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SOUTHEASTERN ~ WISCONSIN ~ REGIONAL ~ PLANNIN

916 NO. EAST AVENUE [ ] P.0. BOX 769 [} WAUKESHA, WISCONSIN 53186 ®

Serving the Counties

July 5, 1977

STATEMENT OF THE EXECUTIVE DIRECTOR

Pursuant to the provisions of Section 208 of the Federal Water Pollution Control Act, the Southeastern Wisconsin Regional
Planning Commission on July 1, 1975, undertook an areawide water quality management planning program. The objectives
of this program are: to determine current stream and lake water quality conditions within the Region; to compare these
conditions against established water use objectives and supporting water quality standards; to explore alternative means of
meeting those objectives and standards through the abatement, as necessary, of both point and diffuse sources of water
pollution; and to recommend the most cost-effective means of meeting the established objectives and standards over time.
The formulation of sound recommendations for the abatement of water pollution and attainment of water use objectives
requires, among other things, definitive knowledge of the state of the art of the technology of wastewater treatment and
disposal. If the areawide water quality management plan is to be sound and practical, it must seek to properly apply, as
necessary, the best available wastewater treatment technology and avoid the proposed application of outmoded as well as
of unsound, unreliable, or unsafe practices.

In order to assure that the areawide water quality management plan would be founded on a sound technical basis, the
Commission retained a consulting engineering firm—Stanley Consultants, Inc.—to conduct a review of the state of the
art of water quality management. The study was intended to provide definitive data on the applicability, effectiveness,
reliability, and cost of the various techniques currently available for the treatment of sanitary and industrial wastewaters,
urban storm water runoff, rural storm water runoff, and the residual solids—or sludges—resulting from the treatment of
these wastewaters. The findings of this review of the state of the art are presented in a four-volume report. This, the first
volume, presents the state of the art of the control of point source pollution. More specifically, this report presents in
a concise manner information on the cost and effectiveness of the various techniques that are available for municipal
sanitary wastewater treatment; small area onsite sewage treatment; and industrial wastewater pretreatment; as well as for
discharge or reuse after treatment and for land application of the wastewaters. It is important to note that the experienced
and knowledgeable members of the Commission Technical Advisory Committee for Areawide Water Quality Management
Planning in Southeastern Wisconsin have found the information presented in this report to be accurate and acceptable for
use in the areawide water quality management planning effort.

It is the hope of the Commission staff that, in addition to properly reflecting the current state of the art of wastewater
management, this volume and its three companion volumes will contribute to that state of the art by providing a concise
presentation of the techniques involved, evaluating their application to water quality management within southeastern
Wisconsin, and presenting the technical information in a format which permits consideration of the cost of alternative
means of meeting the water use objectives for the lakes and streams of the Region.

Respectfully submitted,

Kurt W. Bauer
Executive Director
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Southeastern Wisconsin Regional
Planning Commission

916 N. East Avenue

Old Court House
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Re: State-of-the-Art
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Planning Program
We are pleased to submit our final draft report entitled “Point Source Wastewater Control
Alternatives and Cost Information.” We trust that you will find the information provided repre-
sentative of existing and emerging state-of-the-art practice applicable to southeastern Wisconsin,
and that it will prove useful in your development and analysis of alternatives for your region.
Should you have any questions during your review of this report, please feel free to call us.

Sincérely,

STANLEY CONSULTANTS, INC.

G ke

R. G. Fritchie, P.E.
Project Manager

INTERNATIONAL CONSULTANTS IN ENGINEERING, ARCHITECTURE, PLANNING, AND MANAGEMENT
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Chapter 1

INTRODUCTION

GENERAL

This report presents options for treating point sources of
pollution to specified effluent quality objectives. Cost
and performance data for the unit operations involved in
wastewater treatment are included. Control alternatives
include flow or load reduction at the point source and/or
treatment for discharge or reuse. Factors other than
cost involved in unit process selection are examined.
Information is presented in sufficient detail to be useful
for subsequent development and evaluation of alternative
wastewater treatment plans in the Region. The application
of the cost curve information should only be used for
general planning purposes for comparing alternatives
either on a regional basis or for a given location. More
detailed analysis under 201 facilities planning studies will
determine the most cost-effective solution for a specific
wastewater treatment facility.

SCOPE
The specific scope of this investigation includes:

1. Evaluation and description of industrial pretreat-
ment, municipal, and small area wastewater
treatment processes applicable to categories of
wastewater sources occurring in the Region includ-
ing alternatives for treatment and discharge, treat-
ment and reuse, and land application.

2.For each of the processes identified, develop-
ment of:

a. Cost curves relating construction and operating
costs to appropriate design parameters.

b. Information on energy, chemical, and man-
power requirements of the processes.

c. Data on removal efficiencies of the processes
for relevant wastewater characteristics.

d. Estimated residual waste quantities and char-
acteristics generated by application of the
processes.

e. General land requirements of the processes.

f. Information on the reliability, economic life,
and other noncost selection factors.

g. Major constraints to the use of the processes
as a result of law and other considerations.

3.Provision of brief descriptions of treatment
processes which do not appear appropriate for
utilization at the present time for reasons of
technology, economics, or environmental factors.

4. Development of typical treatment schematics
suitable for application in the Region defining
the range of influent characteristics which can
be accommodated and range of effluent values
which can be expected.

5. Evaluation of alternative technigues to reduce the
flow and/or load reaching municipal wastewater
treatment facilities including guidelines on indus-
trial waste pretreatment.

6. Evaluation of the general feasibility of alternative
methods and costs for conveying wastewater from
the point of generation to the point of treatment.

7. Evaluation of the general feasibility of instream
modification of water quality through post-plant
processes.

STUDY AREA

Treatment processes, schematics, and cost have been
developed for application in the Southeastern Wisconsin
Region which consists of Kenosha, Milwaukee, Ozaukee,
Racine, Walworth, Washington, and Waukesha Counties
(see Map 1).
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Chapter II

REVIEW OF EXISTING FACILITIES

INTRODUCTION

In the Region, wastewater discharges from municipal
water and wastewater treatment facilities, industrial
facilities, power plants, and semipublic and private facili-
ties are recognized as point sources of pollution. Informa-
tion on flow quantities, influent and effluent wastewater
characteristics, and treatment processes used is presented
in this chapter for these point sources to provide a basis
for evaluation of the applicability of certain wastewater
management techniques in southeastern Wisconsin. It
should be noted that the information regarding point
sources is continually being reviewed and refined by the
Commission (SEWRPC). The following sources contain
information on existing point source facilities used in
compiling data presented in this chapter:

1. A Regional Sanitary Sewerage Plan for South-
eastern Wisconsin, Planning Report 16, issued by
the Southeastern Wisconsin Regional Planning
Commission, 1974.

2. Water Quality Management Basin Plan for the

Rivers of Southeastern Wisconsin, issued by the
Wisconsin Department of Natural Resources,
1975.

3. Wisconsin Pollutant Discharge Elimination System
(WPDES) permits for specific sources, Wisconsin
Department of Natural Resources, July 1975.

4. Individual engineering reports and facility plans
for specific point sources.

MUNICIPAL WASTEWATER CHARACTERISTICS

The raw wastewater quality and quantity for municipal
facilities in the Region varies significantly from treatment
facility to treatment facility as shown in Table 1. Because
of this wide variety of wastewater characteristics, a dis-
tribution analysis was performed for the various raw
wastewater parameters as reported in Table 1. Figure 1
presents the results of the distribution analysis. To
develop representative treatment schematics (unit process
arrangements) to meet specified effluent quality objec-
tives for the Region, three values of raw wastewater
characteristics were selected from Figure 1 in concert
with Commission staff to typify the wastewater of
the Region. These values are shown in Table 2. The
wastewater treatment schematics in Chapter V were
developed using these raw wastewater characteristics.
In this manner, proposed treatment facilities for the
Region are based on raw wastewater values experienced
in the Region, and not ‘‘typical” literature values.

To obtain the raw wastewater values in Table 2, the infor-
mation used and assumptions made are as follows:

1.BODy and TSS values are 1975 data obtained
from SEWRPC' as presented in Table 1 and
analyzed in Figure 1.

2. Nitrogen and phosphorus values are based upon
sampling survey results summarized in Table 70
from Planning Report 162 and analyzed in
Figure 1. Survey data obtained by the Wisconsin
Department of Natural Resources at 22 waste-
water treatment plants during 1974, 1975, and
1976 indicated an average phosphorus value
which was approximately 17 percent lower than
the data included in Planning Report 16 while
ammonia nitrogen and organic nitrogen average
values were approximately 4 percent and 15 per-
cent higher than the average values indicated in
Planning Report 16. It should be noted that the
pattern of higher raw wastewater phosphorus and
nitrogen concentrations associated with the higher
BODg and suspended solids concentration levels
can vary at specific treatment facilities. As an
example, the Milwaukee-Metropolitan Sewerage
District’s South Shore wastewater treatment plant
reported a 1975 raw wastewater annual average
BODr and suspended solids concentrations of
308 mg/l and 437 mg/l, respectively, indicating
the influent approximated the BOD and sus-
pended solids influent III level concentrations
noted in Table 2. However, the raw wastewater
average phosphorus concentration during 1975
for that plant was reported to be 13.3 mg/l
indicating a value slightly lower than the phos-
phorus concentration indicated for influent level
II, while the raw wastewater average total Kjeldahl
nitrogen concentration was reported to be 47.6
mg/l indicating a higher nitrogen concentration in
the influent than indicated for influent level III.

3. Approximately 51 percent of the raw total
Kjeldahl nitrogen (TKN) is ammonia nitrogen
(NHg-N) based upon 1970 data from Planning

Y Wisconsin Department of Natural Resources, computer
printouts on Municipal and Industrial Treatment Facili-
ties, July 1975.

2 Southeastern Wisconsin Regional Planning Commission,
A Regional Sanitary Sewerage System Plan for South-
eastern Wisconsin, 1974.




MUNICIPAL TREATMENT FACILITIES IN SOUTHEASTERN WISCONSIN: 1972 and 1975

Table 1

Effluent Characteristics

- Fecal
Flow Raw Waste Characteristics Cofiform
Actual Design 80D, Tss BOD, Tss 3 tNumber of
g (mga) i/} ima/l ol imall (mal) o | to0mn Existing Treatment
Facility {Average} (Average) {Average) {Average) {Average) (Average} (Average} {Average) | (Averagel Liguid Sludge
Kenosha County
Kenosha, . 15.40 1844 20.87 18.00 75 17 231 102 23 553 ) 9 - 9 2 34 084 136 198 77 33 | PcC-ASFCD AN-FP-LS
Kenosha® . 1.80 4.0 756 | 20.00 - 102 - - 314 - - 18 - - % - - - - - - CSFCD -
Twin Lakes 032 041 049 082 18 137 17 122 319 491 1 14 18 6 7t 789 - - 79 - PCTF-CFC/ASFC-D| AD-AN-OB-LF
Silver Lake 0.13 0.15 018 0.30 a5 a7 50 81 74 100 1 2 a 2 2 3 - - - 73 - CS-FC-D-C AD-LC-LS
Plassant Prairie Utility District D . . . . . 0.07 0.10 0417 0.3 58 124 182 - - - 5 8 12 - - - - - - 70 CS-FCDP AD-Kenosha
Salem Sewer Utility District No. 1. . . . . 0.06 008 013 0.30 50 18 158 77 157 228 5 10 18 5 12 23 - - 74 ASFCODP AD-Kenasha
Bristol Uility District No. 1 . 0.02 0.07 01 0.08 - - - - - - . g - - - - - - - - AS-FC-D ADLCLS
Somers Sanitary District No. 2 0.04 0.06 009 003 208 342 9 59 91 17 67 n - - 77 791 | EAFCD S-Kenasha
Paddock Lake . . . . - 017 - 040 97 - - 13 18 - » 3t - - - 76 - PC-AS-FC-D AN-LS
Pleasant Park Utility Company. . . . . . . - - - 0.06 - - - - - - - - - - - ASFCSFD AD-Kenosha
Plessant Prairie Utility District 73-1. . . . - - - - - - - - - - - - - - - - - - - - - ASFC-D-CSF AD-Kenosha
Milwaukae County
Mitwaukee-Metropolitan
Sewerage District
Jones Istand . . ... ... ... 12300 | 137.10 15140 | 20000 25 426 511 276 377 501 17 2% 55 14 50 122 0.25 0.76 1.70 76 380 | PS-ASCFCD VE-Milorganite
South Shore . . . 5810 73.70 9390 | 120.00 221 308 422 314 437 569 13 8 51 25 7 129 230 3.90 6.10 70 80 | PC-ASCFCD AN-LC-LFLS
Hales Corners . . 0.36 0.52 069 0.60 18 174 248 18 174 268 35 a2 2 53 66 - - - 74 50 | PCTFCFCD AN-DB-LS
South Milwaukee, . S o 2.04 267 3.54 6.00 125 161 202 124 166 209 12 27 7 " 8 - - - - - PC-AS-C-FCD AN-Zimpro-DB-LC-LF-LS
Rawson Homes Sawer and Water Trust . . - - - 0.04 - - - - - - - - - - - - - - - - ASFCD
Ozaulee County
Port Washington . . 137 1.0 211 125 85 13 168 127 170 253 9 12 18 8 14 7 061 098 2.17 7.2 - PC-AS-CFCD AN-AD-LS
Cedarburg. . . . . . 097 141 2.10 3.00 65 2 176 70 154 315 3 " 29 12 2 82 160 280 330 75 66.7 | PC-TF/ASC-FCD AN-DBS-LS
Grafton 0.77 0.88 105 1.00 100 138 174 146 258 333 5 9 15 12 1% 20 - - - 73 - PCASCFCO AD-AN-LS
Thiensville . 037 0.57 102 0.24 50 7 97 60 83 104 8 0 k- 8 15 2 030 0.50 0.82 73 - PAPC-AS-C-FC-D AD-AN-DB-LS
Saukville 0.21 029 043 0.30 81 129 169 92 139 208 2 36 5 8 38 54 - - - 75 - PCTF-FCD AN-DB-LS
Fredonia 042 028 037 012 85 132 175 20 141 272 10 35 54 31 43 57 - - - 73 PAPC-ASFC-D AN-DB-LS
Belgium . 0,05 007 0.10 007 184 209 254 179 205 253 ] 0 38 40 54 66 - - - 74 PCAS-FC-D AN-DB-LS
Racine County
16.84 19,69 2465 | 3000 82 99 19 12 121 136 30 36 a1 60 78 m 3.3 437 8.186 73 260 | PC-ASC-FCD ANVE-LF-LS
- - - 14,13 - 80 - - 233 - - 20 -~ 94 - - 166 - - 500 [ MCA-AFD -
L. - - - 4240 - 61 - - 333 - - E23 - - 13 - - 087 - - 700 | M-CA-AF-D -
Burlington . . . . . 1.20 148 176 250 133 214 383 87 142 178 & 8 10 7 10 090 433 660 78 100 | ASCFCD ADCLS
North Park Sanitary District 099 113 130 200 90 97 104 155 179 209 12 15 20 21 2 29 0.70 0.34 0.96 79 - AS-£CD AN-DB-LS
Sturtevant. . . . . 038 0.53 083 0.25 7" 139 200 97 146 238 7 33 48 15 0 63 084 230 590 72 180000 | PCTFCFCD AN-DB-LC-LS-LF
Union Grove . . . S 036 043 0.59 0.30 130 212 307 149 203 320 22 a3 % 12 24 52 - - - 77 - PCAS-CFC-D AN-DB-S-LS
Western Racine County
Sewerege District. .. .. .. ....... 0.22 0.24 0.31 0.50 115 162 200 166 198 233 4 8 u 4 [ 10 - - - 78 - ASFCDC AD-DB-LS
Ceddy Vista Sanitary District. . . . . . . . 006 0.09 0.12 0.28 131 215 270 9 183 29 2 62 80 13 19 % -~ - - 77 - PCTFEC AN-DB-LS




Table 1 {continued)

Effiuent Characteristics
- Fecal
Flow Raw Waste Characteristics Coltarm
Actual Design BOD, Tss 80D, Tss 13 (Number of
imad) tmgd) img/ (gl imaft? (gl (gl oH 100 ) Existing Treatment
Facility {Average) {Average) {Average) {Average} {Average) {Average) {Average) {Average} | {Average) Liquid Sludge
Walworth County
Walworth . . - - - 0.15 13 158 223 8 151 212 10 24 40 15 51 86 - - - 86 - Imhott-TF-FC-DP AN-DB-LC-LS
Whitewater . 0.9t 114 147 250 379 481 659 201 281 293 32 50 74 a8 81 141 - - - 70 - PC-TF-FC/PC-ASFCD| ANDB-LS
Lake Geneva 0.60 0.74 0.87 110 89 127 155 120 149 183 18 2 42 2 P 50 5.00 7.20 9.00 7.7 - PCTE-CFCD AD-LF
Elkhorn . . 0.37 069 137 0.50 77 152 24t 62 113 186 5 13 2 8 10 16 - - - 75 - PCTE-FCTFFCCD | AN-DBLF-LS
Delavan . . 047 059 091 1.00 [:] 101 193 87 160 242 1 19 52 8 18 24 - - - 76 - PCTF-FCD AN-DB-LCLS
Fontana. . - 052 - 0.40 - 67 - -~ 82 - - 1 - - 10 - - - - - - PC-TFFCP-D AN-LS
East Troy . 0.2 025 0.27 032 69 105 145 39 64 109 28 53 7 16 2 - - - 75 9,500 | PCTFFC AN-DB-LS
Williams Bay . - 0.20 - 0.80 - 126 - - 57 - - 32 M - 5 - - - - PC-ASFC-PD AN-LS
i 0.09 0.14 0.19 0.15 94 122 210 7 119 165 5 8 17 4 7 n - 76 - | ASFCOP AD-LS
0.06 0.08 0.3 0.15 57 7 104 - 54 203 15 2 38 1 8 2 - - - 75 - | perreCD AN-LCLS
0.06 007 0.10 0.92 a6 132 179 7 110 261 8 19 28 5 17 36 - - - 76 PCTF-FCD AN-DB-LS
Washington County
West Bend. . . . . 3.20 370 420 250 80 106 126 114 259 336 5 9 15 12 17 2 087 1.24 1.80 78 PC-AS-CFCD AN-LS
Hartford. . 071 137 180 200 150 190 280 124 246 545 1 6 10 3 9 2 080 1.03 180 75 - ASCFCPMD AD-DB-LS
Germantown . 0.60 0.80 1.06 1.00 8 29 150 6 28 118 4 10 14 1 8 27 1.70 230 2.70 79 - ASCFCDP ADLC-LF-LS
Kewaskum . . 0.22 0.32 047 0.50 274 362 507 245 454 668 2 9 20 5 8 19 oz 177 270 78 - PAPC-AS-CFCPMO [ AD-VF-LSLF
Jackson . . 0.22 026 0.28 0.03 - - - - - - 89 140 215 -] 91 110 - - - 73 48x10° | pcTRFCD AN-DB-LS
Slinger. . . ... ... .. ... 0.07 015 029 0.15 65 127 192 100 169 268 2 24 46 18 37 54 - - - 75 - PAPCTEPAFCD | ANDBLS
Allenton Sanitary District. . . . .. .. .. 0.04 0.08 ot 0.10 322 424 544 300 479 668 5 17 2% 12 37 82 - - - 76 ~ | peasFcD AN-DB-LS
Viltage of Newburg . . .. . ........ - 0.07 - 0.08 224 246 258 337 372 a7 46 75 17 43 54 87 - - - 73 - AS-FC-D AD-LS
Waukesha County
Waukesha . 7.08 992 1198 850 121 162 197 121 153 172 6 8 14 16 kAl 2% 260 290 360 77 ~ | peTRFCTRCFCD | ANSLS
Brookfield 141 248 390 5.00 78 110 160 i 195 282 3 a4 11 % 6 1.50 2.40 2.90 79 1000 | PC-AS-CFCDP AD-FP-Incineration-LF
Oconomowoc. 1.54 190 233 150 158 231 311 16 180 223 2 a1 69 50 68 78 - - - 74 - | pcrRFCD AN-DB-LS
Menomonee Falis—Pilgrim Road Plant . . 116 1.40 179 190 28 7 % 100 146 241 5 13 17 12 28 33 220 3.80 600 78 - | PAPCTECFCIAS. | AD-AN-DB-LF-LS
cFC
Menomonee Falls—Lilly Road Plent . . . . 060 0.70 10 1.00 55 9 184 168 27 474 3 8 18 3 20 a6 060 250 10.40 73 - | AsFcco AD-DBE-LF-LS
Muskego-Big Muskego Plant . . . . . .. . 037 058 0.88 0.70 90 110 131 64 122 181 3 9 19 1 21 43 430 650 960 74 -~ |en Ls
SUSSX. ... 0.35 047 062 0.30 107 142 184 128 199 237 17 32 43 2 5 50 1.60 450 8.40 77 - | perFCEcD ADDBAS
Mukwonago. 0.36 044 0.55 0.22 7 121 151 a7 127 165 19 20 a6 15 2 44 0.70 0.83 097 74 - | reTFCFCD AN-DB-LS
Hortland. .. ..., .. ... . 034 0.43 050 0.35 &9 % 15 130 157 189 7 1 17 18 2 50 220 3.00 3.90 74 ~ | poasFco AN-DB-LS
Muskego-Northeast Plant . . . 0.23 034 051 050 116 153 228 85 136 188 6 1 14 3 20 2% 17 31 470 75 - | cscFepD ADDB-LS
Powaukee. . ... ... .... 0.22 030 0.40 0.75 79 203 374 106 276 655 19 30 42 18 37 55 - - - 74 - PC-TR/RBC/FCD AD-AN-LF-LS
AN-DB-L
DOUSMAN . . .. 0.10 o 0.13 042 61 % 126 109 135 182 18 23 27 10 31 48 - - - 74 - | pcasFcD ADLS
City of New Berlin
Regal Manor. . . .. ........... 0.12 013 6.4 035 136 209 282 78 160 260 20 83 145 2 ) % - - 70 CSFCD-P AD-DB-LS-Brookfield
Greenridge {Taken Out of
Service During 1975) . . .. ... ... 0.07 0.08 0.09 0.10 140 202 246 7% 175 350 19 7 126 36 6 %0 - - - 76 - | csFcoe AD-LS-Brookfield
@ Facility treats only combined sewer overflows. 1972 data Js given. TREATMENT KEY: Liquid Sludge
Source: Wisconsin Department of Natural Resources and SEWRFC. PC - Primary Clarifier C - Chemical Addition AN - Anaerobic Digestion
PS - Primary Screens (Phasphorus Control} AD - Aerobic Digestion
FC - Finsl Clarifier TF - Trickting Filter DB - Drying Bed
D - Disinfection PA - Preeration VF - Vacuum Fifter
AS - Activated Sudge AF - Air Flotation FP - Filter Prass
€S - Contact Stabiization P - Lagoon C - Centrifuge
EA - Extended Aeration M - Microstrainer S - Storage
RBC - Bio-disc SF - Sand Filter LS - Land Spreading
CA - Chemical Addition LF - Lendfi

LC - Contract Disposal




Figure 1

DISTRIBUTION ANALYSIS RESULTS FOR RAW WASTEWATER PARAMETERS
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HAVE AN AVERAGE RAW WASTEWATER BODgEQUAL TO OR
LESS THAN (30 mg/(

Source: Stanley Consultants.

Report 16° and analyzed in Figure 2. Survey plants during 1974, 1975, and 1976 indicated
data obtained by the Wisconsin Department of that approximately 59 percent of the raw waste-
Natural Resources at 22 wastewater treatment water TKN concentration is NHg-N.

4. The total nitrite and nitrate nitrogen were assumed

3 Ibid. to be 2 percent of total nitrogen.



Table 2

RAW WASTEWATER CHARACTERISTICS USED IN SCHEMATIC DEVELOPMENT

Concentrations (mg/l)

Influent | Influent il Influent 111
Parameter (in Percent) {in Percent) {in Percent)
Distribution of Parameters®. . . ... ... ... .. . .. .. ... 50 80 95
Average Annual Biochemical Oxygen Demand (BOD5) ....... 130 200 325
Maximum Monthly Biochemical Oxygen Demand (BOD5) ..... 185 285 460
Average Annual Suspended Solids (TSS) ................ 156 230 370
Maximum Monthly Suspended Solids (TSS) . . ............ 225 360 600
Ammonia Nitrogen (NH3-N) ........................ 10 15 17
Organic Nitrogen (Org-N) . .. ... ... ... ... ... .. ... 9 14 16
Nitrate and Nitrite—Nitrogen (NO4 + NOs) .o 05 0.5 0.5
Total Phosphorus (TP) . . .. ... ... .. ... 105 14.5 19.5

2 The identified value represents the percent of plants which have values less than or equal to stated value, as shown in Figure 2.

Source: Stanley Cansultants.

The values represent three different raw waste loads
representative of the characteristics of the raw waste
experienced at facilities in the Region. Values at a par-
ticular facility can be expected to vary from these values.
Data on influent wastewater values of other parameters
in the Region are generally limited as are removals that
are obtained in existing facilities.

Average monthly flows range from 0.06 to 137.1 mgd.
The average monthly median flow for the treatment
facilities in the Region is approximately 0.4 mgd.

As noted from the distribution curves in Figure 1, 50 per-
cent of the communities have wastewaters of lesser
strength than those listed in Table 2. If infiltration and
inflow can be reduced in many of these areas, as has
been found to be the case in many of the Region’s sewer-
age systems that have been studied for infiltration/inflow
reduction, it is believed that influent wastewater char-
acteristics will approximate the range of values selected.
Accordingly, the wastewater management alternatives for
the Region are based on these influent characteristics.

To meet specified effluent quality objectives, unit pro-
cesses were selected to treat the maximum monthy
BOD; and TSS values shown in Table 2. Capital costs for
liquicir’ waste treatment processes should be based on these
values. The average annual values should be used to
estimate sludge production and operation and main-
tenance costs.

For large facilities, special investigations usually are made
to determine influent design parameters in 201 facilities
planning studies. Smaller facilities are often designed
based on generally accepted design values. Existing quality
data for any treatment facility can be misleading, as it
may reflect unchecked water usage in unmetered com-

munities, infiltration and inflow which dilute the sewage,
various levels of industrial contribution,and other factors.
Under the regional sanitary sewage planning program,
investigations were made, for planning purposes, to deter-
mine the regional flow and strength characteristics.* The
investigations indicated the following average sewage flow
conditions for the Region:

1. Average amount of domestic sewage flow con-
tributed by all urban land uses except major
industrial and commercial concentrations and
based upon water delivery records: 88 gallons per
capita per day, ranging from a low of 78 to a high
of 103 gpcd.

2. Average amount of sewage flow contributed by
major concentrations of industrial land uses:
12,270 gallons per acre per day, ranging from
alow of 1,430 to a high of 24,660 gpad.

3. Average amount of sewage flow contributed by
major concentrations of commercial land uses:
7,640 gallons per acre per day, ranging from a low
of 2,580 to a high of 13,620 gpad.

4. Average infiltration rate: 0.24 gallons per minute
per gross developed acre, ranging from a low of
0.09 to a high of 0.73 gpad.

5. Average storm water inflow rate: 0.57 gallons

per minute per gross developed acre, ranging from
a low of 0.26 to a high of 1.68 gpad.

4 Ibid.




Figure 2

ANALYSIS OF PERFORMANCE OF REGIONAL TREATMENT FACILITIES FOR BODg
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6. Peak-to-average flow rates: 3.72 to one for trunk
sewers, ranging from a low of 2.83 tp one to
a high of 4.61 to one; and 1.87 to one for sewage
treatment plants, ranging from a low of 1.34 to
one to a high of 2.66 to one.

The same analyses also indicated the following average
sewage strength contributions for the Region, based on
data from 30 treatment facilities:

1. Average five-day carbonaceous biochemical oxygen
demand value: 0.259 pound per capita per day,
ranging from a low of 0.0627 to a high of 1.523
pounds per capita per day.

2. Average suspended solids value: 0.219 pound per
capita per day, ranging from a low of 0.0656 to
a high of 0.676 pound per capita per day.

3. Average total phosphorus value: 0.0138 pound
per capita per day, ranging from a low of 0.0055
to a high of 0.0535 pound per capita per day.

4. Average organic nitrogen value: 0.0111 pound
per capita per day, ranging from a low of 0.0061
to a high of 0.0208 pound per capita per day.

5. Average ammonia nitrogen value: 0.0143 pound
per capita per day, ranging from a low of 0.0063
to a high of 0.0233 pound per capita per day.

Values utilized in Planning Report 16 to typify regional
wastewater for alternative analysis were 125 gallons/
capita/day containing 0.21 pound of BODg and TSS/
capita/day. An infiltration allowance of 85 gallons/capita/
day was added to this value to produce a design average
flow value of 210 gallons/capita/day. Similar analysis and
selection of loading factors will be made in ongoing
208 planning efforts.

MUNICIPAL WASTEWATER
TREATMENT FACILITIES

In 1970, 81 of the 146 cities, villages, and towns in the
SEWRPC area were served by municipal wastewater
treatment facilities. Between 21 and 23 percent of the
urbanized area, or about 8 percent of the population, was
without public sanitary sewer service. Preparations had
been made at the local level to extend sanitary sewer ser-
vice to an additional 447 square miles not currently
served by such facilities.

Municipal wastewater treatment plants were considered
the major source of surface water pollution in the Region
in 1970.5 Currently, 65 wastewater treatment plants are
in operation. Information on these facilities is presented
in Table 1.

There are three facilities listed in Table 1 that treat only
combined sewer overflows. These facilities are located in
the Cities of Kenosha and Racine. Many communities in

5 Ibid.

the Region are served by contract with the Milwaukee-
Metropolitan Sewerage District, Racine, Kenosha, or
other systems.

The hydraulic design capacity range of the {reatment
facilities in the Region is as follows:

Number

of Plants
Less than 0.1 mgd 7
Between 0.1 and 0.5 mgd 24
Between 0.5 and 1.0 mgd 10
Between 1.0 and 5.0 mgd 14
Between 5.0 and 10.0 mgd 3
Between 10.0 and 100.0 mgd 5
Greater than 100.0 mgd 2

The breakdown of the basic treatment process used by
the facilities is presented below:

Number
of Plants
Primary clarification plus:
Trickling filter 22
Activated sludge 21
Rotating biological contactor 1
Primary mechanical clarifica-
tion plus activated sludge 1
Contact stabilization 6
Activated sludge 13
Extended aeration 1
Lagoons 1
Physical-chemical 2

There are five facilities in the Region that have two dif-
ferent basic treatment processes in use concurrently. The
only advanced wastewater treatment process presently
employed is chemical addition for phosphorus removal.
Chemical addition is employed at 30 of the treatment
facilities. Effluent polishing ponds, which are intended to
upgrade effluent quality, are used at 13 facilities.

Sludge produced from the above treatment systems is
processed by the following unit operations:

Number
of Unit
Operations

Aerobic digestion 27
Anaerobic digestion 38
Drying beds 32

Number
of Unit
Operations

Vacuum filters 3
Centrifuges 1
Filter presses 2



Ultimate disposal of sludges in the Region is generally
accomplished by landfill, by landspreading, or by product
recovery (Milorganite).

The three most commonly used regional basic wastewater
treatment processes are primary clarification plus trickling
filter, primary clarification plus activated sludge, and
contact stabilization. An investigation was made to see
if these processes were meeting secondary treatment
requirements as defined by the U. S. Environmental
Protection Agency (EPA) (at least 85 percent reduction
in BOD. and TSS concentrations or an effluent level of
30 mg/l BOD, and 30 mg/l TSS on a monthly average
basis). Processes that are currently being used to upgrade
the effluent of these three basic treatment processes were
also investigated.

Figure 2 shows the monthly average and annual average
of BODg reduction for the treatment facilities employing
the three basic treatment processes. The figure shows that
many of the facilities are not meeting secondary require-
ments, especially the trickling filters. Seasonal variations
are not readily apparent for the processes. Many of the
violations can be attributed to inadequate operations,
overload of design capacity, and similar factors. However,
a study of the trickling filter data revealed that the high
BODjy concentration in the effluent could be attributed
to the high soluble BODy level in the effluent (approxi-
mately 30 to 40 percent of the total BODg) and to carry-
over of suspended solids.

A survey of current regional practices used to upgrade
effluent quality was performed. Trickling filters were
upgraded with activated sludge processes, chemical
addition for phosphorus removal; polishing ponds, and
second stage trickling filters. When using activated sludge
along with chemical addition in conjunction with trick-
ling filters, overall raw wastewater BODg and TSS concen-
trations were reduced by 91 and 84 percent, respectively.
Polishing ponds reduced overall BODg concentration by
84 to 85 percent and TSS concentration by 66 to 88 per-
cent. Overall BOD, and TSS concentrations were reduced
by 91 to 95 percent and 87 to 90 percent, respectively,
with second stage trickling filters.

Activated sludge processes in the Region have been
upgraded with chemical addition for phosphorus removal.
Overall BODg and TSS removals of 90 and 92 percent,
respectively, were obtained by facilities in the Region.

Polishing ponds and chemical addition for phosphorus
removal are used to improve the effluent quality of
contact stabilization processes. Polishing ponds have
reduced overall BOD5 levels 58 to 94 percent and TSS
levels by 64 to 85 percent. Overall BODg and TSS reduc-
tion of 93 percent and 85 percent, respectively, have
occurred with chemical addition.

SEMIPUBLIC AND PRIVATE FACILITIES

There are 67 semipublic and private wastewater treat-
ment facilities in the Region as shown in Table 3. The
facilities listed are primarily institutions, mobile home
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parks, or isolated residential subdivisions. Most of these
facilities are served by package treatment plants with
design flows less than 0.5 mgd. Some will be abandoned
as centralized sewerage systems are extended if the
recommendations in Planning Report 16 are followed.
Treatment concepts and costs for small areas are dis-
cussed in Chapter VI.

INDUSTRIAL FACILITIES

An attempt has been made to identify the industrial
enterprises in the study area. The results of the investi-
gation are presented in Appendix B. Approximately
430 industries are listed. The industries are classified by
two and three digit standard industrial classification codes
(SIC). Included in the table is information describing the
enterprise location, product, wastewater flows (cooling
and process), and wastewater characteristics, and dis-
charge location. All facilities are listed whether they
have a separate discharge or discharge through a munici-
pal facility.

Effluent quality standards have been established by
federal regulations for various industrial classes. Effluent
standards are administered to the industries through
WPDES permits. These permits specify the maximum
allowable mass of pollutants that can be discharged per
day and are arrived at through the permit issuance process
which includes discussion with industries as well as public
hearings and notices and technical evaluation of the
facilities waste reduction.

Food and kindred product is one of the largest category
of industrial types in the Region. BODg and TSS are
the primary pollutants associated with these industries.
Process wastewater is usually treated by biological
methods at the facility or by municipalities at cen-
tral systems.

Industries which produce sand, gravel, stone, clay, glass,
and allied products generally have WPDES permits limit-
ing the amount of TSS, COD, and total phosphorus
amounts that can be discharged. Processes used for waste-
water treatment include sedimentation (with or without
chemical addition), neutralization, and chemical addition
for phosphorus removal.

For the paper and allied product industries, effluent
limjtations on BOD5 and TSS are required. Process waste-
water is usually treated by biological methods.

In the metal casting and product category, there are
many parameters for which effluent limitations are
specified. These parameters include pH, ammonia,
cyanide, phenol, TSS, oil and grease, chlorides, sulfates,
fluorides, phosphates, chromium, tin, zinc, and other
numerous heavy metals. Wastewater treatment methods
practiced by these industries are phenol removal, solvent
extraction, biological treatment, recycle and blowdown,
neutralization, precipitation, chemical treatment, sedi-
mentation, emulsion breaking, air flotation, and ion
exchange. A full discussion of the application of these
processes to industrial waste treatment is beyond the
scope of this investigation.



Table 3

SELECTED CHARACTERISTICS OF SEMIPUBLIC AND PRIVATE TREATMENT FACILITIES IN SOUTHEASTERN WISCONSIN: 1975

Effluent Characteristics
Raw Waste Characteristics Facal
Actual Flow BOD, TSS BOD, TSs Coliform
(mgol) tmgfll (gt (g} g1y o— Existing Treatment
Facility {Minimum) | {Average) |(Maximum) | {Minimum) | (Average) £ inil } [ {Average) i Minimum) [ {Average) | {(Maximum) | (Minimum) | (Average} | {Maximum) | pH 100 mi)- Liquid Sludge
Kenostta County

Paramski Mobile Home Park .. ... ......, . - - - 101 178 218 404 734 940 - - - ~ - - - - EA-FC-D SL

Howard Johnson Motor Lodge and Restaurant. . . 0023 0.048 ‘0077 44 98 152 79 121 207 10 38 57 21 " 187 66 4,270 AS-FC-DP S-L
Brightondale County Park . . . . ..., .. ..., - 0.002 - " - - 20 - - 4 - ~ 3 - B3 - AS-FCP AN-L
American Motors Corporation—

Truck Service Facility - - - - - - - - - - - - ~ - - - - AS-FC-SF-D SL
Wheatiand Mobile Home Park . .. . . - - - - - - - - - - - - - - - - - CSFC-DP SL
Wisconsin Department of Transportati

Tourist Information Center . . ., .. .. - - - - - - - - - - - - - - - - - - SP-D-P SL
Sienadale Motherhouse - - - - - - - - - - - _ - - - N - EAFCDP | SL
George Connolly Development

{Under Construction}. . . ... ... ....... ! - - - - ~ - - - - - - - - - - - - EAFCSFD | s
Kenosha Packing Company, Inc.. .. .. ... ... - - - - - - - - - - - - - - - - - RF -
Milweukee County
Highwey 100 Drive In Theater . . . . ... .. ... - - - - - - - - - - - - - - - - - SPSFP sL
Union Qil Highway 100 Truck Stop, . .. ... .. - - - - - - - - - - - - - - - - - EAFC-D -
Wisconsin Electric Power Company (Oak Creek), . - - - - - - - - - - - - - - - - - EA-FC-D -
Qzaukee County
Sisters of Notre Dame School . . . .. .. ..... 0.130 0.160 0.210 - - - - - - 1 2 2 1 2 3 75 - AS-FC-D SL
Part Country Club. . . . . ... - - - - - - - - - - - - SP-SF S-L
Chalet on the Lake. . . . . . - - - - - - - - - - PCD AN-L
Cedar Valley Cheese Factory . . . ... .. - - - - - - - - S8I-RF -
Justo Foods Company (not in operation) . - - - - - - - - sA -
Krier Preserving Company . - - - - - - - - - - PP-SI -
S &R Cheese Corporation . - - - - . - - - - - - SPPUA -
Federal Foods. Inc. - - - - - - - - - - . - - - - - P-SA -
Racine County
Wiscansin Southern Colony Training Schoe! . . . . 0.150 0.180 0.210 - 450 - 186 202 213 - 48 - 2 33 37 7.3 - PC-CS-FC-DP | AN-DB-L
Holy Redeemer Coltege . . . 0.002 0.008 0013 45 93 144 47 135 320 3 8 32 3 6 8 70 - EA-FC-D-F SL
St. Bonaventure Prep School - - - - - - - - - - - - - - - - - CS-FCDP 5
C&D Foods, Inc. .. .. .. - - - - - - - - - - - - AS-FC-P-D
Fonk's Mobile Home Park No. 1 - - - - - - - - - - - - EA-FC-DP 8
Fonk’s Mobile Home Park No. 2. . - - - - - - - - - - - EA-FCDP s
Franks Pure Food Company . . - - - _ - - - _ - - P -
Grove Duck Farm . . . . - - - - - - - - PPD -
J. 1. Case Company . . . - - - - - - - - CH-FC
Meeter Brothers Compan: - - - - - - - . . - P -
Packaging Corporation of America. . - = - - - - - - EA-FC-DP -
Pekin Duck Company . . .. . ... ........, - - - - - - - - - S| -
Racine County Highwey and Park Commission . . - - - - - - - - - AS-FC-D-P -
Downy Duck Company, Inc.. . .. ... ...... - - - - - - - - - - - - - PSI - -
Walworth County
Laketand Nursing Home

{Walworth County Institutions} . ... .. ... 0.050 0070 0.080 137 149 m 75 112 137 11 22 59 17 28 47 |78 - PC-ASFCD | SL
Country Estates . . . ... ... .. N 008 0.015 0.023 108 155 270 40 108 170 12 29 46 13 26 56 7.2 - EA-FC-O-P S-L
Playboy Club Hotel . . . - - - M7 123 131 - - - - - - - - - 73 - CS-FC-D-PP ADS-L
Slovak Sokol Camp . . . - - - - 81 - 94 - - 10 - - 12 - - - AS -
Alpine Valley Resort, Inc. - - - - - - - - - - - - ASFC-P sL
Kikkomen Foods, Inc.. . - - - - - - - - - - — .- - - - - - Aerobic -

Digester-P
Lake Lawn Lodge . . ... ... 0.05 0.070 0.10 31 81 128 60 82 103 31 38 44 51 69 98 70 - PC-AS-FC-D AN-S-L
Libby, McNeitl & Libby—Darien. . . . . . - - - - - - - - - - - - - - - - - PSI -
Paiser Produce Company {nrot In operation} . - - - - - - - - - - - - - - - - - PSA -
Lake Geneva Interlaken Resort Village , . .. . . . - - - - - - - - - - - - - - - - - CS-FC-SFPSA| S-L
Walworth County Correctional Center

{not in operation} - - - - - - - - - - - - - - - - - AS-FC-SA -
Wisconsin Dairies Cooperative—Genoa Cit; - - - - - - - - - - - - AS -
Wisconsin Department of Transportation—

Esst Troy RestArem. ................ - - - - - - - - - - - - - - - - - CS-FCSF-D AD-Contract Pickup

Washington County
Cedar Lake Rest Home - - - - - - - - - CS-FC-D-P SL
Level Valtey Dairy. . .. ... . - - - - - - _ - - - EAFCP S
Libby, McNeill & Libby—Jacksos - - - - . - - - - - PP-SI -
Libby, MeNeill & Libbv—Hartford. - - - - - - - - - P-Hartford STP|
National Farmers Association—

Slinger Transfer Station . . . . . . ..., ..... - - - - - - - - - - - - - - - - - RF -

Pike Lake State Park. . . . . ... ... ... .. - - - - - - - - - - - - - - - - - PSA -
Waukesha County
New Beriin Memorial Hospital . . . ... ...... 0.210 0.260 23720 175 230 276 86 116 149 8 21 30 9 32 79 70 - AS-FC-D-P SL
Clevetand Heights School-New Bertin e 0.002 0.005 0.007 - - - - - - - - - - - SPSFP 8L
New Berlin High School. . . ..., .. N 0.010 0.018 0022 - - - - - - - - SPSF-P L
Highway 24 Qutdoor Thester . . . - - - - - - - - - - - - SP-SA -
Wisconsin School for Boys—Wales . - - - - - - - - - - - - CS-FC-D-P AD-DB
Stesplechase Inn . . . . ... .. - - - - - . B . - _ - - - EA-FCDP SL
Giges-Hillside Apartments. . . . .. .. .. - - - - - - - - - - AS-FC-D -
Oakton Manor—Tumblebrock Gotf Course - - - - - - - - PC-AS-FC -
Rainbow Springs Resart {not in operation} . . . - - - - - - - - - - - - - - - - AS-FC-D AD-DB
St. John's Military Academy—Delsfield. . . . . . . - - - - - - - - - - SPP SL
Wiilow Springs Mobiie Home Park . . . . - - - - - - - - - - SA -
Muskego Rendering Company . . . . . - - - - - - - - - - PSA -
Mammoth Springs Canning Company . - - - - . - - - - - - si -
Brookfield Central High School . . . . - - - - — — - - — . - - - " SP.SF-P -
TREATMENT KEY: Liguid Sludge
PC - Primary Clarifier SF - Sand Filter TF - Trickting Filter L - Land
FC - Final Clarifier A3S - Activated Sludge CH - Chemical Treatment § - Storage
D - Disinfection EA - Extended Aeration SI - Spray Irrigation AN - Anaerobic Digestion
8P - Septic Tank CS - Contact Stabilization SA - Soil Absorption AD - Aerobic Diﬁlﬂlo’;
b - Imhoff Tank P - Lagoon 8P - Septic Tank DB - Drying Beds
RF - Ridge and Furrow
Saurce: Wisconsin Department of Neturai Resources and SEWRPC.
The majority of the industries in the area discharge their nature of each industry and its process wastewater.
wastewater to municipal wastewater treatment plants. Industrial treatment facilities discharging basically bio-
The Milwaukee-Metropolitan Sewerage District receives degradable organic matter can be assessed using the
by far the largest amount of the Region’s industrial flow. treatment schematics and costs developed in this report
Pretreatment requirements for industries discharging with minor adjustment of design parameters. Treatment
wastes to a municipal treatment facility are discussed in options including oil and grease removal, heavy metal
Chapter VII. Application of schematics and costs to precipitation, neutralization, and cooling are discussed
industrial facilities is discussed in Chapter V. in this report and costs for the options are presented.

Utilizing the cost and performance data provided, logical

decisions can be reached on joint treatment, pretreatment,
Solutions for a particular industrial facility are best made and separate treatment costs and benefits for most of the
on a case-by-case basis because of the varied and complex industrial enterprises in the Region.

n
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Chapter II1

POINT SOURCE CONTROL REQUIREMENTS

INTRODUCTION

The overall objective in this report is to provide treatment
processes and schematics that can be applied to regional
raw wastewater of a given quality to produce desired
effluent qualities. Effluent qualities are those which
can protect instream water quality for beneficial uses.
Regional raw wastewater qualities are reviewed in Chap-
ter II. This chapter examines desired effluent quality
objectives. Chapters II and V examine processes and
schematics that can be applied in the Region to meet
these effluent quality objectives.

EFFLUENT QUALITY OBJECTIVES

Municipal Wastewater Treatment

In Planning Report No. 16, 1990 effluent limitations
for facilities in the Region were recommended.! The
Wisconsin Department of Natural Resources (DNR) has
not yet established limitations for 1990, and does not
necessarily concur with all the 1990 recommendations
made in that report.2 At present, DNR requires all waste-
water dischargers to provide a degree of treatment so that
stream water quality standards are continually met for
streamflows equal to or in excess of the seven day average
low flow based on an average recurrence interval of
10 years. Effluent restrictions on publicly owned treat-
ment facilities may apply to BODp, suspended solids,
ammonia nitrogen, phosphorus, dissolved oxygen, and
fecal coliforms (or chlorine residual). Where water quality
standards are expected to be met, existing treatment
facilities must remove at least 85 percent of BODz and
suspended solids and produce an effluent quality of at
least 30 mg/l BODg and 30 mg/1 suspended solids, even if
this requires greater than 85 percent removal. For new
treatment facilities, the minimum allowable level of treat-
ment is 90 percent BODg removal and 90 percent sus-
pended solids removal. These treatment requirements
have been defined by DNR as secondary treatment. Where
water quality standards are not expected to be met with
secondary treatment levels, more stringent effluent limita-
tions are specified in WPDES permits issued by DNR
under the authority delegated by the federal government.
The EPA has proposed that suspended solids levels for
waste stabilization ponds with design flows less than
1.0 mgd be revised. The status of this proposed revision
and its impact on the Region should be explored prior
to alternative plan development.

1 Southeastern Wisconsin Regional Planning Commission,
A Regional Sanitary Sewerage System Plan for South-
eastern Wisconsin, 1974.

2Wisconsin Department of Natural Resources, Water

Quality Management Basin Plan for the Rivers of South-.

Disinfection to a fecal coliform level of 200 per 100 ml
is also required by DNR for all but stabilization pond
effluents. Just recently, the EPA has amended its regula-
tion governing disinfection of municipal wastewater in
an effort to guard against excessive or unnecessary use
of disinfectants in the treatment process.3 Under the
amendment, disinfection requirements for publicly
owned wastewater treatment plants will be set in accor-
dance with specific water quality standards and public
health needs. Thus, it is expected that DNR in the future
will establish new disinfection requirements for study
area municipal treatment facilities.

Phosphorus control is required when the population
equivalent of a treatment facility is greater than 2,500
and that facility discharges its effluent to the Great Lakes
Basin or within the Fox River watershed in southeastern
Wisconsin. Phosphorus control also is required of a facility
of any size that discharges directly to a lake, or where
phosphorus is determined the limiting factor in attaining
water quality standards. When phosphorus control is
needed, the specified monthly average level is generally
1.0 mg/l.

When ammonia toxicity to fish and aquatic life is sus-
pected, effluent limitations for ammonia nitrogen are
established. Effluent limitations for ammonia nitrogen
also are set when stream oxidation of ammonia results in
violation of dissolved oxygen standards.* Established
ammonia nitrogen limitations usually differ between
summer and winter months.

The degree of treatment to be provided at existing and
proposed facilities is not finalized for many systems in
the Region. Effluent requirements which may be neces-
sary for the attainment of applicable water use objectives
and supporting water quality standards in the Region
have been identified by SEWRPC and are shown in
Table 4. It is anticipated that water quality modeling
will be performed to identify which specific effluent
qualities are required for a particular facility to achieve
stream water quality standards in subsequent regional
208 water quality management planning program efforts.

The effluent levels noted in Table 4 were established by
SEWRPC and were intended to provide a relatively con-
tinuous range of potential effluent quality levels which
could be practically met by applying various degrees of

3 See Federal Register of July 26, 1976.

4 Wisconsin Department of Natural Resources, Water
Quality Management Basin Plan for the Rivers of South-

eastern Wisconsin, July 1975.

eastern Wisconsin.
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proven wastewater treatment technology. Effluent levels
1 and 2 were established as meeting secondary treatment
requirements for influent wastewaters with 200 mg/l of
BOD or more, with and without phosphorus removal
requirements. Levels 4, 5, 6, and 7 were established based
upon a review of the recommended effluent quality levels
set forth in Planning Report No. 165 These four levels
were determined as necessary to meet the adopted water
use objectives and supporting water quality standards
established in that planning report. Level 3 was estab-
lished to provide continuity from Levels 1 and 2 to
Levels 4, 5, 6, and 7, as well as to cover instances where
effluent BOD levels below 30 mg/l are needed to achieve
85 to 90 percent removal due to a low influent waste-
water strength.

Effluent BOD5 restrictions of 20 and 15 mg/1 fall into
the variance treatment categories developed by DNR.
These categories—intermediate aquatic life and marginal
uses—permit a variance for those surface waters which
can only support some aquatic life because of low stream
flow and natural background levels of water quality. The
intermediate aquatic life category is designed to support
a variety of insect life and forage fishes.

Levels 8 and 9 were established as further logical treat-
ment steps which could be accomplished with continued

application of proven treatment technology and which
may be considered in some areawide water quality

Table 4

POTENTIAL EFFLUENT QUALITY OBJECTIVES

Effluent
Characteristic BOD TSS Total P N H3<N [ble]
Level (mg/B {mg/l} {mg/t) {mg/t) (ma/l)
1 30 30?
2 30 252 1
3 20 20°
4 15 15°
5 15 15° 1
6 15 20° 1 180
7 15 152 18P
8 10 10° 1 150 6
9 5 52 1 15b 6

2 Effluent suspended solids trations specified are for general descrip-
tion purposes and are expected to correlate closely with effluent BOD
concentrations. Suspended solids trations are not presented as
design requirements, however, since the design BOD5 level is considered
the primary design parameter.

b During winter months, NH3-N effluent limit of 3 mg/l is specified.
€ For communities which have 0.5 mgd or less daily average flow.

Source: SEWRPC.

S Southeastern Wisconsin Regional Planning Commission,
A Regional Sanitary Sewerage System Plan for South-
eastern Wisconsin, 1974.
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management alternatives for those treatment facilities
which discharge to environmentally sensitive and sig-
nificant streams or to surface waters where water use
objectives and standards to be developed require a very
high quality effluent.

Although no suspended solids parameter restriction is
specified, concentrations are expected to correlate closely
with the effluent BODg concentration. All wastewater
discharges are to be in the pH range of 6.0 to 9.0 standard
units with a desired range of 7.2 to 7.6 standard units.
All effluents are to be disinfected, but chlorine residual
should not exceed 0.50 mg/] at any point in the receiving
water. Values for phosphorus, nitrogen, and dissolved
oxygen are indicative of decisions that may be reached to
require nitrification, phosphorus removal, or effluent aera-
tion at certain facilities to meet water quality objectives.

One further level of treatment relating to the concept
of zero discharge has been given consideration and is
discussed in Appendix E. This is particularly important
since the 1972 Amendments to the Federal Water Pollu-
tion Control Act call for the achievement of a national
goal of zero discharge by 1985. The processes considered
are applicable to an assumed effluent requirement of
5.0 mg/l BODg, 5 mg/l TSS, 0.5 mg/l NH3-N, 0.1 mg/l
total phosphorus, and fecal coliform levels less than
200/100 ml for all influent levels discussed in Chapter II.
It is necessary to assume levels since the Federal defini-
tions of zero discharge have yet to be established.

Industrial Wastewater Treatment

Many of the treatment schematics developed later in
this report for municipal wastewater treatment are
directly applicable to industrial wastes that primarily
contain biodegradable organics. Some adjustment of
design parameters is normally required. However, many
industrial processes do not generate significant bio-
degradable organic material; therefore, different treat-
ment approaches must be taken.

Effluent limitations for industry are determined either by
effluent guidelines (WPDES permits) or instream water
quality standards (waste load allocations). The WPDES
system, which has been implemented since the passage
of the Federal Water Pollution Control Act Amendments
of 1972, requires each significant industrial point source
to obtain a permit to discharge. These permits are usually
written to express discharge criteria in terms of the maxi-
mum allowable mass of pollutants that can be discharged
per day. The effluent limitations are “loosely’” based on
EPA ‘development documents” for point source cate-
gories or waste load allocations where water quality
standards dictate more stringent effluent requirements.
Two minimum effluent levels are specified by EPA: “Best
Practicable Control Technology Currently Achievable”
(BPCTCA) which must be met by July 1, 1977, and
“Best Available Technology Economically Achievable”
(BATEA) which is to be satisfied by July 1, 1983. Sum-
maries of treatment processes or schematics that other
investigators have perceived for meeting BPCTCA or
BATEA criteria are presented in Appendix C. This listing
has been extracted from various Federal Register publica-
tions on effluent limitation guidelines.



If water quality standards are expected to be violated
when wastes are discharged at the BPCTCA or BATEA
levels, more stringent effluent limitations may be placed
on an industry. These limitations will be developed through
a waste Joad allocation analysis similar to that utilized for
development of limitations for municipal facilities.

Because of the specific nature of each permit, the various
processes that can be used at each facility, and limitations
of scope, no schematics for industrial point sources are
detailed in this report. Along with the schematics devel-
oped for municipal waste treatment, a discussion of
industrial wastewaters is also presented in Chapter V.

15
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Chapter IV

WASTEWATER MANAGEMENT ALTERNATIVES

INTRODUCTION

This chapter presents background information on options
available to meet water quality objectives in surface
waters of the Region. Included are the following options:

1. Collection of wastewaters for treatment.

2. Treatment and discharge to meet specified efflu-
ent quality objectives.

3. Application of wastewater to land.
4. Treatment of surface waters.

Application of the options to various categories of waste-
water sources occurring in the Region are detailed in
subsequent chapters of this report.

WASTEWATER COLLECTION

All treatment systems include some transport of waste-
waters from their point of generation to the point
of treatment.

Onsite Collection and Holding Systems

Homes, businesses, and industries not served by central
wastewater collection and treatment systems must pro-
vide their own treatment and disposal system or hold the
wastewater until it may be transported to treatment and
disposal facilities. If onsite treatment and disposal facili-
ties are not feasible, a holding tank system is indicated.
The flow is generally transported to the holding tank
by gravity, but a vacuum system may be used to reduce
the water flow needed to transport the wastewater solids.
Vacuum systems are most successfully used to transport
toilet wastes only, and are considered most economical
when used for apartment houses or small groups of
homes. The vacuum-transported waste must still be
periodically removed from the vacuum receiving tank and
transported to a disposal facility. Treatment facilities for
small areas are discussed in Chapter VI.

Central Collection System
The vast majority of the residential population in the
Region is served by central collection systems.

Gravity Collection Systems: The vast majority of existing
collection systems utilize single pipe, gravity flow to
transport wastewater to treatment facilities. This has
been the historic method of constructing collection sys-
tems and will continue to be the predominant system
for the foreseeable future.

Two major advances in gravity sewer design have recently
emerged and involve the use of new piping materials and
computer techniques to arrive at the least-cost combina-

tion of pipe size, slope, and depth. In the past two years,
plastic pipe usage has increased from only about 2 percent
of sewer main pipe installed to about 19 percent.1 The
advantages of plastic pipe include fewer joints, fewer cor-
rosion problems,and easier installation than conventional
pipe materials. Table 5 presents current usage estimates
for various pipe materials in the United States.

Computer programs have been developed which optimize
gravity collection system design. The programs generally
consider minimum sewer grade, ground cover, critical
invert elevation, and minimum maximum velocities to
arrive at the least-cost design of pipe sizes, slopes, and
depths. Gravity collection system cost curves are pre-
sented in Appendix D.

Force Mains: Pumping is more frequently being used
in wastewater collection and transmission - systems.
Regionalization of treatment facilities often results in
greater distances between the wastewater producer and
the treatment facilities. Gravity systems may not be the
most economical way to convey the wastewater the
added distances. Housing developments may utilize
pumping systems to convey wastewater to a noncon-
tiguous sewer collection system until truck sewers are
extended at a later time to serve the developments by,
gravity flow.

Wastewater pumping requires pumping (lift) stations to
discharge the wastewater through the piping system. The
piping system is generally constructed of ductile iron or
polyethylene, which is usually more expensive than the
reinforced concrete or vitrified clay piping normally used
in gravity collection systems. Pumping station costs may
be taken from the cost curve developed for raw waste
pumping in Appendix D.

Grinder Pump/Pressure Sewer System: Wastewater collec-
tion in areas of rocky, hilly terrain, or high groundwater
table is especially difficult and expensive. An alternate
collection system which may be more economical than
a gravity sewer-lift station system makes use of individual
home grinder pumps which discharge into a common
force main. The force main is laid in a narrow trench only
deep enough to prevent freezing and follows the contours
of the ground areas through which it passes. The use of
plastic piping for the force main allows fast and easy
installation while excluding ground water infiltration.

The force main for these systems must be carefully
designed. The piping must be large enough to avoid exces-
sive friction losses, which could overload the grinder
pumps, but small enough to attain a velocity of two fps,

1 “Plastic Pipe Use Grows for Sewer Main Installations,”
American City and County, 90, September 1975.




Table 5

MATERIALS USED IN SEWER CONSTRUCTION IN THE UNITED STATES

Current Sewer Pipe Mileage

Percent

Type Mileage of Total
Vitrifiedclay .......... 306,435 66.8
Reinforced concrete. . . . . . 74 359 16.2
Asbestos cement . . ... ... 24,767 5.4
Nonreinforced concrete . . . 20,529 45
Castiron . .. .......... 15,097 33
Plastic. .. ............ 9,392 2.4
Other .. ............. 7,843 1.7
Total 458,422 100.0

1974 Installations

Percent

Type Mileage of Total
Vitrifiedclay . ......... 8,746 529
Reinforced concrete. . . . .. 2,487 15.0
Asbestos cement . . ... ... 1,156 7.0
Nonreinforced concrete . . . 522 31
Castiron . ............ 321 19
Plastic. .............. 3,168 19.3
Other ............... 132 0.8
Total 16,532 100.0

Current Pipe Mileage by Size Range®

Percent

Type Mileage of Total

Under 8inches . ........ 73,286 16.0
8 inches to 14 inches . . . .. 287,333 62.7
15 inches to 24 inches . . .. 60,914 13.3
Over24inches . ........ 36,889 8.0
Total 458,422 100.0

1975 Installations

Percent

Type Mileage of Total
Vitrifiedclay .......... 7,354 43.7
Reinforced concrete. . . . . . 2,508 14.9
Asbestoscement . .. ... .. 2,556 15.2
Nonreinforced concrete . . . 209 1.2
Castiron . ............ 988 5.9
Plastic. .. ............ 3,027 18.0
Other . .............. 181 1.1
Total 16,823 100.0

2 Size ranges, of course, vary among the major pipe materials. Approximately 55 percent of all reinforced concrete pipe is over 14 inches in
diameter and almost one-third is larger than 24 inches. On the other hand, over 90 percent of all plastic in place is less than 15 inches in
diameter. The majority of vitrified clay, asbestos cement, and cast iron pipe lie within the 8-inch to 14-inch range.

Source: American City and County, September 1975,

frequently enough to avoid solids deposition. The design
flow is dependent on the number of pumps operating
simultaneously. Design curves have been established
which relate the design flow to the number of grinder
pumps connected to the force main.?

Costs for components of a grinder pump system are
presented in Table 6. EPA demonstration projects in
Albany, New York; Phoenixville, Pennsylvania; and
Columbus, Indiana, and a municipally-financed system
in Saratoga, New York, indicate savings of 50 to 80 per-

cent when compared to the installation cost of a gravity -

collection system in difficult terrain.

2I. G. Carcich et al, “The Pressure Sewer: A New Alterna-
tive to Gravity Sewers,” Civil Engineering, May 1974, and
R. L. Sanson, ‘“Design Procedure for a Rural Pressure
Sewer System,” Public Works, 104, September 1973,
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TREATMENT AND DISCHARGE

Varying levels of constituent control are required of the
municipal wastewater treatment facilities with surface
water discharges as discussed in Chapter I1I. Ammonia,
phosphorus, and increased organic and solids removal
may be needed. Numerous unit processes are available
for various constituent removal from domestic waste-
waters. A summary of conventional and additional waste-
water treatment processes which are commonly used is
presented in Figure 3. A discussion of these processes and
their applicability to the SEWRPC area follows:

Organic and Solids Removal

By July 1, 1977, an effluent quality equivalent to secon-
dary treatment requirements must be obtained by all
municipal facilities. Because of their familiarity, secon-
dary treatment processes are only briefly discussed.

Primary sedimentation removes readily settleable solids
and floating material, thus reducing the suspended solids
content in the wastewater. Efficiently designed and



Table 6

PRESSURE SEWER SYSTEM COMPONENT COSTS

Cost
Component {in Dollars)
GrinderPump. .. ................. 1,000-2,000
Outside Installation
{Includes excavation, manhole, cover,
frame, electrical connection) ... ... .. 300-700
Inside Installation
{Includes electrical connection
and plumbing). .. ............... 100-300
Clean-outs (concretebox). ... ........ 200-400
Pipe Installation per Lineal Foot
{(including material) to a 5-foot depth
a. Use of power trencher in new
area being developed. . . ... ...... 25
b. Use of power trencher in
area already developed . ... ... ... 5-10
c. Use of backhoe in new area
being developed. . .. ........... 4-6
d. Use of backhoe in area
already developed . ... ......... 7-15
Pressure Sewer Appurtenances per
Lineal Foot (Includes check valves,
curb stops, pressure main shut-off,
andvalves) . ................... 2

Source: Journal, Environmental Engineering Division, ASCE, Feb-
ruary 1974.

operated, primary clarifiers generally remove from 50 to
65 percent of the suspended solids and 25 to 40 percent
of the BOD 5.3 When chemicals (salts of iron or aluminum)
are mixed with the influent wastewater, removal effici-
encies of 60 to 75 percent of suspended solids and 40 to
50 percent of BODg have been obtained.* Fine screens
have been used in place of clarifiers at several locations
(such as Jones Island).

Trickling filters have been widely used for wastewater
treatment in the United States. Under normal operation,
trickling filter plants preceded by primary sedimentation
usually remove 75 to 85 percent of the BOD5.5 Data

3 Metcalf and Eddy, Inc., Wastewater Engineering, McGraw-
Hill, New York, New York, 1972.

4 Metcalf and Eddy, Inc., for U. S. Environmental Pro-
tection Agency, Process Design Manual for Upgrading
Existing Wastewater Treatment Plants, Qctober 1974,
and Black and Veatch and Shimik, Roming, Jacobs,
and Finklea for the U. S. Environmental Protection
Agency, Process Design Manual for Phosphorus Manual,
April 1976.

5 Metcalf and Eddy, Process Design Manual for Upgrading
Existing Wastewater Treatment Plants.

from the monthly operation reports of municipal facili-
ties on the Lower Peninsula of Michigan showed the
median BOD5 removal around 83 percen'c.6

As mentioned in Chapter II, the majority of the trickling
filter plants in the study area are not removing 85 percent
of the BODy, the secondary treatment requirements.
Since approximately 60 to 70 percent of the effluent
BODy, appears to be due to suspended solids, secondary
treatment effluent limitations would probably be met
with increased suspended solids removal. An effluent
containing 30 mg/l BODg could be achieved by a trickling
filter when treating low strength wastewaters (although
this may not represent secondary treatment as defined as
85 percent removal).

Rotating biological contactors (bio-discs) are a relatively
new wastewater treatment process in the United States.
Although bio-discs operate much on the same principle
as trickling filters (attached growth systems), much higher
BODy removals (85 to 90 percent) have been obtained.”

The activated sludge process is very flexible and can be
adapted to treat almost any type of raw wastewater.
There are many modifications of the activated sludge
process in practice today. Each modification has its
advantages and disadvantages: some achieve better BOD5
and suspended solids removal than others, some cost less
to construct, others cost less to operate, some produce
less sludge, and some obtain better nutrient removal. No
attempt is made in this report to analyze the applicability
of each type of activated sludge process to the treatment
needs of the study area. Instead, the activated sludge
process is generally discussed with the exceptions of the
contact stabilization and extended aeration processes
which are now commonly used in the Region.

The activated sludge process generally achieves 85 to
95 percent overall BODg reduction with proper opera-
tion 8 Solids retention times (SRT) are normally between
five and 15 days. Plants operating at the higher SRTs
generally achieve higher removal efficiencies. However