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FOREWORD

Today‘’s rapidly developing and changing technologies and
industrial products and practices frequently carry with them the
increased generation of materials that, if improperly dealt with,
can threaten both public health and the environment. The U.S.
Environmental Protection Agency (EPA) is charged by Congress with
protecting the Nation’s land, air, and water resources. Under a
mandate of national environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance
between human activities and the ability of natural systems to
support and nurture life. These laws direct EPA to perform
‘'research to define our environmental problems, measure the
impacts, and search for solutions.

The Risk Reduction Engineering Laboratory is responsible for
planning, implementing, and managing research, development, and
demonstration programs to provide an authoritative, deﬁensible
engineering basis in support of the policies, programs, and
regulations of EPA with respect to drinking water, wastewater,
pesticides, toxic substances, solid and hazardous wastes, and
Superfund-related activities. This publication is one of the
products of that research and provides a vital communidation link
between the researcher and the user community.

As part of these activities, an EPA cooperative agreement
was awarded to the American Society of Civil Engineers :(ASCE) in
. 1985 to evaluate the existing data base on fine pore diffused
aeration systems in both clean and process waters, conduct field
studies at a number of municipal wastewater treatment facilities
employing fine pore aeration, and prepare a comprehensive design
manual on the subject. This manual, entitled "Design Manual -
Fine Pore Aeration Systems," was completed in September 1989 and
is available through EPA’s Center for Environmental Research
Information, Cincinnati, Ohio 45268 (EPA Report No. EPA/625-1-
89/023). The field studies, carried out as contracts under the
ASCE cooperative agreement, were designed to produce reliable
information on the performance and operational requirements of
fine pore devices under process conditions. These studies
‘resulted in 16 separate contractor reports and provided critical
input to the design manual. This report summarizes the results
of one of the 16 field studies. o

E. Timothy Oppelt, Director ‘
Risk Reduction Engineering Laboratory
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PREFACE

- In 1985, the U.S. Env1ronmental Protectlon Agency funded
Cooperative Research Agreement CR812167 with the American Society
of Civil Engineers to evaluate the existing data base on fine
pore diffused aeration systems in both clean and process waters,
conduct field studies at a number of municipal wastewater
treatment facilities employing fine pore diffused aeration, and
prepare a comprehensive design manual on the subject. This
manual, entitled "Design Manual - Fine Pore Aeration Systems, "
was published in September 1989 (EPA Report No. EPA/725/1-89/023)
and is available from the EPA Center for Environmental Research
Information, Cincinnati, OH 45268.

- As part of this project,; contracts were awarded under the
cooperative research agreement to conduct 16 field studies to
provide technical input to the Design Manual. Each of these
field studies resulted in a contractor report. In addition to
quality assurance/quality control (QA/QC) data that may be
included in these reports, comprehensive QA/QC information is
contained in the Design Manual. A listing of these reports is
presented below. All of the reports are available from the
National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161 (Telephone: 703-487-4650).

1. "Fine Pore Diffuser System Evaluation for the Green Bay
Metropolitan Sewerage District" (EPA/600/R-94/093) by J.J.
Marx ‘ :

2. @ "Oxygen Trahsfer Efficiency Surveys at the Jones Island
Treatment Plants, 1985-1988" (EPA/600/R-94/094) by R.
Warriner :

3. "Fine Pore Diffuser Fouling: The Los Angeles Studles“ \

(EPA/600/R~-94/095) by M.K. Stenstrom and G. Masutani

4. "Oxygen Transfer Studles at the Madison Metropolltan
Sewerage District Facilities™ (EPA/600/R-94/096) by W.C.
Boyle, A. Craven, W. Danley, and M. Rieth

5. "Long Term Performance Characteristics of Fine Pore Ceramic
Diffusers at Monroe, Wisconsin" (EPA/600/R-94/097) by D.T.
Redmon, L. Ewing, H. Melcer, and G.V. Ellefson

6. "Case History of Fine Pore Diffuser Retrofit at Ridgewood,
- New Jersey" (EPA/600/R-94/098) by J.A. Mueller and P.D.
Saurer ‘




10.

11.

12.

13.

14.,

15.

16.

- "Oxygen Transfer Efficiency Surveys at the South Shore

Wastewater Treatment Plant, 1985-1987" (EPA/600/R 94/099) by
R. Warriner

"Fine Pore Diffuser Case History for Frankenmuth, Michigan™

- (EPA/600/R-94/100) by T.A. Allbaugh and S.J. Kang .

"Off-gas Analysis'Results and Fine Pore Retrofit Information
for Glastonbury, Connecticut® (EPA/600/R-94/101) by R.G.
Gilbert and R.C. Sullivan ' :

"Off-Gas Analysis Results and Fine Pore Retrofit Case

History for Hartford, Connecticut®™ (EPA/600/R-94/105) by
R.G. Gilbert and R.C. Sullivan ' :

""The Measurement and Control of Foulingvin Fine Pore

Diffuser Systems®™ (EPA/600/R-94/102) by E.L. Barnhart and M.
Ceollins v : ;

"Fouling of Fine Pore Diffused Aerators: An Interplant
Comparison" (EPA/600/R-94/103) by C.R. Baillod and K.
Hopkins

"Case History Report on Mllwaukee Ceramlc Plate Aeratlon
Facilities™ (EPA/600/R-94/106) by L.A. Ernest

"Survey and Evaluation of Porous Polyethylene Media Fine
Bubble Tube and Disk Aerators" (EPA/600/R-94/104) by D.H.
Houck i g

"Investigations into Biofouling Phenomena in Fine Pore
Aeration Devices™ (EPA/600/R= 94/107) by W. Jansen, J.W.
Costerton, and H. Melcer

"Characterization of Clean and Fouled Perforated Membrane
Diffusers"™ (EPA/600/R-94/108) by Ewing Engineering Co.




ABSTRACT

Ceramic plate diffusers were among the earliest forms of
fine pore diffusers used for oxygen transfer in activated sludge
treatment. They have been successfully used for over 60 years in
the Jones Island West Plant of the Milwaukee Metropolitan
Sewerage District and, since initial start-up, in the Jones
Island East Plant and the South Shore Plant. Surveys of
performance of these diffusers in all three plants were included
in the EPA/ASCE Fine Pore Aeration Project. This report presents
the results of off-gas sampling surveys carried our at the
original Jones Island West Plant and in the newly rehabilitated
East Plant. The West Plant basins were scheduled for
rehabilitation in 1989-90.

Twenty-one (21) basin surveys were carried out in. the West
Plant and 30 in the East Plant. For the West Plant basins, which
contained the original ceramic diffusers with 15 feet of
submergence, installed in 1923 and 1924, the median value of
standardized oxygen transfer efficiency, alphaF(SOTE), was 11.8%.
For the East Plant basins, which contained diffusers with 14 feet
of submergence, installed in 1983, the median value of"
alphaF (SOTE) WAS 15.3%.

. Cleaning history was noted for each basin at the time of
each off-gas survey. An effect of time-in-service since cleaning
on oxygen transfer efficiency was not documented by these
surveys; however, there was an indication that short-term
improvement occurred in the East Plant. Since alpha is unknown
and varies widely between surveys, and possibly during surveys,
it is difficult to separate alpha effects from fouling (F)
effects on oxygen.transfer efficiency. For the most part,
extended periods of basin operation have no measurable effect on
performance. ‘

-~ This report was submitted in partial fulfillment of
Cooperative Agreement No. CR812167 by the American Society of
Civil Engineers under subcontract to the Milwaukee Metropolitan
Sewerage District under the partial sponsorship of the U.S.
Environmental Protection Agency. The work reported herein was
conducted over the period of 1985-1988. ‘ -
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INTRODUCTION

Ceramic plate diffusers were among the earliest forms of fine
pore diffusers used for oxygen transfer in activated sludge
treatment. They have been successfully used for over sixty years
in the Jones Island West Plant of the Milwaukee Metropolitan
Sewerage District (MMSD) and, since initial start-up, in the
Jones Island East Plant and the South Shore Plant. Because of
this record, surveys of current performance of these diffusers in
all three activated sludge plants were included in the EPA/ASCE
Fine Pore Diffuser Project. This report presents the results of
off-gas sampling surveys carried out in the original Jones Island
- West Plant and in the newly rehabilitated East Plant. The West
Plant basins are scheduled for rehabilitation in 1989-90.

The present Jones Island Plant treats a dry weather flow of
approximately 100 MGD with 70 MGD going to the East Plant and 30
MGD to the original West Plant. Aeration basins in both plants
are equipped with one foot square diffuser plates assembled in 9-
plate containers. However, the diffusers in the West Plant are
the original fused silica plates installed in 1923 and 1924,
They are one and a half inches thick, and the containers are
placed across the direction of basin flow in a ridge and furrow
configuration. In the East Plant the diffuser material is a
mixture of alumina and silica, and the diffusers are one-inch
thick with the containers arranged in a longitudinal, full floor
coverage pattern. These diffusers were installed when the plant
was rehabilitated in 1983. Diffuser submergence for the West
Plant was 15 feet, and for the rehabilitated East Plant it is 14
feet. ,

SURVVEY PROGRAM - - - e R . . . B et TR N T SR

Oxygen transfer efficiency surveys in the East Plant were made on
15 test days between August 30, 1985 and June 1, 1988. Both
north and south passes of the basin were surveyed on each test
date. Since the East Plant aeration basins were not included in
the original EPA/ASCE Fine Pore diffuser Project, a testing
program was not laid out in advance. Instead, surveys were
conducted in response to requests from Operations staff. 1In 1985
and 1986, surveys were conducted in four different basins.
However, Basin 6 was tested on 10 of the 15 survey days. Since
Basin 6 was cleaned only in June, 1985 and June, 1988, the survey
record provided an opportunity to monitor diffuser performance as
a function of time in service. 1In addition to full basin
surveys, special studies were carried out in Basin 6 on the
influence of air flow rate on zero-DO OTE under process




conditions. This normalized value for basin efficiency is known
as alphaF(SOTE).

In the West Plant a program was planned to include twenty surveys
of West Plant basins. Originally, five basins were to be tested
four times each over a two-year period; however, due to a -
cleaning program in progress when off-gas surveys were scheduled,
-only five or six basins were normally available for testing.
Since different basins were available at different times, the
off-gas survey program had to be changed to include those basins
that could be tested at the times equipment and personnel were
available. None of the basins could be tested in all four of the
test periods.

Following the April, 1986 Contractors' meeting, two additional
surveys in the West Plant were added to the program. The first
was a one-time investigation of the effects of collection hood
placement patterns on observed oxygen transfer efficiency. The
second was a 24-hour survey with hourly OTE observations for two
hood stations in basin No. 16. '




CONCLUSIONS

Overall average values of alphaF(SOTE) were higher in the East
Plant than in the West Plant. The difference was probably due in
part to the fact that all the West Plant basins tested were
equipped with the original diffuser plates that had been
installed in 1923-24. The East Plant diffusers were installed in
1983. Since the West Plant is scheduled for complete
rehabilitation with installation of new diffuser plates, much
maintenance has been deferred. The tank surface revealed
boiling, indicative of damaged or poorly maintained diffusers.
Another difference between the plants was in the layout of
diffusers, a ridge and furrow pattern in the West Plant and. a
longitudinal pattern in the East Plant. :

While many factors potentially contributed to differences in
oxygen transfer efficiency between the two plants, the mean
values for alphaF(SOTE) of 3.6% per meter of depth for the East
Plant and 2.7% per meter for the West Plant were both considered
representative of excellent fine pore diffuser performance for
highly loaded municipal activated sludge plants (1). It is
noteworthy that data obtained in 1964, for East Plant basins
equipped with square diffusers in a similar longitudinal grid,
showed almost the same average zero DO efficiency of 3.4% per
meter of depth (2). Another conclusion applicable to both plants
was tht time-in-service since diffuser cleaning had no
discernible effect in alphaF(SOTE).

EAST PLANT

1. The flux weighted alphaF(SOTE) values obtained from 30 Jones
Island East Plant aeration basin surveys on 15 test days
ranged from 11.4% to 19.2% with a mean value of 15.4%. (The
mean for 20 surveys in Basin 6 was 15.6%.) i

2. The mean sludge age for the East Plant for the 15 test days
was 3.8 days with a_range of 2.3 to 5.3 days. The mean {/M
ratio was 0.65 day"l, with a range of 0.32 to 0.97 day ~*.
No relationship was found between process OTE values and
sludge age or F/M ratio.

3. During the second and third years following diffuser cleaning
in Basin 6, with no primary sedimentation to reduce the waste
load, the oxygen transfer capability, as measured by the off-
gas method, was unchanged. ’

4., In two éide—by—side trials, tapering the air supply had
little effect on the overall rate of oxygen transfer.

¥




At the basin inlet, under conditions of high potential oxygen
uptake rate and very low dissolved oxygen, the oxygen
transfer efficiency was constant over a large range of air
flow rate. :

WEST PLANT

1.

The flux weighted alphaF(SOTE) values obtained from 21 West
Plant aeration basin surveys ranged from 6.6% to 15.6% with a

-mean value of 11.7% (The median was 11.8%.) ‘

The mean and the median sludge age for the West Plant for the
21 test days in the ftudy period was 3.3 days. Thf mean F/M
“*. (The median was 0.63 days™+.)

ratio was 0.82 days




RECOMMENDATIONS

Since a prominent characteristic of the aeration basins in
both treatment plants is large diffuser areas and low air
flux rates, further attention should be directed to this
variable. The effect of diffuser surface area on performance
should be investigated and should be examined separately from
the effect of air flux rate. - :

Since the effects of wastewater characteristics (alpha) and
fouling (F) may have quite different effects on operating
costs, an attempt should be made to separate these two
phenomena. This could be done, for example, by comparing a
freshly acid cleaned basin and a long time-in-service basin
side~by-side, by comparing a week-end (low BOD loading)
survey with a mid-week survey, and by surveying a basin with
mixed liquor feed temporarily cut off.




TREATMENT PLANT DESCRIPTIONS

Detailed information concerning the historical records, aeration
basin and process air supply designs, and the operation of both

plants are presented in a report by Ernest (3) on the operating

history of the Milwaukee Aeration Facilities as part of the same
-ASCE/EPA project.

EAST PLANT

The East Plant provides activated sludge treatment for
approximately 75 MGD of screened municipal and industrial’
wastewater with 5-day BOD of 300 mg/L. Forty aeration basins are
operated in pairs with the layout and dimensions shown in

Figure 1. Part of the plant was constructed in 1935 and the
remainder in 1952. Each pair of basins was operated as one
2-pass basin. Various fine bubble diffuser types and floor
coverages were employed, and, at times, severe problems with
aeration capacity were experienced. Extensive investigations in
the 1960s (2) led to the longitudinal, full floor coverage
patterns of diffusers still used today. 1In 1983, the basins were
rehabilitated with new diffuser plates and piping and:
‘improvements in the distribution of air to downcomers and the
tank drainage. The diffuser layout and the plate specifications
were essentially unchanged. In June, 1985, the basins were
converted to single pass operation. :

The diffusers are square ceramic plates, mixtures of alumina and
silca 12 inches square and 1 inch thick. The permeabilities
range from 17 to 23. The plates are grouped by permeabilities in
ranges of 17-19, 20-21, and 22-23. Each downcomer is fitted with
plates of only one range. The plates are grouted into concrete
containers placed flush with the bottom of the tank. Each
container contains 9 plates and is connected at one end to a
l-inch diameter air pipe. The containers are placed end to end
in the direction of the tank length, 32 containers in 'a row and S
rows across the width of the basin. There are 1450 plates in
each basin, 2900 plates in each pair. :

As shown in Figure 1, air is supplied from downcomers to 3
separate zones in each basin. Air flow to each zone is set
manually by a butterfly valve, but within each zone there are no
orifices for control of air distribution. Each downcomer is
equipped with an orifice meter and the air flow corresponding to
the pressure drop is read from a portable flow indicator. A
permanently mounted orifice meter and flow indicator for each
pair of basins (6 zones) provides a check on the sum of the
readings taken at the separate zones.
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WEST PLANT

The Jones Island West Plant comprised two batteries of 12
aeration basins each. All surveys for the fine pore diffuser
project were carried out in the South Battery. Recycle sludge
and screened sewage are combined to form the mixed liquor feeding
both north and south batteries. The aeration basins are two-
pass; each pass is 222 feet long and 22 feet wide. The water
depth is 15 feet to the surface of the plates.

Figure 2 shows plan and cross-section views of Basin Number 6
which was also the location of a four unit disk diffuser test
plenum that was installed and monitored during the course of
these surveys. “

The air supply to each tank is metered through a single main that
divides into two downcomers, one feeding each pass as indicated
in Figure 2. The air supply pipe runs along the center near the
bottom of each pass with take-offs to diffuser containers on '
either side and along the center line. Each container holds nine
plates. The containers are placed in the bottom of the tank in a
ridge and furrow configuration, so that they lie across the
direction of flow except for one row that runs longitudinally
along the center of the tank floor parallel to the air supply
line. All 12 aeration basins in the South Battery contain the
original Filtros silica plates, 12 inches square by 1-1/2 inches
thick with permeabilities of 9-10, that were installed in 1923
and 1924. The total number of plates in each two-pass tank is
2348. ‘ ‘ :

The aeration basins in the South Pass of the West Plant are
scheduled to be completely rehabilitated with new plates and air
piping as well as conversion from two-pass to single pass
operation before 1990. Therefore, a significant amount of
maintenance has been deferred. During the 1985/86 testing™

. periods, all of the tanks had one or more large boils
representing damaged plates or piping. Furthermore, the operator
frequently experienced difficulty in getting sufficient air flow
to some of the tanks to keep a consistent positive dissolved
oxygen measurement at the three-quarter point where the Zullig DO
probe was located. 1In an effort to correct this apparent fouling
problem, several tanks were taken out of service for acid
cleaning in. 1985 and 1986. '
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CONDUCT OF THE SURVEYS

OFF~GAS SURVEY METHODS

The MMSD purchased an "Aerator-Rator, Mark IV" off-gas analyzer
from Ewing Engineering Company in June, 1985. This provided the
opportunity to use the off-gas method for measurement' of oxygen
transfer efficiency as described by Redmon, et al. (4). The off-
- gas monitoring unit was used with two gas collection hoods,
designed and built by Ewing Engineering Company. The hoods,
constructed of fiber glass and PVC pipe reinforcing, each had a
collection area of dimensions 2 feet by 16.5 feet or 33 square
feet. The volume under the hood was, approximately 30 cubic feet
and depended on the hood position in the mixed liquor, The
connection between each hood and the Aerator-Rator was made with
50 feet of 1-1/4 inch vacuum cleaner hose.

Carbon dioxide content in the off-gas was measured using a Dwyer
CO, indicator. The Aerator-Rator came equipped with a drying
column, so humidity data were not collected for either off-gas or
reference air. At least two gas samples were collected for co,
determination for every collection hood position. Mixed liquor
dissolved oxygen concentration was also measured at every '
collection hood station using ¥YSI dissolved oxygen meters and
field probes. Readings were taken at depths of approximately
four feet and ten feet and averaged. These two readings rarely
varied by more than 0.1 mg/l. ‘

East Plant

Before an East Plant tank was surveyed, 12 test stations were
located at equal distances along the length. With a hHood
collecting off-gas from 33 square feet at each station, the total
area sampled was 396 square feet or five percent of tank surface
area. For the East Plant surveys, north and south passes were
tested on the same day with one collecting hood in each pass and
‘the Aerator-Rator set up between the two passes. Stations were
- sampled in sequence from the inlet to the outlet, alternating
between the north and south passes. At each station, ithe hood
was positioned lengthwise across the width of the tank,
approximately in the center, and secured with ropes. As soon as
a station was sampled, the hood was moved to the next location
while a measurement was completed for the adjacent tank.

The traverse from inlet to outlet for both passes usually
required 6 hours. The average time on a station was 15 minutes,
with the oxygen sensor millivolt output recorded for the latter
half of that period. After data for a station were recorded, the
hood was moved immediately to the next station where about” 20

10




minutes elapsed before off-gas readings were started. These:
readings were recorded at one-minute intervals, and the data were
accepted when 4 readings had been obtained within a range not
exceeding 4 millivolts,

West Plant

For a West Plant survey, 15 test stations were located at
approximately equal intervals along the length of the 'tank. With
a hood collecting off-gas from 33 square feet at each station,
the total area sampled was 495 square feet or five percent of
tank surface area. The hoods were positioned lengthwise across
the width of the tank, except at the turning point (Station 8)
where the hood was halfway between the baffle and the endwall,
along the direction of flow. The West Plant tanks are laid out
in pairs with the second pass of one tank sharing a common wall
with the first pass of the other tank. Therefore, the off-gas
analyzer could be used from only one side of the tank. Hood
placements in the pass away from the operator had to be made by a
team member in a boat. Hooks that could be moved from position
to position had to be constructed so that ropes from the hoods
could be secured as required.

For the West Plant surveys, testing began in the mornlng at the
turning point. One hood was then moved along each pass. The
final readings were taken about six hours later at the furthest
upstream and furthest downstream p051tlons in the tanks
(stations 1 and 15).

AERATION BASIN OPERATION

East Plant

i

Screened wastewater is comblned with return sludge and conveyed
in an aerated channel approx1mately 450 feet to the East Plant
basins. Each of the 20 pairs of basins has a common headworks.
The split in mixed liquor flow between the north pass and the
south pass is partly controlled by weir elevations at the
discharge end and is intended to be exactly even. A dye test
carried out shortly after the start of single-pass operation in
1985 showed that the flow in the south pass of Basin 6 was about
10 percent higher than the flow in the north pass. The mixed
liquor in the feed channel travels about 1200 feet from Basin 1
to Basin 20. Measurements of dissolved oxygen and oxygen uptake
rate at intervals along the feed channel have shown that a
fraction of the waste load is removed in the channel, 'but the
extent of this treatment has not been measured.

11




The inlet zone of each pass is about 25 percent larger than the
second or the third zone, but the density of diffuser plates is
the same. Usually, during off-gas OTE surveys air flows to the
zones were adjusted to provide the same air flow rate per
diffuser throughout the tank; however, in some cases air flow was
tapered (i.e., more air was added in the first zone). During a
survey, air flow to the basin was kept constant. Mixed liquor
flows varied only slightly (usually within plus or minus 10%).

West Plant

For West Plant tanks both air flow and mixed liquor flow were
manually controlled. Mixed liquor flow varied diurnally, but
variation did not exceed 25 percent of average flow during a
test. Air flows varied even less and were manually adjusted to
keep them within about 10 percent of the average for the test
period. : :

TREATMENT PLANT OPERATION

Measurements of screened sewage 5~day BOD and mixed liquor
suspended solids were obtained from plant monthly reports
providing analytical data from 24-hour composite samples and
operations data based on the same 24-hour periods. Nitrogen data
were all compiled from plant monthly reports and based on 24-hour
composite samples of screened sewage and final effluent.

Sludge is wasted at the Jones Island West Plant through separate
gravity thickeners which are fed mixed liquor from aeration tanks
isolated for this purpose. Sludge wasting from the East Plant is
accomplished by pumping return sludge across to the West Plant
return sludge line. This procedure probably did not affect the
West Plant OTE surveys because none of the aeration basins used
for sludge wasting was included in the study. However, the
calculation of sludge age estimates for West Plant was
complicated by the inflow of East Plant waste sludge which would
have to be subtracted from the total sludge wasting for the .
entire Jones Island Plant. Since the former can vary widely over
24 hours, such a calculation is questionable. As an alternative,
sludge age values reported for the West Plant are those
calculated for the entire plant by plant operations staff for the
monthly data summary. The calculation is based on the total
solids inventory throughout the plant and the total solids
wasting rate. For the East Plant surveys, on the other hand, the
sludge ages reported are based on East Plant data including
estimates of the solids in the clarifiers and feed channels.

12




PRESENTATION OF SURVEY DATA

Survey data were recorded on the "Off-Gas Field Data Sheet"
(5). The value of beta, the ratio of the saturation oxygen
concentration. in process water to that in clean water, was
assumed to be 0.99 for all of the surveys. The clean water
saturation values selected were 10.5 mg/l for the l4-foot deep
East Plant aeration basins and 10.6 mg/l for the West Plant
basins where the submergence was 15 feet (6). An effective
saturation depth of 43% of submergence was assumed in obtaining
the pressure correction factor used to calculate the field
dissolved oxygen saturation value and the deficit or driving
force at each station.

A FORTRAN program was written to accept the data obtained from an
off-gas survey, complete the required calculations, and print a
report displaying the data and the calculated efficiencies for
each station as well as flux weighted values for the field
efficiency (FOTE) and the standard efficiency for a dissolved
oxygen concentration of zero, i.e., alphaF(SOTE). Figure 3 is an
illustration of a survey summary report for the East Plant and
Figure 4 is an illustration for the West Plant. o

13
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SURVEY RESULTS

EAST PLANT

Fifteen pairs of surveys were completed for the Jones Island East
Plant. Table 1 is an overall summary of test dates, test
conditions and flux weighted average field and standard OTE
values. Also shown are tank cleaning information and sludge age
and loading estimates for the test dates. 1In addition to
maintaining a constant air flow to the basin pair durlng an OTE
survey, the survey team also monitored the air flows in the six
downcomers (three in each pass). These zone air flows were also
recorded and are shown in Table 2. Table 3 contains nitrogen
"related data taken from plant laboratory records for the 15 test
dates. Detailed information concerning treatment plant
facilities and operation is included in the East Plant Overall
Plant Data Sheet (Appendix A). w

Since 10 of the 15 surveys in the East Plant between August, 1985
and June, 1988, were conducted in Basin 6, Table 4 was prepared
to show the trends in performance of this basin. Basin 6 was
hosed and acid cleaned in June, 1985, the same month when the
East Plant aeration basins were converted from 2-pass to single
pass operation.

Tank 6 performance was evaluated in September, 1985, and
subsequently in 1986-88, as shown in Table 4. AlphaF(SOTE)
varied between 14 and 17 percent, but showed no decrease with the
two years in service. The tank was hosed and acid cleaned in
May, 1988. Values of alphaF(SOTE) of 19 and 17 percent were then
obtained for the north and south passes, respectively. While
these efficiencies were higher than average for the previous
three years, one cannot, on the basis of this one survey,
conclude the cleaning procedure produced significant improvement.

During May, 1987, two surveys were conducted in Basin 6 when the
air flow was set at a uniform rate to all three zones 1n one pass
but concentrated in the first zone in the other pass. For the
higher air flow test (Fig. 5), the north pass with air. flow at a
uniform rate of about 1.3 scfm/diffuser had a flux weighted
alphaF(SOTE) value of 17 percent. The south pass with a tapered
air supply had a flux weighted alphaF(SOTE) value of 15

percent. However, the dissolved oxygen (DO) concentration in the
South Pass rose more rapidly in the first zone which may at times
be a desirable operating condition (e.g., as a possible means for
control of the growth of filamentous bacteria).

For the test with lower air flow (Fig. 6), the DO concentration
at the overflow from the basin with a uniform air supply was
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TABLE 2. SUPPLEMENTARY AIR FLOW RATE DATA FOR EAST
PLANT OXYGEN TRANSFER SURVEYS :

Air Rate (1)
Date _ Tank scfm scfm/diffuser
Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3
8/30/85 18 1250 750 500 2.24 1.67 1.13
 9/04/85 6 750 500 500 1.34 1.11 1.13
9/19/85 6 960 710 540 1.72 1.58 1.22
9/24/85 18 750 500 500 1.34 1.1 1.13
4/22/86 3 700 430 280 1.25 0.96 0.63
4/24/86 1T 8uo 570 390 1.51 1.27 0.88
10/07/86 6 3400 (North and South) 1.17 (North and South)
10/22/86 18 700 500 400 1.25 1.1 0.91
10/27/86 6 615 520 490 1.10 1.16 1.11
10/28/86 6 500 400 350 0.90 0.89 0.79
5/22/87 6N T4O 590 580 1.33 1.31 1.31
| 65 1080 420 410 1.94 0.93 0.93
5/28/87 6N 820 290 280 1.47 0.64 0.63
, 63 540 130 420 0.97 0.96 1 0.95
7/14/87 6 675 550 545 .21 1.22 1.23
11/12/87 6 570 470 - 460 1.02 1.04 1.04

6/1/88 6 600 . 490 480 ~1.08 1.09 1.09

(1) Unless otherwise indicated, zone air flows were the same for the North Pass °
and the South'Pass. Numbers of plates per zone are as follows: ' Zone 1 - 558,
Zone 2 - 450, Zone 3 - 442, '
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TABLE 3. SECONDARY TREATMENT NITROGEN DATA FOR
EAST PLANT OXYGEN TRANSFER SURVEYS

Screened Sewage East Plant Effluent

Date TKN TRN NO2 NO3
8/30/85 37 ' 5 0.6 3.4
9/14/85 , 40 7 1.4 4.1
9/19/85 38 7 1.9 2.2
9/24/85 43 8 1.3 2.7
4/22/86 -- 10 0.2 0.2
4/24/86 39 12 0.2 0.2
10/07/86 24 5 . 3.7
10/22/86 - 5 2.2
10/27/86 24 7 . 2.4
10/28/86 25 8 0.4 1.2
5/22/87 41 6 0.1 .2
5/28/87 | 50 8 0.1 )
7/14/87 - 38 9 0.5 0.9
11/12/87 48 12 0.1 0.1
6/01/88 » 47 | 12 0.1 0.1

All values in mg/l; (--) denotes missing value.
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EAST PLANT TANK 6 NORTH
TESTED ON MAY 22, 1887
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Figure . 5. Oxygen transfer eff1c1ency and dlssolved oxygen

concentration in Basin No. 6, May 22, 1987

Note: Air flow to each pass was 1910 scfm, added unlformly in
the north pass at 1.3 scfm per diffuser and at' 1.94, 0.93
and 0.93 scfm per diffuser in the first, second and third
zones of the south pass, respectively.
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EAST PLANT TANK 6 NORTH
TESTED ON MAY 28, 1987
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Figure 6. ' Oxygen transfer efficiency and dissolved oxygen

Note:

concentration in Basin No. 6, May 28, 1987.

Air flow to each pass was 1390 scfm, added uniformly in

 the south pass at 0.96 scfm per diffuser and at 1.47, 0.64

and 0.63 scfm per diffuser in the first, second and third
zones of the north pass, respectively. '




about 3 mg/L. For the basin with a tapered air supply it was
close to zero. Several months later, when the same average air
flow rate of about one scfm per diffuser was applied uniformly in
both passes during a survey, the OTE and DO profiles were almost
identical for both passes as shown in Figure 7.

Boyle (7) cited reports indicating decreased SOTE with increase
in air flow per diffuser for various types of fine bubble
diffusers. This effect was investigated for this diffuser system
by measuring alphaF(SOTE) for a range of air flows at .a location
4 meters from the basin inlet (where oxygen uptake rate would not
limit oxygen transfer rate) and at a location 6 meters from the
basin outlet (where oxygen uptake rate would probably 'limit
oxyden transfer rate). The results of two tests at the basin
inlet are shown in Tables 5 and 6. In both test series
alphaF(SOTE) was constant as air flow per diffuser incdreased.
There are several possible explanations for this finding. SOTE
may have decreased at the same time as alpha increased. A more
likely condition, given the absence of air flow control orifices
to the individual containers, is that SOTE decreased for diffuser
plates in service, but previously inactive diffuser plates were
brought into service as air flow to the zone increased. This
could produce the overall result that alphaF(SOTE) stayed
constant. _ ' .

At the basin outlet alphaF(SOTE) appeared to be constant for the
range of air flows shown in Table 7. Field oxygen transfer rate
and dissolved oxygen concentration also increased. While it is
possible that oxygen uptake rate increased even with DO
concentrations in the range of 3 to 6 mg/L, additional test runs
will be needed to establish that test conditions were at steady
state during the measurements. ‘
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EAST PLANT TANK 6 NORTH
TESTED ON NOVEMBER 12, 1887
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Oxygen transfer efficiency and dissolved oxygen

Figure 7.
concentration in Basin No. 6, November 12, 1987.

Note: Air flow to each pass was 1.09 scfm per diffuser to all
three zones.
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TABLE 5. OXYGEN TRANSFER MEASUREMENTS AT THE INLET,
WITH A LOW OXYCEN UPTAKE RATE (1),
IN EAST PLANT BASIN 6

Air Flow §(2) AlphaF(SOTE)  Dissolved Oxygen

scfm/ft3 -hr L3 mg/1
0.34 7 : 8 ‘ ' 0.2
0.68 15 8 0.3
1.02 22 ‘ 10 2.0

(1)

(2)

Wastewater 5-day BOD was 300 mg/l; mixed llquor volatlle
suspended solids concentration was 900 mg/1.

FOTR = field oxygen transfer rate.
TABLE 6. OXYGEN TRANSFER MEASUREMENTS AT THE

. INLET, WITH A HIGH OXYGEN UPTAKE RATE (l),
IN EAST PLANT BASIN 6 ‘

Air Flow3 §(2) ' - AlphaF(SOTE) Dissolved Oxygenv
scfm/£t ~hr % ‘ mg/1
0.38 10 10 0.1
0.76 22 o 11 A S T
111 33 11 0
1.43 37 10 0.1

1.76 42 9 0.2

(1) Wastewater 5-day BOD was 290 mg/l; mixed liquor volatile

(2)

suspended solids concentration was 1700 mg/l.

FOTR = field oxygen transfer rate.
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TABLE 7: OXYGEN TRANSFER MEASUREMENTS AT THE OUTLET (1)
IN EAST PLANT BASIN 6

Air Flow FOT§(2) AlphaF(SOTE) Dissolved Oxygen

scfm/ft:3 m~-hr % mg/1
0.42 12 14 : 3.3
0.68 17 . 16 | 4.7
1.02 19 15 5.8

(l) Mixed liquor volatile suspended solids concentratlon was 1200
mg/1l.

(2) FOTR = field oxygen transfer rate. : .
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WEST PLANT )
Twenty-one surveys were completed for the Jones Island West
Plant. .Table 8 is an overall summary of test dates, test
conditions, and flux weighted average field and standard OTE
values. Also shown are tank cleaning information and sludge age
and loading estimates for the test dates. Table 9 contains
nitrogen related data taken from plant laboratory records for the
21 test dates. Detailed information concerning treatment plant
facilities and operation are included in the Overall Plant Data
Sheet (Appendix B) and in the monthly averages of analytical data
for Jones Island screened sewage and of operating data for the
West Plant activated sludge basins. These latter data were
compiled in connection with the EPA/ASCE Interplant Fouling Study
(Appendix C). , :

Figure 8 shows two of the profiles obtained, one in August, 1985,
and one in August, 1986. The first showed a DO concentration of
one to three mg/L throughout most of the basin, while in the
second the DO concentration never exceeded one mg/L. The flux-
weighted standardized OTE values were nearly identical (11.9 and
11.8%). The form of the DO profile for the 1985 survey was quite
unexpected for a tank designed for plug flow. In fact, many of
the DO profiles observed were difficult to explain. Conditions
that contributed to these results in many of the surveys included
one or more of the following:

1. The survey schedule that sampled the middle of the basin
early in the day and then moved both upstream and
downstream as the load increased. ;

2. Operator determined changes in air flows and mixed liquor
flows while surveys were in progress.

3. Severe boils or gushers where plates or pipes were

damaged, starving the immediate vicinity for air and
causing low OTE for the air escaping at the boil.

Diurnal Study

The results of a diurnal test at stations 2 and 14 are shown in
Figure 9. The test ran from noon, September 2, to noon,.
September 3, 1986. The air flow to the basin was maintained at
3000 scfm. The dissolved oxygen profile was nearly flat at less
than 0.2 mg/L throughout the 24 hours at station 2, while it
varied between 1.0 and 2.5 mg/L, probably in response to plant
loading, at station 14. :

Since the collection hoods were kept at fixed locations} changes
in alphaF(SOTE) were presumably the result of changes in mixed
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TABLE 9. SUPPLEMENTARY SECONDARY TREATMENT NITROGEN
- DATA FOR JONES ISLAND PLANT FOR THE
WEST PLANT SURVEY DATES

Screened Sewage Final Effluenf

Date TRN TKN NH; NO, , NOg
7/31/85 - 34 10 5 0.4 ' 0.6
8/12/85 24 5 1 1.1 6.0

' 8/14/85 41 8 3 0.5 . 1.5
8/20/85 39 5 1 0.8 . 6.5
8/23/85 38 6 3 0.5 ' 3.8

- 8/27/85 42 6 3 0.6 3.2

10/14/85 . 35 6 2 0.9 2.8

11/04/85 " . 29 ‘ 7 4 0.9 | 3.6

11/05/85 34 12 8 1.1 . 1.8

. 11/07/85 37 12 6 0.5 0.5

11/14/85 30 | 7 4 0.5 . 0.6
5/02/86 38 12 8 0.1 . 0.3
5/08/86 34 11 6 0.2 .- 0.2
5/13/86 35 14 8 0.2 0.1
6/23/86 24 4 2 0.6 8.8
6/25/86 32 5 2 0.4 1.5
8/11/86 27 3 1 0.9 4.6
8/12/86 27 5 2 0.4 .0.9
8/13/86 29 6 3 0.4 0.9
8/19/86 26 3 2 0.5 1.7
8/20/86 - 5 2 ..0.4 1.3

All values in mg/L; (-) denotes m1s31ng value; during the study

period, no samples were collected for West Plant alone.
thls table apply to the entire Jones Island Plant.
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JONES ISLAND WEST PLANT TANK 6
TESTED ON AUGUST 12, 1986

0.20~

|STANDARD EFFICIENCY |

0.18 4

" :
g 0.10 Y .
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R VAN
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JONES ISLAND WEST PLANT TANK 18
TESTED ON AUGUST 18, 1986

[STANDARD EFFICIENCY |

' £
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Figure 8. Oxygen transfer efficiency and dissolvedloxygen
concentration in West Plant Tanks 6 and 16.
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JONES ISLAND WEST PLANT
DIURNAL STUDY
TANK 16 STATION 2
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| A DIBSOLYED OXYGEN o8 g
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Figure 9. Diurnal test results for West Dlant Tank 16 on
September 2 and 3, 198s.
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liquor characteristics, that is, alpha, in response to changes in
plant organic loading. Although the swing was not dramatic,
there was an increase in alphaF(SOTE) beginning about 6:00 a.m.
at station 2 and 10:00 a.m. at station 14, a change that was
consistent with the hydraulic residence time of about 4 hours
during the survey. »

Coliection Hood Orientation

On July 3, 1986, the effect of the pattern used for the hood
locations was tested in a separate set of OTE measurements in the
downstream pass of Tank 20. The two hoods were moved in tandem
in a "T" formation. The lead hood was positioned across the
direction of mixed liquor flow (the pattern presently used) and
the trailing hood was positioned in the center of the:tank along
the direction of flow. One hood was slightly ahead of, and the
other slightly behind, the usual test locations for Tank 20 in
the downstream pass. :

Seven tank locations were tested in this manner. There was no
significant difference (P<0.05) for OTE values, but the mean flux
rate for the cross-tank position was nearly double the mean flux
rate for the along-the-tank position. The results are shown in
Tabie 10. The applied air rate was approximately 0.12 scfm/sq
ft. The most likely explanation for the high flux rates measured
in the cross-tank orientation was the presence of severe boils at
two stations. '

TABLE 10. HOOD POSITION TEST AVERAGE RESULTS FOR
THE WEST PLANT . ‘

Hood Position AlphaF (SOTE) Flux Rate

' : % ' scfm/sq ft.(1)
Across Tank , 10.5 0.207
Along Tank 10.5 0.124

(l)‘The applied air flow rate was 0.122 scfm/sq ft.
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DISCUSSION

The standardization of oxygen transfer efficiency under process
conditions, alphaF(SOTE), has been proposed by the ASCE Oxygen
Transfer Committee for characterizing performance of aeration |
basins equipped with fine pore diffusers (l1). SOTE refers to clean
water performance which is unknown in this case. Alpha is the
ratio of oxygen transfer rate under process conditions to the rate
in clean water. With time, diffusers operating under process o
conditions may suffer fouling and loss of efficiency.. This effect
is incorporated in the modified transfer efficiency term,
alphaF(SOTE).

EAST PLANT

The average value of alphaF(SOTE) for all 30 East Plant surveys was
15.4% with a range of 11.4 to 19.2%. For the East Plant tanks the
average efficiency per meter of depth was 3.6%, a very high value
in comparison with the values in the interim data base presented by
Brenner and Boyle (1l). ’ ; :

Among the operating variables presented in Table 1, sludge age
varied from 2.3 days to 5.8 days, air flow from 1250 scfm (0.86
scfm/diffuser) to 2500 scfm (1.72 scfm/diffuser), and time in
service since previous cleaning from one month to two and a half
years. The influence of these variables on efficiency was examined
by applying stepwise multiple regression. With a 5% level of
significance, no statistical relationship was found between any of
these variables and alphaF(SOTE). .

" WEST PLANT

The average value of alphaF(SOTE) for 21 West Plant surveys was
11.7% with a range of 6.6 to 15.6%. For the West Plant tanks the
average efficiency per meter of depth was 2.7% which, for a sludge
age of 3.3 days, was quite a good value in comparison with the
values in the interim data base presented by Brenner and Boyle.
This performance is especially remarkable in view of the age of the
diffusers of over 60 years. : '

Among the operating variables presented in Table 8, sludge age
varied from 2.7 days to 12 days, air flow from 1300 scfm (0.55
scfm/diffuser) and 3300 scfm (l.41 scfm/diffuser), and time in
service since previous cleaning from 6 months to nearly 5 years.
The influence of these variables on alphaF(SOTE) was examined by
applying stepwise multiple regression. With a 5% level of
significance, no statistical relationship was found between any of
these variables and alphaF(SOTE). ‘
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APPENDIX A

Section No. Al.O
Revision No. O
Dates 7/23/8S5
Page 7 of 13

EXHIBIT A.1l: OVERALL PLANT DATA SHEET
BASED ON PREVIOUS TEAR OF RECORD

Plant Name... ‘.J?P.e.s. .I.S‘J.a.qq .F;a.% Llant, pocat iom..Milwaukee, Wisconsin,..

82 ‘
Flow Through Secondary Treatment: AvVOrige.c.c.....XGD MHax.Day.. .1.4.5. e o «+MGD

WASTEWATER CHARACTERISTICS— BASED ON HONTHLY AVERAGES ;
17.7 15.3 19.3.

Tmeratua' deto C: Avezlgcc.¢...------v 3(12...,........ !&Xonooocoo‘ccuo

Raw Inflgent mg/1l Sec. Effl. mg/l

Ave Min Max Ave Min " KHax

293 216 372 19.3 9.5 17.2

cevvons esesese ssvsene ssacaese sscccce esageas

S5 day BOD
mD \'op‘t) oe o0 LR X & N N J SLee9n S eveae ....‘.' ';.‘...Q

Tss ' : 00020]..2.. ...1.6.3’. ....3.004.' I..]..,3"2C ..9.‘5. .;'.12‘6.
772 642 928 752 628 ..923,

TEN 0 AU SUOS.2- SOUAT AN XA 1 22,
Total P S PTS  RRRT 2 SOy S AR 3
PR (not nz/l’ o..7.'.3.. ...§'."9.. ...7;'.6.. ...7.'.2.. ..5.:8 .:.Z;@.
Alkalinitye
Hardness® cesscss REIRRE acssese . ssssese  eesssecae creasonas
Nitrate-N ceneee cevnva cevees ...2.'.3: ...‘.3.. .L.‘.‘:Z.

23 calcium carbonate equivalent 35
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PROCESS FLOY DIAGRAM INCLUDING TANK SIZES AND RETURN FLOWS FROYM SLUDGE PR0C,

Primary Sed. Area, 5q fteoesseeesee. Final Clar. Area,

* ¥

Aeration Tank Vol. cu ft...

90,000

Sq ftco.muv..n.nc !

15

-ses.cee. Aeration Tank Water Depth ft.....,,

** Juring 1985/86, the number of West Plant aeration basins inzservice
varied from 10 to 20, depending on total plant loading and the fraction :

taken by the East Plant.

SEWERAGE COMMISSION

l / m / OF THE CITY OF MuSUKTE
RAW .
JONES WA

SEwAGE ///// GRIT . SLAND WASTE WATER TREATMENT PLANT

SCREEN REMOWL :

FINE SCREENS :
. )
/ AERATION
BASING

RETURN __ SLUDGE .

WEST PLANT
Cﬂ.mTﬂTm
HEFFLENT stboee
EAST PLANT

~

RETURN  SLUDGE

AERATION

:

BASINS

Y
LAKE MICHIGAN

MAJOR INDUSTRIAL WASTES— Averages
Brewing

....l'.0.0..0'.0....‘..'...'ﬂ..."'....I.FIO'.Q.....HGD

Machinery (including plating)

.Q..‘.-....0...‘........1..'......Q.Cl.’..'FIO'.I.‘Q‘.‘HGD

:

Food Fiow. 23 . uop

A AL EEEEERREEREERNEENENEENRE R EREE IR IR N XN N

Tanni n g .2..‘0. * }KGD

0..'1.1--Q..o..oc.oon.ooc-ooco..-.'o.too.FIO'.

Pap?r. (r.e.&‘y.c.].ed)'..'I‘0.‘..'.‘.'.........-'.F1°'0-0.04..QHGD
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1655
BOD........mg/1
42
BOD.....so.mg/1

BOD. . .8.8 .9. ..mg/l

BOD. L3 .7.5"0. L4 .ng/l

BOD. .1.8.6.0. ..ng/l
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RETURN FLOWS FROM SLUDGE PROCESSING— Averages

Saurce Flow XGD BOD mg/l TSS mg/i TXN mg/1 pH . ewe

Vacuum

.Fj]'tEI" ;Fi.]trate 2.6 220 450 - 3f5-4'5

Scrubber Water
from Pryers... S...... 20 .0 1200 o L. A

®s s a0 89800000 cvevecen sevevece eoesses vy Seeve e ssses sevee

LA R R R R EE N R EREEY s raccsse sseevece tSecervocae LG LI A Y ese0se . sssaee

Notes: Qverflow from gravity thickeners is discharged with plant e ffluent.

SCREENED SEWAGE
PRIMNART EFFLYENY CHARACTFERISTICS— AVERAGE INCLUDING RETUBN FLOWS

‘Flow..QZ:Q..MGD BOD.??]:;..mgll -TSS.fggﬁ...mgll TKN,.”?p....ngllf

TDS.f.tx....mgll 0il and Gregse....??..a.mgll

PROCESS PARAMETERS— Based on Average Conditions '+/~ percent vaziability
' max. nontk to min. moath

Min. ~ Max.
"Primary.Overflov Rate, gpA/Sfececccnsaccncnas ceses e e eeeeineaee

Aeration Detention Tims, V/Q.;.....§:?............ {l%......;.7'2

MLSS Comcentration mg/l...;........gfgp.;...;..... .. %QQQ.....,.3300

Ratio, MLVSS/MLSS.i.eieeeeorancaseeddOueennnninnns 88T

HLSS Inventory Ib®..cceecccccscsscsscacscacsscccnn eveerasenes

Solids Wasting Rate, 1b MLSS/day.fannQt.be.calculated for West.Plant .alone.
106 ' 69 ' 203

Slndge Volume I.ndex......................-........o *esecscveons
Recycle Ratio, R/Queeeneeeenseisounnneensnsncnsees 32008
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Sludge Age, Dayse.(Entire.Joves.lsland Plant).3.5 2.7(min.)=~4.6(max.)
t Plant) 0.51 ' 0.37(Q1Q31:;Q;§§(max.)

F/M 1hti°' per day‘(-"'!es..... ".'.....'Q"........'
(based on MLVSS)

*estimated clarifier holdup included in solids inventory

AIR I)IFFUSION SYSTEM: For Each Tank Studied. Tank Designation. outh .pass.tanks in
the West Plant

Diffusers, Type and Number.Peranic. plates.(Eiltres). --. 9- .1.0.................
permeability, 2348 per basin.

Recommended Air Rates for this Diffuser, SCFY Min..0.0¢..... Maz..l d5......

Typical Wet Resistance for this Diffuser over the Rec. Air Rate Range

et Min Rate at Max Rate

Orifice Resistance, inches water 0r1f1ce swze 15 1.5 mCh.e.s......
Clean Diffuser, inches water cesescscsnes esesecsineas
\ Th i .
ese data unavailable for West.Plant.
Dirty Diffuser, inches vater/ cescecsnasan ceescrcnoas

(if available)

Year Insta11edl923/24 . Submergence, ft..13....... Water Depth, ft.]:.S. e

Cleaning Practice 8nd HiStOryieceereceesreaccocnosoanccanacassssoocesnnsesss
Please see the plant history report by

cachcﬂltccan-"0ouo-'nnnqo.q-ooc.o-tonoauoo-.-nooo-cnn-.-<.'o-oo--o.-o-o---

Larry Ernest,

o..-'cu--cnltn.o-on.o.cc-.oa.-c-o---o--‘aotcco-nc-cco-.-ot-ca.oo--oc-choc---

Sketch of Diffuser Arrangement in Tank. Give Essential Dimensions for
Diffuser Spacing and Air Distribution Piping. Indicate Tapering.
Begin with Downcomer.

[

Please see the plant history report by Larry Ernest.
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BLO'EES AND AIR SUPPLY PIPING

i

Blover Type, Brand., Model Tear BP RPM SCFX Op. Time
Number Four stage axial vane F’/?“’
1 A} }:i.s-‘lcoha-lme r$. ." .V.A'9.0.4.; .1‘9.7.2. .SQSQO.Q 4, 68.2 1I1'0‘,.O.OOO * 900 ea9
5 A]]js-Cha]mers, VA904 1972 5500 4,882 110,000 5126

Allis-Chalmers, VA904 1972 ' 5500 4,882 110,000 2682

3 ® 8 00008000tV OSIIRNeS L B L 3 L N I ) o e 9080 " s ecese *aS 9 Seovwe
4+ AllisChalmers, VAS04 1972 5500 4,882 110,000 | 939

5 0...'.',....'.....".. cee oo L LI N N ) e s ss e AL O N 3 ;'»..'.Q.
6 ® 9 9 PGV 000 SSOIBIOIECGCOCEITSIAEOITSTDS esose LI N I ) L N O ) .‘...‘. e e 00w oo
Total Installed Bloer EP........22:990 .. scou.........

Inclnde the Rating Curve for Each Blower if Available

. SEE ATTACHED
Dcsczibq the Airx Filtration System:

Air flow first goes through a media type roll filter then goes through a

agglomerator followed by a bag and cartridge system before reaching compressor
inlet.

Suppleasntal Information on Blower Drives

Drive’ Drive Type, Brand, Hodel Yeoar Design  HP at Dcsi;; BRPX
Nonber Synchronous Motor EPM
1 Q..QAlli]'i.S.-.C.rlallrggrﬁs..IIO.' .%?.7.2. .1.,.2‘0.0. Pe e cestesesse0en
5 Allis-Chalmers 1972 1,200 5500
....A.].].iﬂs‘:dﬁa'f..;\;l..l..l LU R N AL I N ] LU L BB B 0 BN B I IR B 3 WY
3 .‘.C‘.'QQQ.'IIT?..Q...I.. ol?ZqZ. }.’.ZOOOOQ ‘.-.5.5099'..‘...-
4 .Q"A']']..l.SO-.CD'.:a.].r'C]?Yf..QC... .]..?Z?. }0’02.000. ..'.SOSQQQ'..C....
s 8 S90S SO OLBOOSIBIITESTEDS -8 960 e o668 00w eSO BOBLAETSIOISTIOEONS
6 ..'...I.I...Q.'.?..'...O LEC K N N N ) L L N A Y ) .l.‘...‘.l."!...'
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DISCHARGE PRESSURE - PSIG

BHP

APPENDIX A
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-20° L
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BAROMETER = 14.4 PSIA
6.000 —— !NLET PRESSURE = 14.25 PSIA
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5,000
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Typical Blowers Used st Average Operating Conditions: :
Blower Numbers....veeceeecseee..Total Kotsepcve:......0.'?9?............
Measured Pressure st Blower Discharge, ysi.....7.'.4...;.....
Measured Dynamic Wet Pressurs at Diffuser, Psicevccencanns
Nominal SCFX pez Ditfuse:....................
Typical Blowers Used st Mazimen Operating Conditions:
Blover Nnbezs......l....;..... Totsal Ho:sepovet....f’.l.g.Q.....‘.........
. Msasured Pressure st Blover Discharge, psi...g.'.z...........
hml sm pex Dif.f‘nsat.....-...-...........
Describe Blower Turndown LT3 B 5 B 5 S S
66520 scfm minimum output per blower :

-00-.-u.-..Q.QOQI0.0..l.....c!.llcp.‘......ln..t-.-......ooﬁll.o'.\o..'lt-vl'

Q.ﬂ.......o...'l..QCIQ...'..I..IOI.Q..C.l.l........."'...'.ll‘ll.?l.ll....‘

Doscribe Strategy Used to Manage L

b

lQl'...l.Ql....C....'QQ..".......'.I0.0....-..O.l..‘Q0.0C.....O...Q...Q.l.'l

.o-ooo.cc.o..-.oo.--onooo.i.c.o.oooo.o-ocooco-o.-otooo-..o.-'n-o.o..oooo..o-t-

Provide a Sketchk Showing the Arrangement of Blowers and Tramsmission Piping.
If possible, Show Sufficient Detsil so that Friction Loss Calculations Coumild
be Made. Shov Pipe Sizes, Lengths, Control Valves and Number of Beads from
the Blowers to the Aeration Tanks. ;

'

SEE ATTACHED
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Describe the Data Base for Aeration Tank Dissolved Oxygen: . ;

Frequency of Measuxrement,, .+ Jwp, pr. three.tives. pec.shift,... v. tecscasenes

rervaseae

Number of Locazions..ii¢dle. pf, second pass.in.alternate, tanks

Length of Racord.....SiX.yearS.................................‘.,.........

Typical Aeration Tank D.O. Values

Haximum Minimum
First Quarter .....Z..... ....Q...... !

©

Second Quarter [ vees

et s s 0.

500

Third Quarter T S e

b

Fourthl Qnarter ’ o-ao'-soo-on ‘ ve e

tecdeans

RESULTS OF PREVIOUS OXYGEN TRANS?ER TESTS AT THIS PLANT

ADDITIONAL COMMENTS
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Section No. A1.0
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Date 7/23/85 ‘
Page 13 of 13

Describe the Data Base for Aeratiom Tank Dissolved Oxygen:
shift

Frequency of Measuxement...Pyg.SU:.QQCQQ.EiW%§.P§r

Number of Locations........P0€. Per. basin .(North.pass.en

Teoceessesonscas

552 N

Length of Record.........r-.ij.)'ﬁ.a-ns-...............-.----.-.......,....

Typical Aeration Tank D.0. Values

Maximem
—-——-ﬂlQLJ.‘__

sS40 s es090aa

Minimum-
—mg/l

First Quarter

tecvns s es s eecse s e

Second Quarter

Third Quarter

Fourth Quarter

RESULTS OF PREVIOUS OXYGEN TRANSFER TESTS AT THIS PLANT

-ocvaoolcoc--oov-vocooooqnc.ooon..oc-oaoc-.-q-co-.-ac-nonocoo-cn-ooq.o.ooc-.-

-o.o--oococacnn-nonnooono..nooocconcc.-ooo-.c-to-'-.-oo.--0-.0-0---.0~¢.o.-.

ll.'..0.1.1..0'..01.t'nqol'.."I'O.".Oo.o..'cQl...o'l'nl‘..Q-l‘.oq.o’o.'.'n

Ioo.‘l-lnil.lnon.col..tqc.'.lt.i.cna'-o.ac.--.l.nlcn.‘no'.c'ln

ADDITIONAL COMMENTS
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APPENDIX B

Section No. AL,0
Ravision No. 0
Date 7/23/85
Yage 7 of 13

EXHXIBIT A.1: OVEEALL PLANT DATA SHEET
BASED ON PREVIOUS YEAR OF RECORD

Plant Neme,JONES, Island Hest Plant g ieicn... lilNAUKES, Wisconsin

Flow Through Secondary Trestment: Avat:;é. . ??. oo 3GD Hax.Day.. .10.7. .+ 8GD
VASTEWATER CHARACTERISTICS—~ BASED ON MONTHLY AVERAGES
17.7 . 15.3

Avtrxge.;....;.--.. Mifleeecesccsces

b

Temperaturs, deg. C: lhx...}?.'?.....

Rawy Influent mg/l Ssc. Eff1, =g/l

5 dsy BOD
CoD (opt) .
Tss

ms * k%
_—

Total P

pH (zot mg/l)
Alxalinitye
Hardness®

Nitrl.te-ﬁ

Ave

Win

Hax

Ave

Kin

!

Hax

293

[ E X R RN ]

212

772

31

4.9

S ecoss

7.3

sececcne
-

LR X XN ]
- -

sevevee

-
[ERRE NN ]

216

eeesvee

eeesee

16.3

IR RS XN )

642

IR R XY N

2.9

6.9

sesesee
-
ssescose

- -
sssssce

-
scsevee

372

esssaese

IR R NN

seesnsse

928

LR R ]

36.9

eseveose

18.2

seeseee

sssevo

3
X RX N RN

828

ooa.'ogoo
..:9.8'.

7.2

co

80

I U
1.8

11

eesede

.6%3.
442, -

. .
esoev

6.8

scsese

{

AL

.2

cesssse

32,3

ssascoe
Seescuve

34.7

L] J‘Dm
e d2ed

‘eesdoen

sescanae

29,
4.6

tesecvse

%23 cslciom carbonats equivalent

to November 1981

*x% for the dates of January 1973
‘ 45



Seotion Al.0
Revision No. 0 ;
Date 7/23/35 :

Page 8§ of 13
PROCESS FLOV DIAGRAM INCLUDING TANK SIZES AND RETURN FLOWS FROM SLUDGE PROC.
, : - 111,000
Primaxry Sed. Ares, 3qQ fteccccoceeress Final Clar. Azea, 3q ffecccccconcee

‘ 5,000,000 14
Aeration Tank Vol. ¢3 ftecccecccecss Aeration Tank Water Depth ft.......

‘ ' SEWERAGE COMMISSION

AW /“/' ‘ OF THE CITY OF MLWAUKEE
" JONES ISLAND WASTE WATER TREATMENT PULANT
SEWAGE I / /// GRIT TE
SCREEN REMOVAL
FINE SCREENS

FILTRATE

AERATION |
BASINS
RETURN  SLUOGE
| | WEST  PLANT 1
. CHLORINATION
HEFFLIENT stoooe “
EAST PLANT ’
: g RETURN  SLUDGE ‘_.ﬁ'&?ag
: STORAGE
i i
LA)(EMK:HOGAN - \_/
MATOR INDUSTRIAL YWASTES~ Averzges :

Brewin ‘ ' 5.9 1655
l.l.?..'....'...:ll...Q.....'...Q......l..Flo'..’.l.lm BoD‘I“‘..:..as/l
Machinery (including platin 2.8 : o :
.Q.l...ﬂy'.(.Q..l.'CC?Q?.....'g.)....-l.QOOCQ.Flo"DOO....m BoD...--.:..ng/l

Foocdnocoqntctc.'o-o.o.t.ooooo-.oo'000000-000810'0102:-9'0m Bonnogogcooooasll

Tar]‘rl1.r.‘gﬂﬂ'.....Q"C.'.".Q.'Q...'..-....‘...Fl“‘.?..ﬂo..mn Bop..'765.0.:.asll
Pap‘e.r:'Sr??'y.c.-l.e‘d.).-"........'.‘......'......81“'.'...4..m BOD011¢8.6.0.;0n‘/1
46




Section No. Al.0
Revision No. 0O
Dates 7/23/85
Page 9 of 13

RETURN FLOWS FRON SLUDGE PROCESSING- Avezages

Source Flow ¥GD BOD mg/1 TSS mg/1

None

TN =g/1 see
LR RN AR R ERE NI Y I LI N ) secenssace sescsavee eseessse tsecass EEXREREN]
(AR R R XN RN NI NW IR Tevessse eescoessee LR RN R IR IS *sm2acscee cecses LR Y
S0es0as0scecnecne sevcaeascs (IR RN RN YN [ E R RN NN N *esevsceee essse ‘et eae
¢eB e B cescs e seescsoss (R RRXNN tSesvcnvsss seceseens cesae ‘sevee

Notes:

SCREENED SEWAGE-

RREMARTOBBPUUENTX CHARACTERTSTICS~ AVERAGE INCLUDING RETUEN FLOWS

Flovw.. .8.2. «eJGD

TDSeeeeveamg/l 0il and G:ease....tf....a;/l

PROCESS PARAMETERS— Based on Average Conditions

-

Primary Owietflov Rate, gpd/sfuucnieeccocccccnnansnse
6.0

Aeration “Qtenfioa Iine. YYQ..QQ..I......‘;.I.QQ.O

2400

u'ss COncﬂntrltiOﬂ “/1000.'00..-.0o.o..-.ol-l.co.

R‘tio. HLVSS/HLSS....o.o----...-...-.Z?:.G....--oc-

n‘ss Inve:ltoq 1b.t..l.’IC....QOI.Q...I.'.O...C...

_Solids Vt:ttingv Rate, 1b MLSS/d8¥ececvocncacaccenae
l 103

Sludge Yolume Index......;.-..........f.........-.
l ‘ .34

xacycle R‘itio. UQ.....'..'......“...."'.'....'.

47

BOD..?Z]...::/I TSS...???@.:;/I TXN..??.....ng/l

+/=~ perceat variability
mazx, month to min. month

Min.

Max.

4.7
" 1900
66.4

64
.25

®Penccsavave

9.3

3300

seesccscsnse

77.2

evssesssese -

deesss0s0se

#e0¢oevsane !

192

®"vscescsesees
'

.51

®8sssseccrs




Section No. Al.O

Revision No. O

Date 7/23/85

Page 10 of 13
SI‘ld,‘gO)Age. D‘ys‘cool303-l.clnc'i\cnoocoococ'ooooo- aﬁlnt0>¢5.3o
F/u htio. per d&y‘..09J55.C..CI...I'....I...'.... Ooﬁlaoth0037

(based on MLVSS) :

. %estimated clarifier holdup included in solids inventory yes
AIR DIFFUSION SYSTEM: For Each Tank Studied. Tank Designation.ﬁu..ﬁ.(Uorth. or South)
Diffusers, Type and Number..l43Qz:Squara cearanic.platess. 12 x .12 .x?I J.inch thick.
Rocomended Air Bates for this Diffuser, SCFM Min.eDulevecss H.ax..Z Beeeeces

Typ:.cal Wet Resistance for this Diffuser over the Rec. Air Rate Range

at Hin Bate | at Max gnte
Orifice Resistance, inches water arifice.js. 1.0 inch .d.iaméter I.D.
" Clean Diffuser, inches water As.loy.as,s inches.at.l.ﬁ.s;ﬁn.
Dirty Diffuser, inches water As.high.as,. 25 inch.e,s,,”.“,,,_

{if available)

Year Installed.l 983. as Submergence, ft..l%....... Water Depth, ft.l4...
Cleaning Practice and History:..H0Sing. L1QQ.psid.with: or. withaut.acid.cleani ng -
{the. Allwauiee. Yethodla. . Rlease. sea (the .Jques. Island, Mastawater. Freatment

i

Plant. Histary . 2eports. Ay LLallY . Bl eStin e e e e eneeeeeesacnscosancosesnnsennne
Sketch of Diffnser Arrangement in Tank. Give Essential Dimensions fc;:

Diffuser Spacing and Air Distributior Piping. Indicate Tapering.
Begin with Downcomer.

Please see the Jones Island Wastewater Treatment Plant History
Reports by Larry Ernest,

48




- Section Al.0

Revision No. O o

Date 7/23785 ' j

Page 11 of 13 '
BLOWERS AND AIR SUPPLY PIPING

)

Blower Type, Braad, l'(odoll Yeax HP RPM SCFM Op. Time
Number Four stage axial vane : Br/Year

1 Allis-Chalmers, ., VA904,K 1972 3500 4,882 110,000
1972 5500 4,882 110,000 5126

Allis-Chalmers, VA904

2 s ceercssesvvnscsnacns sesse soses es s sasssae ‘seecescas
3 Al1is-Chalmers, VA904 - 1972 - 5500 4,882 110,000 ?2682;25
s 220 cssecesvecsessssssse tec e ecvsee seo0ce seccesn cesencee
6 - sDeevenceFeeBesceseans sssse '.0,... evsos eccave eesccenn
Totll Inztalled Blowesr EP..-.-...??.’.OP.O ------ SCFH

oooooooooooooooooooooo

Inclinde the Rating Curve for Esxch Blower if Available

. SEE ATTACHED
Describes the Air Filtration System:

Air flow first goes through a media type roll filter then goes .through a
agglomerator followed by a bag and cartridge system before reaching compressor
inlet. ~ ; _
Supplessntal Information on Blowsr Drives

Drive Drive Type, Brand, Model Year  Design BP at Design RPN
Muzber  ° synchronous Motor 7 - RPM o
1 [ X} ; .A.]I1.1..s'..cﬂhad 1m?r.so [ N B B N J ‘ .%??.2. .1.’.2_‘000. e e .5.5990 E R N N W ¥ )
z' A Allis-Chalmers 1972 1,200 5500 |
.....].]Q.QQ:O.QQDQOOQ’....' seeBsoe L NI 2 N '...‘...'..’.....
3 .,I..A..ﬂ"s.ﬂc.tia.].[??rﬂs....... N .1?2?. '1.,-2.0.0. ..'.??99........
o L MlisChalmers .. 1972 1,200 500
s lo-nooo'§o'-o'oo‘oooo.o' soe8CEO .’O..Q. .v.......v.ti‘v.....
6 T OO GO POCPEPO SO SOIINETERSNOSEEES sSeoc0ce . See s o ® % 9 00O aete e
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BHP

14

|
13 . ‘ !
i & \ ‘
1_2 ' ‘ //\ H : !
I l // ' ! : ‘ i
14— Sﬁ?s < : | . ;
10 < ! ? l
’ ) ! L ’
, N\ v% \
9 L, 1 ;
\ ; S
8 : | s
7 ' : g
\ N |
6 \ .’oe . .
"N-MODULATION VANE| :
. | SETTING ANGLE (TYP) !
\ | :
4 -20° : :
CURVES BASED ON:
BAROMETER = 144 PSI1A

6.000 —— INLET PRESSURE = 14.25 PSIA

INLET TEMPERATURE = 90°F i — '
GAS = AIR @ 45% R.H. ‘ | _
SPEED = 4,880 RPM ;
+5°
5.000 N |
-\\ m
4,000 S,
3.000 \\ ~10%
2,000 5
1.000 : ' T : —
60 70 80 90 100 110 120 130
INLET VOLUME - ACFMx10-? :
Note: Curves based on shop test data.  FIGURE 1.
50 ALLIS-CHALMERS

PAC CURVES




Sections No. Al.0
Revision No. O
Date 7/23/85
Page 12 of 13

Typical Blovers ‘Dud st Average Operating Conditions: .

4244

Se0sBse0990cenees

- Blower NumberS.ieeeveeceoscaeeas.Total Hozrsepower......
Kaasured Pressure at ‘Blcver‘niscy.s:go. pxi.....7.'.4.........
. Messursd Dynamic Vet Prossure at Diffuser, pPsicceeeeccan..
Noﬁi:i.zl SCFN per Ditft}sa:a....................
Typisal Blowers Used at h:ﬁn Oport'ti#g and‘itions:

Blwii Nuabox:......!..'........ Total Ho:sepove:.....l.s.q

“scscevecsesvene

0

Mezsured Pressurs 3t Blower Discharge, psi...s.'.z...........
Nominal SCFN per Diffuser.iecccceccccccascocnns

Describe Blower Turadowa Capabvility......................;.....,.............
66520 scfm minimum output per blower

...'..'.‘.".....Ql...O....OQ...Q'I....."..‘IQ.'..'..Q...lI....'....l.-.'.....

oonx.clqo-.'.touc-cocq.-.occ.cu.o.-..c.o-o-o.o.oo-o....Q.-onco.o.-inoo.o-.oon.
. . - t

i

!

'
'..01!0‘.......0'.0.......Q..Q...l.-..0'....,...0..0...0..00.-,..O..o.bo..o.-o

D.‘clriho' st:‘t.U' U’.d to m‘“ 81“3130000.010...o.oo..o-o.o....;.;oo......

'l.lll...0.-00...-...d.oo.....-o...c.coonnoonooootc.o‘.o-o...o.l.oooo'oaoo....
1

OQOIBGIOO0.0.0.‘.on'.c......o...'.l‘.lo.-O..l...'c....0...0‘0'.0'..0Qtooqnto.oﬁa .

Provide s Sketch Showing ths Arrangement of Blowers and Transmission Piping.
If possible, Show Sufficieat Detail so that Frictionm Loss C&lcnlations Cozld
be Mude. Show Pipe Sizes, Lengths, Control Valves and Number of Bends froa
the Hlowvers to' the Asration Tanki. . ‘

SEE ATTACHED
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