 7 1
I I  3 0 .00  0 . 0 5  0 . 7 !  5 . 8 4  0 .41 6  3 3 . 5 2  24.13 1 1 2 1 . 7 1  4 2 3 . 5 7
I I  4 0.00 0 .0 5  0 . 7 1  6 . 3 4  0. 06 33. 52 24 . 87  12 2 . 43  12 3 . 6 3
11 5 0.00 0 .05  0.71 6. 113 0.86 3~~.52 24.92 123.  14 124. 48
4 1  6 0.00 0 . 0 5  0 . 7 1  6 .0 1  0 .86  33.52  24.97 1 2 3 . 8 6  12 5 . 3 4
I I  7 0.00 0.05 0.71 5 .85  0.416 33. 52 2 5 . 0 3  12 4 . 5 7  126 .20
11  8 0 . 3 5  0 . 0 5  0 . 7 1  6 .6 4  0 .06  3 3 . 1 3 /  2 5 . 0 4 1  1 25 . 2 9  1 2 6 . 2 6
I l  9 0.00  0.05 0 . 7 1  6. 48 0 .86  3 3 .8 ;  2 5 . 1 3  12 6 . 00  1 2 7 . 1 1
1 1  10 0 .00 0 . 0 5  0 . 7 1  6 .3 2  0 .86  3 3 . 8 7  2 5 . 1 9  12 6 . 7 1  1 2 7 . 9 7
I I  I I  0.00 0 .05  0 . 7!  6 . 15  0 .86 3 3 . 1 3 7  2 5 . 24  127 . 43 128 .83
I I  12 0.00  0.05 0 . 7 1  5.99 0 .8 6  3 3 . 8 7  25.29 1 2 8 . 1 4  129 . 69
1 1  13  0 . 7 7  0 .05  0 . 7 1  7 . 1 3  0 .06 3 4 . 6 4  2 5 . 3 5  12 4 1 . 8 6  1 2 9. 7 4
II 14 0 .66  0 . 05  0 .00  6 . 9 3  0 . 8 6  3 5 . 3 0  2 5 . 4 0  12 4 1 . 8 6  13 0 . 6 0
II 15 0.00 0. 05 0.00 6 . 1 7  0 .86 35. 30 2 5 . 45  128 .86  1 3 1 . 4 6
1 1  16 0 .00  0 . 0 5  0 .00  5 . 4 1  0 .8 6  3 5 . 3 0  2 5 . 5 1  128 .86  13 2 . 3 2
1 4  17  0 .00  0 . 0 5  0 .00 5. 31  0 . 0 6  3 5 . 3 0  25.  56 12 8 . 8 6  1 3 2 . 3 7
I I  18 0 . 51  0 . 0 5  0 .00 5 .6 5  0 .06  3 5 . 8 1  2 5 . 6 1  12 8 . 8 6  1 32 . 4 3
I I  49 0 .00 0 .05  0.00  5. 5 5  ~~~~~ ‘3 5 . 8 1  2 5 . 6 7  12a ’ .~~ 6 1 J 2 . 4 9
I I  20 0.00 0 .05 0. 57 5 . 94  0 .06  3 5 . 4 1 1  2 5 .12  I ? 9 .~~~3 1 3 2 . 5 5
Ii 21 0.00 0 .05  0 .57  6 .3 2  0 . 0 6  3 5 . 1 3 1  25.77 13 u . 0 0  1 3 2 . 6 1
I I  22 0.00 0.05 0. 57 6.04 0.86 35.81 2 5 . 3 3  1 3 0 . s l  13 3 . 46
1 4  23 0.1)0 0 .05  0 . 5 7  5 . 7 6  0.3 3 6 3 5 .8 !  2 5 . 8 8  1 3 1 . 1 4  1 3 4 . 3 ?
14 24 0.00 0.05 0.57 6.14 0.06 35 .81 25.73 1, ,i I . 7 1  134.38
11 25 0 .00  0 . 05  0 . 5 7  5 . 8 6  0 .86  3 5 . 4 1  I 5 . 9 9  4 3 2 . 2 9  I 3 5 . 2 .~
i i  26 0.00 0 .05  0 . 5 7  6 . 2 4  0 .06  3 5 . 8 )  2 6 . 0 4  1 3 2 . 4 1 6  1 35 . 2 9
I I  27 0 .00  0 . 0 5  0 . 5 7  5 . 9 6  0 .8 6  3 5 . 4 1 1  2 6 . 0 9  1 3 3 . 4 3  1 3 6 . 1 5
4 1  28 0 .00  0 . 0 5  0 . 5 7  6 . 3 4  0 . 0 6  3 5 . 4 1 1  2 6 . 1 5  4 3 4 . 0 0  4 3 6 . 2 1
1 1  29 0.00 0 .05  0 . 5 7  6 . 0 6  0 . 8 6  3 5 . 8 1  2 6 . 2 u  13 4 . 5 7  13 7 . 0 1
1 1  30 0 .00  0 . 05  0 .00  5. 30 0 . 8 6  3 5 . 8 1  2 6 . 2 5  13 4 . 5 7  1 3 7 . 9 2
12 I 0 .00 0 . 0 2  0 .00  5 . 2 3  0 . 0 6  3 5 . 8 4  2 6 . 2 7  13 4 . 5 ’? 1 3 1 . 9 8
1 2 2 0.00 0 .02  0.00 5.)’? 0.06 3 5 . 4 1 1  2 6 .2 9  1 3 4 . 5 /  13 4 1 .0 4
12 3 0 . 10  0.02 0.00 ~, . l 9  0 .06  3 5 . 9 1  2 6 . 3 1  1 3 4 . 5 7  1 3 . 4 4 . 1 0
4 2  4 0.00 0 .02  0 .00  5 . 1 2  0 .06  3 5 . 9 1  , 3,.33 134. 57 13 43 .16
1 2 5 0.00 0.02 0.00 5.06 0.06 3 5 . 9 1  2 6 . 3 5  1 - 3 ’ . . 5 7  13 8 . 2 2
12 6 0 .06  0 . 0 2  0 .00  5 . 7 3 4  0.06  35.-Il 26. 37 1 3 4 . 5 7  I~113 .27
12 7 0 . 3 8  0.02 0.00 5. 30 0 .06  36 . 35  3 ’ . . J 9  l 3~~.57  1 3 8. 3 3
12 8 0 .00  0 . 0 2  0 . 0 0  5 . 2 3  0 . 0 6  3 6 . 3 5  2 6 . 4 4  1 3 4 . 5 7  138 . 39
1 2 9 0 .00 0 .02  0.00 5 . 1 7  0.06 3 6 . 3 5  26. 43 1 3 4 . 5 7  138 .45
12 10 0 .00 0 . 0 2  0 .00  5 . 1 0  0 .06  j 6 . 3 5  26 . 4 5  1 3 4 . 5 7  1 38 . 5 1
12 I I  0.00 0 .02  0 . 0 0  5 . 0 4  0 .06  J~~.35  2’ ..~~’ ’ 1 3 4 . 57 1 3 4 1 . 5 7
12 12 0 .00 0.02 0.00 4 . 9 7  0. ‘36 3 h .  35  ‘ 7 ,.  48 1 34 .  ~-~1 438 . 6;?
12  13  0.00  0 .02  0.00 4 . 9 1  0 . 0 6  3 6 . 3 5  7 ’ . . S d  1 3 4 . 5 7  1 3 8 . 68
12 I a  0 .00  0 . 0 2  0 .00  4. 8 4  0 .01’  3 6 . 3 5  b.~~~3 3 3 4 . 5 7  138.74
12 I S  0.00 0 .02  0 .00  4. 733 ( ‘ . 0 6  36 . 3 5  26.  5 -ta 3 .14. 57 4 3 4 1 . 8 0
12 4 6  0 . 0 0  0 . 0 2  0 . 0 0  4 . 7 1  0 . 0 6  . 16. 35 2 6 . 56  13 4 . ’ , ?  1 3 8 . 8 6
12 17  0 . 0 0  0 . 0 2  0 . 0 0  4 . 6 5  0 . 0 6  3 6 . 3 ’:- 2 6 . 5 - ’4 1 3 4 . 5 7 l 3 u .~~~l
12 18 0. 46 0 . 0 2  3.00 4 . 9 7  0 .06  3 6 . 4 1  7 6 . 6”  1 3 4 . 5 7  13 8 . 9 7
12 19 0.70 0.02 0.00 5 . 49  0 . 0 6  1 1 . 5 1  2 6 . 6 2  I 4 4 . 5 1  I 4 9 . 0 . 4
12 20 0 . 0 7  0 . 0 2  0 .00  5 . 4 3 3  7 . 0 6  3 7 . 5 4 1  2) , . ’, ’ ! 1 3 4 . 5 7  1 3 9 . 0 9
12 2 1  0 .00  0 . 0 2  0. 00 5 . 4 1  0 . 0 6  3 7 . 5 4 1  2 6 . 6 6  1 3 4 . 5 7  1 3 9 . 1 5
12  22 0 . 0 0  0 . 0 2  0 . 0 0  5 . 3 5  0 . 0 6  3 1 . 5 4 1  . “ . . ( -  1 ( 4 . 5 1  I 3 - ~~. . , I

4 2  23 0 .00  3 . 0 2  0 . 0 0  5 . 2 9  0 .0 ’.  3 / .  ‘ 4 1  2 ’..  7 ’ .’ 4 1 4. 5 / 13 9 .2 ’ .
1 2  24 0 . 0 0  0 .0 2  0.00  5 . 2 2  0 . 06  , j ! . 5 4 1  . “ .. 1, 13 ’~. 57 139. .4?
12 25 4 3 . 3 0  0. 02 0 .00  5 . 4 1  7 1 . 0 6  37 . 74 ,?- 2’.. / - 4  l , k 4 . 5 7 I )~ • 3$

12 26 0.00  0 . 0 2  0 .00  5. 3 4  0 . 0 6  J 1 . 4 ~ b 1’~ , .  1 - ’ I 4 4 . ’~~/ 1 3 9 . 4 4
12 27 0. I S  0 . 0 2  0.00 s. 40 0 . 0 6  3 4 4. 0. 1  ‘ 6 .  114 3 3 4 .  5 /  I ‘9 . 50

4 2  28 0 . 0 2  0 . 0 2  0 . 0 0  5 .3 5  0 .06 J~~.O5 , “ .. (, I 4 4 . 5 /  fl’! . ”.

12 29 0.00 ) .0 2  3 .00 5 . 2 - 3  ~
). 0’. (~4 .05 7~~.’-.I l ) - t . 5 7 I

12  30 t . Q O  ( . 0 2  0 . 0 0  5 . 2 2  0 . 0”  ( “ . 0 ’ , ,~- . 41 1 I 4 4 . 5 /  I “ .6  /
12 31 0 . 35  ‘.;.02 0.00 5.4’, ( ‘ .3 !’  741 ,43 7’ . .) ’, IJ ’ .’a /  I 3 9 . 7 )
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Table BA-IV-A-1O (Continued)

The following notati ons are used:

month
day

RF: rainfall in inches
EVL: evaporation loss in inches
HIR: irri gation rate in inches/day

height of grou’I~~ater table from the top of drain tileQDR: drainage system flow rate in inches/daySU?4~F: cunmiulative rainfall from the beg inning of irri-
gaticm season in inches

S~1fV: cunmulative evaporation loss from the beginning
of irri gation season in inches

S~14IR: cunmulative amo~.n~it of irrigation from the beginningof irri gation season in inches
SLNDR: cuirulative amount of out flow from the drainage

system frQn the beginning of irri gation season in
inches of ren ovated wate r drained from the soil
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5. THE USE OF LAND AS A METHOD OF TREATING WASTEWATER

The followin g pa per discusses la nd treatment and its mea ning
to the agricultural communit y.
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PREFACE

Intent

The intent of this paper is to explain how the same biosys tern of soil
and organic residue that is used to grow crops can be managed as well t o
purify treated wastewater . The manner in which the system can No incor-
rated into the area ’s land use and implemented by norma l farming pr~ict ices
and selective cropping patterns also are presented to illustrate the
implications to the individual farmer and the agricultural communit~ . In
this way those people residing in the rural areas have a basis from
which they can objectively evaluate this particular treatment process , one
of three processes being investi gated.

Moreover the information contained in this paper should prove hel pful
to the local planners when considering alternate methods for el iminat i ng
pollution from sewage in their own areas .

Study Framework

The U . S. Amy Corps of Engineers , Chicago Distr ict  has undertaken
study concerned with the management of was tewater h-i thin an :irea adjacent
to Lak e Michi gan in Illinois and Indiana . The objective was to ident i fy
and evaluate alternative wastewater treatment processes that can be inc”r -
porated into regional plans . Therefore , while this paper int ent i on ;i l lv
concentrates on the Land treatment sys tem , the study fully evaluates
three advanced treatment technologies and present s a comparativ e and
balanced assessment of each . The alternatives are responsive to the
National goal of eliminating the discharge of pollutants into nav i~~iblewaters by 1985 which was established by the Federal l~ater Pollut ion Con t rol
Act Miendments of 1972 .

The results of the study will be furnished by States of I l l i no i s
and Indiana and local governmental entities and p lann i ng unit s  for
their cons ideration . Such technical assistance should hel p ‘~he d o — i g n a l e d
agencies subs tantiate their request for Federal grants I’cg inn ing  : i ft e i-
June 30 , 1974 that: (1) “al ternat ive waste managemen t tecIuli i* ies
have been studied and eva luated” ; and (2) “that. t h e  works proposed
for gran t assistance will provide for the app l i c a t i o n  of t h e  h o s t
practicable waste t reatment technology over the li ft of the norks -
requi rements established by Section ~O1 (g) (2) 1,1) of thie I - i , d ra l I~,i tcr
Pollution Control Act Mien~bnents of 1972.

BA - IV-  1.8’
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Basis For Study

National concern for res toring the qual i ty  of oni - :~~t r ~~ai:Le lio s focused
attention on the i-, : istewater treatment standards c u r r L - n t l  in  ef ~cct at the
State and local levels . The United States Congr es s i c c cn t l v  has enacted
legislation which establishes National water  qu a l i ty  go :t ls . One of these
goals is the elimination of discharge of pollutants into navi gable waters
by 1985. If this goal is to he m e t , new and increased levels of treatment
will he required , resulting in far purer water being ava i lab le for use and
for discharge into our streams .

The U. S. Army Corps of Eng ineers , under a p ilot program ini t ia ted
in 1971 is preparing reg ional tc astewat er  management studies for :  The
Chicago Metropolitan area , the Cleveland-Akron area , the Detroit area ,
the San Francisco Bay area and the Merr i mack River  Basin-Great Bos ton area .
The results of these five pi lot  studies wi l l  provide a range of alterna-
tives from which the decision-makers in each area can select a system
consistent wi th  the water quali ty goals of the Act , including the 1985
goal mentioned above . The findings in these studies do not ;w’an that any
of the alternatives investi gated would be constructed . N in a l  decisions
as to m~±iich alternative , i f  any, is bes t suited to a pa r t i cu l a r  reg ion
and mos t acceptable to the peop le would st ill he lef t- to the State and
local governments which now have that responsibili ty .

Study Obj ective

Among the a l te rna t ive s  wh ich the Chicago D i s t r i c t  f o n - t u l a t  ed and
des igned were alternative technical sstems to a c h i ev e  the hi gher water
quality objective set forth as a National goal in th~ Federa ] Rater
Pollut ion Control Act Amendments of 1972. The Chicaho D i s t r i c t  also
evaluated the social , environmental , i n s t i t u  - ic oal , and economic m : ipa c t s
of each system , as wel l as dete nnined the r e l : t t  ire e f fec t  ivenos s of
incrementally a-ct ing other requ i renients of the Ciii cago -South End of
Lake Mi c i i i  gai t (C - SEh\ l) study area .

The scope of invest  i gut  ion is pre l m u  nan’ in m i t  i 1 l e -  and is h o t  in
to r e f l e c t f i n a l concep ts in t en ts  of des i gn , cos t • om impact ( ‘v a luat ion s .
it is a survc~’ study,  one wh i ch w i l l  i den t i fy  ii m a n - of be- ~i ’~ iN  le svs t cmm~for considorat ion by residents of the reg ion in cvc-ntua l i v  conk l v i  ng w i t h
the water q u a l i t y  goal s .

The rc’ :m i ’c three has i c tec lmno 1 o~ ical  i~ ~p m -caci cs oh i c !m can be used I

mci i i  eve the proposed mei t er quali tv  goals.  These t i c - :  1 ) : in  -\Jv ;tnccd
Biolog ical t reatment p lan t  svs tern , ( 2 )  a PIn’si cal - C l i e n t  en I i’ - . t  n -mi t p lant
-~v-- t em , and 7) a l and t iv- itm ent sy stem . N one of the t h i  r h o  a is. new or
uni que . ~oni~o ia- n I - - of each -~\ - s t c m n  c ami  he f - tuid in various ; n t  - - of t h C
Nation and I i n -  i- . - r i d .  (~1m at i s  c o m p a r a t i v e ly  iwo is  t ime t i - -c of these
svs tems to achu i eve b n -  h i i gh I eve 1 of t re;itrnent and the — c a  Ic  to idm i  cli
these svs t erh-— ~omil d he app! i ed . . \ I I t h ree  I i- nm t n a - n t  in c  - s eu c  have t i e  i r
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good and bad points . Variations in cost , resource use , and socio-
environmental impacts are considerable . These factors have been evaluated
as part of the study effort with the final selection or rejection of the
alternatives remaining the perogative of the people in the area and their
governmental representatives .

Contents Of This Paper

Of the three technological processes , the Land sys tein is the one which
is least well known by the general public and so it has been the subject of
most questions. As previously indicated Land treatment is not a new concept.
Over five hundred municipalities in the United States apply part or all of
their pro-treated wastewater on land. What follows is a non-technical discuss-
ion of the Land treatment process including its design and operational
concepts; illustrative examples of the type of agricultural practices, crop
production and management considerations best suited for enhancing the farmer ’s
net income; and an assessment of what the Land treatment system can mean to
the indiVidUal farmer and the agricultural coim~unity as a whole .

~A- IV-A-93



SECTION II

LAND TR EATMENT CONCEPT
A

—)  ~~~~~ 

. -,- ~
. 

~
. I \

I - - -~~

£ 

~~ 
-
~~~~~~~~~ ~~~~~~~~ 7

~~~ 
~
;l—

~-

-

THE COMPONENTS - PRE-TREATM ENT

- PLAN TING

- IRR I GA T ION

- HARVESTING

TREATED WASTE W ATER CHARACTERI STICS

THE CONCEPT (BlO-SYSTEM ) SOIL AND CROP

THE NITROGEN CYCLE

WATER QUAL I TY ATT AINED



Functional Components Of The Land Treatment System

The Land treatment system can be described in terms of the operationa l
functions of its physical parts. See Figure 1. Aside from the pipeline
network transporting the wastewater from the metropolitan area to the site ,
the first part consists of two types of lagoons connected in series . In
the first (aeration) lagoon, oxygen is added by mechanical aerators and
mixers which constantly aerate, mix, and churn the wastewater. The added
oxygen provides the necessary environment for microl)ial organisms living in
the water to decompose municipal and industrial wastes , thereby t rans formi ng
the organic and soluble wastes into suspended solids. The treated
was tewater is then transferred to a storage lagoon where the suspended
solids settle on the bottom. There the solids or sludge continue to
be broken down by further bacterial action until the decomposition process
is stabilized. The sludge, which is high in nutrient and organic value,
then is removed for subsequent reuse. This sludge can be used either
on the adjacent farm lands as a source of fertilization for agricultural
production or transported outside the land site area where it may be
used as a source of organ~c material for improving soils and disturbed
areas (e.g. strip mined areas) having low productivity capacities .

At this point in the process the wastewater has received the equivalent
of primary and secondary treatment. This is the same level of water quality
currently being achieved by most of the major sewage treatment plants in the
study area. At present this treated wastewater is discharged into nearby
streams. The wastewater, however, is still rich in the plant nutrients:
nitrogen, phosphorus and potassiun. If discharged directly into a strc~~.,nitrogen and phosphorus could stimulate growth of aquatic plants in the
stream. Thus, during cycle of growth and decomposition, of these aquatic
plants dissolved oxygen in the water can be periodically depleted sometimes
to the point of causing a fish kill. This phenomenon of abundant aquatic
plants coupled with oxygen depletion is commonly called “eutrophication”.

The land system design seeks to take advantage of the nutrient value
in the treated wastewater by spraying it on the soil and letting the
soluble nutrients be taken up by the c-flp cover. Before being applied to the
land though, the water is chlorinated to kill disease-causing organisms. The
chlorine residual concentration will be at a level which is not harmful to
the crops .

The treated wastewater is next transported from the storage lagoon
to the croplands where the water is applied by the use of a center-
pivot or other adapted irri gation system . Applying the treated wastewater
to the land is the final or polishing stage in the treatment process.
The water is renovated by the entire biosystem of both the soil and
cover crop. Involved arc’ the complex physical and chemical reactions ,
the biolog ical processes of the soil ‘s bacteria and fungi , and the natural
crop uptake - all of which form the basis for determining the farmer’s
present f e r t i l ity  program and cropping practices . By the time the waste-
water percolates through the soil col tmin and reaches the underd rain system
the wastewater has been renovated.

BA-TV -A- 95
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The renovated water, which is of potable quality , is then coll ected
by a sys tem of drain tiles and/or drainage wells and returned to C-
SLLM area for reuse. The dra inage sys tem is des igned to maintain an
aerated, unsaturated (wate r) condition in the upper soil layer, thereby
protecting the root zone and insuring control of surface and subsurface
water flows . Such a drainage system would have eliminated the saturated
soil conditions that reduced crop y ields and caused harvesting and planting
problems for midwest agriculture in the unusually wet period during the
fall of 1972 and the spring of 1973.

Treated Was tewater Characteristics

To design the cropping, irrigation and drainage components of the
agricultural program, the characteristics of the treated wastewater that
would he applied to the land fi rst had to be identified. As previously
indicated, the was tewater in the Land system ’s storage lagoon has received
the equivalent of conventional secondary treatment before it is chlorinated.
Consequently, a composite listing, typical of the liquid effluent (dis-
charge) from a conventional secondary wastewater treatment plant was
prepared , modified to reflect data specific to the study area and used.
The chemical characteristics shown in Fi gure 2 have been defined in terms
of the elemental forms even though some may ini t ia l ly be found in the form
of compounds .

Concept Of The Land Treatment Process

The pollutants to be removed are actually the consumptive wastes from
municipal and indus t rial usage of our natural and agriculture-related
resources and the man-made and natural contami nants picked up by storm water
runoff. The method of recapture and potential reuse of the nutrients in the
was tewater varies with each of the three treatment 1)rocesses . In the
case of the Advance Biolog ical and Physical-Chemical processes the nut rients
along with the other elements are at leas t part ia l ly , ~xt racted f rom the
was tewater and recovered in the sludge. The sludge from the Physical -
Chemical system , due to the nature of the p rocess , can only be used as a
soil conditioner. ~h i le th is sludge is r ich in li me , the n it rogen and
organic matter have been los t by incineration. On the othe r han d ,~ the s ludge
from an Advanced Biological plant can be used as a fer t i l i z e r  since it
contains much of the organic matter and nitrogen rei~~ved from the wastewater.

En the Land system, h~~ever, the liquid portion of the ~as tewater still
contains suspended matter and dissolved nutrients , over and above the amounts
extrac ted with the sludge. Consequently, the Land sys tem is dc~-;i gned to
ach ieve a recycling of the waterhorn e natural resources in a different  way .
The cycle starts with the fanner planting , harvesting and marketing his crop .
It continues with the consumption and subsequent disch;ir~e of food wastes
which are combined with other forms of resource ~v products that make-up
the municipal arid i ndustrial wastoload . The was to load thea is subje ct  to
primary and secondaTv treatment including the s c p l r t ion and disposal of the
sludge mater ia l .  The cycle f it i a l l y ends with the retuir to the soil  of the
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Treated Was tewater Characteristics

(Conventional Secondary Effluent)

1. Oxygen-demand

a. Biochemical Oxygen Demand (BOD) (5-day) 20 mg/i 1/
b. Chemical Oxygen Demand (COD) 60 mg/ l —

2. Primary Plant Nutrients

a. Nitrogen (N)
(1) Total N 16.5 mg/l
(2) Organic N 2.0 mg/l
(3) Ammoniun (NI~) 13.4 mg/l

(4) Nitrite (NO~) N ‘

~ 1.1 mg/ i
Nitrate (ND~) N )

b. Phosphorus (Total) (P) 4.1 mg/i 2/
c. Potassium 8.0 mg/l —

d. Copper 0.1 mg/ i
e. Zinc 0.3 mg/i
f. Iron 2.0 mg/i
g. Manganese 0.2 mg/i
h. Boron 0.7 mg/ l

3. Other characteristics

a. Suspended Solids 25 mg/l
b. Total Dissolved Solids 635 mg/ l
c. Temperature 53-78 OF
d. Oils, Greases 10 mg/i
e. Phenols 0.2 mg/I
f. Other Trace Metals 0.4 mg/i 3/
g. Arsenic 0.3 mg/ i —
h. Cyanide 0 mg/ i
i. Bacteria, Viruses (w/current disinfection practices) trace
j. pH 6.9-7 .4

1/ Mill igrams per liter (mg/i)
27 Recent monoriting of 1)0th raw and treated sewage at MSDGC treatment

plants indi cat e a significant reduction of phosphorus has taken place ,
most likel y as a result of the phosphate detergent ban.

3/ Altmii nizn , Ca~~ ium , Chromium , Lead, Nicke l, Mercury .
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treated was tes ~~~~~~~~ in the form of waterborne plant nutri ents and other
organic and mineral caW onents . These nutrients , applied by field
irrigation equipment, stimulate the production of another series of
crops thereb y cc~pleting the cycle .

The Land treatment process utilizes the entire biosys tan, including
the soil and vegetative or crop cover to purify the was tewater . The
wastewat er is renovated primarily by four basic internal mechanisms
operating within the soil , namely filtra tion , plant uptake, cation
exchange and fixat ion, and volatilization. These mechanisms are active
to some degree in all types of soil and control the effectiveness of
the land to sus tain optimum crop product ion . How this is done is
illustrated in Figure 3 , and discus sed in more detail , in the following
subparagrap hs. Many of thes e mechanisms, in fact , have served as models
for the design of our current sewage treatment plants .

Filtration is the physical retention by soil , acting as a screening
media , of the suspended solids in the was tewater flows . The effectivenes s
of the soil as a filter depends upon the soil particle size and distrib ution.
Mos t of the suspended solids are organic in nature and are primari ly
decanposed by the microorganisms in the soil. It is th is residue
which is retained in the soil colum .

The plant uptake mechanism relies on the ioot sys tan to adsorb (held
on the particle or roo t hair surface) portions of the available nutr ient
elements fran the was tewater . In order for the plants to ut ilize these
nutrients , however , they have to be in forms that make them readily
available for uptake. As with caiunercial fertilizer , nutrients such as
nitrogen and phosphorus in the wastewater are transformed by canplex
biological and chemical processes fran the applied form to a usable soil
form . Nitrogen in anvw niun form is mostly converted by the soil micro-
organism to nitrate form before being ult imately adsorbed . Nitrogen also
may be lost by evaporation of ammonia or reduction of nitrate to inert
nitrogen gas .

The conversion to the gaseous form , called volatilization, is an
integra l part of the normal nitrogen cycle and , under certain circumstances ,
is an important factor in the ultimate loss of a significant amount of the
applied nitrogen . Under aerobic (aerated) conditions , soil organisms degrade
organic matter , releasing carbon dioxide gas and water in the process .

Cation Exchange is a key part of the uptake mechanism. Through ion
exchange , soils have the capability to temporari ly hold certain dissolved
chemicals in the wastewater. These positively charged (cations) chemicals
are adsorbed by the negatively charged clay minerals and organi c matter
in the soil. The quantity of positively charge d ions that a soil is abie
to hold is dependent upon its “Cation Exchange Capacity” which in
turn is primarily determined by the type and quantity of the clay minerals ,
the amount of organic matter , and soil pH . Because of differences in ion
cha rge , those dissolved chemicals which have a greater ion stre ngth
will usually be pre ferentially ads orb ed , thereby rep lacing those of lesser
streng th. This mode of holding is resp onsible for the retention of calcium ,
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magnesium and potassium against leaching until such time as they are
adsorbed by plant roots. Minonium nitrogen is similarly held in the soil
until converted by nitrifying microorganism to nitrate nitrogen which
can either be adsorbed by the plant or lost to drainage .

Soils also have the capacity to retain certain other dissolved
chemicals very tightly through adsorption. This mechanism called “Fixation”
results from either very strong physical or chemical adsorption processes
and/or chemical precipitation. The amount of fixation varies with the pH
of the soil. Compounds of iron, aluminum, and/or calcium contained in the
soil are primarily resp onsible for the fixation of such elements as
phosphorus and trace metals in the soil. The fixed phosphorus and trace
metals being in an insoluble form are thus held and not leached from the
soil .

Conversely, the dissolved solids which primarily include soluble
sulfate, chloride and bicarbonate salts of sodium , potassium, magnesium and
calcium will pass , for all practical purposes through the soil column
to be collected and removed by the drainage system. The ion composition
of the soluble salts in the drainage water, however , will be different than
that originally applied, primarily due to the soil’s cation exchange capacity.
Thus , the Land treatment process, like the treatment plant technologies , is
not designed to reduce the level of the soluble salt concentrations.

The extremely small percent of the pathogens and viruses that remain
after chlorination are filtered out by the soil and then degraded by the
soil microorganisms . Similarly, the oils and grease which have not been
removed during primary and secondary treatment will form films (filtration)
on the soil particles and then be degraded by microbial action.

The constituent buildup in the soil, both short and long term, is
important in maintaining the integrity of the treatment system and a
balanced fertility program for the farmer. Estimates have indicated that
phosphorus buildup is the only long range problem of concern and that a
loam or clay soil will provide sufficient adsorptive capacity for over
100 years . Where the soil is coarse textured , the adsorptive capacity is
maintained over a short-time frame by the aluminum and iron content
in the soil and the interaction and formation of sparingly soluble
compounds . The adsorptive capacity is extended by the iron and aluminum
in the wastewater and to a lesser extent by the organic matter built-up from
the crop residue. For the spec ies of plants which are considered feasible
for use, because of their nitrogen uptake characteristics, phosphorus
build-up in the soils are not likely to adversely affect crop productivi ty .

Heavy metals are a concern but are not assumed to be a problem, even
though they will be held in the soil with the application of the treated
wastewater. While the metal ions are held in the soil and can be con-
sodered susceptible for uptake by the plants, this should occur only to
the extent normally experienced with the individual crop specie. In well-
drained soils with a pH value above 6.0, i t is unlikely that a phytotoxic
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condition will ever develop from irrigating crops with wastewater which
has received the equivalent of secondary treatment. Research by the
University of Illinois has demonstrated this in using sludge from conventional
secondary wastewater treatment plants as crop fertilizer. This sludge had
at least 100 times greater concentrations of heavy metals than that
found in the treated wastewater to be applied to the soil. The research
studies showed that while the amounts of some essential and non-essential
chemical elements in the plant tissue may increase, there was no evidence
that the accumulation would be hazardous to animals consuming the produce.
Crop plants tend to accumulate potentially hazardous concentrations of a
particular chemical element under conditions where there is a nutritional
ii±a.lance. Since a viable fertility program is to be maintained, the
management practices and monitoring system should preclude a harmful
buildup from ever occurring.

Nitrogen is the critical chemical element in the design of the Land
system. The residual concentration permissible at the underdrain under
the new water quality actually becomes the basis for determining
the volume and rate of application for the irrigation system. The concen-
tration in the return flow and the degree of removal is controlled by
plant uptake and several conversion processes within the soil. Nitrogen
in the wastewater occurs primarily in the form of ammonium which is
converted by the soil’s microorganisms into the nitrate form for uptake
by the cover crop. The rate at which the soil bacteria convert the
anmonium nitrogen to nitrate form depends upon a range of physical factors,
especially the soil’s temperature and pH. In the presence of a large
supply of energy materials , such as carbon or crop residue , much of the
nitrogen may be temporari ly incorporated into new microbial cells . As
the crop residue is decomposed , many of the microorganisms die and the
nitrogen in their bodies is recycled for crop use.

The Nitrogen Cycle

Nitrogen exists in the treated was tewater in four forms: organic,
ammonium (NH~), nitrite .(?~&)5) and nitrate (N0~). Essentially, all the
ammonium, nitrite and nitrate nitrogen are in solution. Soil micro-
organisms at the soil surface convert the organic forms of nitrogen
to the inorganic aninonium (M1~) ion form by a process called nitrogenmineralization. The soluble annonium nitrogen is converted into the nitrite
and then the nitrate form by two specific groups of nitrifying organisms.
The conversion called nitrification occurs as a result of the microorganisms
oxidizing the ammoniun to nitrate nitrogen for energy. This energy
is essential to the growth and reproduction of the microorganisms .
For this process to occur, the soil profile must provide an aerobic
(free oxygen) and unsaturated (by water) environment. This in turn has
design implications as to soil types and drainage requirements.

The nitrites in the was tewater and those which are fo rmed during
the nitri fication process are quick ly converted to nitrates . The soluble
nitrate ions , which have not been removed by plant uptake, continue through
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the soil until a low, or no , oxygen (anaerobic) environment is reached.
There , another specialized group of bacteria , called denitrify ing organisms ,
convert (volatilize) the nitrates into nitrogen gas which escapes from
the soil to the air. In this process oxygen from the nitrates is used
to oxidize the carbon contained in the soil’s decomposable organic matter
as a source of energy for the microorganisms. The nitrates not volatilized
eventually reach the water table where they will be collected by the drainge
system. It is interesting to note that even in soils that are considered
aerobic (aerated), comparatively large amounts of nitrates are lost
by denitrification (volatilization). This is thought to occur in localized
anaerobic zones or pockets in the soil, or even inside the soil granules
themselves.

Understanding the nitrogen cycle is critical to the design of
the Land system; otheiwis.~ the residual level of the nitrate in the
renovated water collected by the drainage sys tem can exceed the new water
quality goal. Thus, the application rate and irrigation schedule must
be framed to coincide with the crop ‘s nitrate uptake rec~uirements, taking
advantage of the soil’s microbial capability to i.mmóbilize the nitrogen
until needed. This should provide top yields and facilitate maintaining
a continuously balanced fertility program for either a single or double
cropping program, assuming the climatic conditions permit.

Water Quality Attained

The wastewater irrigation equipment, application schedule and drainage
system have been designed to effectively utilize the biosystem of both the
soil and cover crop(s) as the final stage of treatment. The incremental
steps of first providing the equivalent of primary and secondary treatment
by the aeration and storage lagoons are supplemented by the Land process in
achieving the advanced level of treatment. This integrated sys tem
will produce renovated water suitable f r  almost all uses. Shown in
Figure 4 is the anticipated quality of the treated water, expressed
in terms of concentration levels for critical constituents. A monitoring
program, for periodic sampling of the renovated water would be maintained
to insure successful control of th3 system. In addition, the cover crops
will be analyzed for selected heavy metal concentrations and nitrogen
balance. To assist the farmer in his farm management program , soil samples
also will be taken periodically and analyzed relative to pH and the
availabili ty of both phosphorous and potassium.
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FIGURE 4

Treated Was tewater Characteristics

(Land Treatment Effluent) 1/

1. Oxygen-Demand

a. Biochemical Oxygen Demand (BOD) (5-day) 2 mg/ i 2/
b. Chemical Oxygen Demand (COD) 6 mg/ i —

2. Primary Plant Nutrients

a. Nitrogen (N) 2 mg/i
(1) Total N 2 mg/i
(2) Organic N 

+ 
0 mg/l

(3) Ainrnonium (N-hi) 0 mg/i

(4) Nitrite (NJ~) N •)
2 mg/ i

Nitrate (rsfl~) N )

b. Phosphorus (Total) (P) 0.01 mg/i
c. Potassium ~‘,i) mg/i
d. Copper 

“~‘~~~ mg/i
e. Zinc 

~~0 mg/1
f. Iron 

~~0 mg/i
g. Manganese ~~~~~ mg/i
h. Boron 0.7 mg/i

3. Other characteristics

a . Suspended Solids 0 mg/ i
b. Total Dissolved Solids 500 mg/i
c. Temperature 53-78 °F
d. Oils, Greases ,~~~~~ mg/i
e. Phenols 3 mg/i
f. Other Trace Metals 3/ ,..,0 mg/i
g. Arsenic ,~.O mg/Ih. Cyanide 3 mg/I
i. Bacteria, Viruses None
j .  pH 7.0-8.0

1/ Absent (-~-0) means not detectable by standard testing methods andcurrent technology.
2/ Milligrams per liter (mg/i)

~/ Aluminum , Cadmium , thromiun , Lead , Ni ckel , Mercury .
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System Design Objectives

Based on the preceding section , it is I :w ..nt i h at  the successful
operation of a Land treatment system is directly Ucj~eiident Uj)OI1 thetypes of vegetative cover and cropping practices ei 11 loyed . •\ range of
vegetative cover is possible. From strictly a troatr~:nt standpoint, a
cover crop like Reed Canary Grass would be ideal. The 0r aes has ver
high nitrogen and phosphorus uptake capabil i ty , is re sponsiv e to an
intensive irri gation program , and is capable of sustaining mu lt ip le
cuttings during the growing season . All these conside rations an factors
which could minimize the number of acres requi red for i r r i gation . h ow-
ever, there is a limited market, at best, for this type of crop today .
Before the grass could be considered a cash ore 1,  extensive plant invest-
ment for dehydrat ing and pelletizing the grass would be required, and a
market (local , National and/or export) , as li vestock feed , would ha ve to
be developed. Since the plant and resource comuit~ nents are economically
questionable , the use of this type of cover as a primary crop was dropped
from further cons ideration at this time . Ins tead , selection was l imited
to field crops which the participating fanner would mos t. likel y plant
under normal market conditions . For all intents and purposes, this
means that the best fanning procedures must be adopted and system
operations must be responsive to pertinent agricultura l re quirements .
There is , however , an equal and concurrent objective of a l - s  t rea t ing
a specific volume of water . Therefore , the overall goal mus t be
to optimize the yields of the selected crops and minimi ze the acreage
required for non-productive use.

As indicated, crop selection is critical to the system des i gn
and operation . This assumes that the soil of the s i t e  has been selected
relative to its capability for achieving the iiecessarv bacteriolo g ical
decomposit ion , adsorption and holding requirements , and tha t i ts infil -
tration and percol at ion rates and the drainage sys tem arc capable of
maintaining an effective aerobic condition in the upper 5 feet of the
soil profile. Therefore , the fina l factors govern i ng the system design
are:

(1) The types of crops grown should be adaptab le net  only to the
areats climate but to irrigation. Furthenuo re , the cro ps selected a l so
should have a relative worth as an income or cash crep to prov i de a
practical basis for the individua l farmer to p a r t i c i pat . c .

( 2) The volume of wastewater appl i ed must be based on the Cove r crop ’s
uptake capability of the critical nutrient , nitrogen .

(3) The amoun t of land requ i red mus t he determ i ned by ~~~~~~ :1 r i n g  tEe
average annual volume of wastewater t be t rea t ed w i t h  t ia  ,u i n i nh t  ~ Initrogen (in the wastewater) which can be app l i ed  Isi th e  selected crops .
Appropriate adjustments a is o must  be made for ;umua I e n—s  i i’a i n Un 11 and
acreage required for the physi cal f a c i l i t i e s .
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Field Management and Cropping Patterns

There is a continuous and growing trend in row-crop practices towards
less tillage . Over time the move to larger, heavier tractors and assoc i-
ated equipment has created a concern about increasing soil compaction with
acc~ npanying lower yields . Furthermore, research and actua l field
observations have demonstrated that minim um tillage reduces soil erosion
both from water and wind. This is a mat ter of practical concern since some
states now have regulations dealing with soil erosion as part of their
pollut ant control pro gram .

Discussed below are the seven most common fo rms of reduced tillage
farm management options . Soil preparation ahead of the planter is minimal
and in some is not employed. None of the options use the t raditional
moldboard plow. The seven options are :

(1) Zero or No-Tillage . This option basically involves the use of a
planter with a rolling coulter to cut a slice in the soil for a narrow
planter nmnner. A heavily weighted packer wheel runs back of the
rnnaer to push the soil back into contact with the seed.

(2) Strip Till-Plant. This option employs a strip tiller that plants
as it passes through the ridge left at the row of last year ’s crop .
Corn roots, stalks and loose soil are moved into the row middles
by trash guard rods extending back from the sides of a bi g duckfoot
shovel. The seed is firmed down with a packer wheel . Covering di sks
follow which help incorporate insecticide placed on top of the row .

(3) Combined Tillage. This option combines tillage with the planting
operation . It can include, as example, a front-mounted cultivator used on
a tractor pulling the planter or a direct-attached toolbar field cultivator
with unit planter added.

(4) Chisel-P low. In this opt ion chisel p lowing to a depth of 15 inches ,
or so , is employed as a prima ry til lage operation . ~ iise1 p la nt er s  combining
the chisel plow with a planter unit can work ~v1l , but not in all soils .
~bre often , full chiseled groun d is worked again at a shallow depth just
before planting .

(5) Heavy-duty Di sk.  In this opt i on ext r a -hie.ivv u t  -.et Ji..k~ are used
for primary tillage . This does a good job of in LU1 ~ ’.Iati ng crop residue
into the soil and mini mi zes the siAsequcnt fo1 ]~~% - r q ’ ( ch i s c l ~ p low i ng befo re
planting .

(6) Field Oaltivator. This option emp Io~s a ici d cultivator u ith
sweep shovels as a replacement of tandem disL. and is  u -~ed in conjunction
with the chisel plow. Field cultivators are c i t e n  I L - e d  ~ i th p lanter uni t s
to make a once-over pass of fina l tillin g and p lant inc .
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t7) Fluted toultcr. in this option a fluted coulter works a narro’~strip of soil for the Sceciled. The “waved” edge t i l ls  a narroc s t r i p of
soil as the coulter is pulled through the soi l in fron t of tile p lanter
runner. Usually it  i s  used on fields that 1ia~e been ch i sel-plesed .Recently , i t  has been us ed success ful ly  wi th no- t i l lage  ego 1Ut OIlS• l i e u or the rolling coultei- . On unplowed gi ound extra w e i g h t  is adde d
to cause suffi cient penetration of the ground to provide a good seedbed.

The no- t illage method has been selectcd as one of the i l lus i at i ye t a n , .
management programs discussed later for use ~ i th the Lan d t r eatmont
system. Only in recent yea rs has no-ti llage hccu1ne a p ractic~tl r e a L t - .
Functional well-designed eq uiprr~’nt fo r planting in an unt i l lcd secdiL J
and effective contact herbici des that quickly kill exist ing VCgC L at ~ Oi1

vet leave no soi l residue to harm the germ.inatinf crop , are aoi~ ava l l a l - i c .
Both factors hel p reduce product ion cos ts and the i Lae and loPer requi red
f rom planting to harve -~ting . Generall y speaking, no- t i l l oge  works ax i i
on sandy soil , which is the primary soi l textura l class selected in  •icc~ i ~ig

the spray irragation treatment sites . It also works hell on loans and s i l t
b arns, provided tile soil has good t i l th , but the i casibilit : of us lag to:
no-tillage system on d ay loanis and clays is questionable.

No-tillage has the added advantage of a c I l i t a t I i l g  t h ’  odupt io i i
of a more int ensive two—crop p rogram by ininim i .:i Hg 1 t i e  fanne r ’ s i ie  id ups
ation and , thus , the down time for the irrigation svst ~u. l)aubh’ 01 upp i
also id 11 increase the e ifecti veness o I the svs tern ’ s n I t rohen u~ 1 iike and ,
consequently , limi t the number of acres requi red b r  i r r iga t ion .  :\ hU e d
fert i l i ty program , ma n1e supp lied by the nutr ients  in the ~astena~ c r ,
sh~ald penui t the partici pa t i ng farme r to uicreasi his p r o fi t r i r g i a
primarily by increasing the crop y ields rather than expanding the o s e i i O  L-e

land under production.

There ire , however, sonic d rawbacks to this op t ic i l s tie j ictuxe . I’h~crops that can be planted within the sy stem should he those that have P i sP
nitrogen require ments , can respond to i rri gat ion , and can be grovi l on a
continuous and calendari :ed basis for maximum product~on c.nt rc -l. Co rn as
a continuous row crop and rye as a combined cor er  and second ( forage) c r01
are ideally suitai) Ic for the northern part of the cent ral nli~h~est and harebeen selected for i l lu s t rative pu~ )oses . Other crops such as srvbc~ris orthose raised by sp Talized truck fan~Fiig operations have not been
demonstrated a-; being adaptab le to the sys t e l l .  Their use ‘.~ i 11 p r om P 1 y
have t a  be deferred unti l additional research has been m a P  rtaken .

No-Tillage l:anni ng

Maintaining t i Ith is of p ri me n~)ortancc on f i e l d s  ot r t Pan ~ u i¼i ~that have a cultivated c rop eve ry y e a r .  [l ie  mo re the ~.cedhed is ics rhed
and the crop is cult i vated , the mo re th~ soi l c nir ib  ~t ruct are i dc~-t rcved
This tends to b rc ik down t ir e natural  li ggi egir t ion el  pa i t  Ic 1 c-~ and IflHkCS
the soil less porous , harder to work and imo re siccept i b i s  t fo r ri m i n
cl ods . t h i gh yields ci corn w i t h  s ta lks  l e f t  o~j the f i e l d  a c tua l  lv r e t ails
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a large amoun t of organic matter to the soil .  But the me t ’s to produce
more organic mu t ter to use more fcrt i i i  :er , not l e S S  . 1, 1w-n time
ept muna amounts of fort  i i i  :er and water are app] i cd , both the corn yields
soul the Oj ilL Uj it of scsi di k s-s returned to the so ii arc h~ eli . This  i ncreases
the nu mbe r of - a r’t~ m m ins , bacteria or micro — orga il i  sins m i d 1ung I which all
depend en orgmul is mma tter for food . Consequently , aft er severa l :‘c~~ s of
n o - t i l l  cropping , a gr~diti 1 hut continuous in~ rovement in L i m e  501
structure will be - m t t s m  m ed . Thus , a no-1:i 1l system and chemical weed

rci nIai ~.c it poss i l l o  to grow continuous r um , crops s ithout des troy ing
t i l t ..

N o - t i l l  farming was originally aimed at attaini ng the advantages of
eros i on control , time-savings and reduced production costs . Results of
actual field tes ts; by I dOL’ universi ties and individual farm production
records indicate that:

( i )  With no-t i l l  practices , yields f rom continuous corn planting are
equa l to those from conventiona l tillage where adequate drainage exists .

(2) l )ouble croppin~ of corn and rye or corn and wheat are feasible
and inini Iui . es erosion Ic -cs .

(3) It is pract ica to grow hi gii -value row crops on land previ ous ly
li mi ted to pas ture or fm age because of the severe threat from wind or
wate r eros ion .

The decayed crop re - due retained in the surface layer, absorbs the
impact from the rainfal l  and irri gat ion spray on the s o i l .  This  reduces
surlace seali ng or soil pa cking which normally speeds runoff .  N o — t i l l a g e
and the i e  cove r crop hoth hel p reduce the amoun t of sediment carr ied
in tl~m rain ar id s;iom ~ - m el t runoff ren ter  by redu~ r rig t im e amoun t of s o i l
detachment and v e lo c i ty  of the run-off water. As a r e su l t , i n f i  I trot ion ,
or the rate  at which w ate r  enters tile soil , ii- maximized .

Normally,  the increased transpiration lns ses  of the soil ‘ s w O t e r
by the second crop, es tabl ishment  o :111 adequate s rrt mice m : l l i l c l r , and
a sui table drainage system w i l l  allow tI~u f ; i nme r ti get Into the i i  ci d
earlier.  These factors iioreev r , a ri not too si i lie i i t  idrerts s ar i  v
soils are i nvo l ved . lie can p m mt more ac r&~ earl i cr  espec rst liv in wet
v o a r m , a n !  also seP l i e  or calendari:e hi s j i - i l i t  nip i s l e  I n :  ( I  m aximi ze
h i gh v i e  i d - s ;  2) ich ye an e;i~ i cr , more o f t  m i ent min d p r e t i  t i l l s  h :irTcsting

i th less losses to h i d  m e e n t  t i e r  i n c l t i d i  u p  Peat , r i  i n  or  u - t and
(3) et a more ci f e e t  i r e , cu r l y  f a l l  st a t of t m -  155 L V I

The claimed coni mmui e m i d v s i m i t m m m 1 e  of ii t i i  i m i g o  I n s m l I I p  i s  t ha t  tire to ta l
produc t ion costs are  redu si d . [l ie  t u r n ’  lord equ 1 iment ~~~ t t sr  i l ow i n g
diski ng and c i i i  t I v at  ing 1 )  prep;t r~ t ime  secdb~J uni er convc~nt ir m a 1 fa rming
pi’actices s i r  c o m p l e t e l y  ci imin mr ted . llru- s , i t  time ie1 re in ti on and the

• I ( cab le  or’ r tme :r d  dOS t” . mi n i  t i m e  f ue l , I mih nr mind rep i I r- . or tire unneeded
equ I pment i r e  P ropped h a  ri the I I xed cost — of t h e  r m lmic t ion bud get , the
s ar i  ur ~’~ e m  he S r i ] :-; t m n t  t Il t ed . I f , how ev e r , j Us t  t i n  s i l t  of pocket
f i e ld  cos t s i ’ ’ ’  cons i li red , as t i  I l ips is  L ) ’rme ; l r  i i ,  i vi ii 5] ir j i t  I
h ig her in  ~~ -‘t s  t i n  ( x p e m m m i l f r  a mir iP i c r i m 1 t i i  a m y . lid s w i l l
he inc reases in  tir e :rms t of L~~eumn i s. these inc l ude insect j e ij e s  and
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addit ional he rb icides , since weed control and t i m e el imination or rye as a
competitive crop is cri tical to the double-crop program . lim e cos t of -~~cJ
will also increase because specific genetic charac te r i s t i c  l i m  ter ir~ of
yield , field durability and other factors wi l l  h~ des i red . Ihe act ‘o ffrvt
is still one of comparable field production costs and just as
less time in the field and more time to better manage the ove ra l l  f a n ;
operation .

Cropping Cons iderat Lons

The treated was tewatcr that is applied to t - crops • L n t : i i r ~ s u l I m -
cient nutrients to provi -2~ the equivalent ef fect  f a. st ~m r t o r  fL st i l i : c r .
It is a relatively clear liqui d with comparativ. low , cit balanced , con-
centrations of ni trogen , phosphorus and potassiu~~. t I e  mIs s os the ass
water with its natural nutrient composition has the :udvmmmi t mu e i  of m ’ s: : m m t i a l l y
eliminating the amounts of inorganic ferti l izer supalarcum r s- i ’ ~~ i m m ed  to
maintain a balanced ferti l i ty program. For i l I u s t i m i t i L p111 1’snus ; , t ar e
system ’s desi gn uses corn as the main cash c~~ ri~~ Trh~d~H TiTTs~ nm itaar m l
ability for adsorbing nitrogen (and other nutr ients) , hu~ ~ L- b ec stmi~e it
makes efficient use of the applied \eat er. Unlike the ~ m i v i  r y s  in p roduct j ots
costs attained from no-tillage , the economic gains m i t t  riLituhie te ti me
ir rigation sys tem will be reflected in the savings in ~e r t j l i . c :  co s t s  an :l
the higher yields that w i l l  be obtained on a continuous y s a r P  a t s i s . As
with any i rri gation sys tem , this parti cipating f:i r~ier a t i l  be p r  et t e l
agains t c rop losses he mi ght have suffe red during d r .i i p b t  ~~st r s .  ( iIi c - i S C l Y ,
the drainage sys tem will safeguard agains t wet year losses , s l u i c e  t l r ~ root
zone mus t be maintained in an unsaturated , aerated cunLlition for the t reat-
ment system to work effectively. Furthermore , the wastowater app 1 L it mom
will be scheduled to help meet t im e nutri ent requi rements ef  th e  L ove r c rop .
Key to this is the rate of nitrogen uptake and utili cmt i~ n which v a r i e s  over
the growth cycle of the corn and rye . This scheduling w i l l  hel p ma c raise tile
yields of the earls- maturing hybrids whi ch normal ly y ield less t h u s  those of
a longer-season variety .

~~ previously discussed , maintenance of a good mulch cove- v is c r i t i c a l
to no-t i l lage fa rming . 1 her-c are two basic  type ; of m u l c h -  - t n t ss front
cover crops established specifically For that pulp~ s ’  and those which are
residues of the existing crop . lmen one selects a vuve u crop foi bui h i i n ~
a mulch there are at least three key point s to con -s icier:

(1) C~ie mus t be able to conip let el ’ h i  11 tIre cove r t keep i t  l i o n
competing w i th  the main cash c rop for w at er  m u d  T in t  r i e u i t s

( L )  One mus t he a i s l e  to  p lant  in it.

(3) The cover c rop ‘ m n i - t  provide ad equsi t ; c m s imS! COVe i - .

To further develop r m m ; i i c ! i , t i n  curm s s t n e r  icc imi l d  be u - t u ned in  I S f i e l d  : i m m l
le f t ~
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I\ ~rstor r e  was selected mis ; the cove r crop because of i ts  vi go r and
c l u t t e r  hardiness , it is easy to establish because it can he interseu dsu
No ore’ the corn is harves ted. In svs tern des ign , e m nt e r eve is st i i i  zed
both for its ni trogen uptake value during fall Irr i cut ion mind mis a winter
cover crop . Furthermore, when wet springs ar e encountered , roe w i l l  remeve
i~~m~~e amounts of a uter from the soi l p r o f i l e  befo re the conn i s  olanted ,
t h o m e t o facil I t m m t i  mg f i e ld  operations . Earl y p l an t ing  t o t e t l er w i t h
corrparat ive ly hi gh app l icat ion ci nut rients fo l iowin ~ t i m e  t i m m r v e s t i r i g  of
corn n 11 resul t  mm t i m e eve being heavi lv t i l l  era~

1 i s  tooled ) in the fa l l .
n s  rye wil l  have a hi gh protein content , a 1 p r o x i u u m m t  ‘iv 18 to 20 pe rcent

c r u d e  protein , and ii ~n C m m good market value f o r  I o1Tmce . C’csequentlv , the
roe w i l l  he harvested in the f a l l .  By 15 Nover iber , i t  is min t i c i pated that
:1l j roxi rnate lv  one and a h alf  ( 1- 1/2) tolls of d lor :igo can be harvested per
3 C T e .  file market va]ue of this rye p rob ab ly w i l l  not be am ; high as could
normal ly be expected, primari ly because of the no- t I ilage operat i ons . hiri Ic
time corn stove r should be pretty well knocked down by the corn combine, some
of the corn stubble w i l l  be picked up when ha rves t in c  the rye . I f  the rye is
dried and pel let i sed for cormmrrcia l beef feed , a chemical analy s is  w i l l  be
ussoded to determine tile p rotein , c rude f iber , and total di ct -stab le nutrient
t-aluw’ for marketing purposes . I f  green chopped for local [e ’eJ ] Ot  or on - farm
scs I production , i t s  value should not be affected.

l i me roe should be about 10 to 12 i nches hi o~ oh e rn f ai l  Larves ted .  I i
the St Lb le  s m I l e r  l i ar - e s t i ng  is at least 4 incIte s n i - n . t h c  rye should
recove r in earl y spring .  ‘fire eve then wil l  cont i nue t o s e m - ce  as mm cover
c l-UI both or erosion contol p r i o r  to corn p lan t ira . and later la r use as a
mulch . t i me  roe wi l l  itm ive developed suf f ic ien t  b a r !  r ness t o  surv i ve thC
w i n t er  and the normal snow cover w i l l  hel p insure i ts  sur ~ i v i i  . bus ,
early spring irrigation ai 11 have three advantages :

1 It .111 st  m r s u l m i t e  t i m e  rye to itr iw , thereby Incremus i rig its tine
as n:lch -

( 2 1  Ic - adding more n i t rogen , i t  w i l l  has ten the decor~sss i t  ion of the
— i - - cCfl~ residue .

I 3) 1 t mi 11 ~-mpp lt av;d lab lt’ nit rem- en to  the  con ;  d u e l  u i c  t i m e ’  p er iod
mdmeum t l~. toi l Ol~~Su1ii5flS O I L  t \ i n g  up the n i t r - mm t e -  . l i z  em t i  av o i d  a

s-p  n a n :  d l i  c t e r nc v  of  i v m r  r lab Ic n i t  rm i t  ~ m u~md - e r i c  as mu s t m m r t e m  or
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Planting Conside rations

In desi gning the highl~’ intensified agricultural program planned for
the Land treatri~ent sys tem , consideration was given not only to field pre-
paration but also seed selection , planting and equipment.

Irri gation certainly wil l  eliminate the concern over future drought
conditions . Bli ght , root rot and the like are not anticipated to be a
problem since the rate of application will be phased to the corn ’s nitro-
gen requirements; and the drainage system will maintain an unsaturated
and aerated condition in the root zone . To insure the reliability of the
system ’s operation , however , the use of seeds resistant to bli ght and
other diseases must be encouraged. The losses attributable to corn blight
in the past have generally occurred when most of the seed sold on the market
was of the susceptible varieties .

A hi gh yield planting program has been adopted in establishing the
irri gation program . The calendarization calls for the use of a corn hybrid
which will regularly reach , or be near , “pkiysiological maturity” by the
middle or end of August. This will expedite field dry-down , enabling an
optimum moisture level for combining . This in turn will minimize the down-
time before irri gation is resumed for the iye . There are no corn varieties
which have been developed specifically for no-tillage planting, but the
seeding rates should be higher than for conventional practices . Disease
resistant hyb rids of the 100 to 110 day maturity varieties for No. 2 corn
with a plantin g population of from 2 6 ,000 to 28 ,000 plants per acre is
recommended. The hi gh population includes “over-p lant” allowances for
the following reasons : (1) to offset the reduced germination in the
cooler (mulch covered) no-tillage seedbeds and (2) to compensate for
harves t losses includi ng those caused by the bi rds and field mice which
commonly hi de in a heavy sod cover. Because the goal is to achieve high
yields through planting hi gh population , the hybrids selected must be of
the population-tolerant type and have proven standability .

Drilled corn gives the most uniform distribution of plants in the field
and should , therefore , make the most efficient use of available sunli ght ,
the soluble fertilizers, and moisture . The lodging problem, usually present
under hi gh moisture conten; should be overcome by the sys tem ’s drainage
system and the present development of better standing hybrids . With the
trend to hi gher plant populatior -u , the use of narrower rows, preferrab ly
30” or less , also wil l  be encouraged to achieve even more uni form planting
and maximum yields . Narrow rows make mo re efficient use of avai lable
light and shade the surface soi l more completely , thereby also help ing
combat weed growth. As long as the surface soil is moist , as will be the
case , the narrow row planting changes the proportion of water that is
evaporated from the soil as opposed to that amount t ranspi red from the
leaves . Since more leaf per acre is exposed to the sun, the transpiration
loss is greater than that evaporated from the soil. This maximizes
photo~vnthesis and , thus, the proportion of water (and nutrient uptake)
that  is used in the growth process.
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yield increases reported from narr ow-row experimental plantings show that
it is economically sound to tool up for narrow row operations when ycxi need
to replace obsolete or old equipment. Similarly, the time, labor and pro-
duct ion savings inherent in the no-tillage operations , the equipment changes
shou~ d 1~ ~p ot-. lv paid o f f .

Ac t u a l ly , less equipment is needed for no-tillage farming than for
conventional t ili mi- ~~. No soil working implements other than a planter , a
tractor mu~J a spray e r- are needed , so less tractor horsepower and c~~ital
investrneu-it should be required. On the other hand, turning over the built-
up humus ~overv forth c m -  fi fth year may be warranted. By using some form
of p low-p lan t time  organic m atter will  be worked deeper into the root zone ,
thereby improv l - -g the soil’ s treatment capability . This turnover also
would prevent a d i s e a s e  susceptable environment from developing in the soil
~ re to c~-n tmum u o tc corn cropping. liven so , the no-tillage planter must be
capab le ) f :

( I )  Clean Iv  m u t t  in~ or breaking th rough the sod or crop residue
and loo~ e n i m n c ~ t u e  soi 1 enough to prepare a miniature seedbed. A tilled
area roughl~ . -3 inches wi de and 3-4 inches deep should be adequate .

(2) Being able to app ly any fertilizer supplements, other than
nitrogen , phosphorus and potass ium if required.

(3) Deposit the seed at the proper depth . Since the soil temperature
is lower for no-ti l lage than in conventionally worked seedb eds , the ability
to plant shallow (approx imately 1/ 2 to 1 inch) is critical if maximum
germination is to be attained.

(4 ) Cover the seed with  a uniform layer of soil.

No-ti l l age equi pment now is being marketed by both “short line” and
major fa rm euui pment ummi r fa c turers . Some manufacturers are producing
complete no-t i  ilage p i - u i t e r - ~. Others are providing the basic frame with
the choice of the various components optional , thereby permitting the
operator to custom-build his p lanter to his own needs . The ability to
apply herbicide using a p r e s s u re spraying system on the planter is nçt
particularly recommended. Foliar app lication is recommended which can
be either cus t om anp l ied  or applied by attaching a spray bar and using
the irri gation ri g for di m .- - t  application .

System Schedules

In the i l l u s t rat i v e  examp le , a p lanned schedule was prepa red for each
of the two extreme s iii f i e l d  operations . (lie involved no-tillage and the
other , conventional t i  i l m uge  practices . Both we re prepared to phase the
required f i e l d  m m !  i i r i o .;u t i on  ope rations , to identify the ~~ekly rates of
app l i  ~~~~~~ S n . mmml to t i i d ’II l i~l i t  t hose phases of fa rming practices wh ich will
require specia l  cost or operatio n al considerations . Calendarization , as
such , emphasizes  p lant ing  d m l t o - O  accord i ng to  c rop maturi ty , making it
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possible to field dry and complete harvesting at an opportune time . The
range in time shown for emergence , crop maturity, and harves ting reflect
the vari ations in the “Growing Degree Days” require d for today ’s hybrids
with sufficient maturity spread to reduce the peak workload during
harvesting. As previously discussed , the 100 to 110-day maturity corn
hybrids will be used , and , with irrigation, the harvestable yield should
approximate those of the longer-growing varieties . An early maturing date
will enable the farmer to field dry his corn during the hotter, drier time
frame of 15 August to 15 September. This in turn should make it possible
to begin harvestin g earlier and come of the field with corn at lower
misture content , thereby reducing out-of-pocket drying costs prior to
storage .

The rye will be aerially broadcasted about one to two weeks before
corn maturity. This type of inter-seeding is gaining widespread accep-
tance . It offers the advantage of an earlier start with the second crop
and provides good soil cover for the irrigation planned after harvesting
the corn crop and during early spring . Early spring irri gation should
provide good growth for the rye that eventually is recycled into the
soil mulch.

Two range s of acreages were used in the calendari zation to better
assess the problems that various-sized fanning operations might face when
working with the proposed irrigation schedule. Selection was confined to
the minimum and maximum acreages which could be cultivated by a farm fami ly
with essentially no additional labor hire . The 250 (cultivable) acreage was
conside red the minimum point at which the landowner could farm and be able
to obtain a sufficient return in terms of net income to warrant the necessary
labor and capital investment . Conve rsel y, the 900 acre farm was considered
the maximum a farm fami ly, including relations, could jointly manage without
extensive reliance on a permanent source of hired labor. This helped define
not only the avai lable manpower but also the type and size of equipment that
normally would be available for on-farm operations . The labor and equipment
in turn were used to determine the time required for planting and harvesting
as ~~l1 as production budget cost.

No-Tillage Schedule

The operationa l schedule involving the use of no-tillag e practices
is shown in Figure 5. Using the no-till concept , the herbicide program
replaces the plowing, disking, and harrowing operations in conventional
tillage operations . Two types of herbicides are used with the no-ti llage
program. A contact herbicide will be used to kill the spring growth of
the rye. Application should follow immediately after corn planting so
that the rye will start to decay before the corn emerges . This also
should help the soil warm-up and overcome the cooling effect of the cover —

mulch. A residual herbicide , not harmful to the corn , will also be needed
to kill the weeds that will sprout during the growing season . Under the
no-tillage system, a shi ft from annua l to perennial weed species will be
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not ed , in contras t to conventional tillage methods , with emergence
frequently occurring at planting time.

Foliar application assures tha t the cont act herbicide is quickly
adsorbed by the spring rye and becomes waterproofed in a matter of hours .
Once it is adsorbed , rain and subsequent irri gation wil l  not spoil its
effectiveness . The dead veget ation is then decomposed along wi th the
applied d~emicals by the soil microorganism and becomes part of
surface n~.xlch . The nitrogen remaining in this residue is ultimately
recycled as part of the total nitrogen balance.

A mineral oil bas e, water solub le residual herbicide can be applied
at a lesser level under the no-tillage sys tem than for the conventional
method. Since the soil surface is rough (no crusting) , the residua l
herbicide will remain in the surface layer because of maximum adsorption
by the soil particles of clay and organic matter. This should prov ide an
early growing environment for the crop which is free of competition until
the weed control . Furthermore , the i rrigati on operations will be resumed
shortly afte r app lication in order to carry the residual herbicide down
into the top two inches of soil where the maj ori ty of weeds usually gerinmi-
nate . This will assure its effectiveness , since the farmer will not have
to rely on rain to activate the residual herbicide within two weeks of
application .

Insect control also becomes more importan t with no-ti l lage farming .
The mulch cover will  provide a good place for such insects as wireworms ,
seed corn maggots , grape colap is and seed corn beatles to live and work .
Therefore , it is imperative that the biodegradeable insecticides are put
down into the soi l with the no-tillage corn planter.

Conventional Tillage Schedule

While it was recogni zed that reduced tillage in any fo rm has certain
cos t and labor saving advantages , each seemed to have its own inherent
problem so far as see~~ed preparation was concerned. Though chemicals
and equipment modi fications have gone far  in correcting the prob lems ,
p r i m a r i l y weed con trol , the majority of farmers in the area are present ly
com mi t ted  to conventional t i l lage . Therefore , a schedule for this type
of f ield operation is shown in Figure 6.

The p lanting, maturi ty and harves ting dates fo r co rn are the same as
used in the no -t i l lage  sys tem since the crop yields would he adversely
affected if lagged more than S-~’ days . The main comparative differences
at t r ibutable  to conventional tillage are :

(1) The extensive increment of field t ime and labor requi re i under
conventional ti 1 lage .
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FIQJRE S

AGRICUL11JRAL - I RRI GATI~~ OPERATIcZ~S ScHEDULE
()~J TILL&~~ SYSThM)

SCHEDULE FOR F~.P!~ED ACREA (~
(PERATI(~ S 250 ACRES WE IX]-IThD 900 ACRES

Plant Corn w/ins ecti-
cide (start) 30 Apr- l May 3 May 1-3 May

Plant rate 40 ac/day 180 ac/day

Apply Herbicides (start) 4-5 May 4 May 2-4 May

Start Irri gation ,
Phase I 7 May 7 May 7 May

Complete Planting ~He rbicide Application 10 May 10 May 10 May

Corn Emergence 10-14 May 12 May 9-13 May

Inter-seed Rye 10-24 Aug

Corn Physiological
ilaturity and End of
1st Irrigatioi~~hase 23 Aug- 10 Sept 25 Aug 21 ~Aug-5 Sept

?vbi 5 ture Con tent
@ maturi ty 35%

Estimated Field 15 Aug-15 Sept @ 1/2% mois ture content / day
Drying Rates after 15 Sept @ 1/4% moisture content/da y

Start Harvesting Corn
(28% moisture content) 6-28 Sept 12 Sept 4 Sept-23 Sept

Harvesting Rate 15 ac/day 55 ac/day

Resume Irri gation ,
Phase 2 12 Sept-4 Oct 18 Sept 10-29 Sept

Complete Harvesting Corn 23 Sept-15 Oct 29 Sept 21 Sept-10 Oct

End of 2nd. Irri gation
Phase 13 Nov 13 Nov 13 Nov
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FIGURE 5 (Cont’d)

AGRI CULTURAL - IPJUGAT ICt’ OPERATICI~S SCHEDULE
(M) TILLAGE SYSThM)

SG{ELULE FOR FAR~--ED ACREAGE

OPERATIC!~S 250 ACRES WEIQ-ITED 900 ACRES

Start Harvesting, Rye 15 Nov 15 Nov 15 Nov

Harvesting Rate 25 ac/day 80 ac/day

Resume Irrigation ,
Phase 3 20 Nov 20 Nov 19 Nov

Complete Harves ting , Rye 25 Nov 26 Nov 27 Nov

End of 3rd Irri gation
Phase 30 Nov 30 Nov 30 Nov

Resume Irri gation ,
Phase 4 l Apr l Apr l A pr

End of 4th Irri gation - 
-

Phase 27 Apr 27 Apr 27 Apr
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FIGURE 6

AGRI CULTURAL - IRRI C~ATICN OPERATICI’IS SGlEt*JLE
(C(1~VENTICf~AL TILLAGE SYSTEM)

SCHEDULE FOR FAR?~ D ACREAGE

OPERATICNS 250 ACRES WEICI-ITED 900 ACRES

Plant Corn w/insecti-
cide 30 Apr- i May 2 May 1-3 May

Plan t Rate 40 ac/day 180 ac/day

Start Irr igation ,
Phase l 4 May S M a y  S May

Complete Planting 10 May 10 May 10 May

Corn Emergence 10-14 May 12 May 8-13 May

End of 1st Irri gation
Phase 1 June

Qiltivate-Start 31 May-4 June 2 June 29 May-3 June
Cu ltivate-Complete 6-10 June 8 June 6-li  June

Resume Irrigation
Phase 2 3-7 June 5 June 2- 7 June

End of 2nd Irri gation
Phase 14-18 June 16 June 14-19 June

Apply Herbicide : Start 15-19 June 17 June 15-20 June
Apply He rbicide :

Complete 18-22 June 20 June 19-24 June

Resume Irr igation
Phase 3 19 June

Inter-seed Rye 10-24 Aug

Corn Physiological
Maturi ty and End of
3rd Irrigation
Phase 23 Aug- 10 Sept 25 Aug 21 Aug- S Sept

~bistur e Content
~ Maturity 35%

Estimated Field 15 Aug- 15 Sept @ 1/2% mois ture content /day
Drying Rates after 15 Sept 8 1/ 4% moistu re content /da y
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FIGURE 6 (Cont ’d)

AGRI CULTURAL - IRRJ GATICZ4 OPERATIa’~S SCHELJJLE
(CWVENTIQ ”~AL TILLAGE SYSTEM)

SCHEDULE FOR FAR?~ED ACREAGE

OPERATICNS 250 ACRES WEI CETED 900 ACRES

Starting Harvesting
Corn (28% moisture
content ) 6-28 Sept 12 Sept 4 Sept-23 Sept

Harvesting Rate 15 ac/day 55 ac/day

Resume Irrigation
Phase 4 12 Sept-4 Oct 18 Sept 10-29 Sept

Conip lete Harvesting
Corn 23 Sept-15 Oct 29 Sept 21 Sept-10 Oct

End of 4th Irrigation
Phase 13 Nov 13 Nov 13 Nov

Start Harvesting Rye 15 Nov iS Nov 15 Nov

Harvesting Rate 25 ac/day 80 ac/day

Resume Irri gation
Phase 5 20 Nov 20 Nov 19 Nov

Complete Harvesting
Rye 25 Nov 26 Nov 27 Nov

End of 5th Irrigation
Phase 30 Nov 30 Nov 30 Nov

Resume Irrigation
Phase ô l Apr l Apr l Apr

End of 6th I rrigation
Phase 7 Apr 6 Apr ô Apr

Plow (moldboard)
Start 8 Apr 7 Apr 7 Apr

Plow Rate 30 ac/day 95 ac/day
Complete Plowing 20 Apr 20 Apr 20 Apr

Disk and Drag, Start 20 Apr 20 Apr 20 Apr
Disk Rate 40 ac/ day 120 ac/day

Complete Disking 30 Apr 30 Apr 30 Apr
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(2 )  The loss in growth of the spring rye and the resultant decrease
in the build-up of organic matter for surface mulch .

(3) The necessity for having to get into the field in early spring
to prepare the field for p lanting . Unfortunatel y ,  fall plowing would
dest roy the winter rye cover and subject the f ield to e rosion by wind
and surface rnnoff. If , however , plowing we re done , there would be no
adverse effect on the nitrogen balance and applicat ion quantities .

Ni t ro ge n Balance

The system design is predicated on app lying the was tewater in amounts
consistent with the nitrogen requi rements of the crops . Since the require-
ments of the two crops diffe r in magnitude and weekly rates , t he n it rogen
s~ irces mus t he controlled. Nitrogen for crop uptake comes from two
sources - the time-phased app licat ion o f the t reated was tewater and the
crop residue . In net e ffect , the t reated was te%sater provides onl y that
an~ unt of nitrogen that is actually removed from the sys tem by: (1)
harvesti ng of the corn grain and rye fo rage ; ( 2 )  1o~ scs due to vo l it i za-
tion ; and (3) the residual concentration permit ted  under the standard
contained in th e renovated water  and 1LiVOS the ~vs tern v ia  the underdra ins .
it is the ni t rogen in the c rop residue ~hich is recycled over t ime that
is cr i t ical  to the sys tem desi gn , pa r t i cu la r l y i t s  avai lability for c rop
uptake.

The nitroge n budget app licable to the i l lus t rat i ve cropping patte rn
and currently being used for this s tudy is shc~ii in Fi gure 7 . This could
change, subj ect  to des i gn evaluation and refi nement in the fi nal study
stage . A planting budget for 00 bushels per acre corn , or some ~~5
poun ds of nitrogen per acre , has been used with an additional L V  pounds
per acre :ip1~lied for the rye. The ni t rogen al location for the rve is

ioc ~raj~uiied to ass ure obtaining hi gh protein -value forage in the fa l l  for
I : : i rvcst in c~ and an opt imum amount of organic matter for incorpo ration as
soil mulch ~n the spring .

~hen t h e  corn ~r i in  is h a n e s ted , large sr~~p lies of n i t rogen i c
returned to the soil in the fo rm of the c rop residue . The residue contains
about 40 perc ent carbon and 1 to 1.5 percent nitrogen which represents
a carhon - t o -n i t r o~~n ratio ranging from 26: 1 to - i U : 1 .  Both the carb on
and nitrogen are food for the so i l ’ s micro -or gan isms  and a rc h eld in the
so i l , once havi ng heen consumed. P l an t residues having carbon to nitrogen
ratios ran g ing  from 15 to 33:1 genera l l y provide enough n i t rogen for
t h e ir  ~~ii decomposi t ion wi thout  draw i r i ~ on an outside son rce. The actual
:-2r hon to nitrogen ratios of the decompos ing resi dues, however , at wlim ch
nitrogen is irnob i li:ed ( f i xed in the s o i l )  or mineralized released to
th e s o i l )  i cpen ~l~ on tT~o 1 ign in  content of the m a t e r i a l .  In a l l  p roha
hi l i t ’ , tho I ~ n ii con ten t  of t h e  corn ro~.idues wi 11 he s u f f i c i e n t l y

i i  to i rminohi i i  :c some portion of the n i t  roc~en app l ied hv i r r i ga t ion
at i c r  liarves . -\ctua l nu me ral i :at ion of the n i t  rogen though , w i l l  not
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likely occur unti l the carb on-to-ni trogen ratio of the decomposing residues
has fal len to at leas t 20:1. Since microbial act ion is temperature depen-
dent , this critical level of carbon to nitrogen ratio will not be reached
until sometime during th~ following spring.

To assure that the ni trogen will be held in the soil surface , the rye
will be inter-seeded to take up most of the nitrogen applied by irrigation
both in the late summe r , fall and early spri ng . Like all small grains , the
rye which is killed in the spring by herbicides or by plowing under has an
even greater carbon-to-nitrogen ratio than does the corn residue . Thus ,
the decomposition of the dead rye grass will result in further immobili-
zation of some nitrogen.

It is anticipated that the decomposition rate of the corn and rye
residues will be comparatively slow due to low temperatures . About the
middle of Jun.e , however, the carbon-to-nitrogen ratios of the residues
will be sufficiently low to start release or mineralization of some
nitrogen. Shown in Figure 8 is the nitrogen requi rement for corn during
the 30 days following emergence is comparatively low. During this time
much of the ni trogen released by mineralization and that added by
application will be lost by evaporation and/or denitrification . It is
only after this interval that the greatest period of nitrogen demand
occurs . At that time , the ni trogen released by mineralization increases
significantly and is qui ckly converted and absorbed by the plant . Mter
the corn has matured, the concent ration level of nitrogen in the soil will
be minimal. ~ich of the soil’s capacity to hold amnoniuin nitrogen in
exchange fonms is available . The ammonium ni trogen held by the soil’s
exchange complex will be rapidly oxidized to nitrate nitrogen , but in
view of the temperature conditions at that time , denit ri fication and
volatilization of the nitrogen will likely be at a maximum.

The nitrogen concentration of the pre- treated wastewater to be
irri gated is estimated at 3.74 pounds per acre-inch . This was computed
using projected area loadings and the dilution effects of the storm water
volume with its lesser concent ration .

To provide the required 500 pounds per acre of ni trogen (Figure 7) ,
134 inches of was tewater must be applied per year. Of the total wastewater
applied, the nitrogen in some 58 inches would be requi red for the corn, 23
inches for the rye, 40 inches wou ld be lost by volat iza t ion and 13 inches
either returned in the renovated water or held (immobilized) in the soil’s
organi c matter (decomposed residue).
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FI GURE 7

NITRO GEN ANALY SIS
(LBS . PER ACPE)

NITI~ GEN BUDGET APPLIED

1. SYSTE?~S ALLOCATI(}JS I . Nh [ LI )

CORN @295 CORN ChAiN @ 195

RYE @120 415 RfE FORNJE ~ 85

(YFHER SYSTEM ME GIANISMS 200* (;ORN STOVE R @ 20 **

TOTAL 615 NIi l CROP UPTAKE 300

2. NET RECYCLED :. vo L~\rni :vr i o\ LOSS

CORN ROOT @15 NE! PJ~~ VLi) BY Sf~TL
BI~~ Y y f l~ i 450

CORN STOVER @65 3. E QU I\ - \ LE \ T RhS I I)UAL
(NDCP ~1 E:L)ARn) *** 50

RYE @35 -115 —

BALANCE REQUIRED 500 I JI \I It) P!- APPLIED 500

* Volatization and residual in water removed hr ~ m a : r i ; c c e  sr ~~t O v i .

** Equivalent of corn stubble pickup UI) when rye i s  ~~~ \ i c t o~~.

*** NDCP - No Discharge of Critical Pollut ants
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Site Consid erations

The double cropp ing pattern and high app lication rate s utilized in
the system ’s design were adopted to restrict the number of acre s needed
for irri gat ion . This attempt to minimize the impact on the life style
of the agricultural areas , however , did necessitate selection of specific
soil types . Topsoi ls with high infiltration rate s such as sandy loans
or silty b arns overlying sand or coarse-textured glacial outwash were
required. The perme ability or percolation rates of these soil columns
ranged from moderate (0.6 to 2.0 inches per hour) to modera tely rap id
(2.0 to 6.0 inches per hour). Using U. S. Department of Agr iculture maps ,
deep, permeable sand soils classified by the Soil Conservation Service

as having the desired physical properties were located.

The economics of transporting the wastewater to and from the treatment
site was then used to further screen the range of locations . Those site s
with mininvrn population concentrations and having sufficient acreage
to jus t i fy  the investment in the irr igat ion and drainage system were
retained for consideration in the firs t series of comparat ive screen ings .
Suitable acreages of either silty loains and/or sandy b arns were found
in counties located in both Illinois and Indiana. Include d were port ions
of M Henry , Kendall , Grundy , Will , Kankakee and I roquois Counties in I llinois
and mainly Newton and Jasper Counties in Indiana . A maj or por tion of
the total acreag e is with in the dra inage boundary of the Kankakee River
basin , located south of the study a rea .

Preli mina ry Scre ening

A range of alternatives emp loying Land treatment sys tem were all
evaluated on a comparative basis . These included an alternat ive with
a single site , and alterna t ives with dispersed sites , inside and outside
the study area , and in combination with the other plant techn ological
processes and with synergistic uses . Institutional const raints were
recognized, but design was predicated on regional objectives in compliance
with Congressional directives and intent. These alternatives were then

screened and analyzed with respect to social , environmental, economic

and resource cons iderations , as were other alternatives utilizing the
Advanced Biolog ical and Physical-Chemi cal plant processes . Of the 19

alternatives orig inally studied, five have been retained for final study .
T~~ of the five alternativ es involve Land treatmen t to some degre e . ~ie
is a pure Land treatment system while the other employs land as a supplement

to five major Advanced Biological t reatment plants located in the metropolitan
area. In both cases , the land sites are dispersed around the study area,
not concentrated in one particular geographic location .

Prototype I~bde 1

In designing the physical layout of the Land treatment system , it
was recognized that each site must fit into the general land-use pattern s
of the surrounding area . Public concern required that every effo rt mus t
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he m ade to minimize any Possible adverse effects on the area ’s social
well being, economi c structure and envi ronmental attributes . To determine
~ow this could hest be accomplished and to evaluate the full range of
design imp licat ions , several prototype models, si te specific , were developed.
Ithat follows is a general descript ion of one model and the land considerat ions
wh ich were used to deve lop the site plans .

Certain planning objectives we re adopted as a result of the preliminary
st udies and used as the basis for the prot otype desi gn:

(1) All lands which are environmentally or ecologically unique
in value would not he encroached upon .

.)  All communities , public institutions , and commercial developments
would be avoided.

(3) The integrity of the transportation system within the area would
be mai ntained , at least down to the level of the t ownshi p road. Road
relocation and alterations are to be avoided whenever possible.

4) The Physical facilities would be so located as to caise minimum
disruption to the fari~~r — his home, plant and land use.

The size of the prototype model was based on its storage and treatment
rate capacity . Se l ect ion of the base si ze was p r e d i c a t ed  on the potential
for syner g is t i c  (nmr lt L~) ic -p urpose) uses , ecofIolIIics ol rr i gation system
desi~n , and capab i iit ~ to shape the treatment system ’ s components wi thin
the site ’s physical features . ih e i l lustrat i ve module selected for study
encompassed ~9,1OO aci-cs of which only 32,40U acres would be associated
with the wastewater rianai~ement system. !\n additional ~, lO0 acres would
be required if the sludge is applied as fertilize r on c - ither  cultivated or
pasture lan ds within the module rather than used to reclaim low productive
land outside of the module. Fi gure 9 presents the amount of acreage for
each land-use wi thin the prototype model.

in th i s  case study , t im e i rr igat ion and drai nage sstems and the
lagoons wore shaped ~.ithin the exis t ing road network arid a round existing
developments including home sites in the area .  The hi gh percentage of
land retained is woodland reflects such constraints as topographic relief
~grade) and basic conservation practices where such cove r is desirable -

as an lan d in and adjacent to the floodplai ns . Those lands presentl y
in crop , i)~1sture , or other uses, b ut not incorporated int o the system ,
wore pa rcils that could no t he realisti call y irr i gated because of existing
ph v -~i cal feature s such as roads and unaccept at ’le  soi is or other desi gn
constra i nts . This acreage could be reduced d u r i n ~’. subseque nt study
e H c m ~~s , hut only if acceptable to the residents of t li area and the
local ari d State planning agencies . .\ conceptual p i e~entation of the modelI s sho~n in I - i gure 10.
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FIGIJRE 9

LAND USE (ACRES)
PRDTO~fPE LAND TREATMENT ~JDEL

reutr.~ent System

1. Irri gated Crop Land 26,600

- . Ae ration Lagoon 200

3. Stor age Lagoon 5,600*

Subtotal 32 ,400

4 . Crop Lan d (Sludge Farming) 7~ b00**

39 ,500

f o c t e d  Lan d

i. -~~adian ds , Farm ponds, green space 8,100

~han Development 3,900

3 . i4~ads , Railroads and streams 1,000

Crops, pasture or other lands 26 ,900

39 ,900

- 4 lo ta l , Prototype ~.bde l 79 ,400

.~~~~~i~Ide s 200 acre allowance for buffer zone

** I ona l or use with sludge, subject to local acceptance.
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The aeration and storage lagoons are designed to provide the double
functions of pretreatment and equalization storage . The aeration lagoons

, are basical ly interim holding lagoons where the maj or portion of pre-
treat ment functions are achieved. These lagoons are sized with an
average normal depth of 15 feet to hold the wastewater 3-5 days , during
which time air is adde d and the primary treatnent process completed by
aerobic microorganisms . The air is added to the was tewater by mechanical
surface aerators to satisf y the oxygen deman d of the bacteria and other
microorganisms living in the was tewater. It is these microorganisms
which decompose the solid organic matter and convert soluble organics
to sediments (sludge), thereby achieving the equivalent water quali ty
level of conventional secondary treatment plants . The aeration time
is set to minimi ze the daily BOl) rate in the storage lagoon and, conse-
quently, reduce the potential for an anaerobic condition to occur.

The primary function of the storage lagoon aside from acting as
a settling tank for the sludge is to provide a working storage volume
equal to at least 5 months of the average dai ly incoming wastewater flow.
The S month duration reflects the sys tem ’s downtime when the treatment
process (irrigation) cannot adequately function because of the low air
and soil temperature . The lagoon design also includes provision of an
operational fre eboard for surfac e wave action and storage where the sludge
will be accumulated prior to being r emoved. Thes e lago ons because of
their minor BOD loadings (20-30 lbs/acre/day ) and 25-foot normal water
depth should not become surface anaerobic or have associated odors, except
possibly during spring thaw when a turnover of the water layers may occur.
Even then, the problem can be overcome by aerating the storage lagoon
with the portable mechanical aerators for some 30 days after the air
and water tempera tures begin to rise reflecting the transition from winter
to spring .

For the purpose of this illustration, a Center-Pivot Irrigation
System is used to apply the treated wastewater to the crop fie1ds .~~The
system consists of self-propelled units which irrigate a circular area.
The size of the radial irrigator rig will vary between 1,000 and approxi-
mately 2,000 feet in length depending upon the field configuration . The
pipe which delivers the effluent to the field is supported between wheeled
towers by a braced , under-trussed structure . Depending on the radial length ,
the irrigator will rotate around a center pivot post and spray approximately
72 to 290 acres during one complete revolut ion .

The center-pi vot machines presently contemplated for use in the
wastewater treatment system diffe r from those generally used for agri-
cultural irrigation in two ways . The standard impact sprinklers are not
used nor are they located on top of the spray arm . Instead of using
sprinkler nozzles which have hi gh pressure traj ectories for maximum
coverage , a non-rotating, orifice type, industrial sp ray nozzle is used
to obtain large diameter droplets . The low nozzle pressure and compara-
tively large ori fice size increase the size of drop lets , thereb y lowering
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the distance of a r i f t . Furthermore , .~~e sp~ ay n t - . ire hung on the
ttom of the support t russ below the wheel towers ’ alignn~nt and control

nc:~~r usn ~s . This also reduces the potential for any aerosol-related
i o’I cr1L~ and insure s direct application to the row crops . The spray can

Pc adjusted as close to the top of c rop canopy as efficiency allows.

The nozzle size and spacing wi l l  be varied to achieve a uni formity
of cocera g e , thereby avo i ding hi gh quantit ies of water bei ng app l ied near
t ile pivot point and lesser volumes at the outer area. This adjus t abi l i ty
can also he used advantageously where di fferences in soil types or condition s
arc experience d. The re shoul d be l i t t le  in~ act and splash from the drops
ari d the field t i i th  shoul d not be disturbed.

i tiC drainaoe system w i l l  be desi gned in relation to four governing
rates of application as detennined by the

ar t i - ic at  uptake requi remen t s and local r a in fa l l  characterist ics;  ( 2 )  the
rate of infiltration at the soil’s surface; (31 percolation coefficients
ai thin the soil column ; and ( 4 j  the natural movement of water through the
underlying saturation zone. Inc planned average and peak application will
var -u from .b5 to .86 inches per day or 4.5 and b inches per week ,
rcspuctivelv . The peak quantity rates are provided to accomm odate appli-
c it~~v~ rates r elat ive to c rop uptake and the do~TI time that will  be
experi ence-i in the irr i gatio n schedule because of the anticipated rainstorms,
including antecedent ( lag)  conditions . The desi gn of the application
and drainage system includes consideration of the frequency , in tcn situ ,
and duration of storms together with  the evapotransp i ration losses that
can ne expected in the Land system a reas , because the dcs~4~ n rate ofpe rca iat ion is only a fract ion of the percolation cap a~Ttv of the soil ,
t i r e  ve rtical movement of water throug h the aerated , non-saturated soil
zone occurs as a svstc:: of thi n films moving over the surfaces of the soi l
a. rI ic  les . The ‘:e rt cal movement o r~ ater as app li ed would be si or , enough
to ph imi t the nutrients to be consumed by p lants, arid the soi l micro-
or:rrni’~ms.

Once the percolating writer has ao~ed t m  rough the upper soil zone .
i t  e n t e r s  the sat urated soi 1 comic . ihe drain pipes ar e  p laced at the
t a p  ot~ thu satu rat ion zone and thus are iii i~ to an in t a in  a control led
i.ritur table and capture the i -man ;itcd water applied 1w the irri gati on
5y5 tern. Flit hon :ontal 51510 rug of dial n pi pus and depth at mdii Jr the
p eer - ate p laced w i l l  a lso contro l the p r r r d i e i r t  ( f low p r o f i l e )  of the

I r t a b l e  and ins u re tha t t~~~~t s’Uy-urt5iO O flows ~re inwards t owaids
tile center of the u n  gtr t j olt svs t e ar .  Lonsop ueli t Iv , no leaching or per-
a- .- Lit  ron of the high quality renovated mcastewater into the adj acent
S Q I  1 ‘‘ofi le -uhould occur. Such coot rols ire iripo sed to a fecurirtl the

e p r i tv of ftc 5 irror aid i r e  grouP nat ci and i t s  ur - r i g e i~ the i n d i v i d ual
rd couriuni to . he u s  can he a d i ris toad of i~ 

pcr~ I cr ainrip i r m a  tile
-
~~~ c e r n - r i  of r a t e r  through soils w ii Ir flow patterns bocomi rig rird ally

~~i i ( t ri cal about the mcc l 1. crier ally , wel l~ are used when time di ~~t ance
f i u a :  -p rourid srirfrw u t o ground a,rL: r i s  g l o a t e r  ~~a i i  10 l oot . \~ t i r 1 i \ ,

h I F  i c ground ~ i ’~~r t tb 1 - . t Ire eaS I or r ind more pes i lye i tire
cort~ 0 or Py ;r , ot rri I m\ r t  h - n  mocenb - r i t
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l~~act ~~ The Fa~~~r

The implications of adapting the Land treatment system to the farmer ’s
needs and l ife sty le are the concerns of the designer and certainly the
farmer himself. Similar to any i rri gat ion sys tem , there are specific
operational controls which have to be maintained if the treatment process
is to function properly. Consequently, an interest in the farmer ’s land
would have to be acquired for an extended period of t ime . This limited
interest would require the fa rmer to agree to the following: (1) to
accept a certai n amount of treated wastewater within a specific time
framework ; and (2) to grow and manage those crops suitable to the system ’s
needs . In all cases , the major objectives are to insure proper utilization
of the nutrients , particularly nitrogen , and to insure that maximum crop
yields are attainable.

In return for participating in this system the farmer can expect
to obtain a yearly gain in net income . Presently the average harvested
yield, for corn on well managed farms in the counties where the land
sites are located is 135 bushels per acre . With the installat ion of
the proposed system and application of the equivalent nitrogen , phosphorus ,
and potassium budgets for 200 bushels per acre corn ; and assuming a 15
to 20% field loss , it is anticipated that an average yearly yield of
165 bushels should be harvested from each acre . Based on an average
market value of $1.06 per bushel, the fa rmer ’s net income should increase
by $31.80 per acre . Furthermore, there should be a net savings in out -
of-pocket field operational costs . This is only part of the total savings
in production cos ts and does not include equipment depreciation and other
allied operational and overhead factors . The anticipated savings in
field production cost is estimated to range from $11.05 to $11.55 per
acre , depending upon the type of tillage method enployed. The basis
and derivation of these net saving is shown in Figure 11. Not included
is the net labor saving of 1 day or at least 10 hours per 10 acres that
can be achieved using the no-tillage system . This labor saving estimate
obtained from a local farmer actually utilizing both tillage methods
on his 700 acre farm, correlates very well with other time saving estimates
prepared by various Universities and Extensive Service studies .

Based on the foregoing it is estimated that the farmer should be
able to increase his net income anywhere from $42.85 to $43.35 per acre .
No income allowance gained from the marketing of the rye forage has been
included; the value is assuned at this point in time to offset the cost
of harvesting . The cos t of aerial inter-seeding and installation , operation
and maintenance of both the irrigation and drainage sys tems is expected
to be borne by the legally -designated operating entity , not the farmer.

The option of using the spray rigs for applying herbicides to the
irr i gated areas can be made available to the farmer at no cos t ether
than material cos t themselves . This may prove to he the mos t eff ic ient
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application technique both from a cos t and use standpoint . This latter
factor can have significant meaning in light of the current concern
over the use of insecticides and herbicides .

Impact To The Community

There are many ramifications that should be considered by the total
agricultural con~nuni ty . If the Land treatment system is to be implemented ,
the commi tment for the proposed multiple land-use of treatment and farming
could be supplemented by some form of actual zoning ordinances . ~1any
of these lands are in counties that are increasingly being subjected to
urb an pressures and where land-use patterns are changing . By zoning
these lands as open-space , the agro-business could be protected and green
belts provided. Furthermore , these lands could serve as the design base
for a viable land-use control with vari ous fo rms of development (commercial ,
recreational and residential) planned as satellite to the site. Pro-
visions can be made to incorporate the treatment of the wastewater from
these developments and the return flow made available for reuse. Con-
sideration also should be given to equating the tax base of these lands
relative to their agricultura l value and not thei r potential worth if
redeveloped for a higher-assessed use. This is a common concern of many
farmers and may be requi red over t ime if this use is to be saf e-guarded.

The cropping pattern of corn grain and rye forage has the additional
potential of f os tering beef production on a large scale. The prospect
of providing a guaranteed source of feed can attract commercial feedlot
operations or encourage the local farmers to expand into either feeder
stock and/or finishing beef operations . Either way this can materially
imp rove the economic structure of the area and the marketability of the
system ’s crop production . Furthermore, the potential pollut ion problem
associated with animal wastes can be resolved with minor modification
of the Land sys tem des ign. Assumi ng the feedlot (s) was located near
the treatment site , the decomposed wastes could be used as fertilizer
and spread on those lands in between the irrigation areas and/or on the
non - irrigated crop or pasture lands. This would be another gain for
the participating farmer.

The increased crop production should definitel\~ provide a multiply ing
effect to the total economic structure of the area. Such factors as
expansion in the storage and dry ing facilities , increase seed and equipment
sales and the accompanying increase demand for cus tom services will all
help to stimulate the local econon~ . Such synergistic potentials as:
(1) locating power generating plants at the storage lagoons where the
wastewater can be used as cooling water; and (2) developing the fields
for use as revenue-producing hunt ing areas during the winter season also
can be inves ti gated as other possibilities for bring ing outside investment
capital into the area .
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FIGURE 11

PRODUCrICA’ CC~T COMPARISaI 1/
($ per acre) —

Field Corn Ckily

No Irrigation With I rrigation
Field Operation Conventional Tillage No Tillage Conventional Tillage

Fertilize (excludes
material cost) 1.10 1.10 1.10

Plow (moldboard) 4. 85 - -  4. 85

Disk and Drag 2.50 — - 2.50

Plant 2.60 5.00 2.60

Spray herbicide 1.50 1.50 1.50

Cultivate 1.70 -- 1.70

Harvest 8.10 8.10 8.10

Materials : Fertilizer E~
Insecticide 2/ 28.00 12.00 3/ 12.00 3/
Herbicide 4.00 (band) 12.00 Throadcast)S.00 Throadcast)

Seed 10.80 13.20 12.55

Hauling , Storage F~ Drying 5.40 6.60 6.60

Total 70.55 59.50 59.00

1/ Based on average custom rates for the North Centra l Region as published
in Doane ’s Agricultural Report dated 3/ 17/72 and/or actual costs incurred
on farms within the land site(s) areas .

2/ A cost of $4/ac included as a constant for insecticides .

3/ Includes soil amendments such as dolomitic limestone to maintain soil
pH and balanced p lant nutrition .
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Based on the findings to date , the Land system should not prove
disruptive to the social and economic structure of the area. Site design
can , and should , avoid adversely affecting any area of environmental value ,
though there undoubedtly will be some woodlands converted as the individual
farmer maximizes his total farm production. Finally , there should be no
health hazard to the residents in the area. Field experience in operating
actual sludge farms , or even the standard ss~~age treatment plant , have
shown no evidence of a health prob lem. Since the liquid which will be
applied to the field is already pretreated and also disinfected, no par-
ticular health hazard should exist.
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IV. COMPON ENT BASIS or D i SIC~

B. INDU STRIA L TREATMENT SYS ILNI S

PLUME ANALYSIS

Introduction

When a turbulent water jet is dischar ged in to  a r ece iv ing  water
body, diffusion and mixing of the water t akes place.  The existing
water quality standard applies only in the region o u t r i d e  the mixing
zone , which is defined as the area within a 1 , 000-foot ra d ius  from the
source of the water j et .

The analysis of the discharge plume may be • r ’c omnp l is h ed by
solving a mass balance and the momentum equation . However , the
analytical solution of these equations cannot be obt ained because the
part ial differential equation is non- l inear .  A s impl i f ied  method using
a non—dimensiona lized result from a numerical  ana ly s i s  with s imi la r
boundary conditions is used for this report .

Method Of Analysis

The basic equations governing the d i f fu s ion  of the heated waste-
water are:

~(~~grad) V = - grad (P + f4) ~ A(~ ’~~~ ( 1 )

and V. grad T = div ( K /~grad T) 
-

(0C w H w (2)

In which , p = mass densi ty

if = velocity vector

P = pressure

force potentia l

= viscosity

T = temperature

K d i f fu s i v i t y
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G.o = rate of heat transported through the
bo undary of the control volume

= specific heat of the water

Hw = effective thickness  of the water body
which is affected by the heat t ransfer

Atho ugh the distribution of the temperature may be obtained by
solving Equations 1 and 2 , the analyt ical  genera l solution can not be
obtained with current available techniques.  The numerical solution was
obtained by Wada 1/, who assumed that  the dif fusion is dominated by
the turbulent field and that the heat ejected into the atmosphere is
negligibly small . The results were expressed in a non-dimensional
fo rm as shown in the following graph.
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The following nota t ions  arc used in this graph .

x; y: the coordinati on of the point  of i t o s t  ur  m n ~ th~
cente rline of the jet at the outlet po in t  as a
refe rence

B: width of the outlet channel

~ T: incre~ient  in temperature  from the receiving water
body at the point of interest

~ To: inc rement in temperature from the receiving water
body at the outlet point

In a two—dimens iona l  f low the t empera tu re  ch ange  c- - in be ex-
pressed in the following form :

f (~~ To , x , y ,  B , 
~~~~~~~ 

~~~~~~ , Vo , ,~~~~~~ (3)

where p0 and 4~° are the dens i ty  of t h e  rn ce i~~i nci v - . t er  an d  the in-
crement of densi ty ,  respectively ;  Vo is the ve loc i ty  it  thc et l e t  and
~I is the viscosi ty of the receiving water .  The nnr — d i m e n s o n a l  f e r n
of Equation 3 ca n be obtained through d i r n c n s i a r u l  mrr: i v s i r  as ~o l l o ~’. n :

4T = , .. ~~~~ \H , \ eBPn ) ( P
4 i’o ~~B B fo v’~i~ .A-~ /

T he te rm Vo//~W is the Froude numbcr  and VoB & ~~ is the P e v m r Ids
number.  Since the Froude number  of the gravi ty  t ree domin t s the
dif fus ion  process in this  case , th e  te rms  ~~~ eo and *10 if m w
be neglected . Then Equat ion 4 can be rewri t ten  a s :

4J_ l_
~ i (5

~~To *~~ B B j~~~J
Thus , Wada ’ s r ion—di m ensional iz ec i  resul t  can he used f o r  a h - - i :  - i i i -
cal ly s imi lar  sys tem if the  Froude n u m b er  is s i m i l ar .  The : - : m ’ c r i : - :  - ‘c 1
work of Jen~ / indicated that the d i s t r i bu t ion  p m t t e r n  f t he  non --di in -r- ~ —
sionali zed temperature  change ~ T/ 4 To does n - c t  h ave  any r ica ilicar- t
change in the  region c f  h igh Froude number  f low . T h u s , i i  this r i - i
of Froude number  1 1 w , Equ at ion  5 e r a  lie s i mp !  h i  ( I I  a s :

_
~I_~
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The results imply that Wada ’ s results can be used for the analysis  of
the discharge plume .

Using the Indiana Harbor Canal discharge into Lake Michigan
as an example (B = 400 feet) and assuming tha t 4To is 5° F , then
the temperature change at 1 , 000 feet ( X/ B/2 = 5) will be

= 0 .82 x~~To = 0 .82  x 5 = 4 .1° F

The same technique also applies to other intensive parameter pollutants
such as BaD , suspended solids or dissolved solids .

BA -IV-B-4
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IV. COMPONENT BASIS OF DESIGN

C. SLUDGE MANAGEMENT SYSTEMS

SLUDGE TYPES

Sl udge Yield

The yield of each type of sludge is computed as follows:

Conventional biologica l & land treatment sludges.

1. Infl uent sewage @200 mg/i SS = .834 T/MG .

2 . Fo r every pound of BOD util ized in the secondary con-
tact or assume 1 - 2  of 02 goes to 002 respiration and
the remainin g 1/2 02 goes to new cell growt h (C5H 7 NO 2 ) .
Ass ume reduction of soluble BOD in secondary contactor =

60 — 20 = 40 BOD units .~~ . 20 mg/i 02 is utili zed for
new cell growth . Cell growth = C5H 7N0 2 (113 )  20 71 mg/i

new solids ~~6O0# or .3T - MG . 02 ( 32)

3 . Total solids to seconda ry clarifier = .8 34 + .3 = 1 . 134
T/M G. Assume 25 mg /i SS passes over clarif iers ’ wei r

104 T/MG .
‘
. Total  solids to sludge digestor =

1 .03 T/M G.

4 . A ssume 75% of the solids are volati le 0. 77 T/M G.
Ass ume that 60° of the volat i les  are destroyed in diges-
tion with 2 0T- being conve rted into fixed solids . .~~ . Net
solids dest royed by digestion — . 7 7 ( . 4 )  . 308 T/MG

Yield of digested solids = (1 . 0 3 — . 308) — 0 . 7 2 2  T,~MG.

5 . Grit yield based on 1970 MSDGC data 56 T day
@1 , 369 MGD average da i ly  f l o w . Y i e l d  = 0 . 0 4 1  T/MG.

6 . Total s ludge — gr i t  y i e l d  0 . 722 -( 0 . 0 4 1  0 . 7 6 3  ‘F MG
say 0 .77  T/MG .
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Phys ica l -chemica l  s ludge yield.

1 . Inf luent  sewage @20 0 mg/i SS @75% volatile solids
Ash after incineration ~~~- . 25  (2 00 mg/1) (8.34 )  = .208 T/MG

2 , 00 04~/r

2 . I n f l u e n t  phosphorus concentration = 10 mg/l . Assume all
of the P (at . wt 31) is converted to calcium hydroxya-
çotite Ca5 (OH)(P 0 4) 3 (A .W . = 502) . - ~~. Ca 5OH(P04)3
yield — 502 ( l 0 ) (8 .34)  = 0 . 2 2 5  T/MG .

3(31)  2 , 000

3. Massive  lime addition (CaO) = 400 mg/l ; of this amount ,
110 mg/i (-~ 30%) is lost and made up while the remainder
is recyc.ic~-d for reuse through the system. Calcium lost
or wasted - 4 0\  110 where 4 0=A.W. of Ca and 56 A.W.

of GaO. Ca ~~st = 79 mg/l = .329 T/M G.

Of this  amount , ‘2 0 0 ~ . 225  T/MG of Ca is lost in the
~502

ii 7 lr cxyape t i t e  = .090  T/MG . Assume that  the remaining
Ca is lost as CaCO 3 = L .329 — .09 )  100 = 0 .597  T/MG

4 . Based on repo rt from Lake Tahoe , projected CaCO 3 require-
r n on t  for  the c l inopt i lol i te  ion exchange process = 0 .2  T/MG
as C C 0 3. Assume 30% lime makeup ,  the CaCO 3 lost from
t imo i - ar exchange process = 0 . 3 ( . 2 )  = 0 .06  T/MG .

5. Sludge yield from the physical -chemical processes is:

0.208 T/MG as Ash
0. 225 T/MG as Calc ium Hydroxyapetite
0 . 6 5 7  T ’MG as Calc ium Carbonate

~~ 1 .090 T. MG

N . r o i l  yield 0.04 T MG same as biologica l sludges

7 . T ot a l  s l u ~ qi — grit yield - 1 .09  + .04 - 1 . 13 T/MG

B A - IV -(’ -2
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Adva nced biological sludge yield.

1. Biological sludge and grit yields from the conventional
treatment units of the advanced biological pr ocess has
the same design basis as shown on page 1 = 0.77 T/MG .

2. Research has reported a biological sludge yield from the
denitrification process 20% of methanol feed by wt.

Denitrification sludge yield = .2(40 mg/i) = 0.0 33 T/MG .
Assume 75% of these solids are volatile .025 T/MG . As-
sume that 60% of the volatiles are destroyed In digestion
wIth 20% being converted into fixed solids. .~~~~. net solids
destroyed by digestion .4(.025) .01 T/MG .~~~~. yield
of den itrificat lon digested solids = . 0 2 5 — .0 1 = .015 T/MG .

3.  Assume secondary effluent SS = 25 mg/i @75% volatIle
solids. Ash from lime recalcinatiori = .25 (25 mg/l)(8.34)

2 ,000
= 0 . 0 2 6  T/MG

4. Assume effluent phosphorus concentration from secondary
clarifIer 8 mg/l. Assume all is converted to Ca 5 (OH) (P04)3

Ca5 (OH) (P04)3 yield = 502 (8) (8.34 ) = 0.18 T/MG
3~~fl) 27O~ 0

5. Massive lime (CaO) addition = 400 mg/i; of this amount ,
110 mg/i (~~30%) Is lost and made up while the remainder
Is recycled for reuse through the system . Calcium lost
or wasted as Ca = 40 (110) 8.34 = .329 T/MG as Ca. Of

56 2000
thi s amount , 200 (.18) T/MG of Ca Is lost In the hydroxa-

502
petite = .071 T/MG . Assume that the remaining Ca is
lost as CaC O 3 = ( . 3 2 9 — . 071) 100 = 0 .645  T/MG .

40

6. T otal sludge — grit yield Is:
0 .77 1 T/MG Grit & Biological Digested Sludge
0 .0 15  T/MG Denitrification Disgested Sludge
0 .026  T/MG Ash from Recalcinat lon
0. 180 T/MG Calc ium Hydroxyapetite
0 .645  T/MG Calcium Carbonate

= 1 .6 36 T/MG say 1 .64 T/MG

BA- IV-C -3
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TYPE OF SLUDGE UTILIZATION

Land Reclamation

Lime dosage for ammonia strlpp gg . In order to determine the
optimum dosage of lime for ammonia stripping, a laboratory test was
conducted at the chemical and engineering laboratory of Tenco Hydro/
A eroscience , m c , Countryside , Illinois. The pH and the residual am-
monia concentration were measured for each different dosage of Ca( OH) 2 .
The results of the test are presented in the following table .

Result s of Ammonia Stripping Test

Cc~0H) 2 Residual
Dosage Ammonia pH
(g/kg) (mg/kg) 

_____

0 1,35 5 7 .1

0. 3 — 7.5

0 .7  — 8.0
1 .1 — 8.5
3 .0  1, 150 9 .0
3.60 975 9 .5

6 .25  810 10.0

7 . 2  600 10 .8

8.65 207 11 .5
20.5  220 12.0

SLUDGE APPLICATION RATE
The sludge application rates are computed based on the nitrogen

balance in the soil for the biological sludge and based on the optimum
lime application rate for the physical chemica l sludge . The assump-
tions used In the sludge application rate are described in the text of
Appendix B. The application rate of the biological sludge for land
reclamation utilization are computed based on the availab le nitrate

BA- IV--C-4  
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balance during the first year of the sludge application , while the appli -
cation rat es of the biological sludge for agricultural ut i l izat ion are com-
puted based on the available nitrate under a steady state after  a number
of years of sludge application .

Nitro gen Reguirem~ll~
It is assumed that the rate of nitrogen uptake of the plants is

36 0 pound s per acre per year and that 30% of the nitrate nitrogen will
be lost through denitrification . Hence , the total nitrate nitrogen re-
quired by the plants would be 515 pound s per acre per year (= 360/ 0 .7)

Agric ultural utilization

Conventiona l and land treatment sludge
1. Conc. of N in sludge = 0 .04 T-N/T-sludge

2 . Net Req. Appi. Rate = 515/0 .04 x 2000

3. Appl . rate after the volatization loss is added
= 6. 44/ 0 .5 = 12.88 T/AC/year

4.  Appi. rat e after the inert grits is added
= 12.88/0.95 = 13.5 T/AC/year.

Adva nced biological slr.~ g.~
1. The yield of convent , sludge = 0. 77 T/MG.

2. The yield of advanced bio . sludge = 1 . 64 T MG .

3. The application rate 13.5 x 28 . 8 T :AC yr .

Physical chemical sludge
1. App I . rate of lime as CaCO 3 = 1.0 T ,A C , y r .

2. Lime content of P-C sludge = 60%

3. Appi . rate = 1/0.6 = l . 6 7 T / A c/ yr .

4. App I . rate afte r inert grits is added = 1 . e7 . .
= 1.73 T/AC/yr.

Land reclamation

Land treat ment slu~~~~
1. Am m.  nitrog . In sludge 0 . 04 x 1/ 3  = 0 . 0 l 3 - ~ T ‘1

2.  Amm.  nitrog . after  a m m .  strippi ng 0 .0133  x 0 . 2 S

0 .00333 T-N/ T-sludge .
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3. Amm . nitrog . after  vo litiz . loss = 0 .00333  x 0.5
= 0 .00167  T-N/T-sludge .

4. Organic nitrog . at f i rs t  year = 0 . 0 4  x 2/3
= 0 . 0 2 6 7  T— N/T -s ludge .

5. Amm.  nitro g . due to mineri zation 0 .026 7  x 0.04
= 0 .00 1068  T-N/T-sludge.

6. Total available amm. nitrog . = 0.00 1068 a 0 .00167
= 0 . 0 0 2 7 3  T-N/T-sludge = 5. 46 lbs-N/T-sludge.

7.  Allowable appi . rate 5 15/ 5.46 = 94 .6  T-sludge/Ac .

8. App I . rate af ter  inert gr i ts  is added = 94 .6 /0 .95
= 100 T-sludge/Ac.

Advanced biological sludge
1 . The yield of convent , sludge = 0 7 7  T/MG .

2 . The yield of advanced bio . sludge 1 .64 T/MG .

3. The applicat ion rate = 100 x 213 T/Ac .

Desig n Basis Calcu lation s for Sludge Management

Reclamation applicatio n. Fresh s ludge , anaerobically digested ,
is available at 4% nitrogen on a dry solid s basis.  One-third of 1.33%
is available as NH 3-N and two-thirds or 2 .67 % is available as organic
N .

1.33 % NH 3
-N @ 6% TS basis s ludge = 0 .08% NH 3-N

= 800 mg.  NH 3
-N

By ammonia str ipping @ 8 . 6 5  GM KGM of Ca(OH) 2 
i t  is pos-

sible to remove NH 3-N down to 200 mg/I or realize 75% reduction of
NH

3
-N .

With  a mmonia stripping , there is 0 .33% N H 3-N equivalent left
on dry basis 2.67% Org . N for a tota l of 3. 00% Tota l N. The nitrogen
available for each dry ton of sl udge would be ( 2 0 0 0 ) ( 2 . 6 7 ) ( l 0 _ 2 )( 4 )
(10 2 ) or 2 . 1 5  tIN/Dry Ton on a yearly bas is .  This a ssumes a 4%/year
rate of m i n e r a l i . ’at ion or organic N plus ( 2 0 0 0 ) ( 0 . 3 3 ) ( l 0 2 ) or ( . N ~~~~
Dry Ton . Agric ul tura l experience at the Univers i ty  of I l l ino i s  and SEMCO
indicates a reduction of 50% in NH 3-N due to vo la t i l i za t ion  on drying .
Th u s , the net inp ut  of ammoni a  nitrogen is 3. 3 t~N / Dry Ton . Thus ,
the tota l loading is 3. 3 -3 - 2 . 15 — 5 . 45 t I N - D r y  Ton . At 3 6 0  ~N - A c r e — y r .

B- TV-C -I
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- ~u Reed canary grass arid at 70% yield to crop get 360/0 . 7 =

515 *N/Acre -yr . 515 #N/Acre-yr. @ 5 . 4 5  ~N Dry Ton 9 4 . 6  Dry
Tons/Acre—yr. 0 .30 ( 515 )  155 *iN t i’r .  wil l  be lost to deni t r i f ica t io n
processes. A 30% denitrification loss is projected as reasonable by
agricult ura l experts . The second year a l t e r  rec lamat ion , the nitrogen
yield will be decidedly less per acr e , depend ing en t ire ly  u pon the
mineralization yi = d of 4% of org . N /Yr . or 196 ~N / A c -Y r , the second
year , 188 ~N/Ac-Yr the third year and so on. Reclamat ion  total
sludge yield (including grit  at C .04 Ton , n i g ) for standard iologic al and
land treatment sludges 0.77 -

0 73
( 9 4 . 6 )  100 dry tons /acre , adv .  b iol.

sludges 
~ :~~~

( 1oo ) 213 dry tons , a~~.

Agricultura l applicatio n . For an agr icul tura l  yield of 360~ N/A cre— yr .
f rom reed canary grass require s 515 ~N , acre -yr .

At 2 .15 #N/dry ton from Org . N plus 2000 ( l .33 ) ( 10 2 ) ( 0 . 5) or
13.3 *N/d ry ton from NH 3 — N get a tota l of 15. 45 ~N , dry ton .

Over 25 years you get 2 5 ( 0 . 5 ) ( 2 . 15) ~N - y r . or 26 .9  plus
13 .3 = 4 0 . 2  4~N/~,r.  or 515/4 0 .2 - 12 .8 dry tons/acre— yr .

Agricu ltura l  use. For standard biological arid land system sludges
use 12.8 dry tons/acre year .77

- 13 .5 dry tons/ac-yr.

For advanced biolo gical sludges use 
~:~~~

12 .8) 27 .3 dry

tons/ac -yr.

For PC sludges use 1 . i~
1 09 

(1 .67 )  =- 1. 73 dry tons / ac—yr.
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IV. COMPONENT BASIS OF DESIGN

D. STORMWATER MANAGEMENT SYSTEMS

EVALUATION OF STREA M WATER QUALIT Y DURING STORMWATER SPILLS

B asis of Design For Sample Calculation

1. Eff luent  quality to be met by all  e f f luents :
BOD5 = 2 mg/i = 0 .0167*/ 1 , 000 ga ls .  = 16. 7*r/MG
Suspended Solids - -‘-0 mg/i
Phosphoru s = 0.01 mg/I = 0.0000834*/l ,000 gals.

.0834*/MG

2 , Municipal and industrial  flows in C-SELM area =
- 2 , 475 MGD

3. Area of C— SELM region = 2 , 600 mi 2 
= 1, 664 , 000 Acres

4. Total yearly C-SELM flow =- 2 , 475 x 365 = 903 , 339 MG
5. Land use in C-SELM area for 1990:

U rban = 4 7 6 . 5  mi 2 Ru ral = 1, 323. 75 mi 2
Suburban = 783.8 mi 2

1 , 26 0 .3  mi 2 
-- 806 , 560 Acres

6. For Urban—Suburban area , total pol lu tants  spi l led by
M &I flows/a cre/year:
BOD5 = 16.7 x 903 , 339 — l 8 . 7*BOD 5~’Acre Year

806 , 560

Phosphorus 0 .0834  x 903 , 339 = 0 . 0 9 3 4 4 P  Ac-re ‘r’oir

806 , 560

Suspended Solids - :

Sample Calculation

For an urban C—SELM area - - Area 304 , 960 Acres

1 . Using the stor mwater storage versus number  of e ’ : t ’n tr ~ i i .
which overflow occ urs curve (Figure  B- IV-D-3 ) :  For 2 .5”
of storage , overflows wil l  occur dur ing  4 . 4 even ts .

BA- I V-D- 1



2 . Total Inches of overflow: Area under curve = 10. 78”

3 .  Overflow per event 10.78/ 4 .4 = 2.45”
or on yearly basis = 10.78/2 1 = 0 .51” per year of
record

4. Amounts of pollutants spilled:

a. Pollutants / Acre / Event

Number of acre-feet spilled = 2.45 ” x 304 , 9 60 acres
= 62 , 2 6 7 . 7  acre /feet 12” / ft .
Number of gallons spilled = 62 ,262.7 acre—feet
x 325 , 851 MG /acre—feet = 20 , 288 MG
BOD spilled = 83.4 *BOD/MG x 20,288 MG

304 ,960 Acres
= 5.55 *BOD/Acre/Event

Suspended solids spilled = 1084 %SS/MG x 20,288 MG
304,960 Acres

= 72 ,12*SS/Acre/Event

Phosphorus spilled = 8.34 4~P/MG x 20 , 288 MG
304 ,960 Acres

= 0.55 *P/Acre/Event

b. Pollutants / Acre / Year of Record

Number of acre-feet spilled 0 .5 1’  x 304 , 960 acres
12”/ft .

= 12 , 960.8 acre—feet

Number gallons spilled = 12 , 960.8  acre-feet
x 325 , 851 = 4 , 223 MG
BOD spilled 83. 4 *BOD/MG x 4 , 223 MG

304 , 9 60 acres
= 1 . 155 *BOD/Acre/Year

Suspended solids spilled = 1084 *SS/MG x 4 , 223 MG
304 , 960 acres

= 15.01 *SS/Acre/Year

Phosphorus sp illed 8 . 3 4  % P/MG x 4 , 223 MG
304 ,960 acres

= 0.115 ~P/Acre/Year

BA- IV-D-2

_________________________________________ —~~~~ .-——~~~-~~~~ . .—- - .



5. Assume that a spill will occur at the same rate as
normal M & I flow -- Therefore: Days of spill flows

20,288 MG = 8. 2 days == use 8 days
2 , 474.9  MG/Day

6. The allowable pollutant loads per event are:
BOD = 18.7 *BOD/Acret{ear x 8 d~ys = 0 .409 ~BOD/

365 days/year
Acre/Event
0. 409 ~*BOD/Acre/Event is less than 5.55 4~BOD/Acre/Event
Actual Suspended Solids = 0 4~SS/Acre/Event is less than
72. 12 4~SS/Acre/Event
Phos phoru s 0 .0934 4~PIAcre/Year x 8 days = 0.002~~P/

36 5 days/year
Acre/Event
0.002 #P/Acre/Event is less than 0.555 #P/Acre/Event
Actual

The following lists and compares the above results:

Table BA-IV-D-1

POLLUTANT CONTENT OF WATER

Poll utants/Acre/Event Pol lutant/Acre/Year
Allowable Act ual All owable Actua l

*BOD Spilled 0.409 5 .55 18.7 1.16

*Suspended Solids Spilled 0 72. 12 0 15.01

*Phosphorus Spilled 0.002 0.555 0.0934 0 .1150

Per Event Per Year of Record

No. of Acre—Feet Spilled 62 , 267 . 7 12 , 960.8

No. of Gallons Spilled 20 ,288 4 ,223

BA-IV -D- -3
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RURA L DEEP AQUIFER STORAGE

Introduction

Reclaimed water from the rural stormwater management system
will be used to recharge nearby streams for eventual downstrea m potable
reuse as outlined in Option 1 , Potable Reuse system described in Appen-
dlx B , Section IV-G . The design flow reuse is based on an average
yearl y runoff from the rura l area. Because of this , a drought year might
create a deficit in available flows . In order to supply sufficient stream
recharg e for potable reuse during a drought period , a deep well storage
system has been considered . This section presents the ba sis of design
and cost information for the deep well storage system.

DESIGN BASIS

A mass—curv e analysis using 130 years of annual rainfall record s
from Midway Airport indicates that the maximum deficit from an average
year Is approxi mately 13” over a three-year period . During this three-
year period , the maximum deficit for any single year was 7 . 8  inches.
This condition is equivalent to an event expected to occur every 100
years .

If a typical module with a drainage area of 3 ,000 acres is used ,
the required pumping rate should be designed to equal the average year
flow to the stream from the rura l management system . This flow is
equal to 3 . 4  MGD. The recharge rate for deep well recharge is de-
signed to accept all excess flow during the average year . With an
Irrigation rate of 3.5 inches per week , the maximum available supply
for recharge is:

Q = 3 . 5  x 360 — 3~ 4 = 1 .5  MGD
12 x 7  3 . 0 7

The design recharg e and the pumping capacity of the well system are
judged to be sufficient to supply, or make up, the water deficit during
the drought period .

Two wells ,each with a pumping capacity of 1.7 MGD and a re-
charging capacity of 0. 7 MGD , are provided . The wells are separated
by a distance of approximately one mile . The capacity of the well sys-
tem is suff ic tent  since the thicknes s of the deep sandstone aquifer is
estimated to be greater tha n 200 feet .  The depth of the deep aquifer
in the study area Is approximat ely 1 ,300 feet on the average .

BA -IV-D-4
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The syste m is designed to borrow the water from the deep aqui-
f er during a drought year and to recharge the system to recover the
sa turated condition during the wet year .  Althou gh the deep aquifer  is
in an a rtesian nondition during a normal year , th e piezometric head
near the well is expected to be drawn down to the level below the
upper boundar y of the deep aquifer . Hence , an air injection pipe is
necessary to provide the atmospheric pressure on the free surface when
it reaches the free surface condition . During the wet year , the ex cess
flow f rom the drainage system is diverted to a wet well of the pumping
facili ty , f rom which part of the water is injected into the recharging well
and part of th e water is transp orted to the far-end recharging well .  The
boost er pump installed in the recharg e well inj ects the water into the
recharging well.  Both recharge wells act as production wells during
the dry year . The pu mped water is discharged directly into the stream
through the discha rge line or channel .

Two observation wells are provided about one thousand feet from
the recharging well. The operation of recharging groundwater is ter-
minated if the piezometric head observed from the observation well
reaches the design value.  All of the reclaimed water will be discharged
into the st ream under this condition .

Cost

Based on the presc ribed design , the cost of the system is esti-
mated as follows:

Ite ms Unit  Cos t Quant i ty  Cost

Well  $204 , 000 2 $408 , 1)00

P um p house $ 20 , 000 2 $ 40 , 000

Trans mission line $ 8/ft . 5 , 000 $_ 40 ,01) )

TOTAL $4 88 , 100

BA-IV-D-5 



IV. COMPONENT BASIS OF DESIG N

G. REUSE SYSTEMS

WATER SUPPLY DEMANDS AND DEFI CIENCIES

1. Introd uction

The pur pose of this re por t is to present projecti ons of futu re
water supply dema nd , availability and , whe re the demand exceeds ava il-
avility , deficits . This information has been developed on a township
basis for the C-SEL M study area .

2 . Procedure of Anal ysis

The pro cedure used in the analysis of the C-SELM water supply
demand s and deficiencies for the years 1990 and 2020 is as follows :

a. From Table BA-IV-G-1 obtain 2020 demand , for a particular
Township.

b. From Figure BA-IV-G-1 obtain water demand in excess of
of groundwate r availa ble from natural recharg e .

c. Subtract b. from a . to obtain yield of ground water for
year 2020 .

d . From Table BA-IV-G-2 obtain projec ted demands for 1990
and 2020 for a par ticula r Township .

e. Subtract c. from d. to obtain deficiency of potable water
for 1990 and 2020 .

Example: Schaumburg township will be used .
a. 2020 demand = 18.0 mgd
b . 2020 demand = 14.5 mgd

c. Yield = 18.0 — 14.5 = 3.5 mgd

d. 1990 demand 16.5 mgd , 2020 demand = 24.8 mgd

e. Subtract c. from d.
1990 deficiency = 16.5 — 3 .5  = 13.0 mgd
2020 deficiency 24.8 - 3.5 = 21.3 mgd

Note : Resu lts of above calcula tion for all Townships within
the C-SliM area are shown in Table B-N-C-i in the Annex B ,  Section
IV-G .
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TABLE BA-IV- G-l

‘LEAST COSTS’ OF RAW AND TREATED GROUNDWATER , l9 80 -2U ~ L a

3 980 3 990 2000 2 0 3 0  2020
8~ b~ 0 Costs D Costs 2) Co sts 2 C o s t s  C o s t s

I~ anshi p ~~~ (~~j~ ) (~~ ) R~ a Tre ated  (~~ ) Raw Tr.a t .d (e ’od) P~~ Tr ea ted  (~~~ ) 
~~~ T r e a t e d  ~- ! ~

iche nry Co.. nty
2 4 I 3 40 3 43. 2 3 38 3 3 32 3 3 3 .~

2 0 6 0 0 0 I 3 36 I 3 36
3 I 6 0 0 0 I 3 1,0 2 3 36
4 2 7 0 I 2 43 2 2 39 3 3 32 1. 3 29
5 3 0 0 I 3 40 I I 44 7 I, 39 3 4 32
6 0 0 0 0 I 5 65 2 5 40 3 6 3t.
7 I 6 I 3 35 I 3 40 I 3 1.3  2 3 38 3 3
8 2 8 I 2 35 3 2 35 3 2 39 3 2 39 2 1 35
9 4 0 2 2 39 3 2 33 I. 2 30 5 3 27 6 3 25

10 2 3 0 0 I 2 39 I 2 39 2 2 35
I I  I 5 3 3 35 4 3 33 6 3 29 9 I. 24 12 5 23
12 2 8 2 2 39 3 3 35 4 3 30 5 3 27 6 3 25
13 2 0 0 0 0 0 0
14 I 5 0 0 0 I 3 36 I 3 36
15 I 6 ~ ~ 39 I 3 39 2 2 37 2 2 37 3 3 3)
6 2 6 5 2 29 7 3 26 9 3 24 3 2  4 23  IS  77

Kane Coo ty
7 I 0 I I. 37 I I, 37 3 1. 4 3  I I. 3.3 2 5 33

18 I 0 0 I 4 45 4 53 3 6 38 6 7 30
I 9 2 0 6 4 29 8 5 27 0 1 27 3 2  8 26 I S  5 25
20 1 0 0 0 0 0 I 4 3 7
2 3  I 0 0 0 I 4 47 2 5 42 4 7 3 3
22 2 0 10 6 26 3 3  7 25 I S  9 25 18 0 24 23 9 2- n
23 2 0 0 0 0 I 4 1 I 4 3 7
24 I 0 0 0 I 4 41 2 6 42 I. 7 3~25 2 2 I. 3 3 ? 5 4 29 6 5 29 7 5 ~i 7  9 L 76
26 2 0 0 0 0 I 4 37 I 4 37
2 7 I 0 0 I 4 4’. 2 5 1.3 3 5 36 5 6 30
2 8 I 5 5 3 29 7 3 26 9 4 25 0 5 25 3 4 6 2 3
29 2 0 0 0 0 3 4 37 1 ‘.

30 3 0 I 4 I,’. 3 I. 1.7 3 6 8 7 4 S 3 3  6 6 74
3 1 0 4 3 5 5 23 3 8 7 23 22 8 72  76 9 24 29 3

L ake Co..nty
32 0 6 0 1 2 35 I 2 3’ 3 7 35 I 7 35
33 0 3 3 3 35 I 3 39 I 2 4 3  2 2 37 3 2 3 1
34 0 4 0 I 2 39 I 2 ‘I  2 2 37 3 1 3 !

8 35 I I 5 3 29 6 4 28 8 5 2 0 6 26 3 3  7 :4
36 I 3 2 3 38 2 3 38 3 3 3 ;  9 3 32 3. 3
31 0 3 4 3 30 4 3 3 3  6 4 2 8 7 5 27 6 76
38 0 4 2 2 39 3 2 33 4 2 30 4 3 28 4 I. 7 ;
39 0 0 0 0 0 0 0
40 0 I~ I 2 35 I 2 35 I 2 35 I 2 3’, I 2 3!,
4) 0 5 2 3 40 3 3 34 4 3 I i  5 3 28  1 ‘. 25
42 3 4 6 3 3 8 8 3 27 I )  5 2~ 20 7 2 3 3 ’  5 2 ?
43 0 0 0 0 0 0 0
4’. 0 3 I ~ 43 2 3 40 3 3 36 4 4 3~ 7 6 77
45 0 4 2 3 40 3 3 35 4 3 32 6 S 79 3 1. 76
‘.6 0 I, 2 2 6 3  3 2 36 5 3 3 ; - 8 5 28 3 7 1~. V
4 1 0 0 0 0 0 0 0

Cook Coo nty
48 1 3 2 I. 39 2 4 4) 3 4 35 4 4 i i  5 1. 79
1.9 0 5 8 5 28 3 7 25 7 8 24 2 !  9 24 26 8 25
50 I 4 I I . 5 22 6 7 24 3 7  8 24 18 9 24 I ’ .  8 75
5? 0 2 0 0 0 0 C-
52 0 0 0 0 0 0
53 2 I 4 4 35 7 6 30 10 8 2 7  34 9 ;s 19 10 2 7
54 0 3 6 5 30 8 7 29 8 76 I I ~ 9 25 38 2 1
55 0 I, 3 3  5 23 I S  8 2’. 3 7  9 24 3 8 8 2’, 2 !  4
56 I 4 o 0 0 0
51 0 3 2 3 36 2 3 36 2 3 36 2 3 3’ 2 3 36
58 0 I 0 0 0 0 0
59 I 4 0 0 0 0 0
60 0 5 0 0 0 0 0
6)  0 5 0 0 0 0 0
62 0 7 7 3 24 7 3 25 8 3 24 9 4 24 9 4 2 1.
63 0 5 3 3 3 1  3 3 3 ?  3 3 3 1  ~ 3 ~i ~ 8 3 1
6’. 0 4 2 3 42 I. 3 3 3  5 4 3 3  7 6 ~ ,~ 7 26
65 0 5 I 3 40 2 3 88 2 3 40 3 3 1. ’ 1. 3 7’
66 0 5 3 2 32 3. 2 29 4 2 30 5 2 2~- 6 3 il
67 0 I I 3. 36 I. 36 I - 36 I 4 38 I 3 36
68 0 0 ‘. 6 38 8 ~ 32 1 2  I 30 6 I l  29 27 3 4  28
69 0 5 5 2 3.. 8 4 26 0 6 76 3 7 15 3 6 8 74
70 0 4 I 3 35 3 35 I 3 35 1 9 35 3 3 34
7 )  0 5 7 3 2 7 I I  5 26 35 8 26 2 3  3 0 2 24 I I  75
72 0 7 7 5 2 )  2 )  7 2 2  25 ‘~ 23 79 I I  1 3  39 I I  2 ’.
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T”. RLE BA-IV-G-1 (Continued)
I~ 80 1990 2000 20 10 2020 3

8 % 8% 0 Costs 0 Co st s 0 Cost s 0 Cost s 0 Co s t s
T~~nt4l p ~~~ (~g~) 

~~ 
Raw Tr..t.d (~~ ) Ran. !~~959f (~~~) Ri.. Trs.ted (~g.~) Treated (

~g) Raw Treated

On. Pig. County
73 2 2 I 2 1.8 3 2 35 5 3 30 1 5 28 30 7 26
1’. I 3 S 3 31 9 ~ 28 13 7 24 IS 9 24 24 8 25
75 0 4 IS 5 22 20 9 23 24 9 21. 26 $ 25 29 8 25
76 0 3 4 3 32 6 4 29 8 6 25 II 7 26 34 9 25
77 0 5 II 1. 25 Il 7 23 24 9 22 30 9 24 39 8 25
75 0 5 20 7 21 23 9 23 2’. 9 2~. 25 9 24 25 8 24
79 0 5 3 2 36 6 3 28 8 I. 27 1 2 6 24 15 7 2’.
80 0 5 ~ 9 29 ID 5 26 35 7 24 20 8 23 26 9 24
SI 0 7 I1. 4 21 16 6 22 16 7 23 17 7 23 lB 8 23

W I l l  County
82 “ S I 5 36 I 4 41 I 4 41 2 II 31 2 5 31
53 0 6 2 3 60 3 3 34 4 3 31 5 28 7 Is 25
84 0 6 2 3 39 3 3 36 Is 3 34 7 26 I I  1. 22
65 0 5 5 3 29 6 3 28 9 4 26 12 24 15 7 2~s
66 0 5 I 2 SI 3 2 ~s0 6 3 33 12 7 26 2’. 9 23
87 0 S I 5 1,5 2 5 44 3 6 ‘ii  5 32 9 6 26
58 0 7 17 S 21 19 6 22 23 8 22 27 22 32 23
89 0 5 I 2 1.6 3 2 35 I, 2 33 7 27 I I  25
90 0 5 2 2 41 3 2 37 5 2 32 9 27 16 24
91 0 7 7 5 27 7 6 28 8 6 27 9 27 10 27
92 0 6 0 I 3 43 2 3 41 3 ‘4 5 27
93 0 5 0 0 1 2 39 I 39 2 35
94 0 5 0 0 I 2 43 I 43 3 31
95 0 5 2 2 43 3 2 40 6 3 32 32 7 26 22 24
96 0 ~ 2 2 37 2 2 39 3 2 33 Ii 2 29 5 26
97 4 1 5 37 I 5 35 1 5 38 I 6 38 I 38
98 I 3 0 0 0 I 4 36 I 36
99 0 5 0 0 0 I 2 35 I 2 35

300 0 5 0 0 1 2 42 2 2 37 3 2 31
101 0 5 0 0 I 2 42 I 2 42 3 2 3 1
102 0 6 0 0 0 I 2 35 I 2 35
103 4 2 0 0 0 0 0
lOS I 6 0 0 0 I S 38 I 6 39
Cc.ta or., in ounC. p.r 24.00 gaiZon.; to.*sahip nwr.b.r. we tho.. .4osan in fi g,ar. 4;

• pot 9,r.tiai ~i.Cd of ia-ui wsd 
~

.au.Z rqssifcr. . 8~ — p ot.ntiai yi~ td of Situriw. dolo.nt.; 0 — d.rwsd
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RECREATIONAL-NAVIGATIONAL REUSE

Cha nnel Capacity In C-SELM Area

General. The channels in the C-SELM area may be divided
into two categories; the nat ura l channels  dnd the navigation channels.
The natural chan nels are developed throu gh the natura l process , m i —
t i a l ly ,  and are improved ar t i f ic ia l ly  to meet the re quirement to relieve
the flood flow ther eafter.  If the same degree of protection against
flood damage is assumed , there will be a certain relat ionship between
the rate of discharge , the velocity and the dra inage area . However ,
the navigation channels a re designed for purposes other than flood con-
tr ol so there is no general rule to evaluate the capacity of the channel
except by using the characteristic of the specific channel .  The follow-
ing material  outlines the method used to determine the maximum allow-
able streamflow used in the flow routing for recreat ional -navigat ional
flows presented in Appendix B , Section IV- G.

The capaci ty  of the natura l channel .

Characterist ics of natura l cha nnels in C-SELM area ,

A thorough study on the cha racteri stics of I l l ino is  s treams
has been performed by the Il l i nois State Water  Survey ..V
The study of chan nel capacity in the C- SELM area has se-
lected the Des F la m es R iver  as a typical basin and con-
cl uded the following s t a t i s t i ca l  results:

In Q 1.78 - 4 .9 8 F  0 .90 In Ad (1)

in V - - 0 . 26 — l . 3 1F  -
~ 0 .08 In Ad (2)

Where  Q the r i t ~’ of d ischarge  in cfs

F freque ncy of occurrence in fra r- t ion of t ime

Ad dra inage area in squ~ire mi l e

V the veloci ty in ft . :~e-

Since erosion control is the m a j o r  fac to  which governs
the capaci ty  of the - i i  i nne l  for t h i s  stud y ,  we combine

BA-IV - G-8
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Equat ions  ( 1) and (2) to e l iminate  the frequency vari-
able . The re su l t  I S:

In Q 3 .801526 In V + 0. 791603 0 . 595077  In Ad

Or ,

Q 2 . 207 V 3 ’802  Ad °~
59° (3)

Permissible  velocity .
The velocity equation may be plotted as shown in Fig-
ure BA-IV -G-2 . For a drainage area of 150 ~~uare
mile s , which is not unco mmon in the C -SELM area , the
me an velocity is read as 1.8 f t ”sec f or  the f requency
of 5%. This freque ncy is reasonable for use in select -
ing a pe rmissible  veloci ty.

The ma ximum channe l capacity without additiona l erosion
control.
Since the per missible ve locity selected is 1.8 ft~ sec. , the per-
miss ib le  channel  capac i ty  can be computcd  from Equation
(3) as:

Q =- 2 .207 x 1 .8 3.802 
Ad

0 596

= 2 0 . 6  Ad °’596 cfs

Or ,
Q - 13.3  Ad ° ’5 9 6  MCD

I

FREQ IJENI. V

F gu re BA-]~~- G 2
FREQUENCY VS. V E L O C I T Y

l~
’
~-I\’ c;-~

45



STRE~\M  flEP THS

~~~~~~~~ 4 t t ~Iched t a b l e , B A - I V - G — 3 , su mmarizes , for key points on
C -S~ L\I  - ir e~ :t ~ c 1t n~~ , the  m i n i m u m  and m a x i m u m  depths  which could
bk exp.- -ted :n these streams under the  2nd reuse -iption (no l imi ta—
t v - r i  on L~~ n Michi gan diversion in I l l inois ) . Min imum depths were
interpreted from flows described as that  f low which would be observed
in th  st t . rn I t  least 60 percent of the time . Maximum depths were
inte rpreted from flows which were associated with a l lowable  stream
capaci ty  at a velocit y of 1.8 feet per second. The velocity of 1 .8
feet per second es tabl ishes  stream flow for min i mum bank erosion .
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I . Hydrau l i c  Geometry of I l l ino i s  St reams , S t a l l , J . B., and Fok ,
‘iu - S i , F ina l  R eport  WRC Research Report No . 15 , I n i v e r s i t y  of r l l i n o i s ,
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IV . COMPONENT BASIS OF DESIGN

I. NON-STRUCTURA L SYSTEM S

PROVISIONS FOR MODEL CODE FOR SEPTIC SYSTEMS

The accepted guide for septic systems is the U .  S. Public
Health Service “ Manual of Septic Tank Pract ice 4 which lists technical
standards and procedures and a suggested ordinance that would be ap-
plicable for a wide range of conditions over the country . Loc a l sta nd-
a rds and requirements cove r many of the same considerations , a nd prob-
ably reflect local conditions . Th e following comments cover ( 1) General
Provisions , ( 2) Septic Tanks , and (3 ) Septic Absorption Field s and a re
intended to select desirable practices from the variety of possibilities
covered . This should not , however , indicate that  other acceptable
procedures do not exist.

For exam ple , ab sorption field s laid in series that use deep
trenche s show certain advantages over parallel  field s using the tra-
ditio nal shallow , long trenches. Tile in series allow more effective
use of the individual segments by inundating one section completely
befo re entering another section . Also sidewalls do not tend to c log
as readily as trench bottoms and offer more e f f ic ien t  surfaces for per-
colation.  This does not mean that this approach is always pre ferable
or that other methods are unacceptable .

General Provisions

The use of septic disposal should depend on the avai labi l i ty
of central sewers , the amount of wastewater to be treated per day , the
si ze and slope of the area available for an absorption field , a nd the
suitability of the soil and geology of the site .

The lot size should be at least one acre , larger if the slope
restricts its use . For example , it h~Is bee n re commended that  a lot
be a minimum of 1.5 acres if the drainfield area slopes from 10% to
20%; two acre s if the slope is over 20% . This  should provide suf-
ficie nt space for two identical absorption f ields , one to he develope d
at a later time if needed .

Soil sui tab i l i ty  should be le termined f r n r n  soil maps and con-
fi rmed by on-site inspection and , if necess iry , soil  percolatio n tests .
The soil mant le  should be a m i n i m u m  of l ive l~~ t in depth 4ind the
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investigation should determine the depth , extent , and character of the
soil and the location of bedrock and other imperviou s strata . Accept-
able soil should extend at least three feet below the b ottom of the trench .
Groundwater elevations should be ascertained as well , and inspecting and
testing should be performed when groundwater elevations are the highest .
The seasonal high grou ndwater table should be a least :hree feet below the
bottom of the proposed drainf ie ld  trench .

Technical standard s should be based on the most limiting sit-
uation , with the possibili ty of varyi ng them depend ing on conditions.
For example , coars e— grained materials  could allow a design of under
600 square feet of tre nch sidewall  per bedroom , and soil and water con-
ditions could allow increasi ng or decreasing the depth of the bottom
of the trench.

A site plan of the proposed septic installation should be pre-
par ed showing finished elevations I soil types , wells , water lines ,
large t rees , water bodies , cuts or emba nkments , and all proposed
surface improvements in re la t ion  to the tan~i and drainf ie ld .

Each property owner should be supplied with informat ion on the
prope r use of and maintenance necessary for the septic installat ion so
that he ca n better unders tand the process and the importance of these
factors .

Septic Tanks

The septic tank should Ue large enoug h to provide sat isfactory
detention time and treatment for larger wastewater flows than might  be
ini t ia l ly anticipated . This is necessary due to the u npredictabil i ty
of use by a particular f ami l y  and the radica l ly  d i f ferent  use that is
possible with a different  fami l y .  Per capita wa ter use has historical ly
increased and new household devices demand greater  amounts  of water .
Garbage disposal uni t s  for example , are relat ively ine xpensive and
easy to instal l  and even though not contemplated when the home is
bui l t , may he added at a later t ime .

A rece nt study recommended a m i n i m u m  size of 1200 gallons ,
with an i ncrease of 250 gallon s per ~)e~ r com for over four bedrooms.
This is based on f ive  persons at 150 gal lons  per person per day , a
24 -hour theor etical detent ion t ime , and an accumulated 300 gal lons
of sludge and 1 50 gal lons  of scum . A l l  domest ic ,  laundry , a nd san-
itary was tes  should be t reate d , but ~ r m w a t c r  runoff  and groundwater
shou ld  be excluded .
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Tanks should be made of durable material , at least  as sui table
as concrete . They should consist of two chambers wi th  ba f f l e s  at  in le t
and outlet , a nd should have an easily-accessible hatch for inspection
and cleaning . A ta nk having a f i rs t  compa rtment twice the capacity
of the second has proved to be the most efficient design .

Recom mended setbacks are as follows: bui ld ings , property l ine s
walks and drives , 5 feet; pools , water lines and large trees , 10 fee t ;
creek s or streams and cut s or em ba n kments , 25 fe et (unless  in water
supply watershed , then 200 feet);  and wells , 100 fee t .

Septic Absorption Field s

A conservative approach is warranted in the design and ins ta l la -
tion of the drain field due to the many factors that could present ur ob lc i~c~
to its sat isfac tory operation .

Design should be based on at least 60 gallon s per day per pe rson

using the system , and the acceptance rate of the receivin g soil .  This
is usual ly expressed in square feet of percolative surface (or l ineal
feet of field of a given surface) per bedroom for residential  use .

A t i le field in serie s is reported to be more sa t i s fac tory  than
a field with a dis t r ib ution box and paralle l l ines .  Lines are laid f l a t  -

with overflow lines connecting them,  and ful l  use is made of any t rench
cross-section selected . This allows use of deep trenche s and the bet t or
i nf i l t rat ive surfaces provided by the sidewalls . One recomm ended st ar i ~~--
ard is 600 square feet of s idewal l  per bedroom for any percola t ion  ra~~- .

Trenches should be 12 to 18 inche s wide , and may be 24 to 3e
inches deep below the drain tile . The trench should ideal ly  be f i l l e d
so that coarse mater ial  surrounds the tile and the mater ia l  size decrease s
radia l ly  to match the particle size of the inf i l t ra t ive  surface .  The f i l t e r
shou ld be 3 ‘4 to 1 l/2  i nch mater ia l , at least  two inches over the top of
the tile . This ma te r i a l  should be covered with untreated bui ld ing  pa per
and then native soil leve l with the ground surface . P ara l le l  t renches
should be a min imum of six feet apart .

Care should be taken in t renchin g to retain the natura l s c = i l  t I - X -

ture as much as possible for opt imum inf i l t ra t ive  capac i ty .  Corn pac~iot ~
of the soil , smearing the soil surface , and f i l l i ng  voids wi th  d i sp l a -ed
fInes tend s to reduce the percolatio n of e f f luen t . Idea l ly ,  t h 1.- r e shou ld
be several inspections of the ins ta l l a t ion  In process to a ssure  t h a t  ‘ h i s
and other  considerat ions are taken into account .

t i n d a r l s  ft- i the ( - o n s t r  u c ’ t i o n of a r ep l a c e m e n t  f i e l d  wo~i l -  I - c
the same as for a new f i e l d , but th e re would he - i n ~d v I nt I q4 ’  in
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knowing the life of the first system and the reason for its failure .
The design of the replacement field could therefore be modified to
operate more effective ly in those conditions . There is also an oppor-
tunity to resume using the first field after it has u rested ~ for several
years and achieve a longer life for the two fields tha n would be
possible for the sum of the life of the individual fields.

Recommended setbacks for drain fields are as follows : property
lines , walks and drive s , 5 feet ; buildings , water line s , and large trees ,
10 feet; pools , 25 feet; creeks or streams and cuts or ernbankments ,
100 feet (unless in water supply watershed , the n 200 feet) ; and wells ,
100 feet .

Percolation tests should take into account the type of soil and
geology of the area . Too fast a percolation rate could result in ground-
water pollution . Pre soaking is necessar y , especially for clays that swell
whe n wet , to indicate the infiltration rate that can be expected under
normal service conditions . Several holes in the area of the pr oposed
drain field should be dug to the design depth . Sides should be
supported if necessary to prevent slough ing of the soil , and gravel should
be placed on the bottom tz ’ prevent clogging . The percolation rate should
be at least 1 inch in 60 minutes. 

-
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V. COST ES’I ’[MATI ON

A. METHODOLOGY

COMPA RATIVE OPERATION AND MAINTENANCE COSTS

Several methods of computing the Operatic:, and Maintenance
Costs of pressure force mains , pumning stat ion s , and gravi ty  lines ,
were investigated and tested to c .  cck on the rel iabi l i ty  of values
obtained . Comparative costs are based on dollars per mil l ion ga l lons
per day of wastewater pumped ($ - ‘MCD ’. The methods investigated are:

1. One-half  of one percent of to ta l  cap i ta l  cost p lus  20
percent for contingencies is considered as cost of
labor arid material required for yearly operation and
mainte r’~an co of a faci l i ty . Cost of power is added to
cost of labo r i~nd material  for the total cost of 0 & M .

Total 0 & M = (Capital Cost + 20% ) x - 005 Labor &
Mate rial , Power Cost @ $0 . 01/KWH

2. Labor and Material  costs are computed sc iratel y for
pumping stations (P S .)  and conveyance l ines  c ind  added to - -

the cost of power. Following equat ions arc used:

Labor Costs:

Pumping Stations - - (P. S. Capi ta l  Cost 2 00/-)
x 0 .01

Lines -~ (Line Capital  (~ost ± 20 % )
x 0 .002

Mate ria l Costs:

P u m p i n g  S t a t i o n s  = (P .  S .  Capi tal  Cost + 2 0 / )
x 0 . 005

Lines = (Line ( ‘ api t a l Cost 2 0Y )
0 . 001

Power Costs:
ft er ~0.0l l~ v\ - 1 I

Tota l  0 ~
‘. M tah r osts - I - \Th t e r i i  I Costs

‘ ‘ . 1  Costs
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3. A manual  published by the U .  S. Environmental  Protection
Agency was used:

Estimating Costs and Manpower
Requi rements for Conventiondi Wa stewater

Treatment Facilities
Water Pollution Research Services 170090

DAN 10/71

Costs of 0 & M of conveyance lines not available in
this report . For comparison , costs of pu mping station
0 & M were used .

Cu rves for Operation and Maintenance Labor on page 83 ,
Figu re 26 were used.

Cu rves of Materials & Power , page 84 , Figure 27 were
us ed.

Examp le: For comparative calculations , cost of pumping
stations for potable water reuse , option 2 was used.

Total Pumpage = 741 MGD
Capital Cost of Pumping Stations: $ 13 , 468 , 000

+ 20% 26 9 ,360
Capita l & Contingencies $ 13 , 737 , 360

1. 0 & M = 0.005 (13 , 737 , 360 ) = $ 68 , 687
= 3 , 092 , 000

$3 , 160 , 687

Based on $/MGD $3 , 160 , 687/74 1 = $4 , 265/M GD

2. P .S . Labor Costs 0. 01 (13 , 737 , 360) = 137 , 373
MateriaL - 0. 005 (1 3 , 737 , 360 ) = 68 , 687
Power = _~~~O92~ 000
Total  - - 3 , 298 , ~~0

Based on $/MGD - - 3 , 298 , 060/741 = $4 , 45 1/ MGD

3. Labor Cost of $4 .10 per hour is used.

From cu rves: Al l  values per MGD

BA -V-A-2
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Maintenance Labor = 360 hrs .
Operation Labor = 450 hrs .
Total Labor = 810 hrs . @ 4 .10  = $ 3 , 240
Materials & Supplies 350
Power 900
Total $ 4 , 490/MGD

Cost Comparison:

Method 1) = $4 , 265/MGD
Method 2) = 4 , 451/MGD
Method 3) = 4 , 490/MGD

Conclusion:

All thre e methods are comparable and costs obtained by
use of the thre e are reasona bly close for comparativ e calcula-
tions.
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Vt!. IMPACTS OF MA NAGEMENT SYSTEMS

B. IMPACTS ON RESOUR CES

LAND COSTS

Land and Displacements

In order to derive a per-acre basis of cost for the land treat-
mcnt sites , several typical areas in re pr esentative counties wer e
identified , field su rveyed and researched for the following items:

1. Land value
2. Dwelling unit value
3. Average farm size
4. Ave rage household size
5. Residential density (total number of housing units )
6. Non residential unit s (number)

The following factors were assumed to contribute to the overall
cost evaluation:

1. A grid consisting of townships and sections in all
Illinois Counties and of one-square mile  un i t s  in a l l
I ndiana Counties was employed to estimate th e percent-

— age by area of each townsh ip or county to be acquired
or leased. This was done by overlaying the township-
section or square-mile grid on the acquisition area .

2 . All  urban area s listed as ‘ P laces ” in the Northeas tern  I l l i -
nois Planning Com mission (NIPC) Suburban Fa cthook I,~~ or
as sepa rate enti t ies in the 1970 Census of Popu la t ion :  F i n a l
~~p~ulation Counts~ //~~ were excluded from a c q u i s i t i o n .
These are gene ra l ly  places of 100 or more persons.

3 . Es t imates of owner-occupied and rent ed d w e l l i n g  un it s
were made In two ways:

a . For I l l inois where NIP C data was av a i l ab l e :
“Place ” dwellings were suhtr-ic’tr ’--i from to ta l
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township dwel l in g s (f rom Factbook i/  f i g u r e s )  - 
This

resul tant  f igure  was th c ’~ m u l t i n l i n c i  by the ~
cu l at ed  percentage of the townsh ip  area to be
acquired or leased.

b . For other areas: separate e nt it °~’s (tr td l pOpu-
l at i o n )  were subtracted from tow:isnip or county
totals .  This resul tan t  f igure  v-as then divided
by the average household size for the county
(from 1970 Census  of Hous ing :  Genera l H o u s i n g  ~
Charac te r i s t ics ) .  This number  was t i n  m u l t i p l i e d
by the calculated pe rcentage of thL  to-~v: ship or
county area to be acquired or l ea sed .

4 . Average dwell ing ( -o st  was obtained in two -v~iv s ;

a. For NIPC areas:  A\ -er a~ e dwel l ing  cost Hr each
tow~ s~~ip) was ux t r apo la t  4 from I a e t i - -  1% L f i g u r e s
An annua l  increase in values of 10 pe: cent was
calculated for the two years s ib sc q - i en t  to t h ’
Census  f igures .

b. For remaining  areas: Average - l w c  lu ng cost ( for
each county t was taken from 1 J70 Census of
Housing ..~ ~~ An annua l increase in v a l u e  of 10
percent  was ca lcu lated  for the two y e a r s  s:il ’-
sequent  to the Census f i o a r e s .

5. The numbe r of n o i r ’ s  k l c o t i a l  ( commercia l )  in i ts  v- rc-
ca lcula ted  as fo l lows:

a .  For N IPC areas: o:r n i e r c i a l  u r  i t s  1n “ PIa - es ”
were subtracted r em tota ls a: ci proportiona l
areas ca lcu la ted . It v-,’us a s s um e d  t h a t  Iner-
were no i m l u s t r i a l  e s tabl i si  : m ’ n t n  - - t - i J t ’ ‘‘P l o c - ’’

area s. An a -er ie - \ i I u  of $50 , 000 ~~~ u n i t
was ass tn ed .

6 . rand values ( for each c o u n t y )  v’t re tak’’n from the 1 ) P -
~

t c n S l r s  ~ L ~~ rie~4t~~e t~ r I l l i n o s~’ ~~ind I n d i a n a  ~~~‘. l a n d
values w - r ’ a s s u m e d  t -~ i : c r ase at 10 pc-rc (:~ pc- r
yea r.
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7 . The average farm size and number  of farms in each
county were taken from the 1969 Agricul tura l C e n s u s .~ %’ 5

8. After  tota l dwel l ing units  were calculated for each
county ,  the number of fa rms was calculated by dividing
the area to be u t i l i z e d  (minus  one to two hundred acres
for commercial and s pecial uses) by the average farm
si ze in that county . This f igure  was s ubtracted from
the tota l . The remainder  was considered to be suburban
dwel l in g s.

9 . A land area of 1/2 acre per suburban dwell ing was
as sumed as being contained in the average dwel l in g
cost f igure . This area was subtracted from the tota l
acquis i t ion or lease area .

10 . An -rage costs for dwel l ing  uni t s  pertains to both sub-
urban  and farm dwe l l i ngs .  Consequent ly ,  a l l  dwel l ing
u n i t s  are ca lcula ted . Farm uni t  value is not a ssumed
to he part of the land value .

i i .  c V ( ~~~Ll~~~~ relocation costs of $1 , 200 per subu rban  dwel l ing
$10 , 000 per farm;  and $20 , 000 per commerc ial  uni t  were
assumed .

yu t e :  No a t t em pt was made to calcula t e areas for roa d s “r

~‘ther special  uses .  The average land v a l u e  ;‘ r t a in s
to al l  land uses .

- r r s en t e d  -‘n iow is ~ su m m a r y  of th~ hind v a l ue s  and  r r i r c c a t i ’~r ( O ’ ~~~’

~r t ’ —  - a r i o u s  rura l count ies  inv s t lg a t e d  as pos s ib l e  land d i ~~p a1 s i r s I c r
C -SFL ~C land d isposal  s i t e s  for  C-SELM was tewaters .

-/ c - I  l o n r y  ( aun t  y

Land p l u s  relocat ion cort - $2 , 445  7acr e
Lan ‘~a lu e - - $1 , 0 - ) O / a n r

~e: c1 , i l  I C au nt:

h i n d  p l u s  r o l e i~~i r r :  r e s t  SI  .4 00 ‘acre
1. - i n k  v a l u e  - $ ~~ 8/ - cre

B A - V U - -B-
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Kankakee Coun ty

Land plus relocation cost $1 ,550/acre
Land value $ 870/acre

Newton & J asper Counties

Land plus relocation cost = $820/acre
Land value $600/acre

It should be noted that the land cost methodology resulted in land
costs of $597/acre for Newt on Count y and $508/acre for J asper Count y .
However , the “3orp s felt these costs were low . Therefore , Indiana land
values were assumed at $600/acre .
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HUMIDI TY ANALYSIS

Introduction

The irrigation system associated with land treatment tech-
nology has the potential for increasing the ambient humidity in the
irrigated ru ra l ar eas. The additional vapor generated from the
irrigat ion are a is dispersed horiz ontally and vertically Into the
atmosphere thro ugh the turbulent flow caused by the movement of
air.

The transformation of wat er from liquid to gas takes place
in three form s , evaporation from soils , transpiration from living
pla nts and the direct evaporation of irriga ted or sprayed water .
The rate of transform ation depends upon the relative humidity ,
the turbulent diffusivity of the ambient atmosphere and the wind
velocity .

This section presents the basic equations of the mathemat i-
cal model used in thi s humidity analys is .

Mathematica l Model

Two factors contr ol the rate of vapor generation , t he avail-
able solar energy and turbulent diffusion. The maximum rate of
vapor generation is limited by the total amount of solar energy
available at the point of intere st . The rate of transfer of the
vaporized moisture to the air I s determined by the wat er vapor
concentration gradient and the strength of the turbulent diffusion
field . The basic equations governing the flow are:

+ .. grad C = ]~) ‘~ ~~~~ ( ‘I

~f 
~ zr + (

~ grad)~~j =  -grad (P
1 

+ ~P) ~~~~~~

+ (A. +~~— a.) grad (dlv~)
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in which , C = concentration of vapor

= velocity vector

p = pressure

= force potential

D = diffusivi ty

= mass  density

2 = second viscosity cnu f f ic icn t
= absolute viscosity coefficient

Although the above equation can be solved for certain
boundary conditions , an app roximate solution using certain assump-
tions has been obtained for some simplified bounda ry conditions.
Sutton assumed that the plume spreads pollutants  according to a
Gaussian distribution in the vertical direct~on and that the standard
deviation in the vertical direction is 7T, -~~~ . The following so 1 ut lon
was obtained:

- - 1 1 Z-H 2 7  1 ?~ H~~ 1 /  - _C (x , v , z) - - ~~exp 
~~~~~~ 

) v- exp 
~~~~

- 

~ (~~~, j
~

in which q = source strength per U H it  distance
U = wi nd velocity

H = assumed plume height

The humidity analysis  may be qroa t lv  simplified if Sutton ’ s result
is used . Assuming the irrigation area has an Infinite wi dth ,
that is , the flow is tw dimensional , then the distribution of
moisture may be evaluated front

C (x , z) = q S~ 
(~~~ , z) d ~~

‘

in which , ~ is (.l efinor l by

~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ exp [- 
J 

(~~~~~~~L 
)~J ~

and is a kumm ’1 V t r i ab le ,
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I n order to simplify the analysis , the rate of vapor generation
is assumed to he constant over the wholy irrigation area and
ca n be computed from Rohwer ’ s formu 1a~

E = ~
‘ 0. 771 ( l . 4 6 5 — 0 . 0 186B) (0 .44 + 0.188U) (Pw—Pa)

in which ;
( 

= ratio of the evapotranspiration to lake evaporation

B = barometric pressure in inches of mercury at 32~ F

U = mean velocity of the wind in mile per hour

Pw = pressure of saturated vapor at mean temperature
of th e water surface in inches of mercury

Pa = average vapor pressure in the air in inches of mercury .

Equations 4 , 5 and 6 are the basic equations used in the
m a t n c m a t i c a l  model .

Analysis Results

Th e results of the computer ana lys i s  are presented in Table
BA-VU -B-i . The notations used in the computer output are as
follo ws:

x. Distance from the edge of irrigation area in 1000 ft .  units
q. Rate of evapotranspiration in pounds per square foot
y .  Elevation of the point of interest from ground level .

It -\ V I I  B
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Table BA -V U— BI

RESULTS OF HUMIDITY ANALYSIS

1181S1 1 1 i 2 4  Cli  TN lJ I~S. 03/ 08/73

RELATIVE -4 1fl4. • 0.75

WIND V EL ØCLTY • 10.0
TEMPERATURE 75 .00
EVA P. FA CTØR • 1.00

x a y~ y . y~ y~ y~ Y~ Y~ Y~ Y= y *

0 60 120 180 240 300 360 420 480 540

0.0 1.29 0.750 0.740 0.733 0.728 0.724 0.720 0.717 0 . 7 1 4  Q . 7 I ~~ 0 . 7 1 0

2.0 0.52 0 .760  0 . 7 47  0 . 7 3 5  0 .728  0 . 7 24  0 . 7 2 0  0 . 7 1 7  0 . 7 1 4  0 . 7 I . ~ 0 . 7 1 0
4.0 I • 24 0 .7 5 3  0 . 74 3  0 . 7 3 5  0 . 7 2 9  0 . 72 4  0 . 7 2 0  0 . 7 1 7  0 . 1 1 4  . 7 1 2  0. 7 10
6.0 0.5! 0.765 0.75! 0.739 0.731 0.725 0.72! 0.71 7 0 .714 3 . 7 1 2  0 . 7 1 0
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