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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,
defensible 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 communication tink 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. ' :

E. Timothy Oppelt, Director
Risk Reduction Engineering Laboratory




PREFACE

In 1985, the U.S. Environmental Protection 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. ThlS 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 resea;rch 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 Transfer 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 Studies” (EPA/GOO/R-94/095) by M.K.
Stenstrom and G. Masutani
4, "Oxygen Transfer Studies at the Madison Metropolitan Sewerage Districf:t 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

7. "Oxygen Transfer Efficiency Surveys at the South Shore Wastewater Treatment Plant
1985-1987" (EPA/600/R-94/099) by R. Warriner

iv




10.
11.
12.
13.
14.
15.

16.

"Fine Pore Diffuser Case History for Frankenmuth, Michigan" (EPA/600/R—94/ 100) by
T.A. Allbaugh and S.J. Kang

"Off-gas Analys1s Results and Fine Pore Retrofit Information for Glastonbury

- Connecticut" (EPA/600/R-94/101) by R.G. Gilbert and R.C. Sullivan j

"Off-Gas Analysis Results and Fine Pore Retrofit Case History for Hartford

~ Connecticut" (EPA/600/R-94/105) by R.G. Gllbert and R.C. Sullivan |

- "The Measurement and Control of Fouling in Fine Pore Diffuser Systems

(EPA/600/R-94/102) by E.L. Barnhart and M. Collins

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

“"Case History Report on Milwaukee Ceramic Plate Aeration Facﬂ1t1es" :
(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

" "Investigations into Biofouling Phenomena in Fine Pore Aeration Devices"

(EPA/G00/R-94/107) by W. Jansen, J.W. Costerton, and H. Meloer B
"Characterization of Clean and Fouled Perforated Membrane Diffusers"
(EPA/600/R-94/ 108) by Ewing Engineering Co. o




ABSTRACT

Field studies at the Madison Metropolitan Sewerage District facilities were conducted
over a 3-year period to obtain long-term data on the performance of fine pore aeration
equipment in municipal wastewater. The studies were conducted on several basins in the East
Plant containing ceramic domes installed in 1977 and two sets of first-pass basins in the West
Plant with newly installed ceramic discs. ' |

The performance of the domes was excellent even after 10 years of service. 'This
conclusion was based on measured oxygen transfer efficiencies by off-gas analysis, alpha
calculations, and diffuser characterization. Reasons for excellent performance included
routine maintenance of the diffusers and the use of high quality ceramic diffusers and
hardware. There was evidence presented in this plant that operation at high SRTs (low
F/M loadings), which produced complete nitrification, resulted in higher aSOTE 'values than
operation at low SRTs. Studies on the impact of diffuser cleaning and hydraulic flow patterns
on performance were also reported. .

The ceramic discs in the West Plant were monitored for 800 days. In this period of time,

no perceptible decrease in diffuser performance was observed based on aSOTE b
measurements. The mean first-pass aSOTE values over 800 days was about 11.5%. The
mean-weighted aSOTE for all three passes ranged from 12.1 to 15.3%. The West Plant

‘aeration system was operated at high SRT values in order to achieve complete nitrification.
As seen in the East Plant, there was some evidence of improved aeration performance
(«SOTE) with increased SRT. Brief evaluations of diffusers in these low loaded 'basins
suggested that fouling was not a problem in this plant. :

. This report was submitted in partial fulfillment of Cooperative Agreement No. CR812167
by the American Society of Civil Engineers under subcontract to the University of Wisconsin
under the partial sponsorship of the U.S. Environmental Protection Agency. The work
reported herein was conducted over the period of 1985-1987, '
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INTRODUCTION

The demand for more energy efficient wastewater treatment processes has resulted in

- the application of fine pore diffuser systems in new and upgraded treatment facilities. Asa

part of this new technology, a better understanding of the long-term performance of these _

systems and the maintenance requirements needed to attain these high efficiencies must be

delineated. ' : ‘ i :
In the spring 1985, the U.S. EPA funded a cooperative research agreement with the

American Society of Civil Engineers in order to develop an in-depth data base on fine pore

acration. One of the plants selected for this study was the Madison, Wisconsin,

Metropolitan Sewerage District (MMSD) facility. Madison installed one of the first -

- contemporary ceramic fine pore aeration systems in the U.S. in 1977. f

The initial objectives of the study at Madison were to obtain long-term data on the

- performance of fine pore aeration in domestic wastewater to evaluate the rate of fouling, if
any, and the consequences thereof as well as the effectiveness of several diffuser cleaning
methods with respect to oxygen transfer efficiency and pressure loss. An additional
objective was to collect laboratory data on the fouling characteristics of ceramic fine pore

diffusers from a number of municipal wastewater treatment facilities and to evaluate the
_ impact of selected diffuser cleaning methods on these characteristics. '

. The Madison treatment facility consists of a number of activated sludge process
additions since its initial construction in 1934, The field aeration studies were conducted in
both the older aeration tanks, equipped with Norton fine pore domes in 1977 (the East
Plant), and the new aeration tanks, equipped with Sanitaire fine pore discs and started up in
1985 (the West Plant). Selected paralle] aeration tanks in the West Plant were equipped
with acid gas cleaning equipment so that comparisons could be made between different
scheduled applications of acid gas and also between in situ acid gas cleaning and other
process interruptive techniques. However, as early as September 1985, it wasidetermined
that the Madison municipal wastewater did not generate a serious diffuser fouling problem.
As aresult, those studies to investigate the effects of diffuser cleaning at this plant were
deemphasized. Instead, studies were introduced to evaluate the effects of plant operation
on fine pore oxygen transfer efficiency. i '

This report presents the results of this study in two parts. Part I evaluates the long-
term performance of the fine pore domes in the East Plant. Part I presents the results of
two years of performance of fine pore discs in the West Plant, S




FACILITIES

The MMSD wastewater treatment facility, located on the south side of Madison, serves
the cities of Madison, Monona, Middleton, and Fitchburg, six villages and portions of
several townships within Dane County. The present average flow is approximately 38
MGD; the design flow is 50 MGD. , v ;

- Figure 1 presents a plan view of the facility. Raw wastewater is brought to this
treatment plant through 113 miles of interceptor sewers and force mains with the help of 84
pumping stations. Degritted wastewater is subsequently split between an East and a West
Plant where it is settled prior to activated sludge treatment. The plant is currently operated
to nitrify ammonia as a single-stage process. Secondary effluent receives ultraviolet

irradiation prior to being pumped back into the Yahara River wastershed downstream of the
chain of lakes in the Madison area. : ~

This study was conducted in the aeration tanks in both the East and West Plant. The
East Plant consisted of Plants 1 and 2 (Tanks 1-18), the West Plant was made:up of Plants -
- 3 and 4 (Tanks 19-30). Oxygen transfer tests were performed in Aeration Tanks 1-6
(domes) and 19 through 30 (discs). Details related to the aeration tanks, the aeration
equipment, and test points are found in the appropriate chapters to follow.
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- EXPERIMENTAL METHODS

Both field and laboratory studies were conducted at this site. In the field studies,
oxygen transfer efficiency was monitored by the off-gas method. In the East Plant, off-gas
analyses were performed in all three passes of the three-pass aeration tanks on a.given test
day. These analyses were used to provide information on the long-term performance of
one of the early dome installations. In the West Plant, off-gas analyses were performed
primarily in the four parallel first passes (Tanks 21, 24, 25, and 28) of four sets ‘of three-
pass aeration tanks, Usually two tanks were tested on a given day. Occasionally, all three
passes of a given set of tanks were analyzed. These analyses were used to provide
information on the day-to-day variation in oxygen transfer for a new disc installation over a
two-year period. Additionally, the effects of process operation on oxygen transfer
efficiency were studied. ‘

after being characterized using selected cleaning procedures including high pressure
hosing, steam Cleaning, acid-gas cleaning, and the Milwaukee Method., Changes in
properties of these diffusers were then monitored. : :

Off-Gas Testing

Off-gas analyses were performed using a Ewing off-gas analyzer. A description of the
theory of off-gas testing may be found in Redmon et al. (1). Details of the apparatus,
techniques for measurement, and calculations of field standard oxygen transfer efficiency
(eSOTE) can be found in Appendix A. A typical printout for a test is presented in Figure 2.

Two types of hood design were used in these studies, The fiberglass hood (Figure 3)
was used for testing Aeration Tanks 1-6 in the East Plant. The hood measured 26 inches in

cubic feet. Floatation was provided by two 6-inch sealed PVC pipes which ran along the
underside of the hood. Under its own buoyancy, the hood normally extended to about 6
inches below the mixed liquor surface. The ends of the hood were tapered to provide
capture of off-gas under the Y-walls,
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used to seal the plywood hood. Ullage on the underside of the hood varied from 3 to 4
inches. This was not sufficient on days when significant Nocardia foam developed. New
hood designs now provide more freeboard, 8 to 10 inches, to avoid foaming problems.

Off-gas was pulled by vacuum through a 1.5 inch diameter vacuum hose. A pressure
tap was located on the exit gas elbow fitting to assist the operator in proper throttling of off-
gas exit rate. Normally excellent gas flow was obtained by insuring a positive hood
pressure of 0.1 to 0.3 inches water (gauge). Negative pressures exceedin g 1i5 inches
water (gauge) could cause leaks of ambient air into the off-gas stream. !

Laboratory Diffuser Chara cterization

Diffusers were characterized by dynamic wet pressure (DWP), bubble release vacuum
(BRYV), flow profile, and foulant analysis. Details of these test procedures appear in
Appendix B. : : ‘ -

Other Mgm‘ ods _
Plant operation data were Supplied by the MMSD and were gathered in their laborétory

following procedures outlined in Standard Methods (2).

A test header consisting of four Sanitaire discs was installed in Aeration Tank 21 as a
part of the ASCE/EPA Cooperative Research Agreement. Similar headers were installed in
other plants and served to provide comparative data on the relative foulin g properties of
each plant's wastewater, A Separate report on this interplant fouling study was written by
Baillod (3). C

Results of the off-gas measurements were reported as aSOTE. The value of aSOTE
is the field oxygen transfer efficiency corrected to 20°C, 1 atmosphere pressure at a DO of
0 mg/L. The value of alpha (o) in this term is the “apparent" alpha accountin g for both the
wastewater mediated effects on transfer and the fouling effects on transfer. No effort was
made in this research to differentiate between these two effects. .




RESULTS AND DISCUSSION - EAST PLANT
Eacilities
The East Plant at MMSD actually consists of two different sets of aeration tanks and

(OTE) with the Sparjers of approximately 5.7%. It was estimated that the new domes
would raise the efficiency to about 11%. i

The two sets of three aeration basins were designed to operate in several modes: plug
flow, step aeration with feed points at the head end of each of the three basins in series, or
contact stabilization where the first tank of the series served as the reaeration basin. J

Plant Operation and Diffuser Maintenance

Table 2 presents information on a selected number of operational parametefrs for Plant
1 from start-up in October 1977 through December 1987. Table 3 presents the yearly
average raw wastewater (primary influent) characteristics over that same period.

Aeration Tanks 1-6 were. placed on-line in October 1977.. At that time, these two sets
of tanks were operated as a "contact-stabilization" process with Basins 1 and 4 serving as
the reaeration units and primary effluent was fed in a step aeration mode to Basins 2, 3, S,
and 6. Over the next two years, the system performed well with occasional partial '
nitrification occurring durin g the warmer months. Low SRTs (2-4 days) and high F/Ms
- (0.2-0.3) reflected the operation strategy of that time. :

August 1980, that average increased to 191 mg/L. (o =17). This increase was believed to
have been due primarily to whey discharges from dairies within the district. Sometime in
the fall of 1980, those discharges were discontinued. Operating personnel noted a
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Figure 5. Aeration Tanks 1-6 - Typical.
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~ AERATION TANKS 1-6 - NORTON DOMES

Tank Dimensions:
Liquid Surface:
Grid Surface:

Max Y-wall Width:
Tank Volume:
Diffuser Grids:

Diffuser Submergence:

TABLE ]

31" (center/center) x 135' x 15.5' (WxLxD)

~23' x 13§

24' x 67.5' (2 grids per tank)
29.5' |

460,000 gallons

Norton domes in full floor coverage

15"

Note: The above data is for md1v1dua1 tanks, while ;he data

~ Diffuser Grid No. of Diffusers  Diffuser Density

- N T YRYCYN

below is for the entire three-pass system

834 11%
709 ‘ 9%
505 7%
410 5%
392 5%
332 4%

Tank No,

W L NN s e
A= L A R

-

Diffuser Density = total projected diffuser surface érea/grid surface area

11
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TABLE 2
SELECTED PLANT OPERATION DATA
"~ PLANTI
(AERATION TANKS 1-9)

374

MONTHLY AVERAGES :
Date  BOD Load NOTES
(1b/1000 cf,d) (day) |
10/77 19.9 43 0.20 Contact stabilization to 9/13/79
11777 235 2.9 - 0.31 :
12/77 25.0 2.6 0.30
1/78 15.7 29 0.26
2/78 - 32.0 --- 0.31 Partial nitrification began
3/78 25.5 2.9 0.24 -
4/78 27.8 3.4 0.23 ~ Tanks dewatered; diffusers looked okay
5/78 28.2 2.7 0.30 - :
6/78 25.9 3.3 0.29 :
7/78 22.5 3.5 0.22 ‘
8/78 24.7 3.0 0.25 ?
9/78 24.5 3.2 0.24 5
10778 . 29.0 34 0.26
11/78 - 30.1 3.0 0.28 ‘
12/78 = 28.8 3.1 0.27 y
1779 . 31.5 3.8 0.25 -
2/79 30.3 3.9 0.23 ;
3719 30.9 4.0 0.23 f
4/19 30.5 3.9 0.22 ‘
3719 30.5 4.1 0.21 !
6/79 30.4 2.9 0.25
7719 27.7 3.2 0.28 Al nitrification ceased i
8779 30.4 26  0.30 :
9779 29.1 1.6 0.42 Step feed initiated 9/13/79 :
10779 36.2 - 2.4 0.49 High influent BOD concentrations noted;
. heavy whey discharges ’ :
11779 35.7 2.8 0.38 .
12/79 32.8 2.8 - 0.34
1/80 34.0 29 0.36 '
2/80 37.5 3.0 0.33 Loss in OTE noted
3/80 38.2 2.9 0.36 ;
4/80 38.5 29 0.36 ' L
5/80 36.8 3.8 0.31. Tanks 4-6 dewatered; hose & steam cleaned
6/80 35 0.27

Tanks 1-3 dewatered; hose & steam cleaned




TABLE 2 (Continued)

8/83 26.9

MONTHLY AVERAGES
Date BOD Load SRT* FM NOTES
(Ib/1000 cf,d) (day) (day-1)
/80 36.8 3.9 0.30 o | ?
§/80 33.4 2.8 0.33 , ;
9/80 33.6 2.4 0.36
10/80 27.8 2.9 0.31 ' I
11/80 26.3 2.6 0.31 !
12/80 28.4 29 - 0.36 -Tanks 1-3 dewatered; hose cleaned
1/81 30.0 2.8 0.33 :
2/81 34.0 2.6 0.34 .
3/81 37.6 29 - 0.29 ;
4/81 32.3 2.6 0.31 ‘ 3
5/81 30.9 2.4 0.34
6/81 31.1 2.2 0.37
- 7/81 29.5 2.2 0.37 Partial nitrification began -
8/81 31.2 2.1 0.39 |
9/81 . 294 2.2 0.39 v !
10/81 30.2 2.3 0.38 .
11/81 29.1 2.4 0.40
12/81 28.9 2.5 0.37
1/82 26.5 2.1 0.34
2/82 - 259 2.2 0.33 : :
3/82 27.9 2.0 0.36 Nitrificaton ceased i
4/82 28.3 2.4 0.33 5
5/82 29.3 2.0 0.33
6/82 26.2 2.0 0.34 Dewater Tanks 1-3; steam cleaned
- . - Partial nitrification
7/82 23.2 2.1 0.30 Dewater Tanks 4-6; steam clea.ned
8/82 22.9 3.1 0.30 |
9/82 22.3 34 0.30 . -
10/82 23.2 3.7 0.31 ’ o
11/82 = 23.8 3.5 0.24
12/82 24.1 3.8 0.26
1/83 23.7 4.2 0.27
2/83 24.8 3.8 0.28
3/83. 27.4 2.3 0.45
4/83 26.0 2.0 0.50 Nitrification ceased '
- Dewater Tanks 1-3; steam cleaned
5/83 27.0 2.0 0.56  Dewater Tanks 4-6; steam cleaned
6/83 31.9 2.2 0.76 P
7/83 32.0 3.5 0.57 ' |
3.6 - 0.39 : ;

14




TABLE 2 (Continued)

MONTHLY AVERAGES 2
Date BODLoad  SRT* FM NOTES
- (/1000 c¢f,d) (day) (day*1)
9/83 329 3.1 0.63
10/83 32.5 3.6 0.57
11/83 34.8 3.5 0.61
12/83 40.5 38 0.75
1/84 39.0 2.6 0.80
2/84 33.2 2.0 0.80
3/84 "32.9 1.8 0.90
4/84 29.5 1.7 0.75 Plug flow initiated
5/84 29.7 1.4 0.82
6/84 30.5 1.5 0.85 ‘ ;
7/84 234 1.6 0.69 Dewater Tanks 1-6; steam cleaned
8/84 17.1 1.9 0.66 - i
9/84 23.5 2.3 0.51
10/84 28.0 1.9 0.57 Partial nitrification
11/34 26.5 1.7 0.51 !
12/34 20.3 1.9 0.55
1/85 24.2 2.1 0.58
2/85 254 3.3 0.52
3/85 20.9 35 - 0.41
4/85 20.7 35 0.37
5/85 22.6 3.7 0.25 ‘ ,
6/85 21.3 4.4 0.29- f
7/85 20.2 5.1 0.32 Dewater Tanks 4-6; Milwaukee
: Method cleaned 5
8/85 199 3.8 0.40 Dewater Tanks 1-3; steam cleaned
Out of service to 12/86 |
12/86 22,2 11.4 0.16 Back in service, Tanks 1-6.
. ‘ Full nitrification
1/87 11.5 12.2 0.16
2/87 9.6 15.0 0.11 -
3/87 7.9 15.3 0.11
4/87 92 16.2 0.11
5/87 8.0 15.6 0.09
6/87 11.4 14.8 0.10
7/87 13.0 9.8 0.15
8/87 14.8 9.5 0.15
9/87 15.8 10.3 0.16. '
10/87 8.2 11.1 0.12
11/87 9.3 8.8 0.19
12/87 8.2 10.1 0.13
*Based on aeration tanks solids
15




1977

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

RAW WASTEWATER CHARACTERISTICS - MMSD

191
184
213
245

217
187
194
178
176
166
180

Other anaiyses performed periodically:

Alkalinity

. PH
Hardness
Iron

300-400 mg/L CaCO3
7.2t 8.0
350-400 mg/L CaCO;3
0.6-1.0 mg/LL Fe

"TABLE3

(mg/L)

158
154
163
171
167
158
161
161
167
159
167

16

26.8

27.9
26.1
25.7




In April 1984, the aeration tanks were switched to a plug flow mode. The aeration
tanks were dewatered in June of that year and the diffusers were steam cleaned.! Work
began on the new aeration tanks in Plants 3 and 4 (West Plant) in June of 1983. During the
period between June 1983 and J une 1985, flows and loads to the East Plant (Plants 1 and
2) were erratic. Between June and August 1985, as the West Plant went on line, Aeration

which became stagnant and heavily infested with algal growth, |

The new discharge permit for MMSD required nitrification of wastewater after about
1985. As aresult, Aeration Tanks 1-6 were put back into service as a plug flowisystem at

a very light loading. SRTs ranged from about 8 to 16 days between December 1986 and
January 1988, Complete nitrification was obtained after start-up in December, |

Oxygen Transfer Studies ;

| Oxygen transfer studies using off-gas procedures were initiated in May 1984 and
continued through the summer of 1987. Sampling points for off-gas analysis (Figure 5)
were selected to cover the inlet and outlet areas of all six grids and to have each hood

probes placed in the effluent end of the three-pass systems (e.g., Tanks 3, 6, etc.) and

adju:sq’ng gas flow to maintain a set point D.O, (usuall_y approximately 2.0 mg/L during the

D.O. set points were 1.0, 2.0, and 2.0 mg/L for the first, second, and third passes,
respectively. During an off-gas study, no effort was made to maintain a specific D.O. or
gas flow rate, although tests were normally conducted at a time when loads were
reasonably stable, Typically, off-gas tests were conducted at the same time of the day and
same day of the week. ’ -

Estimates of apparent alpha for Aeration Tanks 1-6 were obtained by comparing
aSOTE measurements to clean water test data. Clean water tests performed by Paulson (4)
and Yunt (5) for ceramic domes were analyzed for a variety of gas flows and diffuser
densities. Extrapolation of this clean water data to Aeration Tanks 1-6 provided clean water
SOTE values for each grid at a range of gas flow rates, !

13
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|
- In addition to off-gas analyses, occasional oxygen transfer tests were condiicted using
steady-state methods (6). Typically these tests were conducted in only one pass.
Brochtrup (7) showed that steady-state oxygen transfer measurements were comparable to
off-gas tests in the MMSD aeration tanks provided DO concentrations were above 2.0 .
mg/L. ‘ -

Results of the inajor off-gas studies conducted in Aeration Tanks 1-3 along with .
weekly SRT and F/M data and daily BOD loading for the test day appear in Table 4 and in
Figures 7,8, 9, 10, 11, and 12. All data in these tables and figures are for plug flow
conditions. g

Additional oxygen transfer data are also presented in Table 5. These studiesi were
conducted on occasion by MMSD personnel and UW students using steady-state or off-gas
procedures. In most instances, only a single tank was sampled. -

In reviewing these tables, a few comments are worthy of attention. In Table 4, test
data on July 17 and August 14, 1985, were collected during a very heavy infestation of
Nocardia scum. As described by Mueller (8), Nocardia foam can strip significant amounts
of oxygen under the hood thereby affecting off-gas analysis. Mass balance calculations
suggest that this foam may elevate calculated ¢SOTE values by as much as 3 to 4 :
percentage points. These two data points were therefore omitted from further data analysis.

In Table 5, it should be noted that the 1978 data were collected on the reaera:ltion tank
(Tank 4) by steady-state methods. The 1980-84 data were collected when the plant was in
a step acration mode. The August 1982 test compared steady-state with off-gas methods
and found them to be comparable within the presumed errors of the test methods (7).

- Areview of the data in these tables and figures reveals several important observations.

Oxygen transfer during the peridd May 1984 10 July 1987 (Figure 7) was signiﬁcantly
impacted by three events: . f

* A two hour air flow shut off when the diffuser piping filled with ‘
mixed liquor which was subsequently purged either through blow-off
legs or the diffusers followin g air restoration (Day 10).

+ Cleaning periods, when the aeration tanks were dewatered and the
diffusers steam cleaned. One of these cleanings occurred 15 months '
(Day 61) after the last cleaning event in April 1983. The other occurred

- 14 months (Day 482) after cleaning in July 1984, f

* A significant change in plant loading after 14 months of shutdown
when SRT values were incteased in order to achieve complete :
nitrification (after Day 1086). !

18




TABLE 4

EAST PLANT OXYGEN TRANSFER TEST DATA
‘ ' TANKS 1-3

Weekly Weekly Daily S
Date Day oSOTE F/M SRT BOD Load NOTES
(%) (days'l) (days) (1b/1000 fi3d)
05/21/84 1 9.44 .82 1.4 34
05/23/84 3 8.13 .82 1.4 39 ;
05/30/84 10 8.56 82 1.4 55 Power out 6/7/84
06/08/84 19 15.53 .85 1.5 37 ;
06/12/84 23 13.00 .85 1.5 30 :
06/21/84 32 10.07 .85 1.5 46 |
06/26/34 37 9.99 .85 1.5 54
07/06/84 47 11.15 .69 1.6 32
07/12/84 53 9.61 .69 1.6 34
07/18/84 = 59 10.23 .69 1.6 16 Steamn clean 7/20/84
07/27/84 68 13.96 .69 1.6 34 o
08/01/84 73 14.87 .66 1.9 44 ’
08/07/84 81 13.00 .66 1.9 41 ;
08/13/84 87 12.94 .66 1.7 37 '
08/20/84 94 12.98 .66 1.7 53 f
. 08/29/84 103 11.81 .66 1.7 41 ,
09/07/84 112 9.68 S1 2.3 26 ;
09/18/84 123 9.80 51 2.3 49 .
12/20/84 216 9.52 .55 1.9 23
03/15/85 301 8.16 41 3.5 32
04/26/85 343 12.58 .37 3.5 27
0/20/85 398 10.19 .29 4.4 29
06/26/85 404 11.33 .29 4.4 28 l
07/03/85 411 9.74 .32 5.1 32 : _
07/17/85 425 15.67 32 5.1 29 Heavy Nocardia foam
08/14/85 453 16.72 .40 3.8 26 Heavy Nocardia foam
Steam clean 9/13/85
Out of service from
9/13/8510'11/18/86;
units submerged in
. 12 in. stagnant water
. during this period.
05/08/87 1086 15.30 .13 16.2 12 ;
05/27/87 1105 16.40 11 16.5 10
05/29/87 1107 14.60 .08 16.4 7
06/09/87 1118 15.30 12 16.6 14
06/17/87 1125 18.08 .10 16.6 11
06/25/87 1133 19.60 .10 10.0 11 :
06/29/87 1137 20.40 .10 10.0 10 |
07/15/87 1154 17.30 21 10.0 20 E
19
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~ Figure 9. F/M vs. Time - Tanks 1-3.
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TABLE S .
ADDITIONAL OXYGEN TRANSFER TESTDATA - PLANT |

Tank Operation Test

Date Number ‘ Mode aSOTE Method
~ March 1978 4 Contact Stabilization 14% Steady-state
September 1978 4 Contact Stabilization 18%  Steady!state
June 1980 1 Step Aeration : 8% Steady-state
August 1980 1 Step Aeration - 9% Steady-state
-August 1982 1-3 Step Aeration 16% Off-gas/Steady-state
March 1984 1 Step Aeration 7% Off-gas
March 1984 1-3 Step Aeration 7% Off-gas




incomplete scouringrof the diffusers (see Table 4 and Figure 7). Steam cleanirig, however,
provided a more thorough surface cleanin g of the diffuser and resulted in a longer
restoration period (about 7 weeks). '

The increase in SRT which occurred after the aeration tanks had been repaired and the
diffusers cleaned may have been due to a number of factors. Some of the increase may
have been due to cleaning. Unfortunately, the first data collected after the 1986 cleaning
event were almost six months after cleaning. The decreased load in 1987 would have likely
resulted in more effective removal of surfactants responsible for depressing alpha in the
system. The lower loading may also have mitigated against diffuser fouling. Finally, the
lower oxygen demands dictated lower gas flow rates per diffuser, producing somewhat
higher transfer efficiencies. -

'
i
t

In order to look at this in more detail, the data in Table 4 were broken down on a per
tank basis and values of apparent alpha calculated. This information appears in Table 6 and
Figures 13 and 14. Note that data collected on Days 425 and 453 were not used because of
the presence of heavy Nocardia scum. P

Several interesting observations may be made from a review of the appareni alpha
data. The apparent alpha values in Tank 1 generally remained between 0.30 and 0.35

occurring over the 410-day period did not significantly affect apparent alphas in Tank 2,
but there appeared to be a slight trend upward in apparent alpha in Tank 3. @ '

As described earlier, the power outage on Day 18 resulted in a significant inirease in
apparent alpha in all three tanks. This recovery, however, was short-lived although
apparent alpha values did appear to remain at a higher level especially in Tank 1 after this
event, : f

Steam cleaning on Day 61 (7/20/84) again elevated apparent alpha values in éll three
tanks, but most pronounced increases were found in '{‘anks 2 and 3 (about 50 to 55%

2, the elevated values of apparent alpha were in evidence, perhaps as long as four or five
weeks. Values in Tank 3 appeared to remain elevated above precleaning levels up to Day
411. This may have been due, in part, to the reduced loading (/M) to the basins (see
Figure 10a), although this was not evident in the first two passes. l

Unfortunately, the effect of cleaning after shutdown (Day 483) and return to service
(Day 914) was not documented. Intensive off-gas sampling did not resume until six
months later (Day 1086). However, it is clear that «SOTE and apparent alpha values were
greatly elevated after start-up and operation at lower F/Ms (lowered to achieve nitrification).
The mean value of aSOTE between Day 1 and 411 was 11.5% (¢ = 2.4) fora mean F/M
of 2.4 days (o = 1.2). Between Day 1086 and 1154, the mean aSOTE was 17.1% (6 =
1.2) at a mean F/M of 14 days (o = 3.3). Apparent alpha values increased in all three tanks
after being placed back in service at the lower F/M loadings. Greatest increases were
registered in Tanks 2 and 3. On a percentage basis, Tank 1 apparent alpha values increased
by only about half as much as those in Tanks 2 and 3 (about 45% versus 70 to 90%).

27




'TABLE 6

EASTPLANT ALPHA VALUES FOR EACH AERATION TANK

28

TANKS 1-3 I
JANK 1 JANK2 A :
Apparent Apparent Apparent
Date Day Gs Alpha Gs Alpha Gs Alpha Notes
(scfmy/d) ~ (scfm/d) (scfm/d)
05/21/84 - 1 0.50 .26 0.96 .35 0.84 43
05/23/84 3 0.77 25 1.04 .29 0.95 .38
05/30/84 10 0.95 24 1.30 .36 0.87 42
06/07/84 S POWER OUT v f
06/08/84 19 0.52 44 0.56 .60 0.49 .56
06/12/84 23 0.49 .38 0.61 .49 0.61 51
06/21/84 32 0.76 33 1.03 .38 0.92 .40
06/26/84 37 0.83 .34 1.09 40 1.15 .36
07/06/84 47  0.78 33 - 1.04 .44 1.12 S1
07/12/84 53 0.90 31 0.69 33 0.86 .40
07/18/34 59 0.43 32 0.69 .37 0.64 41
07/20/84 . STEAM CLEANED f
07/27/84 68 1.05 .43 1.08 .56 0.84 .64
08/01/84 73 0.65 .38 0.61 .61 0.46 71
08/07/34 81 0.93 .30 0.60 .62 0.70 .76
08/13/84 87 0.62 .30 .40 . .49 0.67 .68
08/20/84 94 042 33 0.40 .44 054 .56
08/29/84 103 0.63 34 082 43 0.62 .54
09/07/84 112 1.10 31 1.40 36 0.81 .50
09/18/84 123 0.80 29 1.04 .38 1.00 45
06/20/85 398 0.93 28 - 1.15 .39 1.13 57
06/26/85 404 0.95 31 1.15 .48 0.92 .61
07/03/85 411  0.97 .24 1.28 .38 1.16 .60 :
07/17/85 425 0.52 47 0.63 57 0.72 .63 Nocardia Scum
08/14/85 453  0.48 .44 0.62 . .65 0.70 71 Nocardia Scum
- 09/13/85 OUT OF SERVICE !
09/13/85 STEAM CLEANED i
11/18/86 - IN SERVICE
05/08/87 1086 0.73 . 0.90 .64 0.79 .86 -
05/11/87 1089 073 .34 0.86 .63 f
05/27/87 1105  0.72 40 - 0.86 .65 0.61 91
05/29/87 1107 0.59 .36 0.51 54 0.61 77
06/03/87 1111 . 0.62 38 0.41 .54 ;
06/09/87 1118 0.62 .38 0.81 .55 0.63 .85,
06/17/87 1125 0.59 42 0.68 .67 0.73 .97
06/25/87 1133 0.61 44 0.84 .78 0.76  1.01
06/29/87 1137 0.62 47 0.80 .74 0.14 1.15
07/15/87 1154 0.61 .43 0.85 .68 0.74 .85;
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Several interpretations may be placed on these results with the understanding that no
controls were run in parallel with these tests, and there is a certain variability in the off-gas
data due to wastewater characteristic variation, operational variability, and, to a minor
extent, off-gas analyzer, ' '

It appears that the dome diffusers after ten years of service still delivered a high
oSOTE as demonstrated by the very high alpha values observed in 1987 when plant SRT
values were increased. (That is, the units were capable of transferring oxygen in process
water almost equivalent to that in clean water, even after ten years of service.) ‘The reasons
for this can be speculated as fo ows. The diffusers were exposed to a wastewater that

A second interesting interpretation of these data suggests that overall aSOTE values
appeared to be greatly affected by the performance of the "downstream” diffusers. It
appeared that diffuser performance at the inlet was greatly influenced by wastewater
characteristics. Low alpha values, due presumably to high surfactant concentrations,

wastewater after a cleaning event, but as fouling developed, the apparent alpha in those
tanks may have been dictated by diffuser fouling. !

Finally, it could be speculated that a decrease in load as measured by high SRT (low
F/M) resulted in higher apparent alphas due, in part, to biological degradation of surfactants
that were typically present in the final effluents when SRT values were lower and
nitrification occurred only sporadically. Furthermore, the high SRT operation appeared to
extend the period over which diffuser fouling would significantly influence oSOTE.

Another interesting finding of this work is dépicted in Figure 15. In April 1;984, Plant
1 was changed over from Step aeration to plug flow. An off-gas test on March 14 (step

aeration) is compared with a test on May 21 (plug ﬂoyv_). Loads to the plant were

Finally, some brief investigations were made into cleaning effectiveness during the
course of this study. There is some evidence (Rieth (9), Redmon (10)) to suggest that
biological fouling is a dynamic process, the foulant mass increasing and decreasing
dependent upon the composition and concentration of wastewater. In August 1984, an
experiment was conducted to determine the effectiveness of biological cleaning
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(endogenous cleaning) of diffusers. Influent to the tanks was discontinued for one week
and the mixed liquor was continuously aerated during this time. Results of this experiment
appear in Figure 16. It appeared that two days after resumption of influent flow at a
comparable load, «SOTE was significantly elevated in this plug flow system. Twelve days
later, values began to move downward. The effectiveness of this process of cleaning has

not been pursued further, but this work suggests that dynamic swings in aSOTE with
loading changes are important in evaluating aSOTE data. ’

There was also interest in determining the relative effectiveness of "Milwaukee
Method" cleaning versus steam cleaning of the MMSD diffusers. During shutdown of
Acration Tanks 1-6, Tanks 4-6 were Milwaukee cleaned and Tanks 1-3 were steam
cleaned. Unfortunately, due to equipment and construction problems, these aeration tanks
were held out of service for 14 months. During that time, the diffusers were submerged
under about 6 inches of water, which became heavily infested with algae. The tanks were
put back into service without checking diffuser cleanliness. No off-gas tests were
performed until May of 1987 (6 months after being put back into service). Nonetheless,
results of these off-gas tests are presented in Table 7. It does not appear that one method
produced a superior level of cleansing over the other based on this test. '

Diffuser Characterizations

On several occasions, diffusers were removed from the aeration tanks and
characterized. Bubble release vacuum (or pressure), dynamic wet pressure, and|
occasionally residue analyses were performed. Results of this cursory work appear in
Table 8. ' !

The data for July 7, 1980, were obtained from a diffuser in Aeration Tanks 1-3
(uncertain as to which tank) after those tanks had been aerated for eight days without
influent flow (return sludge only). Unfortunately, no data were obtained on diffusers prior
to this biological cleaning procedure. l

In July 1984, four diffusers were collected from each of the 6 grids in Aeration Tanks
1-3. These diffusers had not experienced a cleaning event for 14 months (Table 2). It is
interesting to note that fouling was fairly uniform as measured by DWP/BRYV ratios
whereas foulant quantities decreased and percent volatile content increased downstream
(Table 8). It is presumed ‘that higher foulant quantities and lower volatile solids on the
diffusers at the influent end may be representative of inorganic sedimentation. Table 9
presents the results of inorganic analyses of foulants obtained from diffusers in each grid.
Foulant samples were fired at 550°C prior to analysis so that percent by weight figures are
based on inert (fixed) solid fraction. A separate set of parallel foulant samples were
acidified with 14% HCI after firing to solubilize acid-soluble precipitates like CaCO3. Note
the decreases in Si downstream. Increased precipitation of P, Mg, Ca, and Fe were noted
in the downstream grids, likely due to pH changes. :

The sample reported for July 1985, one year after steam cleanin g, indicates .
substantially less fouling than the previous year. (Note that Tank 5 is parallel to Tank 2;
both Systems 1-3 and 4-6 were operated at same load conditions.) This may have been due
to a somewhat lower BOD loading in the later period (Tables 2 and 3). Furthermore, there
is some indication in the aSOTE and alpha determinations made in J une/July 1985 that
these values were somewhat higher than June/July values in 1984 (Tables 4 and 6).
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| TABLE 7
COMPARISONS OF 0:SOTE PERFORMANCE
- TANKS 1.3 AND 4.6

5/08/87 15.3 :
S/11/87 : 18.3
5/27/87 ' 16.4 2 )
5/28/87 ' ' ‘ 18.4
5/29/87 : 14.8 o
6/09/87 15.3 16.0
6/17/87 , 18.1 ’ 18.2
6/25/87 - 19.6 , : 20.4
6/29/87 : 204 20.3

7/15/87 - 17.3 175

~ Tanks 1-3: Steam cleaned
~Tanks 4-6: Mﬂwaukee Method cleaned




TABLES
DIFFUSER CHARACTERISTICS - PLANT |

(Mean values for 4 samples)

I DWP DWP  RESIDUE
Date Location BRYV. s/x - @ .75 scfm BRV Vola;ile Mass
: (in Wg) (in Wg) (%)  (mg/cm?)

Clean Dome 6 .06 6.2 1.03 - .
07/07/80* Tanks 1-3 18 .10 125 69 high  low
07/24/84  Tank 1, Grid 1 48 .32 17.7 .37 26 26
07/24/84  Tank 1, Grid 2 52. .22 18.8 .36 47 | 16
07/24/84  Tank 2, Grid 3 45 .27 17.3 .38 52 19
07/24/84  Tank 2, Grid 4 70 .41 21.5 31 55 14
07/24/84  Tank 3, Grid § 46 .34 20.3 .44 65 | 12
07/24/84  Tank 3, Grid 6 41 .23 15.3 .37 72 9
07/17/85 Tank S, Grid 3 18 35 121 .67 - low
09/02/85 Tank 4, Grid 1 6 .10 6.7 1.11 cleaned
09/02/85* Tank 4, Grid 2 6 12 7.4 1.23 ¢leaned
09/02/85 Tank 6, Grid 6 6 .07 6.0 1.00 cleaned

— ;
*Bubble release pressure i
*One sample only

i
I
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TABLE9
INORGANIC COMPOSITION OF FOULA NT MATERIALS*

PLANT 1 DOMES

(7/24/84)

AFTER ADDING ACID, 14% HCl

AFTER 550°C FIRING

Grid 1

Grid 1

% by
Weight

Grid2 Grid3 Grd4 Grd5 Grid6

Grid2 Grid3 Grid4 Grid$ Grid 6
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The effects of Milwaukee Method cleaning are shown for diffusers collected after
cleaning from Tanks 4-6. The measurements indicate that based on the BRY and DWP,

these stones were "like new.” The performance of these diffusers in 1987 tend to confirm
this finding, v . ;

Summary

There is evidence that operation at high SRTs which produced complete nitrification
result in higher aSOTE values than operation at low SRTs at the MMSD facility.
There is also an indication that high SRT operation significantly extends the period over
which diffuser fouling would not adversely influence aSOTE. P

Based on one study, biological cleaning appeared 1o improve aSOTE values, but the
- effect was short lived. This experiment demonstrated the probable dynamic natire of
fouling and its impacts on performance. . |

-
The use of the step aeration flow sheet resulted in somewhat lower aSOTE values than

that obtained by plug flow operation. Fouling also appeared to be extended further
downstream with Step aeration processes. ‘ :
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, RESULTS AND DISCUSSION - WEST PLANT |
Facilitie i |

D.O. control is automatically achieved by a D.O. probe located at the tail end of each
acration tank pass which controls an air valve for that pass. A cascade control loop was
used for each pass to control D.O. D.O. set points were typically 1.5, 2.0, and 2.0 mg/L
for the three consecutive passes, and minimum air flow was 0.75 scfm/diffuser. Fora
given total air flow to the aeration tank passes, the air header pressure changed as the
valves changed at each pass. Centrifugal blowers, equipped with inlet guide vanes, were
used to control the main air header pressure at a set point, plus or minus a dead band.

Initially, it was proposed that in sity acid gas cleaning of selected diffuser grids be

- performed in Plant 3 and 4. Aeration Tanks 24 and 25 were therefore equipped with
Sanitaire gas cleaning hardware. In addition, a test header of four Sanitaire diffusers (four-
lunger) was placed in Tank 21 at the end of Grid 1 as a part of the ASCE/EPA interplant
fouling study. ‘

Plant, Operation and Diffuser Maintenance B L I

Plant 3 was started up in late September 1985 and Plant 4 followed in early
November. Table 11 provides monthly average values for a number of selected dperational
parameters from start up through 1987 for both plants, and Table 2 provides data on raw

wastewater characteristics.

Both Plants 3 and 4 were operated in a plug flow mode at the outset. They were
operated as single-stage nitrification units with sludge ages (based on aeration tank solids
only) ranging from about 6 to 11 days. Complete nitrification was achieved shortly after
Start up and occurred throughout this study. Initially, during the first 4 to 6 months of

They also experienced some difficulty in maintaining uniform sludge ages owing to flow
: iati ious aeration basins during this
time. Solids wasting was also affected by some automatic sampler malfunctions.
Reasonably stable conditions were achieved by March 1986, ‘
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ngure 18. Aeration Tanks 19-30 - Typical.
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: TABLE 10
AERATION TANKS 19-30 - SANITAIRE DISCS

Tank Dimensions: 30'x 265" x 17" (WxLxD)
Liquid Surface; 30" x 265"

Gnid Surface: 30" x 88.3' (3 grids per tank)
Tank Volume:; 1,000,000 gallons

Diffuser Grids:

Sanitaire discs in full floor coverage

Diffuser Submergence: 16 feet

Note - The above data is for individual tanks, while the

data below is for the entire three pass system.

Diffuser Grid # of Diffusers Diffuser Density
1 744 12%
2 610 10%
3 620 10%
4 350 5%
5 350 : 5%
6 - 350 5%
7 290 ‘ 5%
8 290 5%
9 290 5%
Diffuser Density = total projected diffuser surface area/grid surface area.

Ta;nk, #

- 21,24,25,28 *

21, 24] 25, 28
21, 24] 25, 28
20, 23, 25, 28
20, 23, 25,28
20, 23, 25, 28
19, 2227, 30
19, 22, 27, 30
19, 22,27, 30




TABLE 11

PLANT 3 PLANT 4

Month  BODLoad SRT Em BOD Load SRT FM ' Notes
, (1b/1000 fi3d) (days) (days-1) (1b/1000 ft3d) (days) (days1)

21 Plant 3 start up

Oct. 85 16.2 - .16 - -
Nov.85 147 6.4 .19 14.9 9.1 .17 Plant 4 start up
Dec. 85 16.5 6.1 .20 17.3 6.3 23
Jan. 86 16.0 5.8 .16 16.2 6.1 22
Feb. 86 13.2 6.4 16 13.6 6.1 22
Mar. 86 21.9 7.8 09 22.8 7.4 .14 Stable operation
Apr. 86 12.4 7.1 12 11.7 8.0 14
May 86 10.6 8.2 09 10.6 8.0 .11 ' Shut off coarse
. bubble aeration
‘ . - (5/14/86)
June 86 11.2 8.0 .10 11.2 6.7 13 S
July 86 10.4 5.7 .15 10.4 8.0 .10
Aug. 86 10.2 7.0 .08 10.2 52 15 .
Sept. 86 8.0 11.0 .09 8.0 8.1 11 'Plant 3, high SRT
‘ ' Plant 4, low SRT
Oct. 86 9.8 11.1 12 9.8 6.0 20
Nov. 86 12.3 10.6 12 12.3 8.9 A5
Dec. 86 11.9 11.5 .10 11.9 11.3 .12 Plants3 & 4
: : - fesume parallel
] ‘ operation
Jan. 87 12.5 11.2 11 12.5 11.3 11 !
Feb. 87 13.6 11.2 12 13.6 11.5 .13
Mar. 87 - 13.1 115 11 13.1 11.6 .09 !
Apr. 87 -13.9 10.6 11 13.9 10.6 11 !
May 87 12.8 9.7 12 12.8 9.7 A2 |
June 87 13.8 9.1 16 13.8 9.5 .14 Clean tanks 19-21
July 87 13.3 9.6 14 13.3 9.8 .16 ;
Aug. 87 13.3 9.7 13 13.3 - 9.7 .13 Experiments
. with D.O. set
: o points
Sept. 87 13.2 9.3 12 132 92 .13 !
Oct. 87 13.1 9.7 12 13.1 9.7 12
Nov. 87 14.8 9.6 14 14.8 9.6 .14
9.6 11 12.6 9.6 13

Dec. 87 12.6
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Initially, it was planned to perform intensive cleaning studies in Plants 3 and 4 in an
effort to evaluate the effectiveness of the current cleanin g technology. However, after one
year of operation, there was no indication that fouling was producing measurable affects on
oSOTE. Furthermore, independent tests conducted by Sanitaire in 1985 at MMSD

-was shown between BOD load and oSOTE, it was not possible at this facility to increase

BOD loadings to one set of aeration tanks to a value that would produce measurable effects
on aSOTE. : .‘

Because MMSD was required to meet stringent efﬂuér’itvrequirerﬁents for solids and
nitrogen and because the plant was undergoing significant remodelling on the East Plant

reluctance to change flow configurations and SRT (F/M) changes had to be within the
range that would still produce complete nitrification. . _

As a result, Plant 3 was operated at a higher than normal SRT (11 days) and the SRT

in Plant 4 was reduced to about six days. This was performed in September and October
1986. : :

In June of 1987, it was determined that one set of aeration tanks should be aewatered,
inspected, and cleaned. Diffuser characterization was performed before and after cleaning.
Parallel off-gas testing was conducted in all three passes of the cleaned tank set aswell asa

~control set. Tanks 19, 20, and 21 were dewatered and the diffusers cleaned on June 23,
1987. ;

Finally, a series of tests were conducted August throu gh December 1987 to determine -
the effects of different D.O. set points on «SOTE and plant operation. :

Oxygen Transfer Studies

i
1
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Test points for these aeration tanks were determined by analyzing gas flux data from
the tank and comparing a predicted overall tank gas flow rate to the actual gas flow rate
(corrected to standard conditions) as set by the operator prior to testing. An efror limit
between the two observations of + 10% was set for an acceptable test. The first set of test
points consisted of hood locations at 60, 94, 127, 195, and 230 feet from the influent end
of the aeration tank. This selection of hood locations did not sense the effect of the coarse
bubble diffusers in the first grid. As a result, this test scheme underestimated air flow to
the tank by about 23%. A second set of test points was tested at 30, 127, 161, 195, and
230 feet from the influent wall. This test pattern included a hood near the coarse bubble
diffusers but still underestimated gas flow by about 20% and was also abandoped.

A more detailed test pattern was then examined with hood locations at 10, 15, 20, 30,
45, 60, 75, 120, 147, 203, and 230 feet from the influent wall. Results of these tests for
Tank 25 are graphically depicted in Figures 19 and 20. The effects of the coarse bubble
diffusers are clearly seen. The two points directly above the diffusers correspond to the
lowest values of aSOTE and the highest flux. When these values were weighted into the
overall grid or tank aSOTE performance, they significantly depressed the overall «SOTE
as compared to values excluding them. They served merely to mix the aeration tank
contents at the inlet end at a significant cost to aSOTE. Further studies demonstrated that
they contribuited little to tank mixing and baffles within the tank achieved the same
objective. The coarse bubble diffusers were turned off on May 14, 1986. |

The final sampling pattern was developed using sampling points at 15, 60, 120, 147,
203, and 230 feet from the influent wall (see Figure 18). The hood location at 15 feet was
located between the two coarse bubble headers. When those diffusers were in operation,
this pattern estimated air flow that was within about 9% of that set by the operator; and
when they were shut off, air flow checked within about 15%. Note that after May 14,
1986, (Day 230), the coarse bubble diffusers were not used in the West Plant. It should
also be noted that since the final sampling locations did not each sense an equalitank area,
area weighting as well as flux weighting was performed to estimate overall mean weighted
oSOTE values. : : " ' ‘

_Off-gas analyses were performed in accordance with techniques described in Appendix
A. The air flow rate in Pass 1 (Tanks 21, 24, 25, or 28) was set at 2000 cfm by the
operator and held constant during the test. This eliminated need for correction of «SOTE
for gas flow rate fluctuations. When all three passes were tested, air flow rates in the last
two passes were allowed to fluctuate in accordance with D.O. and gas flow set points.
After the first pass was tested, airflow rates to each successive pass were held constant at
the gas flow rates that the system had equilibrated to during first pass testing.

Sampling was normally performed on the same week day and within the hours of
noon and 3 p.m., a period when flows and loads were approximately constant. Figure 21
presents a typical printout for off-gas testing in the West Plant. .

In October 1986, the effect of air flow rate on aSOTE was determined in Tank 28 at
the influent Grid 1. Air flow rates were varied between 0.4 and 1.5 cfm/diffuser. Testing
was performed between 6 a.m. and 8 a.m. in an effort to minimize the effects of waste-
water load. Using the relationship SOTE = kqP, where q is gas flow rate in cfm/diffuser,
values of k and p were calculated. Table 12 presents the results of these calculations and
compares the calculated values of k and p with those values in clean water for the disc
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Figure 19. Effect of Coarse Bubble Diffuser.
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Flux (sctm/sq ﬁ)

D.0. (mg/t).

Figure 20. Effect of Coarse Bubble Diffuser.
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 TABLEI2
SOTE VS. AIR FLOW TEST RESULTS
WEST PLANT (TANK 28) - OCTOBER 1986

Grid 1
Total Air Flow Air Flow/Diffuser aSOTE

(cfm) : (cfm/diffuser)
1300 . .66 7.87
1700 86 7.21
2100 1.06 : 7.62
2700 1.37 7.06

Calculated values of k and p in SOTE = k(Flow)P

Tank 28 Test: k =7.39 p=-.1170

Clean Water, 1st Pass: k =34.51 p=-.1319

Clean Water, 2nd/3rd Pass:  k = 30.85 - p=-.1591
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diffuser at diffuser densities representative of those found in the first and secoﬁd/third pass .
of the West Plant aeration tanks (11). The change in magnitude in k reflects the impactof

In order to evaluate the variability in aSOTE over time, a 24-hour study was
performed on September 25, 1986. For this, the fiberglass hood was placed in Tank 28,
15 feet from the inlet end. The results of the 24-hour study are presented in Figures 22,
23, and 24. Note that aSOTE values were corrected for variations in gas flow rates to
0.187 scfoy/ft2 (the average flux rate at this point over the 24-hour study). The equation
- used for this correction was described above. ;

It is interesting to note that at the influent end of the MMSD aeration tank, the values of

alpha varied over a narrow range throughout the 24-hour period (0.22 to 0.29), whereas
influent load, as measured by TOC x flow rate varied by a factor of greater than 2. Itis

The variability in the aSOTE over the study period (s/x ranged from 0.11 to 0.15)
could not be attributed to analytical errors of the off-ga§ method alone. Variability in

S0




Figure 22, Twcmy-four» Hour Survey - Alpha.
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SOTE (X) (0 atd. fiux)

Alr Flow (cfm x 10E-4)

Figure 23. Twenty-four Hour Survey - aSOTE, Airflow.
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Primary ‘Effluent Flow (MGD)

Primary Effluent TOC (mg/1)

Figu;e 24. Twenty-four Hour'Suwey - Flow, TOC.
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: TABLE 13 ;
~ 0SOTE PLANT DATA - PLANT 3 |
aSOTE | WEEKLY DAILY
Date Day 21 24 SRT FM ' BOD
‘ (%) (%) (days) (days1) (16/1000 ft3d)
- 09/27/85 1 13.79 0.17 1 13.0
10/04/85 8 12.18 : 0.17 1 26.4
10/11/85 15 . 10.76 7.0 0.18 i 27.3
10/18/85 22 12.08 , 0.19 . 15.5
10/25/85 29 12.02 : 0.15 1 12.9
10/30/85 34 ‘ 10.49 0.15 ' 18.2
11/08/85 43 7.83 8.21 0.20 1 18.0
01/22/86 118 6.36 5.5 0.19 1 18.6
02/05/86 132 6.91 ’ 5.6 0.14 '11.9
02/19/86 146 5.81 6.8 0.18 C11.7
03/12/86 167 12.55 7.9 0.09 ' 11.3
03/19/86 - 174 11.91 7.6 0.09 . 11.9
03/26/86 181 11.70 7.9 0.11 '12.0
04/02/86 188 - 10.32 7.1 0.13 +15.1
04/30/86 216 11.19 6.9 0.09 9.4
05/14/86 230 . 11.29 6.5 0.08 '10.9
05/22/86 238 11.80 . 12.32 8.0 0.09 - 8.7
05/28/86 244 12.48 7.6 0.08 110.9
06/04/86 251 12.19 7.7 0.11 '13.9
06/18/86 265 11.61 8.3 0.09 12.4
06/19/86 266 11.42 8.3 - 0.09 ‘11.7
06/24/86 271 11.78 . 7.9 0.11 ‘
07/17/86 294 12.10 8.0 0.12 _15.5
07/22/86 299 11.97 8.1 0.09 ' 8.8
09/11/86 350 14.39 11.2 0.08 9.2
09/18/86 357 - 14.16 o 11.5 0.09 9.6
10/07/86 376 : 10.99 11.4 0.13 8.1
10/09/86 378 '10.13 11.4 0.13 11.6
10/14/86 383 9.89 11.1 0.10 9.2
10/16/86 385 10.07 11.1 0.10 10.0
10/21/86 © 390 10.51 11.0 0.12 8.6
10/23/86 392 9.62 : 11.0 0.12 - 10.6
10/28/86 . 397 ‘ 9.85 11.0 0.12 10.8
10/30/86 ) 399 9.71 11.0 0.12 11.1
11/04/86 404 9.96 " 10.3 0.12 15.1
11/06/86 406 9.52 10.3 0.12 14.6
11/11/86 411 9.74 10.2 0.13 14.6
11/25/86 . 425 ‘ 10.64 11.2 0.10 15.4
12/08/86 438 10.75 11.6 0.10 7.0
01/07/87 468 11.77 11.3 0.13 15.7
01/08/87 467 12,13 11.3. 0.13 13.7
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TABLE 13 (Continued)

aSOTE WEEKLY DALLY

Date Day 21 24 SRT FM . BOD
(%) (%) (days)  (days) (/1000 fi3d)

01/14/87 475 12.66 10.48 11.3

0.10 156

01/30/87 491 12.31 10.5 0.11 :
02/13/87 505 10.89 114 0.13 ' 10.4
02/20/87 512 11.68  11.1 A 143

- 02/27/87 519 11.80 10.6 0.12 183
03/06/87 526 - 1018 112 012 151
03/2787 547 1.10 1059 117 0.10 10,7
04/03/87 554 11.97  11.54 115 0.10 12.1
04/17/87 568 12.03 10.7 0.10 '15.1
04/24/87 575 1131 11.24 9.3 0.12 146
06/01/37 613 10.27 9.7 0.12 96
06/02/87 614 11.51 9.7 0.12 '14.8
06/10/87 622 11.57 | 9.5 0.15 135
06/11/87 623 10.13 9.5 0.15 119.3
06/16/87 628 11.63  11.29 9.4 0.16 17.4
06/23/87 HOSE CLEAN #21 -
07/09/87 651 13.33 96 0.6 '18.5
07/10/87 652 8.55 9.6 0.16 18.2
07/16/87 658 10.05  10.64 9.8 13.4
07/20/87 662 10.19 - 11.12 9.6 0.14 15.1
07/30/87 672 9.34 15.7 0.14 16.6
08/05/87 678 11.54 9.7 0.13 14.9
08/11/87 684 13.56  13.74 9.7 0.13 16.1
09/04/87 708 9.89 1022 94 0.16 133

- 09/18/87 .~ 722 1421 9.1 0.11 - 11.8
09/25/87 729 1409  11.66 9.3 0.13 22.4
10/30/87 764 1036  10.08 97 . 013 19.8
11/06/87 771 11.34 9.7 0.16 19.0
11/13/87 778 11.08 9.6 0.15 17.6
12/04/87 799 11,79 1064 10,0 0.12 14.0
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TABLE 14
aSOTE PLANT DATA - PLANT 4

oSOTE WEEKLY DAILY
Date Day 25 28 SRT FM . BOD
(%) (%) (days) . (days'l) (1b/1000 ft3d)

11/15/85 50 9.87 8.00 54 0.16 - 16.0
01/22/86 118 6.88 5.9 0.24 | 18.2
02/05/86 132 : 7.31 6.1 0.18 : 11.5
02/19/86 146 8.85 6.0 0.26 - 12,7
03/12/36 167 11.07 ' 7.3 0.15 . 11.3
03/26/86 181 10.99 7.6 0.13 i 13.0
04/02/86 188 8.79 8.0 0.14 L 15.2
04/30/86 216 12.06 , 9.1 0.11 . 94
05/14/86 230 10.99 10.0 0.10  10.9
05/22/86 238 12.92 12.85 9.8 . 0.10 8.7
05/28/86 244 12.32 8.1 0.09 . 10.9

- 06/04/86 251 11.48 7.8 0.12 + 13.9
06/18/86 265 10.86 6.4 0.13 1 12.4

- 06/19/86 266 12.48 6.4 0.13 117
06/24/86 271 12.30 6.2 0.15 ;
07/15/86 292 11.98 3.6 0.18 12,0
07/17/86 294 11.69 5.6 0.18 15.5
07/22/86 299 12.42 5.7 0.14 ' 8.8
09/11/86 350 13.06 9.2 0.09 P 9.2
09/16/86 355 “ 11.43 7.3 0.11 113.1
10/02/86 371 - 10.52 59 0.14 P 7.3
10/09/86 - 378 9.37 5.9 0.31 11,6
10/14/86 383 7.99 6.1 0.16 1 9.2
10/16/86 385 o 9.29 6.1 0.16 :10.0
10/21/86 -390 9.74 6.1 0.19 . 8.6 -
10/23/86 392 9.20 6.1 0.19 '10.6
10/28/86 397 8.91 5.8 0.20 10.8
10/30/86 399 9.40 5.8 0.20 11.1
11/04/86 404 8.02 5.8 0.19 15.1
11/06/86 406 8.20 5.8 0.19 14.6
11/11/86 411 8.00 8.3 0.21 14.6
11/25/86 425 11.14 - 112 0.10 15.4
12/04/86 434 11.99 11.2 0.11 11.6
12/08/86 438 . 11.02 11.2 0.11 7.0
01/07/87 468 - 1233 11.2 -0.14 15.7
01/08/87 469 11.36 11.2 0.14 13.7
01/14/87 475 10.22 11.59 11.3 0.10 15.6
01/30/87 491 13.51 11.0 0.08 !
02/13/87 505 15.42 11.6 0.09 10.4
02/20/87 512 14.53 11.3 ‘ 14.3
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TABLE 14 (Continued)

OoSOTE  WEEKLY DAILY

Date Day 25 28 SRT F/M - BOD.
® @ ay)  daysh (/1000 i)

i

02/27/87 519 1513 114 0.10 18.3
03/06/87 526 13.13 1.5  0.08 151
0327/87 547 11.76 1279  11.8 0.09 107
04/03/87 554 1214 1254 115 0.11 | 12.1
04/17/87 568 1232 107 0.10 15.1
04/24/87 575 1254 1131 9.3 0.12 14.6
06/16/87 628 1232 1434 9.4 0.17 . 17.4
07/16/87 658 10.39 9.62 9.6 | 13.4
07/20/87 662 11.14 8.91 9.5 0.17 . 15.1
07/30/87 672 12.94 9.4 0.13 . 16.6
08/05/87 678 12.85 9.7 0.14 . 149
08/11/87 684 1330 1241 9.7 0.13 | 16.1
09/04/87 708 13.50  12.18 9.4 0.15 | 13.3
09/18/87 722 14.36 9.0 0.11 - 11.8
09/25/87 729 1363  12.83 9.3 0.12 22.4
10/30/87 764 11.81 951 9.7 0.13 1 19.8
11/06/87 771 12.48 9.7. 0.16 ' 19.0
11/13/87 778 12.26 9.6 0.15 ' 17.6
12/04/87 799 1035 1175 9.7 0.15 ' 14.0
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TABLE 15

MEAN a-SOTE VALUES - WEST PLANT
MARCH 1986 - DECEMBER 1987

Standard Deviation
Tank No. ‘Mean aSOTE oSOTE 'n
(%) (%) ;
21 11.35 1.25 36
24 11.22 1.23 37
25 11.81 1.67 35
28 11.43 1.77 32
66




Results of the fifty day study in Plants 3 and 4 are presented in Table 16 In every
ce, Plant 3 «SOTE values were higher than those in Plant 4. At the 95% confidence

It is important to note, however, that these analyses were for the first basin of a three-
pass system. Results of the East Plant study suggested that the first pass was the least

mediated), it is‘possible that when complete nitrification occurs (regardless of SRT), these

Studies were conducted near the end of this investigation to evaluate the effect of D.O.
set point variation on aSOTE, Between August 5 and September 4, 1987, D.O. set points
in Plant 3 were 1.5, 2.0, and 2.0 mg/L in Passes 1-3, respectively. The set points in Plant
4 were 0.7, 1.5, and 2.0 mg/L. Between September 4 and December 4, these set points
were flip-flopped so that Plant 4 had the higher set points. An analysis of aSOTE values
during these studies (see Tables 13 and 14) indicated that in the first pass tanks, there was
no significant difference between set-point strategies on the value of aSOTE.

Although there was no indication that diffuser cleaning was necessary, it was decided
that one set of basins would be dewatered and examined after 635 days of operation.
Basins 19, 20, and 21 were dewatered on June 23, 1987. Examination of the basins
indicated that significant foulant was accumulating on diffusers, piping, and tank walls in
the first pass. The last two passes were virtually "like new.” Results of the diffuser
characterization are presented in the next section (See Table 20). Pictures of representative

diffusers from the three passes are shown in Figure 34,

The diffusers Wefe cleaned by high pressure hosing (line pressures of 120 iJsig) within
the tank and then additional diffusers were removed for characterization. The tanks were
put back into service on June 25, ' , v Co

A series of three basin off-gas tests were conducted on Basins 19, 20, 21 and 22, 23,
24 between June 1, 1987, and November 6, 1987, Results of these tests appear in Table
17. Note that these data are for the two sets of aeration basins in Plant 3 operated under the
same conditions. Review of this table indicates that cleaning of Basins 19, 20, and 21 did
not appreciably affect the performance of that system over the parallel one (22, 23, 24),
Comparing data for Tanks 21 and 24 in Tables 17 and 13 suggest that immediately after
cleaning there may have been some improvement in Basin 21; but this was short-lived, and




TABLE 16 ;
aSOTE FOR PLANT 3 AND 4 DURING DIFFERENT SRTs*

. Date Plant 3 ~ Plant4 |
: aSOTE . aSOTE
1986 |
09-11 | 14.39 13.06
10-9 10.13 9.37 |
10-14 9.89 7.99
10-16 10.07 9.29
10-21 10.51 9.74
10-23 ' 9.62 9.20
10-28 9.85 8.91
10-30 9.71 9.40
X 10.52 - _ 9.62
s : 1.59 1.48

*Extracted from Tables 13 and 14,
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Figure 34. Photographs of Fouled and Clean Diffusers - 600 Days of
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GRID 1-TANK 21

GRID 9 - TANK 19
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The three basin mean weighted aSOTE during this sampling period was about 14%.
Itis instructive to note that between 33 and 499 (average 40%) of the oxygen demand in
the system was satisfied in the first pass. This was in contrast to a range of 29 to0 39%

conditions. Variation in these distributions are affected by diffuser fouling and degree of
nitrification. As the first pass diffusers foul, the percent of oxygen demand satisfied in that
region decreases (the demand moves downstream). When nitrification occurs, it has the
effect of attenuating demand up front and spreads it more uniformly down the aeration
tank. This affect is discussed by Boon and Chambers (12). : ;

The successful long-term performance of the West Plant basins as contrasted to the
East Plant basins (prior to nitrification) strongly implicate plant loading (SRT or F/M) as a
critical factor in diffuser fouling. The somewhat higher values of alpha recorded for the
East Plant in 1987 (Table 6) than for the West Plant (Table 17) may be associated with the
lower loadings encountered in the East Plant in 1987, :

Indirect Study of Transfer Efficiency (MMSD

months, 70% of the total wastewater flow was directed to the West Plant; and during the
other two months about 54% of the total wastewater flow went to the West Plant! Total
plant loading, SRTs (E/M), and effluent quality were comparable in both pairs of months,
Dissolved oxygen and air flows were analyzed on a minute-by-minute basis by the
supervisory computer. Averages were automatically determined by compression of these
data. The average air flow rates were then adjusted to what they would have been had it
been possible to turn them down to an air flow that would achieve the D.O. set point. It
was assumed that oxygen uptake rate and oSOTE would remain the same at the lower D.O.
set point values. The correction was calculated as: !

*

C -C
Adjusted Air Flow = —= x Actual air flow

*

C.-Csp

k-

: . | '
where C_ = steady state D.O. saturation concentration, mg/L

C =average D.O. concentration measured, mg/L
Csp =set point D.O. concentration, mg/L
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Diffuser Characterization ‘ . |

A test header was installed in Aeration Tank 21 and diffusers were removed on a set
schedule as a part of the ASCE/U.S, EPA interplant fouling study. Results of that work
can be found in a report by Baillod (3). Table 19 presents a tabulation of data from that
study for comparison with field test data. 5

Diffusers were also removed from the full-scale West Plant on Day 635 duﬁng
cleaning of Aeration Tanks 19, 20, and 21. Samples of diffusers before and after cleaning
. were tested. Results of these tests appearin Table 20. - o

Review of Tables 19 and 20 indicate that after 635 days in service, the diffusers
appeared to be somewhat more fouled than those in the tank after 43 8, and 12 mjonths_.

significantly lower in the dowstream grids for the West Plant even after 21 months of
service. , :

The distribution of volatile solids in the foulant for the West Plant were not as striking

~ as found in the East Plant. Silica and phosphorus did not increase downstream but
calcium, iron, and, perhaps, aluminum appeared to increase in the foulant as one !

progressed downstream.

High pressure hosing did restore the diffusers but not to "new" conditions.. .
DWP/BRY ratios increased to about 0.7 t0 0.8 in Grid 1 and to about .85 in Grid 2 All
- other grids demonstrated ratios of about 1.0, even though both BRV and DWP ratios were
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somewhat below "new" conditions. One reason for this observation may be due to the
cleaning problem due to the physical layout of the tanks. Al] three passes had to be
dewatered at the same time. Hosing started at the effluent pass (Tank 19), so that by the
time cleaning was attempted in the first pass (Tank 21), the foulant had dried. ‘Hosing was
ineffective and brushing was attempted. ; -

Comparison of three-tank off-gas tests suggest that the level of fouling found in these
tanks did not appreciably affect aSOTE, at least the effect was imperceptible within the
range of day-to-day variability experienced in the testing program. The exception to this
;might have been the first grid or two in the lead aeration tank, but this effect was short-
ived. ‘ o

800 days. In that period of time, there has been no perceptible decrease in diffuser
performance in the first pass acration tanks based on aSOTE measurements. The mean
first-pass aSOTE values over 800 days was about 11.5%. The mean weighted aSOTE for
all three passes ranged from 12.1% to 15.3% based on six three-basin tests conducted in

1987 (Days 630-770). The plant operated at a low loading to insure complete nitrification.

There was substantial variability in «SOTE in the first pass tanks. This variability
could be attributed in part to variation in operational parameters such as SRT or F/M.
These correlations were weak, however, suggesting that other factors including wastewater
characteristics complicated the relationship. This analysis may be further complicated by
the apparent relationship between degree of stabilization (in this case complete vs. partial
nitrification) and transfer efficiency. Based on one day's dara, apparent alpha in the first
pass varied by about 32%. i

An examination of the diffusers after 635 days of service under low load conditions
indicated a rather uniform effect of fouling in the first two passes based on BRV and DWP
measurements. The fouling did not produce a perceptible change in aSOTE, however,
over the 800-day period of the study. This was, perhaps, due in part to the variability of
the measurements, although no trend was estimated by regression techniques, !

would not slowly and, perhaps, irreversibly build up. The experience in the East Plant
suggests that occasional steam Cleaning or acid cleaning may restore diffusers exposed to
high loads to “like new" conditions. i

]Disa_xssion with MMSD personnel indicated that cleaning will be performed at about

five-year intervals using the Milwaukee method (hose-acid-hose) on the first and second -
passes and hosing only on the third pass. Additional studies will be conducted, however,
zed. :
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" APPENDIX A

OFF-GAS TEST METHODS

o

(From Quality Assessment/Quality Control Procedures for cooperativei
agreement research program with U.S. EPA)) ,
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A&.0 OFF GAS FIELD TEST METHOD

Offﬁsa: methods require the accurate measurement of DO, C024 end water
vapor in the inlet and discharge gases from o test volume within the seration
tank, The greatest drawbacks to the method have boen rolated to the
instrumentation, Two prectical problems had to be overcome to make the method

The Off-gas Analysis Equipment (OAE) .used to evaluate the full scale
performance of diffused soration systems comsists of: f
1. An Off-gas Analyzer with vacuum source
2. Flexible off-gas transmission conduit
‘3. Off-gas collection hood
4. Liguid phase dissolved Oxygen measurement equipment.

A8.01 Offgas Analyzer

The analyzer must have the capabilitigs to: %
1. Measure the rate of offgas collection by means of s flow measuring devicge
~ bhaving a flov capacity from about 0.5 to 28 SCFM, with an sccuracy with
+ 0.1 SCFHM at the lover end of the scale and + 0.5 SCFM at the upper end
of the scale, , . ,
2, Proﬁide an air tigﬁt vater trap to protect analytical stream piping from
entrained moisture, ‘ : :

3. Measure tempsrature of inlet gas to within + 2¢F,

4. Control temperature differential et oxygen sensor between te£e£cnoe and
offgas sample streams vithin + 0.5 °F, when air and mixed liquor
temperature are within the range of 0 °C to 40 .°¢C, |

S. Measure and control vacuum at oxygen senmsor for both reference and offgas
streams to within % 0.1 inch water gauge of each other and at »
Predostermined vacoum between 2 inches and 16 inches water gauge, ’

6. Measure offgas collection hood pPressure to within + 0.2 inch wate? guage.

7. Heasure suction vacuum downstream of flowmeter to within * 0.1 inch
mercury gauge. : f

8. Monitor and control flow rate of reference and offgas snmple!streans,
between 3 and 10 SCFH and within 0.5 SCFH of one ‘another,
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10, Control humidity of the offgas and reference streams within 0.001 1bs
vater vapor per 1b. bone dry air of one another. : ?

11. Maintsain O0xygen sensor meter drift of less than 0.05% of rjeading per
ninute when the cell temperature change rate ig 0.25°F per minute or
less, . ? ‘

12. Check meter zero with pure nitrogen to within a meter tetding@equivuent
- to 0.1% oxygen or less, T

[ . |

13. Demonstrate linsarity. of the oxygen sensor by drawing reference air past

the sensor at ambient pressure and at approximately 4 1nches-uercnry guage

and at constant temporature and ma intaining the ratjo of absolute Preéssure

ratios to meter output ratios at between 0.994. and 1,006,

14. Oxygen sensor output to be displayed by a meter having readable:resolntion
equivallent to 0.02% oxygen. :

15. Means of ssmpling and asce:taining‘ca:bon dioxide concentration of offgas
stream to within * 0.1%, ‘

A8.02  Y¥ad¢uum Source

The vacuum sounrce must bo sized to maintain flows through the conduit and
anzlyzer module of up to 25 SCFAM. f

A8.03  Condujt

Flexible crush-proof conduit with air tight fittings should bfe used to
convey offgas from the collection hood(s) to the offgas tnslyzer. The conduit
. and f_it'tings used must be sir tight and bave a minimum inside diu:ete:i: of 1 1/2
inches, . ' s :

A8.04  Collection Hoodg '

The hood employed must be constructed $0 as to be airtight under smal]
positive and negative pressure in the range of -2,0 to 2,0 inch,vatfn gauges,
The hood must have a minimum length of 8.0 ft and must be equipped with floats
and/or ballast td ensure it remains stable at a given sampling location. The
hood should have eye bolts or similar fittings at eaoh end to allow for
attachment of mooring lines which will be used to reposition and secure the
location in the saersation basin., The cross sectional area of the hood at the
vater surface must be sufficient to allow for proper operation of the OAE for
offgas flow rates in the range of 1.0 to 25 SCFM, -
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A8.0$ Liguid Phase D.O, Hardware

A minimum of two liquid phase dissolved Oxygen meter and probde systenms sre
to be used to messure residual D.O. 8t each hood position during the test
period. One probe should be suspended at about 3/4 of the diffuser submergence
and the other about 1/4 of the submergence. Dissolved oxygen equipment
. equivalent to the Yellow Springs Instruments Model 54 meter with D.0, probe and
- waterproof csble should be used. Sufficient cable must be provided to allow
placement of the probes immediately adjacont to the hood for each hood position
tested. The D.O. probes should be constructed to sutomatically compensate for
-temperature and pressure. : ‘ ; -

A8.06 Test Procedure

' i
The Chronology of the daily test procedure jis:

« Leak test the umbilical hose and analyser module.

+ Calibrate and check Bas oxygen sensor for linearity.
Calibrate the liquid phase DO measurement probe.
Position hood and begin testing,

oW

A8.061 Leak Tost Unbilical Hose and Analyzer Modple

The ambilical hose and fittings are leak tested by inserting & rubber
stopper in the hose commection where it is attached to the kood andfconnecting
the other end to the off gas analyser. Figure A.4 shows a diagrap of an off
“gass analyser manufactured by Ewing Engineering. Open vide valves: OFV-7, OFy-

» HV-4, Roto-4, MV-6, MV-2, MV-1, and OFV-1, Close all other valves and be
sure that the vacuum source is not connected to the analyzer, Starti the vacuum
- Source and bring the vacuum hose into the vicinity of the vacuum coanection on
the anslyzer until Rota-1 reads 10 inches wv.g. Read and record Mano-3 and
Rota~4 which should read less than 3 SCFH, :

A leak test of the offgas analyzer module itself is conducted to asses the
Preésence and magnitude of leaks into the analytical circuit. This is done by
introducing Nitrogen gas into the analytical circuit under a slight positive
Pressure at the oxygen sensor until equilibrium conditionsg are obtained
relative to the millivolt output from the Oxygen sensor. The vacuum sonrce is
then activated, with nitrogen 8as still flowing in the system, and the
sanalytical circuit operated at the same sample flowrate and vactum at the
oxygen sensor ag during normal offgas testing. An unacceptible leak into the
systen'is‘evidenqad by an increased meter output of more than § millivolts when
nitrogen is flowing past the oxygan sensor under normal operating conditions as
- compared to nitrogen flowing past the sensor under slight pressure (0-8
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A8.062 Oxvgen Sensor Calibration

Linearity of ‘the gas phase oxygen sensor is deaonstrltediby drawing
ambient air past the sensor at normal operating vacuum (4-10 in/wg.), and st
approximately & vacuum of 4 in. mercury gaugo at constant tempersture and
sample flow rate. Acceptable meter response to changes in the partial pressure
of oxygen is demonstrated when the quotient of the ratios of tbe absolute
pressure to the millivolt output for each of the two conditions is between

0.994 and 1.006.

In equation form:

. Abs P1/Output 1 i
0.9994 =( ——mmomeeeo ————— =< 1,006 L (41)
‘ Abs P2 /Output 2 !

Whore: Abs P1, Abs P2 = the absolute pressure of ambient ajr at the
‘ ) j Oxygen sensor under the operating condition,
' ‘ #1 or #2 (4 to 10 in ¥.g8. or 4 in Hg)

Output 1, Output 2 = is the millivolt output from thé oxygen
sensor under the operating condition ,
#1 or #2.

A8.062 Dissolved Oxygen Meter Calibration

Prior to initiation of testing, the dissolved oxygen equipment used to
messure residual D.0. at each hood test position must be zero adjusted and
calibrated according to Section A4, Calibration checks of the probe and meter
should be conducted on four hour intervals and at the end of the dlx.

. A8,063 AES.LLL;LI QLLm_D.t_u ,

In addition to other data obtained during offgas testing, the value of
local bedrometric pressure, P,, the clearwater saturation valpe C ®20 for‘the
system under test and the st linity correction factor (B) to be applied to C ©20
must be determined in order to calculate the offges results, :

ng;i Barometric gggiiggg: The locel uncorrected barometric pre&snre, Pb'

obtained from the nearest airport or westher buresn, taken before and after
each day's tqsting should be used for calculation purposes, 5

QJL_§£13135193 Yalpe: It is prﬂferrable that C‘,f be calcnﬁated from
Equation 27 based on a value of C w20 ©Obtained from clearvater test data
et comparable submergence and diffuser disposition. If no comparible clear
vater data are available, C of Should be calculated from Eqnatiog 28 based
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. |
on the surface saturation value correctod for temperature, pressure and
ressonable value of de' ;

Airflow Rate Neasurements: The mcasured airflov rate in cubic feet per
minute should be recordod at hourly intervals for esch seration basin that
is offgas tested during the offgas test period. Comparison of 'the measured
rate with that calculated from the offgas air rate ueasureaentfcln.belnsed
to judge the edequacy of the offgns‘sampling plan. ’ '

A3.064 Offgas Sempling
The sampling planm should be representative of the tank on anéatell bagis

and should yieldcollected sir rates generally consistent with the applied
rates. ) !

Not less than two (2.0) percent of the aeration tank ares, represented by
the width of the liquid surface times the length of the basin, shoold be offgas
sampled. For tapered grid aeration, not less than two (2.0) percent of each
grid should be sampled. :

On rectangular tanks not employing grid aeration, ¢.8. spiral flov, at
least ninety percent of the exposed liquid surface shall be offgas sampled at
each cross-section tested, : N

A8.065 Analyzer Operation and Dats Regpirements

After the components have passod the leak test, the oxygen sensor has
psssed the calibration criteria, the D.O. meters are calibrated anh specified
conditiong regarding D.0.,, airflow rate and the 1ike are achjeved for the tank
to be tested, offgas testing may begin., The test procedure requires that for
each offgas determination, there be twvo reference air (ambient air)
determinations, immediately prior to and following the offgas mezsurements,
For a given set of reference and offgas readings, the temperature, absolute
pressure, humidity and flow rate of the gas at the oxygen sensor must be the
same, : : C '

Tho'operating‘vacuum at the oxygen sensor must be at s predetermined level
between 2 inches and 10 inches water gauge. Vacuum at the sensor for both the
offgas snd reference stresms must be controlled tn within + 0.1 inch water
gauge of one another. The flow rate of reference and offgas streams must be
between 3 and 10 SCFH and vithin 0.5 SCFH of one another.

The hnmidity!of reference and offgas streams within the analytical circuit
must be controlled to within 0.001 1bs. water vapor per 1b. bone dry air of one
another, The temperature of the reference and offgas sample streams at the
Oxygen sensor must be controlled within + 0.5°F of one another. '

A minimum of two volumes of offgas, with respect to the volume of jas
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inside the hood above the liquid surface must pa:i through ihé collection
system at the existing flux rate prior to recording offgas dats from sny hood
location, ;

Recorded Dats : All data obtained at the test site must be rocoﬁdéd on field
data sheets, Data pertaining to offgas testing must be recorded on Offgas
Field Data Sheets. Exhibit A.3 is a recommended offgas dats sheet., Additional

plant dets must be recorded on the Overall Plant Data Sheet ;ivﬂn in Bxhibit
A1, . ,

Yhan possible, the following data should be observed and .recorded on one
minute intervals: time, station designation, g§8s stream in circuit-offgas or
.referonce,.the totameter in use measuring flux rate, float beight, magnitude
of pressure (0 tb 2,0 in Hg) beneath the colJlection hood, operating vacuum at
the oxygen sensor, digital output from the gas phese oxygen meter, and the
residual D.O. from the probes. A minimum of two readings fo? each hood
position tested must be recorded for inlet gas temperature and gas
temperature at the oxygen sensor. L

Sampling Duratiog : For esch bood location tested, it is requﬁted that a
minimum of five (5) ninutes active data scquisition be obtained in accordance
with Section A8.065 and data ascquisition must continue ontil apparent
6quilibrium conditions in terns of offgas flux rate and off;as oxygen

observations over approximately two volume changes, indicate essentially
constant hood pressure and freeboard for the same offgas flow setting.

or downward trends are evident. Experience hss shown these conditions to be
cstablished after about two sample volume changes. The period of observation
under stablized conditions should be equal to the time required for one hood
volume change or five minutes, which ever is greater. ?

i

AB.07 Offsas Calculations

After ‘acquisition, the data recorded' on to the Field Data Sheet must be
reduced prior td analysis.  The reduced data, represonting equilibrium
conditions for each hood location, should be transferred to a Summary Data
Sheet.. (See Exhibit A.4), ; ‘
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A8.071 Summary Data Sheet

The Summary Data Sheet should indicate the
tested, diffuser submergence, date, barometor,

suspended solids, total dissolved solids,
the basin testeod.

Jtost s}te. the norétion system

Caor € «f+ Dbota, mixed liquor
tempersture and &pplied air rate to
i
In addition, the following parameters re
should be shown for each hood position:
fraction carbon dioxide in offgas,
air within the anslytical circuit,
offgas and reference a
oxygen deficit (C*
‘offgas flnx,rate.
{

presenting equilibrium conditions
time, station designation, mole
ebsolute humidity of offgas and reference .
electrical output from oxygen sensor of
ir, mized 1liquor temperature, residuoal D.0., dissolved
wf = C), rotamoter used and float beight used to determine
gie Exhibit A4 for a sample of this data sheet, |

. . 1Y B ‘
The parameters to be computed for each hood position include: offgas

flux rate, OTE , SOTE, and OTE p20° From these computations, the overall mean
weighted average OTE , SOTE ang OTE

sp20’ ©2n be computed for each device and
operating condition tested, using the f%lloving generalized expression:

(flux rate x OTE)

e s o e s e e 0 e

Moan Weighted OTE = OTE = | (42)

¥here:

OTE = Oxygen transfer efficienc
conditions,

OTE‘pzo = Ozxygen transfer efficiency in the process water pe# mg/1 of

driving force.under standard conditions (barometrio pressure
of 1.00 atm and temperature of 20.0 °C)

SOTE = Ozxygen transfer efficiency in process water 8t zero ﬁ.O., under
standard conditions,

' ®
SOTE = O?E’pzo x € ®20 ]

Offgas Flux Rate = Rate of offgas evolution per square foot of_éollection
ares as messured by offgas rotameters, (scfm/sq.ft.)

OTE = rates,

|
|
|

Mean weighted OTE based on collectod offgas flow

The mean roqghtéd SOTE shall b
transfer efficiency of tne system und

¢ used to evalusate the gas phase oxygen
er study. *
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 A8,072 Steady State Data |
The steady state values of operating residual D.O., and electrical meter
output from the oxygen sensor for offgas and reference streams shall be
determined from the field data sheots by computing the average values of these
data over the entire observation period for each hood location. In the case of
caerbon dioxide, the reproducible valuve obtained from multiple andlysas shall be
uvsed. ‘ : 7 ] ‘ ‘ 7 ; ,
Steady state offgas flox rates are determined by the offgas operation in
‘the field. Typically the last flux readings represent the steady state reading
for the period, since it may take several adjustment; to stabilize hood
pressure, ’

‘ . )

A8.073 Calculations ‘ !

i .

Offgas flux rates must be determined for each test station using steady
state hood pressure and rotameter conditions in combination with the offgas
hood collection area. The flux rate in standard cubic feet per minute per
square foot (scfm/sq.ft.), is obtained by determining flow conditions at 68°F,
36% relative homidity, and 29.92 inch Mercury absolunte preéssure, and dividing
by the hood area in square feet. '

The field oxygen transfer efficiency, OTE , is determined by?Eqnations 19,
20, &nd 21, The specific oxygen transfer efficiency per unit of driving force

is determined by correcting the field oxygen transfer efficiency to a unit
driving force and 20 °cC, : : :

OTE 20 = (OTE /(c*,, = O) x 1.02420°T) é (43)

Where: I ‘ ‘ ' i

3
[

Mixed liquor temperature, oC.

Saturated D.0. value under field test conditions of temperature,
barometer and prevailing value of beta. ; IR

Remaining terms - as previously described.
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EXHIBIT A.3: OFFGAS FIELD DATA SHEET

Te‘t site.l.'.l.l...‘.l....ll..."lll'll"l'0....00'.I..QII.‘...I.’.Q'..'..'-
Test Dnte.................. Tank. 4vsseesecceass - Air Rate, :cfn.........
Diffnsur (typa and no. )............................Tank Volunme, gnI...........

Water Temperature °C......... Local Barometer, mm Og.......... DS mg/l......

Te‘t CO’ndDCtOd by."..'..!.'lll..l..".l....'...'l.-....'..Oﬂl...IQ.éI..'.....'

i

I
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APPENDIX B

- DIFFUSER CHARACTERIZATION TEST METHODS

o
o

(From QA/QC Procedures for cooperative agreement with U.S. EPA.j
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A11.0 DIFFUSER CHARACTERIZATION i

Al11.01  Foulaat Analysis !

)
1

Aa important aspoct of tho charncterization of touledffino bubble
diffusers jis the analysis of tho nature of the foulant on tho diffuser.
Foulant analysis Providos insights as it pertains to the mechanism of fouling
and can aid in the seloction of diffuser ¢lcaning techniques. ;

Foulant analysis consists of scraping the foulant off the sorface and
analyzing for the weight of dry solids por unit arca, volatile snd lnon-volatile
content, acid solubility and elemental composition of the folulant by enorgy
dispersive spetroscopy or indoctively coupled plasma. Tho procedure for foulant
analysis js: .

1. Specify & cortain arca on tho surface of a diffuser disc:

2. Scrape the materials off the surface, divide and put thém into

, two vials, f

3. Place each vial's contents in a tared evaporation dish,

4. Mecasure the wet weight, |

5. Dry at 105°C for ) 1 hour (To constant weight), '

6. Cool, dessicate and woeigh for total solidx.
7. Put the dishes into furnace, firing them at 550°C for 20 minutes,
8. Cool, dessicate and weigh the dishes for fizod solids., |

9. Teke one dish content for metallic ion analysis, Place ir g vial.
10, Aad 8pproximately 10 ml of 14% LC1 to the other dish and stir geatly

' until the formation of g28s bubbles conses. : ;

11, Centrifuge the solution at 20,000 rpm for 15 minutes. Decant
the upper portion, add deionized vater into the tube cenkrifnge
again and decant. Repeat once more for a total of three decants,

12. Repeat the steps 5, 6, and 9 using tho centrifugod solids}

Compare the results with those of tho non-acidified foulant,

I

All1,02 Bubble Release Vacogum

The bubble release vacuum, BRY, test provides a means of detcrmining the
effoctive pore diameter at any point on the surface of 8 ceramic element
relative to other point(s) on its surface. This test procodure is ﬁseful as 8
tool to assess the uniformity of Pores on the surface of clean, 85 well as,
fouled conditijons. : !

i

Tho bubble release vacuum, as indicsted by the name, is a measore of the
vacuum in inches of water gauvge, requirod to emit bubbles from a8 localized
point on the surface of s thoronghly wetted porous diffuser element. This is
dccomplished by applying a vacuum to a small arca on the working surface of a
vetted diffuser, and measuring tho differential prossure when bubbles are
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A large number of points are samplod to obtain a distribnti?on of bubble

release pressures. Typical test points for a Norton dome are shéwn in Figure
A.S. ‘

The tost apparatus consists of & probe, manometcr, vacnumisonrce. and
Totameter as shown in Figure A.6. The manometer js filled with either water or
mercury depending upon foulant buildup. Water is fine for clesn' and lightly
fouled diffusers. A switch to mercury is roquired when BRY pressures surpassed
the capacity of the water—filled manomcter. ‘ L

The probe to be used in this study is shown in Figure A.6. It has inter—
changeable tips for testing vertical and horizontal surfaces. Test points 1,
6, 7, and 12 gequire the vertical surface tip while other points require the
horizontal surface tip. : ' , : i

The dowme minimum flow rate is normally 0.5 scfm. BRV flow rates are kept
vnder this so diffuser foulant will not bo pulled off the stome. This
translates to a flov rate of 0.9 m1/sec for the 1.13 cm® probe. A method for
calibrating flov rate is shown in Figure A7, With an in-1ine rotémeter, flovw
calibration is dome just once to check the rotameter calibration curve,

i

The recommended practive for BRV testing is listed below:

1, If the diffuser isg now, immerse it in tsp water until wetted.
~ Remove from water just prior to test and let drain by gfuvity for
cet more than 30 minutes. Keep diffuser in a horizontal plain while
draining, Do not soak fouled diffusers. o

2. . Set BRY flow rate.

3. Apply probe to BRVY test locat ion., The water sarface will rise in
the probe while bubbles are releasod at the diffuser surface, If
the vater lovel becomes too high, discard oxcess vater by 8 quick
latersl and upwerd movement of the probe. If water level is too
low, apply sdditional water onto the diffuser adjacent to! the probe,
This is especially useful when testing fouled diffusers. .

4. Equilibruim has been reached when the rate of rise of water in the

) probe equals the rate of rise in the manometer. (inches water gauge).
If time to reach equilibrinum is excessive, it may bo reduced by
operating the by-pass valve momentarily., The flux: rate increases
dramatically when the by-pass valve is open. The large suction
force will pull foulant off a dirty diffuser. Becauso tbe loss of
foulant may effect test rosuits, the by-pass valve should be used
judiciously. ' :

5. At equilibfimn. read and record the manometer réadidng and height
of water in the probe. BRV equals the manometer reading (corrected

to inches water gauge if using mercury) less height of water in the
probe, o ' '

t
I




Revision Mo. @
. Date 7/23/85
Page 3 of 11

WASHER

WASHER \
1
4
3 11/
|
i . P
1= 2 3 l 4

Figure AS. BRV Test Points - Norton Dome .

94




% ﬁév{sion”Né. 6f
. Date 7/23/85%
Page 4 of 1)

8Y-PASS QNALVE

<y
’ S
?5 ' ? (:C)
=t | E Y
=3 B8RV T | VACUUM
=) proag ; SOURCE
= i |
- S 7‘:
DIFFUSER MANONETER ROTAMETER

R

=
=

-
- .

L ['15
, NE
HORIZOHTAL
PROBE TIP ! .
VERTICAL

PROBE TIP:
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. Measure rise in water colﬁmn (f) with time.
Figure A7. BRV Flow Calibration. = |
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6. Repeat stops 3 through 5 for all test locations.

Al11.03 Dypamic ¥Wet Prossuro

The dynamic wet pressure, DWP, is tho pressure differenti@l 8cross the
diffusion element alone whon opersting in a submerged condition, and is
expressed in inches of water gauge. ,

-In the dynamic wet pressure test, most of the pressure differential is due
to the force or pressure required to form bubbles sgainst the force of surface
tension and only a small. fraotion of the total pressure gradient ﬁl fequired to
overcome frictional resistance.

‘In situ DWP is moasured in the seration basin as indicsted in Figure A.8.
These measurements are normally made two or three times per wecek. Comparison
of the in-situ D¥P to the clean DWP as measured in the laboratory will indicate
tho degree of fouling. In making this comparison, correction should be made
for possible differencos in air flow. ‘ ’ i ‘

DWP and BRV test both measore bubble relcase pressure. DWP measures it for
the whole diffuser while BRY gives a distribution of pressure. For a now stone,
the average DWP/BRY ratio is close to 1.0. As a stone fouls, the average BRY
for the 12 points tested on the top surface bocomes greater than DWP. The
average DWP/BRV ratio becomos less than 1.0,

|

The equipment required for measuring DWP in the lad includes an air source,
rotameter, in-~line mercury manometer, thormometer, diffuser plenum with
standard orifice, water~filled manomoter and aquarium. The testisct-up looks
very much 1like Figure A.8 withouot manometer A and the bubbler. The water-
filled manometer (manometor B in Figure A.8) is tapped into the Plenum at one
end and open to atmosphore at the other end. The water in the aquarium is high
enough 80 the diffuser wa's covered with vater, :

i
1

Laboratory Measurement of DWP ‘
1. The aquarium should be filled with tap water $0 there will be

soveral inches of water over the diffuser. If this is done the day
before testing, the water will warm to room temperature, |

2, New diffusors should be wetted the same as for the BRV iest. Do not
soak fouled diffusers. ' |

i
f

3. Place diffuser securely in plenun,

4, Bold plenum over aquarium and turn air on. This a@lovs water
entrained in the diffuser to draim into the tank and not on the
floor. If the diffuser is fouled, do not turn sir flow any higher
than its operating air flow rate.
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5. Place pleaum in Squarium. Adjust air flow to ainhfnun suggested
rate (0.5 scfm/dome), Visoally inspect the flow Profile. If the
diffuser is not mounted correctly, coarse bubbling vill be evident.

If this is the Ctse, take plenum out of the 8quarium and reseqgt the
diffuser, ‘ v ‘ Co :

6. Adjust air filov to maxium allowable rate for th;e test being
performed. Let equilibrate for several minutes. This allows time
for excess vater to be driven out of stone. ¥hen té:ting fouled-
diffusers, do not excoed the operating air flow rate. ‘

7. Perform a DWP profile. Thig is done by checking DWP &t three or
more air flows, Typical air flows are 2, 4, 6, and 8 scfn/ft2, A
bucket catch pay be performed to check air flow rate.. In 1ine pres-
sure and temperature readings are taken so air f1ow 'Tates can be
translated to standard conditiqns.‘ :

8. After the last DWP resding, turn the air flow to 8lmost zero,
Heasure the static hoad over the diffuser, The static hesd is sub-~

tracted from DWP manometer readings to give true DWP readings,

. Correct air fiow data to standard conditions. Regtes;l D¥P (y) on
8ir flow (x). The correlation coefficient should be close to 1.0,

uniformity of air reloase across the surface of ceramic diffosers, while
operating, rather than appraising uniformity by visual means. Thisg igs
sccomplished by testing the element at an air rate which is approximately equal
to 2 scefm/sq. ft., or at the recommended design rate, with 8nyvhere from 2-8
inches of water over it. : - ' ' ; :

¥ater from an inverted container and recording the rate of displacement of
water with a stopwatch, By combining the contsiner dres and the rate of ajir
discharge, a flux rate, expressed as scfm/ $q.ft. or other convenient units,
can be calculated, By comparing the fiuox rate of the selected ares readings

with one another, 8 quantitative measure or graphical roprresentation of the
profile can be gensrated, f

Finx rate is measured by displacement by the rising gas stream of water
from a vessol inrerted over the ares of diffuser to be characterized. The
vessel most first'be filled vith water, covered and deftly invertediso that the

mouth of the vessel is just submerged. Captured gas volume is measured over a
time of a few seconds taking care so that the captured volume i x:'ocorded at
atmospheric pressure, i.e. equal water surface levels inside and outside of the
inverted vessel. The flow rate is determined by dividing the captured volume
by the time interval, The flux rate is defined as flow rate divided by the

- ) 99 i
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drea of the capture vessel. A flow profile for a typical diffuser requires

flov measurements on each of three concentric circles as shown in'Figure A.9.
Flovw rates for the annular dreas are determined by difference. '

These measurements are made by using threo voscels, each with s different
surface capture areas, The large, 13.5 liter vessol captures the: entire flow,
The two liter vessel captures all but the periphery flow, wheress the 1000 m}
gradoated cylinder captures the flow around the washer. By subtraction, fluygx
Tates are obtained for the ovter, middle and inner aress of the diffuser.
These flux rates are then comparod to the tverage flux xate for the diffuser.

The combination of D¥P, BRY, asd flow profile tests applied to new
diffusers and at Yerious stages in their operating history, provides 3 very
vseful disgnostic tool in evaluating the rate, the nature and the offect of
fouling, be it organic or inmorganic, on fine bubble porous diffusion elements,
It is also effective, if judiciously spplied, in appraising the ekfectiveness
of various cleaning Procedures,

A11.05  Specific Pormeability

The manufacturers of ceramic diffusers have used and are familisr with the
permeability test, It has served as a quality control proceduro to assnra that
the nnits sent to a jobsite sre similar with respect to their dvsrage
farictions!{ resistance to flow, when dry, to within some specified limits.
This was especially important in many older plants where seversl plates were
installed into a single plenum vithout individoal flow balancing means toward
the objective of improved sniformity of air flow among the units when in
operaticn, :

The test generzlly consists of sealing the coramic unit in o test fixture
substantially as it is sealed, in an actuasl aeration tank and then Passing
- sufficient air through the dry element to produce a pressure differential of
2.0 inches water gange. The permeability is reported as the air rdte required
"to produce this differential, In the U.S., the air rate is ip SCFH (standard
cubic foet per minute) where a standard cubic foot of air ig coﬂsideted to
occopy 1.0 cubic foot of volome 8t one stmosphere, 70°F, angd 36% relative
humidity. Historically, the test was carried out on ceramic plates 12 inches x
12 inches x 1 inch thick, % :

In the way of an example, if we ran a permeability test on suchk & ceramic
plate, we might find it took 25 SCFM to produce a 2.0 in, w8, differential
pressure. In this cage, the permeability rating would be 25, & plate of
identical materia], but half as thick, vould be expected to have g pérneability
of 50 instead of 25, since the flow paths through the coramic vould be about
half as long and‘offering correspondingly less frictional resistance. Had the
¢lement been 1.0 in. thick and had an area of 72 $q. in. instead of 144 sq.
in., the,permeability would be épprozimately 12.5, since there would bave besen
only about half the area of the first case. : ;
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Even though theso elements were nade in identical ways with identical
. materials, the permesbilities of the three vary from 12.5 to 50 ., Thus, using
pormesbility to compare ceramic elements of different shape, thickness,
materisls of construction and the like, is not meaningful and has been s
confusing factor inm the engineering community,

In an effort to omploy'permeability test results as 8 measure of
Tesistance characteristics of the material, we adopted the term nspecific
permoabilityn which is the equivalent tmount of air at standard conditions to
produce 2.0 in. differential pressure across the dry element if the element
- were 1.0 sq. ft. in ares (12 in. x 12 in.) and 1.0 in. thick. ;

An approximate expression to convert the permeability of any porous
structure to specific permeability is as follows: :
S.P. = Px (A/t) |
Vhere: S.P. = specific permeability, SCFM .
‘ - P permeability of the element itself, SCFM
A = ares of ¢lement, sq. ft., when made to hypqthetioally
conform to & flat surface :
t = mwmean weighted thiokness of the ¢lexzent, inches,

it
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A12.0  DIFFUSER CLEANING METHODS IN FIELD

Al12,01 Low Pressure Hosing

This method is frequently used in conjunction with other methods and
consists of hosing at a distance of 2 to 24 feet using a low pressure nozzle
st 30 to 70 psi. The hosing period shonld continue until the readily removable
foulant has been washed avay, This time is generally on the order of 10
seconds but can vary from five seconds to one minute depending on the
resistance of the foulant, pressure and distance. The air should be on during

the hosing operstion with each diffuser operating at roughly 1 ofm.

'
i

A12.02 Eigh Pressure Hoging |

This method consists of hosing at a distance of about two fbet using a
high pressure nozzle at 80 to 100 psi. The hosing period shounld continue until
the readily removable foulant has been washed awvay. This time is generally on
the order of 15 seconds but can vary from about 5 seconds to one minute
depending on the resistance of the foulant and pressure. Each diffuser should

be operating at an air rate of approximately 1 ¢fm during the hosing operation.
A | v

¢

A12.03 Milwapkee Method: (Acid Plus Hosing)

This method has been used at the Milwaukce wastewater treatment plants for
many years. A high pressvre water jet is applied to the diffuser surface
followed by acid spraying and hosing, The rationale is to first hose off the
easily removable foulant so that the applied acid can solubilize the inorganic
precipitate ingide the pores of the diffuser. A second hosing is then
performed to remove the solubilized foulant and residual acid, The materials
nesded for this method are: high or low pressure water hosing equiﬁment; acid
spray applicator (Hudson Acid Sprayer or equivalent) and 50% by volume of 18
Baume[ inhibited muriatic acid. This is equivalent to a 14% HC1 solution,

The procedure to be followed is:
1, Clean diffuser by high pressure or low pressure hosing with the air on at
approximately 1 cfm per diffuser.

2. Apply spproximately‘SO ml of 14% HC1 to the surface of the diffuser using
the spray applicator. No sir should be applied to the diffuser during
the acid apqlication period.,

3. Let acid remain on the diffnser'for 30 minutes., Taorn air on § minutes.

4, Hose the diffuser again for one minute or so to remove 21l the?residual
acid. ‘ :
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A12.04  Stesm Cleaming

This metbod has been used at the Madison trestment plant for soveral
yesrs. The principle of the method is to use the scrubbing and besting power
of a steam jet to remove tho material attached on the diffuser’s surface. The
high temperature of the steam may lesson the ability of the foullnﬁ to attach
to the diffuser surface, Equipment required for this test includes s stesnm
generator and nozzle. The procedure to be followed is: . ’ :

1. Tuxn on the steam generator and let it run for several minutes to
reach constant tomperature (200 C), !

2. Apply the steam jet to the diffuser surface from a distance of twvo feet
8t & minimum pressure of 150 psig until all the foulant has been
visibly removed. The diffuser air should be on during this opqrttion.

3. Let the diffuser cool to ambient temperature,

A12,05 - Firing Method (Kilning)

This metbod is widely used in England. The diffusér stones aré removed,
placed in a kiln, fired to remove foulant material, and graduslly cooled. A
typical British furnace is capable of firing 650 domes per 24 bour cycle. The
procedure to be folleowed is: '

1. Load the diffuser stones into the furnace and heat the fnrnac; to 950°C
over & period of 10 hours, :

2. Hold the temperature at 956-1000 oc (1742-1832°F) for 4 hours,

3. Cool down over 10 hours,

A12,06 Gus Cleaning |

Gas Cleaning refers to a method whereby & fine bubble diffusion system is
cleaned by injecting a small percentage of HC1 gas into the air supply line
loeading to the diffusers. The HACI g8s solubilizes doposits of foulant and
restores the diffuser to its clean condition. - The g2s cleaning syskem to be
eveluated in this study is & proprietary system marketed by SANITAIRE - VWater
Pollution Contrpl Corporation under U,S. Patent 4,382,867. The test
installations will be oporating under license from SANITAIRE and the gas
cleaning operations will be carried out following the recommend#tions of
SANITAIRE personnel, :
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Gss cleaning test results to date have indicated that a mininum gas
concentration is required for. effective periodic c¢leaning. Above the minimum
concentration, the amount of gas required to ¢lean inorganic deposits is
substentially constant., However, the time required to olean is leoss at higher
concentrations. Mole ratios of HC1 gas in sir between 0.0000818 and 0.0309
bave been used suvccessfully in gas c¢leaning, DBased on experience; it appears
that about 0.25 1b of HC1 gas is required per diffuser. -

In operation, the need to apply the gas cleaning treatment is judged by
monjitoring the dynamic wet pressure drop across esch of four diffusers
installed on s removable header. The onset of fouling is indicated by an
increass in the dynamic wet pressure loss across the diffuser at a constant sir
rate. The pressurq increase before initiating cleaning would be specified on a
case by case basis. If the dynamic wot pressure is alloved to rise ito a level
where the desired combined system pressure during cleaning exceeds the blower
" capability, one available option is partial dewatering of the tank being
cleaned. :

During tbe clesning cycle, it is important to get uniform distribution of
gas both between diffusers and throoghout the area of the individual element.
The orifice system is more cffective im promoting. unifoim distribution of air
at higher air rates. Because of this, it is recommended that cleaning be done
at & higher air rate than normally fed, e.g. about 6 to 8 scfm/sq. ft. of
diffuser, or 2.5 to 3 scfm/diffuser. The incressed sir rete also increases the
pressure differontial across the diffuser elemont thus distributing cleaning

888 to partially clogged pores.

Only the grid being cleaned needs to have the increased llt?rnte. This
cap be done by operating. an extra blower for s short period of time or
throttling of air to the rest of the tanks, or dropping the water level im the
tank being cleaned, If the water level is reduced a fev feet, the normal
systom pressure would be adequate to provide the increased rate of air to the
tank being cleaned. This may be the most economical as no more pover is
required at the blowers. ’ ’

1
i
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