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History. Chapter NR 110 as it existed on November 30, 1974 was re
pealed and a new chapter NR 110 was created effective December I, 
1974 .. 

NR 1io.01 Applicability. This chapter is applicable to all new or 
modified sewerage systems, excluding only industrial waste treatment 
facilities. This chapter also applies to sewerage systems employing 
land disposal of sewage effluent, except those systems defined as 
plumbing within the purview of section 145.01 (1) (b), Wis. Stats. 

Note. The authority to enact these rules is contained in chapter 144, 
Wis.Stats. Pursuant to section 144.57, Wis. Stats., any person who vio
lates this chapter shall forfeit not less than $10 nor more than $5,000 
for each violation. Each day of continued violation is a separate offense. 

History. Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.02 Severability. Should any section, paragraph, phrase, sen
tence, clause or word of this chapter be declared invalid or unconsti
tutional for any reason, the remainder of this chapter shall not be 
affected thereby. 

History. Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.03 Definitions. The definitions in this section shall apply 
whenever the listed terms are used in this chapter. 

(1) "Approval" means the written approval of the department 
for any project requiring approval pursuant to section 144.04, Wis. 
Stats., and NR 108.03, Wis. Adm. Code. 

(2) "Cost-effective" means the least cost waste treatment alterna
tive which will result in the attainment of applicable water quality 
standards, effluent limitations, or other treatment standards. 

(3) "Department" means the department of natural resources. 
(4) "Owner" means the state, county, town, town sanitary district, 

city, village, firm, company, institution, association, utility district, 
school district, metropolitan sewerage district, or individual owning 
or operating a sewerage system. 

Register. November, 1974, No. 227 
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(5) "Sewerage system" means all structures, conduits and pipes, 
including sewage treatment facilities, by which sewage is collected 
and disposed of, except plumbing inside and in connection with build
ings served, and service pipes, from building to street main. 

(6) "Reviewable project" shall have the same meaning as set forth 
in NR 108.02 (6), Wis. Adm. Code. 

(7) "Excess clear water" means that quantity of clear water that 
can be economically eliminated from a sewer system by rehabilitation. 
This quantity is determined by a cost-effectiveness analysis that 
compares the cost of eliminating the excess clear water with the cost 
of increasing the capacity of the sewerage system, including the 
treatment works' capacity, to provide the required level of treatment 
for the entire wastewater load, including the clear water. 

(8) Abbreviations. The following abbreviations are used in this 
chapter: 

(a) The abbreviation "A.S.T.M." means the American Society for 
Testing and Material, 1916 Race Street, Philadelphia, Pennsylvania, 
19103; 

(b) The abbreviation "A.W.W.A." means the American Water 
Works Association, 6666 West Quincy Avenue, Denver, Colorado, 
80235; 

(c) . The abbreviation "A.A.S.H.O." means the American Associa
tion of State Highway Officials, 341 National Press Building, Wash
ington, D.C., 20004; 

(d) The abbreviation "A.S.C.E." means the American Society of 
Civil Engineers, 33 West 39th Street, New York, New York. 

History: Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.04 Alternative requirements. (1) If the owner of a proposed 
reviewable project feels that compliance with the design requirements 
of this chapter is impracticable, the reasons therefore shall be fully 
communicated in writing to the department prior to the submission 
of final plans. This communication must set forth alternative require
ments for which department approval is sought and all pertinent 
facts, data, reports and studies supporting the imposition of such 
alternative requirements. 

(2) If the department determines that compliance with the design 
requirements of this chapter would be impracticable in specific cases, 
it may approve alternative requirements which, in its opinion, are 
in substantial compliance with the requirements of this chapter. 

History: Cr. Register, November, 197'1, No. 227. eff. 12-1-74. 

NR 110.05 Sewer extensions. (1) Requests for approvals for exten
sion of sanitary sewers to serve subdivisions, commercial establish
ments, institutional facilities and industrial plants shall be denied if: 

(a) An organic or hydraulic overload exists at the sewage treat
ment plant; 

(b) 'fhe sewer system to which the connection would be tributary 
is inadequate to carry existing dry weather flows; or 

(c) The additional connections to the sewerage system created by 
such extension would result in overloading of the sewers or the treat
ment plant. 

(1m) The bypassing of sewage within the sewer system or at the 
treatment plant 01' the inability of the treatment plant to produce 

negistel'. November, 197·1. No. 227 
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an effluent in compliance with limitations established in the applica
ble Wisconsin pollutant discharge elimination system (WPDES) per
mit issued under chapter 147, Wis. Stats., in the existing system or 
in the system were such extension made, shall cause such denial. 

(2) Variances from the requirements under subsection (1) may 
be granted if it is determined that: 

(a) Construction of the subdivision, commercial establishment, 
institutional facility or industrial plant had commenced prior to the 
effective date of this subsection, as evidenced by the issuance of a 
necessary building permit, provided placement of the foundation 01' 

other like structure commences within 6 months after the effective 
date of this subsection; 

(b) The area to be served was developed prior to the effective 
date of this subsection and existing inadequate private waste disposal 
systems pose a substantial threat to the public health 01' safety; 01' 

(c) The applicant submits an acceptable schedule for increased 
sewerage system capacity or load reduction, which is designed to 
prevent such overload from occurring when such extension is made; 
provided that the variance shall be voided if the applicant fails to 
adhere to such approved schedule. 

(3) Variances from the requirements under subsection (1) may 
be granted by the natural resources board, after notice and hearing, 
for sewer extensions, otherwise prohibited by this section, where 
there is shown to be a compelling public need or other extraordinary 
circumstance as determined by the board. 

History. Cr. Register, November, 1974, No. 227, eft 12-1-74. 

NR 110.06 Plans for reviewable projects. (1) All plans for review
able projects submitted to the department shall be in accordance with 
chapter NR 108 and shall bear a suitable title block which includes 
the name of the owner, the scale and the date. The north point shall 
be shown on each plan. All plans shall be clear and legible. Blue
prints will not be accepted. The datum used shall be indicated and 
shall be related to U.S.G.S. datum. 

(2) Detailed construction plans I!hall contain appropriate plan 
views, elevations, necessary sections and supplemental views which 
together with the specifications provide all necess·ary infol'mation for 
construction of the project. Manufacturers' drawings 'shall not be 
accepted. 

(3) All plans shall be in conformance with an approved engineer
ing report as required in NR 110.08, Wis. Adm. Code. 

Note: Applicable state and local codes, including those of the depart
ment of industry, labor and human relations, the public service com
mission and the department of health and social services, should be 
consulted for other requirements. 

History: Cr. Register, November. 19H. No. ~27, eft'. 12-1-74. 

NR 110.07 Specifications for reviewable projects. Complete technical 
specifications for all reviewable projects shall accompany the plans. 
Where applicable, the specifications shall generally contain a plan 
for maintaining the same degree of treatment during construction as 
that which existed prior to the start of construction. The specifica
tions accompanying the detailed construction drawings shall include, 
wherever applicable: 

(1) All construction information not shown on the plans; 

Register, November, 1974, No. 227 
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(2) The complete requirements for all mechanical and electrical 
equipment; 

(3) The type and operating characteristics of all equipment; 
(4) The laboratory fixtures and equipment; 
(5) The construction materials to be used; 
(6) The identification of the chemicals to be used; 
(7) The instructions for testing materials and equipment to meet 

design standards; and 
(8) The operating tests for the complete treatment plant and com

ponent units. 
Note. Specifications reproduced from manufacturers' data and ·bear

ing' the manufacturers' labels will not lJe accepted, 
History. Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.08 Engineering reports for r~viewable projects. (1) ApPLI
CABILITY. An engineering report shall be included with each review
able project submitted to the department for approval. 

(2) CONTENT. The engineering report shall contain, in a form for 
convenient and permanent reference, the controlling assumptions 
made and the factors used in the functional design of the sewerage 
system as a whole and of each of the component units. The engineer
ing report shall make reference to applicable effluent limitations or 
applicable basin, metropolitan, areawide and facility water quality 
management plans and shall clearly indicate how the proposed project 
is in conformance with such requirements 01' plans. When applicable, 
the engineering report shall meet the appropriate federal require
ments for facility plans. Engineering reports submitted pursuant 
to this section shall contain all of the following information, wherever 
applicable: 

(a) Description. A brief description of the project; 
(b) Location. A description of the geographic location of the proj

ect, including any necessary reference maps or exhibits. Specific 
locations of existing and proposed sewerage facilities shall also be 
included; 

(c) Topog?,(lIphy. A brief description of the topography of the 
general area with specific reference to the area involved in the 
project; 

(d) Population. Past census data and estimated future population 
projected to the design year for the area involved in the project; 

(e) Soil investigations. A description of the extent of soil investi
gations, including information on rock likely to be encountered. In 
addition, that portion of the project which is below high groundwater 
level shall be indicated. Soil boring information shall be submitted 
where lagoons are considered as part of the sewage treatment scheme; 

(f) Flooding. A designation of any areas of the project which are 
located within a floodway or a floodplain as defined ill chapter NR 
116. All projects shall conform to the requirements of chapter NR 
116; 

(g) Implementation capability. A brief statement demonstrating 
that the owner who will be implementing the project will have the 
necessary legal, financial, institutional and managerial resources 
available to insure the construction, operation, and maintenance of 
the proposed treatment works; 

PegistE'r, November. ln74, No. 227 
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(h) Flow and waste 1'eduction, An evaluation of alternative flow 
reduction and waste l'eduction measures; 

(i) Land disposal. A detailed description of the feasibility of using 
ultimate disposal of pollutants to land rather than to the air or the 
waters of the state; 

(j) Cost-effectiveness. After discussion of waste treatment alterna
tives, the reasons for selection of the recommended alternative. For 
sewage treatment facilities, the report shall describe why the alterna
tive selected is the most cost-effective alternative. If the most cost
effective alternative is not selected, the reasons for selecting a less 
cost-effective alternative shall be stated; 

(k) Costs. A discussion of estimated capital costs, estimated annual 
operation and maintenance costs, and estimated annual costs to the 
average user of the system; 

(1) Schedule f01' completion. A basic schedule for completion of 
design and construction. 

History: Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.09 Sewer projects, (1) ENGINEERING REPORT. For sewer 
projects, the engineering report shall include, in addition to the in
formation required under NR 110.08 (2), Wis. Adm. Code, the 
following: 

(a) Extent. A brief description of the extent of the existing and 
proposed sewers with reference to a general system map as well as 
a description of the areas of probable future expansion of the sewer 
system; 

(b) Downst1'e(JJI1t ove1'!iows. A statement indicating the number 
and location of any sewage overflows or bypasses on the dowllstream 
sewer system; 

(c) Location. The point of connection of the proposed sewers to 
the existing sewer system; 

(d) Description of treatment facilities. A brief discussion of the 
type of treatment facility indicating the ability of the facility to 
handle the sewage from the proposed project during both wet and 
dry weather conditions; 

(e) Basis of design. The following data shall be sent forth for the 
proposed project;. 

1. Design period; 
2. Population densities per acre and total population served; 

.3. Area served in aCl'es; 
4. Per capita sewage contribution expressed as an average and a 

maximum value; 
5. Infiltration; 
6. Industrial waste contribution; 
7. Design flow rates expressed as average and maximum values; 
8. Size of pipe, grade, velocity anel maximum capacity. 

(2) SUBMISSION OF PLANS. In addition to the requirements set 
forth in chapter NR 108 and in NR 110.06 above, the following re
quirements shall be adhered to for submission of plans and specifica
tions for sewer projects. 

(a) C01np1'ehensive plan. A comprehensive plan shall be submitted 
showing the proposed sewer extensions and existing sewers in the 
area of the proposed extensions. The comprehensive plan shall 
include: 

Register, November, 1974, No. 227 
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1. Existing or proposed streets and all streams or water surfaces. 
Contour lines at suitable intervals shall be shown; 

2. The direction of flow in all streams, and high and low water 
elevations of all water surfaces at sewer outlets and overflows; 

3. A description of the area to be served and the potential future 
service area. 

(b) Detailed seWe1' plans. The detailed sewer construction plans 
shall include a plan and profile view of all proposed construction. 
The plans and profiles shall show: 

1. Location. The location of streets and sewers; 
2. ElevatiQns. The line of the gTound surface, the invert and sur

face elevation at each manhole and the grade of the sewer between 
each 2 adjacent manholes. Basement elevations shall be noted on the 
plans or the designing engineer shall state that all sewers are suffi
ciently deep to serve adjacent basements except where otherwise 
noted on the plans. Where gravity basement drainage to the pro
posed sewer will not be possible for existing buildings, the buildings' 
owners shall be so advised prior to construction of the sewers; 

3. Pipe size and material. The pipe size, material, pipe strength 
and bedding class shall be shown on the plans or in the specifications. 

4. Manhole spacing; 
5. Special features. The ,locations of all special features including 

inverted siphons, concrete encasements, elevated sewers, and other 
features as appropriate; 

6. Existing structures. The location of all known existing struc
hues and utilities which might interfere with the proposed construc
tion, particularly all water mains, gas mains, storm drains, and other 
pertinent structures; 

7. Special drawings. Special detail drawings made to a scale to 
clear,ly show the nature of the design shall be furnished to show the 
following: 

a. Stream crossings with elevations of the stream bed and of nor
mal and extreme high and low water levels; 

b. Details of all special sewer joints and cross-sections; 
c. Details of all sewer appurtenances such as manholes, lamp

holes, inspection chambers, inverted siphons and elevated sewers. 
History. Cr. Register, November, 1974, No. 227. eff. 12-1-74. 

NR 110.10 Sewage lift stations. (1) ENGINEERING REPOR'l'. For sew
age lift stations, the engineering report shall include, in addition to 
the information required under NR 110.08 (2), Wis. Adm. Code, the 
following: 

(a) Confldbuto1'Y a1·ea. A description of the extent of the existing 
and proposed contributory area with reference to a general system 
map as well as a description of the areas of probable future expan-
sion of the contributory area. , 

(b) Location. The location of the proposed lift station, force main 
and point of discharge to the existing sewer system. In addition the 
report shall discuss the capacity available in the existing downstream 
sewer to handle the additiona,l flow. 

(c) Basis fM' design. The design data for the proposed project 
including the following: 

1. Design period; 
2. Population densities per acre and total population served; 

Register, November, 1974, No. 227 
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3. Area served in acres; 
4. Per capita sewage contribution expl'essed as an average and as 

a maximum value; 
5. Infiltration; 
6. Industrial waste contribution; 
7. Design flow rates expressed as average and maximum values. 
(d) Essential jeatwl'es. A description of the essential featmes of 

construction and operation of the proposed stations. 

(2) SUBMISSION OF PLANS. In addition to the requirements set 
forth in chapter NR 108 and in NR 110.06 above, the following re
quirements shall be adhered to for submission of plans for sewage 
lift stations: 

(a) Location plan. A location plan shall be submitted showing the 
tributary area, the municipal boundaries within the tributary ai'ea 
and the location of the lift station and force main, and all pertinent 
elevations. 

(b) Detwiled plcuw. The detailed Hft station plans shall show the 
following, where applicable: 

1. The location and the topography (using a contour map) of the 
property to be used; 

2, The station details and all appurtenant equipment including 
pumps, sump pumps, heaters, ventilation equipment, valving, access 
ladder, intermediate landings, and wet weIl; 

3. The elevation of high water at the site, including the maximum 
elevation of sewage in the collection system in the event of power 
failure at the station; 

History: Cr. Register, November, 1974, No. 227. eff, 12-1-74. 

NR 110.11 Sewage treatment plant,s. (1) ENGINEERING REPORTS. For 
sewage treatment plants, the engineering report shall include, in 
addition to the information required under NR 110.08 (2), Wis. Adm. 
Code, the following: 

(a) Cont1'ibutory Mea. A brief description Of the extent of the 
existing and proposed contributory areas to the proposed sewage 
treatment plant with reference to a general map of the area as well 
as a description of the areas of probable future expansion of the 
sewer system contributory to the sewage treatment plant. 

(b) Site desm'iption. A description of the location of the sewage 
treatment plant and point of effluent discharge. In addition, a dis
cussion of the various available sites and the reasons for choosing 
the site recommended shall be included. The site description shall also 
indicate the proximity of residences or developed areas and shall 
show access to the proposed site. 

N<>te: A site survey by the department is necessary prior to e\'alua
tion and acceptance of the proposed site. 

(c) Existing plant. If a plant exists, a discussion of the limitation 
of the plant 01' of individual units that require additions, modifica
tions or expansions. 

(d) Sewe1' system evaluation. An infiltration/inflow analysis to 
demonstrate the existence or nonexistence of excessive clear water 
infiltration or inflow into the sewer system. Where appropriate, this 
analysis shall be supplemented by a sewer system evaluation survey. 

(e) Environmental assessment. An environmental assessment, in-

Register, November, 1974, No. 227 
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eluding a record of any required public hearings, as part of the engi
neering report. 

(f) AltIM'native waste t1'c(J.,tment techniques. A discussion of alter
native waste treatment techniques that have been considered and 
the reasons for choosing the selected alternative, The discussion 
should analyze the relationship of each alternative to the needs to 
be served, including adequate reserve capacity. The discussion shall 
contain an evaluation concerning the capability of each alternative 
for meeting applicable water quality standards in the receiving water 
or any applicable effluent limitations or treatment standards. 

(g) Basis of design. The design data for the proposed project 
including: 

1. The design period; 
2. An analysis of the type of water supply and its effect on the 

character of the sewage; 
3. The volume and strength of the sewage flow, for existing 

installations; 
Note: Data shall be from measurements taken during periods of we.t 

and dry weather. 

4. Identified data on the flow, producing period and character of 
all significant industrial waste sources. Any anticipated increased 
industrial waste contributions and the necessity or desirability. of 
pretreatment of industrial wastes shall also be discussed; .. 

5. Design hydraulic loading including resident and nonresident 
population and industrial waste loading; 

.6. Strength of sewage including BOD and suspended solids for 
domestic sewage and industrial wastes; . 

7. Sewage flows including per capita and total daily flow and infil
tration allowances; 

8. Design flow rate including minimum, average and maximum 
flow rates both for the 24-hour period and for shorter significant 
periods; '. . , 

9. A description of the major plant units including capac,ity,. I:)ize, 
equipment and operation factors; . . 

10. A description of the sludge handling process and ultimate dis~ 
posal of sludge produced in the treatment process; 

11. The quantity, quality and effect of recycled streams on the 
treatment process. 

(h) Con/omllity to applicable plans. A detailed discussioI\ demon
strating that the proposed project conforms to all applicable basin, 
regional, or metropolitan plans or any applicable areawide waste 
treatment management plan. . .' 

(i) Sewage t1'eatment plant p1'olif&l'ation. In the abs~n'ce. of . an 
applicable plan, the report shall include a statement from the local or 
regional planning agency approving the project. The report shall also 
contain a detailed discussion of the feasibility of treating the sewage 
to be treated by the proposed sewage treatment plant at a regional 
or municipal treatment facility. 

Note: It is the express policy of the department to prevent. the prolif
eration of sewage treatment plants where additional sewage treatment 
plants are not in the publi,' interest or ,vhere alternative means' of 
treating the sewage are feasible. 

(j) Receiving st1'eam. 'fhe name and a description of the. nature 
of the watercourse into which effluent will be discharged. The report 
shall describe the present condition of the receiving water, its use 

negister. November. 1974. No. 227 
Environmental Protection 



NATURAL RESOURCES 34g 

designation and applicable water quality standards, and any available 
low flow data. In addition, the report shall describe how applicable 
water quality standards will be affected by the effluent discharge, 
with specific reference to the Wisconsin pollutant discharge elimina
tion system (WPDES) discharge permit for the discharge. 

(k) Effluent dischcvrge ~-ights-of-way. Where the discharge of efflu
ent is to a ditch, drainage swale or intermittent stream, evidence 
that effluent discharge rights-of-way have been obtained through pur
chase, easement or agreement shall be submitted. Such discharge 
rights-of-way shall be obtained from all owners across whose lands 
the effluent will flow from the point of discharge to the confluence 
with a continuously flowing stream. In the event such rights-oi-way 
are not obtained and no alternatives to discharge are available, notice 
must be given to the affected property owners that sewage effluent 
will flow across their lands and proof must be submitted to the de
partment that such notice has been given. 

(2) SUBMISSION OF PLANS. In addition to the requirements set forth 
in chapter NR 108 and in NR 110.06 above, the following require
ments shall be adhered to for submission of plans for sewage treat
ment plants: 

(a) Ovm'all plan. A plan shall be submitted which shows the 
sewage treatment plant in relation to the remainder of the system. 
Sufficient topographic features shall be included to indicate its loca
tion with respect to streams and the point of discharge of treated 
effluent. 

(b) Layout. A general layout plan shall be submitted which 
includes: 

1. A contour map of the site; 
2. The size and location of plant structures; 
3. A schematic flow diagl'am indicating the various plant units; 
4. Piping details including piping arrangements for bypassing 

individual units; 
5, The materials handled and the direction of flow through each 

pipe; 
6. The hydraulic IJl'ofiles for sewage and sludge flows; 
7. Soil conditions at the site. 
(c) Detailed plans. A detailed construction plan shall be sub

mitted which includes: 
1. The location, dimensions, elevations and details of all existing 

and proposed plant units; 
2. The elevation of high and low water level in the receiving 

stream; 
3. An adequate description of all features not coveted in the 

specifications. 
History: Cr, Register, November, 1974. No. 227, eff. 12-1-74. 

NR 110.12 Owner approval requirement. If the engineer submitting 
plans to the department for approval is not an employee of 01' has 
not been retained by the owner of the sewerage system for which the 
plans are submitted, written acceptance of the final plans by the 
owner shall be required prior to submission of the plans to the 
department. 

Note: For example, if an engineer is retained by a developer to design 
sewer extensions which will be connected to a municipal system and 
which will eventually be owned by the municipality, the plans must 
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be accepted by the municipality before the department issues an 
approval. 

History. Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.13 Sewer design criteria. (1) SEPARATE SANITARY SEWERS 
REQUIRED. New systems or extensions to existing systems shall be 
designed to exclude storm and other clear water sources from the 
sanitary sewer system. Combined sewers shall be approved as a re
placement for existing structurally inadequate combined sewers only 
when separate sewers cannot be constructed in specific areas. Existing 
combined sewers shall be eliminated or the pollutional discharges 
from such sewers shall be controlled as soon as practical and in 
accordance with applicable state and federal enforcement actions. 

:l\,rote: In instances \vhere continued lise of cOlllbined se\vers is pro
posed and a delilll te program for tl'eatlllg' the combined sewage can 
be established and found to be cost-effective, the department may waive 
the requirements of this subsection and approve such plans. 

(2) DESIGN PERIOD. Sewer systems shall be designed for the esti
mated ultimate tributary population, except for those points of the 
system that can be readily increased in capacity, 

(3) DESIGN FACTORS. In determining the required capacities of 
sanitary sewers the following factors shall be considered: 

(a) The maximum hourly quantity of sewage; 
(b) The maximum waste quantity and flow rate from industrial 

plants; 
(c) The extent of groundwater infiltration. 

(4) DESIGN BASIS. (a) New sewer systems shall be designed on 
the basis of an average daily pel' capita flow of sewage of not less 
than 100 gallons per day. This figure is assumed to include normal 
infiltration. Sewers shall be designed to carry, when running full, 
not less than the following daily pel' capita contributions of sewage, 
exclusive of sewage or other wastes from industrial plants and other 
establishments having high peak flow rates: 

1. Submain sewers--400 gallons. 
2. Main, trunk and outfall sewers-250 gallons. 
(b) When deviations from the foregoing per capita rates are 

proposed, sufficient justification and a brief description of the pro
cedure used for sewer design shall be submitted. 

(5) CONSTRUCTION DETAILS. (a) Diamete1·. No sewer shall be less 
than 8 inches in diameter. 

(b) Depth, Sewers shall be designed deep enough to prevent freez
ing and, where economically feasible, to provide gravity basement 
drainage for sanitary wastes. 

(c) Slope. Sewers shall be laid with uniform slope between man
holes. All sewers shall be designed and constructed to give average 
velocities when flowing full of not less than 2.0 feet per second based 
on Kutter's or Manning's formula using an "n" value of 0.013. The 
following are the minimum slopes which shall be provided: 

Sewer Size 
8" 

10" 
12" 
15" 
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(d) Alignment. Sewers shall normally be laid with straight align
ment between manholes. 

Note: For 36" diameter sewers or larger, the department may approve 
curvilinear sewers. 

(e) Increasing size. When a sewer joins a larger one, the invert 
of the smaller sewer shall be laid at the proper elevation to maintain 
the same energy gradient. 

(f) Velocity. Where velocities of greater than 15 feet pel' second 
are attained, special provision shall be made to pl'otect against dis
placement or erosion. 

(g) Bedding and backfill. The specifications shall provide for 
proper bedding and backfill for all sewer installations. 

(6) MATERIALS. Materials used in the construction of sanitary 
sewers shall be restricted to the following: asbestos cement, cast iron, 
concrete, vitrified clay, steel, ductile iron, polyvinyl chloride, Acryl
onitrile-Butadiene-Styrene (A.B.S.) Composite, or other materials 
approved by the department for restricted or experimental use. Where 
a restricted or experimental use apPl'oval is issued, the department 
may require a construction inspection report and annual reports 
including television inspection of the system as a condition of its 
approval. . 

(a) Quality. All material used for sanitary sewer construction 
shall be free from defects that impail' service. 

(b) Labeling. Each length of pipe and fitting used in a sanitary 
sewer shall be stamped or indelibly marked with the manufacturer's 
name or mark. 

(c) Nonpressu1'e pipe. All nonpressure sewer pipe shall have suffi
cient strength to withstand the loads which will exist. The following 
are minimum standards for nonpressure pipe: 

1. Asbestos cement pipe and fittings shall meet the requirements 
of A.S.T.M. C428 (1972); 

2. Cast iron pipe and fittings shall be of the commercial grade 
known as "extra heavy" and shall meet the requirements of A.W.W.A. 
C-100 (November 10, 1967); . 

3. Concrete pipe shall meet the requirements of A.S.T.M. C14 
(1971), C76 (1972) or C655 (1970); 

4. Vitrified clay pipe shall meet the requirements of A.S.T.M. 
C700 (1971) or A.A.S.H.O.-M65 (1961); 

5. Steel pipe shall meet the requirements of A.W.W.A. C-200 
(January 23, 1966); 

6. Ductile iron pipe and fittings shall meet the requirements of 
A.W.W.A. C-100 (November 10, 1967); 

7. Polyvinyl chloride sewer pipe shall meet the requirements of 
A.S.T.M. D3033 (1972) or D3034 (1973); 

8. A.B.S. Composite sewer pipe shall meet the requirements of 
A.S.T.M. D2680 (1972); 

Note: Other pipe material will be considered on its merits and may 
be approved by the department. 

9. Copies of the technical references cited above are available for 
inspection at the offices of the department of natural resources, the 
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secretary of state's office and the office of the revisor of statutes and 
may be obtained for personal use from the American Society for Test
ing and Material, 1916 Race Street, PhIladelphia, Penn., 19103, and 
from the Alnerican Water Works Association, 6666 West Quincy Ave., 
Denver, Colo., 80235. 

( d) Joints 101' nonp1'eSSlH'e pipe. The method of making joints 
and the materials used shall be included in the specifications. Sewer 
joints shall be designed to minimize infiltration and to prevent the 
entrance of roots. Joint material shall be of such a composition as 
not to be adversely affected by the sewage. 

1. Asbestos cement pipe joint shall consist of an asbestos cement 
sleeve and two neoprene or rubber type gaskets. 

2. Cast iron pipe joints shall consist of rubber gasket joints, me
chanical joints or lead joints meeting the requirements of A.W.W.A. 
C-100 (November 10, 1967). 

3. Rubber gasket joints for concrete sewer pipe shall meet A.S.T.M. 
C443 (1972). 

4. Resilient joints for vitrified clay sewer pipe shall meet A.S.T.M. 
C425 (1971). 

5. Steel pipe joints shall meet the requirements of A.W.W.A. C-200 
(January 23, 1966). 

6. Ductile iron pipe joints shall meet the requirements of A.W.W.A. 
C-100 (November 10, 1967). 

7. Polyvinyl chloride sewer pipe shall be jointed by solvent weld 
joints or by elastomeric joints which have been approved by the 
department. 

8. A.B.S. Composite sewer pipe shall be jointed by solvent weld 
joints. 

9. Copies of technical references cited above are available fo1' in
spection at the offices of the department of natural resources, the 
secretary of state's office and the office of the revisor of statutes and 
may be obtained for personal use from the American Society for 
Testing and Material, 1916 Race Street, Philadelphia, Penn., 19103, 
and from the American Water Works Association, 6666 West Quincy 
Ave., Denver, Colo., 80235. 

(e) Infiltmtion limits and testing. Groundwater infiltration into 
the sanitary sewer system shall be minimized. Leakage tests shall be 
included in the specifications. Results from groundwater infiltration 
tests shall not exceed the following limits: 

1. Water exfiltl'ation or infiltration shall not exceed 200 gallons 
pel' inch of pipe diameter pel' mile pel' day for the total system under 
construction. Leakage between adjacent manholes shall not exceed 
500 gallons per inch diameter pel' mile pel' day; 01' 

2. A low pressure ail' test may be substituted for the water ex
filtration or infiltration test. The air test, if used, shall conform to 
the test procedure reported on by Ramseier and Riek in the Journal 
of Sanitary Engineering Division of the proceedings of the American 
Society of Civil Engineers, April 1964. Copies of the report by 
Ramseier and Riek which appeared in the Journal of Sanitary Engi
neering Division, April 1964, are available for inspection at the office 
of the department of natural resources, the secretary of 'state's office 
and the office of the revisor of statutes and may be obtained for 
personal use from the Journal of Sanitary Engineering Division, 345 
East 47th Street, New York, New York, 10017. 
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(f) Pressw'e sewer pipe and joints. All pl'essure sewer pipe shall 
meet the following minimum requirements: 

. 1. Asbestos cement pipe and joints shall meet the requirements 
of A.W.W.A. C-400 (January 31, 1972). 

2. Cast iron pipe and joints shall meet the requirements of 
A.W.W.A. C-I00 (November 10, 1967). 

3. Ductile iron pipe and joints shall meet the requirements of 
A.W.W.A. C-I00 (November 10, 1967). 

4. Steel pipe and joints shall meet the requirements of A.W.W.A. 
C-200 (January 23, 1966). 

5. Concrete pipe and joints shall meet the requirements of 
A.W.W.A. C-300 (January 27,1964). 

Note, Other pipe material 01' joints will be considered on their merit 
and may be approved by the department. 

6. Copies of the technical references cited above are available for 
inspection at the office of the department of natural resources, the 
secretary of state's office and the office of the revisor of statutes and 
may be obtained for personal use from the American Water Works 
Association, 6666 West Quincy Ave., Denver, Colo., 80235. 

(7) MANHOLES. (a) Location. Manholes shall be installed at the 
following locations: 1) at the end of each line; 2) at all changes in 
gl'ade, size 01' alignment; 3) at all intersections; and 4) at intervals 
not greater than 400 feet for sewers 15 inches 01' less, and 500 feet 
for sewers 18 inches to 30 inches. Lampholes shall be used only for 
special conditions. 

Notel For sewers greater than 30 inches, the Interval between man
holes shall be determined on a case by case basis. 

(b) D1'op pipe. A drop pipe shall be provided for a sewer entering 
a manhole where the invert elevation of the entering sewer is 24 
inches or more above the spring line of the outgoing sewer. 

Note, For large diameter sewers, the Use of drop pipes will be eval
uated on a case by case basis. 

(c) Diameter. The minimum diameter of manholes shall be 42 
inches. 

N'otel Larger diameters are preferable. 

(d) ConskuGtion. Manholes shall be constructed of precast con
crete, monolithic concrete, segmented brick or block or other approved 
materials. 

(e) Flow channel. The flow channel through manholes shall be 
made to conform to the shape and slope of the sewers. 

(f) Wate?' tightness. Solid manhole covers shall be used wherever 
the manhole tops may be flooded by street runoff 01' high water. 
Where groundwater conditions are unfavorable, manholes of brick 
01' segmented block shaH be waterproofed on the exterior with plaster 
coatings supplemented by a bituminous waterproof coating 01' other 
approved coatings. 

(8) INVERTED SIPHONS. Inverted siphons shall have not less than 
2 barrels with a. minimum pipe size of 6 inches and shall be provided 
with the necessary appurtenances for convenient flushing and main
tenance. The manholes shall have adequate clearance for rodding 
and, in general, sufficient head shall be provided and pipe sizes 
selected to secure velocities of at ,least 3.0 feet pel' second at average 
flows. The inlet and outlet details shall be arranged so that the 
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normal flow is diverted to one barrel, and so that either barrel may 
be removed from service for cleaning. 

(9) PROTECTION OF WATER SUPPLIES. (a) C1'oss-connections. There 
shall be no physical connection between a public or private potable 
water supply system and a sewer or appurtenance thereto which 
would permit the passage of any sewage or polluted water into the 
potable supply. Water main bleeders into sanitary sewer manholes 
are prohibited. 

(b) Se}Jamtion !1'om wells. Sewers shall be laid at least 200 feet 
from a public water supply well and at least 50 feet from a private 
water supply weIl. All wells located within the distances referred 
to above shall be indicated on the plans. 

Note: In the event these distances cannot be maintained, the depart
ment shall be notified and may approve alternate specifications. 

(c) Horizontal sepwl'ation. Sewers shall be laid at least 8 feet 
horizontally from any existing or proposed water main. The distance 
shall be measured center to center. Should local conditions prevent a 
horizonta,l separation of 8 feet, a sewer may be laid closer to a water 
main provided that: 

1. The bottom of the water main is at least 18 inches above the top 
of the sewer and the minimum horizontal separation is 3 feet meas
ured edge to edge; and 

2. A profile of the rock surface as determined from exploration 
shall be shown on the plan when rock excavation is the reason for 
the variance from the 8-foot separation. 

Note: Roc1< which can be removed by normal excavation methods will 
not be grounds for a variance from this provision. 

(d) Ve'l'tiwl sepanbtion. Whenever sewers cross under water mains, 
the sewer shall be laid at such an elevation that the top of the sewer 
is at least 6 inches below the bottom of the water main. Whenever 
sewers cross over water mains, the sewer shall be laid at such an 
elevation that the bottom of the sewer is at least 18 inches above the 
top of the water main. 

Note: 'Vhen the elevation of the sewer cannot be varied to meet the 
above requirements, the department may grant a variance from this 
requirement, provided that the water mam is reconstructed for a mini
mum distance of 8 feet on each side of the sewer. The purpose of this 
l'eLonstruction is to Insure that one full length of water main is cen
tered on the sewer So that both joints will be as far from the sewer 
as possible. Structural support of the pipes may be required at some 
locations. 

(e) Exception. When it is impossible to obtain the propel' horizon
tal and vertical separation set forth in NR 110.13 (9) (c) and (d), 
Wis. Adm. Code, the sewer shall be constructed of materials and with 
joints that are equivalent to water main standards of construction 
and pressure tested to assure watertightness. All force mains, how
ever, shall be constructed to meet, at a minimum, the requirements 
set forth in NR 110.13 (9) (c) 1. 

Histon': Cr, Register, November. 1974, No. 227, eft 12-1-74, 

NR 110.14 Sewage lift station design criteria. (1) LOCATION, Sew
age lift stations shall be accessible at all times and shall be so lo
cated as not to be subj ect to flooding. 

Note, The department recommends that sewage lift stations not be in 
the trattlc lane of a street. 
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(2) DESIGN BASIS. The following items shall be provided where 
applicable: 

(a) P,1~1nP chambe1" The pump chamber shall be completely sepa
rate from the wet welL 

(b) Pump 1·emoval.Provision shall be made to facilitate removing 
pumps and motors. 

(c) A ccesl!. A safe means of access shall be provided to pump 
chambers and to wet wells containing equipment requiring inspection 
01' maintenance. If a pump chamber is over 20 feet deep, an offset 
shall be made in the entrance ladder with an intermediate landing 
at approximately mid-depth. Where an intermediate landing is used, 
the diameter of the landing area shaII be at least 5 feet and a suit
able barrier shall be provided to prevent an individual from falling 
past the intermediate landing to the lower level. 

(d) Duplicate units. At least 2 pumps or pneumatic ejectors shall 
be provided for each instaUation. Where the pumping station will 
serve not more than 25 homes, a single unit may be used, provided 
that the station is designed to permit the installation of a future 
duplicate pump with no structural changes. Each pumping unit shall 
be capable of handling the expected maximum flow. If three or more 
pumps are provided, they must be desig11ed to fit expected flow con
ditions and must be capable of handling the maximum flow with one 
unit out of service. 

(e) Protection against clogging. Where a potential for clogging 
exists, protection in the form of bar screens, mechanically oleaned 
bar screens, basket screens, comminutors 01' other suitable means 
shall be provided. 

(f) Pump openings. Pumps must be capable of passing spheres 
of at least three inches in diameter. With propel' protection against 
clogging, pumps capable of passing 21h-inch spheres may be used on 
small installations. Pump suction and discharge openings shall be at 
least foul' inches in diameter. 

(g) P?'iming. The pump shaU be located so that under normal 
operating conditions it will operate under a positive suction head. 
,Self-priming 01' vacuum primed pumps are excepted from this 
requiremen t. 

(h) Electrical equipment. Electrical equipment in enclosed places 
where gas may accumulate shall comply with the hazardous applica
tion conditions of the electrical code. 

(i) Intake. 
Note: The department recommends that each pump have an individual 

intalte and that intakes be designed with suction elbows with flared 
opening', In addition, the department recommends that the intal<e be 
placed l,~ the diameter of the hel! above the floor. 

(j) Dewate.?'ing. A sump pump sha.ll be provided in pump cham
bers to remove leakage or drainage with the discharge at an eleva
tion as high as practical in the wet well. A siphon break shall be 
included at the high point in the wet well. 

(k) Put/)~ping ?'ate. The pumping rates for stations discharging to 
sewage treatment plants must approximate the rate of delivery to 
the station. 

(1) Controls. 
Note: There are no requirements for alternate use of pumps in lift 

stations; however, the department recommends that in small lift sta
tions, provision be made to alternate the pumps in use. 
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(m) Valves. Suitable shutoff valves sha11 be placed on suction and 
discharge lines of each pump. A check valve shall be placed on each 
discharge line between the shutoff valve and the pump. 

Note. It is recommended that the check valve preferably be on a 
horizon tal section of pipe. 

(n) Wet well size. The effective capacity of the wet well shall pro
vide a holding period not to exceed 10 minutes for the design average 
flow. 

(0 ) Wet well floM' slope. The wet well floor shall have a minimum 
slope of 1 to 1 to the hopper bottom. The horizontal area of the hop
per bottom shall be kept to a practical minimum. 

(p) Ventilation. 1. Adequate ventilation shall be provided for all 
pump stations. Where the pump chamber is below the ground SU!'

face, mechanical ventilation is required. Mechanical ventilation sha],] 
also be provided in all wet wells where equipment requiring inspec
tion 01' maintenance is located. There shall be no interconnection 
between wet well and pump chamber ventilation systems. Switches 
for operation of ventilation equipment sha11 be marked and con
veniently located. 

Note, Consideration should be given to the use of automatic controls 
where intermittent ventilation is used. Heating and/or dehumidifica
tion equipment shall be provided where needed. 

Note, Ventilation is not normally required in submersible pump lift 
stations. 

2. Ventilation for wet wells must provide at least 12 complete ail' 
changes pel' hour if ventilation is continuous and at least 30 complete 
air changes per hour if ventilation is intermittent. Ail' shall be forced 
into the wet well rather than exhausted. 

3. Ventilation for pump chambers should provide at least 6 com
plete ail' changes pel' hour if ventilation is continuous and at least 
30 complete air changes per hour if ventilation is intermittent. 

(q) Flow meaSU1'ement. Suitable devices for measuring sewage 
flow shall be installed. 

(1') Wate?' supply. There shall be no connection between any potable 
water supply and sewage Jift station which might cause contamina
tion of the potable supply. 

(3) SUCTION LIFT PUMPS. (a) Priming. Suction lift pumps shall 
be of the self-priming or vacuum primed type. 

Note, It is recommended that in genera] the total suction lift not 
exceed 15 feet. 

(b) Capacity. The capacity of suction lift pumps shall not exceed 
500 gallons pel' minute. 

Note: Larger units may be approved by the department if sufficient 
justification is presentee!. 

(4) SUBMERSIBLE PUMPS. (a) Type. Submersible pumps shall be 
readily removable and replaceable without dewatering the wet well 
and with continuity of operation of the other unit 01' units. 

(b) Installation. The low water level in the station shall be set 
at a level such that the pump and motor will be continuously below 
the minimum sewage level in the wet well or the pump shall be rated 
as explosion proof by the board of fire underwriters. 

(5) ALARMS. (a) Alarm systems shall be provided at all stations. 
The alarm shall be activated in case of power failure, high water 
in the wet well or high water in the dry well. In the event a tele-
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phone line to a remote location is used as the means of alarm, the 
alarm shall be activated in the event of a failure in the telephone 
line. 

(b) The alarm shall be either a suitable audible or visual alarm 
and shall be so located as to be readily seen or heard. 

(6) EMERGENCY OPERA'rION. (a) Provisions for emergency opera
tion of lift stations shall be provided to prevent the discharge of raw 
or partially treated sewage to a surface water or to the ground sur
face and to prevent sewage backup into basements. 

(b) Power must be available from at least two independent sources 
or, in the alternative, emergency power generating equipment or 
portable pumping equipment must be available. 

Note. It is recommended that a point of connection to the discharge 
force main be installed at a point where portable pumping units can be 
connected. 

(7) FORCE MAINS. (a) Velocity. A velocity in excess of two feet 
pel' second shall be maintained in force mains. 

(b) A it· ?'elief valve. An ail' relief valve shall be placed at high 
points in the force main to prevent ail' locking. 

(c) TM'mination. 
Note: The department recommends that force mains enter gravity 

sewer manholes at a point not more than 2 feet above the spring line 
of the outgoing sewer. 

RistOl'Y: Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.15 General requirements for s3wage treatment works. (1) 
QUALITY OF EFFLUENT. (a) For purposes of design, the minimum 
allowable level of treatment shaII be that level of treatment which 
results in the. removal of 90% of the 5-day biochemical oxygen de
mand (BOD.) and 90% of the suspended solids (SS). 

Note: Higher levels of treatment may be required depending on the 
characteristic of the waste being treated, the low flow in the receiving 
stream or the water quality standards of the receiving stream. 

(b) Existing treatment plants capable of removing at least 85% 
of the BOD. and SS and capable of producing an effluent quality 
of less than 30 mg/1 of BOD. and SS on a monthly average will be 
allowed to remain in service for the design life of the plant if water 
quality standards can be met in the receiving water. 

(c) All effluents discharged to a receiving surface water, except 
those from stabilization ponds, shall be properly disinfected on a con
tinuous basis. All effluents shall contain less than 200 fecal coliform 
bacteria pel' 100 ml on a monthly average. 

(2) DESIGN PERIOD. Sewage treatment plants 'shall be designed 
to provide for the estimated population 20 years hence. 

Note. The department will waive this requirement' upon a demon
stration to its satisfaction that a lesser design period is more cost
effective. 

(3) PLANT LOCATION. (a) Sewage treatment processes, except for 
lagoon systems, shall be located on sites not less than 500 feet from 
the nearest inhabited dwelling. Aerated lagoon treatment system 
shall be located not less than 750 feet from inhabited dwellings and 
stabilization ponds shall be located not less than 1,500 feet from in
habited dwellings. 

(b) Existing treatment facilities which when constructed met the 
above distance requirement but which have since been encroached 
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upon by residential, commercial or industrial development, shall be 
subjected to the above requirement at the time of expansion of the 
facility. 

Nntet 'rhe departnH~nt Inay \va!ve this l'eqllirenlent on a caRe-by-ca:-.;e 
hasis, However, it is j'ecoml1lended that the lllunicip'dity consider, eitlH'r 
the purchase of sufliclent lands surrounding the plant site 01' the use 
of zoning to prevent encroachment of residential, commercial Or indus
trial developments, 

(c) All treatment plants and ponds shall be located such that they 
are not subject to flooding. No plant 01' pond shall be located in a 
floodway. If the plant or pond is located in a floodplain, it shall 
conform to chapter NR 116. The plant or pond shall be accessible at 
all times, 

(4) NEW PROCESSES, METHODS AND EQUIPMENT. 
Note, It is the policy of the department to encourage the develop

ment of new methods 01' equipment for treatment of sewage wastes, 
Howeyer, where new processes, methods or equipment are proposed 
and where limited data is available which demonstrates the perform
ance of the equipment, the department may require the posting of a 
performance bond by the manufacturer, 

(5) SEWAGE FLOW. Unless satisfactory justification is given for 
using a different value, new sewage treatment systems shall be de
signed for an average daily flow of 100 gallons per capita, and for 
anticipated daily flows from industrial waste contributors. Modifica
tions or expansions of existing treatment systems shall be based on 
gaugings of the present sewage flow, plus allowance for estimated 
future increase. 

(6) BOD. AND SS. Unless satisfactory justification is given for 
using different values, sewage treatment systems shall be designed 
based on a BOD. contribution of 0.17 pounds per capita per day and 
SS contribution of 0.20 pounds per capita per day and anticipated 
industrial waste contributions. 

(7) DESIGN LOADING. The design of treatment units shall be based 
on an average rate of sewage flow per 24 hours except where sig.
nificant deviation from normal diurnal flow pattern exists. Industrial 
waste design flows shall be determined from the observed rate of 
flow during the significant period of discharge. The following factOrs 
shall be evaluated in determining the design flow of the sewage treat
ment plant: 

(a) Peak flow rates occuning over significant time periods; 
(b) Data from similar municipalities in the case of new 'systems; 
(c) Wet weather flows. Excessive clear water must be eliminated 

at its source and must not be included in the plant design; 
(d) Recirculation. 

(8) DESIGN OF CONDUITS. All piping and channels shall be designed 
to carry the maximum flows. The incoming 'sewer shall be designed 
to operate without surcharge. Pockets, corners and other dead areas 
where solids can accumulate must be eliminated. 

(9) ARRANGEMENT OF UNITS. All treatment units shall be arranged 
to provide operating convenience and flexibility, and to facilitate in
stallation of future units. 

(10) BY-PASSES. Complete plant by-passes shall not be provided. 
By-passing of individual units for maintenance purposes is permissi-
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ble. During periods of maintenance, the minimum degree of treatment 
shall be solids settling and effluent disinfection. . 

(11) TREATMEN'l' DURING CONSTRUCTION. During construction of 
new facilities, treatment shall be maintained at the same level as 
that which existed prior to the start of construction. 

(12) CONSTRUCTION MATERIALS. Materials shall be selected that are 
compatible with the characteristics of the sewage wastes. 

Note. Dissimilar metals should be avoided to minimize galvanic 
adion. 

(13) PAINTING. (a) The use of paints containing lead is prohibited. 
In order to facilitate the identification of piping, the following color 
scheme shall be utilized: 

1. Sludge line-brown; 
2. Gas line-red; 
3. Potable water line-blue; 
4. Chlorine line-yellow; 
5. Sewage line-gray; 
6. Compressed airline-green; 
7. Nonpotable water line-blue with 6-inch l'ed bands spaced 30 

inches apart. 
(b) In addition to the color code,each pipe shall be adequately 

labeled with a minimum of 2 labels in each room, crawl space or 
compartment. 

(14) OPERATING EQUIPMENT. All necessary tools and accessories 
for the plant operator's use shall be provided. Storage space and a 
work area shall also be provided. 

(15) EMERGENCY POWER. A standby power source shall be provided 
at each sewage treatment plant in the form of connection to 2 inde
pendent power sources 01' by providing an emergency power genera
tor. Sufficient emergency power shall be supplied to provide a 
minimum treatment equivalent to solids settling and effluent disin
fection at all times. 

(16) WATER SUPPLY. An adequate supply of potable water shall be 
provided for use in the laboratory. No connections shall be made 
which might cause contamination of a potable water supply. 

(a) Direct connections. Potable water from a public supply may 
be used directly at points above grade for the following hot and cold 
supplies: lavatory sink, water closet, laboratory sink, shower, eye
wash fountain and drinking fountain. Hot water for any of the above 
shall not be taken directly from a boiler used for supplying hot water 
to a 'Sludge heat exchanger or digester heating coils. 

(b) Indirect connections. Where a potable water supply is to be 
used for any other purpose than those listed in paragraph (a), a 
break tank, pressure pump and pressure tank or a bacldlow pre
venter shall be provided. 

1. Break tank. Potable water shall be discharged to the break tank 
through an ail' gap at least 6 inches above the maximum flood line or 
the spill line of the tank, whichever is higher. A sign shall be perma
nently posted at every hose bib, faucet or sill cock located on the 
water system beyond the break tank to indicate that the water is not 
safe for drinking. 
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2. Backflow preventer. a. Backflow preventers may be used to 
protect the potable water supply provided that the following condi
tions are met: 

i. Detailed plans and specifications covering the unit and its in
stallation are approved by the department of health and social serv
ices, plumbing section, before installation. 

ii. The installation is made above grade in a location accessible 
for testing, inspection and maintenance, and is protected from 
freezing and flooding. 

iii. The unit is installed immediately downstream of the meter 
prior to any branches off the service line. 

b. The following protective devices shall be installed where back
flow preventers are used: 

1. Chlorinator water supply. A vacuum breaker shall be installed 
downstream of the last water supply shutoff valve and at an elevation 
higher than the chlorinator. 

ii. Hose bibs and approved yard hydrants. An approved combination 
backflow-siphon breaker shall be provided. 

iii. Sinks or lavatories. A vacuum breaker located 6-7% feet above 
the sink or, if located at sink elevation, an anti-hose connection on 
the faucet shall be required. 

iv. Pump bearing lubrication. A vacuum breaker shall be provided 
downstream of the shutoff valve and above the elevation of the 
pumps. Additionally, a %" to JAil bleed line shall be installed that 
will allow free discharge to a storm sewer or to the ground surface. 

(c) S epa;rate potable wate?' supply. Where it is not possible to 
provide potable water from a public water supply, a separate potable 
water supply must be provided. 

Note: If a separate well Is provided, the well specifications and usage 
must be approved by the private water supply section of the department. 

(d) Sepa;rate nonpotable watlYl' supply. Where a separate non
potable water supply is provided, a break tank or backflow pl'eventer 
will not be necessary, but all water outlets must be posted with a 
permanent sign indicating the water is not safe for drinking. 

(17) SANITARY FACILITIES. 
Note: It Is recommended that a toilet, shower and lavatory be pro

vided. 

(18) LABORATORY SPACE AND EQUIPMENT. All treatment works 
should include a laboratory for making the necessary analytical de
terminations and operating control tests. Equipment necessary for 
making the various determinations required by the department should 
be provided. In lieu of laboratory testing at the plant site, a suitable 
contract with a neighboring plant or independent laboratory is 
acceptable. 

(19) FLOW MEASUREMENT. Equipment for flow measurement, total
izing and recording shall be provided for the total waste flow. 

Note: It is recommended that measurement of other flow streams 
within the plant be done in aid of plant operation. 

(20) FLOOR SLOPE. Floor surfaces shall be sloped adequately to a 
point of drainage. 

(21) SAFETY. 
Note. Although safety regulation is beyond the scope of these rules, 

the department recommends that adequate provision be made to effec-
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tively protect the operator and visitors from hazards. It is further 
recommended that the Safety and Health Rules set forth in Chapter 
IND 1000. ·Wisconsin Administrative Code, and the appropriate federal 
and local safety codes be adhered to in the operation of the plant. The 
fo!Jowing are specitlc measures which might be taken to enhance the 
safe operation of the plant: 

(a) Enclosure of the plant site with a fence to discourage entrance 
of animals Or unauthorized persons. 

(b) Installation of hand rails and guards where necessary. 
(c) Provision of first aid equipment. 
(d) Posting of "No Smoking" signs in hazardous arells. 
(e) Provision of proteetive clothing and equipment such as gas masl{s, 

gog'gles, gloves. 
Histol'Y' Cr. Register, November, 1974, No. 227. eff. 12-1-74. 

NR 110.16 Screening devices. (1) ApPLICABILITY. All sewa'!,'e treat
ment plants shall provide protection for pumps and other equipment 
by installing coarse bar racks or screens, comminutors or mechanically 
cleaned bar screens. All equipment shall be readily accessible for 
maintenance. A screening device shall precede grit chambers. 

(2) ACCESS. Screening devices shall be provided with convenient 
access, adequate lighting and ventilation, and convenient and ade
quate means for removing screenings when necessary. 

(3) SEPARATION FROM OTHER EQUIPMENT IN BUILDING. Screening 
devices installed in a building where other equipment or offices are 
located shall be separated from the rest of the building, provided 
with separate outside entrances, and provided with adequate means 
of ventilation. 

(4) DESIGN AND INSTALLATION. (a) Nonmechanical SC1·eens. Clear 
openings between bars shall not exceed two inches. Design and instal
lation of bar screens shall be such that they can be conveniently 
cleaned. 

(b) M echanlcal screens. Clear openings for mechanically cleaned 
screens may be as small as adequate for conditions. 

(c) Velocities. For hand raked bar screens the screen chamber 
should be designed to provide a velocity through the screen of approx
imately one foot per second at average rate of flow. For mechanically 
cleaned screens maximum velocities during wet weather periods shall 
not exceed 2.5 feet pel' second. 

(d) Inve1·t. The screen channel invert must be at least 3 inches 
below the invert of the incoming sewer. 

(e) Slope. Hand-cleaned screens, except those for emergency nse, 
must be placed on a slope of 30 to 45 degrees with the horizontal. 

(5) CHANNELS. The channel preceding and following the screen 
shall be shaped to minimize settling of solids. Fillets shall be installed 
as necessary. Channels shall be equipped with the necessary gates 
to divert flow from anyone screening unit. Methods for dewatering 
each unit must be provided. 

(6) SAFETY DEVICES. All mechanical units which are operated by 
timing devices shall be provided with auxiliary controls which will 
activate the cleaning mechanism at predetermined high-water marks 
or differentials in head. 

(7) HANDLING SCREENINGS. Adequate facilities must be provided 
for removal, handling, storage, and disposal of screenings in a sani
tary manner. Hand-cleaned screening facilities must include an acces
sible platform from which the operator may rake screenings. Suitable 
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drainage facilities must be provided both for the platform and for 
storage areas. 

(8) AUXILIARY SCREENS. Where mechanically operated screening 01' 

comminuting devices are used auxiliary hand-cleaned screens shall 
be provided. Plant design must provide for the automatic diversion 
of the entire sewage flow through the auxiliary screens should the 
regular units fail. 

HistOl'n Cr. Register. November. 1974. No. 227. eff. 12-1-74. 

NR 110.17 Grit removal facilities. (1) ApPLICABILITY. Grit removal 
facilities are recommended for all sewage treatment plants, and are 
required for plants receiving sewage from combined sewers or from 
sewer systems receiving substantial amounts of grit. 

(2) TYPE AND NUMBER OF UNITS. Gl'it removal facilities must have 
at least two hand-cleaned units, 01' a mechanically cleaned unit with a 
by-pass. Where aerated grit chambers are proposed, detailed design 
information and necessary supporting dOCUme)lts shall be provided 
with the plans. . ' 

(3) DESIGN FACTORS. (a) Inlet. Inlet turbulence shall be minimized. 
(b) Velocity and detention. Channel-type chambers shall be de

signed to provide controlled velocities of one foot pel' second. The 
detention period shall be based on the size of particle to be re)lloved. 

(c) Grit washing. All facilities not provided with positive velocity 
control shall include means for grit washing to further separate 
o1'ganic and inorganic materials. 

(d) D1·ains. Drains or other means for dewatering each unit must 
be provided. . 

Hist .... y: .Cr. Register. November. 1974, No. 227., eff, 12-1.-.74 •.. 

NR 110.18 Settling ta111{s. (1) INLETS. Settling tank inlets shall be 
designed to dissipate the inlet velocity, to distribute the flow equally 
and to prevent short-circuiting. Channels shall be designed to main
tain a velocity of at least one foot per second at one-half of design 
fiow'. Cornel' pockets and dead ends shall be eliminated and corner 
fillets 01' channeling used where necessary. Elimination 01' removal 
of floating materials in inlet structures having submerged ports shall 
be required. 

(2) LENGTH OF FLOW. The minimum length of flow from inlet to 
outlet shall not be less than 10 feet unless special provision IS made 
to pi'event short-circuiting. 

(3) SCUM BAFFLES. Scum baffies shall be provided ahead of outlet 
weirs on all primary and final settling tanks. Mechanical scum re
moval equipment shall be provided in all primary and final settling 
tanks. 

Note: It is recommended that decanting tanks be used. 

(4)< WEIRS. Overflow weirs shall be adjustable. Weir loadings shall 
not exceed 10,000 gallons pel' clay pel' lineal' foot for plants desiglled 
for average flows of 1.0 mgd or less. 

Note: ,\Teir loadings not in excess of 15.000 gallons per day per linear 
foot ma.y be approved by the department for plants designed for flows 
in excess of 1.0 mgd. 

(5) SUBMERGED SURFACES. The tops of troughs, beams, and similar 

Register, November, 1974, No. 227 
Environmental Protection 



NATURAL RESOURCES 34u 

construction features which are submerged shall have a minimum 
slope of 1.4 vertical to one horizontal. 

1\[0+"". Tt 18 r~wonllnen(Jed .that a slone of one to 011e on the underside 
of such features to prevent the accumulation of scum and solids be 
provided. -

(6) MULTIPLE TANKS. Multiple units shall be provided at all plants 
with a design flow of greater than 0.5 mgd. 

Note: The department may waive this requirement if it concludes 
thq,t the facilities can he effectively operated for a short time with a 
single unit removed from service. 

(7) SERVICING FACILiTIES. All settling basins shall be provided with 
easy -access for maintenance. 

(8) SURFACE SETTLING RATES. (a) PrimWl'Y settling tanks. Surface 
settling rates for primary tanks shall not exceed 600 gallons pel' day 
per square foot based on the design flow for plants where excess 
activated sludge or recirculated flows are returned to the primary 
settling tanks. In other cases, the surface settling rates shall not 
exceed 1,000 gallons pel' day pel' square foot based on the desig11 flow. 

(b) Intermediate settling tanks. S.ul'face settling rates for inter
mediate settling tanks. shall not exceed 1,000 gallons per day pel' 
square foot based on their design flow. 

(c) Final settling ta.nks. Surface settling rates for final settling 
tanks based on their design flow, shall not exceed 600 gallons per day 
per sq~are foot except as provided in NR 110.20 (5) (b), Wis. Adm. 
Code. 

(9) SLUDGE REMOVAL. Direct pump suction to the sludge hoppers 
of primary settling tanks shall be provided. A sludge well shall be 
provid~d or appropriate equipment installed for viewing and sampling 
the sludge. Continuous sludge removal from final settling tanks shall 
be provided. Each sludge hopper shall have an individually valved 
sludge withdrawal line at least 6 inches in diameter. Head available 
for withdrawal of sludge shall be at least 30 inches for gravity 
with.drawa!. 

-(10) DEPTH. The liquid depth of mechanically cleaned settling 
tanks shall be as shallow as practical but not less than 7 feet. Final 
clarifiers for activated sludge shall not be less than 10 feet· in depth. 

(11) SLUDGE HOPPERS. Hoppers shall be accessible for maintenance 
from the operating level.. The minimum slope of the side walls of 
sludg'e hoppers shall be 1.7 vertical to one horizontal. Clearance be
tween the end of the sludge draw-off pipe and the hopper walls shall 
be ·sufficient to prevent "bridging" of solids. Hoppel' bottoms shall 
have a maximum dimension of two feet along the side. 

(12) MECHANICAL SLUDGE COLLECTION EQUIPMENT. Suitable mechan
ical sludge collection equipment shall be provided in all settling tanks 
except for installations too small to warrant the use of mechanically 
equipped tanks. 

(13) IMHOFF TANKS. Imhoff tanks are not acceptable. 
Note: The department will waive this prohibition and approve Imhoff 

tanks only when plans are accompanIed by sufIicient jUstification and 
detailed design data. 

History: Cr. Register. November, 1974. No. 227. eff. 12-1-74. 

Register, 1'.Jov81nhel', 1974-, No. 227 
Envil'onnlental j'rotection 



34v WISCONSIN ADMINISTRATIVE CODE 

NR 110.19 Biological treatment; trickling filters. (1) ApPLICABILITY. 
New trickling filters are not acceptable unless used in conjunction 
with other treatment units which will produce an overall level of 
treatment defined as acceptable in NR 110.15 (1). Existing trickling 
filters may be used as a treatment unit in plant expansion if the 
overall requirements of NR 110.15 (1) are met. Trickling filters shall 
be preceded by approved settling tanks equipped with scum collecting 
devices, or other suitable pretreatment facilities. 

(2) DESIGN BASIS. Tl'ickling filters shall be designed to accept an 
organic loading of less than 50 pounds of BOD. per 1,000 cubic feet 
of media. Filters using manufactured media shall be loaded at less 
than 75 pounds BOD. per 1,000 cubic feet of media. 

Note. 'I'he department may approve a hig-her loading- rate depending
on the use of the filter. with respect to other plant units. 

(3) DOSING EQUIPMENT. (a) Distribution. The sewage shall be dis
tributed over the filter by rotary distributors or other suitable de
vices which will permit reasonably uniform distribution to the sur
face area. 

(b) Dosing. Sewage shall be applied to the filters by siphons, 
pumps or by gravity discharge from preceding treatment units when 
suitable flow characteristics have been developed. Application of the 
sewage shan be continuous. A piping system which wHl permit re
circulation shall be provided. 

(c) Clewrance. A minimum clearance of 6 inches between media 
and distributor arms shall be provided. 

( 4) MEDIA. (a) Type. The media shall be crushed rock, slag or any 
approved specially manufactured material. 

(b) Quality. The media sha,11 be durable, resistant to spalling or 
flaking, and be relatively insoluble in sewage. The top 18 inches of 
natural aggregate shall have a loss of not more than 10% as meas
ured by the 20-cycle, sodium sulfate soundness test, with the balance 
passing a 10-cycle test. The test shall be done in accordance with 
A.S.C.E. Manual of Engineering Practice, Number 13 (October 13, 
1935). Copies of the A.S.C.E. Manual of Engineering Practice, Num
ber 13, are avaiJable for inspection at the office of the department 
of natural resources, secretary of state's office and the office of the 
revisor of statutes and may be obtained for personal use from the 
American Society of Civil Engineers, 33 West 39th Street, New York, 
New York. Slag media shall be free from iron. Manufactured media 
shall be structurally stable and chemically and biologically inert. 

(c) Depth. The filter media sha,ll have a minimum depth of 5 feet 
above the underdrains and shall not exceed 7 feet in depth except 
where special construction is justified by studies. 

(5) SIZE AND GRADING OF MEDIA. (a) Rock, slag and similM' media. 
Rock, slag and similar media shall not contain more than 5% by 
weight of pieces whose longest dimension is 3 times the least dimen
sion. They shall be free from thin elongated and flat pieces, dust, 
clay, sand, or fine material and sha,ll conform to the following size 
and grading when mechanically graded over vibrating screen with 
square openings: 

1. Passing 4%-inch SC1'een-l00% by weight; 
2. Retained on 3-inch screen-95-100% by weight; 
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3. Passing 2-inch screen-0-2% by weight; 
4. Passing i-inch screen-O-l % by weight; 
(b ) Handling and placing of media. Material delivered to the filter 

site shall be stored on wood planked or other approved clean hard 
surfaced areas. All material shall be rehandled at the filter site and 
no material shall be dumped directly into the filter. Crushed rock, 
slag and similar media shall be rescreened or forked at the filter 
site to remove all fines. Such material sluvll be placed by hand to a 
depth of 12 inches above the tile underdrains and all material shall 
be carefully placed so as not to damage the underdrains. The re
mainder of the material shall be placed by means of belt conveyors 
or equaJly effective methods. Trucks, tractors, or other heavy equip
ment shall not be driven over the filter during or after construction. 

(6) UNDERDRAINAGE SYSTEM. (a) A 1Tangmnent. Underdrains with 
semi-circular inverts or equivalent should be provided and the under
drainage system shall cover the entire floor of the filter. Inlet open
ings into the underdrains shall have an unsubmerged gross combined 
area equal to at least 15 percent of the surface area of the filter. 

(b) Slope. The underdrains shaM have a minimum slope of 1%. 
Effluent channels shall be designed to produce a minimum velocity 
of 2 feet per second at average daily rate of application to the filter. 

(c) Flushing. Provision shall be made for flushing the underdrains. 
In small filters, use of a peripheral head channel with vertical vents 
is acceptable for flushing' purposes. Inspection facilities shall be 
provided. 

(d) Ventilation. The underdrainage system, effluent channels, and 
effluent pipe shall be designed to permit free passage of air. The 
size of drains, channels, and pipe shall be such that not more than 
50 percent of their cross-sectional area win be submerged under the 
design hydraulic loading, 

Note, The design of the effluent channels should consider the pos
sihility of mCl'eased hydraulic loading. 

(7) PROTECTION FROM FREEZING. (a) COVe1's. Covers shall be pro
vided on all filters to prevent icing and freezing during wintertime 
conditions and to increase the efficiency of removal through the filter 
during cold weather. 

Note, Where it can be demonstrated that freezing is not a problem and 
etliciencies are maintained at a high level during all weather condi
tions, the department may waive this requirement. Other means to pre
vent freezing and improve efficiency will also be considered by the 
department on their individual merits. 

(b) Ventilation of covered filters. Adequate ventilat.ion shall be 
provided to maintain the filter in an aerobic state at all times. 

Note: ::Iiechanical power ventilation at all installations is recom
mended. 

(8) \SPECIAL FEATURES. (a) Flooding. 
Note, It is recommended that filter structures he so designed so that 

they may be flooded. 

(b) Seals. Mercury seals shall not be used on trickling filter 
distributors. 

(c) Maintenance. All distribution devices, underdrains, channels 
and pipes shall be installed so that they may be properly maintained, 
flushed or drained. 

(d) Flow meaS2wement. Devices shall be provided to permit meas-
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urement of flow to the filter, including the amount of recirculated 
flow. 

HistOlOYI Cr. Regisler, November, 1974, No. 227. eft'. 12-1~74. 

NR 110.20 Biological treatment; activated sludge. (1) ApPLICA
BILITY. 

Note: The activated sludge process, and Its various modifications, 
may be used where sewage is amenable to biological treatment. 

(2) PROCESS SELECTION. All designs shall provide for flexibility in 
operation. 

Note: Choice of the activated sludge process most applicable will be 
intluenced by the proposed plant size, type of waste to be treated, and 
degree and eOllSlsLency of treatment required. . 

(3) WINTER PROTECTION. Measures shall be taken to insure against 
freezing. 

(4) PRETREATMENT. Where primary settling tanks are not used, 
effective removal of grit, debris, excessive oil or grease, and com
minution of solids shall be accomplished prior to the activated sludge 
process. 

(5). SETTLING TANKS. The following requirements are in addition 
to those set forth in NR 110.18: 

(a) By-pass. When a primary settling tank is used, piping shall 
be provided to allow raw sewage to be discharged directly to the 
aeration tanks following pretreatment. When a primary settling 
tank is not used, piping shall be provided to allow raw sewage to be 
discharged to the final settling tanks to permit a minimum of primary 
treatment and effluent disinfection. 

(b) Final settling tanks. 1. Inlets, sludge collection and sludge 
withdrawal facilities shall be designed as to minimize density cur
rents and assure rapid return of sludge to the aeration tanks. 

2. MUltiple units capable of independent operation shall be pro
vided in all plants where design flows exceed 500,000 gallons pel' 
day, unless other provision is made to assure continuity of treatment. 

3. Effective baffling and mechanical scum removal equipment shall 
be provided for all final settling tanks. 

Note: The department recommends that the following design parame
ters be observed in the design of final settling tanks for the follo'Ying 
activated sludge processes, except that due consideration be given to 
the how duratIOn and the solids loadlllg rate. 

Average Design 
Type of Process Flow,MGD 
Conventional or Step to 0.5 
Aeration 0.5 to 1.5 

1.5 up 
Contact Stabilization to 0.5 

0.5 to 1.5 
1.5 up 

Extended Aeration to 0.05 
0.05 to 0.15 
0.15 up 

Complete mix to 0.5 
0.5 to 1.5 
1.5 up 
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Average Surface 
Detention Settling Rates 

Time-Hours (gal/day/sq. ft.) 
3.0 600 
2.5 600 
2.0 600 
3.6 500 
3.0 600 
2.5 600 
4.0 300 
3.6 300 
3.0 400 
3.5 400 
3.0 500 
3.0 500 
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(6) AERATION TANKS. (a) Gene1'Ctl. The s:ze of the aeration tank 
for any particular adaptation of the process shall be based on such 
factors as the size of the plant, degree of treatment desired, mixed 
liquor suspended solids concentration, BOD loading, and mixed liquor 
solids to BOD loading ratio. Calculations shall be submitted to justify 
the basis of design of the aeration tank capacity. Pilot plant studies 
may be considered as a basis for justification of the design of the 
system. When such calculations are not submitted to justify the 
capacity of the aeration tank, the minimum tank capacities set forth 
in paragraph (b) shall be required for the various modifications 
of the activated sludge process. 

(b) Aeration tank capacities and permissible loadings. 

Average 
Average Aerator 
Aeration Loading Lb. 

Average Design Retention BOD./1,000 
'l'ype of Process Flow,MGD Period-Hours cubic feet 

Conventional 01' Step to 1.5 7.5 30 
Aeration 1.5 up 6.0 40 
Contact Stabilization to 1.5 3.0 30 

(in contact zone) 
1.5 up 2.0 40 

(in con ta ct zon e ) 
Extended Aeration All 24 12.5 
Complete Mix to 1.5 6.0 40 

1.5 up 4.5 50 
Note, Contact Zone = 30-35% of total aeration tank vohJmes. Balance 

is in the reael'alion zone. 

(7) ARRANGEMENT OF AERATION TANKS. (a) GeneraL The climen
sions of each independent mixed liquor aeration tank or return sludge 
reaeration tank shall be such as to maintain effective mixing and 
utilization of air. For very small tanks 01' tanks with special con
figuration, the shape of the tank and the installation of aeration 
equipment shall provide for positive control of short-circuiting 
through the tank. 

Not~e, The department recommends that liquid depths be not less 
than 10 feet nor more than 15 feet except in special ·deslgn cases. 

(b) Nwmbm' of 1mits. Duplicate units shall be provided where the 
design flow exceeds 500,000 gallons pel' day. 

(c) Inlets and outlets. 1. Controls. Inlets imd outlets for each aera
tion tank unit shall be equipped with valves, gates,. stop plates weirs, 
oi' other devices to permit controlling the flow to any unit and to main
tain reasonably constant liquid level. The hydraulic properties of the 
system shall permit the maximum instantaneous hydraulic load to be 
carried with any single aeration tank unit out of service. 

2. Conduits. Channels and pipes carrying liquids with solids in sus
pension shall be designed to maintain self-cleansing velocities or shall 
be agitated to keep such solids in suspension at all rates of flow 
within the design limits. 

(d) M easu1'ing devices. Devices shall be installed for measuring 
and displaying flow rates of raw sewage 01' primary effluent, return 
sludge, and air to each tank unit. For plants designed for sewage flows 
of 1.5 mgd or more, these devices must totalize and record, as well 
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as indicate flows. Where the design provides for all return sludge to 
be mixed with the raw sewage 01' primary effluent at one location, 
then the mixed liquor flow rate to each aeration unit shall be 
measured. 

(e) F1·eeboa1·d. All aeration tanks shall have a freeboard of not 
less than 18 inches. 

(8) AERATION EQUIPMENT. (a) Geneml. Aeration equipment shall 
be capable of maintaining a minimum of 2.0 mg/l of dissolved oxygen 
in the mixed liquor at all times and of providing thorough mixing of 
the mixed liquor. 

(b) Diffused ai?' systems. 1. Diffused ail' systems shall provide a 
minimum of 1,500 cubic feet of ail' pel' pound of BOD. applied to the 
aeration tank for all' processes except extended aeration. For extended 
aeration, a minimum of 2,000 cubic feet of ail' pel' pound of BOD. 
shall be provided. In any case, the requirements of NR 110.20 (8) 
(a), Wis. Adm. Code, shall be met. 

2. In addition to the requirements of NR 110.20 (8) (b) (1), Wis. 
Adm. Code, the diffused ail' system shall provide such additional 
quantities of ail' as are required for channels, pumps 01' other air-use 
demands. 

3. The blowers shall be provided in multiple units, adequately 
housed and so a1'l'anged and with such capacities as to meet the max
imum air demand with the single largest unit out of service. The 
design shall also provide the capability of varying the volume of ail' 
delivered in proportion to the load demand of the plant. 

4. The ail' diffusion piping and diffuser system shall be capable 
of delivering 200% of the normal ail' requirements. The spacing of 
diffusers shall be in accordance with the oxygenation requirements 
through the length of the channel or tank. The arrangement of dif
fusers shall permit their removal for inspection, maintenance ane! 
replacement without dewatering the tank and without shutting off 
the ail' supply to other diffusers in the tank. 

Note, In large systems, the department may waive the requirement 
of removable diffusers provided the efficiency of the system can be 
maintained with one unit out of service. 

(c) M eohanical am'ation systmns. 1. A minimum of 1.0 pound of 
oxygen pel' pound of BOD5 applied to the aeration tank shall be 
provided. 

Note: A transfer rate of 2.0 ponnds of oxygen pel' horsepower hour 
will be allowed. Higher transfer rates may be approved where adequate 
test data is provided. 

2. MUltiple mechanical aeration units shall be designed and located 
so as to meet the maximum ail' demand with the largest unit out of 
service. Spare equipment shall be provided at the treatment plant 
so that any unit can be returned to service with a minimum amount 
of down time. 

(d) Pu?'e oxygen. Where pure oxygen is proposed, supporting data 
from pilot plant installations 01' similar full-scale installations shall 
be submitted to justify the proposed aerator loading rate and the 
amount and type of aeration capacity and equipment proposed. 

(9) RETURN SLUDGE EQUIPMENT. (a) RetU?'n sludge 1'ate. The rate 
of sludge return expressed as a percentage of the average design flow 
of sewage must lie within the following limits: 

Hegistel', Noveillber, 1!J'7'1, No. 227 
Env,!'0nmental Pl'otection 



NATURAL RESOURCES 35 

Minimum Normal Maximum 
Conventional 15 30 75 
Step aeration 20 50 75 
Contact stabilization 50 100 150 
Extended aeration 50 100 200 
Complete mix 20 50 75 

(b) Return sludge pumps. 1. If motor driven return sludge pumps 
are used, the maximum return sludge capacity must be met with the 
largest pump out of service. A positive head shall be provided on 
pump suctions. Pumps shall also have at least 3-inch suction and 
discharge openings. 

2. If air lifts are used for returning sludge from each settling 
tank hopper, no standby unit is required provided the design of the 
airlifts are such as to facilitate theil' l'apid and easy cleaning. Air 
lifts shall be at least 3 inches in diameter. 

(c) Return sludge piping. Suction and discharge piping shall be 
at least 4 inches in diameter and must be designed to maintain a 
velocity of not less than 2 feet pel' second when return sludge facili
ties are operating at normal return sludge rates. Suitable devices for 
observing, sampling and controlling return activated sludge flow from 
each settling tank shall be pl'ovided. 

(d) Waste sludge facilities. Waste sludge control facilities shall 
have a maximum capacity of not less than 25% of the average rate 
of sewage flow and function satisfactorily at rates of 0.5'% of average 
sewage flow or a minimum of 10 gallons pel' minute, whichever is 
larger. Means for observing, measuring, sampling, and controlling 
waste activated sludge flow shall be provided. Waste sludge may be 
discharged to the primary settling tank, concentration or thickening 
tank, sludge digestion tank, vacuum filters, 01' any practical combi
nation of these units. 

History: Cr, Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.21 Biological treatment; fixed film contactel's. Projects pro
posing to employ fixed film contacters as a means of treatment will 
be reviewed on their merits. The department may approve such de
vices if adequate SUbstantiating design information is provided. 

History: Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.22 Physical-chemical treatment. PI'ojects proposing to em
ploy physical-chemical processes as a means of treatment will be 
reviewed on their merits. The department may approve such devices 
if adequate substantiating design information is provided. 

History: Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.23 Di,sinfection. (1) GENERAL. Continuous yem'-l'ound efflu
ent disinfection shall be provided to reduce the risk of a public health 
hazard. Chlorine is the most commonly used chemical. Use of ozone 
and other chemicals or methods may be approved by the department 
in individual cases. 

(2) FORMS OF CHLORINE. Liquid chlorine or calcium or sodium 
hypochlorite are approved forms of chlorine. Selection of the form 
of chlorine must be based on waste flow rates, application and demand 
rates, pH of waste, cost of equipment and the chemical, availability 
and maintenance problems. 
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(3) FEED EQUIPMENT. (a) Type. Solution-feed vacuum-type chlori
nators are required for large installations. The use of positive dis
placement type hypochlorite feeders may be approved by the 
department on a case-by-case basis. 

(b) Capacity. Required chlorinator capacity will vary, depending 
on the uses and points of application of the chlorine. For disinfection, 
the capacity must be adequate to produce a concentration of residual 
chlorine in the plant effiuentof at least 0.5 mg/l as measured by the 
Orthotolidine-arsenite test as specified in the Standard Methods for 
the Examination of Water and Wastewater, 13th Edition, 1971. 

(c) Copies of the technical reference cited above are available for 
inspection at the office of the department of natural resources, the 
secretary of state's office and the office of the revisor of statutes and 
may be obtained for personal use from the American Public Health 
Association, 1015 Eighteenth Street, N. W., Washington, D.C., 20036. 

(4) CHLORINE SUPPLY. (a) Cylinders. 
Note. The depa.rtment recommends use of 1-ton containers of chlodne 

where the avel'ag'e daily chlorine consumption is over 150 pounds. 

(b) Tank cars. 
Note. The department recommends that large installations use tank 

cars, generally accompanied by gas evaporators as the source of 
chlorine suppl~'. 

(c) Scales. Scales 01' other means of determining chlorine usage 
must be provided at all plants using chlorine gas for disinfection. 
Scales shall be of corrosion-resistant material. 

Note: At large plants, scales of the indicating and recording' type are 
recommended. 

(d) EvapomtM·s. Where manifolding of several cylinders will be 
required to evaporate sufficient chlorine, gas evaporators shall be 
installed. 

(e) Leak detection and cont1·ols.A bottle of ammonium hydroxide 
solution shall be available for detecting chlorine leaks. 

Note: The department recommends that caustic soda solution reaction 
tanks be installed for absorbing' the contents of leaking 1-ton cylinders 
where such cylinders are in use. At large installations the department 
1'8commenc1s that automatic gas detection and related alarm equipment 
be installed. 

(5) PIPING AND CONNECTIONS. (a) Only piping systems specifi
cally manufactured for chlorine service are appl'ovable. Piping must 
be well supported and protected against temperature extremes. 

(b) Due to the corrosiveness of wet chlorine, all lines designed to 
handle dry chlorine must be protected from the entrance of water 01' 

air containing water. 

(6) HOUSING. (a) SepMation. If gas chlorination equipment and 
chlorine cyHnders are to be in a building used for either purposes, a 
gas-tight partition shall separate this room from any other portion 
of the building. Doors to this room shall open only to the outside of 
the building, and shall be equipped with panic or emergency hard-, 
ware. Such rooms 'shall be at least 6/1 above ground level, and must 
permit easy access to all equipment. Storage area shall be separated 
from the feed area. 

(b) Inspection window. A clear glass, gas-tight window shall be 
installed in an exterior door or interior wall of the chlorinator room 
to permit the chlorinator to be viewed without entering the room. 
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(c) TlYlnp(Yrature control. Chlorinator rooms shall be maintained 
at a temperature not less than 60°F and not greater than 140°F. 
Cylinders shall be kept at essentially room temperature. 

(d) Ventilation. Forced, mechanical ventilation shall be installed 
which will provide one complete air change per minute. The entrance 
to the ail' exhaust duct from the room shall be near the floor and the 
point of discharge shall be so located as not to contaminate the ail' 
inlet to any buildings or inhabited areas. Ail' inlets shall be so located 
as to provide cross ventilation and at such a temperature that will 
not adversely affect the chlorination equipment. The vent hose from 
the chlorinator shall discharge to the outside atmosphere above grade. 

(e) Electrical cont1'ols. The controls for the fans and lights shall 
be such that the fans and lights will automatically operate when the 
door is opened and can also be manually operated from the outside 
without opening the door. 

(7) SAFETY EQUIPMENT. At least one gas mask in good operating 
condition approved by the U. S. bureau of mines as suitable for high 
concentrations of chlorine gas must be available at all installations 
where chlorine gas is handled and shall be stored outside of any room 
where chlorine is used or stored. Instructions for using, testing, and 
replacing mask parts, including canisters shall be posted. 

Note: At large installations, the department recommends the use of 
self-contained, oxygen-supplying equipment, 

(8) ApPLICATION OF CHLORINE. (a) Contact period. After thorough 
mixing, a minimum contact period of 15 minutes at peak hourly flow 
or maximum rate of pumpage shall be provided. 

(b) Contact tank. Effluent disinfection using chlorine shall be 
accomplished in a separate chlorine contact tank. The contact tank 
shall be constructed so as to minimize short-circuiting. Over-and
under- 01' end-around baffling 01' other means of achieving mixing 
shall be provided. 

Hist"l'~': Cr. Register, November. 1974, No. 227, eff. 12-1-74. 

NR 110.24 Phosphorus removal. (1) ApPLICABILITY. (a) The depart
ment may require removal of excess amounts of phosphorus from any 
municipal waste discharge where such discharge is causing, or may 
cause, over-fertilization of surface waters. 

(b) Phosphorus removal shall be provided at all municipal waste 
discharges serving a population equivalent of greater than 2,500 in 
the Lake Michigan and Lake Superior drainage basins. 

(2) DEGREE OF TREATMENT, Phosphorus removal facilities shall be 
designed to achieve a monthly average phosphorus concentration in 
the effluent of not more than 1.0 mgll of total phosphorus. In in
stances where it can be demonstrated that 1.0 mg/l phosphorus cannot 
be achieved on a monthly average, the system shall be operated to 
remove at least 85% of the influent phosphorus on an annual average. 

(3) METHOD OF TREATMENT. Phosphorus removal shall be achieved 
by use of chemical precipitation or by any other method that has been 
proven effective by pilot plant testing. 

(a) Chemicals. The following chemicals are considered acceptable 
for removing phosphorus: ferrous or ferric chloride, ferrous or ferric 
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sulfate, aluminum sulfate, sodium aluminate, or other suitable metal 
salts. 

Note: Selection of the chemical used should be based on the waste 
characteristics. Pilot plant work or jar testing is recommended. 

(b) Che1nical feed equipment. Feed equipment shall be selected 
which allows the use of various chemicals. Alternate points of chemi
cal application within the flow scheme shall be provided for flexibility 
of operation and to maximize removal of phosphorus. 

(c) Polymers. Polymers shall be used if necessary to meet the 
effluent concentration limits. 

History: Cr. Register, November, 1974, No. 227. eff. 12-1-74. 

NR 110.25 Hazardous chemic!!l handling. (1) CONTAINMENT MATIJ 
RIALS. The materials utilized for storage, piping, valves, pumping, 
metering, splash guards, and any other equipment used to contain 
or convey hazardous or corrosive chemicals shall be selected based 
on the physical and chemical characteristics of each such chemical 
used. Chlorine shall be handled separately in accordance with the re
quirements of NR 110.23. 

(2) SECONDARY CONTAINMENT. Chemical storage areas shall be 
enclosed in dykes or curbs which will contain the stored volume until 
it can be either safely transferred to alterimte storage areas or re
leased to the wastewater at controlled rates which will not damage 
facilities, inhibit the treatment processes or contribute to stream 
pollution. Liquid polymer shall be 'similarly contained. 

Note: Nonslip floor surfaces are desirable in polymer handling areas. 

(3) EYE WASH FOUNTAINS AND SAFETY SHOWERS. (a) Eye wash 
fountains and safety showers utilizing potable water shall be provided 
in the laboratory and on each floor level or work location involving 
hazardous or corrosive chemical storage, mixing or slaking, pumping, 
metering, or transportation unloading. These facilities shall be as 
close as practical to possible chemical exposure sites and shall be 
fully useful during all weather conditions. 

(b) The eye wash fountains shall be supplied with water of moder
ate temperature between 50°F and 90°F, separate from the hot water 
supply, suitable to provide 15 minutes to 30 minutes of continuous 
irrigation of the eyes. 

(c) The emergency showers shall be capable of discharging 30 to 
50 gpm of water at moderate temperature at pressures of 20 to 50 psi. 

Note: It is recommended that the eye wash fountains and showers be 
no more than 25 feet from points of caustic exposure. 

(4) SPLASH GUARDS. All pumps 01' feeders for hazardous or cor
rosive chemicals shall have guards which will effectively prevent 
spray of chemicals into space occupied by personnel. The splash 
guards are in addition to guards to prevent injury from moving or 
rotating machinery parts. 

(5) PIPING, LABELING, COUPLING GUARDS, LOCATION. All piping con
taining or transporting corrosive or hazardous chemicals shall be 
identified with labels every 10 feet and with at least 2 labels in each 
room, closet or pipe chase. Color coding may also be used but is not 
an adequate substitute for labeling. All connections except those 
adjacent to storage or feeder aI'eas, shall have guards which will 
direct any leakage away from space occupied by personnel. Pipes 
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containing hazardous or corrosive chemicals shall not be located above 
shoulder level except where continuous drip collection trays and 
coupling guards will eliminate the spraying or dripping of such 
chemiC,als onto personnel. 

(6) PROTECTIVE CLOTHING AND EQUIPMENT. The following items of 
protective clothing 01' equipment shall be available for all operations 
or procedures where their use wiII minimize injury hazard to person
nel and will insure the continuous operation of the facility: 

(a) Respirators. (An air supply type is recommended for protec
tion against chlorine). 

(b) Chemical workers' goggles or other suitable goggles. Safety 
glasses are insufficient. 

(c) Face masks 01' shields for use over goggles. 
(d) Rubber gloves. 
(e) Rubber aprons with leg straps. 
(f) Rubber boots. Leather and wool clothing should be avoided 

neal' caustics. 
(g) Safety harness and line. 

(7) WARNING SYSTEMS AND SIGNS. Facilities shall be provided for 
automatic shutdown of pumps and sounding of alarms when failure 
occurs in a pressurized chemical discharge line. 

Note: The department strongly recommends that warning signs re
quiring use of goggles be located near chemical unloading stations, 
plll!,;PS and other points of frequent hazard. 

(8) DUST COLLECTION. 
Note, The department strongly recommends that dust collect jon 

equipment be provided to protect personnel from dusts injurious to the 
11ll1gs, or skin and to prevent polymer dust from settling 011 walkways. 

History, Cr. Register, November, 1974, No. 227, eff. 12-1-74. 

NR 110.26 Supplemental treatment facilities. (1) ApPLICABILITY. 
Supplemental treatment facilities shall be required at all treatment 
plants where conventional secondary treatment facilities will not 
produce an effluent which will meet the water quality standards of 
the receiving water. 

(2) DESIGN BASIS. Proposals for supplemental facilities will be 
evaluated on an individual basis. Pilot studies to determine design 
criteria are recommended. The following methods of supplemental 
treatment may be approved by the department. 

(a) Filtration. A loading rate of not more than 5.0 gallons per 
minute per square foot of filter surface area shall be provided at the 
design maximum flow. Multiple units shall be provided. Use of air 
scouting facilities is recommended. A backwash water holding tank 
shall be provided. The backwash water shall be returned to the treat
ment process at a rate of not more than 15% of the average design 
forward flow. Provision shall be made to backwash each filter unit 
at a rate of at least 15 gpm/ft" for a minimum of 10 minutes. 

(b) Mim'ostraining. A loading rate of not more than 5.0 gallons 
per minute per square foot of surface area shall be provided at de
sign maximum flow. Multiple units shall be provided. 

(c) Others. Other methods of supplemental treatment will be 
considered based on an evaluation of pilot plant studies substantiating 
the design. 

Histon" Cr. Register, November, 1974, No. 227, eff. 12-1-74. 
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NR 110.27 Sludge handling and disposal. (1) AN AEROBIC SLUDGE 
DIGESTION. (a) Geneq'al. 1. Multiple units. 

Notel The department recommends that multiple digestion tanks be 
used. INhere a single dig'estion tank is used it is desirable to have a 
lagoon or storage tank for emergency use so that the tank may be 
taken out of service without interrupting plant operation. 

2. Sludge storage. Sludge storage and supernatant separation in 
an additional unit shall be required, if raw sludge concentration and 
disposal methods for sludge and supernatant require it. 

3, Depth. The proportion of depth to diameter should be such as 
to allow for the formation of a reasonable depth of supernatant 
liquor. 

4, Maintenance provisions. 
Notel '1'0 facilitate emptying', cleaning, and maintenance the following 

features are recommended: 
a. The tank bottom should slope to drain toward the withdrawal 

pipe. 
b. At least 2 access manholes should be provided in the top of the 

tank in addition to the gas dome. One opening should preferably be 
large enough to permit the Use of mechanical equipment to remove 
grit and sand. Consideration should be given to use of a separate side 
wall manhole. 

c. Nonsparking tools, rubber soled shoes. safety harness, gas detectors 
for inflammable and toxic gases, and gas masks of the hose or oxygen 
helmet type should be provided. 

(b) Sludge inlets and outlets. Multiple sludge inlets and draw-offs 
and, where used, multiple recirculation suction and discharge points 
to facilitate flexible operation and effective mixing of the digester 
contents shall be provided unless adequate mixing facilities are pro
vided within the digester. One inlet shall discharge above the liquid 
level and be located at approximately the center of the tank to assist 
in scum breakup. Raw sludge inlet discharge points shall be so lo
cated as to minimize short circuiting to the supernatant draw-off. 

(c), Tank capacity. 1. The total digestion tank capacity shall be 
calculated based upon such factors as volume of sludge added, its 
percent solids, and character, the temperature to be maintained in 
the digesters, the degree or extent of mixing to be obtained, the de
gree of volatile solids reduction required, and the size of the installa
tion with appropriate allowances for sludge and supernatant storage. 
Calculations shall be submitted to justify the basis of design. 

2. When such calculations are not submitted to justify the design 
based on the above factors, the minimum combined digestion tank 
capacity' outlined below shall be required, Such requirements assume 
that the raw sludge is derived from ordinary domestic wastewater, 
a digestion temperature is to be maintained in ,the range of 85° to 
95°F, 40 to 50% volatile matter in the digested sludge and that the 
digested sludge will be removed frequently from the process. 

a. Completely mixed systems. For digestion systems providing for 
intimate and effective mixing of the digester contents, the maximum 
system loading is 80 pounds of volatile solids pel' 1,000 cubic feet 
of volume pel' day in the active digestion units. 

b. Moderately mixed systems. For digestion systems where mixing 
is accomplished only by circulating sludge through an external heat 
exchanger, the maximum system loading is 40 pounds of volatile 
s' 1', 13 pel' 1,000 cubic feet of volume pel' day in the active digestion 
units. This loading may be modified upward 01' downward depending 
upon the degree of mixing provided. Where mixing is accomplished 
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by other methods, loading rates may be approved on the basis of 
information submitted justifying the design. 

(d) Gns collection, pipin,q, (mel np1J1wtennnces. 1. General. All por
tions of the gas system including the space above the tank liquor 
storage facilities and piping shall be so designed that under all nor
mal operating conditions including sludge withdrawal, the gas will 
be maintained und'lr pressure. All enclosed areas where any gas 
leakage might occur shall be adequately ventilated. 

2. Safety equipment. All necessary safety facilities shall be included 
where gas is produced. Pressure and vacuum relief valves and flame 
traps together with automatic safety shut off valves, are essential. 
Water seal equipment shall not be installed. 

3. Gas piping and condensate. Gas piping shall be of adequate 
diameter and shall slope to condensation traps at low points. The use 
of float controlled condensate traps shall not be permitted. 

4. Gas utilization equipment. Gas burning boilers, engines, and 
other units using gas as a fuel shall be located in well ventilated 
],00111S, prefRrably at ground level and shall be isolated in accordance 
of the provisions of Ind 54.13, Wis. Adm. Code. Gas lines to these 
units shall be provided with suitable flame traps. 

5. Electrical fixtures. Electrical fixtures in enclosed places where 
gas may accumulate shall comply with the National Fire Code 
specifications, Volumes 2, 3 and 5 (1973-1974), for hazardous con
ditions. Copies of the National Fire Code, Volumes 2,.3 and 5 (1973-
1974) are available for inspection at the office of the department 
of natural resources, secretary of state's office and the office of the 
revisor of statutes and may be obtained for personal use from the 
Nat;onal Fire Protection Association, 470 Atlantic Avenue, Boston, 
Mass_, 02210. 

6. Waste gas. Waste gas burners shall be readily accessible and 
shall be located at least 25 feet away from any plant structure if 
placed at ground level, 01' may be located on the roof of the control 
building if sufficiently removed from the tank. In remote locations 
it may be permissible to discharge the gas to the atmosphere through 
a return-bend screened vent terminating at least 10 feet above the 
walking surface provided the assembly incorporates a flame trap. 

7. Meter. A gas meter with by-pass shall be provided to meter total 
gas production. 

8. Other. 
Note. Other applicable state codes which should be considered are 

those set forth In the ,Viscol1sin State Electrical Code. Volume 2. as 
set forth in the rules of the department of industry. labor and human 
reI ';).tions. 

(e) Di,qestion tnnk henDing. 1. Insulation. Wherever possible dig'es
tion tanks shall be constructed above groundwater level and shall be 
suitably insulated to minimize heat loss. 

2. Heating facilities. Piping shall be designed to provide for the 
preheating of feed sludge before introduction to the digesters. Pro
visions shall be made in the lay-out of the piping and valving to 
facilitate cleaning of these lines. Heat exchanger sludge piping shall 
be sized for heat transfer requirements. 

3. Heating capacity. Sufficient heating capacity shall be provided 
to consistently maintain the design sludge temperature. Where diges
tion tank gas is used for other purposes, an auxiliary fuel may be 
required. 
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(f) Supematant withdrawal. 1. Piping 'size. Supernatant piping 
may not be less than 6 inches in diameter. 

2. Withdrawal arrangements. Piping shall be arranged so that 
withdrawal can be made from'3 or more levels in the tank. A positive 
nnvalved vented overflow shall be provided. 

3. Sampling. Provision shall be made for sampling at each super
natant draw-off level. Sampling pipes shall be at least 1 % inches in 
diameter. 

(2) AEROBIC SLUDGE DIGESTION. (a) Multiple tanks are 1'ecom
mended. A single sludge digestion tank may be used in the case of 
small treatment plants. The tanks shall be designed to provide effec
tive ail' mixing, reduction of organic matter, supernatant separation 
and sludge concentration. 

(b) Mixing. Digestion tanks shall be designed for effective mixing 
by satisfactory aeration equipment. If diffusers are used, types shall 
be provided which are designed to permit removal for inspection, 
maintenance, and replacement without dewatering the tanks. 

(c) Size and numbM' of tanks. The size and number. of aerobic 
sludge digestion tanks should be determined by calculations based 
upon such factors as volume of sludge added, its percent solids and 
character, the degree of reduction of volatile solids required, the 
size of installation with appropriate allowance for sludge and super
natant storage. Calculations shall be submitted to justify the basis 
of design. If such calculations are not submitted, a minimum capacity 
of 3 cubic feet of volume pel' capita shall be provided. 

(d) Air supply. Air shall be supplied to aerobic digesters digesting 
waste activated sludge, as follows: 

PopulationEquivalent 
100-300 
500-700 

1,000-5,000 
7,500-10,000 

CFM/Cu. Ft. 
of Tank Volume 

.030 

.025 
,020 
.015 

Note: Additional all' shall be provided If digestion of primary sludge 
is to talee place. 

(e) Supematant scpa1'ation. Facilities shall be provided for effec
tive separation 01' decantation of supernatant. 

(3) SLUDGE PUMPS AND PIPING. (a) Sludge pumps. 1. Capacity. 
Adequate pump capacities shall be provided. 

Note, Provision for varying pump capacity is desirable. 

2. Duplicate units. Duplicate units shall be provided. 
3. Type. Plunger pumps, screw feed pumps 01' other types of pumps 

with demonstrated solids handling capability shall be provided for 
handling raw sludge. 

4. Minimum head. A minimum positive head of 24 inches shall be 
provided at the suction side of centrifugal type pumps. Maximum 
suction lifts shall not exceed 10 feet for plunger pumps. 

Note: The department recommends that a minimum positive head of 
~4 inches be provided at the suction side of all sludge pumps. 

5. Sampling facilities. Unless sludge sampling facilities are other
wise provided, quick closing sampling valves shall be installed at the 
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sludge pumps. The size of valve and piping shall be at least 1% 
inches. 

(b) Sludge pilling. 1. Size and head. Sludge withdrawal piping 
shall have a minimum diameter of 8 inches for gravity withdrawal 
and 6 inches for pump suction and discharge lines. Where withdrawal 
is by gravity, the available head on the discharge pipe shall be, at 
least 4 feet. 

2. Slope. Gravity piping shall be laid on uniform grade and align
ment. Slope on gravity discharge piping shall not be less than 3'%. 
Provisions shall be made for drainage and flushing discharge lines. 

Note: The department recommends that air relief at high points in 
a pressure sludge line be provided. 

(4) SLUDGE DEWATERING. (a) Sludge d1'ying beds. 1. Area. At least 
one square foot of drying bed area pel' capita shall be provided. If 
necessary, wet sludge shall be hauled. 

2. Percolation type. a. The lower course of gravel. around the under
drains shall be properly graded and shall be at least 12 inches in 
depth, extending at least 6 inches above the top of the unclerdrains. 

Note: It Is desirable to place this In 2 01' more layers. The top layer 
of at least 3 inches shall consist of gravel 'k Inch to '4 inch In size, 

b. The top course shall consist of at least 6 to 9 inches of clean 
coarse sand. The finished surface shall be level. 

c. Underdrains shall be at least 4 inches in diameter laid with 
open joints. Underdrains shall be spaced not more than 20 feet apart. 

3. Impervious types. Paved surface beds may be used if adequate 
center or side drains are provided. Special consideration shall be 
given to the total bed area required. 

4. Walls. Walls shall be watertight and extend 15 to 18 inches 
above and at least 6 inches below the surface. Outer walls shall be 
curbed to prevent soil from washing onto the beds. 

5. Sludge removal. Not less than 2 beds shall be provided and they 
shall be arranged to facilitate sludge removal. Concrete truck tracks 
shall be provided for all percolation type sludge beds. Pairs of tracks 
for percolation type beds shall be on 20-foot centers. 

6. Sludge influent. The sludge pipe to the beds shall terminate at 
least 12 inches above the surface and be so arranged that it will 
drain. Concrete splash plates for percolation type beds shall be pro
vided at sludge discharge points. 

(b) Sludge lagoons. The use of shallow sludge drying lagoons in 
lieu of drying beds is permissible subject to the following conditions: 

1. Soil and groundwater conditions. The soil must be reasonably 
porous and the bottom of the lagoons must be at least 3 feet above 
the maximum groundwater table and at least 5 feet above bedrock. 
Surrounding areas shall be graded to prevent surface water entering 
the lagoon. 

2. Depth. Lagoons shall not be more than 36 inches in depth. 
3. Area. The area required will depend on design conditions. Not 

less than 2 lagoons shall be provided. 
4. Location. Lagoons shall be adequately isolated to avoid creating 

nuisances. 
(c) Mechanical dewatering facilities. Provision shall be made to 

maintain sufficient continuity of service so that sludge may be de
watered without accumulation beyond storage capacity. Vacuum fil
ters, sludge presses or other appropriate mechanical dewatering 
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facilities may be approved where sufficient pilot data is presented 
to justify the design. 

(d) D1'ain(~ge and jilt1'ate disposal. Drainage from beds 01' filtrate 
from dewatering units shall be returned to the raw sewage inlet to 
the treatment plant. 

(e) Other dewater'ing facilities. If it is proposed to dewater 01' 

dispose of sludge by other methods, a detailed description of the 
process and design data shall accompany the plans. 

(5) SLUDGE' DISPOSAL. (a) Gene1'al 1·equi1'ements. Alternates for 
ultimate sludge disposal shall be investigated and a specific sludge 
disposal program shall be developed for each wastewater treatment 
plauo and submitted with the final plans and specifications. The 
method of ultimate disposal must protect the public health, the sur
face and groundwaters, and the ail' and land resources. 

(b) Site suit{~bility. To determine suitability of a disposal site, the 
location" geology, hydrology, soils, areas for future expansion and 
adjacent land' use shall be evaluated; 

(c) Sanita1'y la1idjill. Burial of sewage sludge in a sanitary land· 
fill shall meet the foliowing requirements: 

1. The sludge must be capable of being mixed well with the other 
refuse in the compaction process. 

2. The sludge must be able to support compaction equipment. 
3. The sludge mus,t be capable of permanent confinement within 

the' earth excavation. 
(d) Su?'face application. If surface application of digested sludge, 

whether liquid, filter cake 01' drying bed cake is utilized, it must be 
spread and plo\ved under 01' otherwise worked into the soil as soon 
as practicable after spreading. Locations suitable for this method 
of ultimate disposal must be well isolated from residential areas with 
no means of public access. Surface application disposal of raw sludge 
is not permitted. 

(e) Incineration. Adequate provisions for residue disposal and ail' 
pollutioll control shall 'be provided. The appropriate requirements of 
NR 154 shall be met. 

(f) Transpo?'tation of sludges. 1. Liquid. Liquid sludge shall be 
transported in an enclosed watertight unit from treatment plant to 
disposal site. 

2, Semi-solid cake, Sludge cake shall be transported in a covered 
watertight unit to prevent leakage of sludge moisture released in 
transit. Provision shall be taken to prevent spillage of sludge from 
the vehicle while in transit and to prevent an odor nuisance while 
in transit. 

HistOl'Y: Cr, Register, November, 1974, No, 227, eff, 12-1-74, 

NR 110.28 Lagoons, (1) BASIS OF DESIGN, (a) Stabilization ponds. 
1. Area and loadings. A minimum of 2 cells shall be provided. The 
primary cell shall be designed on the basis of one acre of water 
surface for each 100 design population or population equivalent. The 
secondary cell shall be 1,4 to ¥:J the size of the primary cell. Where 
a controlled discharge is required, the secondary cell may be larger. 

2, Industrial wastes. The effects of industrial wastes on the treat-
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ment process must be reflected in the design basis of the stabilization 
ponds. Milk wastes are not permitted in stabilization ponds. 

Note, The department may waive this prohibition if adequale sup
porting data is presented in the plans. 

(b) Ae1'(tted lagoons. 1. For aerated lagoons designed to treat 
domestic wastes only, a minimum of 2 cells shall be provided. The 
IJrimary cell shall have a minimum retention time of 18 days and 
the secondary cell shall have a minimum retention time of 26 days. 
In the event a three-celled system is desired, the secondary cell shall 
have a minimum retention time of 18 days and the final cell shall 
have a minimum retention time of 6 days. Aeration equipment shall 
be provided in the first 2 cells of all aerated lagoons. 

Note, The above detention times were based on the following' fOl'lnu
lae al1d aSIHUl1ptl0ns: 

T = ~) where T = detention time, K = reaction coefficient and 
l\..lllJO-)~ 

E = efficiency. For domestic waste K is assumed to equal 0.5 at 20·C. 
To correct for anticipated wintertime temperature, the. formula 
KT' = K",,8'l"-cO was used. In this formula, T' is the anticipated low 
temperature and 0 is a temperature coelticient. For 'Visconsin, T' is 
assumed to be O· C. and 8 is assumed to be 1.07. 'Vhere studies indicate 
a variation from the above criteria will .provide an adequate degree 
of treatment, the department will conSIder such data in detenllinmg 
\\'hethel' to ,vaive this l'equil'enlent. ' 

2. For aerated lagoons designed to treat combined domestic and 
industrial wastes, laboratory or pilot studies shall be conducted to 
develop an appropl'iate reaction coefficient at both anticipated sum
mertime and wintertime temperatures. The reaction coefficient de
veloped shall be used to calculate the required detention time. The 
laboratory or pilot plant results and engineering calculations shall 
be submitted to justify the design. A minimum of 2 cells shall be 
provided with additional volume provided in the second cell to facili
tate removal of solids. Provisions shall be made to recirculate final 
lagoon effluent to the inlet of the treatment system. 

(2) POND SHAPE. The shape of all cells shall be such that there 
are no nal'l'OW or elongated portions. No islands, peninsulas, 01' coves 
are permitted. Dikes shall be rounded at corners to minimize accumu
lations of floating materials. 

Note, Round, square, 01' rectangular ponds with a length not exceed
ing 3 times the width are considered most desirable. 

(3) LOCATION. (a) Distctnce from habitation. The location require
ments of NR 110.15 (3) shall be adhered to. 

(b) G1'oundw(~te1' pollution. Lagoons shall be located to minimize 
the potential of groundwater pollution. 

Note, The department recommends that P?lld bottoms be located a 
minimum of 3 feet above hig'h groundwater and 5 feet above bedrock. 
Consideration shall be given to the nature of the subsoil and bedrock 
in determining the exact depth. The primary cell of a stabilization 
pond and the first 2 cells of an aerated lagoon shall be adequately 
sealed to prevent loss of liquid such that the design operating depth 
call be achieved and maintained. 

(4) POND CONSTRUCTION DETAILS. (a) Material. Embankments and 
dikes shall be constructed of relatively impervious materials and 
compacted to a density of 95% as measured by the standard proctor 
test. 

(b) Top width. The minimum embankment top width shall be 12 
feet to permit access of maintenance vehicles. 
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(c) Maximum slopes. Embankment slopes steeper than 3 horizontal 
to one vertical are prohibited. 

(d) Minimum slopes. Embankment sloped :tlatter than 4 horizontal 
to one vertical for the inner slope are prohibited. 

(e) F1'eeboa1·d. Minimum freeboard shall be 3 feet. 
(f) Minimum depth. A minimum normal liquid depth of 2 feet for 

stabilization ponds and 6 feet for aerated lagoons shall be provided. 
(g) Maximum depth. A maximum normal liquid depth of 5 feet 

for stabilization ponds and 14 feet for aerated lagoons shall be 
provided. 

(h) Seeding. Embankments shall be seeded from the outside toe to 
one foot above the high water line on the dikes, measured on the slope. 
Additional protection for embankments, such as riprap, shall be pro
vided where the dikes are subject to erosion. 

(i) Vegetation cont1'ol. A method to prevent vegetation growth 
over the bottom of the lagoon and up to one foot above the water 
line on the dikes shall be specified in the plans. 

(5) POND BOTTOM. (a) Unif01'1nity. The pond bottom shall be as 
level as possible at all points. 

(b) Vegetation. The bottom shall be cleared of vegetation and 
debris. 

(6) INFLUENT LINES. (a) Mate1'ial. In:tluent lines may be con
structed with any generally accepted material for underground sewer 
construction. 

(b) Manholes. A manhole shall be installed at the terminus of the 
outfall line or the force main and shall be located as close to the 
dike as topography permits. Its invert shall be at least 6 inches above 
the maximum operating level of the pond to provide sufficient hy
draulic head without surcharging the manhole .. 

(c) Influent lines. Influent lines shall be located along the bottom 
of the pond so that the top of the pipe is just below the average 
elevation of the pond bottom. 

(d) Point of disch,a1'ge. For circular or square ponds, the inlet 
shall be located at the center of the pond. In:tluent lines to rectangu
lar ponds shall terminate at appi'oximately the third point farthest 
from the outlet structure. Influent and effluent piping shall be located 
to minimize short-circuiting within the pond. 

(e) Inlets. The inlet line shall discharge either horizontally onto 
a concrete pad or by means of an upturned elbow terminating one 
foot above the pond bottom. 

(7) OVERFLOW STRUCTURES AND INTERCONNECTING PIPING. (a) Ma
twial. Interconnecting piping and overflows may be constructed of 
any generally accepted material for underground sewer construction. 

(b) Ove1'flow Structu1'e. Overflow structures shall consist of a man
hole or box equipped with multiple-valved pond drawoff lines or an 
adjustable over:tlow device so that the liquid level of the pond can be 
adjusted to permit operation at depths of 2 to 5 feet in stabilization 
ponds and 6 feet to the design depth in aerated lagoons. 

(8) MISCELLANEOUS. (a) Fencing. The pond area shall be enclosed 
with a suitable fence to prevent livestock movement into and dis
courage trespassing on the pond area. A vehicle access gate of suffi-
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cient width to accommodate mowing equipment shall be provided. 
All access gates shall be provided with locks. 

(b) Warning signs. Appropriate signs shall be provided along the 
fence around the pond to designate the nature of the facility and 
the advice against trespassing. 

(c) Flow measlt?'ement. The capability of installing flow measure
ment devices on the inlet and outlet of all lagoon systems shall be 
provided. 

(9) AERATION EQUIPMENT. (a) Ai?· ?'equi?'e1nents, Ail' shall be pro
vided to the aerated lagoons at a rate of not less than 1.5 pounds 
of oxygen ,per pound of influent BOD •. 

(b) SU1'face aemtion equipment. Surface aeration equipment shall 
be so designed and placed to provide optimum mixing of pond con
tents and dispersion of oxygen to the waste. The equipment shall be 
operated continuously throughout the year. Provisions must be made 
to prevent ice formation on the aerator during the winter season 
resulting in shutdown of aeration equipment. Unless sufficient justi
fication is presented to the contrary, surface aerators shall be de
signed using an oxygen transfer rate of 1.5 pounds of oxygen per 
horsepower hour. 

(c) SUb8'lllrface aemtion equipment. 1. Flexible tubing containing 
ail' release slits shall be provided across the pond bottom in accord
ance with the manufacturer's recommendations. To prevent clogging 
of the air lines, provision must be made to accommodate cleaning 
at least 4 times per year or more often if necessary. Air shall be 
supplied to the pond system at a rate of at least 1,000 cubic feet of 
air per pound of design BOD. with the largest blower unit out of 
service. 

2. Tubular aeration units shall be provided in sufficient number to 
supply adequate ail' to the pond system based on a transfer rate of 
1.25 pounds of oxyg'en per unit per hour. 

3. Where data is presented to the department to justify oxygen 
transfer rates varying from the above, the department may approve 
such design transfer rates. 

(10) EFFLUENT HOLDING PONDS. (a) Effluent holding ponds shall 
be provided following' all extended aeration activated sludge sewage 
treatment plants. 

Note. The department may require effiuent holding' ponds at other 
locations. 

(b) The detention time in the effluent pond shall be at least 30 
days based on design flow. 

Note. Lesser detention times may be approved by the department 011 
a case by case basis if supported by sufficient design data. 

(11) SEEPAGE PONDS. 
Note. Seepage ponds should be considered where stream water quality 

must be maintained at a high level or where no stream exists for dls
,'hal'ge of sewage effiuent. Soil and groundwater conditions shall be 
thol'onghly evaluated and conditions must be favorable to permit use 
of a seepag-e pond. The pond should be sized rased on an evaluation 
of the soil's capability to accept liquid wastes. 

HlstolOY' Cr. Reg'ister, November, 1974, No. 227, eff. 12-1-74. 

NR 110.29 Land disposal of effluent. (1) GENERAL. Land disposal 
of secondary treated effluent may be approved by the department 
on a case by case basis. The effect of land disposal on groundwater 
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is of concern; therefore the quality, direction and rate of movement 
and local use of the groundwater must be thoroughly analyzed in 
any design report submitted to the department. 

(2) DESIGN REPORT. The design report shall be as comprehensive 
as possible and shall include all necessary maps, diagrams and addi
tional information needed to conduct an evaluation of the, proposed 
system. The following items' must be thoroughly considered and dis
cussed in the design report: 

(a) LQcation; 
(b) Geology; 
(c) Hydrology; 
(d) Soils; 
(e) Agricultural practice; 
(f) Adjacent land, use; and 
(g) Direction of groundwater movement. 

Histol'Y: Cr'. Register, November, 1974, No. 227, eff. 12'-1-74. 

NR 110.30 Intermittent sand filters. (1) GENERAL. Interm.ittent sand 
filters may be used for treatment of relatively small waste streams. 
All such installations shall be preceded by gravity settling devices 
such as in conventional primary clarifers 01' septic tanks. Waste from 
intermittent sand filters shall be disinfected and discharged to an 
effluent holding pond prior to discharge to a receiving water. 

(2) LOADING. The loading on the sand filter shall not exceed oM 
gallon pel' square foot per day for the total bed area for installations 
which operate with it significant rest IJeriod. The loading shall not 
exceed 0.5 gallon/ft2/day for the total bed area for installations used 
on a continuous year round basis. 

(3) MEDIA. (a) G?'avel base. Clean graded gravel placed in 3 layers 
around the underdrains and to a depth of at least 6 inches over the 
top of the underdrains shall be provided. 

Note: Suggested gl'adings for the 3 layers are: 1~{z" to i};i", %;" to %:", 
1,4" to JA.". 

(b) Sand. At ieast 24 inches of clean sand above the gravel base 
shall be provided. The effective size of the sand shall be 0,3 to 0.6 mm, 
and the uniformity coefficient shall not exceed 3.5. 

(4) DOSING. (a) Duplicate units. The filter bed shall be divided 
into, at least 2 separate units to provide for maintenance and adequate 
rest periods. 

(b) Volume. The dosing tank volume shall be such that the filter 
bed will be covered to a depth of 2 to 4 inches by each dose. 

(c) Siphons M' pumps. The siphons or pumps shall have a dis
charge capacity at minimum head of at least 100% in excess of the 
maximum rate of inflow to the dosing tank and at average head of 
at least 90 gpm/1,OOO ft2 of filter surface area. 

(d) Discharge lines. Discharge lines shall have sufficient capacity 
to permit the full rated discharge of the siphons 01' pumps. 

(5) DISTRIBUTION. (a) A1'I·angement. Troughs or piping used fo), 
distribution of the settled sewage over the filter surface shall be 
located not more than 20' center to center. 
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(b) Splash pads. Splash pads shall be provided at each point of 
discharge. 

(c) Drain. A drain opening from troughs or discharge piping shall 
be provided. 

(6) UNDERDRAINS. Open joint or perforated clay or concrete pipe 
underdrains may be used. They shall be sloped to the outlet and 
spaced not to exceed 10 feet center to center. 

(7) COVERING. All sand filter installations shall be covered with 
roofing paper or other suitable material and at least 3 feet of soil 
unless they are designed to operate only during the summer months 
in which case the filter may be exposed to the atmosphere. 

Hist01T' Cr. Register, November, 1974, No. 227, eff. 12-1-74. 
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