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FORWARD

This compilation of papers entitled ''Combined Sewer Overflow Abatement
Technology" has been prepared and made available to you so that you can benefit
from the current demonstration grants and contracts that are being supported
by the FWQA.

During this two day Storm and Combined Sewer Overflow Symposium we will
discuss several demonstration projects. Material from these projects to be
highlighted will include (1) alternatives to storm and combined sewer pollution
in a small urban area; (2) screening and air floatation for solids removal;

(3) underflow deep tunnel system concept; (4) urban erosion and sediment control;
(5) sewer monitoring and remote control; (6) combined sewer overflow regulators;
(7) use of fine mesh screens; and (8) land use and urban runoff pollution.

The concepts and information that this symposium will present, hopefully

will help solve your community's problems or at least stimulate in you some

new ideas as to how you might solve your storm and combined sewer overflow

Pt 72/47«

Francis T. Mayo

pollution problems.
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SECTION I

STORM WATER POLLUTION
FROM
URBAN LAND ACTIVITY

for
Presentation at the
Storm and Combined Sewer Seminar
Federal Water Quality Administration
Great Lakes Region
Chicago, Illinois
June 22-23, 1970

by
Jerry G. Cleveland
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Paul R. Walters

AVCO Economic Systems Corporation
Washington, D. C.



ABSTRACT

An investigation of the pollution concentrations and loads from storm
water runoff in an urban area was conducted in Tulsa, Oklahoma during
the period from October 1968 to September 1969. The scope of the pro-
ject included a field assessment of the storm water pollution by obtaining
samples of the water resulting from precipitation and surface runoff
from selected test areas in the metropolitan area; development of an
analytical procedure for correlation of storm water pollution with selec-
tively defined variables of land uses, environmental conditions, drainage
characteristics, and precipitation; and development of a plan for imple-
menting remedial measures necessary to abate or control sources of
pollution in an urban area.

Storm water runoff samples were collected from 15 'discrete' test areas
in the Tulsa Metropolitan areas. These samples were analyzed in terms
of quality standards for BOD, COD, TOC, organic Kjeldahl nitrogen,
soluble orthophosphate, chloride, pH, solids, total coliform, fecal
coliform, and fecal streptococcus pollutants.

The land usage and environmental conditions of the 15 test areas varied.
The parameter averages that were determined for the test areas ex-
hibited these differences. The range of values for the bacteriological
densities varied from 5, 000 to 400, 000 counts/100 ml for total coliform,
10 to 18, 000 counts/100 ml for fecal coliforms, and 700 to 30, 000 counts/
100 ml for fecal streptococcus. The average storm water loadings for
other selected pollution parameters ranged from 12 to 48 pounds/acre/
year for BOD, 60 to 470 pounds/acre/year for COD, 0.8 to 3.6 pounds/
acre/year for organic nitrogen, 1. 1 to 8.0 pounds/acre/year for soluble
orthophosphate, and 490 to 5100 pounds/acre/year for total solids.

This investigation was performed for the Storm and Combined Sewer
Pollution Control Branch, Federal Water Quality Administration by
AV CO Economic Systems Corporation under Contract 14-12-187. A
draft copy of the final report has been submitted to FWQA for review
and comment.

- - ——

REVIEW NOTICE
This report has been reviewed in the Federal
Water Quality Administration and approved !
for publication. Approval does not signify
that the contents necessarily reflect the views |
and policies of the Federal Water Quality 1
Administration. |
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STORM WATER POLLUTION
FROM
URBAN LAND ACTIVITY

INTRODUCTION

This paper covers an investigation of urban area storm water pollution,
or more precisely, an assessment of pollution in storm water as it
relates to land activity. The central purpose of this effort was to de-
sign a method of analysis which would enable the city planner and
engineer to assess the quality as well as quantity of storm water, and
to do so by looking at land activity, selected environmental factors, and
precipitation. In an engineering sense, the process was to relate

land use, land condition, and hydrological input to a pollutional output
for homogeneous areas. The predicted area load thus is aggregated to
provide an estimate of pollution. The process is similar to the deter-
mination of runoff from urban areas.

Given the relationship of man's activities to storm water drainage, altera-~
tion in space and/or time through civic actions can be identified that
would reduce pollutional loads. Certain environmental factors such as
watershed characteristics and precipitation, alleviation of pollutant
conditions through civic actions can be identified that would reduce
pollutional loads in storm water. If urban planning and proper regula-
tion of land activity can reduce the overall costs associated with the
achievement of an acceptable quality of the environment in the urban area,
such activities should be considered the first order of business and an
adjunct to any construction of physical systems for collection, disposal,
or treatment.

1Jerry G. Cleveland, Project Manager, AVCO Economic Systems/ Tulsa
Operation, Tulsa, Oklahoma.

2Ra.lph H. Ramsey, Ph,.D., Project Engineer, AVCO Economic Systems/
Tulsa Operation, Tulsa, Oklahoma.

Paul R, Walters, Director, Environmental Systems, AVCO Economic
Systems Corporation, Washington, D. C.



DESCRIPTION OF THE URBAN AREA

The urban area selected for study was Tulsa, Oklahoma, a relatively
young city. Incorporated in 1907, Tulsa is typical of many southwestern
and western urban areas. From 1940 until today the Tulsa Urban Area
has grown rapidly to a population of over 400, 000.

Tulsa was selected because of (1) separate storm and sanitary sewer
systems and (2) the land use data file maintained by the Tulsa Metropolitan
Area Planning Commission,

Drainage of storm water runoff from urban Tulsa is into two main re-
ceiving streams. The northern part of the city of Tulsa and the north
portion of Tulsa County drain into the Verdigris River, which in turn
drains into the Arkansas River at Muskogee, Oklahoma. The original
townsite and large portions of the western and southern parts of the city
drain directly into the Arkansas River.

Precipitation is generally well distributed throughout the year. The
season of maximum rainfall is the spring and much of this occurs
through thunderstorm activity. The high levels of soil moisture and the
high precipitation intensities produced by the thunderstorms help to
increase the percentage of storm runoff during this season. The pre-
cipitation regimen of the Tulsa area was examined by a study of the
number of events and the amount of rainfall in the events for a five

year period (1964-1968). The mean annual precipitation was 37.25
inches for this period. This amount was produced by an average of 93
events. Of these events, 52 produced amounts in excess of 0.1 inch and
were probable producers of runoff from subareas within the urban
drainage basins of Tulsa.

10



As mentioned earlier, Tulsa was selected because of the amount of land
use and planning data available to characterize homogeneous areas for
testing. Subdrainage basins representative of specific classifications
had to be selected, and appropriate sampling sites found. Selection
of discrete areas of land activity, although the main criterion for
selection, was limited by other factors that had to be considered. The
most important of these were:
1. accessibility of the sampling site.
2. size of area large enough to represent certain type
land use.
3. lack of known point sources of pollution in the
drainage area.
4. security of the sampling instruments from vandalism.

The locations of the 15 test areas and sampling sites are indicated in
Figure 1. A summary of the general description of the test areas is
given in Table 1.

Land use activity within each of the 15 drainage sheds was determined
by utilizing the TMAPC's Land Activity File. After the test areas had
been defined by true ridge lines, the census tracts, and the planning
blocks; a retrieval program was written to sum various land use ac-
tivities within each basin. The results of this retrieval are summarized
in Table 2 and Table 3.

The drainage characteristics (see Table 4 and Table 5) of each test area
were determined from the appropriate USGS quadrangle maps and the
City of Tulsa Storm Drain Atlas.

11
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TABLE 1

GENERAL DESCRIPTION OF THE TEST AREAS

Test General
Area Landuse

No. Classification

Specific
Zoning
Classification

Socioeconomic
Class

Remarks

1 Industrial
2 Commercial
3 Residential
4 Industrial
and
Residential
5 Residential

Pred. U-4A
Small amount
U-3A

Pred. U-3E
some U-1C,
U-2B, U-3A

Pred. U-1C
Small amount
U-1B, U-3DH

Pred. U-1C

Some upper-middle
class residential

Upper-middle
class

Residential
portion-lower
middle class

Upper-middle class
some lower-upper
class-some lower
middle class in
upper reaches

Light industrial, warehousing, industrial sales-~
new industrial development containing little

outside storage-=-large portion still in construction
stage--water quality should reflect cement company
waste in lower reaches of watershed.

Shopping center with large paved parking areas--
includes drainage from large grassy slope (por-
tion of Pan American Research Laboratories

property)

Relatively new additions with little tree cover and
well-kept lawns--area swimming pool probable
drains into storm sewer--some commercial on
major streets,

- Light to moderate industrial with approximately 1/3

residential--far upper reaches drain portion of
Tulsa State Fairgrounds--industrial is approximate-
ly 1/2 older development and 1/2 new development
or open land zoned for industrial use--considerable
amount of outside storage of industrial products--
railway service to most of area for shipping.

Large older homes--great amount of tree cover--
some small older housing in upper reaches of
watershed includes some commercial on major
streets, drainage from Woodward Park, Tulsa
Garden Center, and overflow from Swan Lake.
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TABLE 1

GENERAL DESCRIPTION OF THE TEST AREAS (CONT'D)

Test General Specific = Socioeconomic

Area Landuse Zoning Class Remarks

No. Classification Classification

6 Industrial U-4B Older industrial area with considerable amount
of outside storage-~water quality should reflect
waste from trucking firm~-lower middle class
residences make up the upper and eastern reaches
of the watershed.
7 Residential U-1C Upper-middle Postwar addition of mostly three bedroom frame
class and brick houses with medium-sized trees~-well-
kept area.
8 Residential U-1C Lower-middle Postwar addition of mostly two bedroom frame and
class brick houses with medium-sized tree cover.
9 Residential Pred. U-1C Lower class Older houses of various sizes, many nearing delapi-
traces -of dation~-ill-kept area residentially with some
U-4B commercial on major thoroughfares.

10 Commercial- 3/4 U-3DH Some lower- Upper portion of watershed is commercial-office
Office and and remain- middle class including multi~story buildings-middle areas of
Residential der in U-2A watershed are largely open areas with considerable

and U-2B tree cover--these areas have been cleared by the

Tulsa urban renewal authority for eventual rede-
velopment--some urban renewal work is still
underway in the area--lower areas of the water=-
shed are old residences of various size houses
with great amount of tree cover.
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TABLE 1

GENERAL DESCRIPTION OF THE TEST AREAS (CONT'D)

Test General Specific Socioeconomic
Area Landuse Zoning Class Remarks
No. Classification Classification

11 Residential U-1C Lower-maiddle This drainage basin is in the heart of Tulsa's
and class model city area--mostly small older frame
Commercial houses with great amount of tree cover--some

commercial on major streets,

12 Industrial U-4A Runways and supporting buildings with some
and light industrial--great deal of open grassy areas.
Commercial
13 Residential U-1A Lower-upper Non-sewered, newly laid concrete pipe into un-
class improved open channel, large lots with a number

of swimming pools--well-kept lawns.

14 Recreational Southern Hills Country Club--most of drainage
basin includes golf course.

15 Residential U-1C Lower-middle Postwar addition of small 2-3 bedroom frame and
class brick houses with coverage of medium sized trees.
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Test
Area
No.

OO0 W e

TABLE 2 PERCENTAGE OF LAND DEVOTED TO VARIOUS LAND USE ACTIVITIES
IN THE FIFTEEN TEST AREAS, TULSA, OKLAHOMA

PERCENT OF TOTAL AREA

Residential Commercial Industrial Institutional Transportation Open

4,23
30.32
56.54
24.94
52.85
32,60
64.97
51,66
46, 86
16.02
44,99

0
75. 46
26.99
70.25

7.28
22.38
.91
19.08
1.97
3.26
1.52
6.16
10.93
15,53
1.96
0

0
0
0

47. 35
.36
18. 34
.20
35.05
0
4.74
0

0
5.03
1.41

0.15
0
4.18
5.65
6.51
. 54
9.14
1.42
0
1.94
1.84
0
2.83
0

1. 35

1.46
1.44
0
2.98
2.96
2.45
0
3.32
0
.49
.37
48. 36
0

0

0

Space

0
24,55
3. 46
.85
9. 86
0

0

0

0

0

. 61
50. 23
0
65.39
0

Unused Arterial

Space

24,77
.72
16. 00
5.33
5.92
2. 99
.51
4,27
4,69
15.53
3. 44
0
2.36
0
6.76

Streets

6.99
5.42
2,36
5.86
3.94
2.17
1.52

14, 22
10.93
18.93
5.88

0
5.19
4,56

0

Other
Streets

1.72
14. 80
16.73
16.95
15.78
20. 92
22.33
14.22
26,55
31.55
35.80

0
14.62

3.04

21,62

Total

99.95
99.90
100.18
99.98
99.99
99.98
99. 99
100.01
99. 96
99. 99
99.92
100. 00
100. 46
99. 98
99.98
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TEST
AREA
NO.

p—
QO NV 00OV W~
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TOTAL POPULATION POPULATION RESIDENTIAL
ESTIMATOR
PEO. /UNIT

LIVING
UNITS

100
369
1147
1122
1765
501
616
715
267
425
3396
0
168
7
282

TABLE 3

350
1100
3925
3625
4525
1200
2275
2400

875

885
2800

500
250
830

3.50
3.00
3.42
3.23
2. 56
2.37
3.70
3.35
3.26
2.08
2. 30

0
3.01
3.01
2.95

AREA
ACRES

29
84
311
234
268
120
128
109
30
33
367
0

160

71
52

RESIDENTIAL
DENSITY
PEO. /RES. ACRE ACRES

12,07
13.09
12. 62
15.49
16. 88
10. 00
17.77
22.02
29.17
26.82
21.25

0
3,13
3.52
15.96

POPULATION CHARACTERISTICS OF THE FIFTEEN TEST AREAS

TOTAL
AREA

686
272
550
938
507
368
197
211

64
206
815
223
212
263

74

AVERAGE
DENSITY
PEO. /ACRE

0.51
4,04
7.13
3.86
8.93
3. 26
11.55
11.37
13.67
4,30
9.57

0
2,36
0. 95
11.22
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TABLE 4.

TEST (1)

AREA A
NO.
1 686
2 272
3 550
4 938
5 507
6 368
7 197
8 211
9 64
10 206
11 815
12 223
13 212
14 263
15 74

Legend:

1.
2.

3.

(2)
L

9050
4230
6890
9260
11200
2170
4500
4800
2600
6350
9000
5710
7840
6400
2700

DRAINAGE CHARACTERISTICS OF TEST AREAS

(3)
I“C

6000
2040
3000
4800
4800
3600
2100
1800
1380
3300
4200
2400
2600
3480
1600

Test Area (A), acres

Length of the main stream (L),

feet.

(4)
H

113
92
186
126
140
91
85
95
60
140
162
58
140
171
30

Length of the main stream from

the sampling site to the point

nearest area centroid (L) feet.
Fall of the watershed (H), feet.

9.

(5)

Sc

0.011
0.011
0.009
0.010
0.013
0.009
0.013
0.013
0.011
0.032
0.007
0.007
0.015
0.014
0.012

(6)
SL

3.19
3.48
3.82

2.89

3.29
2.19
2.89
1.67
1.55
2.26
1.83
0.75
4.60
4.25
0.78

(7)
C

30
55
27
51
30
24
32
37
31
74
41
46
23
11
38

(8)
FF

0.83
2.85
2.66
1.77
0.96
1.24
1.94
2.84
1.47
0.82
2.01
1.68
1.37
0.95
1.26

Average main channel slope
(Sc), feet per foot,

Average land slope (SL), percent.
Impervious cover (C), percent,
Form Factor (FF) = 43,560 A/ (LC) ,
dimensionless.

Geometry Number (G)

(L) (H)
(43, 560) (A) (SL)

(9)
Gx10%

1.07
0.95
1.41
1.00
2.16
0.55
1.52
2.99
3.61
4,69
2.24
4.53
2.54
2.24
3.21

2

, dimensionless
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TABLE 5.

STREET AND DRAINAGE CHANNEL CHARACTERISTICS

DRAINAGE CHANNEL

TEST  TOTAL STREETS
AREA AREA ARTERIALL OTHER? TOTALS
NO. ACRES ACRES MILES ACRES MILES  MILES
1 686 48 3. 44 53 13.83 1.71
2 272 15 1.21 41 10.70 0. 80
3 550 13 1.07 92 24.01 1.30
4 938 55 4.52 159 41,50 1.75
5 507 20 1.63 80 20,88 2.11
6 368 8 0. 62 77 20.10 0.41
7 197 3 0.26 44 11,48 0. 85
8 211 30 2. 48 30 7.83 0.91
9 64 7 0. 60 17 4,44 0. 49
10 206 39 3.21 65  16.97 1.20
11 815 48 4. 00 292 76,21 1.70
12 223 0 0 0 0 1.08
13 212 11 0.88 31 8. 09 1.48
14 203 12 1.14 8 2.09 1.21
15 74 0 0 16 4,18 0.51

1 Arterial streets are major thoroughfares.
20ther streets are all streets less arterial streets.
3Total drainage channel as used here refers to the length of the main

interceptor channel.

COVERED?
MILES

1.05
1.07
1.25
3.30
2.14
1.55
1.02
1.08
0.78
1.13
3.75

0
0.82

0
0.69

Covered drainage channel as used here refers to all covered drainage

conduit (interceptor and lateral) greater than 24 inches diameter,



ENVIRONMENTAL CONDITIONS

In 1968 the Tulsa City=-County Health Department conducted a Commu-
nity Block Survey in the City of Tulsa. The purpose of the survey was to
delineate the general environmental condition that existed in the
community. An analysis of the data resulting from this survey provides
a method of locating environmental conditions which contribute to the
origin, frequency, and distribution of communicable disease within a
community. Also, with this data and additional census block data, a
community can be stratified into socioeconomic areas.

The environmental factors included in the survey were land use, ex-
terior housing quality, water supply, human waste disposal, refuse
storage, rubble accumulations, junked cars, dilapidated sheds, vacant
lot sanitation, poor drainage areas, vector harborage, and the presence
of livestock, poultry, or dog pens.

Since the normal procedure (1) in stratifying a community into socio-
economic strata is not applicable to large areas and could not be applied
to commercial or industrial areas, a method was devised by the author
of this study for determining the general environmental condition of the
fifteen test areas. An Environmental Index (EI) was calculated for each
of the test areas, as follows:

Environmental Index (EI) = f (housing condition, vacant lot
condition, parcel deficiencies)

Assuming that the parcel deficiencies should be weighted
more heavily than the housing conditions and that the
housing conditions should be weighted more heavily than
the vacant lot conditions:

2(A) + B+ 3(C)

EI =
6
Where:
A = Total Housing Structures
(1) (G) + (2) (F) + (3) (P)
Note: G = no. of good vacant lots
F = no. of fair vacant lots

P = no. of poor vacant lots
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B - Total Vacant Lots
(1) (G) + (2) (F) + 3 (P)

Note: G = no. of good vacant lots
F = no. of fair vacant lots
P = no. of poor vacant lots

_ Total Structurese=Total Deficiencies
- Total Structures

Note: Total deficiencies include the sum total
of refuse, burners, rubble, lumber,
old autos, poor sheds, livestock, poul-
try, and privies.

The above three factors (A, B, and C) are a measure of the general
housing condition, the vacant lot condition, and the parcel deficiencies,
respectively. Factors A and B vary from a low of .33 to a high of
1.00. Factor C varies from a negative number to 1.00. The smaller
numbers indicate poor environmental conditions while the larger
numbers indicate good environmental conditions.

Applying the above formula will result in a number that varies from a
negative number to a maximum of 1.00. A value of 1.00 will denote
an area of all good houses, all good vacant lots, and no parcel deficiencies.

Not included in the above index are several other factors that, if used,
would result in a better measure of the '"general environmental condi-
tion of an area.' Such items are: air pollution sources, population and
structure density, point water pollution sources, parks, noise level, and
traffic volume. If these data items were available and each could be ex-
pressed by a number and weighted, a better EI could be developed.
Applying the above formula to the survey data, an EI for each of the

Test Areas was calculated. Table 6 presents these calculations with the
resulting EIL.
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TABLE 6

CALCULATED ENVIRONMENTAL INDEX (EI)
FOR THE FIFTEEN TEST AREAS
TULSA, OKLAHOMA

(44

Test Calculated Environmental
Area Factorl Index
No, A B C (EI)
1 .99 1.00 1.00 1.00
2 1.00 1.00 .99 .99
3 1.00 .83 1.00 .97
4 1.00 1.00 .71 . 86
5 1.00 1.00 .98 .99
6 .68 . 62 . 48 .57
7 1.00 1.00 .96 .98
8 1.00 1. 00 .62 .81
9 .10 .53 -.19 .23
10 .84 . 97 .93 .91
11 .46 .56 -. 34 .08
12 1.002
13 1.00 1.00 . 94 . 97
14 1.00 1. 00 1.00 1.00
15 1.00 1.00 .11 . 86

1Calculated factors from environmental survey data for use in equation 1.

2Test Area No. 12 was assumed to have an EI of 1. 00.



SAMPLING INSTRUMENTS AND METHODS USED

The collection of storm water runoff samples required the use of several
different types of instruments and methods. A stationary automatic sam-
pling method was used when a time series of samples was desired.
Standard manual sampling procedures (grab sampling) were used when
baseline samples or additional storm water runoff samples were collected.
The bacteriological samples were collected in sterile plastic bags.

A schematic diagram of the storm water sequential sampling equipment
is shown in Figure 2. Views of the sampling equipment are shown in
Figure 3 through 6.

After sample collection, all samples were stored and analyzed in
accordance with '"Standard Methods for the Examination of Water and
Waste Water, Twelfth Edition." Bacteriological samples were examined
for total coliform, fecal coliform, and fecal streptococcus by the mem-
brane filter (MF) technique with the respective use of M-Endo, M-FC,
and KF Streptococcus media. The organic pollution parameters measured
were 5-day BOD, COD, and TOC. Analyses for TOC (Total Organic
Carbon) were preformed by the Civil Engineering Department, University
of Arkansas with the use of a Beckman TOC Analyzer (Model 915). The
nutritional content of the samples were indicated by tests for organic
Kjeldahl nitrogen and soluble orthophosphates. Measurements were also
made for total solids, suspended solids, dissolved solids, volatile sus-
pended solids, volatile dissolved solids, pH, chloride, and specific
conductance.

During the period from October 1968 to September 1969, a total of
456 composite and grab samples were collected and analyzed from

30 separate precipitation events. A total of 37 baseline samples were
collected on four days from the test areas that had dry weather flow.
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SCHEMATIC DIAGRAM OF STORM WATER SEQUENTIAL SAMPLING EQUIPMENT
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Figure 3. --Instrument enclosure and sampling probe
located at Test Area No. 3.

Figure 4. --Sampling probe hinge and switch.
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Figure 5. --Tube pump, control unit, inverter, and
12-volt battery located in top compartment of enclosure.

Figure 6. --Pressure recorder and inclined sequential
sampler located in bottom compartment of enclosure.
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ANALYTICAL RESULTS OF URBAN STORM WATER SAMPLES

This section presents the results of the analytical observations of the
various pollution parameters measured throughout the testing period.
These results are presented in tabular form in five pollution classifica-
tions: Bacterial, Organic, Nutrient, Solids, and Other Parameters.
The results are presented as average values of the separate precipita-
tion events and not from the averaging of the individual samples
collected. This was done to more effectively compare the individual
event characteristics. Since continuous sampling on each site for each
event was not practicable, the averaging of the sequential samples

for the sites which were continuously monitored was felt more represen-
tative for event comparison between these sites and those where only
grab samples were obtained.

Bacterial

The three bacteriological parameters measured on this project were
fecal coliform, total coliform, and fecal streptococcus. All samples
were examined by the membrane filter (MF') technique.

The geometric means of the three bacteriological parameters measured
from each test area are shown in Table 7. Below is a comparison of
the arithmetic mean of the fifteen test areas with the arithmetic average
of the four seasons from the Cincinnati Study (2)

Parameter Number/100 ml.
Tulsa Study Cincinnati Study
All Wooded Street Business

Test Areas Hillside Gutters District

Total Coliform 134,000 65,415 95,750 107,500
Fecal Coliform 1,940 630 13,420 14, 950
Fecal Strep. 10, 245 10,473 78, 825 37,000

For the fifteen test areas, the fecal coliform value was, on the average,
3% of the total coliform value. The average fecal coliform to fecal
streptococcus ratio varied from a low of 0. 081 (Test Area No. 10) to a
high of 0. 893 (Test Area No. 9). These low ratios indicate the source
of the bacterial pollution to be warm-blooded animals other than man
(2). At the start of the project, it was suspected that Test Area No. 13
might record a high fecal coliform to fecal streptococcus ratio due to
this drainage basin being unsewered and utilizing septic systems for
liquid waste disposal. After checking with the authorities at the Tulsa
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TABLE 7

GEOMETRIC MEAN FOR BACTERIAL DENSITY (NUMBER/100 ml) IN URBAN STORM
WATER FROM 15 TEST AREAS IN TULSA, OKLAHOMA
DATES: SEPTEMBER 1968 TO SEPTEMBER 1969

Test
Area
No.

O 30 Ut W+

Land
Use
Classification

Light Industrial
Commercial-Retail
Residential

Med. Ind. -Residential
Residential

Medium Industrial
Residential
Residential
Residential
Commercial (Office)
Residential-Com. Mix
Openland and Runways
Residential
Recreation-Golf
Residential

Total Coliform Fecal Coliform

Geometric
mean

71, 000
43, 000
100, 000
25, 000
150, 000
140, 000
32,000
240, 000
400, 000
130, 000
370, 000
56, 000
28,000
5,000
220, 000

Geometric
mean

940
1,900
3, 300

770
1,500

18,000

120

450

290

300

620

10

180

370

350

Fecal Streptococcus
Geometric
mean

4,200
780
15, 000
12, 000
3,800
24,000
2,300
5,800
7,600
30, 000
6, 800
700
5,700
21, 000
14, 000



City-County Health Department, it was learned that the septic systems
in this area function properly, and very few complaints have been re-
ported from this area in regard to ''pooling'' of septic systems.

Test Area No. 9 a small drainage area with poor environmental con-
ditions had the highest total coliform geometric mean (400, 000 #100 ml. ).
The lowest total coliform mean (5, 000 #100 ml.) was recorded from
Test Area No. 14, which is a Country Club golf course. This low
geometric mean may be due to the small number of sample analyses
from this drainage shed. The one characteristic of this shed which
distinguishes it from the other test areas is that the shed has two small
recreation ponds on the drainage channel; these ponds capture almost

all of the runoff water. The only time that the drainage channel flows is
after or during a precipitation event of high intensity or large amount.
Such an event normally occurs during the spring of the year. Due to this
characteristic, the samples actually collected were from the overflow

of impounded water rather than from actual runoff water.

No clear patterns were established by ranking the test areas by each
separate bacteriological parameter. Patterns refer to groupings as to
land activity--e.g., residential, commercial or industrial.

Organic

In general, the three organic pollution parameter concentrations cannot
be considered to be high when compared to effluents from secondary
sewage treatment plants. The highest average values, with the excep-
tion of Test Area No. 10, occurred from test areas with moderate to
heavy tree cover. Also, all of these areas had one other common
factor: the condition of the drainage channels offered many opportunities
for the leaves and grass trimmings to become trapped in depressions,
thus allowing an opportunity for decomposition. This condition could
explain the higher average BOD values. Test Area No. 10 is a downtown
commercial type drainage shed with a high percentage of impervious
cover and traffic volume.

The BOD/COD ratio varied from 0. 105 (Test Area No. 10) to 0. 342
(Test Area No. 15). The average ratio from all fifteen sites was 0.171.
The high ratio from Test Area No. 15 may be due to the small number
of events sampled. Also, Test Area No. 14 is not typical, since the
samples collected were not from runoff, but from overflow water from
the ponds on the drainage shed.

The average BOD/TOC ratio from the fifteen test areas was 0.405. The
range of values was from 0. 289 (Test Area No. 1) to 0.577 (Test Area
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No. 15). In general, these ratios are not useful for characterization of
the test areas. The ratios show considerable variation between the test
areas, and each test area has high standard deviations.

Total Organic Carbon (TOC) was measured in conjunction with BOD and
COD to further characterize the test areas. It was hoped that a con-
stant relationship could be found between samples. The TOC/COD ratio
varied from 0.289 (Test Area No, 7) to 0.847 (Test Area No. 15). The
average of all fifteen test areas was 0. 468.

The average values of the fifteen test areas show no positive groupings.
The test areas with the three highest values are each classified
differently. In several instances the TOC concentrations were higher
than the COD concentrations, indicating that the standard COD test does
not detect some organic compounds. At present, this finding cannot be
readily explained. ‘

Table 8 summarizes the analytical results from the {ifteen test areas by
averages and ranges which are based on the average of the separate
rainfall events.

Nutrients

Organic Kjeldahl nitrogen and soluble orthophosphate were the nutrients
measured in the study. The average and range of values of these two
components are shown in Table 9.

Several possibilities as to the sources of nutritional pollution can be ad-
vanced with knowledge of the present land use on some of the sites.
Other sites exhibit such variation as to season, level, etc., that logical
deductions as to cause cannot be made unless more complete land use
information is available.

The organic Kjeldahl nitrogen measured in the runoff could have been
obtained from several sources. The entrainment of organic matter by
surface flows and the eluviation of decay products from organic matter
are probably responsible for a large portion of the nitrogen load. Deriv-
atives from commercial fertilizers are potential high pollution sources
in the event that precipitation events occur at high intensities after

these fertilizers have been applied on the land surface. Ammonia and
organic nitrogen are also washed from the air at rates of 2 to 6 pounds
per year (3).

A valid apportionment of the measured nutrients to these sources is not
possible, and only inferences can be made. In the spring, Test Areas

30



1¢

Test
Area

Z
°

W~ O U1 b WY

e -
b Wiy e= O W0

TABLE 8

DATES: SEPTEMBER 1968 TO SEPTEMBER 1969

Land Use
Classification

Light Industrial
Commercial-Retail
Residential

Med. Ind. -Res.
Residential

Med. Industrial
Residential
Residential
Residential
Commercial (Office)
Res., -Com. Mix
Openland-Runways
Residential
Recreation (Golf)
Residential

Avg.

13
8
8

14

18

12
8

15

10

11

14
8

15

11

12

BOD (mg/1)

Max, Min.

23
16
21
29
38
18
17
25
15
27
23
16
39
23
24

OO R R WNONW RN W

115
117
107
116
45
88
53
42

COD (mg/1)

Max.

215
94
162
232
261
133
69
405
263
240
167
69
220
74
62

Min.

54
21
20
14
37
39
12
50
40
36
80
21
13
22

18

Avg.

43
22
22
42
48
34
15
37
35
28
33
20
35
29
34

AVERAGE AND RANGE FOR ORGANIC CONCENTRATIONS IN URBAN STORM WATER
RUNOFF FROM 15 TEST AREAS IN TULSA, OKLAHOMA

TOC (mg/1)

Max.

71

36
31
74
85
42
20
82
61
80
49
40
66
36
75

Min.,
17
12
14
22
11
12

0
5
13
0
17
6
17
18
11



TABLE 9
AVERAGE AND RANGE FOR NUTRIENT CONCENTRATIONS IN URBAN
STORM WATER RUNOFF FROM 15 TEST AREAS IN TULSA, OKLAHOMA
DATES: SEPTEMBER 1968 TO SEPTEMBER 1969

Organic Soluble
Test Land Use Kjeldahl Nitrogen Orthophosphate
Area Classification (mg/1) (mg/1)
No. Avg. Max. Min. Avg. Max. Min.
1 Light Industrial 1.11 2.95 0.06 3.49 15.10 1.20
2 Commercial-Retail 0.95 3.61 0.17 0.86 1.50 0.24
3 Residential 1.48 3.28 0.24 1.92 3.70 0.10
4 Med. Ind.-Res.Mix 0.97 3.03 0.00 1.05 3.00 0. 36
5 Residential 0.72 1.80 0.00 0.87 1.53 0.53
6 Med. Industrial 0.65 1.50 0.16 0.86 1.40 0.58
7 Residential 0.80 1.60 0.01 0.67 1.43 0.28
8 Residential 0.69 2.52 0.00 1.15 2.60 0.00
9 Residential 0.67 1.30 0.14 1.02 1.92 0.48
10 Commercial (Office) 0.83 2.40 0.06 0.70 1.50 0.30
11 Res. -Com. Mix 0.66 1.82 0.13 1,11 1.88 0. 60
12 Openland-Runways 0.39 1.26 0.01 0.54 1.68 0.20
13 Residential 1.46 5.32 0.15 1.18 1.97 0.10
14 Recreation (Golf) 0.96 2.40 0.13 0.99 2.25 0.09
15 Residential 0.36 0.98 0.15 0.8F 1.17 0.35
TABLE 10
AVERAGE VALUES FOR SOLIDS
FROM 15 TEST AREAS IN TULSA, OKLAHOMA
DATES: SEPTEMBER 1968 TO SEPTEMBER 1969
Test Land Use Solids {mg/1)
Area Ciassification Suspended Dissolved
No. Total Total Volatile Total Volatile
1 Light Industrial 2242 2052 296 190 111
2 Com. -Retail 275 169 48 106 70
3 Residential 680 280 53 400 317
4 Med. Ind. -Res. 616 340 83 276 87
5 Residential 271 136 54 135 76
6 Med. Industiral 346 195 55 151 66
7 Residential 413 84 - 28 328 124
8 Residential 382 240 96 141 75
9 Residential 417 260 70 157 98
10 Commercial-Office 431 300 61 132 71
11 Res. -Com. Mix 575 401 g5 174 83
12 Openland-Runways 199 89 24 110 59
13 Residential 469 332 85 137 73
14 Recreation (Golf) 592 445 206 147 53
15 Residential 273 183 122 89 56
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2, 3, and 13 exhibit increased levels of organic nitrogen which can be
attributed to fertilization of lawns within these high-income, residential
areas. Other sites have high values during the fall, winter, and spring
which could be assigned to products of organic decay. A decrease of
this form is seen during the growing season due to the rapid assimilation
of any free nitrogen by growing vegetation.

The varying amounts of orthophosphates found in the analysis of the test
areas can likewise be assigned to various sources. The frequency of
street sweepings; the amounts, types, and location of organic material
and its decay products; the application of commercial fertilizer; the
season; the number of sampled events; and the drainage characteristics
can either singularly or in combination influence the washout of orthophos-
phates from the test site.

The presence of a concrete plant upstream from the sampling point was
the prime cause of high level of orthophosphates in Test Area No. 1.
Test Areas No. 3 and 13 exhibited high average orthophosphate levels
which resulted from the heavy lawn fertilizations in the spring. The
high maximum levels which are shown for 8 and 14 are caused by or-
ganic decay products. Test Area 12 had low orthophosphate levels due
to low runoff volumes and to the lack of decidous vegetation.

If the amounts of orthophosphate washed from the test area are apportioned
just to the impermeable portions of the site as shown on Table 4, Test
Area 10 which is in the central business district has 4. 34 pounds--the
lowest annual amount per impermeable acre. This finding appears
reasonable in that most of the runoff-producing portion of the streets is
swept each night, and there is relatively little organic matter from
vegetal sources in the drainage ways of the area. Test Area No. 2 was
also low in pounds per impermeable area, but since it contained a higher
percentage of residential area with its characteristic vegetation the yield
was greater than from the pervious areas. The remaining areas had
larger yields of orthophosphates per impervious area; this finding was
attributed to the larger amounts of tree cover in these older developed
areas.

Solids

The five solids constituents measured on this project were total solids
(TS), suspended solids (SS), volatile suspended solids (VSS), dissolved
solids {DS) and volatile dissolved solids (VDS). The arithmetic averages
of these constituents are summarized in Table 10.

Total solids is the sum total of the suspended solids and dissolved solids
fractions and is closely related to the topography and soil conditions of
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the various test areas. It should be noted that, due to the sampling
techniques, total solids is not a measure of all solids found in urban
storm runoff. ''All solids' would be sum of total solids and the
floating and large particles not picked up by the sampler used on this
project. These ''other solids' include such materials as tree limbs,
leaves, paper, plastics, etc. These materials are not only objectionable
as to the aesthetics, but indirectly add to the bacterial, organic, and
nutrient storm water loads. For example, during late fall a large
portion of the leaves reach the storm drainage system and become
trapped in depressions within the system. Between the event that
carries the leaves to the system and the next rainfall event, the leaves
have time to decay and disintegrate, thus adding additional organic
and nutrient contaminants to the runoff water.

The average values for the solids show considerable variation. The
lowest average value (199 mg/1l) was found from Test Area No. 12. The
highest average value (2242 mg/l) was found from Test Area No. 1.

This extremely high concentration can be explained by exposed open land.
Shortly after the start of the project, construction began on a large
apartment house complex. The land was stripped of its ground cover,
cuts were made for streets, and water and sewer line trenches were
dug. Construction continued throughout the project. Therefore, this
test area is representative of a drainage basin that is under development.

The second highest average value (680 mg/l) recorded was from Test
Area No. 3. This test area is a new fully developed middle-class sub-
division. A large portion of the main drainage channel is open and
unimproved, with unstable banks.

The percent of suspended solids varied from a low of 38% (Test Area
No. 12) to a high of 82% (Test Area No. 1). The remaining test areas
had percentages from 40% to 60%. The low value from Test Area No.

12 is due to the fact that the runoff comes from airport runways and is
channeled to the main drainage channel by well-kept drainage ditches
alongside the runways. Also, the main sources of suspended solids in
fully developed residential and commercial areas are the streets, in
that they collect the dust, dirt, and clay droppings from automobiles. It
is interesting to note that Test Area No. 12 also had one of the four
highest volatile suspended solids to total suspended solids ratio.

Generally, the volatile suspended solids followed the same pattern as
suspended solids, and formed 20-50 percent of the total suspended solids.
It should be remembered that high values of volatile matter in storm
water may not necessarily be decomposable organic material. The
relatively low BOD values found on this project support this idea, as does
the fact that clay will lose considerable weight on ignition.
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The average total dissolved solids ranged from a low of 89 mg/l (Test
Area No. 15) to a high of 400 mg/1 (Test Area 3). The overall mean of
the test areas was 178 mg/l. The volatile portion of the dissolved

solids averaged 49% for the 15 test areas. The range of values was from
33% (Test Area No. 4) to 62% (Test Area No. 9).

Other Parameters

In addition to the bacterial, organic, nutrient, and solids pollution para-
meters measured on this project, the pH, chloride, and specific
conductance were measured.

The range of the average pH from the fifteen test areas varied from a
high of 8.4 (Test Area No. 1) to a low of 6.8 (Test Area No. 15). All

of these average values are within the State of Oklahoma's Water Quality
Criteria for the Arkansas River and Verdigris River. The Criteria

call for the pH to be between 6.5 and 8.5, and all values below 6.5 and
above 8.5 must not be due to a waste discharge. The only observations
of pH values that were higher than these limits were found from Test
Area No. 1, which can be classified as a Light Industrial Area. The
test area recorded a maximum pH of 12. 2 on October 16, 1968. This
particular sample was the third in a series of seven 30-minute composite
samples, and was collected approximately 5.4 hours after the rainfall
event started. All the samples collected from this test area had consis-
tently high pH values. The only sources of land contaminants that could
be found within this drainage shed were piles of cement, waste concrete,
and other waste associated with a concrete batch plant operation. The
batch plant is located on the bank of the unimproved open channel that
drains the lower portion of this shed.

The only test area that approached the lower limit of the State of
Oklahoma's pH criteria was Test Area No. 15. The average pH value
was 6.8 and the lowest observed value was 6.4. The pH value of the
runoff from Site 15 can be attributed to contributions from several
factors. The soils of the watershed were developed under forest-like
conditions found along the terraces adjoining the Arkansas River bottoms
before Tulsa developed. These conditions produced soilds which were
slightly acid. This area is located in a fairly old residential area, and
tree cover and other vegetation levels are approaching those levels
once found in the primitive state. The decomposition of vegetation both
on the ground surface and in covered storm sewers of the area contri-
butes to lower pH values in the runoff water.

Average concentrations of chloride (Cl) from the fifteen test areas varied
from 2 mg/l (Test Area No. 15) to 46 mg/l (Test Area No. 7). None
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of these values are excessive considering the average concentrations

found in the two receiving streams in Urban Tulsa. The 50% value for
chloride measured in the Arkansas River at Sand Springs, Oklahoma is
970 mg/l. The average concentration found in Bird Creek is 126 mg/L.

The only samples collected which were expected to show a possible in-
crease in concentrations were those of February 20, 1969. These
samples were collected from runoff originating from melting snow. The
runoff samples were from the street source areas only, since the snow
had not started melting on the roofs and yard areas. The runoff can be
attributed to the heavy traffic volumes on the streets. The results of
these observations were very low (less than 15 mg/l).

Due to the very few snow and ice events in the Tulsa Urban Area, very
limited amounts of salt are applied to the streets for snow and ice con-
trol. The main material used in the City of Tulsa for snow and ice
control is sand. Due to the very limited use, the natural concentrations
found in the receiving streams, and the concentration found from the
fifteen test areas, the chloride (Cl) load reaching the receiving streams
does not present a problem in the Tulsa Area.

The average specific conductance from the fifteen test areas varied
from a low of 36 micromhos/cm to a high of 220 micromhos/cm. The
mean ratios of dissolved solids to specific conductance varied from
1.19 (Test Area No. 14) to 2.54 (Test Area No. 15). The overall
average of the means of the test areas was 1.579. None of the average
values of the fifteen test areas deviated significantly from this mean,
with the exception of Test Area No. 15. This fact tends to indicate
that the dissolved substances in the runoff water from this test area are
higher in organic compounds than in inorganic ions. This finding is
also supported by the relatively high volatile dissolved solids to total
dissolved solids ratio of 0.594. This ratio, as compared to the other
fifteen test areas, was second highest.

Phenols determinations were made on samples collected on June 17,
1969 from Test Areas No. 2, 5, 6, 10 and 11. The results of these
determinations are shown below:

Test Area No. . g/l
2 14
5 18
6 10
10 35
11 18

The above five values are within the range (1-30ft g/l) as reported in
the Detroit -Ann Arbor study (4). It should be noted, however, that
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Test Area No. 10 recorded the highest concentrations (35, g/1). This
test area is a downtown central business district having a high percen-
tage of streets and traffic volumes.

Since phenols are subject to rapid biochemical and chemical oxidation,
they must be preserved and stored at cold temperatures if not analyzed
within 4 hours after collection. Due to this requirement and to the
sampling procedures used on this project, additional determinations
were not made.
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ESTIMATES OF STORM WATER POLLUTION LOADS
FROM
THE STUDY SITES

In the preceding section, the data presented was based on factual
analytical observations whereas in this section the calculated pollution
loadings presented are estimates. These calculations were based on
valid assumptions and current data. Also, for comparison, the com-
bined effluent loads for the four treatment plants in Tulsa are presented.

The amounts of the various pollution parameters from each site were
obtained by multiplying the average values of the parameter by the
estimated monthly flows. A more representative figure would have

been obtained by basing the figure on the acres of imperviousness with-
in each site. Further differentiaion was not attempted since the samples
taken at each site were not from source points within the sites. Table
11 and Table 12 give the estimted average yearly loads per acre and

the estimated average daily loads per mile of street from each test area,
respectively. Table 13 presents the comparison between the average
daily load from storm water runoff and the effluent from Tulsa's sewage
treatment plants. The characteristics of these plants are:

Flat Rock (4 mgd)--primary and secondary treatment processes-=
secondary treatment accomplished by contact stabilization--
discharge to Bird Creek.

Coal Creek (4 mgd)--primary and secondary treatment processes--
secondary treatment processes accomplished with trickling
filters processes--discharge to Bird Creek.

Northside (11 mgd)--primary and secondary treatment processes=--=
secondary treatment accomplished with trickling filter pro-
cesses-~-discharge to Bird Creek.

Southside (21 mgd)--primary treatment processes--discharge to
the Arkansas River.

Considering the loading estimates presented in the tables, it is
reasonable to speculate that with the continued urbanization of the Tulsa
arca in conjunction with the demands for increased efficiencies in
domestic and industrial waste treatments facilities, storm water runoff
in the Tulsa area may well become the prime source of stream pollution
within the next decade.

Of greater importance is not the estimated average daily loads, but
the "shock' loads of urban storm water runoff. There are an average
of 52 rainfall events over 0.1 inch in Tulsa each year. Assuming each
event to be equal and the yearly load to be 365 times the average daily
load, each rainfall event will carry approximately seven times the
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TABLE 11
CALCULATED AVERAGE YEARLY LOADS FROM
THE FIFTEEN TEST AREAS, TULSA, OKLAHOMA

Test Pollution Load: lbs. /acre/year
Area BOD COD Organic Soluble Total
No. Acres Nitrogen  Orthophosphate  Solids
1 686 30 250 2.5 8.0 5100
2 272 27 150 3.3 2.9 920
3 550 14 110 2.6 3.3 1200
4 938 44 320 3.0 3.3 1900
5 507 33 250 1.3 1.6 490
6 368 21 160 1.1 1.5 600
7 197 15 90 1.5 1.3 790
8 211 33 250 1.5 2.5 840
9 64 20 230 1.3 2.0 830
10 206 48 470 3.6 3.1 1900
11 815 35 290 1.7 2.1 1400
12 223 25 140 1.2 1.7 630
13 212 25 150 2.4 2.0 780
14 263 12 60 1.1 1.1 660
15 74 25 90 0.8 1.7 570
TABLE 12
AVERAGE DAILY LOADS PER MILE OF STREET
FROM THE 15 TEST AREAS, TULSA, OKLAHOMA
Average Load: lbs. /day/mile of street
Test Total Organic Soluble
Area Street BOD COD Total Kjeldahl Orthophosphate
No. Miles Solids  Nitrogen
1 11.46 4.85 41.10 838 0.41 1. 30
2 7.41 2.54 15.12 92 0.32 0.29
3 14.87 1.41 11.46 120 0.26 0. 34
4 28. 40 3.98 29.29 175 0.28 0. 30
5 16. 32 2.80 21.43 43 0.11 0.13
6 12.24 1.70 12.73 49 0.09 0.13
7 6.84 1.20 7.20 63 0.12 0.10
8 6.97 2.72 20.89 69 0.12 0.21
9 3.11 1.12 13.09 47 0.07 0.11
10 12.99 2.10 20.44 82 0.16 0.13
11 49. 05 1.60 13.29 66 0.08 0.15
12 3.39% 4.53 25.47 113 0.22 0.30
13 5.58 2.58 15.16 81 0.25 0.20
14 2.07 4.26 20.54 23 0. 37 0. 38
15 2.06 2.47 8.67 56 0.07 0.17

#*Miles and Acres of Airpori Runways
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Table 13
Comparison Between Average Daily Load from Storm Water
Runoff and Effluent from City of Tulsa's Sewage
Treatment Plants

Estimated Average Daily Load (lb/day)

Pollution Storm Water Effluent from Sewage Percent of Storm Water
Parameter Runoff Treatment Plants! Load of Total Load
BOD 4,500 19, 000 19%
COD 31, 000 67, 000 32%
Suspended »

Solids 107, 000 18, 000 84%

Organic Kjeldahl
Nitrogen 350 760 32%

Soluble Ortho-
phosphate 470 11, 000 4%

! Estimate based on 1968 flows and concentrations
Estimate based on a 50% suspended solids fraction of Total solids.

40



average daily storm water load, which is 160% of the average daily
BOD load from the treatment plants in the City of Tulsa. This load
generally would reach the receiving stream in less than twenty-four
hours. Such a loading of seven times the average daily load will occur
on the average 52 times per year. This consideration points out the
fact that any treatment facility being utilized for storm water pollution
control in the City of Tulsa will be in operation only approximately 52
day per year, and the effluent from such a facility on these days will
be 160% of the effluent from the sanitary sewage treatment plants.

When considered in the true context, the values of the pollution multipliers
used in this section were based on a limited amount of information. The
limitations emerge since the analysis was performed on a minute fraction
of the flow volume taken over an infinitesimal portion of the time span

in which the flow was occurring. Whether the samples were a represen-
tative mix of the multitudinous factors which contributed to the flow and
pollution is unknown. It is speculation also as to whether the combined
effects of these factors are reporduced over time. What is needed now
is either a detailed and concentrated study on an individual urban site

to thoroughly delineate the occurrence, nature, and concentration of
pollutants in the storm flow so that a sound rational exists for current
sampling procedures or new, versatile sampling techniques and pro-
cedures which better quantify the amounts of runoff and entrained
pollutants encountered in urban situations.

At present, when compared to the ranges of concentration in the pollu-
tion parameters found in the effluents of the municipal treatment plants,
the levels of pollution from storm water runoff found in the study samples
are in themselves no cause for alarm except with the possible exception
of the suspended solids concentrations. In newly developing areas the
magnitude of the sediment loads may cause concern. In developed areas,
however, the urban sediment load may be less than that found in rural
watercourses.

The problem which emerges is the magnitude of the total pollutional
loads which issue from an urban area. The estimates of pollution pre-
sented in this section are therefore presented as valid indicators of the
pollutional loads which are generated annually on each of the study sites.
The continued development of a metropolitan area such as Tulsa, and
the unceasing aggregations of the pollutional loads into the drainage ways
of the area point up the continued decline of a portion of the regional
environment and the emergency of a problem which at present defies
solution in a reasonable manner.
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FINDINGS

1. By a study of 15 test areas of representative land use and environ-
mental conditions, the average total coliform, fecal coliform, and
fecal streptococcus densities were determined to vary respectively from
5, 000 to 400, 000 numbers/100 ml, from 10 to 18,000 numbers/100 ml,
and from 700 to 30, 000 numbers/100 ml.

2. The ranges of the average BOD, COD, and TOC concentrations
from the 15 test areas were, respectively: 8 to 18 mg/l, 42 to 138 mg/l,
and 15 to 48 mg/l. The organic pollution parameter ratios (BOD/COD
and TOC/COD) and certain individual ohservations indicate that some
organic material of storm water runoff does not show up in the standard
COD test. The organic material may, therefore, include straight-chain
aliphatic components, aromatic hydrocarbons, and pyridine. These
components are not oxidized to any appreciable extent in the COD test.

3. The organic Kjeldahl nitrogen averages from the 15 test areas
varied from 0.39 mg/l to 1. 48 mg/l. The two highest averages were
from residential areas of low population densities and good environmental
conditions.

4. The soluble orthophosphate averages varied from 0. 67 mg/1 to 3. 49
mg/l. The highest average value was found from a developing light
industrial area containing large amounts of disturbed land. Located in
the test area was a concrete batch plant which contributed to the source
of phosphates.

5. The average total solids concentration for each of the fifteen test
areas ranged from 199 mg/l to 2242 mg/l. The highest average value
was eight to nine times greater than the average of the other 14 test
areas and was a result of exposed loose subsoil from a portion of the
test area that was being developed. The suspended solids concentrations
averaged approximately 50% of the total solids and were ten to twenty
times higher than the concentrations reported for the City of Tulsa's
sewage treatment plants.

6. The average pH (8. 4) from Test Area No. 1 approached the State

of Oklahoma's Water Quality Criteria, and several samples exceeded the
standard. The maximum recorded value from Test Area No. 1 was

12. 2.

7. The average chloride (Cl) concentrations from the 15 test areas in
Tulsa, Oklahoma were extremely low (2-46 mg/1) and can be con-

sidered to be of no consequence.

8. The calculated average yearly storm water pollution loads from the
fifteen areas varied as follows:
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Pollution Range in pounds/acre/year

Parameter Low High
BOD 12 48
COD 60 470
Organic Kjeldahl Nitrogen 0. 3.6
Soluble Orthophosphate 1.1 8
Total Solids 470 5100

9. The calculated average daily loads per mile of street by land use
were found to be:

Pollution Range in pounds/day/mile of street
Parameter Residential Commercial Industrial
BOD 2.0 2.3 3.5
COD 14 18 28
Organic Kjeldahl Nitrogen 0.14 0.24 0. 26
Soluble Orthophosphate 0.18 0.21 0.21
Total Solids 54 87 112

10. From the foregoing, it is evidently possible to estimate and pre-
dict for planning purposes storm water pollution to be expected in
surface runoff from an urban area by assessment of land activity,
meteorological and hydrological conditions. This will provide a very
useful procedure for planning urban storm water systems and water
quality management.
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RECOMMENDATIONS

The recommendations presented below are based on the findings of the
study and are applicable to all urban areas with separate storm drainage
systems. Remedial measures and research of the nature proposed
herein would reduce storm water pollution from urban areas.

Three approaches to abatement and control of the dispersed pollution
load appear to be the most promising. These are: a reduction in total
runoff, a reduction in the rates of runoff, and environmental policy.

1. It is recommended that structural measures be implemented
to affect control within the first two areas. Examples of this
type of control would be (1) devices or schemes that would
eliminate or deplete runoff from rooftops, parking areas, and
streets and (2) implementation of upstream retention programs
for blue-green open space areas within the urban complex.

2. It is recommended that environmental controls be invoked
through the enactment of:
a. Regulations and enforcement procedures to control
urban litter and general sanitary conditions of public
and private areas.

b. Performance standards in subdivision regulations for
builders and contractors in reference to (1) exposing
soil, (2) parcel "housekeeping' measures during and
after construction, and (3) drainage practices during
construction periods.

c. Open storage regulations for commercial and indus-
trial areas.

d. Improved street cleaning and drainage channel main-

tenance practices with the primary intent of storm water
pollution control rather than aesthetics or flood control.
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APPENDIX

From the analytical observations and the tabulated independent
variables, multiple regression equations were developed to pro-

vide predictor models for estimating urban pollutant concentrations.

In general, the models are not statistically significant, but they do
provide a technique of estimating a possible range of values. It

must be remembered that these equations were developed from data
collected from drainage basins located in Tulsa, Oklahoma. In all
likelihood they will not apply to all urban areas, especially in
metropolitan drainage sheds which have a high degree of different

land use types, environmental conditions, and drainage characteristics.

Table 14 presents a selection of the best equations by three catagories.
These Catagories are: residential, commercial and industrial, and
mixed. The residential models were based on the seven residential
test areas. The commercial and industrial equations were based on
the test areas which had a high percentage of this kind of activity.

The test areas included in this analysis were Nos. 2, 4, 6, 10, and 11.
The "mixed'' regression equations were developed using all test areas
except 12 and 14 which were considered as being non-typical urban
uses. These equations can only be used successfully within the frame
of reference of their development and with logical judgment of their
accuracy.

Calculations with these equations using the minimum and maximum
values of the observed independent variables are presented after Table
14. This is done to show the predictable range of pollutant concentrations
obtained with use of the developed regression equation within the bounds
of the test data. The minimum and maximum values obtained during

the test are shown for comparison. Included also are examples showing
the use of the equations with data from individual test areas.
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8%

MIXED

TABLE 14--Continued

Pollution Inputs Outputs Equation R2%
Category
Bacterial Environmental Index (Xl) Total Coliform  M;=565-420 (X,)-49.3 (XZO) .78
Dimensionless (1000/100 ml) -6.70 (Dg)l
Covered Sewer/Total Length (XZO) :
Ratio
Form Factor (D9)
Dimensionless
Organic Environmental Index (X;) COD (mg/1) Mg=70.8-45.4 (X;) .70
Dimensionless +2.61 (X,;) +0. 0062 (D,)
% Arterial Streets (X51)
%
Length of Main Stream (Dj)
Feet
Nutrient Residential Density (X;+) Organic Kjeldahl Mg;=0.23-0. (X;7)-0.029 (X,,) .79
People/Res. Acre Nitrogen (mg/1) +0. 256 (Dg)
Covered Sewer/Total Length (X2()
Ratio
Average Land Slope (Dg)
%
Solids Covered Sewer/Total Length (XZO) Total Solids M9=13O+8. 99 (X30) +2.59 (X55) .48
Ratio (mg/1) +2.06 (Dy)
% Other Streets (X;5)
%
Fall of Drainage Area (Dy4) *Coefficient of determination

Feet
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RESIDENTIAL

Pollution
Category

FBacterial

Organic

Nutrient

Solids

TABLE 14

SELECTION OF BEST MULTIPLE
REGRESSION EQUATIONS

Inputs

Environmental Index (X))
Dimensionless

Covered Sewer/Total Length (X5()
Ratio

Form Factor (Dg)
Dimensionless

Environmental Index (X;)
Dimensionless

% Arterial Streets (X;1)
%

Length of Main Stream (D)
Feet

Residential Density (X;4)
People/Res. Acre

Covered Sewer/Total Length (X,,)
Ratio

Average Land Slope (Dg)
%o

Covered Sewer/Total Length (X5g)
Ratio

% Other Streets (X;5)
%

Fall of Drainage Area (Dy)
Feet

24

Outputs Equation R

Total Coliform

M,;=269-309 (X)-137 (X;() .84
(1000/100 ml.)

+0. 580 (Dg)

COD (mg/1.) Mg=69-74. 7 (X(l)+3.68 (X51) .94

+0.0105 (D5)

Organic Kjeldahl M,=0.02-0.0072 (Xy7) .79
Nitrogen (mg/1) +0, 200 (X5,q) +0. 286 (D6)

Total Solids Mg= -139-15. 37 (X20) .59
(mg/1) +15. 98 (X55) +2.57 (Dy)

*Coefficient of determination
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COMMERCIAL
AND INDUSTRIAL

Pollution
Category

Bacterial

Organic

Nutrient

Solids

TABLYE 14~-Continued

Inputs

Environmental Index (X;)
Dimensionless

Main Covered Storm Sewer (X19)
Miles

Form Factor (Dg)
Dimensionless

Environmental Index (X1)
Dimensionless

Main Covered Storm Sewer (X19)
Miles

Length to Center of Area (Dj)
Feet

Environmental Index (Xl)
Dimensionless

Covered Sewer/Total Length (X2q)
Ratio

Average Land Slope (Dg)
%o

Environmental Index (X))
Dimensionless

% Unused Space (X39)
V)

Fall of Drainage Area (D4)
Feet

Outputs

Total Coliform
(1000/100 ml.)

TOC {(mg/1)

Organic Kjeldahl
Nitrogen (mg/1)

Total Solids
(mg/1)

Equation R *

M1=119-384 (Xl)-19.5 (X19) .90
-13.4 (Dg)

Mg=3.8+4. 76 (X;) +2.10 (X}q) .94
+0. 0055 (D3)

M7=0. 31-0.0810 (Xl) .92
~0.0507 (XZO) +0. 265 (Dg)

Mg=1426-715 (X)) +83.0 (Xpq) .78
-7.43 (Dy)

*Coefficient nf determination



1.

Example Problems

Total Coliform

The multiple regression equation for Total Coliform (mixed use)

iss

M(=565-420 (X;7) -49.3 (X20) -6.70 (Dg) Std. Error of Est. =70.2
For an area with good environment (XIZEIZI. 00), this equation
reduces to:

M(=145-49.3 (Xpq) -6.70 (Dg)

The ranges of values for X3¢ and Dg are:

Symbol Min. Max. Item
X50: 0.61 - 3.78 Covered Sewer/Total Length
Dg : 0.82 - 2.85 Form Factor

At maximum values for X545 and Dgs M; becomes negative:
M1:145-49. 3 (3.78) -6.70 (2.85) = -60
Since most values for XZO are somewhat smaller than the maxi-

mum, however, a negative calculated value for Mj would probably
be quite unusual.

For a bad environment (EI=0), the regression equation would be:
M1:565—49. 3 (XZO) -6.70 (Dg)
Using minimum values for X20 and Dg, the maximum concentration

would be:

M1=529 (This compares with the highest value from the 15 test
areas of 400.)
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For Test Area 9, for example:
M;=565-420 (0. 23) -49.3 (1.59) -6.70 (1.47) = 380, which com-

pares favorably with the actual value of 400.

2. COD

The COD equation (mixed use) is:

M5=70.8-45. 4 (X{) + 2.61 (X;]) + 0.0062 (D;) Std. Error of
Est. = 20.7

For EI=1.00 (good environment):

Msg=25.4 + 2.61 (Xp1) + 0. 0062 (Dp)

For EI=0 (bad environment):

M5=70.8 + 2.61 (X,;) + 0.0062 (D,)

The ranges of values for X7 and D, are:

Symbol Min. Max. Item

X53 0 18.93 % Arterial Streets

D, 2170 11, 200 ~ Length of Main Stream
For EI=1.00:

The minimum COD would be:

M5:25.4 + 0.0062 (2170) = 38.9 (minimum from test sites
studied: 42)

For EI=0:
The maximum COD would be:

M5=70.8 +2.61 (18.93 4+ 0.0062 (11200) = 189. 6 (maximum
from test sites studied: 138)
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For residential areas, the multiple regression equation is:
Mg= 69-74.7 (Xg) + 3.68 (X,7) + 0.0105 (D5) Std. Error
of Est.=12.6

Minimum possible from data describing test areas studied:

Mg=69-74.7 (1. 00) + 0.0105 (2170) = 17

Maximum possible from same data (and with EI=0):

Mg5=69 + 3.68 (18.93) +0.0105 (11200) = 256

For Site 12:
M5:70. 8 -45.4 (1) + 2.61 (3.94) + 0.0062 (5710) = 60.8 (actual
value: 45)

For Site 5, a residential test area:

Mixed Use Equation:

M5=70. 8-45.4 (0.99) +2.61 (3.94) + 0.0062 (11200) = 106

Residential Use Equation:
Mg=69 - 74.7 (0.99) +3.68 (3.94) + 0.0105 (11200) = 127

Actual value: 138

One can conclude that this equation can be a useful predictor, even
near the limits of some of the independent variables.

3. Organic Kjeldahl Nitrogen

The regression equation (mixed use) is:

M7=0.23-0 (X37) -0.029 (X20) + 0. 256 (Dg) (Independent of X17)
Std., Error of Est.=0,178
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The ranges of values for X3g and Dy are:

Symbol Min. Max. Item
X0 0.61 3.78 Covered Sewer/ Total Length
D¢ 0.75 4. 60 % Land Slope (At Dg=0, the land

slope would be at a minimum)

For Dg =0, the equation would be:

M7=0. 23-0. 029 (X20)

The minimum value from this equation (at X20:3. 78) would be:

M7:0. 23-0.029 (3.78) = 0.12

If there were no covered sewers (XZO:O), on the other hand, the
nitrogen concentration would depend only upon the land slope:

M,=0.23 + 0.256 (D)

For a 4.6% land slope (maximum of test areas studied):

M7=0.23 + 0.256 (4.6) = 1.41

For Test Area 6:

M.=0.23-0.029 (3.78) + 0.256 (2.19) = 0. 68 actual value: 0.65

7

For Test Area 13:

M-=0.23-0.029 (0.55) +0.256 (4.60) = 1.39 actual value: 1.46

For mixed land use, this regresssion equation was one of the most

accurate ones obtained.

Suspended Solids

For commercial and industrial areas:
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M12:1392-746 (X1) +83.1 (ng) -8.37 (Dy)

The ranges of values for the independent variables are:

Symbol Min. Max. Item

X4 0 1.00 EI (could be <0)

X59 0 24.77 % Unused Space

Dy 30 186 Fall of drainage Area

Using these limits, the minimum value for suspended solids
would be:

M;,=1392-746 (1.00) +83.1 (0) -8.37 (186) = -911

The maximum would be:
M12=1392-746 (0) + 83.1 (24.77) -8.37 (30) = 3199 (maximum
of test areas studied: 2052)
For Site 1:
N112:1392-746 (1.00) +83.1 (24.77) -8.37 (113) = 1758
(actual value: 2052)
For Site 12:
M12:1392-746 (1.00) + 83.1 (0) -8,37 (58) = 161 (actual value:

89)

This general equation does not appear to be as useful in extreme
cases as some of the other equations for different parameters.
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ABSTRACT

The objective of this study was to determine the feasibility, effectiveness, and
economics of employing high-rate, fine-mesh screening for primary treatment of storm
water overflow from combined sewer systems.

The final form of the screening unit stands 63 inches high and has an outside
diameter of 80 inches. The unit is fed by an 8-inch pipe carrying 1700 gpm (122
gal/min/ftz) which is distributed to a 60-inch diameter rotating (60 rpm) stainless steel
collar screen having 14 square feet of available screen area and a 165 mesh (105 micron
opening, 47.1 percent open area). The screen is backwashed at the rate of 0.235 gallons
of backwash water per 1000 gallons of applied sewage.

Based on final performance tests run on dry-weather sewage, the unit is capable of
99 percent removal of floatable and settleable solids, 34 percent removal of total
suspended solids and 27 percent removal of COD. The screened effluent is typically 92
percent of the influent flow.

On the basis of a scale-up design of a 25 mgd screening facility, the estimated cost
of treatment is 22 cents/1000 gallons. No finite cost comparisons were made with other
treatment methods; however, when compared to conventional primary sedimentation, the
selection of a screening facility as a treatment method is dependent on the value and
availability of land, the design capacity of the treatment facility, the character of rainfall
and runoff, and the available means of disinfection. It was observed that the proposed
screening facility required 1/10 to 1/20 the land required by a conventional primary
treatment plant.

This report was submitted in fulfillment of Contract No. 14-12-128 between the

Federal Water Pollution Control Administration and Comnell, Howland, Hayes and
Merryfield.
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INTRODUCTION

NATIONAL IMPORTANCE OF STORM WATER OVERFLOWS

The majority of the existing combined sewers throughout the nation do not have
adequate capacity during heavy storm periods to transport all waste and storm-caused
combined flows to a treatment facility. The overflow is bypassed to a receiving stream,
thus causing pollution in the nation’s watercourses.

Combined sewers are designed to receive all types of waste flows, including storm
water. In determining the size of the combined sewer, it has been common engineering
practice to provide capacity for 3 to 5 times the dry-weather flow. During intensive
storm periods, however, the storm-caused combined flow may be 2 to 100 times the
dry-weather flow, making overflow conditions unavoidable. To compound the problem,
most treatment tacilities are not designed to handle the hydraulic load of the combined
sewer and, therefore, are required to bypass a portion of the storm-caused combined flow
to protect the treatment facility and treatment process from damage. The nation’s
treatment facilities bypass flows an estimated 350 hours during the year, or about 4
percent of the total operation time. The pollutional impact of the storm-caused combined
overflow on the waters of the nation has been estimated as equivalent to as much as 160
percent the strength of domestic sewage biochemical oxygen demand (BOD). This
amount creates a major source of pollution for the nation’s watercourses.

The cost to physically separate the storm water from the sanitary wastes through the
use of separate conduits has been estimated to be $48 billion. The development of an
alternative means of treatment could conceivably reduce this cost to one-third.(1)

OBJECTIVE

The objective of this study is to determine the feasibility, effectiveness, and
economics of employing high-rate, fine-mesh screens for primary treatment of storm
water overflow from combined sewer systems. Prior to actual testing of the screening
unit, several specific work goals were established to meet the objective. During the course
of the investigation, it became apparent that some of these could not be fully met. As a
result, these goals were ammended to fit the limitations of the testing facility. The
specific work goals which were not met, and the changes made, are discussed in the text.
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DEMONSTRATION PROCEDURE

SITE DESCRIPTION

The screening facility is located adjacent to the Sullivan Gulch pump station in
Portland, Oregon. The Sullivan station serves a drainage basin of about 25,000 acres of
Portland’s metropolitan area, from which it pumps up to 53 million gallons a day (mgd).
The drainage basin is a residential area, with about 30,000 single-family residences within
its boundaries. A broad spectrum of services are available within the basin to support the
population. However, the automobile related services are the most heavily represented in
the drainage basin. This became visually apparent when periodic dumps of waste oil
appeared at the screening facility.

PILOT PLANT OPERATION

GENERAL LAYOUT-Figure 1 illustrates the general layout of the screening facility
and its relation to the Sullivan pump station. The combined sewage flow comes to the
station in a 72-inch horseshoe trunk sewer. Before reaching the pump station, a portion
of the flow is diverted to a bypass channel where it passes through a coarse bar screen
prior to reaching the screening facility’s feed pump sump. This diverted flow, which is
now defined as combined sewage overflow, is lifted to the screening units by two 2100
gallon per minute (gpm) vertical turbine pumps. After passing through the screening
units, the treated effluent and solids concentrate, or untreated effluent, are both returned
to the trunk sewer. In an actual installation, the treated effluent will be bypassed to the
receiving stream, and only the solids concentrate will be returned to the interceptor.

DESCRIPTION OF SCREENING EQUIPMENT-A perspective view of a single
screening unit, as it existed in its original form, is shown on Figure 2. The unit is fed
through the influent line with the feed changing direction from vertical to horizontal over
the stationary distribution dome. The flow over the dome is ideally laminar. Upon leaving
the dome, the flow strikes the rotating collar screen at a velocity of 5 to 15 feet per
second, depending on the diameter of the influent line and the flow. The speed of the
collar screen can be varied between 30 and 60 rpm by adjusting a variable drive unit at
the 1/2 horsepower drive motor. Depending on the velocity of the feed, and the fineness,
condition, and speed of the collar screen, approximately 70 to 90 percent of the feed
will penetrate the screen. The remaining 10 to 30 percent, with the retained solids, drops
onto the vibrating horizontal screen for further dewatering. The dewatered solids, through
the vibrating action of the horizontal screen, migrate toward the center of the screen
where they drop through an opening in the screen to a solids discharge pipe. This solids
flow is returned to the interceptor sewer and subsequently to a sewage treatment plant.
The screened flow is discharged to a receiving water body as treated effluent.
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ASSOCIATED EQUIPMENT—The screens are continuously cleaned with a solution of
hot water and concentrated household detergent. The wash water is heated to
approximately 170 degrees F. with a gas-fired, commercial water heater. The detergent is
injected into the hot water piping by a 10 gpm positive displacement pump. The
detergent is diluted about 800:1 at the spray nozzles, and is discharged at a rate of 1.8
gpm per nozzle at a pressure of 50 pounds per square inch (psi). The collar screen has
two stationary nozzles directed at the outside of the screen, and the horizontal screen has
four nozzles mounted on a rotating bar directed at the underside of the screen.

OPERATION OF SCREENING FACILITY-A specific goal of this study was to
perform all test runs during storm-caused combined sewage conditions. However, after
approximately one-third of the testing was accomplished, the rainy season came to an
end and the project was faced with a possible delay. To avoid this possible one-year
delay, it was decided to complete the study using dry-weather flow. In making this
decision, it was assumed that the differences between dry-weather flow and storm-caused
flow were not great enough to affect the objective of this study.

SAMPLING TECHNIQUE AND FREQUENCY-—When the screening operation began,
it was observed that the character of the waste frequently changed in concentration and
color over very short periods of time. This was expected, and it was a specific goal to
detect and characterize these changes with a grab sampling technique. During the course
of the investigation, however, it became desirable to minimize the very short-term
interferences associated with the variability of the sewage so that the long-term
performance of the unit could be evaluated. To do this required composite sampling.

During the testing program, the duration of any one test ranged from a minimum of
one hour to a maximum of twelve hours. In most tests, composite samples were collected
every hour, with each composite consisting of three grab samples of equal volume
collected in the middle of each one-third of that hour. The flow rate to the unit during
any one test was constant. It was this type of composite sampling that was used to
evaluate the long-term effectiveness of the screening unit, and also to obtain a general
and representative description of the sewage being applied to the unit.

Grab sampling was used to describe the more unusual constituents of the sewage that
affected the short-term performance of the screening unit. These unusual constituents

and their affect on performance, were noted and are discussed in the text.

OBSERVATIONS—A schematic diagram of the screening fac_ility, the process streams
sampled, and the observations made on each stream are shown on Figure 3.
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All laboratory tests were performed according to Standard Methods'?) with the
exception of COD. All samples, except settleable solids, were blended in a Waring blender
prior to analysis to improve the precision of the results. Settleable solids determinations
were made by the Imhoff cone procedure.

The COD test was performed according to the “rapid method™ as described by Dr.
John S. Jeris in the May 1967 issue of “Water and Wastes Engineering.” The rapid
method COD test made routine collection of organic strength data very reliable because it
minimized the possibility of loss of data, which may have been experienced if only the
5-day BOD test was performed.

During the initial stages of the testing program, parallel tests of BOD and COD were
performed on all process streams to establish a BOD/COD ratio for each stream. During
subsequent tests, only the rapid COD test was run and the BOD/COD ratio was used to
provide a BOD value when this appeared desirable.

EXPERIMENTAL DESIGN AND DATA REDUCTION

EXPERIMENTAL DESIGN-—During startup of the screening unit, several variables
were noted in its construction and operation that would affect its performance. These
included influent flow rate, the velocity at which the feed strikes the collar screen;
rotational speed of the collar screen: mesh size and material of the collar and horizontal
screen; duration and frequency of the backwash; and type of detergent used in the
backwash. With this many variables, a means of experimentation was required that would
efficiently evaluate the relative influence each variable had on the overall performance of
the unit. This required an experimental procedure which could investigate several
variables simultaneously, and reveal what the exact effect of each variable was on the
performance of the unit.

To accomplish this, a form of factorial experimental design was used for each
investigation of the testing program. Figure 4 illustrates the initial experiment, which was
designed to investigate the three variables that, at the time, were believed to have the
most effect on performance. This experiment design is statistically termed a 23 Factorial
Design, Multiple Response Experiment, which means that two levels of three variables are
simultaneously investigated. If all combinations are tested, the experiment requires eight
test runs. Under these particular set of conditions, the experiment can be visualized as a
cube in which each corner of the cube represents a unique combination of the variables
to be tested.

At the completion of the experiment, a cursory evaluation can be made by plotting
any one, or all, of the responses observed at their respective positions on the cube. In
most cases, the observer can immediately determine, by visual inspection, which of the
three variables is contributing the most and/or least to the particular response observed.
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DATA REDUCTION-While in most cases a visual interprctation of the data is
sufficient during the early stages of an investigation, the limitations of the eye are soon
realized. A mathematical method is used to further inspect the data.

In reference to Figure 4, the effect that any one variable has on a particular response
is calculated by subtracting the average of the four observations at the lower level of the
variable from the average of the four observations at the higher level of the variable. For
example, the observed reductions in settleable solids of the first experiment are plotted at
their respective positions on the experimental diagram of Figure 4. The following
calculation was made to determine the effect that changing the horizontal screen from
175 (105 micron opening, 52 percent open area) to 110 mesh (150 micron opening, 42
percent open area) had on the efficiency of settleable solids reduction.

79 + 75+ 86 + 62

Average of higher level (110 mesh) = 4 = 76
- Average of lower level (175 mesh) = 81 +92 285 93 . 88
Effect =-12 percent
From this calculation, one can conclude that: “When the horizontal screen was

changed from 175 mesh (105 microns) to the coarser 110 mesh (150 microns), the
settleable solids reduction efficiency was decreased by 12 percent, from 88 percent to 76
percent.”

Using the same calculation for the collar screen variable and influent flow rate
variable, the results of the first experiment for settleable solids reduction efficiencies can
be summarized as follows:

Effect On
Variable Settleable Solids Reduction
Changing horizontal screen from 175 to 110 Decreased 12 percent
Changing collar screen from 175 to 110 Decreased 2 percent

Changing flow rate from 700 gpm (50 gal/min/ftz)
to 1200 gpm (86 gal/min/ft~) None

From this summary, one can conclude that the size of the horizontal screen most
affects settleable solids removal, and the flow rate applied to the unit least affects
settleable solids removal. If the next experimental design was based on only these results,
a finer horizontal screen would be selected to obtain better results. Likewise, since
increasing the flow rate to 1200 gpm (86 gal/min/ftz) had little effect on the
performance, it would also be natural to try a higher flow rate, since this would increase
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the hydraulic capacity of the unit. This type of analysis and reasoning was applied
throughout the testing program; however, for any one experiment, several responses were
evaluated before a change was made in the variables. A review of all the evaluations,
collectively, provided most of the information necessary to evaluate the overall
performance of the unit and to modify the unit to improve its performance.
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INVESTIGATIONS

The chronology of the investigations, and the clarifying data, will be discussed in this
section. Information of a more analytical nature will be found in Appendix C.

CHARACTERIZATION OF COMBINED SEWAGE OVERFLOW-Several composite
samples were taken from the trunk sewer during storm periods for the purpose of

characterizing storm-caused combined sewage. A summary of results is presented in Table
1.

TREATMENT CAPABILITIES OF SCREENING UNIT—Several levels of the known
variables were tested. The results of these tests led to several equipment modifications in
the course of developing the screening unit as it now exists. A list of the known
variables, the range at which each was tested, and the level at which the best results
occurred are presented in Table 2. The evolution of the screening unit from its original
form to its present form is illustrated in Figure 5.

The major modifications included removing the vibrating horizontal screen, improving
the backwash procedures, selecting an effective detergent, changing the screen materials
and reducing the size of the influent pipe to increase the velocity of the feed striking the
screen.
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TABLE 1

SUMMARY OF CHARACTERIZATION OF COMBINED SEWAGE

SULLIVAN GULCH PUMP STATION
PORTLAND, OREGON

FEBRUARY -- APRIL, 1969

NUMBER OF STANDARD
CHARACTERISTIC OBSERVATIONS MEAN DEVIATION MINIMUM | MAXIMUM

PH 26 5.0 + A4 45 6.0
TEMPERATURE,®F 25 48.7 + 6.5 34.0 56.0
DISSOLVED OXYGEN, MG/L 16 8.0 + 22 37 10.4
SETTLEABLE SOLIDS, ML/L 25 3.1 + 10 1.5 5.0
TOTAL SUSPENDED SOLIDS MG/L 28 146 + 59 70 325
VOLATILE SUSPENDED SOLIDS, MG/L 28 90 + 25 57 166

% VOLATILE SUSPENDED SOLIDS 28 67 + 17 36 93
B.0.D., MG/L 14 105 + 36 57 156
C.0.D., MG/L 24 199 + 50 138 324
8.0.D./C.0.D. 14 51 + 08 .35 64
AMMONIA NITROGEN, MG/L 7 5.1 + 14 3.7 7.0
ORGANIC NITROGEN, MG/L 7 8.2 + 31 5.10 140
TOTAL NITROGEN, MG/L 7 133 v 43 95 210
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TABLE 2

RANGE AND LEVEL OF VARIABLES TESTED

VARIABLE

RANGE INVESTIGATED

LEVEL OF BEST
PERFORMANCE

HORIZONTAL SCREEN MESH SIZE

COLLAR SCREEN MESH SIZE

COLLAR SCREEN MATERIAL

COLLAR SCREEN ROTATIONAL SPEED

INFLUENT FLOW RATE

COLLAR SCREEN HYDRAULIC LOADING

VELOCITY OF FEED WATER STRIKING
COLLAR SCREEN

TYPE OF OPERATION

BACKWASH RATIO (GAL. BACKWASH
WATER/1000 GAL. APPLIED WASTE)

110 (150 MICRON OPENING)
TO 175 (105 MICRON OPENING)

105 (167 MICRON OPENING)
TO 230 ( 74 MICRON OPENING)

DACRON CLOTH, MARKET GRADE
STAINLESS STEEL g:ABRIC, TENSILE
BOLTING cLOTH.!

30 RPM TO 60 RPM

700 TO 2000 GPM

50 GAL/FT2/MIN. TO

143 GAL/FTZ/MIN.

3 TO 12 FT/SEC.

INTERMITTENT TO CONTINUOUS

.200 GAL/1000 GAL.
TO 25.6 GAL/1000 GAL.

REMOVAL OF HORIZONTAL SCREEN
165 (105 MICRON OPENING,
47.1% OPEN AREA)

TENSILE BOLTING CLOTH
60 RPM

1700 GPM

122 GAL/FTZ/MIN.

11 FT/SEC.

4% MIN. ON, % MIN.

OFF FOR BACKWASH

.235 GAL/1000 GAL.

(1) SEE APPENDIX A FOR SCREEN SPECIFICATIONS.




BACKWASH
WATER mll CAUSED 5&“6
AGE INFLUENT
f e
VARIABLE DRIVE ( i /
COLLAR SCREEN WOTOR / r—lo INFLUENT PIPE
=
7 ]
- =
—1
P —_—
STATIONARY =
DISTRIBUTION DOME e | sk - —-
N ) o [~~COLLAR SCREEN DETERGEWT
3 B T H | BACKWASH SPRAY
ROTATING COLLAR— | Wi 1 il :
SCREEN (DACRON CLOTH) et
! i [JIRES!
l
| 7 2 A I
| = e 'F?j |
| T ¥ = 81 Htf
VIBRATING HORIZONTAL— ,‘ f Z y N ‘ H‘ﬁ* l
SCREEN i = iy R
i |
ROTATING HORIZONTAL: et i |
SCREEN BACKWASH SPRAY i 0 e ﬂf% ~4
o \/
| : 7
| \ / a
7
\ 1
o~ N
[R5 =
| | | ™ {
U N
e
—
| =
S =
[
f
/
Il
/
UNSCREENED EFLUENT Eﬂ
U ! i
kst:llt:ulm EFFLUENT

CONTINUOUS

DETERGENT

OPERATING CONDITIONS:
INFLUENT FLOW RATE
COLLAR SCREEN SPEED
COLLAR SCREEN

HORIZONTAL SCREEN

BACKWASH RATIO

50 TO 86 GPM/FT2

30 RPM

105 TO 150 MICRON
OPENING DACRON CLOTH
105 TO 150 MICRON
OPENING DACRON CLOTH
12.0 TO 20.6 GAL./1000 GAL.

PERFORMANCE:

SETTLEABLE SOLIDS

REMOVAL - 62% TO 93%
T.S.S. REMOVAL == 10% TO 26%
C.0.D. REMOVAL — 5% TO 13%
SCREENED EFFLUENT

AS % OF INFLUENT - 99.99%

Figure 4

74



CONTINUOUS

DETERGENT BACKWA!
.. ™

WATER . STORM CAUSED COMBMNED
SEWAGE INFLUENT
e N,
.‘/‘
VARIABLE ORIVE 7 I ‘
COLLAR SCREEN MOTOR { 10" INFLUENT PIPE
4
Pg I '
(l
‘ 4.
— i R
i i
i :
T —
STATIONARY =zl
DISTRIBUTION DOME L - i 1o 25 g gl
= ) ‘ [~ COLLAR SCREEN DETERGENT
1 ~3 | * 1
ROTATING COLLAR — | { NBik sadiINE o _— BACKWASH SPRAY
SCREEN (DACRON CLOTH) ; G IEM i 5 vig 1 MIRTIE N |
t Rl 2 4 it mtrtt

| CONCENTRATE  BOWL

UNSCREENED EFFLUENT

GHSTIISDS

SCREENED EFFLUENT

MODIFICATION 1
REMOVE HORIZONTAL SCREEN
OPERATING CONDITIONS:

INFLUENT FLOW RATE 50 TO 86 GPM/FT2

COLLAR SCREEN SPEED 30 TO 45 RPM

COLLAR SCREEN o 105 TO 150
MICRON OPENING
DACRON CLOTH

BACKWASH RATIO — 3.0 TO 5.1 GAL/1000 GAL.
PERFORMANCE:
SETTLEABLE SOLIDS
REMOVAL —  48% TO 90%
T.S.S. REMOVAL ~ 18% TO 25%
C.0.D. REMOVAL = 10% TO 18%

SCREENED EFFLUENT

AS % OF INFLUENT 656% TO 81%

Figure 4 (cont.)

75



CONTINUOUS
DETERGENT BACKWASH — —

waATER B h S DRY WEATMER COMBNED
~ / \ SEWAGE INFLUENT
” L S i P T

/
/ /

n Wr*lﬁ -
) 2 I
L. s

VARIABLE DRIVE

COLLAR SCREEN MOTOR

— o
STATIONARY = = - ez il
DISTRIBUTION DOME =1 < R i1V s a8
‘ i . 11 1R8BS [~~COLLAR SCREEN DETERGEWT
Il ; ™ - i H1 24 BACKWASH SPRAY

ROTATING cOLLAR— | ' ot S 2 =i
SCREEN (STAINLESS

STEEL CLOTW)

- —— | M |_CONCENTRATE BSOWL
i ! |

UNSCREENED EFFLUENT

GHN SISO/

D EFFLUENT

MODIFICATION 2

DRY—-WEATHER COMBINED SEWAGE FEED
STAINLESS STEEL COLLAR SCREEN

OPERATING CONDITIONS:
INFLUENT FLOW RATE — 50 TO 86 GPM/FT2
COLLAR SCREEN SPEED 30 TO 60 RPM
COLLAR SCREEN o= 74 TO 105 MICRON OPENING
MARKET GRADE STAINLESS
STEEL FABRIC

BACKWASH RATIO — 3.0 TO 5.1 GAL/1000 GAL.
PERFORMANCE:
SETTLEABLE SOLIDS
REMOVAL —  92% TO 100%
T.S.S. REMOVAL = 11% TO 34%
C.0.D. REMOVAL = 6% TO 13%
SCREENED EFFLUENT
AS % OF INFLUENT —  46% TO 74%

Figure 4 (cont.)

76



DETERGENT BACKWASH WATER——
(30SEC. ON, 4'p MIN OFF)
|
! DRY WEATHER COMBINED
[ s:uc: mn.u:nv
|
{
1 e ¥ AP
P
| i

~10" INFLUENT PIPE

VARIABLE DRIVE

COLLAR SCTREEN MOTOR —

—_—
MODIFIED STATIONARY | = 4 e —— f
DISTRIBUTION DOME | R i ) 1 ‘ ~— 1| T-BACK SPRAY
LI
ROTATING COLLAR l _ S = L cacii) fs
SCREEN (TENSILE | R . FRONT SPRAY
BOLTING CLOTH) | in B Sy
| = ——
Bl = |
i e |
‘ K 1
) i 3
| o [
/ |
! Yy ¥ / {
- \v //——couczuvnnrt BowL
—
-4 1 /,/ >
| s /
~. = N
LS - %
E B
o

‘UNSCREENED EFFLUENT

EFFLUENT

SCREENED

G h SmrTens

MODIFICATION 3

MODIFIED DISTRIBUTION DOME
ADDITION OF BACK SPRAY
MODIFIED BACKWASH PROCEDURE
IMPROVED COLLAR SCREEN MATERIAL

OPERATING CONDITIONS:
INFLUENT FLOW RATE - 100 TO 114 GPM/FT?2
COLLAR SCREEN SPEED — 30TO 60 RPM

COLLAR SCREEN - 167 MICRON OPENING
TENSILE BOLTING CLOTH
BACKWASH RATIO — .50 TO .57 GAL/1000 GAL.
PERFORMANCE:
SETTLEABLE SOLIDS
REMOVAL - 70%
T.S.S. REMOVAL = 7%

SCREENED EFFLUENT
AS % OF INFLUENT — 74% TO 80%

Figure 5

77



~COMCENTRATED DETERGENT
/,/ BACKWASH WATER
(20 SEC. OM, 20 MIN. OFF)

LE DRIVE
VARIAB! { N 10" INFLUENT PIPE

DETERGENT BACKWASH WATER

(308EC. On, 4'p win OFF)

COLLAR STREEN MOTOR

MODIFIED STATIONARY - | T [T~BACK SPRAY
DISTRIBUTION DOME

ROTATING COLLAR —— FRONT SPRAY

T ; o= T ?
‘ ; d

SCREEN (TENSILE
BOLTING CLOTH) : ‘ § )

I ,
:P//——concunut BowL
fl |

{

|

UNSCREENED EFFLUENT

SCREENED EFFLUENT

G# STHASOR!

MODIFICATION 4

ADDITION OF CONCENTRATED DETERGENT
BACKWASH WATER

OPERATING CONDITIONS:
INFLUENT FLOW RATE — 100 GPM/FT2
COLLAR SCREEN SPEED - 60 RPM

COLLAR SCREEN — 167 MICRON OPENING
TENSILE BOLTING CLOTH
BACKWASH RATIO — .25 GAL/1000 GAL.
PERFORMANCE:
SETTLEABLE SOLIDS
REMOVAL - 90%
SCREENED EFFLUENT
AS % OF INFLUENT - 90%

Figure 5 (cont.)

DEVELOPMENT OF A HIGH—RATE
FINE—MESH SCREENING UNIT

78



HOT WATER BACKWASH

(FIRST 15 SEC. OF 30 SEC. WASM CYCLE) —~_ U

~ \)
s

DETERGENT BACKWASH WATER —

(3OSEC. ON, 4'; win oFF)

COLLAR STREEM WOTOR

VARIASLE DRIVE W/
(G5 ok f ey
) 3

ODIFIED "“m-‘"\ﬂ—a
DISTRIBUTION DOME

ROTATING COLLAR — |
SCREEN (TENSILE
BOLTING CLOTH)

UNSCREENED EFFLUEN

/COIC[NT.AY[B DETERGENT
/ BACKWASH waTER

(LAST 13 SEC. OF 30 SEC. WASW CYCLE)

DRY WEATHER COMBWED
SEWASE INFLUENT v

T T,

/

8" ORIFICE PLATE

|

[ ~sAck semay

™~

FRONT SPRAY

|
'\/e——colcunun BowL

SCREENED EFFLUENT

GH SINAEChs

FINAL FORM

ADDITION OF ORIFICE PLATE
MODIFIED BACKWASH PROCEDURE

OPERATING CONDITIONS:
INFLUENT FLOW RATE
COLLAR SCREEN SPEED
COLLAR SCREEN

BACKWASH RATIO

PERFORMANCE:

FLOATABLE SOLIDS
REMOVAL

SETTLEABLE SOLIDS
REMOVAL

T.S.S. REMOVAL

C.0.D. REMOVAL

SCREENED EFFLUENT
AS % OF INFLUENT

122 GPM/FT2

60 RPM

105 MICRON OPENING
TENSILE BOLTING CLOTH
.235 GAL/1000 GAL.

100%
98%
34%
27%

92%

Figure 5 (cont.)

79



DISCUSSION OF RESULTS

CHARACTERIZATION OF COMBINED SEWAGE

A summary of the characterization of storm-caused combined sewage was presented
in Table 1. This characterization was based on the average of several composite samples
collected during the early stages of the test program. The composite samples consisted of
three grab samples collected over a one-hour period during a test run. Composite
sampling was used in lieu of discreet sampling to obtain a more representative description
of the sewage being applied to the screens over an extended period of operation. A
review of the characterization did not reveal any unusual constituents in the sewage that
could affect the long-term operation of the screening unit.

During this period of characterization, however, it was observed that there were
several unusual constituents in the sewage which markedly reduced the short-term
effectiveness of the screening unit. These include waste oil dumps, waste paint dumps,
and the cleanup wastes associated with a fish packing plant. Al of these waste dumps
were of high concentration, low frequency and short duration, and significantly reduced
the hydraulic capacity of the screening unit by their presence. When these constituents
were encountered, grab samples were collected and analyzed.

The waste oil dump appeared about 3:00 p.m. every day and lasted for a period of
approximately five to ten minutes. The oil was present in sufficient concentration to turn
the sewage to a black color. The waste paint dumps were less frequent occurring only
once or twice a week about the same time of day. The duration of the paint’s presence
was about the same as the oil and was also of sufficient concentration to change the
color of the sewage. In the case of the paint, it was either a brilliant red or green. Both
of these waste dumps also had a strong volatile odor associated with them.

The dump from the fish packing plant was observed a total of five times and each
time for a period of approximately 15 minutes. No color change was noticeable by its
presence. However, a strong odor of decayed fish made its presence known. The pH of
the sewage during this period was 8.5, considerably above the normal of 5.0.

In each of these waste dumps, the hydraulic capacity of the screening unit was
significantly reduced through grease-blinding of the collar screen. If the screens were not
backwashed during this period, the hydraulic capacity was reduced to a point where only
40 percent of the feed would pass through the screen, down from the normal 80 to 90
percent passing the screen. After the waste dump would pass, the screens would not
recover until they were backwashed. When the screens were backwashed during the waste
dump flows, the reduction in hydraulic capacity was minor.
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As previously discussed, it became necessary to complete a major portion of the
testing with dry-weather sewage for the lack of storm-caused combined sewage. The
dry-weather sewage was characterized in the same manner as the storm-caused combined
sewage. A comparison of the two sets of data are included in Table 3. For all practical
purposes, the two wastes are similar in character with regard to the affect they have on
the long-term performance of the screening unit. The short-term reductions in hydraulic
capacity, however, were more severe under dry-weather sewage conditions than under
wet-weather sewage conditions.

TREATMENT CAPABILITIES OF SCREENING UNIT

The performance of the screening unit is ultimately evaluated by its ability to remove
organic material from a wastewater stream, and by the volume of wastewater that it can
process. These performance parameters are directly dependent on variables within the
screening unit. The mesh size of the screen, the strength of the screen, the velocity at
which the feed strikes the screen, and the backwash operation are among the most
important variables. The final experiment, which was designed with these variables in
mind, clearly defined the capabilities and limitations of the screening unit.

The final experiment consisted of six 3-hour tests. Each was performed on a different
day. Four of the six tests investigated two levels of influent flow rate and screen-mesh
size. The remaining two tests were duplicated at the intermediate levels to obtain an
estimate of the day-to-day variances in operating the unit and in the character of the feed
water. The tests at the intermediate levels also helped to interpret the final results. The
design of the final experiment and the observations during the experiment are presented
on Figure 6.

An examination of all the observations reveals that each response is dependent on
both the flow rate and the mesh size of the screen. No response is completely
independent of either flow rate or mesh size: however, the unit’s efficiency in removing
organic material is more dependent on the screen-mesh size than on the flow rate. The
dependency of removal efficiency on screen-mesh size was expected. If a finer screen is
installed on the unit, one could expect higher removal efficiencies. Other variables,
however, tend to bias this dependency. In most instances, as the flow rate was increased,
slightly poorer removal efficiencies were observed. It is believed the higher flow rates are
fracturing the more friable solids at the surface of the screen and forcing them through
the screen. The slight reduction in removal efficiency observed at the higher flow rate,
however, is more than otfset by the increase in hydraulic efficiency.

The hydraulic efficiency, as measured by the percentage of screened effluent and the
condition of the screen, also shows a very strong interdependence on flow rate and
screen-mesh size. As seen on Figure 6, the best hydraulic efficiency and most stable
performance occurs at the higher flow and coarser screen condition. The hydraulic
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EXPERIMENTAL DESIGN
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TABLE 3
COMPARISON OF STORM — CAUSED COMBINED FLOW
AND
DRY-WEATHER FLOW

STORM—CAUSED COMBINED FLOW DRY—-WEATHER FLOW
NUMBER NUMBER
-OF MEAN | STANDARD MIN. |  MAX. OF MEAN | STANDARD MIN. MAX.

CHARACTERISTIC OBSERVATIONS DEVIATION OBSERVATIONS DEVIATION
SETTLEABLE SOLIDS, 25 3.1 0 1.5 5.0 35 48 g 25 7.0
ML/L
TOTAL SUSPENDED 28 146 * 59 70 325 35 129 t 44 50 244
SOLIDS, MG/L
C.0.D., MG/L 24 199 + 50 138 324 25 345 t 138 144 696




efficiency declines as both the flow rate decreases and the screen becomes finer.This is
illustrated more vividly on Figure 7, where the actual flow recorder charts are displayed
at their respective positions on the experimental design. The graphs were generated
continuously by a four-hour flow recorder that pneumatically sensed the head over a
90-degree V-notch weir. The screened effluent flow and the unscreened flow were
recorded simultaneously. The total influent flow was found by summation. The graphs
are discontinuous because the screening unit was shut off for the backwash cycle.

For this final series of tests, the screening unit was operating 4-1/2 minutes on and
1/2 minute off. During the 1/2 minute, the flow was shut off and the screens were
backwashed with an 800:1 dilution of hot water and liquid detergent. At the end of a
20-minute cycle, the flow was shut off, and the screens were backwashed with a 10:1
dilution of water and liquid detergent. The distinction between the two backwash cycles
is easily seen on the flow charts. Frequent backwashing is necessary, as seen on the flow
charts, at the 1200 gpm (86 gal/min/ftz) flow level by the rapidly rising level of the
unscreened flow graph. This need for backwashing diminishes at the higher flow level,
and therefore the frequency of backwashing could have been reduced. Further
examination of the flow charts shows that the flow rate, or velocity of flow, to the
various screen-mesh sizes has a significant effect on hydraulic efficiency and performance
stability,

High velocities and flow rates are limited, however, by the strength of the screen.
Figure 6 shows that the 165 mesh screens (105 microns, 47.1 percent open area) started
failing at 1600 gpm (114 gal/rnin/ftz). Failure of the 230 mesh screen (74 microns, 46.0
open area) was persistent at 2000 gpm (143 gal/min/ftz). Screen life is also approximated
on Figure 7 by the relative length of chart run. The photographs on Figure 8 illustrate
typical screen failures.

The failure of the steel screens was attributed to the tremendous live load applied to
the screens during high-flow conditions. The forces contributing to the failure include the
velocity head of the flow striking the screen, the centrifugal forces associated with the
rotation of the screen, and the mass of water carried along on the inside of the screen.
By calculating the velocity head and G-force at 2000 gpm and 60 rpm, and assuming a
thickness of water on the inside of the collar screen, the equipment supplier found that
the steel wires of the screens were stressed beyond their yield point soon after the 2000
gpm (143 gal/min/ftz) was applied.

A failure of this kind was termed a mechanical failure, and the situation was
corrected to a degree in reducing the effective live load on the screen by reducing the
unsupported span of the screen. Recent developments in extending screen life by the
equipment supplier have produced a 165 mesh screen (105 micron opening) that now has
a probable life of 500 hours when operated at 1750 gpm (128 gal/min/ftz). if operated
at 2500 gpm (178 gal/min/ftz), the probable life will drop to 300 hours.
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Based on the results of the last experiment, a final test was performed to gather data
on extended operation of the unit. The previous tests indicated that the unit operated
best at 1700 gpm (122 gal/min/ftz) on a 165 mesh screen (105 microns, 47.1 percent
open area). To further stabilize the performance, backwash operation was changed to a
30-second wash to 40:1 solution of water and liquid detergent at the end of 4-1/2
minutes of operation. The test lasted for six hours and ended with the failure of three
screens. A summary of the operating conditions, performance data, and character of flow
streams are presented in Table 4. An Imhoff cone comparison of the flow streams is
presented on Figure 9.

The results of the final test show that the unit’s ability to remove organic material
from the wastewater stream is good, and is comparable to the efficiency of a primary
clarifier. The hydraulic efficiency of the unit is excellent; however, failure of the three
screens shows that the unit is operating beyond its capacity. The screen is the limiting
component of the entire unit.
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TABLE 4

SUMMARY OF EXTENDED TEST

OPERATING CONDITIONS PERFORMANCE DATA
INFLUENT FLOW RATE — 1700 GPM 100% REMOVAL FLOATABLE SOLIDS
(122 GAL./MIN./FT.2) 98% REMOVAL SETTLEABLE SOLIDS
COLLAR SCREEN SPEED — 60 RPM 34% REMOVAL TOTAL SUSPENDED SOLIDS
COLLAR SCREEN — 165 MESH TBC 27% REMOVAL C.0.D.
(105 MICRON OPENING, 8% OF INFLUENT AS A SOLIDS CONCENTRATE

47.1% OPEN AREA)
BACKWASH RATIO — .235 GAL/1000 GAL. RU':AYES':E’;ATED AT 6 HOURS DUE TO SCREEN

AVERAGE CHARACTER OF FLOW STREAMS

UNSCREENED
SCREENED
INFLUENT ———) EFFLUENT + EFFLUENT
FLOW (GAL./MIN.) 1700 1570 130
(% OF INFLUENT) 100% 92% 8%
SETTLEABLE SOLIDS
(ML/L) 5.7 <01 73
TOTAL SUSPENDED SOLIDS
(MG/L) 122 87 542
(POUNDS/MIN.) 1.73 1.14 0.59
c.0.p.*
(MG/L) 302 240 1060
(POUNDS/MIN.) 4.30 3.15 1.15

* B.0.D./COD. %= 0.5
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PRELIMINARY DESIGN OF A SCREENING FACILITY

The final performance data of the screening unit shows that fine-mesh screening
could be used for treating combined sewage overflow; therefore, a preliminary design of a
full-scale facility was warranted.

DESIGN CRITERIA

The proposed project site is located in Seattle, Washington. The site is in the heart of
the business district of Seattle and is located within a valuable parking lot at the
intersection of King Street and the Alaskan Way viaduct. The entire area surrounding the
site is constructed on fill material, and almost every structure is supported on piling. The
site is also close to the waterfront of Elliott Bay; therefore, high tide comes to within a
few feet of the ground surface. Construction in this area is difficult and expensive.

The drainage basin above the site includes about 190 acres and is served by a
48-inch, pile-supported, concrete sewer. Since the drainage basin is almost entirely
pavement or building roofs, a runoff coefficient of .95 was assumed to determine storm
water volumes.

The rainfall pattern in the City of Seattle was studied to determine the design
capacity of the screening facility. The intensity and duration of rainfall in the area
received particular attention so that it could be estimated how long the facility would
operate at a certain capacity. The study revealed that measurable precipitation occurred
approximately 1,000 hours each year. While the rainfall occurrences were relatively
frequent, they were of low intensities. Rainfall intensities up to .055 inches/hour produce
a runoff of 10 mgd, and account for 75 percent of the rainfall occurrences. A summary
of this study is shown on Figure 10.

Runoff in excess of 2.75 mgd will produce combined sewage overflow. This flow is
based on the capacity that the dry-weather flow of the drainage basin requires in the
interceptor sewer which carries this flow to the Seattle treatment plant. With the base
flow of 2.75 mgd and the runoff pattern shown on Figure 10, the total volume of
combined sewage overflow would be 282 million gallons a year. Based on the runoff
pattern of this particular drainage basin, a design capacity of 25 mgd was chosen for the
screening facility. With this capability, 96 percent of the total volume of overflow would
receive treatment before being discharged to Elliott Bay. The added cost to achieve 100
percent treatment capabilities cannot be justified, as this would require a 40-mgd facility.
Approximately 40 percent of the 40-mgd facility’s capacity would be idle 95 percent of
the time rainfall occurred.
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PRESENTATION OF PROPOSED SCREENING FACILITY

A 25-mgd screening facility requires a structure approximately 30 feet wide and 75
feet long. A perspective of the proposed facility is shown on Figure 11. The elevated
facility is an attempt to illustrate what may be done to conserve the valuable parking
area and still provide an attractive and functional treatment facility. The configuration of
the elevated facility also offers the possibility of its becoming an integral part of an
elevated parking facility. This would provide more parking than is now available, which is
an asset to be considered. The facility does not provide disinfection.

Underground construction of the facility was investigated; however, this presented
several hydraulic problems, and would be more costly than the elevated structure. A
ground level structure for the Seattle facility was not investigated because conservation of
the parking was a major design consideration.

A site plan of the proposed facility is shown on Figure 12. The combined overflow
comes to the facility in the 48-inch sewer and would pass through a Parshall flume prior
to reaching the facility. The flume would provide the primary control for the operation
of the facility. After passing the Parshall flume, the flow would drop into a pump sump
where it would be lifted to the screening units by a single 250 hp, vertical turbine,
mixed-flow pump. The pump speed would be automatically controlled so that the pump
discharge matches the flow in the incoming sewer. After the flow has passed the
screening units, the screened effluent would be returned to the 48-inch interceptor
downstream of the pump sump, and would be discharged to Elliott Bay. The unscreened
flow would be returned to the trunk sewer where it would continue on to the treatment
plant. It is assumed that the influent flow will be adequately disinfected upstream of the
screening facility.

A design capacity of 25 mgd requires the use of ten 2.5 mgd screening units. The
floor plan and sections on Figure 13 illustrate a proposed layout of such a facility.

The screening facility will be designed to operate automatically. The primary control
for the facility would be located in the interceptor at the Parshall flume. The flume
would monitor the depth of flow in the sewer, and screening units would be turned on
and off in increments of 2.5 mgd as the depth of flow in the sewer rises and falls.
Because occasional backwashing is necessary, a secondary control system is required to
sense this need and to initiate the process. This would be accomplished by installing a
flow meter on the screened effluent line. The flow signal from the effluent meter would
then be compared to the flow signal from the flume to detect a decrease in hydraulic
efficiency and, therefore, a need to backwash. It is anticipated that when the ratio of
screened effluent flow/influent flow falls below .80, the backwash cycle will be initiated.
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ESTIMATED CONSTRUCTION COST OF SEATTLE FACILITY

The cost of constructing the Seattle screening facility is estimated to be $538,000.
The construction cost estimate is based on estimated 1970 prices and assumes that all
work will be performed by private contracting firms. The estimate also includes an
allowance for design engineering, field surveying, soil exploration, construction
supervision and inspection, legal fees and contingencies. The estimate does not include
the cost of land or the cost of disinfection.

ESTIMATED ANNUAL OPERATION AND MAINTENANCE COSTS

A summary of the annual operation and maintenance costs is shown in Table 5.
Annual labor costs are based on one man-hour for each hour of operation. This is based
on the experience with the pilot unit, and is only an estimate of what may be
experienced in a full-scale facility. Annual maintenance costs are based on 3 percent of
the major equipment costs. Power and utility costs are based on present rates. Screen
replacement costs are based on a predicted life of 500 hours. Costs for cleaning agent are
based on the use of concentrated sodium hydroxide, purchased in bulk lots. The total
annual operation and maintenance cost is estimated to be $18,500.

Table 5

Estimated Annual
Operation and Maintenance Costs

Item Cost

Labor $ 5,600
Equipment Maintenance 3,000
Screen Replacement 3,500
Power 3,000
Gas 1,200
Cleaning Agent 700
Vehicle Operation and Maintenance 1,500

Total Annual Operation and Maintenance ' $18,500
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ESTIMATED TOTAL ANNUAL COST

A total annual cost figure provides the best basis on which an economic comparison
can be made, provided the items to be compared are relatively equal in basic design
considerations. The construction cost estimate for the Seattle facility violates this premise
in that the total cost includes provision for special foundation consideration and special
architectural treatment.

In order to compensate for this in the total annual cost figure, another cost estimate
was prepared for a more conventional type screening facility. In effect, the Seattle
facility was moved to an assumed site that did not have any special foundation problems
or did not require any special aesthetic considerations. It was assumed that this new
structure would be of concrete block walls supported by a concrete wall footing. The
floor would be a concrete slab on grade, and the roof would be of a timber joist system.
All other mechanical and electrical items would be the same as the Seattle facility. These
changes reduced the estimated total construction cost to $496,000 and it is this figure
which is used in the total annual cost figure to represent a more typical screening facility.

The total annual cost summary is presented in Table 6. All costs shown in Table 6
have been adjusted to assumed 1970 prices and include an allowance for design
engineering, legal fees, administrative costs and contingencies. The cost of land and
disinfection is not included. The construction costs are amortized over a period of 25
years assuming an interest rate of 6-1/2 percent. The cost per 1000 gallons is based on
treating a total of 271 million gallons per year.

Table 6

Estimated Total Annual Cost

Estimated Total Construction Cost $496,000
Annual Debt Service 41,000
Annual Operation and Maintenance 18,500

Estimated Total Annual Cost $ 59,500

Estimated Cost Per 1,000 Gallons = 22 Cents

DISCUSSION OF FEASIBILITY

In order to get a feel for the economic position of this type screening facility relative
to other possible methods of treatment, a brief economic comparison was made.
Particular attention was paid to conventional primary sedimentation: however, since a
detailed cost comparison was beyond the scope of this study, no cost figures will be
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presented. The briel comparison did reveal that screening can be a feasible treatment
method depending on particular conditions present at the site.

A major advantage of conventional primary treatment is that disinfection, by means
of conventional chlorination, can be accomplished within the primary clarifier. This
eliminates the need for a separate chlorine contact chamber which, at the present state of
the art of chlorination, would be required at a screening facility. This, of course,
represents a considerable added cost when disinfection is found to be either desirable or
mandatory.

This advantage, however, could be offset with a new method of disinfection that
could be as efficient as chlorination and at the same time eliminate the long contact time
that is presently required.

Another advantage of conventional primary clarification is that the volume of the
primary clarifier would be large enough to completely hold the storm-caused combined
sewage of the short-duration, low-intensity storm events. After the storm has passed and
the peak flow in the sewer has subsided, the impounded sewage could be returned to the
sewer at a reduced flow rate. This advantage is enhanced when there is a high percentage
of short-duration, low-intensity storms such as in the Seattle area.

The most important disadvantage of conventional primary clarification is the large
amount of land required. It has been estimated, by preliminary layouts, that conventional
primary clarification requires 10 to 20 times more land area than a screening facility. The
actual difference is dependent on the design capacity chosen for a primary treatment
plant, and how much reserve capacity of a primary clarifier is actually used to meet the
flow requirements of a particular drainage basin. This disadvantage becomes more severe
as the size of the drainage basin increases, and as the value of the land increases. The
Seattle site is an example of a site where conventional primary clarification would most
likely not be feasible.

In summary, the screening unit can be an economically feasible method of treating
combined sewage overflows when compared to conventional primary clarification. The
selection of the screening unit as a method of treatment at a particular site, however, will
require the review of at least four factors. These are:

. The value and availability of land.

2. The size of the drainage basin, and therefore, the design capacity of the
treatment facility.

3. The character of rainfall and the pattern of runoff.

4. Available means of disinfection.
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Other factors that would require review also would include other methods of
treatment, aesthetic considerations, and ancillary use of the facility, such as surrounding
the Seattle facility with a parking structure. In all, it must be emphasized that each point
of overflow is unique, and all these factors must be reviewed before the most economical
and efficient method of treating combined sewage overflow is selected.
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CONCLUSIONS

High-rate, fine-mesh screening is an economically feasible method of treating
combined sewage overflows. When compared to conventional primary sedimentation,
however, the selection of a screening facility as a treatment method is dependent on
the value and availability of land, the design capacity of the treatment facility, the
character of rainfall and runoff, and the available means of disinfection.

The characterization of storm-caused combined sewage and dry-weather combined
sewage did not reveal any unusual constituents which could affect the long-term
effectiveness of the screening unit. These characterizations were compiled on the
basis of several composite samples.

The short-term effectiveness of the screening unit is significantly reduced by the
presence of oil and grease in the combined sewage. Oil slugs were observed at least
once a day for a duration of approximately 5 minutes, and were of a concentration
substantial enough to make the sewage appear black in color. The presence of an oil
slug reduces the hydraulic capacity of the screening unit by as much as 50 percent.
Frequent backwashing during the presence of an oil slug will minimize this problem.

The vibratory horizontal screen is not required in screening combined sewage
overflow. The presence of the vibratory horizontal screen reduces the hydraulic
capacity of the unit and, in some cases, results in lower removal efficiencies (see
Appendix C).

The overall performance of the screening unit is a function of the mesh size of the
collar screen, the rotational speed of the collar screen, the strength and durability of
the collar screen material, and the backwash operation.

The removal efficiencies of the screening unit increases as the mesh of the collar
screen becomes finer, and as the volume of the feed applied to the screen increases.
For example, 31 percent removal of total suspended solids was observed at an
influent flow rate of 1200 gpm (86 gal/min/ftz) with a 105 mesh screen (167
micron opening), while 35 percent removal was observed at a flow rate of 2000 gpm
(143 gal/min/ftz) with a 230 mesh screen (74 micron opening).

The removal efficiencies of the screening unit are independent of the rotational
speed of the collar screen.

The hydraulic efficiency of the screening unit increases as the rotational speed of

the collar screen increases, as the mesh of the collar screen becomes coarser, and as
the velocity of the feed approaching the screen increases.
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The life of the collar screen decreases as the velocity of the feed approaching the
screen increases and as the mesh of the screen becomes finer. For example, the
screen life observed at an influent flow rate of 1200 gpm (86 gal/min/ftz) with a
105 mesh screen (167 micron opening) was more than four hours, while the screen
life at a flow rate of 2000 gpm (143 gal/min/ftz) with a 230 mesh screen (74
micron opening) was less than four hours.

Approximately 90 percent of the screen failures were mechanical failures caused by
hydraulic overloading of the screen. The remaining 10 percent of the failures were
caused by punctures from objects present in the feed.

It is possible to produce a 165 mesh screen (105 micron opening, 45 percent open
area) with a probable life of 500 hours while operating at a flow rate of 1750 gpm
(2.5 mgd or 128 gal/-min/ftz).

The use of a solution of hot water and liquid solvent in lieu of steam, was found
necessary to obtain effective cleaning of the screens.

Of the solvents tested, a caustic solution was the most efficient solvent for
backwashing the collar screen.

Screen blinding decreases as the velocity of the feed approaching the screen
increases, as the mesh of the screen becomes coarser, as the frequency of backwash
increases, and as the rotational speed of the collar screen increases.

A minimum of approximately 4.5 feet of fluid head above the downstream water
surface of the screening unit is required for gravity flow operation.

Based on the intensity and duration of rainfall in the Seattle area, a screening
facility in the Pacific Northwest can be expected to be in operation approximately
1000 hours a year.

The collar screen material is the limiting component of the screening unit. When a
stronger and more durable screen material is developed, it will be possible to
increase the hydraulic and removal efficiency of the screening unit.

The estimated construction cost for a 25 mgd screening facility is $496,000. The
estimated annual cost of operation and maintenance is $18,500. Based on a 25-year
bond issue, with an interest rate of 6-1/2 percent, the total annual cost is estimated
to be $59,500, which puts the cost of treatment at 22 cents/1000 gallons assuming
271 million gallons of overflow a year are treated. These cost figures are based on a
preliminary design of a screening unit for Seattle, Washington, which is presented in
this report.
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19. Based on the scale-up design of the Seattle facility, a screening facility will require
1/10 to 1/20 the land that a conventional primary sedimentation plant.
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RECOMMENDATIONS

It is recommended that a full-scale screening facility be designed and constructed to
demonstrate the feasibility of utilizing high-rate, fine-mesh screens in the treatment
of combined sewer overflows.

The results of this study have established the feasibility of the high-rate, fine-mesh
screens. The performance of the screens should now be demonstrated through the
design and operation of a full-scale facility. Based, in part, on the results of this
study, the equipment supplier has developed and tested a second generation unit.
The new unit is operated at 3 mgd (2100 gpm, 150 gal/min/ftz) ‘with a 165 mesh
(105 micron opening) stainless steel screen with little or no deterioration in the
performance observed at the 2.5 mgd level. The equipment supplier has also
developed a new screen that has a probable life of about 500 hours. This represents
a hundredfold increase in life over that observed in this study.

During a period of demonstration, these new units could be tested and further
optimized with regard to inlet conditions, hydraulic capacity, screen life,
backwashing technique, and control systems. The period of demonstration would
also yield firm cost and operational data.

As part of a final design effort for a full-scale facility, it is recommended that a
systems analysis be performed to investigate the compatibility of the electrical and
hydraulic machinery.

In the preliminary design of the full-scale facility presented in this study, it was a
relatively simple matter to design a control system to operate the facility. Likewise,
it was also relatively simple to design the hydraulic machinery required of the
facility. The compatibility of the two systems, however, is very difficult to predict.
It is therefore recommended that an analog simulator be employed to simulate the
operation of a screening facility. The results of this study may reveal some basic
problems in control that can be resolved prior to the completion of a final design.

It is recommended that flow measurement and sampling facilities be installed at all
combined sewage outfalls where installation of treatment facilities is anticipated.

Based on the experience of this study, continuous flow recording at an overflow
point prior to the design of a treatment facility would be of significant value in
determining both the design capacity of the facility and the total use of the facility.
In addition, sampling facilities would be helpful in determining the character of the
waste to be treated. Composite samples would yield a general description of the
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waste, and grab samples could be collected to determine the quality and frequency
of any unusual constituents that may be present in the waste. If the installation of a
screening facility was anticipated, this information would be required for sizing of
screen materials and estimating the frequency and quality of backwashing.

It is recommended that a comprehensive study be conducted to determine an
efficient method of contacting a disinfectant with a treated effluent.

A major advantage in developing high-rate treatment equipment, like the proposed
screening facility, is the ability of the equipment to treat large volumes of waste in
a small area. This advantage would be negated, however, if conventional chlorine
contact times are required to provide disinfection. Based on the findings of this
study, the land required to provide conventional chlorination is 3 to 4 times that
required of the screening facility. In some cases, this requirement can be reduced or
eliminated by utilizing an existing outfall downstream of the facility for the contact
channel; however, this is normally the exception rather than the rule. Therefore, in
order to maintain the space advantage of high-rate treatment equipment, a high-rate
method of disinfection must be developed.

Currently, there 1is considerable research available describing the bactericidal
mechanism of several different disinfectants. Several of these studies indicate that
acceptable bacterial kills can be obtained with conventional disinfectants at contact
times of 10 minutes or less. Based on these observations, it is recommended that
additional research be performed to develop a contact chamber that will reproduce
these laboratory results in the field. It is believed this research will lead to a contact
chamber with two compartments. The first compartment would be a
mechanically-mixed rapid-mix tank with a detention time of less than 3 minutes.
This complete-mix tank would provide rapid and intimate contact between
disinfectant and effluent. The rapid-mix tank effluent would then enter a period of
quiescent contact provided by a plug-flow type tank with a detention time of less
than 15 minutes. It is this combination of two distinct flow regimes that approaches
many of the laboratory procedures used in bactericidal studies, and it is a type of

flow regime that may provide a more efficient and economical method of
disinfection.
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ASSESSMENT OF COMBINED SEWER PROBLEMS*

by Richard H. Sullivan
Assistant Executive Director
for Technical Services
American Public Works Association

The water pollution problems which have become the target of public
opinion and public official concern are the sins of the past being imposed
on the present. We are today racing headlong to catch up with yesterday's
custom of using rivers to rid man's environment of his undesirable waste
into the waters most convenient to his urban habitat. Now that there is a
national desire to clean up the discharge of sewage and industrial waste by
construction of treatment plants of adequate processing effectiveness, atten-
tion is turned to another sin of the past that is being imposed on the present--
the discharge of excess flows from combined sewers everytime it rains.

The problem stems from the early use of storm drains to handle
domestic sewage by admitted sanitary flows to these conduits. When sewage
treatment was not practiced, the fact that combined sewers spilled their
waste water into receiving streams was not a matter of concern, but when
‘treatment was provided for sanitary sewage it becomes necessary to install
in combined sewer interceptors, regulator devices which would divert dry
weather flow to the treatment plant and during storm run-off period to
excessive flows to receiving waters.

In urban areas where adequate sewage treatment is provided, these
periodic overflows stand as a negative effect which minimizes investment in
pollution control. A water course that is polluted periodically is only
little more usable for most purposes than one that is continuously polluted.
As more and more sewage treatment facilities are provided, meeting Federal
and State Standards for high degrees of treatment, the anomaly of combined
sewer overflows becomes more and more obvious.

COMBINED SEWER FACILITY INVENTORY

In 1967, at the request of the Federal Water Pollution Control
Administration, the American Public Works Association undertook to make an
inventory of combined sewer facilities in the United States. Every local
jurisdiction with combined sewers whose population exceeded 25,000 was
personally interviewed, as well as a large sampling of other jurisdictions--
including communities with a population of less than 500. 1In all, 641 juris-
dictions were interviewed. We estimated that 46 per cent of the communities
with 94 per cent of the population and 84 per cent of the area served by
combined sewers were directly interviewed.

The results of the survey indicated that 36,236,000 people, living
on 3,029,000 acres were served by combined sewers. This total indicates
that approximately 29 per cent of the nations total sewered population is
served by combined sewers.

*Prepared for seminar on Storm and Combined Sewer Problems, Chicago, Illinois,
June 22-.23, 1970
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Mere numbers do not in themselves make a problem. In the past ten
to fifteen years, there has been a substantial effort to construct waste
water treatment facilities. Overflows from combined sewers are gradually
being identified as one of the continuing sources of pollution. The early
rationale that held that since the overflow was 99 plus per cent storm water
it was ''clean’ has been disproved. Overflows are polluted.

The small flows of sanitary sewage in large combined sewers results
in low velocities. Solids are therefore settled out along the sewer line.
Storm flows tend to scour out this material and carry it to the overflow.

A large proportion of the sanitary sewerage also escapes in the overflow.
It has been estimated that from three to five per cent of the total organic
load reaching the sewer leaves by the overflow.

A part of the problem of combined sewer overflows is the location
of the overflow facilities and the nature of the receiving waters. Nationally,
most overflows are adjacent to residential or industrially zoned land. The
major receiving waters are dry water courses or waters used for limited body
contact recreation or fishing.

These land and water uses are not suitable places for the discharge
of sewage. Presence of the combined sewer overflows may have a serious
impact upon land development and land values. For a hundred acre tract in
one Michigan city, influenced by one combined sewer overflow, our appraiser
estimated that a value loss of $600,000 in the immediate area and to the
adjacent area of 1,333 acres, $4,476,000. This loss of value results in a
tax loss to the city alone of $70,000 per year.

The American Public Works Association, as a part of its 1967 study,
was asked to estimate the cost of separating combined sewers nationwide. We
analyzed figures for weeks, adjusted for prices, inflation and about every-
thing else, and ended up with $48 billion in 1967 dollars as the answer.

Of this, $30 billion was for work in the public right-of-way and $18 billion
for changing the plumbing on private property. The complete incapability of
many of our major urban areas to bear the disruption of their major commercial
areas and major streets makes complete separation an unlikely goal. Therefore
we also investigated alternatives and from the information available we
estimated that the cost of alternate methods of treatment or control would
amount to about $15 billion. Such methods include in-system and off-system
holding and drainage area control.

The States, in particular, and many other agencies have enacted
regulations which prohibit the construction of new combined sewer systems
or the additions to existing systems. Unhappily some of the progress which
is being made in metropolitan areas is in new suburban developments where
separate sanitary sewers in a great many cases discharge into combined sewers
and add higher concentration of sanitary sewage to the overflows.

Another major finding from our interviews was the determination that

less than 20 per cent of the combined sewer overflow regulators were of a
true dynamic type, that is they could be adjusted to meet various flow
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criteria. Of the 10,025 regulators found in the jurisdictions interviewed,
40 per cent were nothing nothing more than simple weirs, many with design
features which are not responsive to overflow regulation. In fact many were
merely a hole in a manhole to relieve the system.

The use of improper types of regulators for the existing conditions
as well as poor maintenance practices appeared to be one of the major reasons
for unnecessary and prolonged overflows.

Another finding was that infiltration was recognized as being exces-
sive in a great many systems. Although few jurisdictions had apparently
surveyed their systems, treatment plant records indicate the excessive wet
weather flows.

Sewer personnel across the country told us of their efforts to
discontinue the connection of roof gutters, area drains and foundation drains
to the combined sewer system. The flow from these sources is generally
credited with overloading the sewer system, causing both basement flooding,
innundation of mid-city areas and more frequent and prolonged overflows.

Questions were also asked of each jurisdiction as to the number of
personnel and the level of training of employees associated with the opera-
tion and maintenance of the sewer system. In jurisdictions of less than
25,000, on the average less than one-half have a full time registered
engineer or an engineer in training. For the 52 jurisdictions from 10,000
to 50,000, the average was only 3.3 registered engineers in training per
jurisdiction. This group also averaged 5.4 certified plant operations per
jurisdiction. Thus, it appears that generally there may be an inadequate
number of trained personnel available to make maximum utilization of today's
technology.

The full report is available from FWQA as publication WP-20-11
for $1.00.

STUDY OF URBAN STORM WATER POLLUTION

With sewage and industrial waste treatment a reality and the water
resources of the nation--or at least of major watersheds--protected; and
with the overflows of combined sewers effectively regulated and minimized,
in terms of the "two Q's" of quantity and quality of the spilled waste water
to receiving waters, still another "sin'" of the past will stand as a challenge
to the present and the future.

This will involve the evolution of a new concept of the pollutional
impact of separate storm water discharges on water courses, lakes and coastal
waters. Since everything is relative, it is understandable that storm water
has in the past been considered harmless as compared with the pollutional
nature of untreated or inadequately treated sewage and industrial wastes
and the nature of combined sewer overflows of admixtures of sewage and storm
water runoff.

But with the elimination or minimization of these two obvious sources

of pollution, it will not be surprising that attention will eventually come
to bear on storm water spills. Are they a source of pollution? What are
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these sources? What could be done about urban runoff waste waters? What

is the role of agricultural land runoff in the total water pollution control
picture and the problem of protecting the nation's water resources for use
and reuse purposes?

Some of the answers of these basic question are found in the study
of Water Pollution Aspects of Urban Runoff which was carried out from 1966
to 1968 by the APWA under a contract with the FWQA, The report on the
study is published as WP-20-15 for $1.50.

"Clean" storm water is polluted. Rain scavenges air pollution out
of the atmosphere; flows across roofs, across grass sprayed with insecticides
and fertilized with nitrogen and phosphorous, pets and birds; along street
gutters which may average a daily accumulation of more than a pound of debris
each day per 100 ft. of curb; and finally through catch-basins where the
flow displaces perhaps two cubic yards of stagnate water and carries with
it some of the digested solids from the bottom of the catch-basin. By the
time the storm water reaches the sewer, it may exceed the strength of sanitary
sewage. When salts from snow and ice control, phenols and lead from automobile
exhausts and other contaminates are added, the storm water may have a wide
range of undesirable characteristics.

TYPES OF PROBLEMS

The pollution problems which have been generally identified with
combined sewers include the following:

1. Pollution of receiving waters
a. too frequent overflows
b. dry weather overflows
c. prolonged overflows
d. carryover of golids
e. by-passing to protect waste water treatment plant facilities

2. Disruption of waste water treatment plants
a. concentration of solids and debris in primary treatment
b. wash-out of secondary treatment process due to low strength
flows '
c. salt water intrusion

At the heart of most of these problems appears to be the combined
sewer regulator and the capacity of the treatment plant.

Most jurisdictions have not attempted to assess the extent of the
pollution of receiving waters. In many areas the effects of combined sewer
overflows are masked by other major sources of pollution, such as untreated
or poorly treated sanitary sewage, industrial waste, agricultural land run-
off, feed lot runoff, and urban storm water runoff.

The disruptive aspects of combined sewer flow at the waste treatment
plant are readily determined by plant operators. In many instances this
has led to even further diversion or by-passing to minimize treatment plant
problems.
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The APWA Research Foundation, under contract with the Federal Water
Pollution Control Administration and some 25 local govermmental agencies,
has completed a cooperative study of combined sewer system overflow regulator
facilities and practices. This study covered design, application, constructim,
control and operation and maintenance procedures. The specific purpose of
this project was to analyze and evaluate the effectiveness of practices and
to establish long-needed guidelines for more efficient and dependable control
of overflows and for reduction in the frequency and duration of combined
sewer flows and the resultant pollution in waters receiving such spills.

THE FUNCTION OF REGULATOR DEVICES

The volume of liquid flowing in a combined sanitary and storm waterxr
sewer is greater than the carrying capacity of the interceptor sewer system,
the pumping capacity of a pumping station or the capacity of a sewage treat-
ment plant, during periods of storm and runoff. It is the function of a
regulating device and the chamber in which it is installed to regulate or
control the amount of the flow which is allowed to enter the interceptor
system and to divert the balance to holding or treatment facilities, or to
discharge this balance to a point of disposal in nearby receiving waters.
The regulator, thus, has the function to transmit all dry weather flow to
the interceptor and hence to sewage treatment works, and to 'split" the
total combined storm and sanitary flow during periods of runoff so that a
portion of the flow enters the interceptor and the balance is diverted to the
other points listed above.

Regulators may be of various kinds-~such as stationary, movable,
mechanical, hydraulic, electrical, fluidic, variable, non-variable, etc.--
but their function is as described. The 1967 study of overflow problems
indicated the need for improvement in regulator devices and in their
operation and maintenance. Over and above today's regulator facilities,
the field of combined sewer service would be benefited by the availability
of other types of devices and modifications of existing equipment. Among
the challenges are greater sophistication in control and actuating facilities,
including on-site remote sensing and control of intercepted flows, paced by
conditions in interceptor and treatment works, and desired diversion of
flows into holding and treatment processes for the effective reduction in
storm water overflow pollution.

Figure 1, Static Regulator, Side outlet connection is a photograph
of a typical static regulator with a low weir. This device, while inexpen-
sive to construct, may be a source of dry-weather overflows due to clogging
and cannot be adjusted to variations in dry-weather flow.

Figure 2, Typical Manually Operated Gate Regulator, although a
static device, can be adjusted to various flow conditions. Such a facility
can be modified with a motor operated gate and proper controls to be a
dynamic regulator, responding to flow conditions in the collector or inter-
ceptor sewer.

Figure 3, Cylinder Operated Gate, indicate the layout of a hydraulic

cylinder gate in Philadelphia. This is a dynamic regulator in as much as
the position of the gate is controlled by a float-off of the collector sewer.
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Figure 4, Float Operated Gate, is an isometric view of a dynamic

gate, the position of which may be regulated by flow in either the collector
or interceptor sewer.

(Insert Fig. 1-4)

The problem of design, manufacture, application and handling of
regulators is made difficult by the conditions under which these devices and
regulator chambers must function. These include complex and often unpredict-
able hydraulic conditions imposed by dramatic changes in runoff due to
storms; the heterogeneous nature of the sewage-storm water which is handled,
including grit, coarse debris and other clogging producing wastes; the corrosive
nature of the liquids; and the humid and corrosive-gaseocus conditions in
the regulator chambers. Further complications are created by tide water
backflows and other hard-to-predict hydraulic conditions in interceptor-
treatment plant networks.

Our study of combined sewer regulators involved the interviewing of
a group of jurisdictions and then in cooperation with a panel of consulting

engineers preparing both a report and manual of practice. Representatives
of financially participating jurisdictions as well as the WPCF and the ASCE
served on the steering committees for the study.

The study report, 'Combined Sewer Regulator Overflow Facilities' and
the "™anual of Practice for Combined Sewer Regulation and Management' will
soon be available from the FWQA,

Our detailed, extensive interviews of some seventeen jurisdictions
have found only three where the operation of the regulators has been designed
to minimize pollutions by assuring that the interceptor sewer is fully charged.
These three projects have received FWQA demonstration grants. In Seattle,
this is accomplished by a hydraulically operated gate controlled by a bubbler
unit downstream in the interceptor. In Minneapolis-St. Paul Sanitary District,
control is achieved through the use of an inflatable dam, increasing the head
of the orifice discharge to the interceptor sewer. Detroit is also using a
form of "traffic'" control to maximize flow in the interceptor.

An additional principle of operation to minimize pollution is to
maximize in-system storage. The Seattle system in particular insures that
all of the collector storage capability is utilized prior to an overflow
event. This capability does much to eliminate dry-weather overflows and

minimize peollutiocn in their system.

Engineering investigatims are being made in Seattle to determine
where there is justification for upgrading the facilities. The study is
conducted by monitoring a facility for the length of time and quantity of
flow during overflow events. From the characteristics of the contributory
sewer system, a mass hydrograph is constructed to analyze the quantity and
time of flow should a controlled facility be installed. One recent study
jndicated that for one small drainage area, for a short period of time when
eight (8) events occurred which overflowed 6.4 million gallons, that had a
dynamic regulator been installed only one event of 2.7 million gallons would
have occurred, a reduction of 85 per cent in frequency and 42 per cent in
volume.
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When information of this type is available, the value of upgrading
facilities can be made. There are no magic numbers or rules of thumb--an
engineering study is needed in each case,

Some of the major findings and recommendations of the study call for
a reduction in the number of small overflows, total systems management of the
combined sewer system, use of dynamic type regulators to allow response to
hydraulic conditions in the sewers, use of regulators that improve the
quality of the overflow as well as the control of its quantity, and the need
for improved maintenance and design of regulator facilities.

Figure 5, Spiral Flow Regulator, is a drawing of an experimental
device which has been tested in England to induce helical motion in the flow.
Such a secondary motion tends to concentrate the solids and they may be drawn
off with the flow to the interceptor, improving the quality of the overflow.

Figure 6, Vortex Regulators, is a drawing of two regulators which
have been installed in Bristol, England. The induction of the vortical
motion acts to concentrate the solids in the flow to the interceptor. Both
of these regulators are compact and appear feasible for installation in many
existing situations. We have recommended that additional research be carried
out to define design relationships and the efficiency of the units to remove
solids from the overflow,

(Insert Fig. 5 & 6)

Maintenance was found to be an important factor in the successful
use of various types of regulators. The amount of money allocated gives an
jndication as to how effective local officials judge their regulators to be.
Where dynamic regulators have been used and low levels of maintenance have
been provided, the dynamic regulators have often been taken out of service.

The survey found that many regulators have, by necessity, been
constructed where maintenance is difficult and access almost impossible.
Figure 7 is a picture of the boat and barge used by the Allegany.C?ugty -
Sanitary Authority (ALCOSAN) for the maintenance of overflow facilities which
can only be reached from the river.

Figure 8 is a photograph showing the variety of equipment carried on
the barge.
(Insert Fig. 7 & 8)

There must be a commitment upon the local jurisdiction ?o properly.
maintain any new or improved regulators which may be installed in a pollution
control program. Although out of sight, regulator facilities must be kept
in mind.
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ROLE OF INFILTRATION CONTROL

Expenditures for sanitary and combined sewers and treatment facilities
amount to many millions of dollars annually and form a major part of the
total amount budgeted for operations and capital improvement programs in
every urban community.

Unfortunately, in most urban areas, little attention has been given
to making sure that costly sanitary aml combined sewers and sewage treatment
facilities function properly, if at all, under wet ground conditions. So-
called "separate' sanitary sewer systems often collect such large infiltration
flows that they are ineffective in performing their primary function. Infil-
tration in sanitary sewers usually causes flows which exceed treatment plant
capacity and, as a result, biological processes are either upset or raw
sewage is by-passed into waterways which were intended to be protected from
such contamination.

Infiltration was revealed as a contributing factor in combined sewer
overflows in a report prepared in 1967 by the APWA Research Foundation which
was previously described. Thirty-four per cent of the cities interviewed
indicated that infiltration exceeded their specification. The increased
flow in combined sewers due to infiltration decreases its in-system storage
capability and results in more frequent and longer duration of overflows.

Most engineering consultants, scientists, and administrators in the
field of design, operation and management of sanitary sewage collection
systems have little quantitative data available to use in estimating the
extent of infiltration and in making value judgements for the most effective
means of prevention and control.

The APWA Research Foundation in cooperation with 35 local jurisdictions
and the FWQA has undertaken a study of economics of infiltration control,
design and construction practices for new construction and remedies for
existing systems where the cost benefit ratio of control indicates that such
action is desirable. This study will be completed in the next few months.

In this study, the factors contributing to storm and ground water
infiltration are evaluated and analyzed to produce guidelines which will
be of tangible value to designers, administrators and operators of combined
and sanitary sewage collection systems and treatment plants.

The study is designed to aid in the formulation of an effective

research and development program to reduce pollution resulting from combined
sewer overflows and treatment plant by-passing attributable to infiltration.
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Cylinder-Operated Gate

FIGURE 4
Float Operated Gate — Courtesy Brown & Brown, Manufacturing
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FIGURE 7
Boat and Barge Used by Allegheny County Sanitary Authority for
Maintenance of Some Overflow Facilities

FIGURE 8
Derrick Barge with Equipment, Allegheny County Sanitary Authority.
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ABSTRACT

Results from the many projects now being sponsored by the Federal
Water Quality Administration indicate that the majority of the pollu-
tants present in combined sewer overflow are in the form of particulate
matter. This indicates a high degree of treatment could be obtained
by utilizing an efficient solids/liquid separation process. This
report documents a study on the treatment of combined sewer overflow
by screening and dissolved-air flotation. The objectives of the
project are to determine the effectiveness and cost of a screening/
flotation system.

A combined sewer (Hawley Road) in Milwaukee, Wisconsin was
monitored and laboratory testing which included screening, chemical
oxidation, and dissolved-air flotation was performed. The results
of the laboratory tests indicated a combination of screening/flota-
tion provided a feasible system and a prototype demonstration unit
with a 5 MGD capacity was designed and installed.

The system has been operated on 30 overflows. Removals of BOD,
COD, SS, and VSS have been in the range of 30 to 75%. The waste solids
stream has averaged only about 1 percent by volume of the raw feed
water. Operation has been very satisfactory with a minimum of main-
tenance required. Chemical flocculants have been utilized to increase
the removal efficiencies to the upper values of the above range.

Cost estimates have been made and these indicate a total installed
cost of $12,000 per MGD capacity. These costs do not include land or
interceptor costs to combine a series of overflows. Operating costs
are estimated at 1.0¢/1000 gallons without chemical flocculant addition.
Chemical costs should be in the range of 2.0-2.5¢/1000 galloms.

Based on the results of this study screening/flotation offers am
alternate to sewer separation in some application areas. The project
reported herein is still underway and completion is expected in early
summer of 1970. :
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INTRODUCTION

The pollutional characteristics of combined sewer overflow are
being documented through the many federally sponsored projects which
are now underway. Preliminary results indicate that the majority of
the pollutional substances present in combined sewer overflow are in
the form of particulate matter. This indicates that a high degree
of treatment could be obtained by utilizing an efficient solids/liquid
separation process. The objectives of this project (FWQA Contract
#14-12-40) are to determine the design criteria, effectiveness, and
economic feasibility of using screening and dissolved air flotation
to treat combined sewer overflows.

The project is currently underway. Completion is expected by
late spring or early summer of 1970. Discussed herein is a review
of the results obtained to date, tentative design criteria, and
expected removal efficiencies.

SUMMARY AND CONCLUSIONS

Based on the data collected during the study and reported herein,
it appears that screening/dissolved-air flotation can be utilized as a
successful alternate to sewer separation in some areas. Removals of
BOD, COD, SS, and VSS in the range of 50-75% were recorded for the
30 overflows monitored to date. The solids removed from the overflows
represented only about 1 percent (by volume) of the raw wastewater
flow and had a concentration of 2 to 4%Z. The entire system is
completely automated and requires a minimum of maintenance.

Cost estimates indicate the complete installed system capital
cost will be $12,000 per MGD capacity. This cost does not include
land or sewer interconnection costs. Operating costs were estimated
at 3.0 to 3.5¢/1000 gallons based on the use of flocculating chemicals
to obtain the maximum removal efficiency. Operating costs without
chemicals is estimated at less than 1.0¢/1000 galloms.

DESIGN OF TEST FACILITY

During the fall and spring of 1967, the Hawley Road Combined Sewer
in Milwaukee, Wisconsin was monitored. A total of 12 overflows were
sampled. Laboratory scale testing on these samples included screening
with various size media, chemical oxidation, flotation, and disinfec-
tion. Laboratory analyses on the untreated overflow as well as the
effluents from the laboratory bench tests were analyzed for BOD, COD,
SS, VSS, and disinfection requirements. It was determined from this
testing that chemical oxidation did not appear technically feasible 1.
However, encouraging results were obtained from the screening and
flotation tests. These tests served as input data in the design of a
test facility utilizing screening and dissolved-air flotation. A
process flow sheet for the system is shown in Figure 1.

The system basically consists of a screen chamber and a flotation
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chamber. The screen is an open ended drum into which the raw waste flows
after passing a-%" bar rack. The water passes through the screen media
and into a screened water chamber directly below the drum. The drum
rotates and carries the removed solids to the spray water cleaning system
where they are flushed from the screen, Screened water is used for flush-
ing. The spray water and drum rotation are controlled by liquid level
switches set to operate at 6 inches of head loss through the screen.

The flotation chamber is a rectangular basin with a surface skimming
system to remove floated scum. Screened water is pressurized and

mixed along with air in an air solution tank. The liquid becomes
saturated with air and when the pressure is reduced minute air bubbles
(less than 100 micron diameter) are formed. This air charged stream

is then mixed with the remaining screened water flow. The bubbles

attach to particulate matter and float it to the surface for sub-~

sequent removal by the skimmers. Chemical flocculants may be added

to enhance the removal efficiency of finely divided particulate matter.

The design criteria utilized in the design of the test facility
are shown in Figure 2. These criteria provide the wide flexibility
necessary in a test facility. More precise design criteria will be
given later. The system was designed to treat 3 MGD of combined
overflow.

FIGURE 2

GENERAL DESIGN CRITERIA FOR DEMONSTRATION SYSTEM

sScreen

1. Raw Flow Rate 3500 GPH

2. Hydraulic Loading 50 GPM/sq ft

3. Screen Size 30 x 50 237 micron openings
4, Screen Wash 150 GPM maximum

Flotation Tank

1. Flow Rate 3500 GPM

2. Surface Loading 3-9 GkiM/sq ft
3. Horizontal Velocity 3 FPM

4., Pressurized Flow Rate 400-1100 GPM
5. Uperating Pressure 40-70 PSIG

6. Minimum Particle Rise Rate 0.5-1.5 FPM

All pumps and auxiliary equipment were sized on this flow. The flota-
tion tank is compartmentalized to allow variation in the surface load-
ing without changing the raw flow rate. Pressurized flow rate and
operating pressures can be maintained over a wide range of values. A
photograph of the demonstration system is shown in Figure 3.
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RESULTS OF OPERATION

The test facility was completed and put on stream in May of 1969.
Since that time 30 overflows have been monitored. It has been observed
that about 25% of these overflows have high pollutional load during
the first portion of the overflow. This period of first flushes has
never lasted longer than one hour and has been as short as 10-15 minutes.
After these flushes pass the characteristics of the overflow become
relatively constant. This period has been called the extended over-
flow period. The range of pollution parameters measured for these 30
storms at the 95% confidence level is shown in Figure 4.

FIGURE 4

CHARACTERISTICS OF COMBINED SEWER
OVERFLOW FROM HAWLEY ROAD SEWER

First Flushes

CoD 500-765
BOD 170-182
sS 330-848
VSSs 221-495
Total N ( 17-24

Extended Overflows

COD 113-166
BOD 26-53
SS 113-174
VSS 58-87
Total N 3-6

All values in mg/l at 95% confidence level.
Coliform 310 x 103 to 1.5 x 107 per ml.

It may be observed that the first flushes data has quite a wide range
of values, while the extended overflow data has a relatively narrow
range. All laboratory analysis were performed according to Standard
Methods (2). The data presented correlates well with combined over-
flow data from the Detroit Milk River Study (3) and other published
data (4).

The operation of the previously described test facility during
the spring, summer and fall of 1969 has provided valuable data on
operational characteristics and removal rates. Figure 5 shows the
data associated with operational variables. The range of values for
screen wash and floated scum volume are shown at the 95% confidence
level.
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FIGURE 5
OPERATION DATA FROM HAWLEY ROAD DEMONSTRATION SYSTEM

Length of Raw Flow Screen Wash Floated Scum Pressurized Operating

Run Rate As %4 of Flow As % of Flow Flow Rate Pressure
Hours GPM % % GPM PSIG
1-4 3500 0.29-0.64 0.43-0.85 400-900 40-60

The average run had a length of 1-4 hours. The flow rate for these runs
was held constant at 3500 gpm. Pressurized flow was varied over the
range of 400-900 gpm and the operating pressure from 40-60 psig. Of
considerable importance in the design of this type of system, is the
volume of residual solids produced during operation. As shown in
Figure 5, the volume of water required to backwash and clean the screen
ranges from 0.29 to 0.64 percent of the raw flow rate, while the

volume of floated scum ranges from 0,43-0.85 percent at the 95%
confidence level. Solids concentrations in these streams generally

is in the range of 1 to 2%, and at this concentration they easily flow
by gravity. Disposal methods utilized for these solids streams should
be sufficient to handle the upper limit of the expected sludge volumes.
Under the current contract, the solids are disposed via an interceptor
sewer which directs them to the sewage treatment plant, Other alter-
natives for solids disposal include trucking in tanker trucks or
providing a portable vacuum filter to visit the various treatment

sites and produce a dry cake for hauling to ultimate disposal.

The efficiency of contaminant removal experienced for the overflows
monitored to date, is shown in Figure 6. All runs were started with the
tank full of water from the previous run, For this reason collection
of effluent composite samples was not started until 15-20 minutes into
the run to avoid collecting unrepresentative samples. All other samples
were taken immediately. The tank can also be operated in a near empty
mode for start up. Only a small amount of water is required to allow
immediate start up of the pressurized flow system. Clarification will
then start immediately as raw waste begins to enter the tank.

FIGURE 6
CONTAMINANT REMOVALS IN PERCENT BY SCREENING AND FLOTATION

Screening and Flotation

W/0 Chemical W/Chemicals

Screening Flocculants Flocculants

Spring Summer-Fall (Spring) (Summer-Fall)

BOD 23.4 * 9.3 20.3 = 6.5 48.4 * 15.7 50.8 £ 12,5
COD 33.9 + 10.7 22,4 £ 5,0 52.9 * 8.7 53.4 * 8.6
SS 28.8 + 10.5 24.9 * 9.8 53.7 + 11.7 68.3 * 8.4
VSS 28.2 * 13,6 24,4 £ 13,2 51.0 * 15.9 64.8 * 10.0

NOTES: Removals as Z @ 95% confidence level,
Screen openings 297 microms.
Surface loading 3 GPM/sq ft.
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iwo time periods are shown, spring storms and summer/fall storms. By
observing the screen data in Figure 6, it may be seen that during the
spring storms removals ranged from 23-33 percent for all listed
parameters. This was consistent with the preliminary data collected
the previous year. During the summer/fall storms, however, COL
removals decreased indicating a change in the characteristics of tie
overflow. It was determined that an increase in soluble organics

had occurred which was the probable cause for the noted decrease in
COD removal across the screen. The mechanical operation of the
screen has been very satisfactory. The media utilized was type
304SS. No permanent media blinding has been experienced. io build-
up of greases or fats has occurred. Some clogging problems have
been experienced with the spray nozzles, but this was caused by a
sealing problem around the screen, which allowed unscreened water to
pass into the screened water chamber.

The overall removals, i.e. screening plus flotation are also
shown in Figure 6. Removals are shown with and without the addition
of chemical flocculants. The chemical flocculants when utilized were
a cationic polyelectrolyte (Dow C-31) and a flocculant aid (Calgon A25),
The polyelectrolyte dosage was 4 mg/l and the coagulant aid dosage
was 8 mg/l. Contaminant removal without chemical addition was about
50% for all parameters as shown in Figure 6. Adding chemicals caused
an increase in SS and VSS removals to around 70%. COD and BOD removals,
however, did not increase significantly. This was probably a result
of the increase in soluble organics associated with the summer/fall
overflows. Chemical addition also provided a strengthening effect on
the floated sludge blanket which is very desirable from the solids
handling aspect. Mechanical operation of the flotation tank has been
excellent. No mechanical problems have been experienced. Maintenance
on the entire system is limited to periodic lubrication and requires
less than 6 man hours per month.

Another important aspect in the treatment of combined overflow
is disinfection. Figure 7 shows the effect of chlorination on total
coliform density from various overflows.

F1GURL 7

DISINFECTION DATA FOR COMBINLED OVERFLOWS AL HAWLEY KUAD

Raw Coliform cffluent Coliform
Density chlorine losage Contact Time Density
Storm ¥ per ml mg/1l min, per 1u0 ml
5 36,000 10 15 U
6 5,700 10 15 0
7 1,300 10 15 0
8 7,800 10 15 0
9 6,200 10 15 2
11 20,000 10 15 1y
19 310,000 10 10 60V
20 160,000 10 1u 400
21 55,000 10 10 ¢
22 82,000 10 10 1500
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In storms 5 througin 1l chlorine was added in the pressurized flow line
prior to plending with the remainder of the flow in the flotation tank.
Ihe dosage was 11U mg/l. The dosage may nave actually been lower in
"some of the runs, since sodium hypochlorite was utilized as the source
of chlorine and this solution decreases in strength over a relatively
short period of time. Introduction of the chlorine in the pressurized
flow allowed approximately 15 minute contact time before discharge from
the unit. In storms 19 through 22 chlorine was added to the effluent
from the flotation basin and allowed to react for a ten minute period.
The chlorine was then deactivated with sodium sulfite and coliform
analyses were performed. It may be observed in Figure 7, that coliform
reduction was related to initial coliform density when using a constant
chlorine dosage. In the spring and early summer when coliform densities
were low, good disinfection was obtained. However, in late summer when
coliform density increased, the effluent contained increased numbers of
coliform organisms. Chlorine demand tests were run on some storms. The
chlorine demand was generally in the range of 13 to 17 mg/l.

CONCLPTUAL DLSIGN

The use of screening/flotation in full scale installations to
treat combined sewer overflows requires integration of a variable rate
pumping system, a screening/flotation system, and a solids storage
and/or disposal system. The full scale design will be based on a
modular concept. It is envisioned that a number of screening/flotation
modules will be assembled and operated in parallel. A pumping system
and solids storage/disposal system will complete each treatment site.
All components in the integrated system can be automated 100%Z., Telemetry
will probably be utilized to send the data and monitor the system from
a central location. Figure 8 illustrates the complete treatment system
concept. Raw wastewater enters the sump at a variable rate. The pump-
ing system consists of a series of pumps of both fixed and variable
capacity. A depth gauging system controls the pump output to match raw
waste input. The feed pumps direct the waste flow to the proper screen-
ing/flotation module. It is anticipated that a single screen will feed
two flotation cells. Screening/flotation modules will be put into
service automatically as the flow rate increases. Each screening/
flotation module is capable of a 50% hydraulic overload without a
significant decrease in efficiency. This excess capacity will be
utilized after all modules have been put into service. The solids
removed from the flow will be stored or transported to the sewage treat-
ment plant via an inceptor sewer. As the raw flow subsides various
modules will be removed from service automatically until the overflow
is terminated. The system is thus a floating system with modules auto-
matically put into or taken out of service as required.

Based on the data taken during 30 overflows, Figure 9 presents
the recommended design criteria for screening and dissolved-air
flotation systems treating combined sewer overflow. This criteria is
tentative, since the project has not yet been completed. The most
important criteria associated with screen design include hydraulic
loading and solids loading. The recommended values are those whicn
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FIGURE 9

RECOMMENDED DESIGN CRITERIA FOR SCREENING AND FLOTATION

Screens Flotation

Media - 50 x 50 (297 Micron Openings) Surface Loading - 3 gpm/sq fry

Hydraulic Loading - 50 gpm/sq ft Horizontal Velocity - 3 fpm

Head Loss Capability - 14 inches water Pressurized Flow - 15%

Solids Loading - 1.4 # DS/100 sq ft Operating Pressure - 50 psig

Cleaning Water - 0,.75% Screened Flow Floated Scum Volume -0,95% of Flow
Provisions for Top and Bottom

Skimming

Chemical Flocculant Addition
(1) This value may be conservative, higher values now being tested.
were found satisfactory in the operation of the Hawley Road facility.

With regard to the flotation design criteria, the surface loading
variable is the only one which has not been fully evaluated. Higher
rates are now being investigated, and the affect of these rates on
removal efficiencies will be evaluated. The other criteria for
flotation shown in Figure 9 have been thoroughly evaluated and
proven adequate for combined sewer overflow treatment.

ESTIMATED COSTS OF SYSTEM

There are many factors which must be comsidered when estimating
costs for a combined sewer overflow treatment system. The basic
areas of consideration are listed below:

1. Screening/flotation system (based on a particular storm
intensity/frequency and runoff rates)

2, Variable rate pumping system
3. Solids storage and/or disposal
4, Land costs

5. Sewer interconnection costs (It is anticipated that a
number of overflow points will be combined to reduce the
number of treatment sites required.)

6. Instrumentation and data telemetry

Estimated costs discussed herein include those costs associated
with items 1, 2, 3 and 6 listed above. Items 4 and 5 are particular
to the individual treatment system and hence cannot be estimated in a
general manner. These costs are therefore not included here. Total
installed cost for the screening/flotation system is estimated at
$8,000 per MGD capacity. Installed costs for solids storage, variable
rate pumping system and instrumentation is estimated at $4,000 per MGD
capacity. The total system costs less sewer interconnection and land
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cost is therefore $12,000 per lNCD capacity. This cost estimate does
not include consulting engineering fees nor cost of special design
considerations if they are required., This cost is based on an over-
flow rate of 3 gpm/sq ft. If higher overflow rates are possible
costs will be reduced.

A conceptual design and cost estimate has been made for a complete
storm overflow treatment system in a small Wisconsin city., A number of
overflow points were combined to reduce the number of treatment sites.
All storm sewers were screened and all combined sewer overflows were
treated by screening/flotation, A total of 294 acres was served by
the system and the design was based on the once in two year storm. At
a 50% overflow capacity the system will handle the once in 4.5 year
storm. Total system costs including installation was $835,000, Total
treatment capacity was 80 :GD design and 120 MGu peak flow. Cf this
80 MGCD approximately 40 MCD is combined overflow and the remaining
is storm sewer overflow. Included in this cost was tne combining of 12
overflow points into 5 treatment sites. The cost estimates also
include engineering fees. All land was owned by the city so no
land costs are included in these prices. The above prices stated
on a per acre served basis is equivalent to about $2800/acre.

OUperating costs for a screening and flotation system will be low
due to the expected periodic usage when treating combined overflow.
Chemical costs should be in the range of 2.,U to 2.5¢/1000 gallons,
while operating, maintenance and power costs are expected to be less
than 1,0¢/1000 gallons.
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ABSTRACT

To solve the problems of flooding and water pollution
in the Chicagoland area, a number of plans have been prcposed
and studied. Three of these plans, the Underflow-Storage Plan,
the Deep Tunnel Plan and the Chicago Drainage Plan, are still
viable alternates for the total solution to meet the water
guality standards established by the State and Federal Govern-
ments and the requirement of handling the runoff from a
100-year storm.

During the study of the Underflow-Storage Plan, it
was decided to modify a large relief sewer proposed by the
City of Chicago,as an Underflow Sewer similar to the Metro-

politan area-wide plan but on a much smaller scale. The
Underflow Sewer would be constructed in solid rock, 250 feet
below the ground surface. This sewer is now under construction

with a portion being funded by a demonstration grant from FWQA.
Two additional Underflow Sewers are also under construction by
the Metropolitan Sanitary District at widely separated locations
in the Chicago area in the same dolomitic limestone rock form-
ation. Each of the three Underflow Sewers are being mined by

a machine of different manufacture. The construction of these
Underflow Sewers has confirmed the structural integrity and

the dense impermeability of this underlying rock blanket
throughout the entire Chicago area.

Further evaluation of the three plans indicates that
portions of the Underflow-Storage Plan designated for the First
Phase construction are compatible with future extensions along
the general conceptual lines of any of the three plans. It
is recommended that the final design of the First Phase work
proceed and that all alternates for the Second Phase be
thoroughly and systematically studied concurrently to deter-
mine the final plan. It is necessary to proceed at the earl-
iest possible time to meet the water quality compliance date
of 1978.
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DRAINAGE AND POLLUTION PROBLEMS
IN METROPOLITAN CHICAGO

THE FLOOD CONTROL PROBLEM

Since the end of the Second World War, Metropolitan
Chicago has undergone a period of extensive urban development.
This development has caused a tremendous increase in the im-
pervious area and larger surface runoff during storm periods.
To alleviate local flooding of basements and underpasses
throughout Chicagoland, hundreds of millions of dollars have
been expended in the construction of new sewerage. While
greatly reducing the undesirable storage of water in basements
and underpasses, a new and increasing problem of flood control
in the rivers and canals is becoming apparent.

During the heavy storm period of October 9-11, 1954,
the Union Station and other downtown buildings were flooded.
To reduce the flood stage in the river, the locks at the
mouth of the Chicago River were opened allowing polluted water
to enter Lake Michigan. This was the first time since the
locks were constructed in 1938 that they were opened to permit
river water to flow into the lake.

Since that time the locks have been opened during
storms of July 12-13, 1957, September, 1961 and August, 1968.
The frequency of requiring lock openings to the Lake for river
flood control is greatly increasing, and will continue to in-
crease as new outlet sewer capacity is added.

The normal and desirable outlet for all storm water
is to the southwest along the Sanitary and Ship Canal to Lock-
port, the DesPlaines River through Joliet to the confluence of
the Kankakee River and through the Illinois River Waterway
System to the Mississippi River.

The Sanitary and Ship Canal designed for a capacity
of 10,000 cubic feet per second was completed in 1300. Be-
cause of drawdown of the water surface at Lockport during
heavy storms, the Canal has been able to handle a peak dis-
charge, for short periods of time, of up to 24,000 cfs.

Figure 1, shows the accumulated growth of ocutlet

capacity of sewers in the City of Chicago. The total pro-
jected outlet capacity of 65,000 cfs will be reached in 1975.
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This, of course, is not the required capacity of the waterway

system because of channel storage and offsetting of the sewer

discharge peaks; however, it is a good indicator of the future
flood control problems that lie ahead.

The DesPlaines River north of Hofmann Dam in River-
side has inadequate capacity to drain its fastly urbanizing
tributary area. Large storage reservoirs and/or increased
conveyance capacity must be provided to handle the increasing
runoff,

In the Calumet Area, large acreage is only a few
feet above normal water level of the Calumet River and water-
way systems. In many places this provides only small gradients
for the tributary streams and sewer. During large storms, the
O'Brien Locks must be opened permitting river water to flow
through the Calumet River to Lake Michigan. But even this will
not keep the stage sufficiently low in the largest storm periods.

THE WATERWAY POLLUTION PROBLEM

The pollution of the waterway system is another wvital
problem confronting the Chicago Metropolitan Area. This same
problem exists for nearly every other large metropolitan area
in the Country. Most of these urban concentrations are drained
by systems of combined sewers which spill to the open water
courses when the sanitary intercepting sewers or treatment
plants are overloaded.

Combined sewers have been estimated to carry approx-
imately 3 percent of the annual sewage volume to the waterways
during storm overflow periods, thus 97 percent of the annual
sewage volume is delivered to the treatment plants. The actual
annual pollution load which is discharged from combined sewers
to the waterways is somewhat greater. This is due to the
cleansing of the sewer inverts during periods of high storm
runoff.

In addition to the pollution of the river caused by
the combined sewer systems, other major contributors are the
sewage treatment plants. Three major treatment plants handle
the household and industrial wastes for the City of Chicago
and much of the suburban area within the Metropolitan Sanitary
District. These plants are the North Side Treatment Works,
the West-Southwest Treatment Works and the Calumet Treatment
Works.
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The U.S. Public Health Service study, "Great Lakes,
Illinois River Basin Project" (1) (GLIRBP) in two separate
periods of study in 1961 found the combined effluent of the
three plants was 1238 and 1682 MGD; at a population equivalent
(PE) of 969,000 and 793,000; which is equal to 78.2 and 66.2
tons of 5 day B.0.D. per day, respectively. The average over-
all efficiency for these two periods was 88.3 percent. The
reduction in the effluent PE during the second period was
attributed to the heavy rainfalls occurring during that period
resulting in the direct overflow of pollutants to the water-
courses by combined sewers and therefore not measured at the
plants.

Extensive sludge deposits are formed in the water-
ways downstream of the treatment plants and the many large out-
fall sewers. These sludge deposits have a significant oxygen
demand and thereby use up a large part of the natural oxygen
content in the waterways. At many places where these large
sludge deposits occur, gaseous bubbles are released to dot the
water surface and result in extensive odors along the river
channel.

Other sources of pollution of the rivers are the dis-
charges from industries, and leakage from boats and barges. In-
dustries also use river water for cooling purposes increasing
the temperature by several degrees; this reduces the amount of
dissolved oxygen the water can hold.

The dissolved oxygen (DO) is one of the most import-
ant constituents of the waterway system. All of the above
sources of pollution tend to deplete the dissolved oxygen.
Figure 2 shows the DO in the North Shore Channel, Chicago River,
Sanitary and Ship Canal and the DesPlaines River to the conflu-
ence with the Kankakee River for the two most critical months
of the year. The DO at Wilmette near saturation during this
period, shows a marked reduction below the North Side Treatment
Works, down to near one mg/l just upstream of the main stem
of the Chicago River where fresh lake water is introduced.

The replenished DO is quickly reduced by the B.O.D. present in
the water plus that of the sludge deposits on the bottom. Be-
low the West-Southwest Treatment Plant, considerable DO is
added along wth the B.0.D. in the effluent from the plant.

The DO continues to diminish to near zero along the Sanitary
and Ship Canal to Lockport. Aeration at Lockport and the flow
from the DesPlaines River adds to the DO. Again at the Brandon
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Road Dam, additional DO is entrained. Almost complete re-
covery is reached, to the saturation point, after confluence
with the large quantity of good water from the Kankakee
River.

The low dissolved oxygen throughout much of the
length of the waterway system indicates the poor condition,
especially in the summer season. Insufficient DO is avail-
able to support desirable fish and aquatic life in the
stream.

The GLIRBP study has shown that the Waterway Sy-
stem through Chicago and downstream to the Kankakee River is
in an extremely polluted condition and can be considered as
a hazard to human health.
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POSSIBLE SOLUTIONS FOR THE FLOOD CONTROL
AND WATERWAY POLLUTION PROBLEMS

A number of alternates have been studied for solv-
ing the problems of waterway pollution caused by the spill=~
ages from combined sewers. Also for solving the problems of
flood control of the waterways during severe storm periods.
Among those advanced are the following:

SEPARATION OF SEWERS

A complete study of the separation of sewers has
been made for the 300 square mile area of Chicago and vic-
inity, and would require nearly ten thousand miles of san-
itary sewers, many lift stations and interceptors. It has
been estimated that the cost of this separation would be in
the range of 3% to 4 billion dollars.

Even if separation were to be accomplished at this
tremendous cost, and with its concomitant disruption of
traffic in almost every street, the inconvience to all of the
people, the reworking of house and building plumbing, and
the adjustment and relocation of public and private utilities,
it is questionable as to whether it would solve the problems
associated with delivering all wastes to the treatment plants.
Accidental or illegal connections to the wrong sewer and the
possible leakage between sanitary and storm sewers, would make
policing of the six to eight mile long sewer systems impracti-
cal. In addition, it has been shown that storm water itself
carries considerable pollution to the waterways.

The separation of sewers would not provide any
flood benefit to the waterway system.

STORAGE IN EXISTING SEWERS

Consideration was given to storing the runoff of the
smaller storms in the existing sewer systems by the use of
inflatable dams. Such storage, if entirely used, would amount
to approximately 3,200 acre-feet or (.2 inches over the
192,000 acres of the combined sewered area. The entrapment of
combined flow for storms having a runoff of this magnitude
would result in a reduction of spillage of approximately 65
percent. This storage would reduce the frequency of combined
sewer spillages from an average of 60 per year to about 15
per year.
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However, because of the flat slope of the sewers
in the Chicago Metropolitan area, this method of reducing the
spillages was not further considered. The velocity generated
in the sewers in the post storm period would not be sufficient
to scour the sediment deposited during the storage period, and
would result in extensive maintenance problems. Also, this
method would not contribute anything toward the solution of
the flood control problem.

UNDERFLOW-STORAGE PLAN

This plan proposes the construction of a pattern of
large tunnels in the dense Niagaran limestone rock formation,
200 to 300 feet below the surface waterway system. These
tunnels would be sized to provide a linear distribution of
storage volume and conveyance capacity in a pattern which would
intercept all of the approximately 400 outfalls of the exist-
ing combined sewers. The tunnels would be sloped down to low
points, and pumping facilities, opposite the existing sewage
treatment plants. Overflow from the combined sewers, during
storm periods, would drop through shafts to the large storage
tunnels. In the post storm period, the tunnels would be de-
watered by pumping directly to the existing treatment works.

The Underflow-Storage Plan takes advantage of the
lower water level to be established in the Illinois Waterway
at Lockport, Illinois, for improvement of navigation and
flood control of the waterway system. The new water level,
70 feet or more below the level of Lake Michigan, will allow
the construction of tunnels with large underflow conveyance
capacity to Lockport and provide flood protection for the
largest storm of record.

Storage of 18,000 acre-feet or 1.12 inches of run-
off in the tunnel system will provide 98.5% reduction of
pollutants entering the waterway from combined sewer spill-
ages.

Subsequent paragraphs will provide the details of
this plan.

DEEP TUNNEL PLAN (HARZA AND BAUER, CONSUL?ING ENGINEERS)

This plan is a multi-purpose plan, including hydro-
electric power development, with a "pumped-storage" scheme,
now widely used throughout the world as adjuncts to hydro-
power developments on surface streams or to thermal power
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plants. 1In the Deep Tunnel Plan, storage for hydro-power
would be provided in rock caverns, 600 feet or more below

the surface and in surface reservoirs above ground in the
vicinity of the underground caverns. Reversible pump-gen-
erator units would be used intermittently to move water up-
ward and to develop power during downflow. Power would be
generated and sold to the Commonwealth Edison Company daily
during the hours of peak demand for electricity. Power would
be purchased for pumping, daily, during the periods of low
demand for other uses in the Metropolitan area. Based on an
estimated net revenue, in excess of cost of operation, revenue
bonds would be sold by the Metropolitan Sanitary District to
provide capital for a portion of the multi-purpose project.

The underground caverns and the surface reservoir
would be over-sized beyond the needs for power development to
provide for entrapment and storage of excess spillage from the
combined sewer outlets. Primary sedimentation would be pro-
vided underground at the entrance to the caverns, and the sed-
iment pumped to the existing treatment works. Controlled out-
flow from the surface storage would also be directed to the
existing major treatment works.

The total volumes of the proposed multi-purpose
storage is 35,000 acre-feet below ground and 45,000 acre-feet
above ground, or a total in the system of 80,000 acre-feet, of
which 20,000 acre-feet was considered to be normally needed
for power development, leaving 60,000 acre feet normally avail-
able for pollution and flood control.

The tunnel system to deliver the combined sewer
spillage to the storage and power development site or sites
would be generally of the same pattern as for the Underflow
Plan, with an interconnecting tunnel through Chicago's south-
side connecting the Mainstream and DesPlaines Tunnel System
to the Calumet Tunnel System.

Two locations for storage and power development are
presented; one near the Calumet Treatment Works, and one
near the West-Southwest Treatment Works.

CHICAGO DRAINAGE PLAN (ILLINOIS DIVISION OF WATERWAYS)

This plan presented in a preliminary report in Nov-
ember, 1968, combines navigation, flood control and pollution
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control in the areas tributary to the Illinois Waterway up-
stream from Brandon Dam.

For flood control in the Lockport-Joliet Area, as
well as for improved navigation, it is proposed to remove the
Brandon Road Dam and Locks, and the existing Lockport Dam,
Lock, and Controlling Works; to build new twin locks, dam
and controlling works about two miles upstream from the exist-
ing Lockport Dam; and to deepen and widen the channel from
Brandon Road to the new Lockport Locks, so as to lower water
levels in this reach, about 34 feet below present water levels.

Upstream from the new Lockport Dam, the Sanitary and
Ship Canal would be widened to 325 feet, with 150 feet of this
width to be deepened 10 feet. The Lockport Dam would be de-
signed to maintain dry weather water levels above Lockport, 10
feet lower than at present.

The widening would extend to Willow Springs Road
and the 10-foot lowering of the surface water levels would
extend along the Calumet-Sag Channel and Little Calumet River
to the 0'Brien Lock and Dam and along the Sanitary and Ship
Canal to Throop Street. A new dam and lock would be built at
Throop Street with a 10-foot differential head, and the O'Brien
Lock and Control Works rebuilt to accommodate the lowered
water surface.

For pollution control, the Division of Waterways
proposed the installation of storm water detention and sed-
imentation tanks at combined sewer outlets. These would be
of the flow-through type and would discharge all flows in
excess of tank volumes as partially settled combined sewage
into the surface waterways. Solids which settled in the tanks,
together with the liquid retained at the end of each storm-
water runoff period would be drained or pumped into the inter-
cepting sewers of the Metropolitan Sanitary District. Screen-
ing and chlorination at the tank locations as well as mobile
aeration of the waterways might be added to improve the
pollution control.
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DEMONSTRATION GRANT BY FWQA FOR
THE LAWRENCE AVENUE UNDERFLOW SEWER SYSTEM

In 1966, the City of Chicago proposed a sewer project
which would demonstrate the principles of the Underflow Plan
but, of course, on a much smaller scale.

The City of Chicago's Five Year Capital Improvement
Program called for the construction of a new Auxiliary Outlet
Sewer System to provide relief from basement and underpass
flooding of an area bounded by the North Branch of the Chicago
River, Irving Park Road, Oriole Avenue and Devon Avenue. (See
Figure 3 ). Preliminary hydraulic studies indicated that a
trunk sewer in the vicinity of Wilson Avenue from the North
Branch of the Chicago River to Melvina Avenue with branches
extending north and south to intercept and unload existing
trunk sewers would provide the necessary flood relief for a
direct drainage area of 3,620 acres.

The proposed sewer system in that program was des-
ignated the Eastwood-Wilson Avenue Sewer System and varied in
size from a 2 barrel 13-foot by 13-foot section at the lower
end near the river to a 7.5-foot circular section at its upper
end.

Consideration was given to lowering the profile of
this sewer to increase the storage available during small
storm periods and to cause it to flow full before discharging
to the river. The storage thus generated would reduce the fre-
quency of spillages from this combined sewer to the river.
Lowering the profile would necessitate pumping of sewage to
the existing sanitary intercepting sewer, increasing the over-
all cost. It would also require that more of the construction
be performed by earth tunnel method. Recent development of
earth mining machines has resulted in lower bid prices in
earth tunnel contracts. However, preliminary soil investigations
indicate that heavy primary steel lining and occasional rock
sections would negate the savings from the use of such machines.
Costs would greatly exceed that of the conventional open cut
construction method.

Recent improvements of the rock mining machines (Moles)
have reduced the cost of tunneling in various kinds of rock
materials for large irrigation and hydroelectric projects
throughout the world. Preliminary cost estimates revealed that
mining in rock may be competitive with open cut methods.
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Lowering the profile of the Eastwood-Wilson sewer
over one hundred feet into bed rock and constructing it as an
*Underflow Sewer" looked promising. Sanitary flow would not
normally, in dry weather periods, enter the tunnel and there-
fore would not be pumped on a continuous basis. Pumping would
be required, however, for dewatering of the tunnel to the
existing sanitary intercepting sewer in the post rainfall
period.

The Department of Public Works retained the Harza
Engineering Company to study alternate methods of constructing
the proposed Eastwood-Wilson Auxiliary Outlet Sewer System.

The studies were to include a comparison of costs of construct-
ing the sewer by open cut and tunnels, the maintenance and
operating costs, and their recommendations on the best method
to fit the City's needs.

It was decided to construct a lined tunnel sewer in
the Niagaran limestone formation approximately 250 feet under
the surface of Lawrence Avenue and demonstrate the feasibility
of the "Underflow" concept. See Figure 4. The rock tunnel
would be excavated by a tunnel boring machine. Lawrence Avenue,
an arterial street, was selected as the route of the sewer be-
cause of the requirement of the mole to travel in nearly a
straight line. Because the tunneling would be so far below
the surface, traffic in that arterial street and commercial
activities would not be interrupted, as would be the case with
the conventional open cut construction.

The tunnel would be 12,800 feet long at 12 feet in
diameter and 9,300 feet long at 17 feet in diameter. A branch
tunnel in Harding Avenue extending south from Lawrence Avenue
to Berteau Avenue, a distance of 4,000 feet would also be
12 feet in diameter. Approximately 18,000 feet of new con-
ventional branch sewers would relieve the overloaded existing
sewers and convey the flow to the tunnel inlet shafts. Ten
inlet shafts would be constructed to supply the tunnel and one
25-foot diameter outlet shaft for the discharge drainage.

The total storage in the tunnels and shafts will be
about 4,000,000 cubic feet or about 0.30 of an inch over the
3,620 acre drainage area. This storage would provide space
for the runoff from rainfall accumulation up to about 0.9
inches without overflowing to the river.
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COMPUTER STUDIES

In order to analyze the Lawrence Avenue Underflow
sewer system under actual operating conditions, a mathematical
model of the system was simulated in a computer program. Each
hour of rainfall during an entire year was analyzed. The
amount of rainfall along with the corresponding hourly code
was recorded on punched cards. The computer was programmed to
determine the net runoff from the impervious and pervious
areas for each hour of rainfall. For the impervious area,

a small amount of depression storage was subtracted from the
first hours of rainfall of each storm to obtain the net runoff
supply. On pervious areas, depression storage and varying
amounts of infiltration depending on wet or dry antecedent
conditions were subtracted from the rainfall to determine the
net runoff supply. The total runoff was then calculated by
weighing the net runoff supply from the impervious and the
pervious areas in accordance with the imperviousness ratio of
the tributary drainage area.

A hydrograph with a mass equal to the net runoff
supply was then developed. The base of this hydrograph can be
varied for the time of concentration of the tributary sewer
system. The hydrographs for adjacent hour periods having a
net runoff supply were then added together, somewhat similar
to the method used in summing the unit hydrographs in river
hydrology.

Sanitary flow was added to these runoff hydrographs
to obtain the combined flow hydrographs for every rainfall
period of the year. For this study 0.01 cubic feet per second
per acre was used as the sanitary flow rate. This rate has
been verified as a good approximation for the quantity of
sanitary flow by the U.S. Public Health Service studies on the
Roscoe Street sewer system which serves a similar drainage
area.

At each overflow point of the existing sewer system,
it was assumed that up to two times the dry weather flow
would continue to flow by the overflow weir and along its
present route to the treatment plant. The excess flow over
and above two times the dry weather flow spills down into
the tunnel system.
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The sanitary flow at these overflow points is
assumed to be uniformly mixed in the total combined flow up-
stream of the controlling weir. Four factors were set for
the pollutional load in the combined flow. These included
suspended solids in sanitary sewage, suspended solids in
storm water, B.0.D. in sanitary sewage and B.0O.D. in storm
water. The sewer was sized for only its necessary convey-
ance capacity to handle the calculated runoff from a five-year
. frequency on its tributary drainage area.

A graph of the storage volume was plotted against
the water surface pool elevation in the tunnel. This data was
placed in the computer with linear interpolation between sets
of points. When the volume of inflow to the tunnel exceeded
the total storage volume, the excess water was discharged to
the river. Limitations were placed in the program, on the max-
imum discharge flowing through the system, since storms ex-
ceeding the design capacity of the existing sewer system and
the new tunnel system would cause upstream basements to flood.
This flooding would limit the maximum discharge through the
system. This eventuality was provided for in the computer by
flood routing procedures and limiting the maximum discharge to
1,500 cfs.

A set time after the last hour of rainfall of a
storm period, the dewatering pumps were turned on. The pumps
were set at 48 cubic feet per second which would provide com-
plete dewatering of the tunnel to the interceptor in 24 hours.

The B.0.D. in the tunnel was assumed to be pumped
to the interceptor or to overflow to the river at the instan-
taneous concentration in the system. The suspended solids
were divided into two parts, that which would remain in sus-
pension and that which would settle as a function of tunnel
velocity. That portion which remained in suspension was
pumped during dewatering or overflow to the river at the in-
stantaneous concentration in the system. The volume of sus-
pended solids that settled to the bottom was assumed to be re-
moved by flushing and pumping after the tunnel was dewatered.

Table 1 shows the results summarized for five years
of records using the rainfall as it occurred at Midway Airport,
U.S. Weather Bureau Gage for 1956 to 1960 inclusive.
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Table I

PERFORMANCE COMPARISON

LAWRENCE AVENUE UNDERFLOW SEWER - EXISTING CONVENTIONAL SEWERS IN AREA

A Summary of Computer Calculations Based on Hourly Precipitation Records for 5 Years Period 1956 - 1960

5 Year

CRITERIA 1956 1957 1958 1959 1960 Average
HOURS OF PRECIPITATION 446 631 456 631 547 542
TOTAL PRECIPITATION (Inches) 22.23" 44.29'""{ 26.35" "38. 68" 27.84" 32"
EXISTING CONVENTIONAIL Number 52 79 55 61 47 59
SEWERS IN AREA Duration (Hrs.) " 156 336 183 282 218 235
OVERFLOW TO RIVER Suspended

Solids (Lbs.) 557,400 | 1,882,500 840,90011,406,100 877,700 11,112,900

B.O.D. (Lbs.) 81,600 236,000| 114,700 182,700 { 124,200 147,800
LAWRENCE AVENUE Number 4 6 6 4 6 5
UNDERFLOW SEWER Duration {Hrs.) 9 22 17 15 25 18
OVERFLOWS TO RIVER Suspended

Solids (Lbs.) 73,600 763,300| 156,200 542,300 199,400 347,000

B.0O.D. (Lbs.) 11,300 75,900 20,300 52,000 25,100 36,900
REDUCTION (Percent) Number 4 92% 92 % 89% 93% 87% 91%
IN OVERFLOWS DUE TO Duration (Hrs.) 94% 93% 91% 95% 89% 92%
LAWRENCE AVENUL Suspended
UNDERFLOW SEWER Solids (Lbs.) 87% 609 81% 61% 77% 73%

B.O.D. {Lbs.) 86% 68% 82% 2% 80% 78%
MAXIMUM STORAGE TIME Hours 87 70 63 68 89 75
IN TUNNEL - STARTING
DEWATERING PUMPS Days 3.6 2.9 2.6 2.8 3.7 3.1

4 HOURS AFTER RAINFALL
(PUMP CAPACITY - 48 CFS)

Prepared by:

The City of Chicago, Department of Public Works, Bureau of Engineering




HYDRAULIC MODEL STUDIES

Ten drop shaft structures were required to connect
the existing high level sewers and the connecting sewers to
the rock Underflow Tunnel. These drop shafts were all slight-
ly over 200 feet in length. Harza Engineering Company and the
St. Anthony Falls Hydraulic Laboratory were retained to study
and test various configurations with the aid of models, and to
determine the best method to destroy the energy of water fall-
ing this distance. Another problem to be studied with the
computer and a hydraulic model was the surges that may result
when the fast filling tunnel suddenly becomes full during
large storms.

The final drop shaft configuration is shown in
Figure 5. This scheme uses a slotted wall with one side for
water and the other air, during low tail water. The slots in
the wall suck in air to be mixed with the water. This air=
water mixture having a much lower density, greatly reduces the
impact on the bottom. A large chamber or tumbling basin permits
the water and air to separate before the water enters the
tunnel.

During heavy storms after the tunnel is full and high
tail water exists, the water flows down both sides of the shaft
so as to reduce the hydraulic losses through the structure.

CONSTRUCTION

The Lawrence Avenue Underflow Sewer System was pro-
posed to be constructed under several contracts. The first con-
tract was for the outlet shaft near the river, 9,126 feet of
17-foot and 16,638 feet of 12-foot concrete lined rock tunnel.
Soil borings and rock cores showed that the dolomitic limestone
rock was very dense and at the level of the tunnel, little water
problems were expected.

Contract Number 1 was awarded to the low bidder in
November 1967 at a price of $10,792,094. This cost was to be
financed with $1,500,000 from a Federal Water Quality Adminis-
tration grant and the remaining from the City of Chicago's
Sewer Bond Program.
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The contractor elected to use the mole designed for
the smaller 12-foot tunnel as a pilot tunnel for the 17-foot
and later enlarge it to full size by drill and blast methods.
A tunnel mining machine, built by the Lawrence Manufacturing
Company of Seattle, Washington, was used. The photograph of
the machine being placed in the tunnel is shown in Figure 6.
The actual cut of the machine is 13'-8" so as to allow for the
concrete lining. Figure 7 shows the very smooth walls of the
portion mined by the machine. A summary of pertinent data
for this contract is shown in Table 2.

An inspection of the mined portion of the tunnel
revealed that the bedrock consists essentially of a light gray
to gray massive fine grained dolomitic limestone with horizon-
tal clay partings. The horizontal clay partings probably re-
present bedding planes, and were partially obscured by the mach-
ine operation. Occasional areas were washed clean by seepage
from fractures and/or joints, and in these areas, the bedding
planes had an average thickness of about 1/4 inch to 5 inches.
There is no apparent opening or space along bedding planes
throughout the excavated portion of the tunnel as is evidenced
by the lack of obvious seepage of groundwater through the
bedding planes.

No faults occurred in the inspected area. The major
fractures and/or joints in the tunnel are basically vertical
and run in either a northeast to southwest or northwest to
southeast direction. The fracture and/or joint openings are
generally 1/8 inch to almost 1 inch thick. A grayish green
to green clay generally was found in the fracture and/or
joint openings.

As mentioned above, there was no apparent seepage
of groundwater from the bedding planes. Approximately 75 per-
cent of the fractures and/or joints had at least some water
seepage. Generally, the walls and ceiling of the tunnel were
damp. The quantity of seepage water which collected in the
tunnel amounted to only about 20 gallons/minute/mile.

During the construction of the first contract of
the Lawrence Avenue Underflow System, it was learned that the
mining machine had some difficulty maintaining line and grade.
This was caused by the pilot shaft at the front of the machine
which served to pull the machine along behind it. This problem
was later rectified when jacks were added behind the cutting
face of the second machine which was used.
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TABLE 2
Pertinent Data For
LAWRENCE AVE. SEWER SYSTEM

CONTRACT NO. 1

Length of Tunnel:
In Lawrence Ave.
In Lawrence Ave.
In Harding Ave.

*9,126 feet of 15'-6%" x 19'-5"
12,670 feet of 12 foot dia.
3,968 feet of 12 foot dia.
25,764 feet

*6,760 feet mined by machine

to 13'-8" and enlarged by
drill and blast method and
2,366 feet full face drill and
blast with finished section of
8" liner to dimensions of
15'-6%" x 19'-5".

Depth below Ground

245 feet max., 220 feet min.

Slope of Sewer

2.5 per 1000

0.S5.
by
In
In
In

Diameter specified: (Mined
Machine) :

Lawrence Ave. (15t 9,126")
Lawrence Ave. (279 12,670')

Harding Ave, (3,968")

18" —-4"
13t —g*
13*-4"

0.S. Diameter Actual:

In Lawrence Ave. (15t 9,126") 16'-10%"x20'~9" D&B or enlarged
g from machine bore of 13'-8".
In Lawrence Ave. (2P¢ 12,670'") 13'-9" dia.
In Harding Ave. 13'-9" dia.
I.S. Diameter:
In Lawrence Ave. (15t 9,126") 15'-6%"x19'-5" (lined)
In Lawrence Ave. (2Rd 12,670') 12'-0" dia. (if lined)
In Harding Ave. (3,968') 12'-0" dia. (if lined)
Tail Tunnel 61 feet
Shaft 27 feet dia. and 256 feet deep
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TABLE 2 (cont.)
Pertinent Data For
LAWRENCE AVE. SEWER SYSTEM
CONTRACT NO. 1

Contract Costs (Bid):

1. Shaft $ 600,000
2. 12 foot dia. Tunnel 4,658.640
17 foot dia. Tunnel 3,732,534
3. 12 foot dia. Lining 998,280
17 foot dia. Lining 730,080
4, Rock Bolts 67,500
5. Wire Mesh 5,000
Total $10,792,094
Increased Storage (without conc. 31% increase in Volume

lining in the 12' dia. section)
In Lawrence Ave. (west of
Sta. 91+50)

In Harding Ave.

16,610 cubic yards
5,202 cubic yards

Total 21,812 cubic yards
Award Date November 1, 1967
Term of Contract 1,095 days
Specified date of completion November 5, 1970

Normal Shifts

24 Hours Mon. through Sat.

Progress to Date:
In Lawrence Ave.:
Machined mined (13'~-8")
Drill & Blast Enlargement
Full Face Drill & Blast
In Harding Ave. (13'-9")

6,760 feet (1-31-69)
6,760 feet (9-22-69)
2,383 feet (sta.91+43) (5-7-70)
2,710 feet (5-7-70)

Progress Max. Week

347 feet (3 shifts, week
ending 11-23-68)

Progress Max. Day

92 feet (2 shifts on 4-21-70)

Maximum Penetration ft./hr.

8.6 Maximum

Comp. Strength Rock p.s.i.

11,400 to 29,600
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TABLE 2 (cont.)

Pertinent Data For
LAWRENCE AVE. SEWER SYSTEM
CONTRACT NO. 1

Mining Machine:
Manufactured by

Thrust of Machine
Drive of Machine
Operation Voltage
Make of Bits
Number of Cutters
Dia. of Cutterhead:

Machine No. 1

Machine No. 2

Length of Machine:

Assembly

Drawbar

Power Train

Auxiliary Power Train

Total

Lawrence Mfg. Co.

1,300,000 1b.(Max.) 850,000 Lb.Op.
5-125 hp. Motors

480 Volts

Lawrence Mfg. Co.

29 Disc-Type with carbide inserts.

13'-8" dia. in Lawrence Ave.
13'-9" dia., in Harding and Lawrence

19'-11"
15'-11"
23'-7"
25140
g4vr-9"

Tunnel Power Line

4,160 Volts

Conveyor System Manufacturer

Lawrence Mfg. Co. with a Good-
year Belt 24" wide by 84' long.

Muck Cars

Length of Train
Track Gauge

6 Cubic Yards

9 Cars
36“

Locomotives 10 Ton, Plymouth Diesel, 86 hp.
Ventilation 28" Vent line

2-40 hp Vent fans made by the

Joy-Axivane Ca.

14,000 CFM each.

One 15 hp fan at street level

to prevent any line back pressures.
Contractor J. McHugh Construction Co.

S. A. Healy Co., and Kenny
Construction Co. (a joint wventure)

Resident Engineer

John Redmore
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The most significant causes of time delays in this
contract consisted of: the replacement of a burned-out trans-
former; replacement of burned out electrical cables and blown
electrical switches; replacement of cutting wheels, conveyor
rollers and muck buckets; repairs to the pilot shaft; and
removing the original machine and installing its modified
replacement.

In March, 1970, a second contract was awarded for
8,400 feet of earth tunnel, which will serve as the collect-
ing sewers to intercept critical relief points in the exist-
ing City sewer system. Sizes of these tunnels, to be con-
structed in medium to hard blue clay, range from 5 to 9% feet
in diameter. This contract went for $2,393,645 and will be
financed entirely by the City's Sewer Bond Program.

Another small contract for drilling three (3) mon-
itoring wells was let in August, 1969 at $45,805 to test the
groundwater quality and pressure at three levels of the aquifer.
This contract includes level recorders and sample pumping fac-
ilities.

Three more contracts are required to finish the
entire Lawrence Avenue Underflow System. These are for the
ten drop shaft structures, pumping stations and outfall stru-
tures, and at some future date a contract for additional collect-
ing sewers. After the completion of these contracts, the total
cost of the Lawrence Avenue Underflow System will be approximate-
ly $21,000,000.

Subsequent to placing the Lawrence Avenue Underflow
Sewer System under construction, two more large Underflow
Sewer Systems were started in the Chicago Area by the Metro-
politan Sanitary District of Greater Chicago. One of these is
a 15-foot diameter Underflow Sewer in Crawford Avenue from the
Calumet Sag Channel to 105th Street, a length of 18,300 feet.
The other is a 12-foot diameter Underflow Tunnel having a
length of 17,600 feet, and serving the LaGrange-Brookfield sub-
urban communities.

It is noteworthy that the three Underflow Sewers, all
being constructed in the same dense Niagaran limestone strata,
are being constructed by mining machines of different manu-
factures. Tables 2 and 3 show the pertinent data of the three
jobs.
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TABLE 3
Pertinent Data For Underflow
Sewers Being Constructed by MSDC

Lawndale Ave. & 47th 127th & Crawford
St. SWIS 13A Ave. Calumet
18E-Ext. A
Length of Tunnel 17,634 feet 18,320 feet
Depth below ground 235 Max. 201 Min. 223 Max.216 Min.
Slope of Sewer 2.1 per 1000 1.5 per 1000
0.S. Diameter Specified 13'-4" 16'-4"
0.S. Diameter Actual 13'-10" le'-10"
I.S. Diameter (if lined) 12'-0" l15'-0"
Tail Tunnel 250 feet 260 feet
Shaft 30' and 28'x206' 29' and 27'x223!
deep deep
Contract Costs Bid Revised Bid Revised
1. Shaft 850,000 850,000 1,000,000 1,000,000
2. Tunnel 4,567,206 4,503,724% 4,763,200 4,763,200
3. Lining 793,530 0 1,190,476 0
4, Bulkhead ) included above 1,000 1,000
Total 6,210,736 5,350,724*%* 6,954,675 5,764,200
* includes credit for rock

material and refund on Elec.
Agreement ($360/1lin.ft.
credit on rock).

Increased Storage
(without Conc.

lining)

36% increase in
Volume 24,000
Cubic Yards

26% 1increase in
Volume 31,000
Cubic Yards

Award Date June 6, 1968 May 17, 1968
Term of Contract 930 Days 933 Days
Specified Date of
Completion Jan. 5, 1971 Dec. 16, 1970
Normal Shifts 24 hrs. Mon. thru 24 hrs. Mon.
Fri. 16 hrs. Sat. thru Sat.

Progress to Date

5,845 ft.(1-7-70)

4,860 ft.(1-6-70)
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TABLE 3 (cont.)

Lawndale Ave. & 47th

127th & Crawford

SWIS 13A Ave. Calumet
18E-Ext. A
Progress Max. Week 467 feet 480 feet
Progress Max. Day 113 feet 129 feet

Max. Penetration ft./hr.

5.5 avg. 7.2 max.

4.9 avg. 7.2 max.

Comp. Strength Rock psi.

15,000 to 24,900

23,500 to 39,000

Mining Machine
Manufactured by

Thrust of Machine
Drive of Machine
Operation Voltage
Make of Bits

Number of Cutters

James S. Robbins &
Assoc. Inc.
890,000 1b. (Max.)
6-100 hp motors
460 Volts

James S. Robbins &
Assoc. Inc.

27 Disc-Type

plus Tri-Cone

Jarva, Inc.

2,200,000 1b. (Max.)
8-125 hp motors
480 Volts

Reed Drilling
Tools

54 Reed Type OKC
Tungsten Carbide
insert

Length of Machine 37 feet 35 feet
Dia. of Cutterhead 13'-10" 16'-10"
Conveyor System

Manufactured by Moran Eng. Co. Card Corp.

96' Bridge Con-
veyor (20" widebelt)
to 132'(18" wide
belt)car loader

260" conveyor
Supporting a
30" belt

Muck Cars
Length of Train
Track Gauge

4.4 Cubic Yards
10 Cars
24"

10 Cubic Yards
10 Cars
36"

Locomotives 10 Ton, Plymouth 15 Ton, Plymouth
Diesel, 70 hp Diesel, 160 hp

Ventilation 30" Vent line 36" Vent line
2~100 hp Vent fans Joy-Axivane fans
@ 12,000 CFM ea. 31,000 CFM max.

Contractor S.A.Healy Company S.and M. Con+*

& Kenny Cons. Co.
(a joint venture)

tractors, Inc.

Resident Engineer

Geo. A. Taylor

Thomas P. Vitulli

Tunnel Power Line

7,200 Volts

7,200 Volts
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Although the mining machines have had considerable
problems in the 11,000 to 29,000 psi rock, they are now making
over 500 feet per week. There is no question that these
machines can perform in this type of rock. It is the writer's
opinion that the maximum size limitation in this rock will be
in the 20 to 25 feet diameter range for the next several years.
Sizes above 25 feet diameter, contemplated in the area-wide
Underflow Plan, will be constructed by the drill and blast
method.

The construction of these Underflow Sewer Systems
will demonstrate the feasibility of constructing, economically,
a detention reservoir to greatly reduce the pollution caused
by overflows from combined sewers, far below the surface in
public right-of-way, while providing the conveyance capacity
to reduce basement and underpass flooding. It will also dem-
onstrate the practicability of constructing a much enlarged
Underflow System beneath the waterways to serve the entire
300 square mile combined sewer area in the City of Chicago and
the surrounding Metropolitan Area. When the enlarged Underflow
System is completed, the Lawrence Avenue Underflow Sewer and
the two being constructed by the Metropolitan Sanitary District
will become branches to the trunk lines under the waterways.

At that time the pumping stations serving these three initial
Underflow Sewers will be abandoned.
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RECOMMENDED SOLUTION TO THE PROBLEMS
OF FLOODING AND POLLUTION

INTRODUCTION

Because of the urgency of meeting the water quality
standards, SWB-15, (2) established by the Illinois State San-
itary Water Board and approved by the Federal Government,
studies were continued on the various solutions to the flood-
ing and pollution problems.

In February 1968, a Technical Advisory Committee of
prominent engineers in the field of sanitation and drainage
was established to review the several plans advanced for solv-
ing the pollution and flood control problems of the Chicago
Metropolitan Area. The Technical Advisory Committee was charged
with establishing criteria by which each plan would be eval-
uated, and finally to make recommendations to the Flood Control
Coordinating Committee on the plan or composite plan which would
be best suited to economically solve these problems.

Such a plan would be primarily aimed at solving the
pollution of the waterway system caused by the overflow from
combined sewers during rainfall periods and eliminating flood-
ing of the waterway in time of heavy storms. The plan must pro-
vide for meeting the criteria established by the State Sanitary
Water Board for each water course not only as to the quality of
water but as to time of implementation. The recommended plan
must be adequate to handle a recurrence of the greatest storm
of record without requiring the discharge of river or canal
water to Lake Michigan.

The final plan selected, although meeting the criteria
established for pollution abatement and flood control, should
be as broad and as multiple-purpose as possible. Such other
areas as recreation, esthetics, navigation and power generation
should be considered if economically justified.

STORAGE-ENTRAPMENT STUDIES

Since there was considerable difference of opinion as
to the effect of storage on entrapment of pollutants, a sub-
committee with members selected to represent the three principle
local agencies of the Technical Advisory Committee made some
detailed computer studies involving the relationship between the
volumes of underground storage (acre-feet) and the trap efficiency
(percent of total B.0O.D. spillage that would be trapped in under-
ground storage).
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These computer studies resulted in the relationship shown in
Figure 8.

From this study, it appeared that the percent of en-
trapment varies greatly with the amount of storage until reach-
ing between 15,000 and 20,000 acre-feet when applied to the 300
sguare mile combined sewer area. Above 20,000 acre-feet, the
increase in entrapment is at a far slower rate per increment of
volume. If capital cost per acre-foot were constant for all
volumes, then to achieve a trap efficiency greater than 98 per-
cent might appear uneconomical and unwarranted. However, many
other compensating factors in the cost of providing such stor-
age volume must be carefully evaluated.

PRESENT STATUS OF PLAN FOR POLLUTION AND FLOOD CONTROL

The authors have generally agreed that the First Phase
Construction, to be outlined in the subsequent paragraphs of
this report, is compatible with the Metropolitan Sanitary Dis-
trict's, the City of Chicago's and the State Division of Water-
ways' proposed plans. This is with the complete understanding
that as detailed design progresses on this First Phase, con-
veyance tunnel configuration, size, elevation, storage volume,
treatment of the overflows and locations may require some mod-
ifications to provide the most economical system. The exten-
sion of the underflow tunnel to the DesPlaines River at Lock-
port, lowering of the waterways for navigation and flood control,
or generating hydro-electric power to offset a part of the cap-
ital cost under the Second Phase work, require further eval-
uation.

The elected officials of the various agencies, however, have
not adopted the First Phase Construction, nor any of the

three plans as of this writing. Implementation of the projects
will depend on policies established and commitments made by
these agencies.

In the following paragraphs, the complete Underflow-Storage
Plan is presented only to provide the reader with the re-
lationship of the First Phase to the overall plan.

COMBINED UNDERFLOW-STORAGE PLAN

A modified form of the initial Underflow Plan pro-
posed in the 1966 report has been developed and is referred to
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as the Combined Underflow-Storage Plan.

Since the Illinois Division of Waterways has sol-
idified their recommendations regarding waterway improvements,
and have prepared specific recommendations and requested
action by the U.S. Corps of Engineers to reconstruct that
portion of the Illinois Waterway through Joliet. As already
stated, their recommendations include the removal of the Brand-
on Road Dam and Lock and the existing Lockport Lock and Con-
trolling Works, and the construction of a new dual lock and
control gates in the waterway about 2 miles upstream from the
existing Lockport Lock. This will extend the water levels of
the Dresden Pool upstream to the new Lockport Lock, where the
low-water differential water surface will become about 74 feet.
The corresponding differential, during maximum flows, has not
been accurately determined but will probably be about 70 feet.
The proposed relocation of the locks and deepening of the
channel is shown on Figure 9.

The completion of the above described work will move
the possible point of low-level discharge for an underflow
tunnel, or tunnels, about 10 miles upstream from that shown
in the 1966 Chicago Underflow Report. The utilization of this
low-level point of discharge for peak flows becomes more
attractive,

Also shown on Figure 9 is a proposed widening of the
Sanitary and Ship Canal from the new Lockport Dam and Locks to
Sag Junction.

A project, already approved by Congress and awaiting
funding, provides for the widening of the channel to 225 feet.

The Chicago Drainage Plan now proposed by the Illinois
Division of Waterways recommends the widening of this reach to
325 feet to accommodate barge tows which currently operate on
the Illinois Waterway as far upstream as Brandon Road Pool and
to increase flood conveyance capacity.

The Division of Waterways Plan also recommends a
10-foot deepening of the Canal for a width of 150 feet to
further increase conveyance capacity.

The Combined Underflow-Storage Plan herein recommend-
ed assumes a widening to 325 feet, without any deepening.
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TABLE 4

STORAGE VOLUME IN MAIN TUNNELS

LOCATION SIZE LENGTH VOLUMES IN ACRE FEET

(MILES) PER MILE PHASE 1 PHASE 2 TOTAL
Mainstream Twin 26'x50" 11.99 302.0 3,621
Mainstream Twin 26'x5Q' 20.38 302.0 6