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PREFACE

Wisconsin's commitment to achieve effective phosphorus removal
from point sources discharging directly or indirectly to Lake Michi-
gan provided the stimulus for this study; the original goal of
accomplishing this by the end of 1972 allowed for the opportunity to
evaluate the effectiveness of' the program and to develop the requis-
ite data base to price current and alternative policies. The study
and findings described in this report were undertake~ by htr. Daryl
Braasch under the supervision of Professor Erhard F. Joeres as
part of the requirements for the M.S. program in Civil and Environ-
mental Imagineering at the University of' 1<isconsin-Madison. As such
it represents an independent effort and reflects the bias and judge-
ment of the authors.

We would like to give particular thanks to the Wisconsin Depart-
ment of Natural Resources for providing the initial funding for this
project. The DNR support served as a valuable stimulus towards the
broader policy studies now under way as part of the thiversity of
Wisconsin Sea Grant. College Program.

We are indebted to the many city officials and local treatment.
plant operators who extended their hospitality to us and who willingly
shared their time and experience; particular thanks are also due the
Wisconsin State Water Chemistry Laboratory and Mr. Robert Krill of
the Wisconsin DNR for their support of this work. We owe a special
note of' thanks to our coworkers on this project: Professor Martin
David, Mr. James Jeffrey Peirce and Mr. Frederick Schroeder for their
patient and critical participation.



A Federal Enforcement Conference amang tributary states to deal with

the eutrophication control of Lake Michigan led to the implementation of

a 1969 order by Wisconsin's Department of Natural Resources, requiring

fifty-three municipal wastewater treatment plants in Wisconsin's Lake Michigan

basin to ranove 855 of their influent phosphorus load by January of 1973.

This s~y centers on a survey of the comp1iance observed and overall

success of this order. phosphorus renoval methods implemented and corres-

ponding costs are investigated. A range of treatment-cost alternatives

is developed for each of the fifty-three plants, which serves as the data

base for a dymumic programraiag moctel used to detmnine an alternative

cost-efficient treatment policy. The cost of this policy is compared to

the costs of uniform percentage and effluent standard removal requiraaents.



CBV"KR I

HISI'ORY OF THE DECISION

A. Federal Pol ic Ob 'ective

Early in 1968, the states bordering Lake Michigan held a Federal

Enforcement Conference in Chicago. The purpose was to determine policy

to control the eutrophication of Lake Michigan. A year later, on February 25,

1969, a decision was made to achieve an 805 overall reduction in the total

phosphorus load to Lake Michigan fram all point sources in the drainage

basin. A January, 1973, deadline was agreed upon to achieve this goal.

'lhe policy was adopted based on testimony that phosphorus was the major

controllable cause of eutrophication in Lake Michigan, and on testimony

by engineers that the 804 level was technically practical. Implementation

of this policy was left to the individual states.

B. Wisconsin l3MR Poli

In Wisconsin, the Department of Natural Resources, Environmental

protection Division, dies responsible for implementing the policy for the

Wisconsin portion of the Lake Michigan Basin. The INR noted that the

phosphorus remval costs for small coeeunities were disproportionately

high. Also, 44 of the 177 sources in the basin contributed about 954

of the total phosphorus load in 1969. These 44 sources were most easily

defined in terms of population or population equivalent. Essentially,

the decision in Wisconsin was to require 854 phosphorus renoval by all

caaaamities with a population of 2500 or more and of all industries with

an equivalent or greater contribution. A January 1, 1973, compliance

deadline was established, %e nUmber of plants now effected by this

order has increased to 53.



With the issuance of discharge permits in 1974, the DNR order has

taken a saaewhat different form. The objective is now a 1 mg/1 as P

effluent total phosphorus concentration at each plant. 'Hm effluent

standard approach will take effect and the uniform 855 phosphorus reduction

requirement will be phased out as discharge permits are issued during the

course of 1974. Some time lag can be expected before the objective of 1

mg/1 at each of the plants will be realized. As an interim measure, some

of the permits now issued allow effluent phosphorus levels in excess of

1 mg/1, taking into account such local conditions as hydraulic overload;

excessively high and variable influent phosphorus concentrations; inabil-

ity of applying high chenical dosages to achieve acceptable phosphorus

reaevals; critically overloading present sludge handling facilities; or

other sere specific plant conditions or problems. Thus, until major

plant upgrading programs or eqensions are completed, high phosphorus

rcmmals cannot be expected and the 1 mg/1 effluent standard may not be

realized without extensive construction resulting in eqmnse and time lags.

C. Previous Investi ation

In the sumaer of 1971, a study was completed by Ronald Fait and

Brhard F. Joeres as part of a broader investigation into water resources

policy in SE Wisconsin carried out under the auspices of the U.W. Water

Resources Center. Fait�! conducted extensive research into the methods

and probable costs of phosphorus renova1 in Wisconsin. He listed alter-

nate ranoval policies and associated costs at each of the 44 treatment

plants in the Wisconsin Lake Michigan Basin. Fait's study was a predictive

study based on cost infomation fram literature and personal interviews.

The alternative raaoval possibilities postulated by Fait were used, as



input to a canputer model developed in the spring of 1971 by Joeres�!.

The modeL used develops optimal removal policies based on the objective

of economic efficiency. The papers by Fait and Joeres will be cited fre-

quently in this report.



CHAPT'! II

RESENT F03DY OBJBCZDIES

The objectives of the present study are to:

 l! Investigate actual decisions at each point source affected by

the QNR order in terms of removal method implemented and corresponding

cost; and in so doing assess the success of the INR order and contribute

to an updated data base for the computer policy model.

�! Develop updated alternative renoval possibilities available at

each plant, based on knowledge of the specific plant conditions, imple-

mented decisions, and phosphorus treatment processes and costs as des-

cribed in the recent literature.

�! Analyze the updated data base of  l! and �! by means of the

optimum policy model; more specifically, to investigate cost differences

between uniform reaoval versus economic efficiency oriented policies.



CHAPIER II1

IMPLH<Rl'ATION OF THE ORDER

A.

The cities encountered a problem which, in many cases, may have been
the main reason why most of them missed the January, 1973,deadline of the

order  see Table I!. This problen was the hold on federal funding for
wastewater treatment purposes. The cities had hoped to be at least par-

tially Sided for the capital expenditure on chemical feed facilities for

phosphorus removal. Thus, many waited until the deadline was very near

before taking any significant steps. A related problem may have been

the resultant difficulty in obtaining chemical feed equipment soon enough
to meet the deadline.

Realizing the problems the cities were having in meeting the January,
1913, date, the Wisconsin Department of Natural Resources extended the

deacLIine to March, 1973, and further relaxed its position by asking that
merely a serious attempt be made to treat for phosphorus by this time, w'ith
full compliance as soon as possible.

The nature of the order and the funding problem resulted in some very
temporary and makeshift chemical feed facilities. 1t was not uncaranon to

find a number of plants dosing ch«mo,cals directly out of 55 gallon drums.

Several plants used back-yard style swimming pools for storing liquid
aha. Other plants installed only the bare necessity in chemical storage
and. feed equipment with additions planned when funds would become avail-

able. For some plants, any sizeable capital investments were undesireable
because of construction or plans to construct a new plant, with scheduled
abandonment of existing plants in some cases. Table 1 is a list of the



number of plants on line with same form of phosphorus removal and the dates

on which this treatment was initiated. The DNR initiated steps through

the Wisconsin Attorney General's Office causing a number of plants to be

fined heavily for not taking any steps to meet the order.

Although fifty-three cities are affected by the Lake Michigan order,

three of them will not be included in the summaries which follow in this

section. Germantown, &LLand, and Neenah-Menasha currently have no treat-

ment specifically for phosphorus removaL. Union Grove initiated treatment

in November, 1972, and discontinued it in March, 1973. There has been no

treatment for phosphorus removaL since then, but since performance levels

and costs were reported, Union Grove is included in the sumnary. The in-

formation which is sumnarized here is taken from Appendix A, which

includes treatment process diagrams, phosphorus removal methods, and

associated costs for each individual plant. Appendix B contains average

monthly flow and phosphorus levels for each plant along with plant pro-

cess changes and corresponding approximate dates when they were initiated.

B. Treatment Ef f iciency

Table 2 shows the reduction in the total phosphorus load to

Lake Michigan and its tributaries under several different conditions.

Approximately 404 of the influent load was removed under existing treat-

ment. Under  a! in Table 2, special note is made of the Milwaukee-Jones

Island plant. Prior to January, l973, the Jones Island plant was involved

in a research project to study the effects of waste pickle liquor add.ition

for phosphorus ranoval �4!. Thus, Jones Island had been treating at 854

and higher for several years before the actual deadline.

The 1 mg/1 effluent limit is scsnewhat less demanding for the entire

watershed than the 854 removal requirement--353 lb/day less. The 1 mg/1



requirement will require more phosphorus ranoval than the 8S5 standard at

plants with higher influent phosphorus concentrations, and allow less

removal at plants with small influent concentrations. This limit is inde-

pendent of the plant flow. Consequently, neither the effluent standard

nor the uniform percentage reduction actually limits the total phosphorus

load in terms of lb/day P removed. This point is also noted in the EPA

Process Manual for Pho horus Removal by Black and Veatch �! . Figure 1

illustrates the distribution of phosphorus removal percentages correspond-

ing to the 1 mg/1 requirement.

Tables 3 and 4, showing the number of plants having to make treatment

changes under various restrictions, sean to indicate that the plants gen-

erally are having as much trouble meeting the removal requirenents as they

had meeting the time deadline. The distribution of influent phosphorus

concentrations is listed in Table S.

Problems in meeting the removal requirements are sometimes the results

of a hydraulically overloaded plant. Thus, even though a plant may be

dosing chanica3.s properly and forming a floe, inadequate detention times

may hinder effective settling and phosphorus removal. In Table 6, the

percentage of design flow shown is the average flow for the specific

period of treatment--as noted on individual information sheets in Appen-

dix A--divided by the reported design flow. The design flow is usually

the average design flow. When both average and maximum desi~ flows are

reported, the average design flow is used. Care should be taken in inter-

preting this table since the appropriate period of record is short in

same cases. Table 6 does provide a general overview of the overload prob-

lem at several of the 53 plants.



Tables 7 and 8 show the distribution of the actual phosphorus influ-

ent and effluent loads in lb/day of P at the SO plants included here. Note

that 30 of the 50 plants each have less than 100 lb/day of influent P,

while 10 plants are each discharging more than 100 lb/day of P. This

occurs because * number of large plants are either without full-scale

treatment facilities or are now urder construction on a new or expanded

plant.

The distribution of present phosphorus treatment costs is given in

Table 9. It is important to note that. these costs correspond to various

treatment or removal levels. The costs indicated do seem to fall within

the ranges generally reported in the recent literature �, 4, 7, 8!. Costs

are discussed more thoroughly elsewhere in this report.



CH~ZI'ER. IV

DISCUSSION OF ACIUAL TREA'IMENT PERFORMANCE

A. Treatment Methods

The consulting engineers' approach to the problem of designing adequate

treatment for phosphorus removal has been to use existing plant processes

whenever passible. Shen this practice may be followed, large capital

investments can be avoided �!. Individual plant process diagrams and

sumnaries of chemical treatment, with related costs and observations for

each of the S3 plants, are included in Appendix A.

This report makes no attempt at drawing any conclusions about the

physical/chemical characteristics of phosphorus treatment. BOD, suspended

solids and pH levels are not considered here as they would be in a com-

prehensive study of one or several of the plants. This investigation

deals with 53 plants with varying treatment systaas and individual plant

conditions. Thus, tables indicating various treatment methods or points

of application are given only for information. Nickerson et al. �3!,

Kumar axe Clesceri �!, aod Melkersson �! have a11 specifically stressed

an individual approach to phosphorus treatment systens dependent on many

local factors.

Also, observations showing better phosphorus reduction with one

chemical over that of another must be take within the full context of

varying treatment conditions. The effect of a chemical at plant A may

not be the same as at plant 8, even though the plants have same similari-

ties. Only complete preliminary and pilot plant tests at an individual

plant can determine which chemical is best suited to its needs. In some

instances, chemical addition must be at full scale to evaluate the actual

effects on the treatment processes.



Table 10 is a summary of the plant and phosphorus removal treatment

systans. Activated sludge and trickling filter designations refer to the

principal secondary or biological treatment process of the plant. Acti-

vated sludge includes such modifications as contact-stabilization, step

aeration, and the Kraus process. The phosphorus treatment process is

classified as one of four categories in this report.

PRIMARY: refers to the addition of chesucal prior to or at the primary

sedimentation tanks with the intent of removing most of the

phosphorus in the primary stage.

CHEMICAL-BIQUKICAL: includes the addition. of chemical just prior to, or

at ~ biological treatment process.

POST-BIOMGICAL: refers to the addition of chnnical at same point after

biological treatment. For the plants included here, this is

usually chanical add.ition just: preceeding the final clarifier.

PRDNRY/POST-BIOLOGICAL: includes chemical addition at the primary tanks

and after the biological treatment.

In the designations above, "chemical" refers to alum, FeC13, etc., and

does not apply to or include consideration of the use of polymers.

B. Chemicals Used

Table 11 indicates the chemicals used at the plants involved in this

study. Liquid alum, used most comnMxn1y, is available as Al2 804� 14.3 H20.
Alum weighs 5.4 lb/gal and contains approximately 95 Al by weight. Reported

average costs range frcsn $54-�0 per ton  dry alum! delivered. Dosages

ranged. fram Al:P < 1:1 to 2:1 t'weight ratio of Al to total influent P!.

Dry alum at 364 Al is also available--either bagged or in bulk.

Another source of tri-valent aluminum is sodium aluminate. Liquid

sodium aluminate is available from 5-278 A1203 by weight �! . The plants
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which use this chemical generally obtained a solution with approximately

19.9$ A1203 at approximately 12 Ib/gal of solution. Liquid sodium alumi-

nate is available in 30 gallon drums, or in 20 T tanker loads at an average

cost of approximately 84/1b �,21!. Sodium aluminate is an alkaline pro-

duct which may be used more effectively than alum in waste waters with low

natural alkalinity �!. Dry aluminate is available at approximately 41-465

A12O3 �1!.

Tri-valent Fe is available in liquid foxm at approximately 405 FeC13,
either in drums or in tanker shipments. FeC13 weighs 11.6 lb/gal of
solution and costs can range from $100-160/T of anhydrous FeC13, depending
on the shipping charges �2,23,24!.

Waste pickle liquor is used. by plants included here from either local

industrial sources or fran suppliers. Thus the iron content can vary over

a wide range, but is usually available fram 4-144 Fe. Waste pickle liquor

is generally available at about 10.8 lb/gal of solution with costs varying

with the source of supply and associated iron content. Pickle liquor

addition is used at several large plants in heavy industrial areas as

well as at a number of smaller plants. One of the most extensive recent

publications on piclQe liquor addition involves the treatment system at

Milwaukee-Jones island �4!. Of particu1ar interest is the excellent

removals of phosphorus--86$--associated with one of the two plants oper-

ated in parallel. This plant has no direct pickle liquor addition, but

instead receives iron bearing filtrate and. return sludge from the other
plant.

Anionic and cationic polymers have been used effectively with FeC13
and with the aluminum compounds. Nickerson et al. �3!, reporting on chem-

ical addition at trickling filter plants, noted considerable success with
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~ addition of a catiomic polymer ahead of the primaries, and an anionic

polymer at the final clarifiers. The polymers complemented FeC1> addition

prior to the grit chamber.

The major problem in achieving success with polymer addition is to

find the right polymer. There is a large variety of polymers available,

and the only way to determine which is best suited to a specific plant is

actually to use it. Polymers are available at approximately $1.20-$2.00/lb,

depending on the quantity ordered.

C. Effects on Sludge Handling and Disposal

Polymers have been added to sludge lines at several plants to aid in

thickening and generally to alleviate a potential overload to the sludge

systan. Sheboygan uses this method with some success even though the

system is overloaded. The increased sludge load and the associated cost

resulting from the addition of phosphorus removal chemicals have each been

mentioned in many of the references cited �,3,5,6,13.,18,29!. Actual

reported data are, however, very limited. This problem seems to be an

important one and conditions in sludge handling and disposal systems vary

markedly from plant to plant.

Theoretically, the addition of 1 lb, of Al in the presence of P04+3

produces approximately 4.5 lb. of Alp04, and 1 lb. Fe yields about 2.7 lb.+3

of FeP04 �0,29!. Sludge conditions resulting &cm the addition of phos-

phorus removal chemicals at the ind.ividual plants are reported qualitatively

in this study. Some operators and plant superintendents have noted no

increases in sludge volume while others report increases in volume of up

to 1004. Most plants reporting have noted better dewatering or thickening

properties with chemical addition. A specific exception to this general

rule was noted at Fond du Lac, where a "thinner" sludge--decreased 0 solids--
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was reported. The problem there seaned to be hydraulically overload.ed

final clarifiers--particularly in reference to exceeding clarifier

thickening design.

The quantity of extra sludge produced must be considered in planning

for phosphorus removal treatment, especially at existing plants operating

near design levels. But, the character of the sludge must also be evalu-

ated. The nature of the sludge will generally change from a biological

to a chenical-biological sludge. For example, difficulties with the incin-

eration process were reported at Sheboygan, where additional fuel was

required for burning.

Added costs associated with sludge handling and disposal are indica-

ted on individual plant information sheets in Appendix A. Unfortunately,

limited. cost information is available on this part of the treatment pro-

cess at this time. Additional sludge costs are thus not included in the

analysis which follows in this report.

D. Particular Treatment Situations

Digester supernatant and recirculation return flows have been noted

as a possible hindrance in achieving acceptable phosphorus removals �,

12,13!. Ericsson �2! has noted that reduction of the ferric iron to the

ferrous state during anaerobic stabilization and the resulting release or

solubilizing of phosphorus is a possibility which must be investigated.

Ia the specific plant he studied phosphorus was not released, but actually

underwent additional removal because of precipitation of the phosphorus

released from the biological sludge.

The apparent release of phosphorus was particularly important at

Clintonville, where an extensive revision of sludge handling and disposal
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methods was required to meet acceptable phosphorus renovals. %he digester

supernatant return was also indicated as a problem at Racine. McGinness

and Harriger  8! reported that separate biological treatment of the

supernatant is anployed at Sanduslgr, Ohio.

Nickerson et al. �3! reported that decreasing the generally recom-

mended recirculation rates at overloaded trickling filter plants resulted

in considerable success in achieving treatment efficiency. Recirculation

was specifically noted as a problem or potential problem at the trickling

f ilter plant at Manitowoc.

Sheboygan Falls and Ripon reported dosing chemicals directly preceed-

iag the trick1ing filters. At Sheboygan Falls, alum was used and filter

clogging resulted, so the point of addition was changed. Ripon reports

dosing waste pickle liquor ahead. of the trickling filter at Fe:P = 4:1

with a 614 average removal of phosphorus.

Trickling filter plants generally are not achieving acceptable phos-

phorus renovals. The maximum removal reported was at Oconto Falls, where

FeC13 at Fe:P 3:1 resulted in 758 removal. Peshtigo reported 655 removal

at Fe:P = 2.5:I. Mazy of the trickling filter plants are overloadoi and

awaiting construction of new plants or ~mgLnsions. Construction is sched-

uled at the larger facilities, and same smaller plants are due to be phased

out with the construction of regional treatment systems.

Green Bay, Oconto Falls, azd Peshtigo are currently trickling filter

plants which are scheduled to initiate combined treatment with industrial

wastes as new wastewater treatment plants are constructed in these commun-

ities. The industrial wastes to be included will be essentially void of

phosphorus, resulting in very low plant influent phosphorus concentrations.

3axs the nutrients required for biological activity may be near the critical
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- 864

- 92$

Butte des Morts

North Park S.D.

Menasha S.D.

At Menasha, Al:P = 1.5:1 was necessary to maintain a 90$ reduction. This

information is limited, however, and caxumt be supported here by any data

from publications or articles.

Qne plant anploys POSF-BIOLOGICAL treatment at a concentrated sub-

stream. Cedarburg has use4 alum addition at the influent and effluent of

the sludge thickener. Phosphorus removal has averaged only 674 with 2.6

mg/1 as P in the effluent. Jones �! indicates that acceptable phosphorus

level. The general BOD:P ratio required for efficient biological activity

is 100:1 on a weight basis �7! .

Davies and Unz  9! report that the addition of alum to activated

sludge mixed liquor provides no threat to the microbial population and

may aid in "coalescing bacteria which normally exist in dispersed phased

in the mixed liquor." The addition of iron at Milwaukee Jones Island did

not create any problems with biological systans at acceptable phosphorus

reraova1 levels �4!. Boss and McKinney �5! have concluded research which

indicates that a proper balance of iron made available to the micro-

organisms may actually increase the metabolism rate.

A decreased biological efficiency was noted when chemical was dosed

at the primary tanks in Waupaca's activated sludge plant. Nelkersson �!

and Kricsson �2! have noted this experience with primary or pre-precipitation

processes. An unfavorable BOD:P ratio in the activated sludge system can

result in decreased efficiency.

The three plants which are currently operating as contact-stabilization

units reported excellent removals at Al:P � 1:l.



removals of 805 and higher can be obtained when treating substreams of this

type. However, he offered very limited evidence from a literature survey

to substantiate adequate treatment levels.

industrial wastes have caused an effect at several plants. Most

notably, dairy waste discharges to small plants  < I M3!! have resulted

in influent phosphorus concentrations greater than 15 mgjl as P. Where

industries are charged based, on their phosphorus discharge to the treat-

ment plants, the amount of the charge may become meaningful in further cost

evaluations of phosphorus treatment in Wisconsin. As the variety of con-

ditions encountered indicate, the converse may also hold. At Ripon, for

example, the plant superintendent noted increased removals of phosphorus

when a local aluminum industry discharged its wastes to the plant.
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CE4ZI'ER V

COST Bn'OBMATZON

Figure 2 illustrates the distribution af reported capital investment

on equipment for phosphorus treatment. Estimated costs frcm various

sources are also shown on the log-log plot. The curves shown do not include

allowances for polymer addition facilities or chemical feed buildings.

Specific variations in the reported data are noted with different designa-

tions. The points designated as "chemical feed equi@gent" pertain to plants

which reported that no further additions to chemical storage and feed

equipment were planned. This excludes the possible addition of chanical

feed buildings. Several plants which have installed full-scale polymer

feed facilities are specifically designated. Some plants have been using

polymer, on a part-time or experimental basis, and have only temporary or

make-shift feed. facilities. These plants are not included in this cate-

gory, so that a representative cost comparison can be made.

Three of the plants are designated as having major revisions. These

plants are Sturgeon Bay, Clintonville, and Chilton. Capital costs at Chilton

and Sturgeon Bay include the addition of chemical feed buildings. The

costs at Clintonville includes a major modification of the sludge handling

and disposal system. Clintonville s problem with disposing of the digester

supernate has been discussed more thoroughly in Appendix A and m the dis-

cussion of treatment methods on page 13.

Low cost or temporary facilities are those where additions to chemi-

cal storage or feei equipment are plaami. Plants where capital investment

was admittedly kept low because of expansions or new plants are aLso

included in this category. Several plants having seaningly low capital

investment, but not included in this category, are in cities where new
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plants or expansions had just gone on line. The capital cost in these

cases does not include a complete accounting of installation costs and

costs for piping and electrical works. These costs were inseparable from
the total cost breaMowns.

The cost curves shown are those estimated for liquid chemical feed.

facilities, with the flexibility to dose any one of several chemicals

available. The cuxves shown include casts for chemical storage and feed

pumps. A1though estimated costs for chemica1 feed buildings are reported

in the literature [Kumar 0 Clesceri �!]. 'Ipse costs are not included

on the curves shown. Costs for polymer addition facilities are also

reported by Kumar and Clesceri �! to be $2,500 for a 1 MR plant; $8,600

for a IG MR plant; and $20,000 for a 100 MR plant. 'Ihe initial cost of

adding polymer feed facilities to an existing plant were also reported by

Black and Veatch �!. Costs reported are $5,810 for 1 MR; $26,740 for

10 MR; and $203,000 for 100 MR.

Costs reported in the literature for chemical storage are generally

based on a 10-15 day storage capacity. However, the actual breakbxm is

sometimes more difficult to detexmine. Cost cuxve infoxmation by Black

and Veatch �! and by Fait �! does not include any allowance fox asso-

ciated piping and electrical works, tAile infoxmation supplied by Kumar

and Clesceri �! includes an accounting--based on estimated percentages

of process equipment cost-- of piping, plant electrical works, instru-

mentation, engineeringand construction, modification and start-up, spare

parts, contingencies, and consultant's fees. Reported costs generally

include storage and feed equipnent; associated piping and electrical works;

and costs for engineering, construction� and installation. Reported costs

seen to be more in agreement with costs reported by Fait �! and by Black
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and Veatch  '3!. For this study capital costs are adjusted to 1973 levels

by the ratios of construction cost indices for sewerage treatment works

�0! . Capital investment costs were discounted at 75 and fram 10-25 years,

depending on the permanency and quality of the installation.

Annual operating labor cost due to the phosphorus treatment is plotted

against plant capacity in Figure 3. These costs may include mixing polymer,

checking axe adjusting chemical feed rates and performing analysis for

phosphorus. The reported values show no apparent relation to plant size

and average between $2,000/yr to $3,000/yr  excludes the estimates at the

120 MGD Milwaukee South Shore plant!. Curves are also shown based on

information used by Fait I'1! ard data on operating labor costs from Kumar

and Clesceri �! and Powell and Crawford  S!. Information from Fait �!

is adjusted to 1973 costs by using the sewerage treatment plant cost

index �0!. Fait �! included maintenance, labor, and operating labor as

a single cost.

QrQy four plants reported annual operating labor cost above $4,000--

Milwaukee, Oconto, Sturgeon Bay, and Thiensville. Oconto and Sturgeon Bay

reported extremely high values of approximately $9,000/yr. Each of these

plants, however, just went on line with plant expansions and upgrading

along with phosphorus treatment. Although that data is plotted. as reported

here, it: was not used for the data base and. the computer analysis. An

average of the other twenty-five reported values was used since the total

operating cost increase was not entirely because of phosphorus treatment.

At Thiensville, the value of approximately $5,800 was assumed to be inflated

at an estimated hourly rate of $8.

%here operating labor costs were not reported, labor costs were

assumed at approximately $1,460/yr. This assumption was used mostly at
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plants of less than 5 MGD size. Large plants and some smaller plants

reported operating cost as one value with no breakdown for labor, electri-

cal power, etc.

Included in the operating cost was an estimate of electrical power

cost. Actual values were used when reported. When no estimate was given,

the electrical power cost due to phosphorus removal was calculated as a

function of the storage capacity provided, ard whether the storage tank

was provided with electrical heat tapes or was installed inside of new or

existing buildings--to prevent crystallization of cheaicals at low temper-

atures. Electrical costs for heating elanents were computed for full

operation for approximately nine months of the year. The following values

were used:

Chemical Feed Pump: 1/3 hp. I approximately 24/kw' -- $44/yr.

-- $332/yr.Heating 4,000 gallon storage 0 2,530 watts

Heating 10,000 gallon storage 8 5,200 watts -- $683/yr.

These values are based on infozmation on electrical heat tapes pro-

vided by several of the consulting engineers. These values also seen to

coincide with values reported by Powell and Crawford  S!--$30/yr. for

pep only; and by Kumar and Clesceri �!--$694/yr. for I MGD and 6,000

gallon storage; and $2,044/yr. for 10 M2! and 32,000 gallon storage.

Maintenance costs were generally difficult to determine. Larger

plants did keep an accounting of expected. maintenance costs, but smaller

plants, especially of less than 1 MGD capacity, had no estimates. When

no information was available, an estimate of 104 of the annual capital

and operating cost  excluding chemical cost! was included in the operating

costs. Fait �! used this same procedure for estimating maintenance costs.



Some information on costs of sludge handling and disposal attributed

to phosphorus ranoval is available in the literature �,5!. As indicated

on page 12, no conclusions can be drawn from qualitative estimates of

whether sludge volumes or masses increased or decreased. Any estimates

or assumptions of quantity or of costs of increaselsludge at any of the

plants involved here would be pranature and possibly very inaccurate.

Emphasis should again be placed on individual p1ants and individual treat-

ment conditions. Sludge handling and disposal systems are of different

types and are operated differently.

In a few cases, sludge costs are reported and should be noted--c.f.

individual plant information sheets in Appendix A. Sludge handling and.

disposal costs are of importance in phosphorus treatment, but no attempt

at trying to assign quantitative values is made in this report. Where

sludge costs are reported, they are not included in the data base and

camputer analysis. However, a qualitative understanding of the specific

sludge handling system and possible overload conditions at each plant is

essential in determining maximum chemical dosages and associated remova1

poss Lbil ities ~

Cost information from the literature is used onlv as an

illustration of how the actual reported values compare.

Only actual reported values are used for the derivation of

the alternatives presented in subsequent sections of this

report.
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DEVELOPMENT OF TREATMENT ALTERNATIVES

The dynamic programming model presupposes the knowledge of various

levels of treatment or phosphorus removal alternatives and the correspond-

ing cost of each alternative at each plant. Essentially, this would be

the definition of a phosphorus removal cost curve. In the dynamic program-

ming terminology, the phosphorus removal alternatives are the decisions

at each plant, and the associated costs represent returns at each plant

or stage. The problem then becomes one of attaining or generating a

treatment-cost curve at each plant.

In many cases only one alternative of remail and a corresponding

cost is available at a given plant. Another known value may be the

removal at zero cost. Thus, with one or two proven alternatives on the

treatment cost curve, a number of additional feasible alternatives must

be extrapolated or estimated to provide for a meaningful use of the dynamic

programming algorithm and a mrkable, believeable interpretation of the

results.

Fortunately, some plants have operated at different levels of treat-

ment for a sufficient period of time to define at least another point on

the treatment-cost curve. The primary variable in achieving different

levels of treatment seems to be the required chemical dosage.

Chemical treatznent for phosphorus re@oval is then not an off-on or

zero-one system. At the 12.5 MGD Sandusky, Ohio, plant, J4cGinness and

Harriger  8! report that 40-50 mg/1 chenical dose is required for 804

ranoval, but a "954 P reduction is possible by simple adjustment of the

alum feed." An operator at a plant might increase his chemical dosage on



a washday Monday because he knows the phosphorus load will be higher. To

achieve a monthly average of 854 removal or 1 mg/1 phosphorus in the effluent,

the operator will either adjust his chemical dose according to the expected

or known phosphorus load, or will maintain some steady dosage, hoping to

meet the average treatment required. Likewise, if the operator notes that

he is steadily achieving better than the required removal, he would decrease

the chenical dose to keep from dosing more of the expensive chemicals than

he would need.

Thus, simply by adjusting the chemical dose, a range of phosphorus

removal levels can be attained.. The addition of a polymer may also effect

itnproved removals, providing an effective polymer can be found..

Given that changes in the chemical dose will produce different levels

of reaoval, attention should focus on the general functional relationship

between these variables. Then, knowhow the chemical dose, the chemical

cost can be calculated directly. The result is the desired treatment-cost

relationship, assuming that the cost of chemicals is the major variable

cost in phosphorus treatment and that increases in other operating costs

are relatively negligible.

The relationship between treatment cost and phosphorus remmM levels

used in this study is a logarithmic or exponential relation. This rela-

tionship seems to be substantiated by Long et al. �7!, who indicated that

effluent phosphorus levels increased rapidly with decreasing Al:P ratios

below 2;1. KUmar g Clesceri {'4! also note that the chenical dose required

increases exponentially with decreasing effluent phosphorus concentrations.

In Figure 4, taken fran the EPA Process Manual for Phos horus Ranoval �!,
the chemical dose is reported as metal to soluble phosphorus on a weight

basis. If the ratio of soluble phosphorus to total phosphorus for a given



wastewater remains fairly constant, the exponential relationship between

chaaical dose and effluent phosphorus would again be supported. Total

phosphorus levels oriLy are reported in this study and chemical dose ratios

are metal to influent total P. The soluble phosphorus to total phosphorus

inBuent concentration ratio seened to remain fairly constant at Milwaukee

aver a long period �4! and in pilot plant tests reported by Jones �!.

Two approaches were considered in attempting to supplement the reported

or lmrwn treatment levels in the basin�One approach auld be to use only

reported values on chemical dosage vs. pbospbonas reams percentage and

plot the collective values fran all plants on saai-log paper. After fit-

ting a line through the data, appropriate dosages and removals could be

read directly from the graph ance applied to individual plant phosphorus

levels for a cost determination. This kind of an approach to the problem

vetoed not ixelude any consideration of individual plant processes, treat-

ment conditions, and impcetaat local probleas in treatment. This approach

caQd also possibly lead to same conclusion about changing fraa one chani-

cal to another, which auld under any circumstances be a questionable prac-

tice without any basis on pilot plant or jar tests.

The second approach, ~ch was used in supplenenting treatment alter-

natives for this report, is to derive individual relationships for each

of the plants involved. This approach uses the seni-log relation as a

general guide for relating chemical dosage to phosphorus renoval. ~ific

treatmeat conditions, however, such as tg~mlic overload, sludge problems,

or industrial waste problems are taken into 8@i consideration, especially

in determining maximum treatment alternatives. Construction, or plans for

expansions or new plants, are also an important practical consideration in
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developing appropriate levels of treatment at old plants which will be

abandoned or extensively modified in the near future.

Because extensive tests have already been conducted to determine which

chemical and which system of chemical addition  P1UMARY, CHEMICAL-BIOLOGICAL,

or POST-BIODKICAL! should be used at each plant, no changes in the par-

ticular method or chemical are proposed in the potential alternative removal

choices postulated. The nature of the initial order of 854 removal at all

plants provides the basis for the assumption that each plant has chosen

the most economical and effective treatment and chemical under present

plant conditions. In some cases, where polymer effectiveness had been

demonstrated or is intended, an alternative for polymer addition may be
included.

The critical assumption needed is to determine a maximum phosphorus

renoval attainable at a given plant where no special treatment problems

seem to be limiting. Where treatment problems do not seem to control

effective reemals, and chemical dosages do not exceed approximately 2:l

for alum, and about 3 or 4:1 for iron addition, minimum effluent phosphorus

concentrations of 0.3-0.5 mg/1 are used here. At dosages greater than

levels mted above, overdosing may negatively affect overall plant processes

and treatment efficiences. The mini~mom concentration of 0.3-0.5 mg/1 for

chemical addition at existing plants is based partly on high performance

levels being attained at several of the plants involved in this study.

Reporting on phosphorus treatment in Sweden, Melkersson �! noted minimum

effluent total phosphorus concentrations at full scale plants with treat-

ment methods corresponding to the PRIMARY, CHEMICAL-BIOLOGICAL, HKI'-

BIOLOGICAL used here. He reported a range of 0.1 to 0.8 mg/1 as P in the

effluent. McGinness and Harriger  8! reported the possibility of getting



0.2 mg/1 as P in the effluent with alum addition at the aeration tanks.

Bricsson �2! also reported on effluent concentrations with primary precip-

itation at a full-scale plant. He noted effluent total phosphorus concen-

trations of 0.25-0.5 mg/l as P. Minton and Carlson �0! noted phosphorus

residuals of 0.1-0.5 mg/1 as P, but also indicated that the inability to

remove all the insoluble phosphorus may be a controlling factor. Then

the low phosphorus residuals could not be attained without filtration or

possibly with effective polymer use.

Several examples on how cost curves were developed are included in

Qyemdix C along with treatment-cost curves at each of the plants involved.

The cost alternatives at several plants are modified for one of the computer

runs. %e modifications generally involve new plants or plant expansions

with estimated or assumed levels of treatment.
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COZIER VI I

THE ~-CORI' RTlPÃIC PROGRAhMING MODEL

A. An Ef f ici Solution

In implementing the federal policy objective of an 804 reduction of

the total phosphorus load fram all point sources in the watershed, the

Wisconsin DNR followed the traditional concepts of fairness and equity.

This is true of both the initial 85 percent removal requirement and of the

more recent 1 mg/1 effluent objective. The question of economic efficiency

was investigated by Joeres �! in 1970. Joeres �! used a dynamic program-

ming algorithn to determine a cost efficient policy. As a data base, he

used treatment-cost alternatives developed by Fait �! for each of the 43

municipalities originally expected to be affected by the order. A brief

discussion of the model will be included here. The paper by Joeres �!

contains a more detailed description and is the basis for this discussion.

A discussion of the institutional problems associated with the imple-

mentation of this policy and the effects on the concept of equity are not

considered within the scope of this study.

B. Descri tion of the hhdel

Ke problen in attaining efficiency is to minimize the collective

total costs for a11 of the plants ordered to raaove phosphorus, subject

to an overall removal decision. The model is:

53
Minimize T Z r � !

nl

for ll 12' ..1
n

53
Subject to: E 1 > L

n



where T = the total removal cost

1 = the removal decision at plant n

r � ! = the cost of removing 1 pounds of phosphorus at plant n

L ~ the total phosphorus load to be removed by the S3 plants to
meet the requirement

Bach plant is identified as a decision stage, and the situation at each

stage can be illustrated as shown below.

1 removal d.ecision

Load still

to be removed

Ln-1

Load remaining

r � ! Removal Cost

The example which follows, though extremely simple, illustrates the

process by which the model minimizes the cost subject to the desired

reduction in the phosphorus load.

C.

Consider three wastewater treatment plants, each having a phosphorus

load of 1 lb. for a total load to the receiving stream of 3 lbs. The

objective will be to minimize the total cost to the plants subject to a

removal decision. In this case the removal decision will be to remove

675 of the total load to the receiving stream or 2 lbs. In order to solve

the problem a treatment-cost function must be determined at each of the

three plants. Individoal removal alternatives will be restricted to

discrete choices as they are in the 6Q1-scale solution. For simplicity,
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the alternatives here will be to remove either 0 or I lb. at each plant.

The alternatives at each plant are as follows:

Cost

��!

0
20

0
10

Plant 3 0
 n 3! 1

0
30

The system can be depicted as shown below.

lb.

rl�1!r2�2!

'Ihe process begins at stage 1, where the maximom possible load under

the rosmral decision is 2 lbs. The minimom possible load at stage I is
1 lb. %he alternative choices at stage 1 are listed as follows:

2 1 1 20*20

Plant 1
 n ~ l!

Plant 2

 n 2!

L -.ll~L

1 0 1

Reaoval
Decision

1



where fl L1! is the optimum stage 1 return as a function of the input Ll

to stage l. Then, at stage 2, the maximum possible load is 3 lbs. and. the

L2 - 12 Ll

2 0 2 0 20 20

2 1 1 10 0 10"

30"3 1 2 10 20

Thus, if we arrive at stage 2 and the total load remaining is L2 =

2 lbs., we would choose to ranove the 1 lb. at stage 2 since f2 L2!--the
return at this stage for L 2--is minimized for 1 I.

2 2

r3 �3! + f 2  L2! f3  L3!

0 30 30*

30 10 40

L3 -13 L2

3 0 3

3 1 2

Since we have arrived at the final stage, the minimum value of f3 L3!

is the minimum policy cost for this decision. Then if we follow back thru

the tables for each stage, we can determine the optimal policy for this

renoval requirement. In this particular case, plant 3 would not treat,

with plants 1 and 2 removing one pound each.

The solution is obvious and many simplifying assumptions have been

made so that the computational advantage of the technique may not be imme-

diately apparent, but when 53 plants with approximately 5 removal possi-

bilities at each plant are considered, 5 evaluations of possible53

minimum is 2 lbs., again based on the overall removal decision. The asterik

designates the optimal policy at this stage for a given load.
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policies would be required under a complete enumeration approach. The

computational effort is substantially reduced with the use of the dynamic

programming algorithm. A copy of the Fortran program of the model is found

in Appendix E. For the S3 plants studied, each computer run cost approxi-

mately $8.
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PRCGRVI RESULTS

A. General Framework of the C ter Anal sis

The efficiency solution was originally intended as a plaxning tool.

Based on an examination of costs and methods of phosphorus removal, Fait t'1!

provided the data base necessary for a predictive or planning analysis of

the requirements which should be imposed on the 44 cities under orders to

reaove phosphorus in December, 1969 �; .

How then does the efficiency solution serve a useful purpose at this

time? Although a number of facilities are of a temporary nature, most

plants have had chemical feed and storage equipment installed. Then, using

the program to determine who should treat and at what level would seem to

be an "after-the-fact" analysis. However, the major cost associated with

phosphorus treatment is not the initiaj, capital investment. It is, for

all 53 individual cases, the chemical ar operating cost which is the major

factor. The chanical cost--and the related chemical dose--is the key

variable in phosphorus treatment. The flexibility of the chemical treatment

system in achieving a wide range of removals is discussed in the study on

page 23,

It does not serve any useful purpose at this time to determine whether

a plant should initiate chemical treatment. A plant would not however,

be incurring zero cost with no chemical addition. Essentially, the cost

without chemical addition is now the discounted capital investment. If

this cost is introduced as a part of the alternatives at each plant, the

data base will be a realistic one and will provide results which can be

discussed and compared in a practical sense. The program has been modified



very slightly to allow for reading in these capital investment costs. This

will prevent the fallacy of discussing results which indicate that a plant

which has already made considerable investments, should not be treating

at a11 in the efficiency solution.

The efficiency solution may have same value as a means of deciding

on individual treatment levels, at least on a temporary basis. The system

which is now in effect allows for different levels of treatment at differ-

ent plants because of specific treatment problems and planned expansions.

This system will not achieve significant total removals without consider-

able construction and resultant time delays and expense. The efficiency

solution may be a guide to the problem of obtaining high performance under

temporary and changing conditions. The assumption is that all plants

have optimized their individual operations with respect to which chemical

and which treatment to apply under present plant conditions. No changes

in the chemicals or treatment methods are introduced with the alternatives.

The efficiency solution is based on choosing ranoval alternatives at

each plant in termsof cost per pound of phosphorus removed. This solution

has the characteristic of regulating phosphorus in terms of lbs/day,

while the percentage and, effluent standard removal requirements have been

criticized for failing to regulate the actual load of phosphorus in pounds �!.

The program exhibits the flexibility of accounting for changes in the

treatment conditions at any of the plants. Several computer runs were made

to illustrate the effect of new plants entering at higher phosphorus removal

levels. The first run, designated as DPE is under conditions which exist

to date. Aijustments are made to include Milwaukee South Shore in DP2 and

to include new plants at Green Bay, Oshkosh, Shawano, and Racine with DP3.
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Also included in DP3 are adjustments in the alternatives at Ripon and

Two Rivers to allow for resolution of current treatment problems.

B. 1. Condition I - DP1
The conditions of this first run correspond to treatment levels cur-

rently attainable at the 53 treatment plants in the basin. These treat-

ment alternatives do zmt account for any major process changes at any of

the plants aced are restricted only with regard to specific treatment

problems or possible overdosing of chemicals. Under these present condi-

tions, the actual overall treatment level now attained is at 734 reaoval--

based on the influent phosphorus levels used in this study. This is sub-

stantially below the 854 requirenent. Figure 5 illustrates the cost curves

for both the uniform percentage requirement and the efficiency solution

of DPl ~

The number of plants without an alternative capable of meeting the

specific requirenents is noted. This is a very real and practical situa-

tion which the Wisconsin DNR has also recognized in its current policy of

tempering its treatment requirement because of interim facilities; serious

particular treatment problems; or planned mqxmsions. Plants which are

assigned maximum alternatives less than the requiranents are listed in

Tables 12 ard 13. Specific revisions used in later computer runs are

also noted.. Treatment costs at these plants are hx:luded in the uniform

treatment curve. These plants are assumed to operate at the maximum

alternative assigned. The cost at the maximum alternative is used when

the requirement cannot be met.

In each of the computer runs used here the efficiency solution curve

and the uniform treatment curve tend to converge. This occurs because the
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dynamic programming solution approaches the maximum possible removal allowed

by the particular data base, and the uniform treatment requirement is

limited at the high removal levels by the number of plants unable to meet

particular percentage requirements. Thus, the uniform solution cost curve

does not exhibit the exponential treatment-cost relationship which might

have been expected.

Table 14 is the output fram the program run under Condition I. The

table illustrates the dynamics of compliance required at each ind.ividual

plant under varying overall removal requirements. Figures 6 and 7 illus-

trate the nUmber of plants required to treat at various levels urger the

efficiency solution. Comparisons are made on a percentage removal and

effluent standard basis.

2. Condition II - DP2

The only change from the present treatment situation used for DPI is

the inclusion of the Milwaukee Southshore plant. This plant is a large

plant of approximately 70 MGD average flow with full-scale phosphorus

treatment facilities due on line by JanUary, 1975. 'Ihe inclusion of this

plant at high removal levels increases the maximum possible total basin

removal to 855.

Under the 1 mg/1 requirement, a significant increase in the overall

removal can be realized if the Milwaukee plants do not cut back treatment

from levels less than 1 mg/1. With the Jones Island plant remaining at

current Levels, and the 1 mg/1 requirement in effect everywhere else, 854

overall renoval could be achieved. This represents a 24 increase from the

835 level with all pLants reaching 1 mg/1 P effluent concentrations. If

the Southshore plant can also maintain effluent phosphorus levels significantly



less than 1 mg/1, an 874 overall phosphorus reduction is possible, with

all remaining plants averaging l mg/1 effluent P. Thus, the large plants

in the basin are of key importance in >Be reductio~ of the total phosphorus

load to Lake Michigan, regardless of which form the implementation order

takes.

Figure 8 illustrates the cost curves for the uniform percentage

requirenent and the efficiency solution under Condition II - DPZ. Again,

the number of plants unable to meet each requirement is specifically

indicated. Table 15 is the list of plants and the dynamics of compliance

required for the efficiency solution urger Condition II. Figures 9 and 10

illustrate the namber of plants required to treat at various percentage

and effluent levels.

3. Condition III - DP3

This computer run includes significant changes from Condition II in

the treatment-cost alternatives available at six plants. Condition III

accounts for new plants or expansions at Green Say, Oshkosh, Racine, and

~mo. All four plants will possibl> be folly operational sometime in

1975 or early 1976. Other changes are made in the alternatives at Two Rivers

and Ripon. Two Rivers is reportedly dosing alum at Al:P � 2:l and achieving

low and variable removal efficiences. Ripon is reportedly dosing pickle

liquor at Fe:P > 4:1 with only approxzretely 604 removal. It is assumed

for Condition III that treatment problans can be resolved and that higher

dosages can result in higher removals. The alternatives used in all six

cases are included in the treatment-cost curves in Appendix C. Figure 11

is the comparison of cost curves for the uniform percentage requirement

and the efficiency solution under cond.ition III - DP5. The performance

at the l mg/1 effluent standard is also indicated. Again the number of
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plants unable to meet each requirement is specifically indicated. The

maximum possible overall phosphorus removal under Condition III - DP3 is

approximately 894. Table 16 is the cmrpvter output for this condition.

The table indicates the dynamics of compliance required at each plant for

the efficiency solution. Figures 12 and 13 show the number of plants

required to treat at various remova1 percentages and effluent levels.

C.

Figure 14 shows the cost savings of the efficiency solutions over the

uniform treatment requirements. The cost savings over the 1 mg/1 effluent

stamlard are as follows:

DP2 DP3

Overall Rival Percentage

Pmaual Cost Savings �10 !6

83 83

0.15 0.62

Number of plants unable to 17
meet the 1 mg/1 requirement

13

The cost savings noted. here are likely to be somewhat conservative

because of the number of plants not provided with an alternative to meet

the 1 mg/1 objective under the conditions discussed in this chapter. The

cost of the maximum ramval alternative at each of these plants is included.

'Ihe important cost which does not show up in the cost savings calcu-

lations here is the cost of implementing the various policies. Implementa-

tion costs and problems are not considered in the scope of this study, but

must be thoroughly evaluated to detexmine the comparative advantages or

disach~tages of each policy. If the net implementation costs are less

than the cost savings illustrated in this study, the dynamic programming

efficiency solution deserves careful consideration.



This study and the results of the efficiency solution are restricted

to the objective of a reduction in the total phosphorus load to Lake Michigan

and its tributaries. Any additional local water quality objectives can

and must be evaluated separately from the overall Lake Michigan Basin

objective.
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FIGURE 1

Distribution of Affected Plants by
Phosphorus Removal Percentages at Each Plant
Corresponding to the 1 mg/1 Effluent Standard
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Figure 5

Total Amyl Cost vs. Phosphorus Removal Requirement
Condition I � DPI

[Bracketed nUmbers indicate the number of plants not provided
with an alternative to meet the specific requirement under the
conditions of this run. Costs for the maximum removal alter-
native at these plants are included.]
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F igure 8

Total Annual Cost vs. Phosphorus Removal Requirement
Condition II - DP2

[Bracketed numbers indicate the nomber of plants not
provided with an alternative to meet the specific requirement
under the conditions of this run. Costs for the maximum removal
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Figure ll

Total Annual Cost vs. Phosphorus Removal Requirement
Condition Ill - DP3

fBracketed numbers indicate the number of plants not
provided with an alternative to meet the specific require-
ment under the conditions of this run. Costs for the
maximum removal alternative at these plants are included.]
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Figure 14

Amual Cost Savings of Efficiency
Solution Over Unifozm 5 Requirment
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Table 1

DATE OF C MPLIANCE

Total Number of Plants
With Phos horus Treatment*Date of Co liance

January 1973  or before!

February

16

April

May 1973

41

AQy 1974 50

* Of the 53 plants imrolved in this study, the foll~ are
not included in. the table above.'

Geraentee--Initiating treatment, in August or September 1974.
Holland S.D.--O.l MGD plant with no specific treatment for

phosphorus removal to date.

Ne6nah-Menasha--Has a very low influent P concentration and
an effluent P concetration near 1 mg/1

--without specific treatment for phosphorus
reams.
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Table 2

Reductions in the Total Phosphorus
I@ad Tributary to Lake Michigan"

Total Pho horus Removal

~lb/da P 5 Removal

a. No specific treatment for
phosphorus removal

408,345

b. Same as  a! above except
with Milwaukee-Jones Island
at current treatment level

11,260 54

C. Present treatment levels

 August, 1974!
1S,323

d. Renoval required at 1 mg/1
P effluent stamlard

17,348

e. Pammral required at 855
uniform standard.

17,721 85

"Based on calculated total influent phosphorus load at 53 plants--
20,848 lb/day P.



Table 3

PHOSPHORUS RENTAL EFFICIENCY

4 Mluent Total P Removed Nomber of Plants

> 85 17

80-85

70-80

50-70 16

  50

< 1.0

1-2 15

2-5 20

Table 5

DK UBG' TOIAL MSPHORUS CGhCEGVATIONS

Influent Total P /I as P NUmber of Plants

> 15

10-15

7-10

< 5 10

Table 4

EFFLE T KAL PHOSPHORUS CQNCBGRATIGNS

'HfQ.vent Total P 1'1 as P Neaher of Plants



Table 6

HYDRAULIC CVFJQ.OAD"

~IE Number of Plants

< 100

100-150

23

! 150

" Two plants are not included above: at Racine, the secondary
treatment is capable of handling only approximately half the
average flow; at Green Bay, the primary treatment is capable
of handling approximately half the average flow.

Table 7

INFLUBK TOI'AL PHOSPHORUS LClAD

Number of PlantsIbs da P

Table 8

EFFLUEIV TOI'AL PHOSPHORUS LOAD
 at current treatment levels!

Number of Plants

< 5

5-20

20-50

50-100

! 100

< 20

20-50

50-100

100-200

200-500

500-1000

> 1000

1

16

13 9

3 4 4

5

22 9
4

10



Table 9

PHXPKBIJS TREATER COFf S

<1

1-3 12

21

6-10 10

> 10

$/1b P Removed

< $0 ' 20

$0.20-$0.60

$0.60-$1.00

$1.00-$2.00

> $2.00

14

14



Table 10

THEA'IMENT SYSI'B4S

13

0

34

2

14

a Oshkosh presently has no secondary treatment system;
Menomonee Falls uses both activated sludge and trickling filter
systems. Both employ PRIMARY chemical addition.

Table ll

CHBGCALS UM3

Number of Plants

Liquid alum 2S

Naste pickle liquor

Liquid sodium ahmninate

Powdered alum

Powdered sodium aluminate

10

b Polymer is used with the chemicals shown at 1S plants--
seven with liquid alum; six with FeC13, and two with liquid
sodium aluminate.

PRIMLY

CHEMICAL-BIOLOGICAL

POST-BIOLOGICAL

Pm'lARY/POST-BIOLOGICAL

Number of Plants

A~&Sla T~kl '



Plants Assigned 'primum Alternatives
Less Than the Uniform Percentage Requirements

Maximum 5
Alternative

Milwaukee South Shore

Two Rivers

Racine

Ripon

Holland S.D.

Neer'-Menasha

Berlin

Peshtigo

Sheboygan

Fond du Lac

Green Bay

Oconto Falls

Plymouth

Oshkosh

North Fond du Lac

Sheboygan Falls

Portage

Manitowoc

~Revised under Condition II - DP2

"*Revised under Condition III - DP3

5g  g5!*

58  85!*"

36  8g!a*

 8P! Aa

50

62

65

65

65

70

75  90! **

75

75

80  92! **

80

80

80

80



Table 13

Plants Not Assigned Alternatives
To Achieve 1 mg/1 Effluent P

5 Removal at
~/// 1!ff/

Max. 5 Ranoval
Alternative

Milwaukee South Shore" 85 59

75

36

58

26

61

50

62

75

80

65

80

70

65

80

75

80

65

Green Bay«

Racine*

84

77

Two Rivers*

Shawano"

82

92

83

98

71

86

85

Ripon

Holland. S.D.

Neenah-Menasha

Oconto Falls

North Fond du Lac

Berlin

hhmitowoc

74

90

86

83

89

89

88

80

Fond du Lac

Sheboygan

Sheboygan Fal ls

Plymouth

Portage

Peshtigo

«Alternatives are revised for DP2 and DP3 to allow remval to 1 mg/l.



Table 14
63

DYNAMIC PROGRAMMING FFFICIKNCY SOI.UTION
CONDITION I � DPl

POLICY PERCF'' Tari S ' ~ 7G'J ~ ~15 «730 ,750 «760

RE "!OVAL OEC I 5 I O'I 5 4 t
NILW 4 VKEE-gh.'iE 5 1S
GREE>! aAY

f ACH PLANT I

.890 ~ 891!

.620 .750

~ 200

~ 200

~ 590

~ 620

PAlLY TOTAL Ppl! i~jS~
PAlt.Y TOTAL COSTS

APPLETOIi

NANITG .GC
f iiOSH4

SHEBOYGA!«
OSHKOSH

Ii E

NE«IOW rALLS
PE PERE
f ONOiI 4

GRAFTO'!
WESTBE IG

I A tI ii 4

CEOARBURG
SOIJTH ~ ILi' A'.igEE

R T i.". ' r n

NEVi LOIIPQN
KIEL

Y Hh! IT '

NORTH PARK S,PE
CHILTO>.'

l I R r E h «!

GERt«ANTG ,Ii
SHEYBOYGAi« FALLS

AR Ii! ETTF

K E vJ A S K lJ H

KIMBERLY
PCONTO

RIPGN

STURTElIAI<T
INT H

PORTaGE
THE IhISy ILLE

NEW HOLSTEI~
LITTLE CHuTF

ALGOI<A

WAUPACA

SHAViANQ LAKE S 0
PESHYIrQ

WEYAQ "lEGi A
TNIO R I yERS

BERLIN
NORTH EQ"p Ol! LAC

N I L 'AI A V K E E

NEENAH

1~59m

7121 ~ I I

~ 870

~ 330
.85G

«200

~ 670

6

«8SQ

F 810

0

~ PQP
«PQQ

~ 600

~ 7QQ

~ 800

~ 300

SQ

«850

~ 8SG

5

~ 920

~ 6<0

GQ

~ 700

«6SG

SG

F 200

«800

~ 210

~ 330

~ 20Q

~ 100

~ «I 20

~ %00

.150

~ 200

~ 850

~ «ISO
Og

1 'I 'V Q 6

2"eG F 90

~ 870

«SQQ
~ 85Q

~ 2GQ

~ 67O
36

~ 85Q

.81Q
~ 2GG

~ PGQ
~ 9QGI

~ 8G

.6QO

~ 7QU

85

~ eQU

~ RQQ

«75G
~ 850

,850

75

~ 8GQ
F 180
«3GQ

.7op

~ 65g
~ 25Q

~ 2 lj p
~ 800

eg

~ 210

,33g
9

~ 200
«7QQ

~ 'I 20

~ '1UQ
32

~ 26Q

~ ZQQ
8

~ 3QQ

~ 4150
3O

~ ZCip

~ 2GQ
5o

.590

,620

15219

2869 ' 99

~ 890

.75'

~ 87D

~ 800

F 850

~ 200

~ 670

~ 3

.850

~ Blg

~ 2 O

~ 900
~ 900

~ 600

~ 700

~ 800

~ 800

«750

~ 850

~ 850

0

~ 970

.180

300

~ 870

~ 650

~ 250

~ 200

~ 800

~ 210

~ 330

~ 200

~ 800

~ '120

~ 'tGQ

~ 260

~ 200

~ 850

~ '150

~ 300

~ 200
«ZQG

D

~ 590

~ 620

15636
3159 ' 97

~ 890

«750

~ 870

F 800

~ 850

~ 200

~ 610

~ 3bQ

F 850

~ 810

700

~ 900
~ 900

880

~ 8SQ

~ 100

90

~ 800

~ 800

750

~ 920

~ 850

8

«920

F 800

~ 700

«8ZQ

.850

250

«500

F 800
8

~ 210

~ 750

F 550

~ 800

~ '1 20

~ 'I 00
7

~ 260

~ 200

~ 850

~ 't50

890

~ 200

~ 200

5 0

~ 590

~ 620

1 5 8 iI 9

3797 ' 5'l

~ 890

~ 750

~ 870

~ 8QQ

F 990

~ 2CIQ

~ 800

~ 3

.850

«810

«70

~ PGQ
~ 9QG

F 880

~ 850

~ 700

9

F 800

~ 800

~ 75

~ 920

F 850
8

0920

~ 8GQ

.700

~ 820

«850

~ 250

«SQQ

~ 8SQ

«210
~ 850

~ 8'50

~ 80G

~ '1 20

~ %00
8

~ 260

~ 200

8

~ 850

~ '150

~ 890

.200

~ 800

Sn

.590

~ b20



DYNAMIC PROGRAMMING EFFICIENCY SOLUTION

CONDITION II - DP2
7'

PA ILv >07AL Po<J'iy5 ,'

p41Lv 707AL COSTS

FACH PI ANTl

,890 ,890
n

RE'VOVAL DECISLONS AT
HlL-~A V<EE-gnNE5 1S

I ' y
F 890 F 890~ 890

PORT "iASW1N,TDN
NEV> LONDON

PLTNaUTH
NORTH PARK q'OS

hENAsHA gag,lEAs7>
sEA HQLSTElv

KE"'4 j}NEE
SHAQ}ANQ LAKE 5 ~ Q ~

BUTTE DES shpTS
NEYAD iEGA

V'.,

rREEi! r Av

APPLFTO"'
7O

KENQqHA
SHE80V,A ~

%H

RACl vE

HENO'l FALLS
P~~S

FONDULPC

<RAFTO>}

KAUKaVNa
CEDAR8L}R~

syuRgEONBAV
<ERHANTO;N

V

HARINETTE
K E'RA S'KilN

OCONTO
R lPON

T

CL INTOiiV 1 LLF
PORT-AgE

v

uN[OvSRoyE
ALGOVA

Ai}P a

KOHLER

BERLIN

OCONTO FALLS

NEENAH-MENASHA

l VS9V

13ev F 62

~ 5 }30

i870

,780
~ 200

0

~ 36Q

~ 6VQ

~ 200

~ 850

.800

e260

oepp
~ 6SQ

eDVO

g700

~ 30Q

~ 390

~ 300

w300

~ 250
~ 200

~ 300

e210

I 550
~ 200

~ 300

~ V20

~ 320

a 150

~ 300

~ 300

~ 300

F 200

~ 200

.620

152 <9

1 82 1 i 17

~ 50q
,87O

3

~ 850

~ 2QO
+67

~ 360

~ 78|1
71

izup
F 850

.epp

~ 6QQ
f

~ 850
~ Bpp

 

~ VQQ

.850

~ 3JO
~ 800

~ 3OO
,700

5

~ 25Q
~ 200

~ 30i}

~ 210
3

~ 550

~ 2QQ

F 300
~ V20

VQ

~ 320
~ 1 SIJ

 

~ 3ap
~ 300

~ 3DO

F 200

~ 2DQ

.620

l58V<c

286' 28

~ 75 "}

~ 87D

85Q
~ 2 P '}

~ 360

~ BSQ

F 200

~ 900
n

F 800

.600

F 850
~ dQC

~ 750

F 050

~ 750

F 800

~ 300

~ 70t3

s ZSI3

~ 200
n

F 800

~ 210

F 900

F 200

~ 300

VZQ

~ 320

~ 260

F 800

~ 300

~ 3DD

~ 200

e200

.620

16678
3555 ' Vq

~ 750

~ 870
800

~ PVD
~ 200

670

g360

~ 850
8

~ 2DD

1900
9<,

~ 680
~ 850

F 950
F 800

~ 750
~ 920

F 850
~ 920

~ 700

~ 820

~ 250
F 500

.800

~ 210
50

+900

~ 850

+850

~ V2Q

F 800

~ 240

~ 860

~ 850
VS

~ BPQ

~ 200

~ 200

.620

l73QV
V7'SORY Ae

~ 750

~ 950

~ PVD

.200

e 36Q

1 850

~ 700
F 900

~ 950
.esp

F 950
~ PVQ

r

~ 750

~ 920

~ 9'50

~ 960

o 820

~ 9SQ

~ BQQ

~ SQQ

~ PRO

F 800

~ 990
.BSQ

~ 900

.850

F 800
~ 260

~ 920

F 850

~ 890

~ 65Q

~ '500
.620



DYNAMIC PROGPA~f4ING EFF ICIENCY SOLUTION
CONDITION III - DP3

7/

QA ILV TOTAL PDU'i~S I
DAILV TOTAL COSTS

152J2

1198«05

PLANT!

~ 890

,95>

RE~OVAL DEC IS lONS AT
Ml L t: 4 if K E E - g '.7 N E S I 5
H I '"-'hp F

SHA'.SANO LAKE S,Q.
PORT ".JASH1»lCTON

t4r h»

ME%A' HOLSTEIN
LlTTi E CHUTE

0» r4

pESMT !co
8UTTE CES M04TS

GCONTO FALLS
NEENAH-HKNASHA
HOLLAND S.D.

R AC 1'>E.

GREEN BAY
APoL<T".'I

MAN1TO OC
KE",OSHA

OSHKOSH

MEMOS FALLS
E PFRF

FOND'JLAC

rRAFTQN

EST~F,'D

KAUKAU"lA

CECARBURG
SOUTH "'1

KlEL
PLYMOUTH
NORTH PA

T'80 R I VERS
CHILTO>i

RIPON

CIERMANTO,~N
H Y O

MAR!NETTE
KEN! ASK!jW

QCONTO
STURTEVANT

N !'

pORTAGE
THE 1NSV I LLE

ALGOMA

IAUPACA

KQHLER

SERLrN

EACH

%890

50

~ 89Q

,500

~ 330

~ 780

~ 300

~ 6VQ

~ 200

F 850
QQ

F 800

~ 260

JQ

~ 3QQ

~ 800

~ 300

~ QVQ
SQ

F 450
~ 250

~ 2QQ

~ 8OQ

~ 300

~ 300

~ 250

~ 220

%210

~ 330

~ 200
~ 3QQ

.VZQ

~ VQG

~ 200

«300

~ 300

~ 200

«200

. 620

15827
16VV« I7

~ 890

~ 5PQ

.870

~ 330

~ 850

2p

F 850

,780

«700

~ 2QP
~ 9pp

820

~ 8UQ

~ 6QQ

~ 3»1Q

.8SQ

~ BPQ
Pi

~ 3QP

.QVG
8SP

~ VSQ
.700

~ 6SQ

F 800
la

~ 30p

~ 7QQ
Si

~ 250

«220
3

~ 210

~ 330

~ 200
~ 300

30

.V20
~ "Up

3

~ 200

«300

~ 3PQ

~ 200

%200

.620

172~5

32V3 ASS

~ 890
~ '9 S 1

~ 890

~ 850
~ h

«800

~ 8SQ

.850

~ 850

0

~ 200
~ '900

~ 900

~ 880

%8SQ

~ 7 0

~ 850

~ 950

~ 800

~ 7SG
~ 9

~ VSG
.850

F 800

~ 920

~ 70G

~ 820

~ 250

F 850

~ 210

.750

~ 850

«800

~ V20

~ VQQ

~ 2QO

~ 860

~ 890

~ 200

~ 200

.620

17701
3927 ' 69

~ 890

~ 950

F 890

«850
870

~ 800
~ 9VQ

2

,850

~ 850

8 0

«700

~ 900

900

«880

F 850

~ 700

~ 850

~ 950

~ 800

750
920

~ 800
~ 850

~ 800

~ 920

~ 700

~ 900

«250

F 850

~ 800

~ 850

~ 850
~ 880

~ V20

~ VQQ

~ 200

~ 920

~ 890

~ 200

F 500
.620

18326

5336«60

~ 890

~ 950

~ 890

F 850

~ 95

~ 800

~ 9VQ

5
~ 920

~ 850

00

~ 700

~ 900

~ 930

~ 95Q

«850

«700

F 850

~ 950

~ 950

~ 750
~ 9 0

~ 8SQ
~ 950

F 800

~ 960
h

~ 820

~ 900

F 800

~ 850

F 800

~ 900

«850

~ 880

%850

«800

«200

«920

~ 890

«650

~ SQQ
.620
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APPENDIX A

Plant Infoxmation Sheets



This appendix consists of information sheets on each of 53 wastewater

treatment plants in Wisconsin's Lake Michigan Basin under orders to

remove phosphorus. Major plant processes are shown in the sketches which

also illustrate points of addition of phosphorus removal chemicals. These

sketches are not meant to represent physical plant layouts. For purposes

of clarity and simplicity, minor processes such as screening, comminution,

and chlorination are omitted. Some waste and sludge flows may not be shown

or labelled. The key of abbreviations and symbols follow this discussion.

The data listed is that which is generally typical of the performance

in removing phosphorus and is based on flows and phosphorus concentrations

for the specific period of treatment noted. Design flows are for average

flows and maximum flows, where available. In compiling information from

the plant data sheets, all available information is considered and all

sources are contacted. so that phosphorus levels and treatment can be

accurately correlated.

The total phosphorus load in lb/day P is the product of the average

flow  MGD!, the phosphorus concentration  mg/1 as P!, and the conversion

constant  8.34! .

Treatment is classified as follows:

PRICEY - When chemical is added ahead of, or at primary settling tanks,

with the intention of precipitating and settling phosphorus in

this process.

CHEMICAL-BIOLOGICAL - When chemical is added just ahead of or directly to

the biological treatment process.

POST-BIOLOGICAL - When chemical is added just ahead of or directly to a,

final settling tank or any other unit succeeding the biological

treatment process.



71

PRIMARY/POST-BIOLOGICAL - Indicates a combination of the two methods

described above.

"Chemical" does not include the addition of polymer in the above

definition.

In some cases, it was difficult to determine the actua1 chemical dose

because of adjustments based on the operator's visual inspection. Average

chemical doses were calculated based on the amount of chemical used over

some period. of time--or how long it took to deplete a known load of

chemical.

Phosphorus removal efficiency prior to chemical addition is based. on

actual data, whenever available. If the treatment percentage is indicated

as an estimate, it is the estimate of one of the people listed in the

sources. Where the treatment level is indicated as an assumed value,

one of the following assumptions has been made:

0 P RemovalTreatment Process

Primary settling only

Trickling filter

Act. sludge and trickling filter

Activated slud.ge

1OS

204

254

304

Although phosphorus removals without chemical treatment can vary consid-

erably, the assumptions above are in general agreement with treatment

levels reported in the literature �,3,4,6,17,27!.

Capital costs are as reported by plant superintendents, city officials,

or consulting engineers. The capital cost generally includes: the costs

of a chemical storage tank, and the cost of chemical feed pumps and neces-

sary piping and electrical works. Facilities were generally designed to

allow flexibility in the choice of chemical. Costs reported are installed



costs of facilities. In some cases, the equipment cost includes polymer

feed facilities. Capital costs are discounted at 74. The time period will

vary from 10-2S years depending on the permanency ard quality of the

equipment.

Operating costs include estimates of additional personnel required

because of phosphorus treatment--for mixing polymer, ana3.yzing for phos-

phorus, etc. Operating costs also include additional costs af providing

electrical power. Because of the short period of treatment and the tem-

porary quality of the facilities at many plants, no estimate of annual

maintenance cost was available. When estimates were not reported, an

allowance of 104 of the annual capital and operating cost--excluding

chemical cost--was used.

Sludge handling and disposal costs are not irxluded unless they are

specifically noted.

An additional discussion of phosphorus removal costs is included in

Chapter V, page 17.
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Al'P

or Fe:P

ml/min

S.D.

«Return sludge, recirculation and supernatant flows are specifically
labelled.

A.S.

T.F.

Aerob.

Anaerob.

W.A.S.

P.L.

Key to Symbols and Abbreviations Used in Appendix A

Raw sewage and. clarified effluent flows

Settled sewage or sludge G.ows*

Point of chemical or polymer addition

Activated sludge process

Trickling filter process

Aerobic Digestion

Anaerobic Digestion

Waste or excess activated sludge

Waste pickle liquor

Weight ratio of meta1. ion dose to influent total P

Million gallons per day

gallons per day

gallons per hour

milli-liters per minute

Sewage treatment plant

Superintendent

Sanitary District



Return Sludge

Design flow.' 0.750 MGD /fax 2.225 MGD!
Average flow: 0.828 MGD
Average flow exceeds design flow: 7 of 16 months
Maximum design not exceeded.

Average influent total P: 6.1 mg/1 as P; 42 lb/day P
Average effluent total P: 0.66 mg/1 as P; 5 lb/day P

Treatment: PRIMARY
Averaging 75 gpd FeC13 with polymer at grit chamber.
Fe:P > 3:l.

P Rmoval Efficiency: Prior to chemical addition -- 425
Fe.P 4:1 with polymer -- 895

Cost Anno& Cost g/1000 gal.

$23,000

$18,641

Comments: There is no accounting of increased sludge or sludge handling and
disposaL costs. Mr. Groll did indicate sludge quantity had notice-
ably increased; and also noted better settling performance,

Sources. Donahue 5 Associates, Sheboygan
Allen Groll, STP Supt.

Capital
Operating
Chemical

$ 2,171
2,970

13 300

0.72
0.98

4.47

6.174/1000 gal. or $1.38/lb P removed



APPLETON 75
FeC13 P

te

S.

� � � + Disposal

[Treatment levels reported here are based on data fromMarch 1974-May 1974.]
Design flow: 12 MGD
Average flow: 16.04 MGD
Average flow exceeds design flow: 17 of 17 months

Average influent total P: 10.11 mg/1 as P; 1352 lb/day P
Average effluent total P: 1.34 mg/1 as P; 179 lb/day P

Cost Annual Cost g/1000 gal.

$1, 416
15,000
82 016

$15,000Capital
Operating
Chemical

0.03
0.28
1.40

1.714/1000 gal. or $0.23/lb P removed$98,432

Appleton had used PeCl for sludge conditioning prior to the phosphorus
order. Mr. Colbert re orted achieving 50k P removal. under these con-
ditions. Capital expenditure was small at this time because of expected
expansion in the near future; also because of existing FeCl storage.
Mr'! Colbert noted problems keeping the chemical feed pump operational
in the early months of treatment. I'n June 1974, FeC1 was dosed ahead
of the finals to control settling and hopefully reduce the dose at
the grit chamber.

Gxeents:

Sources: Consoer-Townsend Engr , St. Louis, h6
Bob Miller, Director of Public Works
Wayne Colbert, STP Supt.

Treatment: PRIMARY

50 gal/mg FeC1~ at grit chamber with polymer before primary taak;
Fe: P = 1: 1, 14 lb/day polymer;
P Removal Efficiency: Prior to chemical addition -- 505

Fe .' P = 1: 1 with polymer --875
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BERLIN

Recirculation

[Treatment levels are based on data frceze May 1974-June 1974.]

Design flow: 0.905 MGD 04oc. 1.5 MGD!
Average flow: 1.452 MGD
Average flow exceeds design flow: ll of ll months reported

 Exceeds maximum design 5 of ll months!

Average influent. total P: 3.9 mg/1 as P; 47 lb/day P
Average effluent total P: 2.2 mg/1 as P; 27 lb/day P

Treatment: PR24EY

120 gpd liquid alum with polymer at primaries;
Al:P � 1.2:1

P Removal Efficiency: prior to chemical addition -- 205  assumed!
Al:P~ 1.2:1 with polymer -- 445

Cost Anrmal Cost, 5/1000 gal.

519
3,521
8 259

$5,500 0.10
0.66
1.56

2.32</1000 gal. or $1.68/lb P removed$12,299

Comnents: Plant is overloaded hydraulically and has a low influent phosphorus
concentration. Berlin is waiting funds for a new plant. A major
industry served by the plant is a local tannery.

Sources: John Strand. 5 Associates, Madison
Neil Osterburg, STP Supt.
Plant Operator

Capital
Operating
Chemical

To
-- +Land

Disposal
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BUT% DES MORTS U.D.

alum

ITreatment levels are based on data for lhrch-May 1974; the system above has
been modified  air wall pulled out of contact tank! and is now being operated
more as a conventional aeration system.]

Design flow: 0.60 MGD  max 1.30 MGD!
Average flow: 0.694 MGD

Average influent total P: 6.1 mg/1 as P; 35 lb/day P
Average effluent total P: 0.88 mg/1 as P; 5 1b/day P

Treatment: 3.5 gph liquid alum at old contact tank.
Al:P ~ 1.2:1

P Removal H'ficiency' .Prior to chemical addition -- 308  assumed!
Al:P = 1.2:1 -- 865

Cost Annual Cost </1000 gal.

$12,650 0.43
1.15
1.73

3.31$/1000 gal. or $0.77/lb P removed$8,388

Mr. Huntoon indicated that he was considering dosing alum directly
to the aeration tank. He noted that overfeeding or saturating with
alum did not work axd created foaming conditions. An increase in
gallons and 4 solids ofthe sludge was reported.

Comments:

Sources: Donahue P Associates, Sheboygan
Doug Huntoon, STP Supt.

Capital
Operating
Chanical

$1,085
2,916
4 387

. ~To sludge
lagoons and.
land disposal



CEDAPJKRr'

[Treatment levels are based on data fran June 1973-May 1974.!

Design flow: 3 MGD  Max 6 MOD!
Average flow: 2. 076 MGD

� 16D design flow was not exceeded..!

Average influent total P: 7.7 mg/1 as P; 133 lb/day P
Average effluent total P: 2.55 mg/1 as P; 44 lb/day P

Treatment: 3 point addition of dry alum �00 lb/day!
Al'P ~ 1 3 1

P Rmoval Efficiency: Prior to chemical addition -- 260
A1:P ~1.3:1 -- 674

Cost Annual Cost g/1000 gal.

$42,500

$19,014

Comments: Plans are to switch to liquid chanical feed. Present system did not
provide the removals necessary. Handling and operating ease are
additional reasons for the proposed switch.

Nicholson and. Associates, South Milwaukee
Robert Boivin, STP Supt.

Sources.'

Capital
Operating
Chemical

$3,647
2.227

13 140

0.48

0.29
l. 74

2.51!/1000 gal. or $0.61/lb P removed
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CHILTON

[Treatment levels are based on data fram Oct. 1973-April 1974.]
Design flow: 0. 650 MGD
Average flow: 0.507 ~%D
Average flow exceeds design flow: 1 of 7 months  April 0.68 MGD!

Average influent total P: 19.8 mg/1 as P; 84 lb/day P
Average effluent total P: 2.2 mg/1 as P; 9 lb/day P

Treatment: CHEMICAL-BIOLOGICAL

200 gpd liquid alum at return sludge line; polymer ahead. of final
clarifiers; Al:P � 1.2.1

P Removal Efficiency: Prior to chemical addition -- 255
AI:P - 1.2:1 with polymer -- 894

Cost Pamual Cost g/1000 gal.

Comments: Capital investment includes building to house chenical feed faci-
lities. Waste contributors include metal plating, aluminum, and
malting industries. % . Mal noted occasional PH problans.

Sources; l43fahon g Associates, Menasha
Walter Muehl, Director of Public Works
Al Be.man, STP Supt.

Capital $45,000
Operating
Chanical

$3,861
4,048

. 12 000

$19,909

2. 09
2.19
6.48

10.764/1000 gal. or $0.73/lb. P ranoved



SO
CLINI'GNVILLE

Return Sludge

Waste
Act. Sl.

~To Sludge Drying Beds
and disposal

[Treatment levels are based on data fram April 1974-June 1974.]
Design flow: 1.0 MGD
Average flow: 1.058 MGD

Average influent total P: 4.94 mg/1 as P; 44 lb/day P
Average effluent total P: 0.70 mg/1 as P; 6 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
80 gpd liquid alum ahead of aeration; polymer ahead of finals;
Al'P 1 1

P Removal Efficiency: prior to chemical addition -- 304  assumed!
Al: P ~ 1:1 with polymer -- 864

Annual Cost </1000 gal.Cost

$135,372

$21,537

Capital cost is high, but includes a vastly revamped sludge handling
and disposal systen. Apparently, the phosphorus became soluble in
the digester and created problems when supernatant was returned to
the plant. The proposed sludge system is designed to solve this
problem.

Gcements:

Sources, 'Foth g Van Dyke and Associates, Green Bay
Don 2arda, 57P Supt.

Capital
Operating
Chemical

$12,778
4,006
4 753

3.30

l. 04
1. 23

5.57$/1000 gal. or $1.55/lb P removed
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DE PERE

Return Sludge

Waste
Act. Sl.I

L
~Haul to lagoons

[Treatment levels are based on data from July 1973-June 1974.j
Design flow: 2.88 MGD  max!
Average flow: 2.663 MGD
Average flow exceeds design flow: 2 of 9 months

Average influent total P: 8.66 mg/1 as P; 192 lb/day P
Average effluent total P: 1.68 mg/1 as P; 37 lb/day P

Treatment: POST-BIOLOGICAL

Approximately 400 gpd liquid alum with polymer ahead of final clar-
ifiers; Al:P =- 1:1

P Removal Efficiency: Prior to chemical addition -- 74
Al:P > 1:1 with polymer -- 814

Annual Cost g/1000 al.

$8,783

$36,145

Low capital investment now because of plant modifications including
additional settling tanks; vacuum filtration-incineration for sludge
processing; and denitrification-tertiary treatment. Dairy and pack-
ing wastes contribute to the phosphorus load, Influent phosphorus
concentrations are reported to be highly variable.

Conanents.'

Sources: Clarence Van den Berg, STP Supt.
Plant operator

Capital
Operating
Chanical

Rctra Sludge Hauling $100/wk.

748
4,304

25,893
5,200

0.08
0.44
2.66
0.53

3.71</1000 gal. or $0.64/lb P
r craved



Return Sludge

--+ To fill and draw
lagoons

ITreatment levels are based on data fraa Oct. 1973-June 1974.]
Design flow: 7 MGD  Avg.!
Average flow: 6.677 MGD
Average flow exceeds design flow: 3 of 9 months

Average influent total P: 6.9 mg/1 as P; 384 lb/day P
Average effluent total P: 3.2 mg/1 as P; 176 1b/day P

Treatment: POST-BIOLOGICAL
1550 gpd liquid alum ahead of finals;
Al:P ~ 2:1

P 1bmoval Efficiency: Prior to chemical addition -- 204
Al:P ~ 2:1 -- 544

Cost Amxxal Cost f/1000 gal.

$26,443 $ 2,269
3,430

87 069

Capital
Operating
Chemical

0.09
0 ~ 14
3.57

3.88t/1000 gal. or $1.22/lb P removed$92,768

Gxments:

Metcalf g tidy, Boston
Mr. Bob Gaber, STP Supt.

Sources:

Overloaded final clarifiers are the key problem at the plant. Did
not receive chanical feed equipment until August 1973. State lab
results and personal conversations would indicate highly variable
influent phosphorus concentrations averaging about 10 mg/1 as P.
Operator's data  Oct. 1973-June 1974! did not confirm this. A
dairy industry contributes to the plant's phosphorus load. Mr. Gaber
noted more gallons with alum addition! of sludge but also a thinner
sludge--due to clarifier overload.
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FeC13
Addition

Design flow: 1 MGD
Average flow: 0.743 NGD
Average flow exceeds design flow'. 1 of 8 months

Average influent total P: 12.4 mg/1 as P; 77 1b/day P
Average effluent total P: 7.6 mg/1 as P; 47 lb/day P

Treatment: No chemical addition for phosphorus rival to date.
P Removal efficiency without treatment -- 395
Expected efficiency Fe:P � 1.6:1 -- 855

[Expected Costs!

Cost %meal Cost f/1000 gal.

$8,300 708
1,677
7 500

Capital
Operating
Chemical

0. 26
0. 62
2.76

3.64</1000 gal. or $0.42/lb P removed$9,885

Sources: Baudhuin 5 Associates, Gezmantown
Tom Muth, Utility Commission
STP operator

Comments: Germantown reported problems in getting a chemical storage tank.
Mr. Math noted that they had extended a grant to remodel the exist-
ing plant for inclusion of phosphorus treatment, but funding was
hung up and Gemeatown was involved in litigation. The system above
is also operated. as extended aeration, A dairy industry contributes
to the phosphorus load at the plant. In the future, Germantown is
expected to tie in to the Milwaukee system.



[Treatment levels are based. on data from Jan. 1974-June 1974.]

Design flow: 1 MGD  avg! [0.4 hKD Act. Sludge; 0.6 MGD Cont.-Stab.]
Average flow: 1.228 MGD
Average f1ow exceeds design flow: 6 of 6 months

Average influent total P; 15.4 mg/1 as P; 158 lb/day P
Average effluent total P: l.58 mg/1 as P; 16 lb/day P

Treatment: PRIMARY

200 gpd liquid alum at grit chamber; polymer at aeration and at
contact tank.

P Removal Efficiency: prior to chemical addition -- 205
Al:P = 0.6:1 with polymer -- 905

Cost Annual Cost g/1000 gal.

$4,3000

$16,409

Cojttments: Originally, sodium aluminate and waste pick1e liquor were tried at
Grafton with poor results. Mr. Krueger noted that sludge produc-
tion had. tripled since chemical addition for phosphorus removal.

Sources: Donahue $ Associates, Sheboygan
Ed Krueger, STP Supt.

Capital
Operating
Chemical  Alum!

 Polymer!

406
2,863

12, 045
1 095

0. 09

0. 64
2.69

0. 24

3.66</1000 gal. or $0.32/lb P
removed
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Recirculation

+ To Sludge
Lagoons

Average influent total P: 6.1 mg/1 as P; 1039 lb/day P
Average effluent total P: 2.3 mg/1 as P; 392 lb/day P

Treatment: POST-BIOLOGICAL
2200 gpd liquid alum ahead of finals; Al:P = 1:1 to 1.2:1
P Removal Efficiency: prior to chemical addition -- 25

Al.'P = 1:1 -- 624

Cost Annual Cost 4/1000 gal.

$11,500 1,085
2,674

119 246

Capital
Operating
Chemical

0.01
0.04
1.6G

1.65</1000 gal. or $0.52/lb P removed$123,005

Higher alum doses were tried, but poor settling prevented, higher
removal efficiencies. Green Bay has received polymer feed equip-
ment, but it was damaged and is not operational. Mr. Duehring
noted that FeCl had been tried, but without success. Influent
phosphorus concentrations are variable and can range from 4 to 10
mg/1 as P. Dairy and canning industries contribute to the waste
load. The new plant is under construction. This plant will pro-
vide capabilities for conventional activated sludge, contact-
stabiLization, or step-aeration. Combined treatment with paper
mill waste may require Green Bay to operate its biological system
near the critical phosphorus requirement.

Comments.

Sources: Donahue 5 Associates, Green Bay
Robert Duehring, Lab: Director
David Martin, Engr. -Manager

[Treatment Levels are based on state lab data and on personal communication
with Mr. Duehring.]

Design flow: Primary--9 MGD; T.F. and Finals--22 MGD
Average flow: 20.43 MGD



HOLLAND S.D.

Design flow: 0.144 MGD

Influent total P: 22-70 mg/1 as P; 55 lb/day P

No treatment for phosphorus removal to date.

Comnents: Undergo~kg construction of proposed lagoon system in addition to
existing treatment. This is essentially a dairy waste. Polymers
have been added to aid settling in the overloaded clarifier.
Mr. Herman reported trying alum but could not get settling of
the floe in 'the clarifier. When the system is working properly,
Mr. Herman indicated that an effluent concentration of 10-16 mg/1
as P can be obtained.

Sources. Mr. 3ill Herman
Mr. Ray Van Zeeland
Hd4ahon 5 Associates, Menasha



Return Sludge

{Treatment levels are based on data from Sept. 1973-June 1974.]
Design flow: 2.550 M23 tMax. 4.5 MGD!
Average flow: 2.011 MGD
Average flow exceeds design flow: 3 of 10 months
Maximum design not exceeded.

Average influent total P: 9.7 mg/1 as P; 163 lb/day P
Average eHluent total P: 1.15 mg/1 as P; 19 lb/day P

Treatment: POST-3IOLOGICAL
240-318 gpd liquid alum ahead of finals; Al:P = l:1

P Removal Efficiency: prior to chmical addition -- 355
Al:P ~ 1:1 -- 885

Cost Pmaual Cost 4/1000 gal.

$21,977Capital
Operating
Chemical

$21,837

Ccments: Activated sludge can also be operated as contact-stabilization or
step-aeration.

Sources: Donahue 5 Associates, Sheboygan
Robert Natrop, City Engineer
Albert Winter, SI'P Supt.
Al Schaefer, Operator
City Clerk

$ 1,886
2,041

17 910

0.26
0.28
2.44

2.99!/1000 gal. or $0.42/1b P removed
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Return Slud.ge

o

isposal

[Treatment levels are based on data for June 1974.]
Design flow: 26 MGD
Average flaw: 27.582 MgD

Average influent total P: 4.0 mg/1 as P; 920 1bjday P
Average effluent total P: 0.9 mg/1 as P; 207 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
Approximately 2000 gpd waste picIQe liquor ahead of aeration;
�.58 Fe! Fe:P = 2:1

P Removal Efficiency: prior to chemical addition -- 40<
Fe:P = 2:1 -- 784

Cost Aural Cost 5/1000 gal.

$16,801
7,628

30,937

$118,000Capital
Operating
Chemical

0.17
0.08
0.31

$55,366 0.56</1000 gal. or $0.21/lb P ramved

Comments: Mr. Selin reported problans with the pic%.e liquor feed system anti
indicated that June 1974 was the first time everything had operated
well. Polymer was tried but was not followed up on to this date.
FeCl is used for sludge conditioning in conjunction with the filter
pres . This plant is also provided with a 20 MGD biosorption treat-
ment system for combined sewer overflows.

Sources: Gerald Selin, STP Supt.
Fred Nelson, Kenosha Waster Utility
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Return Sludge

[Treatment levels are based on data from June 1973-Feb. 1974.]
Design flow: I MGD
Average flow: 0.443 MGD
Design flow not exceeded

Average influent total P: 19.3 mg/1 as P; 71 lb/day P
Average effluent total P: 3.4 mg/1 as P; 13 lb/day P

Treatment: PRDNRY
6 gph liquid alum at pre-aeration; Al:P = 1'.1

P Remcval Efficiency; prior to chemical addition -- 305  assumed!
Al:P ~ I:1 -- 824

Cost domual Cost 4/1000 gal.

$14,700

$12,148

Capital costs above are for the full scale facilities scheduled to be
on line soon. Temporary alum feed facilities are used now. A dairy
industry contributes to the phosphorus load at the plant. Mr. Albers
noted that volume of sludge had increased and 5 solids had decreased
with the addition of alum feed.

Comments:

Stone 5 Robinson Engineers, BrookEield
Pete Albers, SIT' Supt.

Sources:

Capital
Operating
Chemical

$ 1,388
2,387
8 373

0.86
1.48
5.18

7.52</1000 gal. or $0.57/lb P removed
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Return Sludge

!Treatment levels are based on data from Sept. 1973-June 1974.]

Design flow: 0.326 MGD
Average flow: 0.440
Average flow exceeds design flow: 8 of 9 months I,'Feb.-Sept. 1973 and June 1974!

Average influent total P: 7.72 mg/1 as P; 28 lb/day P
Average effluent total P: 1.52 mg/1 as P; 6 lb/day P

Treatment: PRII!48Y

3-5 gph liquid alum ahead of primary tank; Al:P ~ 1.3:1 to 2:1

P Removal Efficiency: prior to chenical addition -- 325
Al:P = 1.6:1 -- 805

Cost 7sssusl Cost t/100~0al,

$8,620

5.24<.'/1000 gal. or $1.05/lb P removed$8,412

Kewaunee obtained 50-60$ P removal with temporary feed of FeCl out
of drums--Fe:P=- 1.5:l. The high influent phosphorus concentration
of 28.7 mg/1 reported in June 1974 is not confirmed by the state lab's
analysis. It is assumed to be reported as P04.

Comments:

Donahue 5 Associates, Sheboygan
Dan Roder, City Engineer
Harry Pardowski, SI'P Supt.
Bruno Haas

Sources:

Capital
Operating
Chemical

$814
2,101
5 497

0. 51
1.31

3.42

Waste

Act. Sl.

To Land
Disposal
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KIEL

Return Sludge

~ Waste
Act. Sl.

~To Sludge
Lagoons

[Treatment levels are based on data fram March 1973-Jan. 1974.]
Design flow: 0.6 MGD
Average flow: 0.75 MD estimated by STP Supt. Walks!

Average influent total P: 18.6 mg/1 as P; 116 lb/day P
Average effluent total P: 8.2 mg/1 as P; 51 lb/day P

Cost domal Cost g/1000 gal.

$17,331 $ 1,487
5,766

11 926

Capital
Operating
Chenical

0. 54

2.10
4.36

7.00$/1000 gal. or $0.82/lb P removed$19,179

Highly variable influent phosphorus concentrations are a major prob-
lm in trying to obtain efficient phosphorus removal. A dairy
industry contributes to the phosphorus load. at the plant. The plant
is also overloaded hydraulically. The floe is reportedly not settling
well in the finals. Mr. Walks tried a polymer, but without success.
Sludge increase with alum addition is noted as 2 to 3 times the volume
before chemical treatment.

Comm en.ts:

Sources . 'Donahue 5 Associates, Sheboygan
Peter Walks, SIP Supt.
Mr. Durwockter, City CLerk

Treatment: POST-BIOLOGICAL

450-700 mQ,/min. ahead. of finals; Al:P = 1:1

P Removal Efficiency: prior to chmical addition -- 30> t'assumed!
A1'P 1 1 -- 565



KIMBEFJ Y

Return Sludge

Waste
Act. Sl.

~To Drying Beds
and Disposal

]Treatment levels are based on data from April 1973-Jan. 1974.]
Design flow; Oe48 MGD
Average flow; 0. 538 MGD
Average flow exceeds design flow: 6 of 9 months

Average influent total P: 9.3 mg/1 as P; 42 lb/day P
Average effluent total P: 1.4 mg/l as P; 6 lb/day P

Treatment: CHEMICAL-BIOLOGICAL

160 Q liquid alum ahead of aeratiom;
Al:P � 2:1

P Removal ZHiciency: prior to chemical addition -- L35
Al:P~ 2:l -- 85t

Cost Annual Cost 5/1000 gal.

$10,058

$12,122

Comments: Operator noted that he might switch the point of alum addition to either
the influent to primary or final tanks to keep solids from building
up in aeration.

Sources: 222~on 5 Associates, Menasha
P. Grienier, STP Supt.
X. G. Iachschmidt, Clerk-Treasurer

Capital
Operating
Chemical

$949
2,501
6 672

0.48

1.27
4.42

6.17$/1000 gal. or $0.92/lb P removed
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Return Sludge

[Treatment levels are based on data from Oct. 1973-June 1974.]
Design flow' .0.90 MGD
Average flaw: 0.553 MGD
Average flow exceeds design flow. 1 of 9 months

Average influent total P; 4.54 mg/1 as P; 21 lb/day P
Average effluent total P: 0.96 mg/1 as P; 4 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
60-80 gpd liquid alum at aeration;
Al:P~1.4:1 to 1.8:1

P Removal Efficiency'. prior to chemical addition -- 304  assumed!
Al:P = 1.6:1 -- 795

Cost Pamml Cost g/1000 gal.

$12,ill

$6,424

The influent phosphorus concentration is less than originally expected.
Mr. Hoffmann noted that there are no large phosphorus contributing
industries. High phosphorus levels reported in 1973 may have been
concentrations as P04. Operator estimated a 254 increase in sludge
with alum addition.

Camnents .'

Sources: Donahue g Associates, Sheboygan
Mr. Kopf, City Clerk
Robert Hoffman, SIP Supt.
Ray Schuamn

Capital
Operating
Chemical

$1,143
1,263
4 018

0. 57
0. 62
1.99

3.184/1000 gal. or $1.04/lb P removed



LITTLE QUID

Return Sludge

ITreatment levels are based on data frea March 1974-June 1974.j
Design flow: Approximately 0.8 MGD
Average flow: 0.732 MGD
This design flow was not exceeded during this period. of record.

Average influent total P: 5.92 mg/1 as P; 36 lb/day P
Average effluent total .P: 0.73 mg/1 as P; 4 lb/day P

Treatment: PRIORY
135 gpd liquid alum at pre-aeration; Al:P 1.8:1

P ReHmal Efficiency: prior to chemical addition -- 304  assumed!
Al:P ~1.8:1 -- 885

Cost Annual Cost 5/1000 gal.

$10,000

$10,091

Comments.' Mr. Weisky had. no problems with a sludge increase because of alum
addition. He did note that the sludge was more compact.

Sources: Mclltabon 0 Associates, Menasha
Lou Weisky, STP Supt.

Capital
Operating
Chemical

$ 944
10697
7 450

0. 35
0. 64
2.79

3.78</1000 gal. or $0.86/1b P removed



MANITOWGC

Rec irculat ion

[Treatment levels are based on data from Jan. 1974-May 1974.]

Design flow: 8.6 MGD
Average flow: 11.03 MGD
Average flow exceeded design flow: 5 of 5 months

Average influent total P: 9.95 mg/1 as P; 916. lb/day P
Average effluent total P: 4.03 mg/1 as P; 370 1b/day P

Treatment: PR24V'Y
1.4 gpm FeCl at pre-aeration -- 12 hr/day
0.55 gpn Few:1 at pre-aeration -- 12 hr/day
Polymer at pr3-aeration and, ahead of primaries.
P Removal Efficiency: prior to chemical addition -- 334

Fe:P = 2:1 with polymer -- 604

Cost Annual Cost g/1000 gal.

$7,551
3,160

127 750

$80,000Capital
Operating
Chemical

0. 19
0. 08
3.17

3.44!/1000 gal. or $0.69/lb P removed$138,461

Sources: Richard Manthey, Consoer-Townsend, Engr., Chicago
Leo Templeton, SI'P Supt.

Coments; Treatment plant is badly overloaded. Mr. Templeton noted problems
when recirculating sludge. Aluminum and malting industries contri-
bute to the industrial waste load. Future construction will expand
plant capacity to 15.5 MGD  avg.! and 30 MGD  max.! . New synthetic
material trickling filters will be added.



Return Sludge

Waste
Act. Sl.

m Disposal

[Treatment levels are based on data from Jan. 1974-June 1974.]
Design flow: 4.8 MGD
Average flow: 3.382 MGD
Design flow not exceeded.

Average influent total P: 2.8 rag/1 as P; 79 lb/day P
Average effluent total P. 0.5 mg/1 as P; 14 lb/day P

Tres.tment: PRIM'XY

Approximately 50 gpd FeC13 with polymer ahead of primary tanks;
Fe:P 1:1

P Removal Efficiency: prior to chemical addition -- 305  assumed!
Fe:P 1:l -- 825

Cost Annual Cost g/1000 gal.

Chemical cost as reported is ba;ed on an average cost  freight
included! for FeC1 and include: polymer cost FeC1.> is also pro-
bably used in conj tion with vacuum filtration.

Comments:

Donahue g Associates, Sheboygan
City Engineer
SIP Supt.
City Clerk

Sources:

Capital
Operating
Chemical

$27,115 $ 2,559
2,46l,

19 002

224,022

0.21
0.20
1. 54

1.95~:/1000 gal. or $1.01/lb P removed
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56KML4 S.D. 4
 East!

Liquid, Alum

To Land
+ Disposal

!Treatment levels are based on data from Jan. 1974-June 1974.]
Design flow. 1.5 MGD
Average flow: 0.63 bfGD
Design flow not exceeded.

Average influent total P: 13.3 mg/1 as P; 70 lb/day P
Average effluent total P: 3.3 mg/1 as P; 17 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
Averaging 100 gpd. liquid alum; Al:P = 1:1; Influent P concentra-
tion as reported above is generally higher than expected average;
these averages are based on limited tests--two per month;
P Removal Efficiency: prior to chemical add.ition -- 554

Al'P ~ 1:1 -- 755

Cost Annual Cost g/1000 gal.

$ 570
1,711
8 381

$4,000Capi,tal
Operating
Chemical

0.25
0.74
2.34

3.33!/1000 gal. or $0.40/lb P removed$7,662

Sources: hfdfahon g Associates, Menasha
Jerry guarford, STP Supt.
Plant Operator

When Al:P =- 1.5:1, removals were recorded
Capital investment. is low now and Menasha
chemical feed operation when funds become
noted that with alum addition, the sludge

at approximately 904.
expects to upgrade
available. i~5'.. guarford
is thicker and heavier.



MEhKNCNEE FALLS
cl8

[3 plants at 2 locations--as shown above; each is a 1 MGD plant. The
following is the approximate overall treatment level assuming 504 ef flow
to each plant at Riverside.]

Average flow: 2.77 MGD
Influent total P: 8.7 mg/1 as P; 200 lb/day P
Effluent total P: 3.1 mg/1 as P; 71 lb/day P

Treatment: PR]MARY
145 pgd waste pickle liquor; Fe:P ~ 1:1

P Removal Efficiency: prior to treatment -- 04
Fe:P'= 1:1 -- 644

Cost Annual Cost 4/1000 gal.

$4,540

$10,722

Activated sludge systems are averaging 755 removal, but trickling
filter plant is at approximately 355. Mr. Neterval indicated
that polymer use is being considered for the trickling filter
plant.

Comments:

Sources: Mr. Dick Neterval, SIP Supt.

Capital
Operating
Chemical

$
2,221
7 410

0. 06
0.22
0.73

1.01$/1000 gal. or $0.22/lb P removed
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MILWAUKEE - JONES ISLAND

«+ Pl oceSS IIlg

Pickle Liquor

Jan. 1973-June 1974.]

East

3181
454

Treatment: CHEMICAL-BIOLOGICAL

10,000 gpd waste pickle liquor at east plant aeration; Approximately
64 Fe filtrate return; Fe:P = 2:1  east plant only!

Approximate Cost  based on east plant only!: 0.02</1000 gal. or
$0.005/lb P removed

The Milwaukee plant was involved in an EPA study on iron addition
for phosphorus renoval. Milwaukee began treating for phosphorus
in approximately 1970. After course screening, grit chamber
treatment, and fine screening, the flow is divided as above. The
inflow to the east plant is then combined with the return flow.
It is at this point where approximately l0,000 gal/day of waste
pickle liquor is added for phosphorus removal  estimated Fe:P
2:1! ~ The waste water proceeds thru activated sludge and sedimen-
tation. The sludge is conditioned with FeC1 and dried  dewatered!.
The final product is a fertilizer--Milorgani!e--which is packaged
at the plant and sold. The west plant receives filtrate with
approximately 65 Fe, which provides excellent removals. The plant
has a very unique and profitable system of treatment for phosphorus.
'Ihe possibility of the use of iron to remove phosphorus was pur-
sued for the following reasons:

Discussion:

ITreatment levels are based on data from

West

85 MGD
68.11 MGD

5.6 mg/1
0.8 mg/1

865

Design flow:
Average flow:

Average influent total P.
Average effluent total P:
Average 4 P Removal:

Average influent lb/day P:
Average effluent lb/day P:

115 MGD
91.96 MGD

5.6 mg/1
0.44 mg/1

924

4295
337



MILWiQ9ZE - JONES ISLAND  Cont.!

1. No extra sludge problem  as opposed to alum addition!
2. Consistent with existing sludge disposal methods
3. Success experienced at a small A.S. plant
4. Pickle liquor available locally  A. 0. Smith!
5. Inexpensive  relatively!

The Commission found the A. 0. Smith Company to be extremely
cooperative. As part of the agreement, the plant would receive
all waste pickle liquor from A. 0. Smith. As part of this "joint
effort", equipment necessary for iron addition was designed and
constructed. The addition of two more 20,000 gallon storage
tanks provides a total storage capacity of 100,000 gallons. This
large capacity facilitates a more flexible hauling schedule for
A. 0. Smith and specifically avoids having to pay high overtime
wages for delivery during A. O. Smith shutdown periods. The
agreement will continue to 1976 under the current 5-year contract.
The sewerage commission is hopeful for an extension of the agree-
ment in a similar form.

Equipment and chemical {pickle liquor! costs to Milwaukee are
relatively small compared to labor, maintenance, aad power costs
and are assumed negligible for this analysis. Treatment percen-
tages have been excellent  90+4! and the plant has experienced a
decrease in the FeC1 needed. for sludge conditioning. This repre-
sents a significant lost savings to the plant. Poor removals of
about 504 were reported by the state lab for June and July.
Phosphorus removal equipment was down at this time. The values
for June and July are not inc1uded in this analysis.

Sources: Mr. Lawrence Ernest, SIP Supt.
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NILXiMZK SCUIH SHORE

Return Sludge

Waste
Act. Sl.Liquor

~ To Lagoons

[Treatment levels are based on state lab data only; in interviews with
Mr. Dedinsky and Mr. Peyont, they reported P removals of 45-504. Thus, phos-
phorus removal efficiencies can be expected to be somewhat lower than those
indicated by the limited data used here.]
Design flow: 120 MGD
Average flow: 55.44 MGD
Design flow not exceeded.

Average influent total P: 6.6 mg/1 as P; 3052 Ib/day P
Average effluent total P: 2.7 mg/1 as P; 1248 Ib/day P

Annual Cost 4/1000 gal.Cost

$558,000

negligible

$47,882
19,000

Capital
Operating
Chemical

0. 24
0.09

$66,882 0. 33</1000 gal.

The full scale treatment system will provide the capability of adding
pickle liquor at the primaries and ahead of the aeration tanks. The
above are expected costs of the full scale facilities.

Cmments:

Sources: Mr. Dedinsky, South Shore plant
Mr. Peyont, South Shore plant

Treatment: PRIORY

Present system is set up mainly for neutralization; any phosphorus
removal is essentially a side benefit. Present system -- 3600 gpd
waste pickly liquor �-45 Fe! ahead of primaries; Fe:P = 0.5:1
P Removal Efficiency: Fe:P = 0.5:1 -- 594
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NEEM-MENAK

Return Sludge

Waste
Act. Sl.

fTreatment levels are based on data from August 1973-June 1974.]
Design flow' .18 EGO
Average flow: 13.407 hGD
Design flow not exceeded for this period of record.

Average in'.uent total P: 3.5 mg/1 as P; 391 lb/day P
Average effluent total P: 1.32 mg/1 as P; 147 lb/day P

No treatment required to date; 624 P Removal.

Comnents:

Sources: Mr. Shulke, SH? Supt.

A major plant expansion has been put off because of a lack of
federal funding. Neenah-Menasha may eventua1ly have to add nutrients
to achieve an efficient biological system.  Influent BOD concentra-
tions now average approximately 200 mg/1.! Mr. Shulke noted that he
has used polymer on occasion for suspended solids control.
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NEW HOLSTE IiV

Return Sludge

Waste
Act. Sl.I

L
� � jTo Land Disposal

Treatment levels are based on performance at the old. plant--activated sludge
system with FeC13 addition for phosphorus removal. The new 1.3 MGD plant
became operational in May 1974 with an average flow of 0.6 MGD  May-July! .
No phosphorus tests have been run at the new plant to date. Liquid alum and.
polymer are added ahead of the final clarifier with a dose of 20 gpd alum
re zted.

Average flow: 0.309 bGO
Average influent total P: 13.5 mg/1 as P; 35 lb/day P
Average effluent total P: 4.4 mg/1 as P; 11 lb/day P

IBased on data reported in a personal interview.]

Annual Cost g/1000 gal.

Capital
Operating
Chemical

$1, 504
7 200

1 ~ 33
6.38

7.714/1000 gal. or $0.99/lb P removed$8,704

Gmments: Phosphorus removal capital cost at the new plant is $6,000. The
reported alum dose seems low at the new plant, but tests have not
been run yet.

Sources: Robert E. Lee 5 Associates, Green Bay
Lee Tikalsky
Roger Kapellen

Treatment: POST-BIOLOGICAL
Approximately 25 gpd. FeC13 out of drums ahead of finals; Fe:P = 1:1
P Removal Efficiency: prior to chemical addition -- 204

Fe:P 1:1 -- 694
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Return Sludge

[Treatment levels are based on data from Dec. 1973-June 1974.]

Design flow: 1.25 MGD
Average flow: 0.789 MZ!
Design flow not exceeded for this period of record

Average influent total P: 16.9 mg/1 as P; ill lb/day P
Average effluent total P: 3.44 mg/1 as P; 23 lb/day P

Treatment: POLI'-BIOLOGICAL
200 gpd liquid alum ahead of finals; Al:P = 1:1

P Rmoval Efficiency: prior to chemical addition -- 214
Al'P ~1'1 -- 804

Cost Annual Cost g/1000 gal.

$17,385

$14,378

Mr. Martin noted more sludge gallons with chemical addition and also
noted a more compact sludge. A dairy industry contributes to the
high influent phosphorus concentration. New London awaits funds to
expand phosphorus treatment facilities.

Caments:

Sources: Donahue 5 Associates, Sheboygan
Bob Martin, Director of Public Works
Ernie Schultz, STP operator

Capital
Operating
Chemical

$1,492
1,651

11 235

Waste

!
Act. Sl.

To Land
~ Disposal

0. 52
0. 57
3. 90

4.99</1000 gal. or $0.45/lb P ramved
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Recirculation

. +To Drying Beds
and Lard Disposal

[Treatment levels are based on data of Feb., July, Sept., 1973.J
Design flow: 0.40 MGD
Average flow: 0.457 MGD

Average influent total P: 6.7 zg/1 as P; 25 lb/day P
Average effluent total P: 4.5 mg/1 as P; 17 lb/day P

Treatment: PMrbQRY
70-100 gpd liquid alum at primary tank.
Al:P ~ 1.4:1 to 1.8:1

P %mewl Efficiency: prior to chemical treatment -- 204  assumed!
Al:P ~ 1.4:1 -- 334

Cost lcmual Cost g/1000 gal.

$198258

Camnents: Engineers recommended Al:P 2:1. No data fram operator reports
is shown here, but Mr. Rescka quoted 30-354 removal, confirmed by
the state lab results.

DomQme 5 Associates, Sheboygan
Robert Hinn, STP Apt.
Truamn LeMieux, city c1erk
T, Rescka, STP operator

Sources:

Capital
Operating
Chemical

@.,652
2,101
6 336

88,089

0. 99
1. 26
2 ' 60

4.85</1000 gal. or $2.77/lb P remmei
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NORTH PARK S.D.

Liquid

!Treatment levels are based on data from Nov. 1973-June 1974.j
Design flow: 0.90 MOD
Average flow: 1.439 MGD
Average flow exceeds design flow: 8 of 8 moniM

Average influent total P: 5.8 mg/1 as P; 70 1b/day P
Average effluent total P: 0.48 mg/1 as P; 6 lb/day P

Treatment: CHEMICAL-BIOLOGICAL

110-120 gpd liquid alum at lift station  approximately 3/4 mile
from plant!; Al:P =-0.8:1 to 1:1

P Removal Efficiency: prior to chemical addition -- 114
Al:P ~ 0.8.",1 -- 924

Cost Annual Cost g/1000 gal.

$16,660 0. 27
0.80
l.24

2.31$/1000 gal . or $0.52/lb P removed$12,140

Chemical dose for liquid alum seems to be much less than that
expected by the engineers t'Al:P=-2:1! . Mr. Cruz noted increased
sludge volume and better compaction and dewatering with alum add.ition.

Colaaents:

Sources: Iverson 5 Associates, Einhorn
George Cruz, SIP Supt.

Capital
Operating
Chemical

$ 1,430
4,206
6 604

To Drying
� +Beds and/or

Land Disposal
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Return Sludge

eatment levels are based on data from Aug. -June 1974 '

Design flow: 3 hKD
Average flow: 1.396 MGD
Design flow not exceeded

Average influent total P: 4.6 mg/I as P; 54 1b/day P
Average effluent total P: 1.6 mg/1 as P; 19 1b/day P

Treatment: CHEMICAL-BIOLOGICAL

50 mg/1 FeC13 at day tank ahead of aeration; Fe:P = 2:1 to 3:1
P Rem~~i Efficiency: prior to chanical addition -- 254  assumed!

Fe:P ~ 2.5:I -- 654

Cost Pmmal Cost 4/1000 gal.

$35,300

$29,550

The plant was recently upgraded--additions of aeration, sludge
thickener, vacuum filter, and chemical treatment. Fe:P dose seems
relatively high.

Comaents .'

Sources: Foth 5 Van Dyke 5 Associates, Green Bay
John Viestenc, Utility Commission

Capital
Operating
Chemical--FeC1~

- -Polymer

f 3,332
10,531
10,869

4 818

0.30
2.07
2.13
0. 94

5.44</1000 gal. or $2.31/lb P
remved
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OCQHTO FALLS

Recirculation

+To Land
Disposal

[Treatment levels are based on data from May 1973-June 1974.]
Design flow: 0.160 MGD  max. 0.225 MZ!!
Average flow: 0.206 MGD
Average flow exceeds design flow: 13 of 14 months
Average flow exceeds maximum design flow: 5 of 14 months

Average influent total P: 6.9 mg/1 as P; 12 lb/day P
Average efQuent total P: 1.7 mg/1 as P; 3 lb/day P

Treatment: PIK4KY

Approximately 25 gpd FeC1 {out of drums! at primaries;
Fe:P = 3.1

P Removal Efficiency: prior to chmical addition -- 204 {assumed!
Fe:P 3:1 -- 754

Cost Amnml Cost g/1000 gal.

$340Capital
crating

'cal

$8,796

A new combined treatment plant is planned for the future. Because
of the character of the industrial wastes in the new plant, phos-
phorus may have to be added. for efficient biological activity.
The operator reported pump problems with ferric, but a large cap-
ital investment would be required for alum storage facilities.

Camncmts:

Sources: Mr. John Turner
Mr. Ervin Peitersen

83
1,869
6 844

0.11
2.48
9.10

11.69$/1000 gal. or $2.68/lb P renoved
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o Drying Beds
and/or Land

ispbsal

Liquid Alum

treatment levels are based on data from Oct. 1973-tune 1974.]
Design flow: 12 MGD
Average flow: 10.947 MGD
Average flow exceeds design flow: 4 of 9 months

Average influent total P: 5.2 mg/1 as P; 475 lb/day P
Average effluent total P: 1.73 mg/1 as P; IS8 lb/day P

Cost Amoral Cost g/1000 gal.

Capital $3S,000
Operating
Chanical
Sludge Disposal

$ 3,003
3,802

69,182
27 375

0. 08
0.10
1.73
0.68

$103,362 -. 2.57</1000 gal. or $0.89/lb P
reaaved

Digestion has been out of operation and raw sludge has been
hauled. This is hauled under contract at 1.5$/gal;
Mr. Norwicki indicated that sludge was increased by 5000
gpd because of alum addition.

Ceaaents:

Donahue 5 Associates, Sheboygan
Leo Nozwicki, STP Supt.

Sources:

Treatznent: PRIMARY

1300 gpd liquid alum at grit chamber; Al:P 1.3:1
P Ranoval KHiciency: prior to chemical addition -- 104

Al:P ~ 1.3:1 -- 674
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PE SLIGO

Recirculation

To Drying Beds
and Disposal

jTreatment levels are based on data from Feb. 1973-June 1974.]
Design flow: 0.40 MGD
Average flow: 0.495 MGD
Average flow exceeds design flow: 14 of 16 months

Average influent total P: 4.95 mg/1 as P; 29 lb/day P
Average effluent total P: 1.75 mg/1 as P; 7 lb/day P

Treatment: POST-BIOLOGICAL
Approximately 50 gpd FeC13  fran drums! ahead of final;
Fe:P - 2.5:1

P Removal Efficiency: prior to chanical addition -- 204  assumed!
Fe:P 2.5:1 -- 655

Annual Cost g/1000 gal.

$17,634

New plant will incorporate an aerated lagoon system for combined
treatment. 4-5 MR plant may be operating near the critical
nutrient level for the biological system. FeC13 with polymer is
expected to be used for phosphorus removal.

Gcmments:

Sources: Donahue 5 Associates, Sheboygan
Charles Bertrand, STP Supt.

Capital
Operating
�mB.cal

200
1,556

15 878

0. 11

0. 86
8.79

9.764/1000 gal. or $2.20/lb P removed
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Recirculation

Pickle

Liquor

[Treatment levels are based on data from Nov. 1973-June 1974.]

Design flow: 0.6 MGD Phx. 1-1.3 MGD!
Average flow: l. 02 NGD
Average flow exceeds design flow: 8 of 8 months

Average influent total P: 9.4 mg/1 as P; 80 lb/day P
.Average effluent total P: 4.3 mg/1 as P; 36 lb/day P

Treatment: PRBSRY
160 gpd waste pickle liquor ahead of primary tank; Fe:P 2.5:1

P Raacwal Efficiency: prior to chemical addition -- 44
Fe:P 2.5:1 -- 544

Cost Annual Cost g/1000 gal.

$17,610 0.45
0. 64
2.74

3.83</1000 gal. or $0.89/lb P remved

It scans that alum was dosed at Al:P 1:1 with essentially the same
average removal and cost as the present system. A dairy industry
contributes to the waste load at the plant. The proposed new plant
>auld be activated sludge with tertiary filtration.

Ccmmeyts .'

Donahue g Associates, Sheboygan
Chet Harrison, FIX Supt.
Dan Rod.er
John. Hodge, Operator

Sources:

Capital
Operating
Chemical

$ 1,662
20372

10 218

$14,252

To
� � g Land

Disposal



Return Sludge

[Treatment levels are based on data from Ju3.y 1973-June 1974.]
Design flow: 2.5 MGD  Max. 4.0 MGD!
Average flow; 1.495
Design flow was not exceeded.

Average influent total P: 10.7 mg/1 as P; 133 lb/day P
Average effluent total P: 1.64 mg/1 as P; 20 lb/day P

Treatment: PPZQRY

150-160 gpd waste pickle liquor at grit chamber; Fe:P 1.5:1
P Removal Efficiency: prior to chemical addition -- 304 I;assumed!

Fe:P 1.5:1 -- 854

Cost Annual Cost 4/1000 gal.

714 0.13
1,726 0.32
9 605 1.76

$12,045 2.214/1000 gal. or $0.29/lb P rsnoved

Originally, sodium aluminate addition was planned. Tank was fiber-
glassed to accommodate waste pickle .Liquor.

Capital
Operating
Chemical

Ccmments .

Sources: Donahue 5 Associates, Sheboygan
Hd Sauer, STP Supt.
Mr. hhrphy, City Clerk



Recirculation

Sodium Aluminate
with Polymer

+ To Land
Disposal

[Treatment levels are based on data from Sept. 1973--assumed to be typical of
plant performance. j

Design flow: 1.2 MGD
Average flow; 0.9 !AD

Average influent total P: 8.5 mg/1 as P; 64 lb/day P
Average effluent total P: 2.9 mg/1 as P; 22 lb/day P

Treatment: PRBVQK

64 gpd liquid sodium aluminate with polymer ahead of primary;
Al:P ~ 1.2:1

P Rexwal Efficiency: prior to chemical addition -- 214
Al:P ~ 1.2:1 with polymer -- 664

Cost Annual Cost g/1000 gal.

Comnents: Portage is located at the intersection of two major river systms:

P R al Re ed
Fox River  Lake Michigan Basin!
Wisconsin River  Mississippi River System! NO

The present plant is located on the Fox River. Portage is waiting
funds for a complete plant renovation.

Sources: General Engineering, Portage
Fred Hearder, Director of Pub1ic Works

Capital
Operating
Chmical

$5 000 $712
. � 2,477

21 424

324,613

0. 22
0.75
6.52

7.49</1000 gal. or $1.60/lb P removed



RACINE

[Treatment levels are based on data from June 1973-April 1974.]
Design flow. 'Primary--23 MGD

Secondary- -12 MGD
Average flow: 23.8S4 MGD
Average flow exceeds design flow  Prim.!: 6 of 11 months

Average influent total P: 4.4 mg/1 as P; 875 lb/day P
Average effluent total P: 2.8 mg/1 as P; 5S7 lb/day P

Treatment: PRZQRY
2000 gpd waste pickle liquor before primaries;
Approximately 12'5 Fe  Fe:P 2.5:1!

P Removal Efficiency: prior to chemical addition -- 85
Fe:P 2.5:1 -- 365

Approximate cost: 0.084/1000 gal. or $0.06/lb P ranoved.

Caameets: Expecting construction soon to increase secondary treatment capacity
to 30 MGD. For that part of the flow which undergoes secondary
treatment, a 648 reduction in phosphorus is reported  Jan.-May 1974!.
This leaves a secondary effluent phosphorus concentration of 1.4
mg/1 as P. Mr. Buoys noted that the return to the primary tanks
prevents the overall phosphorus ranoval efficiency from being
higher. FeC13 is used in conjunction with vacuum filtration.

Sources: Gary K. Coates, Engineer-Manager
Stan Budrys, SIP Supt.
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Recirculation

+To Drying Bed and
Land Disposal

[Treatment levels are based on data from Feb. 1974-June 1974.]
Design flow: 0.675 MGD  Avg.!
Average flow: 1.697 MGD
Average flow exceeded design flow: 5 of 5 months

Average influent total P: 5.9 mg/I as P; 84 lb/day P
Average effluent total P: 2.3 mg/1 as P; 32 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
15 gph waste pickle liquor  approximately 104 Fe! ahead of
trickling filter; Fe:P ~ 4.5:1

P Rmmal Efficiency: prior to cheraical addition -- 204  assumed!
Fe:P = 4.5:1 -- 614

Cost Annual Cost g/1000 gal.

Capital
Operat 3Jlg
Chemical

$14,194 $1,340
1,282

23,132

0.22
0.21
3.73

4.16!/1000 gal. or $1.36/lb P removed$25,754

FeCI was used at Ripon from March 1973-Dec. 1973  Fe:P = 2:1!.
Mr. Neer noted that phosphorus removals were higher when a local
industry's pickle plating waste reaches the plant. Mr. Scheer
indicated that the trickling filter was badly overloaded. He also
reported pump problems with FeC13 use. Increased sludge volume
and 0 solids were noted with chemical addition. Reported pickle
liquor dose seems high.

Gmaaents:

Sources: Donahue 5 Associates, Sheboygan
Claude Lee, City Engineer
Louis Scheer, STP Supt.



116
SHAMANO

 city!

Recirculat ion

+To Drying Beds
and/or Land
Disposal

]Treatment levels are based. on data from April 1973-Decmber 1973.]
Average flow: 1.0 MGD  estimate!

Average influent total P: 13.3 mg/I as P.; 111 Ib/day P
Average effluent total P: 9.8 mg/I as P,', 82 lb/day P

Treatment: POS1'-BIOLOGICAL
100-200 lb/day dry alum ahead of finals; Al:P 0.5:1
P Removal Efficiency: prior to chemical addition -- 154

Al:P~'0.5:I -- 264

Approximate cost: 1.32</1000 gal. or $0.46/Ib P remved

The above information pertains to the old plant of the city of
Shawano. This plant will event~lly be abandoned as the new
Shawano Sanitary District plant becomes operational. The co8t
reported here involves the cost of the alum, mixer and feed
equipment and estimated labor cost. After July 1, 1974, the alum
was dosed at the primaries. The new plant will be 3 MGD activated
sludge system employing the Zingaro wet air oxidation sludge pro-
cessing. Cost estimates for phosphorus removal are as follows:

Cost Ar~l Cost 4/1000 al.

Capital $15,984 $ 1,509 0.41
Operating 2,557 0.70
Cjmmical--FeCI 9,224 2.53

--Pol>grer 1 497 0.41

914,787 4.054/1000 gal.
Expected efficiency: Fe:P = I:1 with polymer -- 854
1 MGD; 10.65 mg/I as P influent  89 Ib/day P!

1.60 mg/I as P effluent �3 Ib/day P!

Cammnents:

Sources: Foth $ Van Dyke 5 Associates, Green Bay; Mr. Nettnin, STP Supt.
Maurice Rott, Director «Public Works', Fritz Duebler
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Reciz'culat ion

I'Treatment levels are based on data fram Sept. 1973-June 1974.]
Design flow: 16 MGD g4x. 22 MGD!
Average flow: 12.494 MGD
Desi~ flow not exceeded during this period.

Average influent total P: 6.0 mg/1 as P; 625 lb/day P
Average effluent total P: 3.6 mg/1 as P; 375 lb/day P

Treatment: PRjj!4'/POST-BIOLOGlCAL
12 gph FeC1 with polyer at prhsaries; 24 gph FeC1 ahead of
finals; pol er ahead of sludge thickener; Fe:p 3.6:1 to 2:1
P Removal Efficiency: prior to chemical addition -- 204  estimate!

Fe:P ~ 1.8:1 -- 404

Cost Annual Cost g/1000 gal.

$ 1,230
2,038

169,192
9,636

36 933

$8,641 0. 03
0 ~ 04
3.71
0.21
1.25

$239,029 5.24</1000 gal. or $2.62/lb
P removed

Carrots: Capital investment for phosphorus removal facilities has been Rept
low. A new plant is planned, which will serve as regional treat-
ment for the Sheboygan area. Mr. Stuebe noted that he could get
85$ remova1 at about 50 gph FeCl , but the sludge system could not
handle the load. Even at the pr!sent dosages, polymer addition
at the thickener is very important for adequate performance.

Capital
Operating
Chemical--FeC1 ~

--Polymer
Additional Sludge Cost
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SHEBOYGAN  Cont.!

Mr. Stuebe reported that BOD and, solids removals were better with
the addition of FeCl, but the incineration process was off
because of the chemi!al nature of the sludge. Sludge costs indi-
cated above consist of extra fuel required for incineration
bemuse of chemical addition; arB extra hauling to disposal.
Recirculation to the trickling filters has not caused any prob-
lems. A tanning industry contributes to the waste load at the
plant.

Sources: Donahue 5 Associates, Sheboygan
3ill Stuebe, SIP Supt.
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Recirculation

To Land
Disposal

[Treatment levels are based on data from Aug. 1973-June 1974.j
Design flow: O.Sl MGD  avg.!
Average flow: 0.78 MGD
Average flow exceeds design flow: 11 of ll months.

Average inFluent total P: 9.2 mg/1 as P; 60 lb/day P
Average effluent total P: 3.3 mg/1 as P; 21 lb/day P

Treatment: POST-BIOIDGICAL
130 gpd liquid alum ahead of finals; Al:P � 1:1

P Removal Efficiency: prior to chemical addition -- 184  estimate!
Al'P ~ 1 1 -- 644

Cost Annual Cost g/1000 gal.

$ 1,189
3,945
7 450

$12,600Capital
Operating
Chemical

0.42
1.38
2.62

4.42</1000 gal. or $0.88/lb P reelved$12,584

Sources: Donahue g Associates, Sheboygan
Jerry Birsch, STP Supt.
City Clerk

Comments: Mr. Birsch indicated that he had tried dosing as high as 200-300 gpd
alum and achieved 844 P removal, but he noted that the sludge
system at the plant became badly overloaded. He also tried to dose
alum ahead of the trickling filter, but the filter clogged.
Mr. Birsch also reported an occasional pH problm caused by wastes
from a local tanning industry. The city had its own plans drawn
up for a new plant, but were told to go regional--proposed Sheboygan
regional sys tem.
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Return Sludge

Haste
Act. Sl.

~ � � � � � - - -~ Disposal

ITreatment levels are based on data fran Dec,. 1973-June 1974.]
Design flow; 6 MGD  max. 12 MGD!
Average flow: 3. 96 MGD
Design flow not exceeded.

Average influent total P: 4.0 mg/1 as P; 132 lb/day P
Average effluent total P: 0.88 zg/1 as P; 29 lb/day P

Treatment: PRH fARY
500-600 lb/day dry sodium aluminate feed ahead of primaries;

P Removal Efficiency: prior to conical addition -- 304  assumed!
Al:P ~ 1:1 -- 784

Cost Annu Q Cost g/1000 gal.

1,734
35 382

$8,400 0. 05
0.12
2.45

2.624/1000 gal. or $1.01/lb P reaoved$37,909

Gxments: Mr. Martinek indicated that he would like to switch to liquid chemi-
cal feed. A tanning industry contributes to the waste load at the
plant.

Sources: Nicholson Engr., South Nil>eukee
John Martinet, STP Supt.

Capital
Operating
Chemical

y
I
L

3JHPToz'

Qxidation
Bech and./or



Return Sludge

[Treatment levels are based on personal interviews, which supplement the data.]
Design flow: 1.2S MGD  Maximum approximately 1.5 MGD!
Average flow: 1.68 MGD

Average influent total P: 6.4 mg/1 as P; 90 lb/day P
Average effluent total P: 0.6 mg/1 as P; 8 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
350 gpd liquid alum ahead of aeration; AI:P 2:1

P Removal Efficiency: prior to chemical addition -- 304  assumed}
Al P ~ 2'I -- 914

Cost AnnLLe Cost y/1000 gW.

$98,000

$38,594

Gmxaents. 'The plant is reported to be overloaded hydraulically. Mr. Sodwin
noted a denser sludge and increased volume with chemical addition.
Costs seem relatively high.

Sources: Md40mn 4 Associates, Menasha
William goodwin, SIP Supt.

Capital
Operating
Chanical

$8,409
10,869
19,316

1.37
1.77
3.15

6.294/1000 gal. or $1.29/11 P reaved
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Recirculation

~ TO LBIld
Disposal

Treatment: PMMRY/POSI'-BIOU3GICAL
Al:P 1.5:1 with polymer

P Reams Efficiency: prior to chmical addition -- 224
expected perfomance -- 854
 Effluent P ~ 1.44 mg/1 as P!

Cost Aeznml Cost f/ L000 gal.

$12,970 $ 1,224
2,142
7 949

0.64
1. L2
4.17

5.93</1000 gal. or $0.82/lb P removed

Capital
Operating
Chemical

$11,315

CcmlentS: The plant is overlOaded, but polymer addition aidS settling and.
has worked well. Mr. Szot noted that over-dosing the alum caused
problems at the plant.

Sources: Chris Szot, Engr.
John Schneider

[Treatment was initiated in July 1974; treatment levels are based on personal
intervinewith Chris Szot.J

Design flow: 0.4
Average flow: 0.522
Average influent total P: 9.6 mg/1; 42 lb/day P
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Return Sludge

primary
Act. Sl.

~ To Land.
Disposal

treatment levels are based on state lab data with monthly average flows for
March 1973-May 1973.]

Design flaw: 0.345 MGD  avg.!
Average flow: 1.12 MGD

Average influent total P: 4.4 mg/1 as P; 41 lb/day P
Average effluent total P: 0.2 mg/1 as P; 2 lb/day P

Treatment: CHEMICAL-BIOLOGICAL
Liquid alum at aeration and polymer ahead of finals', Al:P ~ 2:1
P Removal Efficiency: prior to chemical addition -- 335

Al:P ~ 2:1 with polymer . -- 954

Cost Annual Cost g/1000 gal.

$3.5,677 0.36
1.79
2.67
0.64
0.50

$24,410 5. 96</1000 gal. or
$1.71/lb F removed

Flows for March 1973-May 1973 may be somewhat higher than average,
but the total phosphorus load in pounds generally remains constant.
Mr. Laabs noted a considerable increase in sludge. He.used enzyme
treatment for several months at $400/mo., but then switched to
hauling to land disposal. The cost of additional sludge hamQing
because of chemical treatment is included here. Mr. Laabs noted
that the area served is primarily residential.

Comments:

Sources: Donahue P Associates, Sheboygan
Quintin Laabs, STP Supt.
James Laatsch

Capital
Operating
Ch ic 1  Alum!
Polymer
Additional Sludge Cost

$ 1,480
7,331

10,910
2,625
2 064
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TK RIVER!

Return SludgeLiquid

[Treatment levels are based on data from Jan. 1974-June 1974.]
Design flow: 3.29 MGD
Average flow: 2.779 MGD

Average influent total P: 5.7 mg/1 as P; 132 1$/day P
Average effluent total P. 2.4 mg/1 as P; 56 lb/day P

Treatment: PRIMARY
576 gpd liquid alum at primaries; Al:P 2:1

P Removal Efficiency: prior to chmical addition -- 4SS
Al:P~ 2:1 -- 584

Cost Axmual Cost 4/1000 gal.

$10,000 0.09
0.12
3.20

3.41!/1000 gal. or $1.24/lb P removed$34,481

Caments: Vwo Rivers reported d.ifficulties because of highly variable flows and
industrial wastes. They are now waiting funds for a new 7-9 MGD plant.

Sources: Black 5 Veatch Engr., Kansas City, MO
Don Deprey, BTP Supt.
Ray Schultz

Capital
Operating
Chemical

$94S
1,180

32 356

Ãaste
Act. Sl.

To Land
~Disposal



125

Return SludgeLiquid Sodium

Waste
Act. Sl.

- � WTo Lagoons

[Treatment levels are based on data from Jan. 1973; Union Grove added chemicals
for phosphorus removal from hbv. 1972-Mar. 1973. They had equipment problms
and have not been back on line.]
Design flow: 0. 360 MGD
Average flow. 0. S12 MGD

Average influent total P: S.S mg/1 as P; 36 lb/day P
Average effluent total P: 1.31 mg/1 as P; 6 lb/day P

Treatment: PPZQRY
Liquid sodium aluminate with polymer at primary tanks; Al:P - 1:1
P Renoval Efficiency: prior to chenical addition -- 304  assumed!

Al:P ~1:1 with polymer -- 854

Cost Annual Cost 4/1000 gal.

Capital
Operating
Chemical

$2,000

$13,060

Comeorts: Union Grove is waiting funds for a new activated sludge plant.

Sources: Robers 5 Boyd, Engineers, Burlington
Russell Alschweiger, Director of Public Works

$ ZSS
3,650
9 125

0.15
1.95
4.88

6.984/1000 gal. or $1.19/lb P relived
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Return Sludge

Waste
Act. Sl.

~To Land
Disposal

[Treatment levels are based on all data reported from Jan. 1973-June 1974;
Mr. Sorensen indicated. that these phosphorus concentrations are recorded as
P04 not as P.]
Design flow.' l. 25 MGD
Average flow: 0.799 MGD
Design flow not exceeded,.

Average influent total P: 5.0 mg/1 as P; 33 lb/day P
Average effluent total P: 0.9 mg/1 as P; 6 lb/day P

PRljQRY/CHBQCAL-]31QLOG>CAL  see comments below!
48 gpd liquid sodium aluminate--Al:P � 1.8:1  see casements below!

P Rmcval Efficiency: prior to chemical addition -- 40$
Al:P ~1.8:1 -- 824

Cost Annual Cost g/1000 gal.

$2,425

$15,109

Cmtments: Sodium aluminate addition was initially at primaries. As of Jan. 1974,
it was dosed, at the aeration tanks with semingly improved results.

Flow Influent Effluent 5 P
Treatment ! /1 P m /1 P Ranoval

PRIMARY 0.74 5.7 1.05 82
CHEM-BIOLOG 0.93 3.7 0.60 84

Mr. Sorensen noted that addition at primaries caused higher primary
BOD and solids removals and decreased the efficiency of the biological

Capital
Operating
Chmical
Polymer

O'Sodium
I Alumina
E

Prim. Slud

$ 345
2,195

11,448
1 121

0.12
0.75
3.92
0.38

5.17!/1000 gal . or $1.53/lb P ramved
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WAUPACA  Cont. !

system. Waupaca awaits funds for full-scale chaaical feed facilities.
Presently, polymer is added for only part of the year. Mr. Sorenson
also indicated that he had some problans with the chemical feed pumps.

Sources: Mr. Gene Sorensen, SH' Supt.



Return Sludge

[Treatment levels are based on data from May 1973-May 1974.]
Design flow; 2.5 MGD  avg.!
Average flow; 4,094 MGD
Average flow exceeds design flow: 13 of 13 tenths

Average influent total P: 7.51 mg/1 as P; 256 lb/day P
Average effluent total P: 1.34 mg/1 as P; 46 lb/day P

Treatment: PRIMARY
336 gpd waste pickle liquor at grit chamber',
�0-12$ Fe! Fe:P l. 5:1

P Reaxmal Efficiency: prior to chemical addition -- 464
Fe:P 1.5:1 -- 824

Cost AmauQ Cost g/1000 gal.

$23,438 $ 2,212
-3,771
19 622

Capital
Operating
Chemical

0.15
0.25
1.31

1.71$/1000 gal. or $0.33/lb P removed$25,645

Comments:

Sources: Donahue 5 Associates, Sheboygan
Mike Becker, SH' Supt.

Addition of waste pickle liquor ahead of aeration was tried, but
Mr. Becker decided on primary addition. Mr. Becker indicated that,
with pickle liquor addition, he was pumping the same volume of sludge,
but the 0 solids was higher. The plant is generally overloaded, but
still provides good treatment. West Bend is waiting funds for a
major plant ranodeling.
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Return Sludge

treatment levels and cost infornLation and estimates are based on infoxmation
frcan engineering reports and personal interviews.]
Design flow: 0.51 MGD
Average flow: 0.35 MGD

Average influent total P: 11 mg/1 as P; 32 lb/day P
Expected effluent total P: 1.65 mg/1 as P; 5 Ib/day P

Treatment: CHEMICAL-BIOLOGICAL
FeC13 with polymer ahead of aeration; estimated Fe:P 1.2:1
P Removal Efficiency: prior to chemical addition -- 304  assumed!

Fe:P = 1.2:1 with polymer -- 854
Estimated annual cost: $7,848 �.13</1000 gal. or $0.80/lb P raaoved!

The plant has just undergone complete renovation and is on line sia=e
February 1974. The upgrading included the addition of mechanical
aerat'ion, additional clarifier capacity, vacuum filtration, and chem-
ical feed facilities. No phosphorus renoval data is reported here.
W@mre~a went on line for phosphorus rival at the old plant as of
February 1973 with FeC1 addition out of drums. An estimated 50-604
removal was obtained wit this systan.

ConInents:

Sources. 'Foth 4 Van Dyke 5 Associates, Green Bay
Mr. Minton, STP Supt.
Mr. Cal Cheet, City Clerk
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Plaat Data



Data sheets indicating monthly average flows, phosphorus levels, and

removal percentages for each plant are included. Where Wisconsin State

Hygiene Laboratory data is reported, corresponding flows are monthly aver-

age flows as reported in the monthly operator reports Where phosphorus

levels are those repox'ted by individual operators, flows are either monthly

average flows or, when available, the average flow for those days of the

month when phosphorus analyses were run. The frequency of phosphorus

tests ranges from one a month to daily evaluations. The phosphorus test,

as prescribed in Standard Methods �8!, has generally not been well received

by operators. Thus, consistent and accurate data has sometimes not been

available, especially for the early months of treatment. The data from

the State Lab's analysis provide an important check on phosphorus levels,

and in some cases, the only consistent information available.

A related problem is that samples analyzed at the State Lab may be

grab samples only, and not 24 hour composites as requested. Thus, phos-

phorus levels and removals may not be typical of plant performance.

Soluble phosphorus data is also repox'ted on State Lab samples. Samples

were not preserved in any way and the time lag between sampling and test-

ing may be one or two weeks. According to technicians at the water chem-

istry lab, the soluble phosphorus concentration would change considerably

under these condtiOns.. Melkersson �! states that evaluations should be

based on unfiltered samples, because filtered samples may provide exaggerated

phosphorus removal performance and may not show carry-over of metal ions.

Also, since the xemoval order is based on total phosphorus regardless of

form, and since the scope of this report does not permit any further exam-

ination of treatment specifics for 53 plants, the soluble phosphorus data

is not ana1yzed any fuxther in this paper.



Another significant problan is the lack of consistent and uniform

reporting of phosphorus concentrations. Concentrations are reported in

mg/l as P04 and in mg/l as P, a difference of a factor of three. 'Ihe

basis is not noted. on the standard forms and is generally not reported.

All State Lab data is reported in mg/l as P. All data from operator

reports is listed as it is reported and corrected to mg/l as P only as

specifically noted, based on consultation with the appropriate sources.

Major process changes and phosphorus treatment modifications and corres-

poading approximate dates are listed below the data.
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ALGCNA

PHOSPHORUS REMV}}'AL EFFICIENCIES

Total P
Influent Effluent Influent Effluent Removal

Flaw Soluble P Soluble P Total P Total P Efficiency
~MB {mm{/1} ~m/1 ~m/1.  mg/1+

Jan. 1973

Feb. 0.745 8.0 4.6 42

Mar. 3.0 0.01 8.00. 807

1.190

88

86

1.0

Apr.

May

June

0.06 3.71.5 0.5

0.03 4..31.550 2.3 0.4 91

2.6 0.32 5.7 0.3 95

July

Aug'

Sept.

Oct.

3.4 0.06 4.8 0.3 92

3.6 0.06 937.0 0.5

0.977.15 86

7.2 0.14

G. 167.2

5.52 0.26

Jan. 1974

Feb.

5.0 0.96

5.6 0.63

Mar. 5.6 0. 76

Apr.

~y

June

0.896 6.0 0.88

1.186.90.832

1.022 1.617.5

PLANl' PHQCESS QiANGE!5 AND
PHOSP83RUS TREARKNT MODIFICATIONS

Mar. 1973--Initiated treatment for removal of phosphorus; FeCl plus polymer added
at aerated grit chamber; Doses seem to range fram 73-100 gpd ferric
with ma:umum removals in the 150-160 gpd range.

l. 352

0. 675

0.590

0.468

0.645

0.633

0.727

0.646

0.536

0.688

NOIR: The data above the dashed line are fram the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

98

98

95

81

89

86

85

83

78







IUITE DES MORTS U.D.

Town of Grand Chute

PHOSPHORUS REMCVAL EFF ICIENCIES

136

Jan. 1973

Feb. 0.580

Mar. 1.006

1.328

1.151

0.723

Jan. 1974

Feb.

794.-0.534

0.900 87

91

5.8 0.75

6.2 0.580.649

NKE: The data above the dashed line are frcm the State Lab's analysis; the
reaainder is fmm individual operator reports to the DNR,

PLANI' PRCKXSS CRINGES AND
PKSP83$8 TREATMBfl' MODIFICATIONS

Jan. 1973--Initiated treatment for phosphorus reamel; Liquid alum doses r~e from
3 to 7 gph; No polymer.

July-
Aug. 1973--P treatment down because of equipment failure; � 1/2 mmths!.

--Plans are to upgrade sludge system, but a tie to a regional system of
sewage treatment is being proposed.

Apr.

May

June

July

Aug.

Sept.

Oct.

Mar.

Apr.

May

tune

Total P
Influent Effluent Influent Effluent Removal

Flaw Soluble P Soluble P Total P Total P Efficiency









DE PERE

PHOSPHORUS PZM VAL EFFICIENCIES

Total P
Effluent Removal
Total P Efficiency

Jan. 1973

Feb. 2.397 10.5 9.8

Mar. 2.9M 4.7 0.3 8.0 1.8

Apr.

May

June

2. 950 3.73.0 1.3

2.920

2.855

2.923

5.64.3 1.3 2.3

0 ' 3 4.3 0.75

0.21.5 11.0

2.910

2.32.510 6.2 8.50.12

9.3 1.2 2.812.6

4.4 0.15 13. 2.8

0.34 12.8.3

Jan. 1974 2.310 7.8 1.5
Feb. 2. 621 7.5 l. 78

2.694

2.572

5.72 1.38

4.67 0.49

2.670

2. 754

6.32 1.35

6.12 1.19

MXK: The data above the dashed line are fromm the State Lab's analysis; the
reaainder is frae individual operator reports to the DNR.

PLANI' PRlXZSS CNRaES AND
PHOSPHORUS TREA'H4PG' MODIFICATICNS

Feb. 1973--Initiated treatment for pho~rus removal; Dosing liquid alum at 450 gpd.
June 1973--Experimented with alum-sodium aluminate-polymer combination.
July 1973--Liquid alum at 400-450 gpd. plus polymer ahead of final clarifiers.
Fall 1974--Possibly start construction on major plant upgrading; see discussion.

July

Aug+

Sept.

Oct',.

Mar.

Apr.

May

June

Influent Effluent Influent
Flow Soluble P Soluble P Total P

~MGD ~gL/11 ling/1] ~m/1

7

78

65

59

82

90

73

78

78

85

81

76

76

90

79

80
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FOND DU LAC

PHOSPHORUS RB43VAL EFFICIENCIES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency

Jan. 1973

Feb. 12.0 10.0 17

0.8 2.7 3.73.0

Apr.

May

June

6.7 3.4 11.4 56

20 9
55

5.0

4.3 4.2 8.0 6.4

11.56.835

5.317

5.893

5.608

8.8 8.5 10.5

July

Aug.

Sept.

Oct.

7.07.3 18.8 8.5

3.0 0.35 8.6 14.4

6.285 7 ' 0 3.2

Nov. 5.676 7.3 3.2

Dec. 5.827 9.6 3.5

Jan. 1974 7.7 2.7

Feb. 6.7 2.2

Mar. 5.0 3.0

Apr.

May

June

5.3 2.5

6.5 3.9

7.0 4.3

PLANI' PROCESS CHIGGER AND
BRSK%ORUS TREATlMlI' MODIFICATIONS

Sept. 14, 1973--Initiated treatment for phosphorus rmoval; But system not fully
operational till Oct. 15; Liquid alum dosed ahead of finals at
approximately 1500 gpd.

Jan. 1977--Major upgrading possibly operational; Pure oxygen. aeration system
planned; �1 MGD plant! .

6.398

7.261

-8.321

7.143

6.966

NEE: The data above the dashed line are from the State Lab's analysis; the
renainder is from individua1 operator reports to the DNR.

54

56

64

65

67

40

53

40

39



GEBQNTOWN

PHOSPHORUS REMOVAL EFFICIENCIES

Total P

Influent Effluent Influent Effluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

jmg/1'I ~m/1 ~m/1 ~ /1'1

Jan. 1973

14.0 6.0Feb.

Mar. 7.411.05.56.6

Apr.

May

June

3.52.8 5.51.6

14.05.9 30.015.9

6.713.65.76.3

July

Aug.

Sept.

Oct.

13.8 12.610.88.5

9.58.1 18.012.8

9.87.59.33.8

6.86.56.02.9

43

59

2.64 ' 62.11.8

Jan. -1974 ll.6 4.73.86.5

Feb.

Mar.

Apr.

May

June

PLANI' PPQCESS CHANGES AND
PHOSPHCIUS TREAThlBG' MODIFICATIONS

0.748

0 ' 847

1.003

0 ' 957

0.777

0.566

0.522

0 ' 525

MHK: The data above the dashed line are fromm. the State Lab's analysis; the
remainder is fran individual operator reports to the DNR.

Aug. 1974--No phosphorUs treatment to date.

57

33

36

53

51 9
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 R4ZION

PHOSPHORUS RH43VAL EFFICIENCIES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~MR $mm/1 /~/1'i ~ m /1 Qp~/1

Jan. 1973

Feb. 12.41.237

1.541

3.2 74

Mar. 4.7 1.9 13.6 3.4 75

Apr.

May

June

1,709

1.460

0.95 1.90.86 9.0 79

7.6 2.81.6 13.8 80

1.107 12.0 1.613.4 88

0.901

0.888

0.839

4.2 15.8 7210.5

14.8 14.32.3 7.3

5.022.5 784.518.0

0.4 21.5 7621. 5 5.25

Nov. 11.4 3.01.9 17.0 82

Dec. 11.0 1.713.5

12.42

87

Jan. 1974 1.028 1. 54

Feb. 1.000 17.25 1.39

Mar. 1.465 15. 76 1.92

Apr.

May

June

1.480

1.375

1.140

12.12 1.44

18. 25 1.86

1.3518.85

NVK: The data above the dashed line are from the State ~b's analysis; the
remainder is fram individual operator reports to the DNR.

PIANI' PROCESS CAGES AND
PBXPHiORUS TREATl4BG' MODIFICATIONS

Jan. 1973--Initiated treatment for phosphorus removal; Liquid alum with polymer;
Alum dosage averages 200 gpd; Doses were varied in early months of
treatment.

July

Aug.

Sept.

Oct.

88

92

88

88

90

93



GREEN BAY

PHOSPHORUS REMOVAL EFFICIENCIES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
 ~/1'I ILL/D Lmm/~1 gmm/l~

Jan. 1973

Feb. 8.6 8.4

3.0 1.0 7.5 6.0

0.9 0. 54 3.4 2.3Apr.

May

June

2.8 0.13 5.8 3.1

2.3 0. 23 4.3 2.8

19.880 3.2 0.15 5.8 1.8

4.5 2.5 7.5 5.5 27

7.83.8 3.8 7.8

7.04.0 1.3 1.3 81

1.3 0.88 8.0 4.3 46
Jan. 1974 3.0 0.28 6.8 3.3

Feb.

Mar.

Apr.

May

tune

hÃZE:

PLANI' PROCESS GARAGES AND
PH3SPHORUS TREA114BG' MQDIFICATIGNS

1973--Initiated treatment for phosphorus removal; Liquid alum dose varied:
June 1973-1600 gpd-354 and July 1973-2900 gpd-705.

1973--Trioi FeC13 but had problems with plugging.
1973--Went back to liquid alum ahead of finals at 2200 gpd.
1975--Expect new plant to be on line',' Currently under construction; Combined

treatment with activated sludge system.

Sept.

Nov.

Mar.

July

AUg,

Sept.

Oct.

The data above the dashed line are fry the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

2

20

32

46

35

70
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KNJIVLJM

PHOSPHORUS RZMCIVAL EFFICIENCIES

Total P
Effluent Influent Effluent Removal
Soluble P Total P Total P Efficiency
 ~m/j~ ~m/1  ~/1'!

Influent
Flow Soluble P

~h6D Qmg/1'!

Jan. 1973

Feb. 1.179 10.0 6.8

Mar. 2.789

2. 931

0. 96 1.40

0.14

2.3 1.8

0.47Apr.

May

June

3.3

3.160

1.233

1.463

4.60.07 0.703.1

0. 04' 4.83.0 0.32

July

Aug.

Sept.

Oct.

0. 635.3 0.207.0

1.610

1.695 1.45

1.523 10.4 1.0

Nov. 1.506

1.697

10. 5 0. 55

6.6 0.6

Jan. 1974 1. 644 1.46ll. 68

Feb. 1. 504 12. 6 1.4

Mar. 2. 266 8.8 1. 57

Apr.

May

June

2. 992 6.89 0.76

2.601 8.71 1.39

2. 684 9.5 1.36

PLANT PROCESS CFJANGES AND
PHOSPHORUS TREATING' MODIFICATIONS

Mar. 22, 1973--Initiated treatment for phosphorus renoval; Dosing liquid alum ahead
of final clarifiers.

--Expecting bids to go out in 1975 on plant additions to facilitate
regional treatment; New plant will provide flow capacities of 5.3-
7.3 MGD  avg.! and 16-19 MGD  max!.

NOTE: The data above the dashed line are fran the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

32

22

86

85

93

97

87

90

95

91

88

89

82

89

84

86
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KEN%1'KE

PHOSPHORUS REN3VAL O'F ICI ENC IES

Total P

Influent Effluent Influent Effluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

~MGD! {mm{/1! ~m/1 ~m/1  mg/1'!

Jan. 1973

Feb. 0.309 9.0 5.6

Mar. 0. 383 2.31 ' 7 6.3 4.7

Apr.

May

June

0.447 0.62.0 11. 0 0.6

0.722.1 7.0 2.6

1.94.9 5.9 3.2

2.1 6.03.8 3.2

0.124.0 6.0 950.3

0.384.0 7.5 2.6 65

2 ~ 1 0 ~ 16 6.8 1.2 82

Dec. 0. 220. 95 782 ~ 0

Jan. 1974 0.142.9 7.5 672.5

Feb.

Mar.

Apr.

May

June 0.484 28.67 951.5

NOTE: The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

PLANI' PROCESS CKMZS AND
PHOSPHORUS TREAT1MA' MODIFICATIONS

Apr. 1973--1nitiated treatment for phosphorus ranoval; Temporarily dosing FeC13--
drum lots; 25-30 gpd.

Sept. 1973--Switch to feeding liquid. alum ahead. of primary tardes; Doses range from
3-5 gph.

--Respecting construction by 1975 to double present plant capacity.

July

Aug.

Sept.

Oct.

0. 553

0. 554

0.423

0. 424

G. 395

38

25

94

63

46

47
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XIEL

PHOSPHORUS RB43VAL EFFICIENC?ES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~>AD  mm/1! {ng,/1'i gmL/~I {mL//1

Jan. 1973

Feb. 59.6 20 66
4.6 3,4Mar.

17.5

7,5

12.2

10.3 1310.5

1.004 0.18 1.415. 0

2.617.0

26. 0

18.8 3.3

7.0 28.5 8.5

16. 6 2.6 7017.6 5.3

9.5 0.85 8913.6 1.5

30. 0 2.1 31.5 9.5 70

2,511.3 5116. 4 8.0

14.l 2.8 16. 6 655 ' 8
Feb.

Mar.

NOTE: The data above the dashed line are from the State Lab's analysis; the
renainder is fram individual operator reports to the DNR.

PLANI' PROCESS CHANTS AND
PHOSPHORUS TREATMBfl' MODIFICATIONS

Mar. 1973--Initiated treatment for phosphorus reoval; Liquid alum added before
finals.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan. 1974

Apr.

May

June

--Exp@zion planned, but no dates reported. at this time.

91

82

70
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KOHL ER

PHOSPHORUS RENAL EFF ICI ENCIES

Total P
Effluent Removal
Total P Efficiency

Jan. 1973

Feb.

Mar. 0.456 3.012.0 75

Apr.

May

June

11.0 1.7

14.0 2.0

2.017.0

July

Aug,

Sept.

Oct.

15.0 1.96

17.0 5.0

14.5 2.5

6.75 1.25

0.655 7.8 1.0

Dec.

Jan. 1974

0.269 7.0 1.84

0.462

0.387

2.3 1.02

Feb. 5.3 1.2

Mar. 0.668 0.622.8

Apr.

May

June

0.967

0.691

0.717

3.24 0.88

3.23 0.56

2.41 0.30

PLANI' PROCESS CHAMPS AND
PHOSPHORUS TRKAVI<ÃT MODIFICATIONS

Mar. 1973--Initiated treatment for phosphorus removal; Liquid alum added at aeration
tanks.

Influent Effluent Influent
Flow Soluble P Soluble P Total P

~ hKD  mm/1!  ~m~/1'I ~ m /1

0.452

0.441

0.362

0 ' 257

0.284

0.268

0.164

M7K: The data above the dashed line are from the State Lab's analysis; the
renainder is fram individual operator reports to the DNR.

--Expect to be Linked to proposed Sheboygan regional system.

85

86

88

87

71

83

81

87

74

55

78

78

73

81

88



LITTLE CHUTE

PHOSPHORUS H24VVAL EFFICIENCIES

Total P

Influent Ef fluent Influent Effluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

~/AD i'mg/l~ l@~/1'I ~ra /1 gmg/l~

Jan. 1973

Feb. 1.040

1.206

1.143

1.168

0.745

0.504

0.538

0.522

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan. 1974

Feb.

88

81

93

88

0.756.00.769

5.06Apr.

May

June

0.960.634

0.466.210.757

0.746.40.768

NOTE: The data above the dashed line are from the State Mb's analysis; the
remainder is from individual operator reports to the DNR.

PLANI' PROCESS CHANGES AND
PHOSPfKRUS TREA'&KNT MCBIF ICATIQNS

May 1973--Initiated treatment for phosphorus removal; Dosing liquid alum at 140 gpd
to pre-aeration.

--Eventually scheduled to be linked to Xaukauna regional plant.





1~ "~

MANITONOC

PHOSPHORUS RB4%AL EFF ICIENC IES

Total P

Influent Effluent Influent Effluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

l'nNll'i Qiiill t'i t~m/~1 Qiy/1'i

Jan. 1973

Feb. 12.620,0

4.65.63.03.2

6.09.0Apr.

May

June

3.63.8

4.05.70.352.0

2.95.80.070.6

5.39.3July

Aug.

Sept.

Oct.

3.34.88.700

8.845

742.18.00.954.58.997

2.610.00.134.3

980.187.3Nov.

Dec.

0.063.5

67

50

2.37.00.252.48.730

4.238.67Jan. 1974 10.010

52

55

63

72

3.9Feb. 8.29.344

4.08.9Mar. 11.784

12.680 3.58.1Apr.

May

June

4.515.911.33

PLAK' PROCESS CHJ'AGES AND
PHOSPHORUS TREATMENT' MODIFICATIONS

May 1973--Initiated treatment for phosphorus removal; Dosing liquid alum �440 gpd! .
July 25, 1973--New chemical feed equipment started up; includes addition of polymer.
Sept. 1973--Switched to FeC13, dosing at 576 gpd average; with polymer.
Nov. 1973--Experimented with alum-sod. aluminate-polymer combination.

Dec. 1973--l.iq. alum at about 2000 ~xl.

Feb. 1974--FeG13 h~gR@F plus polymer.
--Hoping for construction to begin soon on doubling present capacity.

MZE: The data above the dashed line are from the State Lab's analysis; the
remainder is fran individual operator reports to the DNR.

37

18

33

30

50

43
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MENASHA S.D. 4  EAST!

PHOSPHORUS RENTAL EFFICIENCIES

Total P
Effluent Removal
Tota1 P Efficiency

 'my~//1

Jan. 1973

Feb. 15.0 6.0

0.2Mar. 1.000 0.55 1.60 2.5

Apr.

May

June

2.4 2.10 7.3 4.5

1.9 0.03 6.1 2.5

0.095.8 10. 3 0.5

7.8 0.06 11.0 0.85

1 ~ 8 0.9 6.5 2.4 63

85Nov. 0.08 0.28 8.8 1.3

Dec. 1.8 0.6 13.96.8

Jan. 1974 0.519 13. 5 3.0 78

65
Feb. 0.601 11.5 4.0

Mar.

Apr.

May

June 0. 771 15.0 3.0 80

NOTE: The data above the dashed line are from the State Lab's analysis; the
renainder is from individual operator reports to the DNR.

PLANT PROCESS CHANGES AND
PHOSPHORUS TREATMENT MODIF ICATIONS

June 15, 1973--Initiated treatment for phosphorus removal; Dosing liquid alum at
450 ml/min.

Oct, 1973--Dosing liquid alum at 270 ml/min.

--Expect to upgrade chemical feed equipment soon.
June 1976--Will be expected to remove phosphorus at west plant.

July

Aug.

Sept.

Oct.

Influent Effluent Influent
Flow Soluble ": Soluble P Total P

~Mg! ~ m /1 j ~m/1 ~m/1

1.100

1.180

0.682

0.502

0.473

0.440

60

92

38

59

95

92



MBOMONEE FALLS I

PHOSPHORUS RBGVAL EFFICIENCIES

Influent
Total P

T.F.
p

Removal

10.0 10.0 10.0

10.010. 0 10.0

7.17 1.03.5

6.8 2.38.88

IKNCNONEE FALLS II

Aug. 1973 0.644

Sept. 0.688

June 1974 0.977

10. 010.0

10.0 10.0

2.449.33

PLANT PROCESS GANGES AND
PHOSPHORUS TREA'I'MENT M!DIF I CATIONS

Nov. 1973--Initiated treatment for phosphorus removal; Waste pickle liquor at
145 gpd

--Eventual hook up to Milwaukee Metropolitan system.

Aug. 1973

Sept.

May 1974

June

1. 500

1. 500

1.865

1.720

T.F.
Effluent
Total P

[mm/1!

A.S.

Effluent
Total P

 mm/1j

0 0
51

24

A.S.
0 P

Removal

0

0

86

74

0

0

74
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MILNrAUKFX JONES ISLAND

Influent Effluent Total P P Removal Efficiency
Total P  mg/1 as P!

~ ll P IfBSI WEST EAST

 bfGD!

EAST

Flow

Jan. 1973 66 93. 3 7.3

Feb. 7.294 ~ 4

74.3

81.1 107.1

76.1 96.1

73.6 91.5

5.9Mar.

4.5Apr.

May

June

5.0

4.9

71.2

70 ' 7

July

AUg e

Sept.

Oct.

91.3

95.7

Nov. 6.8

5.3

Jan. 1974

Feb.

6.1

5.6

4.7

Apr.

hhy

tune

5.0

5.5

4.9

M7fE: The data above is from monthly operator reports to the DNR.

57.4 77.3

58.1 80.7

57.4 79.6

58.4 81.2

72.4 97.9

70.6 96.8

70.5 95.5

73.4 97.1

1.21 0.39

2.02 0.78

2.1 1.0

0.47 0.28

0.76 0.76

0. 61 0. 64

0.3 0.18

0.47 0.19

0.55 0.3

0. 62 0.47

0. 69 0.38

0.46 0.25

0.44 0.28

0.43 0.3

83

72

64

90

85

88

96

91

92

89

85

91

92

91

95

89

83

94

85

87

97

96

95

92

92

95

95

94



Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~MB I'mg/1'I ~m/I ~m/1 Qmg/~1

Jan. l973

6.8Feb. 0.9

0,65Mar, 5.6 0.32

0.08 0.02

0.05

2.6 0.11

1.00 3.8 0.25

2.30 6.33.00 4.1 35

471.902.30 10.0 5.3

0.08 0.23 960. 50 5.3

0.09 4.2 0.38 91

5.5 0.45 92

0. 90Nov.

Dec. 0.45l. 50

Jan. l974

Feb.

Mar.

MZR: The data above the dashed line are fran the State %b's analysis; the
remainder is from individual operator reports to the DNR.

PLAN' PROCESS QiAhlGES AND
PHOSPHOPLJS TREA17+NT MODIFICATIONS

See Discussion.

Apr.

May

June

July

Aug.

Sept.

Oct.

Apr.

May

June

MID9QBXE - JONES ISLVK!
 East Plant!

PHOSPHORUS RMVAL EFFICIENCIES

87

94

96

93





NEENAH-1 IEKWSHA

PHOSPHORUS RB4WAL EFFICIENCIES

Total P
Effluent Removal
Total P Eff'iciency
gmg/1'I

Influent Effluent Influent
Soluble P Soluble P Total P

 mm/~'I I'mg/1'I ~m/1
Flow

~m>

Jan. 1973

Feb. 4.0 0.4 9015.00

13.00Mar.

84Apr.

May

June

2.2 0.3421.00

750.471.923 F 00

0.583.817.00

July

Aug.

Sept.

Oct.

820.231.3

481.63.1

2.13.6

2.14.1

Nov. 3.7 1.3

Dec. 3.3

Jan. 1974 12.43 3.9 0 ' 9

Feb. 3.2 0.711.65

14.19

17.47

13.30

0.73.7

Apr.

May

June

2.7 0.8

1.23.0

1.24.014.84

PLANI' PPQIKSS CHQGES AND
PHXIPHiORUS TREAVKNT MODIFICATIONS

No phosphorus treatment to date.

12. 00

13.00

12.00

13.00

13.00

12.60

MXK: The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

42

49

65

42

77

78

81

70

60

70





NEV LONDON

PHOSPHORUS RBKVAL EFFICIENCIES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~m/1] ~m/1 ~m/1 I'mg/1+

Jan. 1973

Feb. 14.6 11.5

Mar. 14 ' 2 3.02.01.500

1.600

6.8

Apr.

May

June

6.2 1.62.8 0.05

3.31.80 10.57.01.300

1.200 13.6 2.62.59.8

15.5 9.38.10.748 12.8

2.1 8212.00.3810.50.500

5.6 5311.87.8 5.0

88Nov.

Dec.

2.320.00.5515.0

1.6 9117.60.527

Jan. 1974 0.563 8.319.2

Feb. 4.616.9

Mar. 2.413.7

Apr.

May

June

3.618 ' 7

2.518.0

9214 0

N7K: The data above the dashed 1ine are fran the State Lab's analysis; the
rmainder is from individual operator reports to the DNR.

PLANI' PROCESS CHAICKS AND
PHOSPHORUS TREATMENT MODIFICATIONS

Mar, 1973--Initiated. treatment for phosphorus removal; Liquid alum at final
clarif iers.

--Major plant upgrading including add.itions to chemical feed operation
planned, but not expected to go on line before 1980.

July

Aug.

Sept.

Oct.

0.515

0.946

1.114

0.784

1.076

21

79

74

68

81

40

57

73

82

81

86





NOR'R PARK S.D.

PHOSPHORUS REMOVAL EFFICIENCIES

Total P

Influent Ef fluent Influent Ef fluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

~MR!  mm/1!  ~l~/1~1 ~m/1!  mm/1!

Jan. 1973

Feb.

Mar.

Apr.

May

June 4.75.3

0.85.7July

Aug.

Sept.

Oct.

0.785.0

0.835.4

0.835.8

0.145.07Nov.

0.365.62Dec.

0.365.5Jan. 1974 1.353

0.656.3Feb. 1.315

1.629

1.679

1.564

0.686.1Mar.

0.535.76Apr.

May

June

0.535.88

0.565.87l. 209

PLANf PROCESS COCKS AND

PHOSPHORUS TREAIhKG' MODIFICATIONS

July 1973--Initiated treatment for phosphorus rermval; Powdered alum addition.
Nov. 1973--Switched to liquid alum feed at lift station apprqximate1y 110-120 gpd.

--Bids have been let on construction to double present plant capacity;
Waiting construction.

1.010

0.823

0.721

0.824

1.000

1.162

1.599

MZE: The data above the dashed line are fran the State ~b's analysis; the
relnairxier is from individual operator reports to the DNR.

ll

86

84

85

86

97

94

93

90

89

91

91

90
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OCONH!

PHOSPHORUS RB43VAI. EFFICIENCIES

Total P
Effluent Removal
Total P Efficiency
~ m /1

Jan. 1973

Feb. 3.2 81

90

73

83

0.6

Mar, 0.121.833

1.924

2.260

0.03 0.32.9

Apr.

May

June

0.060. 23 0.51.8

0.05 0.420.19 2.5

July

Aug.

Sept.

Oct.

900.12 3.1 0.30. 36l. 310

1.632 6.2 1.7

1.76.31. 030

1. 117

l. 298

0.997

1.75.0

Nov. 1.85.0

4.2 1.8

Jan. 1974 0.832 1.63.3

Feb. 1.74.80.776

1.493

2.133

2.154

1.897

Mar. 1.53.4

Apr.

May

June

1.63.4

5.5

3.3.

Influent Effluent Influent
Flow Soluble P Soluble P Total P

~ma ~~/1'i gmlL/~1 +m~/~1

NUK: The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

PlAÃF PROCESS CICAGES AND
PHOSPHCIUS 'mEAThKÃl' MODIFICATIONS

Jan. 1973--Initiated treatII:nt for phosphorus removal; FeC13 plus polymer.

73

73

66

64

57

52

65

56

53

80

67



OCONTO FALLS

PHOSPHORUS REMCVAL EFF ICIENCIES

Tota.l P
Effluent Removal
Total P Efficiency

Jan. 1973

Feb.

Mar.

Apr.

May

June

4.6 2.10.400 54

5 ' 0 0.70.124

0.208

0.209

0.190

July

Aug.

Sept.

Oct.

8.3

8.1 1.2

7.3 1.15

1.38.70.175

Nov. 2.68.50.188

0.183 7.8 1.8

Jan. 1974 0.188 1.06.0

Feb. 2.67.30.191

0.233

0.308

0.251

0.238

Mar. 6.0 1.7

Apr.

May

June

5.8 2.3

1.85.8

2.27.1

PLANT PROCESS CHANGES AND
PHOSPHORUS TREATl~ MODIFICATIONS

Mar. 1973--Initiated treatment for phosphorus removal; FeC13 out of drums before
primary tanks.

-- Waiting funds for new plant--combined treatment.

Influent Effluent Influent
Flow Soluble P Soluble P Total P

~MR!   /1! ~m/! ! ~[m /1

NZE: The data above the dashed line are from the State Lab's analysis; the
remainder is fram individual operator reports to the DNR.

86

84

85

84

85

69

77

83

64

72

60

69

69
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OSHKDSH

PHOSPHORUS RENEWAL EFF ICIENCIES

Total P

Influent; Effluent Removal
Total P Total P Efficiency

l~m~/1  <n~/1!

Effluent
Soluble P

~m/1

Influent
Flow Soluble P

~/I!

Jan. 1973

Feb. 6.88.5

Mar. 1.30.06 1.8O.SO15.750

Apr.

May

June

2.50.02 1.50.15

2.80.10

0.02

1.3

1.3

1.00

2.90

16.142

12.605 4.5

1.46.0July

Aug.

Sept.

Oct.

0.220.75

794.00 6.89.650 0.20 1 ' 4

2.16.79.093

Nov.

Dec.

7.1 1.89.094

8.940 2.76.1

Jan. 1974 9.010 1.75.8

Feb. 2.05.6

2.04.3Mar.

Apr.

May

June

3.4 1.0

1.23.9

1.043.9

NDEE '

PLANE PROCESS CHANGES AND
PHOSPHORUS TREA1NENT MODIF ICATIONS

1973--Initiated treatment for phosphorus rermval; Liquid alum addition  tem-
porary chemical feed facilities! .

1973--Chemical feed equipment operational.

1975--New plant scheduled to be on line; Activated sludge system with vacuum
filtration and zimpro sludge processing I'40 MGD plant!; Liquid alum
plus polymer addition is planned for phosphorus removal.

July

hhr.

9.040

12.600

14.489

13. 704

12.557

The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

20

28

40

54

71

77

68

74

56

71

64

53

71

69

73



i S

PESG'IGO

PHOSPHORUS REMOVAL EFFICIENCIES

Total P

Influent Effluent influent Effluent Removal
Flow POg P04 Total P Total P Efficiency

~Nzl 1~m:/11 ~m/1 I'mL/1'I ~ /1 l

Jan. 1973

Feb. 0.537

0.548

12. 5

15.25

7.4 4.1 2.4 41

66Mar. 5.25 5.0 1.7

Apr.

May

June

0.602 16.0 5.5 5.2 1.8

15.0 4.33 4.9 1.4

14.75 4.8

July

Aug.

Sept.

Oct.

16.0 5.0 5.2 1.6

16.0 5.0 5.2 1.6

Nov. 0.406

0.415

16.0 5.0 5.2 1.6

Dec. 16.0 5.0 5.2 1.6

Jan. 1974 0.464 16.0 5.0 5.2 1.6

Feb. 0.451 15.0 6.0 4.9 2.0

Mar. 0.415 14.0 4.65.0 F 6

4.9Apr.

hLV

June

0. 368

0.480

0.451

15.0 6.0 2.0

6.015.0 4.9 2.0

15.0 6.0 4.9 2.0

PLAN' PROCESS CH/'dKES AND
PHOSPHORUS TREAThKNT hDDIF ICATIONS

Jan. 1973--Initiated treatment for phosphorus removal; FeC13 from drums dosed at
30-50 gpd.

Oct. 1974--New plant expected to be on line; 4-5 MGD plant with combined treatment;
Expecting to use FeC13 with polymer.

0.569

0 ' 513

0.652

0.545

0. 380

MFE: The data above the dashed line are fram the State lab's analysis; the
remainder is from individual operator reports to the DNR.

66

71

71

69

69

69

69

69

60

64

60

60

60





PORT WASHINGTON

PHOSPHORUS RBKVAL EFF ICIZKIES

Total P

Influent Effluent Influent Effluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

~MR Q~/j.! ~m/1 ~m/1 ~ /1'I

Jan. 1973

Feb. 8.4 4.5

Mar. 3. 80 0. 25 898.8 1.0

Apr.

May

June

3.60. 40 740.92

0.27 906.40. 29 0.65

0 ' 2 867.82.0

July

Aug'

Sept.

Oct.

11.96 1.18

9.071.140 1.3

1.711.333

Nov. 1.610.41.204

1.592 1.610.06

Jan. 1974 1.332 1.4410 ~ 5

Feb. 1.331.248 10.2

Mar. 1.831.935 9.96

Apr.

May

June

10.421.962 2.06

12.04 1.96l. 884

12 ' 14 2.511.735

MZB:

PLANI' PfNKSS CHANGES AND
PHOSPHORUS TREATMENT M3DIFICATIONS

1972--New plant on line, �.5 MGD A.S.!.

1973--Initiated treatment for phosphorus removal; 100 gpd waste pickle liquor.

1973--Increased average dose of P.L. to 150-160 gpd.

Jan.

1.736

l. 820

2. 340

2. 162

1. 535

1.082

The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

86

85

85

84

86

87

82

80

84

83
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PORTAGE

PHOSPHORUS REMOVAL EFFICIENCIES

Total P
Effluent Removal
Total P Efficiency
Qmg/1'I

Jan. 1973

Feb. 7.47.6

Mar. 4.8 5.0 5.09.0

Apr.

May

June

2.50.70 3.8 5.37.4

5.20.6S 5.0 6.58.0

6.1 7.57.0 8.50.50

6.3 8.07.9 9.6

660. 35 2.94.S 8.50 ' 90

482.4 6.36.0 12.1

Nov. 1.3 5.94.3 10.0

Dec.

Jan. 1974

6.0 12.0 S90. 7S 4.9

703.93 ~ 8 12.80.03

Feb.

Mar.

Apr.

May

June

NOTE: The data above the dashed line are fram the State lab's analysis; the
remainder is from individual operator reports to the DNR.

PIA%' PRQCESS CIRCLES AND
PHOSPHORUS TREA7iiKNT MODIFICATIONS

August 20, 1973--Initiated treatment for phosphorus removal; Sodium aleninate plus
polymer.

Nov. 1973--Temporary facilities for chemical feed complete.

--Waiting complete plant renovation.

July

Aug.

Sept.

Oct.

Influent Kf fluent Influent
Flow Soluble P Soluble P Total P

3

44

28

19

12

17



RACINE

PHOSPHORUS REMCVAL EFF ICIENCIES

Jan. 1973

Feb. 5.5 5.6

Mar. 1.90 4.5 181.8 3.7

Apr.

May

June

1.60.01 3.6 561.2

0.04 2.65.0 482.3

4.6 2.2 52

48

36

4.2 2.19

4.4 2.81

5.0 2.1622.00 57

404.8 2.926.30

Nov.

Dec ~

2.65 46

20

25

4.920.75

23.90 3. 564.46

Jan. 1974 22.48 3 ' 464.62

Feb. 22.66 24

7

24

3. 86 2 ~ 93

Mar. 3. 49 3.2526.84

Apr.

May

June

25.86 3.77 2.85

NOTE: The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

PLANT PROCESS CHANGES AND
PHOSPHORUS TREA'P4ENT MODIF ICATIONS

1968--New 12 MGD secondary treatment on line.

March 14, 1973--Initiated treatment for phosphorus removal; Waste pickle liquor
added ahead of primaries at 2000 gpd; �2-144 Fe!.

1974-1975--Construction to begin to increase secondary treatment capacity to
accommodate 30 MGD average flow.

July

Aug.

Sept.

Oct.

Total P

Inf1uent Effluent Influent Effluent Removal
Flow Soluble P Soluble P Total P Total P Efficiency

~hgD   /1] ~m/1 pm~/1! t~/~1

19.00

24.85

29.60

28.90

26.00

23.70

21.90
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RIPON

PHOSPHORUS RENTAL EFFICIENCIES

Total P
Effluent Removal
Total P Efficiency
~I: />!

Jan. 1973

Feb. 7.0 3.2 54

55
Mar. 2.210 0.60 0.6 5.3 2.4

0.02 0.18 2.01.0

2.0 0.35 67

74

6.3 2.1

1.2 0.35 5.3 1.4

1.630 1.3 0.23 6.0

0.14 6.8 822.5 1.2

Nov. 0.302.0 6.0 82

Dec. 4.9 0. 10 1.09.5

Jan. 1974 0.051.5 6.0 771.4

Feb. 1.371 2.19 0,58

Mar. 1.625 2.16.3

l. 724

1.892

5.32 1.72

4.8 1.7

1.872 10.9 5.3

MXE: The data above the dashed line are from the State Lab's analysis; the
remainder is from individual operator reports to the DNR.

PLANI' PROCESS CI-NNGES AND
PHOSPHORUS TREAVKVI' MODIFICATIONS

Mar. 1973--Initiated treatment for phosphor' removal; Chemical feed pump problems
in early months of treatment; FeC13 added ahead of trickling filter.

Jan. 1974--Switched to waste pickle liquor before T.F. at approximately 15 gph
�0-124 Fe! .

--Plans for a new plant are up for state and EPA approval.

Apr.

May

June

July

Aug.

Sept.

Oct.

Apr.

May

June

Influent Effluent Influent
Flow Soluble P Soluble P Total P

~My  mm/1! ~m/1  ~m / 1!

1.125

2.080

1.540

74

67

68

65

51



SHANANO

PHOSPHORUS REMOVAL EFFICIENCIES

Total P

Effluent Influent Effluent Removal
Soluble P Total P Total P Efficiency

 'mg/I'! ~m/1 ~  /1'1

Influent
Soluble PFlow

I'MGDl

Jan. 1973

Feb. 14.0 11.6

2.4Mar. 2,8 6.9 6.0

Apr.

May

June

17.5 9.5 18.5 12.0

2.4 7.04.0 5.3

5.6 6.6 9.5 8.6

6.0 7.3 8.510.0

7.610.2 13.0 9.0

7.9 17. 5 10.011.0

9.46.0 7.2 11.8

Dec.

Jan. 1974

15.0 11.3 19.4 15.4

8.1 9.6 11.65.1

Feb.

Mar.

Apr.

May

June

NOTE

PLANI' PROCESS CHP24KS AND
PHOSPHORUS TREA'H4Ãf h 6DIFICATKNS

1973--Initiated treatment for phosphor' removal; Powdered alum at final
clarifiers �00 lbjday!.

1974--Dosing powdered alum at primary tanks; dose maintained. at 100 Ib/day.

Apr.

July

' 1975 or

1976--New plant expected to be operational;  Shawano S.D.--3 MGD Act. Sludge
plant! .

July

Aug.

Sept.

Oct.

The data above the dashed line are from the State Lab's analysis; the
ranainder is fram individual operator reports to the DNR.

17

13

35

24

9

15

31

43

20

21
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SHEBOYGP8

PHOSPHORUS PZN3VAL EFFICIENCIES

Total P
Effluent Removal
Total P Efficiency
~ m /1

Jan. 1973

Feb. 5.3 348.011.450

Mar. 287.0 5.01 ~ 103.015.120

15.680 465.4Apr.

May

June

2.91.5 0.85

406.32.0 1.20 3.817.360

16.400

13.400

4.8 3.2l. 20

351.60 5.2 3.41.4

3.226.5

4.647.5

4.496.9Nov.

3.735 ' 22Dec.

Jan. 1974 11.135

3.6 51

39

Feb. 7.29

3.455.63Mar.

42

33

45

2. 764.72Apr.

~y

June

3.775.66

2.534.58

NVK: The data above the dashed line are fram the State Mb's analysis; the
remainder is from individual operator reports to the DNR.

PLANI' PROCESS CHANGES AND
PHOSPHORUS TREACLE 4$DIFICATIONS

Jan. 1973--Initiated treatment for phosphorU' removal; Varying doses of FeC13 with
polymer �2-20 gph!.

July 1973--Experimented with liquid alum, wi1i1 and without polymer.
Oct. 1973--FeC13 plus polymer at primary tanks; FeCl at wet well ahead of finals;

also polymer addition ahead of sludge thickener.
--Plans to construct Act. Sludge plant to provide regional treatment serving

the Sheboygan area.

July

Aug.

Sept.

Oct.

Influent Effluent Influent
Flow Soluble P Soluble P Total P

~MGD   /1! ~m/1   /1!

11.250

11.272

10.900

ll.762

9.921

13.840

15.050

12.690

15.760

50

38

35

29







STURGEON LRY

PHOSPHORUS REN3VAL FXF ICIENCIES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~ m /1 ~n/1 ~ m /1 ~ m /1

Jan. 1973

Feb. 1.45.5

Mar. 6.5 2.81.03 5

1.62.40.500.55

2.0 1.00.500.75

1.63.50.652.0

0.411.80.051.8

940.558 ' 80.051.81.00G

960.280.06 7.51.0

0. 5610.80.08

0.78.0 910.040.90

87

93

3.729. 20.060.18

Feb. 3.650.0

Mar. 2.434.02

6.9 2.7

2.017.9

1.621.8

SUE: The data above the dashed line are from the State Lab's analysis; the
remainder is fran individual operator reports to the DNR.

-PLAN1' PROCESS CHVKiES AND
PHOSPHORUS TREA174EÃf MODIFICATIONS

Jan. 1973--Initiated treatment for phosphorus removal; Temporary system--dosing
powdered alum at 100 1b/dg y.

July 1973--Full-scale chemical feed equipment on line; Liquid alum at 320-350 gpd
ahead of aeration with polymer feed.

May 1974--Discontinued polymer use.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan. 1974

Apr.

May

June

1.930

1.850

2.053

2.036

1.688

1. 114

1.630

1.674

1.631

1.728

74

57

33

50

54

97

40

61

89

93





1"  I

THI ENSVILI2

PHOSPHORUS RIVAL EFF ICIENCIES

Total P
Influent Effluent Influent Effluent Rereval

Flow Soluble P Soluble P Total P Total P Efficiency
~Mal I'mg/1'! ljng/1'I ~m/1 I'mg/1'I

Jan. 1973

0.60 5.2 3.5Feb.

1.05 0.10 0.05 7.0Mar. 0.3

0.02 2.31.15 0.55 0.14

1.15 0.04 3.8 0.06

0.035

0. 170

8.8 0.08 99

989.0 0.22

4.0 0.016 6 ' 0 0.18 97

2.0 0.02 3.5 0.03 91

Nov. 2.2 0.03 4.0 0.22

Dec. 1.8 0. 02 4.2 O. 26 94

Jan. 1974 1.3 0.01 4.9 0.08

Feb.

Mar. 4.3 0.2 95

MZE: The data above the dashed line are fram the State Lab's analysis; the
remainder is fram individual operator reports to the DNR.

PLANE' PROCESS CRAZS AND
PHOSPHORUS TREA'&KNT NIODIFICATI QNS

Mar. 1973--Initiated treatment for phosphoru. removal; Liquid alum plus polymer
addition.

--Probably expected to hook up with Milwaukee Metropolitan syst: em in the
future.

Apr.

May

June

July

Aug.

Sept.

Oct.

Apr.

May

June

0.002

0.005

0.006

33

96

94

98
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T%6 RIVKRS

PHOSPHORUS REMCVAL EFFICIENCIES

Total P
Effluent Removal
Total P Efficiency
Qng/1'I

Influent Effluent; Influent
Soluble P Soluble P Total P
I'nm/1} ~m/1 ~m/1

Flow

~MGD

Jan. 1973

62

38

26

4.812.5Feb.

6.510.4Mar. 1.53.3

5,67.61.3Apr.

May

June

1.5

4.72.20.270.85

24

38

7.49 ' 70.481.3

4.67.40.322. 700 4.0

2. 810

6.96.90.040.332.522

2 ' 732 405.258.750.400.75

4.813.4Nov.

Dec.

Jan. 1974

0.182. 560 0.02

226.17.80.050.60

4.37.8

1.9Feb. 7.1

2.35.5Mar.

0.161.7Apr.

May

June

2 ~ 809

3.167.952.912

2.896 2.4

NGYE: The data above the dashed line are from the State lab's analysis; the
remainder is from individual operator reports to the DNR.

PLANT PR9"E!S Cl%NGES AND
PHOSPHORUS TREA'V4BG' MODIFICATIONS

April 18, 1973--Initiated treatment for phosphorus removaI.

--Waiting funds for new' 7-9 NK! pLant.

July

Aug.

Sept.

Oct.

2.440

2.585

2.610

2.748

2. 880

2. 825

2. 679

2. 525

2.854

45

73

58

91

60

44



I8.'

UNION GROVE

PHOSPHORUS R24XAL EFF I C I ENCIES

Jan. 1973 0. 512 4 8526

Feb.

Mar.

Nov.

Dec. 0.547

0.545Jan. 1974

Feb. 0.584

0.651

NGYE: The data above the dashed line are from the State Lab's analysis; the
remainder is fram individual operator reports to the DNR.

PLANI' PROCESS CEGGS AND
PHOSPHORUS TREATMElfI' MODIF I CATIGNS

Nov. 1972--Initiated treatment for phosphorus removal; Liquid. sodium aluminate plus
polymer ahead of primaries.

Mar. 1973--Discontinued chemical treatment; Waiting funds for new plant.

Apr.

May

June

July

Aug.

Sept.

Oct.

Apr.

May

June

Tota1 P
Influent Eff]uent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~m/1 ~m/1 ~m/1 ~m/1

0.466

0.604

0.671

0.618

0.418

0.386

0.427

0 ' 476

0.496

0.628

0.618

0.529
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WAUPACA

PHOSPHORUS RBKVAL EFFICIENCIES

Total P
Removal

Ef f iciency
Influent
Soluble P

Effluen1 Influent
Soluble P Total P
~m/1 ~m/1

18.0 2.0 89Jan. 1973 0.568

87Feb. 0. 703 21.0 2.7

Mar.

16.0 2.0 88l. 070

89

65

9.0 1.00.927

0.528 9.527.0

Nov.

2.1 840.620 13.0

Jan. 1974

Feb.

81Mar. 9.4 1.80.908

84

86

11.4 1.80.941

0.929 1.813.0

NOTE: The data above the dashed line are from the State ~b's analysis; the
remainder is fram individual operator reports to the DNR.

.PCS PROCESS GREASES AND
PHOSPHORUS TREATMENT MODIFICATIONS

Jan. 1973--Initiated treatment for phosphorus removal; 48 gpd liquid sodium alumi-
nate ahead of primary tanks.

Jan. 1974--48 gpd sodium aluminate at head of aeration tanks.

--Waiting funds on chemical feed equipment;  Throughout the period of
treatment, have been adding polymer only from spring to late fall!.

Apr.

May

June

July

Aug.

Sept.

Oct.

Apr.

May

June

Effluent
Total P

~ m /1



WEST BEND

PHOSPHORUS RENTAL EFF ICI ENC IES

Total P
Influent Effluent Influent Effluent Removal

Flow Soluble P Soluble P Total P Total P Efficiency
~Mg! {rr/1! ~gL/1'I  i~/1J ~my/1'!

Jan. 1973

Feb. 3.116 7.4 4.0

3.67 3.6 0.37 7.8 2.0 74

Apr.

May

June

3.920

4. 290

3. 940

3. 200

7.9 1.2 85

6.5 1.5

6.4

July

Aug.

Sept.

Oct.

5.8 0.4

3.469 5.6 1.4

9.43 1.53

8.94 1.44

Nov. 9.1 1.5

Dec, 7.69 0.98

Jan. 1974 7.95 1.03

Feb. 7.21 1.12

5.225 6.79 1.18

Apr.

May

June

5. 200 8.2 1.43

1.664.800 8.04

PLANT PROCESS CHANGES AND
PHOSPHORUS TREATMENT ~ODIFICATIONS

Mar. 1973--Initiated treatment for phosphorus removal; Liquid alum addition.

May 1973--Switched to waste pickle liquor addition; �36 gpd at grit chamber! .

--Waiting funds for major plant upgrading.

3.260

3.320

4.050

3.910

4.320

4.235

NOTE: The data above the dashed line are fran the State Lab's analysis; the
renainder is from individual operator reports to the DNR.

77

83

93

75

89

84

84

87

87

84

83

83

79



APPBK~LY C

Treatment-Cost Alternatives



Treatment-cost alternatives used as the data base for the computer

analysis are illustrated graphically in this appendix. The alternatives

are discrete points and the line drawn thru the points is only representa-

tive of the straight line relation on the semi-log plot. Treatment alter-

natives based on actual data are specifically designated. The treatment

required at the maximum removal alternatives is indicated.

Also included is a comparison with alternatives developed by Fait  l!.

The study by Fait was a predictive one with a variety of treatment alterna-

tives postulated. for each city, e.g. primary ferric additio~, combined

alum addition, or lime treatment. Thus only those alternatives which are

comparable are included here. The cost is adjusted according to the ratio

of the appropriate sewage treatment plant construction cost indices �0!.

Treatment levels applied by Fait �!, excluding lime addition and micro-

screening, are:

PRj NAY CHEM-BIOLOG.

704
805

804
904

Fe:P 1.5:1
2:1

Al:P ~ 1.2 1
1.4:1

804
904

Alternatives did not include any estimates for pickle liquor addition which

are difficult to predict because of the variety of sources and costs.

Other differences in the cost levels of alternatives listed by Fait �!

and those reported here can be explained by: the temporary facilities

currently on line at many plants, the inclusion of maintenance labor at

small plants by Fait �! which would result in a difference of approximately

1.4</1000 gal. at 1 MGD plants  with less if any relative difference at

larger plants!, and specific treatment =onditions or problems encountered

in impl mentation.
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The prediction. of phosphorus treatment performance and costs without

pilot plant tests or even jar tests is very difficult and highly specula-

tive. Melkersson �! emphasized the importance of pilot plant tests in

determining chemicals and application points foI efficient phosphorus

removal.

Examples of the treatment-cost alternative determination for three

of the cities follows.

 i! Sturgeon Bay

Several actual levels of treatment are available at Sturgeon Bay.

Before full-scale chemical feed facilities were on Line, Sturgeon Bay dosed

at Al:P = 0.5:1 to get 554 removal. The current leveL of treatment is 915

removal at Al:P = 2:1 and an effluent concentration of 0.6 mg/1 as P.

Polymer had been used for a period of time with proven effectiveness at

Al:P = 2:1 and 95 5 renoval with an effluent concentration of approximately

0.3 mg/1 as P. After these 1 nttwn levels are plotted, a line is drawn

approximately to fit the lmown data. SUtpplemental points are chosen to

provide a range of treatment alternatives. The points chosen here are at

754 and 8H removal. The assumed. Level of treatment without chemical

addition is also plotted at the fixed cost of the chemical feed facilities.

No particular problans with hydraulic or sludge overloads is indicated at

current operating levels.

 ii! Marinette

The level of treatment at Marinette is 825 at Fe:P = I:1 with poly-

mer, with a resulting effluent cohcentration of 0.5 mg/1 as P. No partic-

ular hydraulic or sludge problems are noted, and with this generally effi-

cient plant a chemical dose of Fe:P = 1.5:1 should present no particular

problans and provide the capability to attain approximately 0.2 mg/1 as P



in the effluent. In this example the low effluent concentration at the

maximum removal alternative makes the realization of this treatment level

a speculative one. But the low influent concentration of 2.8 mg/1 as P,

the relatively low Fe:P ratio required for achieving an effluent concentra-

tion of O.S mg/1 as P, and the effective use of polymer provide reasons

why the low level of residual phosphorus could be reached.

 iii! Sheboygan

Under chemical doses required to obtain approximately 855 rival,

the sludge handling and disposal systen becomes badly overloaded. Invest-

ment is kept low because of the planned regional plant at Sheboygan. The

average level of treatment is 405 removal at Fe:P~ 1.8:1 with polymer.

An estimated 205 removal is obtained with no chemical treatment. Mr. Stuebe

indicated that he would increase the dose somewhat to get a higher average

raaoval, but noted that 60-655 was Ne maximum removal possible under cur-

rent plant conditions. It is assumed that a dose of Fe:P ~ 2.5:1 will be

adequate to maintain a 654 raaeval level.
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Key to Symbols and Abbreviations Used in Appendix C

Alternatives based on actual treatment levels

Calculated or estimated treatment 1evels used as alternatives

Estimated treatment levels used as alternatives for computer
runs when new plants are on line or treatment problems are
resolved.

Alternatives listed by Fait �!

Line representative of treatment-cost relationship

Estimated treatment-cost relationship when new plants are on
line or treatment problems are resolved

Refers to alternatives when new plant is operational

Refers to waste pickle liqtmr addition for phosphorus removal;
Fait �! did not use pickle liquor as a treatment alternative.



Treatment

Cost

 g/1000 gal.! 2:1 w/polymer
1.4:1

20 40 60 80 90 94 96 98

4 of Influent Total P Removed  Log Scale!

Treatment

Cost

 f/1000 gal.! 2 P � 1.5:1
:P ~ 2:1

20 40 60 80 90 94 96 98

-'o of Influent Total P Removed  Log Scale!

Sheboygan
12.5 MGD; 6.0 mg/1

Treatment
Cost 3

 g/1000 gal.!
0 - Fe:P ~ 2.5: w/polymer

�! - Fe:P = 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!
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Treatment
Cost

 g/1000 gal.! 5 - Fe:P > 3:1 w/polymer
1! -FeP=Zl

20 40 60 80 90 94 96 98

4 of Influent Total P Removed  Log Scale!

Treatment
Cost

 g/1000 gal.! 2 e:P ~ 2:1 w/polymer
Fe:P = 2:1

20 40 60 80 90 94 96 98

~~ of Influent Total P Removed  Log Scale!

Berlin
1.45 MGD; 3.9 mg/1

Treatment
Cost

 g/1000 gal..! Max. 5 - Al:P~1.8:1 w/polymer
Fait l! � Fe:P ~ 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!



� A3,:P ~ 1 .6:1

; 19.8 mg/1

Treahnent
Cost

 g/1000 gal.!

Treatment
Cost

 g/1000 gal.!

Treatment
Cost

�/1000 gal.!

20 40 60 80 90 94 96 98

4 of Influent Total P Renoved  Log Scale!

Max. 4 - Al:P = 2:1
Fait�! - Fe:P = 2:1  NP!

. 20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!
+

:1 w/polymer
1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!
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Treatment
Cost

 g/1000 gal.!

Treatment
Gst

�/1000 gal.!

Treatment
Cost 3

 g/1000 gal.!

~ 1.6:1 w/polymer
~ 1.4:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed {Log Scale!

= 2:1 w/polymer
P = 1.4:1

20 40 60 80 90 94 96 98

~> of Influent Total P Removed {Log Scale!

Fond Du Lac
6.7 MGD; 6.9 mg/1

Max. 5 - Al:P = 2:1 w/polymer
Fait�! � Fe:P = 2:1

20 40 60 80 90 94 96 98

0 of Influent Tota1 P Removed {Log Scale!



10

Trea~nent
Cost

 g/1000 gal.!

2.6:1
= 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Renoved  Log Scale!

Treatment
Cost

 g/1000 gal.!

w/polymer

20 40 60 80 90 94 96 98

>o of Influent Total P Removed  Log Scale!

Green Bay
20.4 MGD; 6.1 mg/1

Treatment
Cost

 g/1000 gal.! Max. 0 - Al:P = 1:1 w/polymer
Fait�! - Fe:P = 2:1

20 40 60 80 90 94 96 98

of Influent Total P Removed  Log Scale!
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Treatment
Cost,

 g/3.000 gal.! 20 40 60 80 90 94 96 98
0 of Influent Total P Removed  Log Scale!

Treatment
Cost

�/1000 gal. } P 3:1 w/polymer
:P~ 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!

Treatment
Cost

 g/1000 gal.!
2:1

20 40 60 80 90 94 96 98
0 of Influen1 Total P Removed  Log Scale!



10

Trea~nent
Cost

 g/1000 gal.} Max. 0 - Al:P = 2.4:1
Fait�! - Al:P = 1.4:1

20 40 60 80 90 94 96 98

0 of Influent Total P Ranoved  Log Scale!

14
Treatment

Cost

 g/1000 gal.! » :1 w/polymer
1.4:1

20 40 60 80 90 94 96 98

of Influent Total P Removed  Log Scale!

Treatment
Cost

 g/1000 gal.! Al:P = 2.S:1
Al:P = 1.4:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!
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Treahncnt
Cost

 g/1000 gal.!

:P~ 21

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!

10

Treatment
Cost g/1000 gal.! 2'1

1.4:1

20 40 60 80 90 94 96 98

~< of InflUent Total P Removed  Log Scale!

Treatment
Cost g/1000 gal.! P 2:1

'P ~ 14'1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale}



198 Mani towoc
11 MGD; 9.95 mg/1

Treatment
Cost

 g/1000 gal.! Max. 5 - Fe:P ~ 3:1
Fait�! - Fe:P 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Renoved  Log Scale!

Menomonee Falls
2.8 MGD; 8.7 rng/1

Treatment
Cost

�/1000 gal.! Max. 5 - P.L. Fe:P 2.5:1
Fait�! � Fe:P = 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!

Treatment 1
Cost

 g/1000 gal.! 1

2:1

20 40 60 80 90 94 96 98

5 of Influent Total P Removed  Log Scale!
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10

n

16.9 mg/1

2:l
2:1

10

2 to 1.5:1

Treatment
Cost

 g/1000 gal.!

Treatment
Cost

�/1000 gal.!
4

Treatment
Cost

 ~/1000 gal.!

20 40 6G 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!

North Fond du Lac
0.46 MGD; 6.7 mg/1

x. 5 - Al:P = 2.5:1 w/polymer
.it�! - Fe:P 2:1

20 40 60 80 90 94 96 98

> of Influent Total P Removed  Log Scale!

20 40 60 80 90 94 96 98

0 of Influent Total P Renoved  Log Scale!



Treahnent
Cost

 g/1000 gal.!

Fe: P ~4:1 w/polymer

ZO 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log ScaLe!

mg/1

14
Treatment

Cost
 g/1000 gal.! 10

Max. 5 � Fe:P 3:1

20 40 60 80 90 94 96 98

~< of Influent Total P Removed  Log Scale!

Oshkosh
10,95 I'D; 5.2 mg/1

Treatment
Cost

 g/1000 gal.! e Max. 0 - Al:P 2:1
Al:P ~ 1.5:1 w/polymer NP!

Fait l! - Fe:P = 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!
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10
Peshtigo
0.5 MGD; 4.95 mg/1

Treatment
Cost

 g/3,000 gal.!

Treatment 6
Cost

�/1000 gal.!
4

Treatment
Cast

�/1000 gal.!

Max. 5 - Fe:P = 2.5:1
Fait l! - Fe:P = 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!

Max. 5 - P.L. Fe:P 4:1
Fait l! - Fe:P 2:1

20 40 60 80 90 94 96 98

; of Influent Total P Removed  Log Scale!

Portage
0.9 MGD; 8,5 mg/1

Max. 5 - Al:P =-1.6:1 w/polymer
Fait�! Fe:P 2:1

20 40 60 SO 90 94 96 98

4 of Influent. Total P Removed  Log Scale!



n

mg/1

Fe:P = 2.4:1
= 1.4:1

Treatment

Cost
 g/1000 gal.!

4

Treatment
Cost

 g/1000 gal.}
4

Treatment

Cost

�/1000 gal.!

0 60 80 90 94 96 98

4 of Influent Total P Removed  Log Scale!

~ ~ Max. 5 - P.L. Fe:P = 4.5:1
Fait l! � Fe:P = 2:1

20 40 60 80 90 94 96 98

~> of Influent Total P Removed  Log Scale!

Max. 4 - Al:P~0.5:1
 NP! Al:P = 2:1
Fait�} Fe:P 2:1

80 90 94 96 98

0 of Influent Total P Removed  Log Scale!
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Sheboygan Falls
0.78 MGD; 9.2 rng/1

Treatment
Cost

 g/1000 gal.! Max. 5 - Al:P = l:l w/polymer
Fait l! - Fe:P = 2:1

20 40 60 80 90 94 96 98

5 of Influent Total P Removed  Log Scale!

Treatment
Cost

 y/1000 gal.! 2 :P 1.6:1  NP!
e:P ~ 2:1

20 40 60 80 90 94 96 98

3 of Inf3.ueast Total P Removed  Log Scale!

Treatment
Cost

 g/1000 gal.!

Al:P = 2:1 w/polymer

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!



10

2:1 w/polymer
= 1.4:1

98

10

1.5:1 w/polymer

Treatment
Cost

 g/1000 gal.!

Treatment
Cost

 g/1000 gal.!
4

Treatment
Cost 6

�/1000 gal.!

ZO 40 60 80 90 94 96

'0 of Influent Total P Removed  Log Scale!

Max. 0 - Al:P = 2:1
Fait�! - Al:P = 1.4:1

20 40 60 80 90 94 96 98

; of Influent Total P Removed  Log Scale!

20 40 60 80 90 94 96 98

5 of Influent Total P Removed  Log Scale!
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10

Treatment
Cost

 g/1000 gal.! Al:P ~ 2.2:1 w/polymer
A1P ~ 14:1

20 40 60 80 90 94 96 98

4 of Influent Total P Removed  Log Scale!

CD

Treatment
Cost

�/1000 gal.! 2 P.L. Fe:P 2.4:1
e:P ~ 2:1

20 40 60 80 90 94 96 98

0 of Influent Total P Removed  Log Scale!

Treatment
Cost

�/1000 gal.!

:1 w/polymer

20 40 60 SO 90 94 96 98

0 of Influent Total P Removed  Log Scale!



The alternatives at the five remaining plants are as follows:

Influent Removal
hGD ~m/1 P g/1000 al .

0. 144 46 50

13.4

160

0.0289

Milwaulme SS 6.655.4

w/full scale phosphorus treatment: 95 0.33

Racine 23.8 4 ' 4 8

36 0. 08

with new plant: 30

0. 0889

NVE: Holland S.D. and Neenah-Menasha are not assigned alternative
removal possibilities. The South-Share and Jones Island. plants
at Milwaukee and the new Racine plant are provided only with mini-
murn and maximum alternatives because of the assumed negligible
costs of waste pickle liquor at these plants.

Holland. S ~ D.

Neenah-Menasha

Milwaukee- Jones I sland

3.5 62

5.6 50
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APPENDIX D

Initial Wisconsin DNR R.esphorus Renoval Policy



~!'IQ

State of Wisconsin

Department of Natu'.al Resources
14mual Code 5405.1

SUKWCI". &2.icy on Phosphorus Removal From, Effluent
 Adopted April 17, 1969!

PMNCIZ

Phosphorus is a key nutrient controlUng fertility of natural waters. 9nall
concentrations of phosphorus msy stimulate the growth of blue-green algae and.
atbar or~Lsms, making rivers and Lakes unsuitabLe for recreation and increasing
water purification costs. Where algae do not thrive, increased growth of
floating and bottom rooted weeds impedes stream flow and ccmylicates other aspects
of water management.

Sewage efftuents often contribute huge sinounts of phosphorus to surface
waters. hLthods exist for substantial removal of phosphorus fran sewage and
industrial wastes.

POLICY

Prays action to reverse the present over-fertQisation of waters of
Caconsin and. to enhance the quality of these waters for all useful purposes is
essential,

Xt is the policy of the ILtural Resources aboard. that:

Xe 5e DepaIMent of natural Resources may require azar wastewater
4iscINIITge~regard 1 ebs of popLQALt ion ~ vo luue or type of waste di s charge 5, or
ge<raphic location-to provide for remeel of excess amounts of phosphorus
where such discharges are causing, or may cause, over-fertilisation of surface
waters.

R. Xn conformance with recmenandations of the Lake N.chigan Enforceinent
.terence~ the Department shall take the actions necessary to achieve an overall
Seduction of at least 80 percent of the phosphorus tributary to municipal and
Smhmtrial waste treatment facilities located within the Lake N.chigan drainage
basin by LjecenLber 33., l~.

Distr'.bution:

AQ, Sqpervtsory Personnel



209PHOSPHORUS REr'40VAL CONS IDERAT IONS

LAKE MICHIGAN DRAINAGE BASIN

At the second session of the Lake Michigan Enforcement Conference,
February 25, 1969, it was agreed by the conferees that each state would
determine where phosphorus reduction is required, and sn overall 80 percent
reduction of total phosphorus from waste water effluents would be echieved
within that state's portion of the Lake Michigan Basin by December 31, 1972.

The Natural Resources Board at its April meeting established a policy
of phosphorus removal to the effect that the Department may require any waste
water discharger to provide for removal of phosphorus where such discharges
are causing or may cause over-fertilization. The Board also confirmed the
intent of the state to comply with the reconxnendations of the Lake Michigan
Conference in achieving an overall reduction of at least 80 percent of the
phosphorus tributary to municipal and industrial treatment facilities.

The population distribution of municipalities in Wisconsin's section
of the Lake Michigan Basin is shown in the following table:

Cumulative

No. of

Sourcese

Pex'cent

of
Size

es not include 54 small sewage treatment plants
in the basin serving schools, institutions, trailer
parks, industries and subdivisions.

Phosphorus removal costs for the smaller coamunities axe dispropor-
tionately high, and wa cannot reasonabLy expect to achieve consistently high
treatment efficiencies. Zn addition, sources under 2,500 population amount
to astra than two-thirds the total number of discharges but represent only
5 6 percent of the total phosphorus potential from sewage. An overall
phosphorus removal of 80 percent should be achieved if those municipalities
with a population ovex' 2,500 were to achieve a phosphox'us reduction of 85
percent.

Some overall phosphorus removal is inherent in conventional treatment.
Of the 51 sewage treatment plint composite influent and effluent samples
investigated by the Division of Environmen'tal Protection for total phosphorus
in connection with the 1968 drainage basin surveys, 5 showed no change, 20
indicated negative removals, and the remaining 26 plants had various reductions.
The combined average removals from all 51 plants amounted to 7.8 percent. With
minox plant modifications and encouraging operational changes to enhance phos-
phorus removal, one might xeasonably expect a 10 percent overall reduction.

20,000+
10,000+
5,000+
2,500+

All

ll

15

33

48
177*

83.0
85. 8
92. 0

94. 7
100.0



21.li

There are other factors that need to be considered in phosphorus removal.
Irrigation and other forms of soil absorption achieve very near a 100 percent
removal. Data from sewage stabilization ponds indicate removals of as high as
90 percent during the summer months, probably by weed and algal uptake, but the.
removals aftex' long ice coverage and septic conditions are not significant.
Domestic sewage has a phosphorus concentration of about 10 mg/1 and amounts
to approximately 3.5 pounds per person per year. Industries such as milk,
meat and vegetable processing have phosphorus concentrations comparable to
domestic sewage.

This information is supplementary to that stated by the Natural Resources
Board in its "Policy on phosphorus Removal from Effluent," a copy of which is
enclosed. In general, a 2,500 population ox' its phosphorus equivalent will be
the key factor in determining whether a phosphorus removal facility will be
required. However, such facilities may be required of smaller sources where
a discharge causes or may cause over-fertilisation of a surface water.

Additional guidance and technical assistance on phosphorus removal will
be provided by the Bureau of Water Supply and Pollution Control.

500/10-69



APPENDIX E

Qmputer Documentation of the Dynamic Programming Model
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22

988

COST  I y I } ~ C I ~ f Laii! ~ 10 ~

UP OS

1»

2T

V ~

5 ~

7 ~

ey

la ~

ll ~

13»
lV»

lb'
IT ~

l9»

2'

22 '

23 '

25 '

24»

28'
29e

31 ~

32»

3V ~

35 '

37»

38 ~

VO ~
Vl ~

V3 ~

VV '

VS'

V?e

V9 ~

50 ~

51 ~

53 ~

55 ~
54»

C C

0 I MENS ION DEC �!,CST �!
01M/"!SION PHOS�3}
DIMENSION COST 53 e! l4  
0 I HENS I0N Hi,�3} «PEt«CNT  12!,LLQAD   12! ~ IREE  12! ~ REM  12!
DIMENSION ARRAY�5000«2!
COM  ON/1 IE 4>PAY

OIMKNSIGN FRACT�3 ' 4!
DIMENSION N44E�3 ' 3!
INTRIGUER ZERO

INTEGER DECIDE�3,6!
INTEGER NU.'iVEC �3 }

NPUT 4 L DEC QN

ACCUMULATE !«hA TOTAl. FEASIBLE INPUT AT EACH STAgE
4CCUMULATE L04D TO BK REMOVED

READ NO ~ / PLANTS, N0 ~ POLICIKS» POLICY PERCENTA6KS
MAX I HUM NG ~ POLICIES ~ 12

NP 4 R

FOR "1 AT   2 12 « I 2F «} ~ 3!
LOAD<a

I STRY I ~ I 0001
ISTRT2 ~ I

RE40 TT}0 CAR05 PER Pl ANT» G I V IN4',
NFLUENT f ~ Ma~

r0TAL INFLUENT PHOSPHORUS CONCENYRATIO,< NG/L AS P!
CURRENT R FMG V 4L P ERCENTA «E
4LTERNA E REHOVA PERC N 4|« N b

2 ~ PLANT <3 4HF

READ 20 ~ FL0" BAHT,DZE.oO,�EC J!,CST J! J 1,5!
FQR'�T F> ~ 2X f'} ~ I 2X FV 3 '5 ZX F'} ~ 3 2" V !!

READ 22 ~ C I
FORMAT FV ~ 3!

READ 988  NAM

FORHAT�44!
NAXOEC~g

sF:4e

LOADsL040»PH05 I}+ ~ 5
CURRENmPHQS  I! ~ DZERO/100 '

R

FRACT  I I } DZERO/Iaa ~
ZEROS ZERO»CURREN» ~ 5

DO 30 Jat ~ 5
IDEc~dEC J} ~ Inoa

0 C E~

FRACT I ~ J+I}aDEC J}/IQD ~
DECIDE�«J+1!mPH05�!»DEC J!/100 ~ + ~ 5

T  + ~F e

IF   DEC IAE   I «J+ I ! ~ GT e<AXDEC! NAXQKC.DEC I DE   I ~ J+ l !
CONT INUK



Ja

T {} P!

CONTINUE

NT CUWl! N RP~N

101

44 r ~

107

~ERa UM'

160

e
3 ~ 221

171

!I ~

12 ~

!!t ~


 ~

'0!
'I ~

'3 ~

'la

'6 ~

'7!

9!

0 ~

'2 ~

3 ~

5 ~
6!

8!

9 ~

I»
2 ~

7 ~

8!

6 ~

7 ~

NUMDEC{ I!aJ
NUMRERaJ

~ E ll 4hv

IF I ~ GT ~ I! MAX I!aHAX{ I~I!+MAXOEC

PR IN 98 !  i'lAME   ! J! !»1 ! 3! ! 02Ei{ !CUD REN
FORM4T { / I X 346,5X ! C!CURRENT REMOVAL PERCt NTAGE F!{ ~ 1 ! SX ~

RREN REMa ! Fn

PRINT 99{!!PH'}S{I!!LOAD!MAX{I!!l.DECIDE{I!J!!COST t!J!!FRACT I!J!
X!J l!NUMeER!

F RVAT  ~ INFi, lT P F ' T TA 4
!{' l NCLUD I;'!G TH I S STAGE ' ! 1101','{AX I MUM FEAS f c}LE IN "T ~
X' To TH I S sTAGE ' 18/

f6 'a1{F'"~ AL' 5 ' aCO 'T ~ x F	 ' ap CENTAGC'

PRI!T IQI.LDAD,ZERO
FQR4AT{' TOTAL l DAD ',Iform 5X 'CURRENT RFMOVALS IID!

PRINT POLICY PERCENTAGES AND ASSOCIATED PgUN{!AGE FIGURES
PR INT 103 {PERCNT{ I ! ~ ! 1,NP!

00 105 Ka 1 ! NP
LLOAD{K! LPA~ PERCNT{g!+ ~ 5

7 1 !'a N

««» ' DA«Y To TAL POUNDS 	2�X ~ IS ~ 2X!!

0S

THERE ARENP ASSOC I ATED COSTS FPR STAGE 1

ISTAGEa1

I CNT2aMAX   I ! -~ IN { I !+ I

00 THK FOLL P!ING FOR EACH INPUT TP STAGE 1
{� 175 Ial,ICNT2

T» +M  {

DKTERH INK LEAST OEC I S ION - HICH COMPLKTEL Y RK!{OVES I NPUT

IF  INPUT ~ LE ~ DECIDE  1 ~ J! ! GO TO 171
CONTINUE

IL 2

FOR:<AT ' PROGRAM ERR1R PQSsISLE INPUT TAeLE IN KRRQR' !
STOP

0 T Nh M s' F

ARRAY ISTRT2+I 1! 1! ~ COST  I ! J!
ARRAY  ISTi{ j2+ I I ! 2! apECIDE  I J!

T f'U

99'l0 ~

2 ~
3 ~

WR I TE { 21! 99V > { ARRAY { I STRT2+I 1 ! I ! ~ 4RR4Y   I STRT2+1-1 ! 2! ~ I a I ~ ICNT2!
FQRWAT 9 Fe ~ 2,F6.Q!!

TREAT S'f AGES 2 THRU l! SAVING ONLY OPTIMAL OKCISIONS
fSTAGEa1



I TE+»s fpTHTI

230

�» 23%

+ «! s

GO TO 200

".JAR 4

26h

REM K! ~ARRAY  !POINT ~ I !265

P NT C ST Fn

280

eM

6 ~
7

8»
9 ~
1

t
I ~

'2 ~

4»
S»

;7 ~
'8 ~

e

0 ~

I ~

I3 ~

t

}6 ~
'l7 ~

9 ~

t0 ~

t5 ~

t6 ~

t8p
<9 ~

~I ~

~ 2 ~

~V ~
55 '

57 '
SS ~

60 '

61 '

43 ~
64 '

66 '
67 '

69 ~

70 '

I S TR T I N I ST I< T2
I STRT2a I' TEIlo
I CNr!~ I CRT 2

ISTAGE~ISTAGF»l
ICNT2~MAX ISTAGE}«M I", !STAGE!+I

00 THE FOLLO~'I NG FPR EACH '! NPUT TO TIiE STAGE 8E ING CONSIDERED
00 217 ! «I i I CN T2
ARRAY ISTRT7+ }en

NUM'!ER~NVMOEC !STAGE}
00 240 I~lgIC IT2
0 40 < O'JMB R

I TR I AL> I+<I IN  I ST4GE } I DEC! DE   I STAGE ~ J!

MAK SURE Rf >   E CA>,' 8 HANDLE f URTkE' g', E L f NE
IF   !TRIAL ~ GT»i'IAX   ISTAGE«l ! ! GO Tb 240
IF !TRIAL ~ LTeMIN ISTAGE 1! ! GO gb 240

F MMEO AT 0

COSTlaCOST ISTAGE!J!
IPO INT ! TRIAL M f N  I STAGE ] !+! STRTI

FRM I NE Ct 4 T
COST2~COST I+4RRAY  IPMINT, I !
I TESTaARRAY   fSTRT2» f«I g I !

E h C

!TEST COST2-ARRAY  ISTRT2+ I lil!
IF  !TEST»GE.h} GO Ta 24a

Vo h h A' a

TOT4L COS$ I S MINI MAL
ARR4Y  I STi<T2» I I ~ I ! +CoST2
ARRAY   'I TR 7+ ~ 1EC

CONT I NUE

IF   I ST4GE ~ EO ~ ~~PLANT! GO TP 260
%R TE  994} ARRAY  STRT + - ! R

OUTPUT RESULTS
00 265 K~!,NP

P NT ~ LLOAD  M N ST + 5'

 TOTAL SYSYE~ COSTS!
PRINT 27~»  Rfk K! »K~I »NP!
FO 'IAT ' OA IL 0 4 CO T ''   X 8

PRINT 280
FORMAT r' REMOyAL DEC!5 tONS AT EACH PLA!~T ~ »!

Aef

DETERMINE NU" BER OF LOGICAL RECORDS WRITTEN ON
Ar h

I CNT2 ~ MAX    STAGE! «M I >I   !STAGE�! » I
I R E C a I C N T 2 '/ P

IF   JREC ~ I'IE ~ h} I REC I REC» I
OP $02 I~I,IREC



BACKSPACE 213

30'!

!'t ~ 305


 ~

REM  I ! INFRACT  I STAGE g J!

'2 ~

'3 ~

'5 ~

b ~
P

'8 ~

'9 ~

lg ~

 ~

kj 7

!8 ~

READ�] ~ 99~!  ARRAY   I STRT2+I I e > I t ARRAY   jgTRT2+I I y2! e la 1 e IC4T2!
OO 303 1~1 e I ~EC
BAC} SPACE 21
DQ 307 I ~ 1,HP
I PQ I"! T LLUAD   I ! H IH   't STAGE ! + I ST! T2

RPWpyai Or S ON LBS OAi

IREE�  I ! ~ARRAY   IPhllvT 2!
LLOAC'  I ! ~LLOAD   I ! I RE,'!   I !

ERma Uil E r

OETERP I~!E PERCENTAGE DECISION FQR TH I S ~ E;e0yAL
00 305 J 1 g NU,<BER

R H I! E C r ~ Ac

C04TIHUE

PRINT 221
a

310
9'
l I ~

� ~
! ~l ~

PRINT 310 e  NA!E  ISTA+Ee J!,J~I ~ 31  RE~  J! egal ~ HP!
FORl<AT   1X ! 3Ab s 1X e 12» 2X ~ F" e 3 ~ 3X ! !

r

ISTAGE~ISTAGE-1
GO TO 300




