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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. r

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 haza{dous
wastes, and Superfund-related activities. This publication is one of the products of that
research and provides a vital communication link between the researcher and the user
community. :

As part of these activities, an EPA Ccooperative 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_Aecration 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
Scparate 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 Cooperatwe Research
Agreement CR812167 with the American Society of Civil Engineers to evaluate the existing
data base on fine pore diffused aeration systems in both clean and process waters, conduct
field studies at a number of municipal wastewater treatment facilities employing fine pore
diffused aeration, and prepare a comprehensive design manual on the subject.; This manual,
entitled "Design Manual - Fine Pore Aeration Systems," was pubhshed in September 1989
(EPA Report No. EPA/725/1-89/023) and is available from the EPA Center for Envuonmental
Research Information, Cincinnati, OH 45268.

As part of this project, contracts were awarded under the cooperative reseé.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 lefuser System Evaluation for the Green Bay Metropohtan Sewerage
District" (EPA/600/R-94/093) by J.J. Marx .
A "Oxygen Transfer Efﬁc1ency Surveys at the Jones Island Treatment Plants, 1985-1988"
' (EPA/600/R-94/094) by R. Wamner ' .
3.  "Fine Pore Diffuser Fouling: The Los Angeles Studles“ (EPA/600/R-94/095) by MXK.
Stenstrom and G. Masutani
4. "Oxygen Transfer Studies at the Madison Metropolitan Sewerage D1su‘;ct Facﬂities"
(EPA/600/R-94/096) by W.C. Boyle, A. Craven, W. Danley, and M. Rleth '
5. "Long Term Performance Charactenstlcs of Fine Pore Cerarmc lefusers at Monroe,
‘ Wisconsin" (EPA/600/R—94/097) by D.T. Redmon, L. Ewmg, H. Melcer and G.V.
Ellefson ‘
6.  "Case History of Fine Pore lefuser Retrofit at Ridgewood, New Jersey"

(EPA/600/R-94/098) by J.A. Mue]ler and P.D. Saurer

7. "Oxygen Transfer Effi01ency Surveys at the South Shore Wastewater Treatment Plant,
1985-1987" (EPA/600/R-94/099) by R. Warriner :

v _ |




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

16.

“Fine Pore Diffuser Case History for Frankenmuth, Mlchlgan" (EPA/600/R-94/100) by

T.A. Allbaugh and S.J. Kang

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

"Off-Gas Analysis Results and Fine Pore RetroﬁtVCase History for Harjtford,
Connecticut" (EPA/600/R—94/ 105) by R.G. Gilbert 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

"Fouling of Fine Pore Diffused Aerators: An Interplant Comparison” .

(EPA/600/R-94/103) by C.R. Baillod and K. Hopkins

"Case History Report on Milwaukee Ceramic Plate Aeration Facilities"!

- (BPA/600/R-94/106) by L.A. Emnest

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

"Invesngatlons into Blofouhng Phenomena in Fine Pore Aeration Devices"
(EPA/600/R-94/107) by W. Jansen, J.W. Costerton, and H. Melcer :

"Charactenzauon of Clean and Fouled Perforated Membrane Diffusers" !

(EPA/600/R-94/ 108) by Ewing Engineering Co.




- ABSTRACT

This report describes five fine pore diffuser evaluations conducted at three different
wastewater treatment plants located in the greater Los Angeles area. The overall goal of the
study was to evaluate the performance of fine pore diffusers using selected cleaning methods
for extended periods of time at selected treatment plants. ?

The major part of this study was conducted at the Whittier Narrows Water Reclamation
Plant, which is operated by the Los Angeles County Sanitation Districts. This study
evaluated fine pore ceramic disk and dome aeration systems using Hcl acid gas cleaning and
a dome aeration systems without acid gas cleaning over a 25-month period. A second study,
smaller in scope and effort, was conducted at the Valencia Water Reclamation Plant (also
operated by the Districts). This study evaluated fine pore plastic disk diffusers over a 13-
month period. A third study, also smaller in scope and effort than the Whittier Narrows
study, was conducted at the Terminal Island Wastewater Treatment Plant, operate;d by the
City of Los Angeles. In this study, the performance of two membrane tube diffusers was
evaluated over a.12-month period. .

This report summarizes the performance of six different aeration systems. The principal
indicator of performance was oxygen transfer efficiency, as measured through off-gas
analysis. For the Whittier Narrows study, changes in diffuser characteristics are also reported.

"The fine pore ceramic disk aeration system that was acid gas cleaned performed better
than the ceramic dome systems that were acid gas cleaned as well as the control dome
aeration system that received no cleaning. Part of the differences in performance between the
disk system and the two dome systems is attributable to mechanical problems with the domes.
The cleaned and uncleaned dome systems had comparable transfer efficiencies during the
study. Results for plastic disk system showed relatively consistent performance over the 13-
month period. The tube systems showed high variability due to operational differfcnces, and
one tube system showed significant fouling over a relatively brief period.  An important
finding of this report is the variability of aeration systerns performance during day-to-day
- changes in plant input and operating modes. 4

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 California,
Los Angeles under the partial sponsorship of the U.S. Environmental Protection Agency. The
work reported herein was conducted over the period of 1986-1988. : ?
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INTRODUCTION

The increased interest in energy conservation in the late 1970’s created 2 new market for
- high efficiency, energy conserving aeration systems for wastewater treatment plants. Most of the

high efficiency aeration systems are some form of fine bubble (< 2 mm mean bubble diameter),
subsurface diffusers. :

Clean water efficiencies of high efficiency diffuser systems were previously investigated
in an EPA sponsored study (Yunt and Hancuff, 1983). This study showed that full floor cover-
age ceramic grid systems are capable of transferring in clean water in excess of 4.3 kg/kW-hr (7
1b O,/hp power; unless otherwise noted, power number will always refer to wire power). These
rates are more than twice the clean water transfer rates obtained in many alternative aeration sys-
tems. r

Unfortunately, fine pore diffuser systems have several operational disadvantages which
reduce their efficiency. The first effect is reduced process water transfer efficiency due to coales-
cence and depressed film coefficients caused by surface active agents (surfactants) such as deter-
gents, volatile acids, and biologically produced polymers. This phenomena is not limited to fine

effect is diffuser fouling and plugging caused by the precipitation of inorganic salts, growth of
biological slime on the diffuser surface. The third effect is air side fouling from contaminants in
the air supply or from liquid contaminants that find their way into the air distribution system
because of mechanical failures. All three phenomena cause problems, such as-increased pres-
sure drop across the diffuser or coalescence of bubbles as they leave the surface of the diffusers,
with a net result of reducing aeration efficiency. ?

Prior to initiation of this series of research projects, the suppression of aeration efficiency
due to surfactants  and other contaminants was empirically known and calculated through a
coefficient called an "alpha factor ()." Alpha factors for fine bubble diffusers have been
reviewed (Stenstrom and Gilbert, 1981) and studied in process water G{wang and Stenstrom,
1985; Doyle and Boyle, 1986) for clean, well maintained diffusers. Prediction and measuring
techniques for fine bubble diffusers under these conditions have been developed and verified
using near full-scale equipment. S = S

The objective of this research, and its sister projects, is to quantify the decrease in aera-
tion efficiency due to fouling and plugging, and in certain cases, to evaluate cleaning techniques.
This report addresses three studies performed in the Los Angeles area by UCLA with coopera-
tion of the Los Angeles County Sanitation Districts (Districts) and Bureau of Sanitation of the
City of Los Angeles (City). C

These investigations were performed with differing goals and levels of effort. The princi-
pal study was conducted at the Whittier Narrows Water Reclamation Plant (WNWRP) in Whit-
tier, California. This plant is operated by the Districts and is one of their "upstream" facilities.
It treats a relatively constant flow rate (13 MGD), since the diumnal fluctuations in flow rate are
passed onto the "downstream" facility, the Joint Water Pollution Control Plant JWPCP) at Car-
son. Waste activated sludge, primary sludge, skimmings, and filter backwash sludge are
returned to the trunk sewer for treatment at the JWPCP, A portion of the effluent from Whittier
Narrows is used for groundwater recharge. The remaining effluent is discharged to the San




Gabriel River for ocean disposal. Industrial discharge to the plant is closely monitored and con-
trolled through Districts’ industrial pretreatment and compliance monitoring program.

The goal of the Whittier Narrows Project was to evaluate long term fouling of disk and
ceramic dome diffusers, and the effectiveness of a patented, in-situ gas cleaning technique
(Schmit, et al. (1983). The study was initiated in April 1986 and continued untl July 1988.
Two ceramic dome diffuser aeration systems (Norton, now Aercor, 0.19m digmetcr, 3.8 cm

The third study was conducted at the Terminal Island Treatment Plant at Terminal Island,
CA. This plant is operated by the City and is not part of a network of plants. It treats a diurnally
varying wastewater flow rate (21 MGD) and has a significant wastewater contribution from fish
canning (40% mass load) and pretreated petroleum refinery wastewater (15% mass load). The
plant has sludge handling facilities, and anaerobic digester supernatant is periodically returned to
the plant influent. Three tanks were initially used in this study. Two aeration tanks were
. Tetrofitted with membrane diffusers. A third tank, with coarse bubble spiral roll diffusers (Chi-
cago Pump, Discfusers), was used as a control. S

The first tank was fitted with a full-floor coverage membrane tiibe (Parkson-Wyss)
~ diffuser. Two air laterals were bolted to each swing arm and spanned the tank width. Diffusers

that were previously installed. The goal of this study was to monitor fouling and aeration
efficiency. The study was begun in June 1987 and continued until June 1988,

All three plants were periodically monitored with off-gas (Redmon, et al. i983) oxygen
transfer testing. Diffusers from the Whittier Narrows WRP were occasionally sampled for
analysis to determine dynamic wet pressure, bubble release volume, and mass of fouling

material. A test header containing four disk diffusers was also installed at the Whittier Narrows




The next chapter describes each plant. Following chapters describe the experimental
procedures, experimental results, and effects of process operation on oxygen transfer. Appendix
I shows a sample data sheet used in off-gas testing. Appendix II contains the raw diffuser data
for Whittier Narrows. Appendix ITI contains the process data for each plant, averaged by month
and averaged over the entire period of observation. Appendix IV contains the average values of

all the off-gas results for all plants. Appendix V contains schematic diagrams of several of the
diffusers. ‘ S




PLANT DESCRIPTIONS

This section provides plant-specific information for each study. Plant operating data for
each facility are summarized in Appendix ITI. Note that several parameters changed during the
study due to plant upgrades or operational difficulties. In general every attempt was made to
maintain constant plant operation. Figure 1 shows the approximate plant locations.

WHITTIER NARROWS

The Whittier Narrows WRP is a full secondary treatment facility with primary
clarification, aeration, secondary clarification, filtration, chlorination and dechlorination. The
plant is located 38 km inland from the Pacific Ocean. It is operated by the Los Angeles County
Sanitation Districts which operates ten other plants in Los Angeles County. !

The topology of the Los Angeles Tank is such that long trunk sewers can be operated

without pump stations from the inland areas to the JWPCP in Carson. Wastewater flows by
gravity from the Whittier Narrows area over 32 km to JWPCP. As growth has occurred the Dis-
tricts have added treatment capacity at its up-stream plants such as Whittier Narrows. This for-
tuitous situation allows growth without increasing the size of the trunk sewers, which currently
operate at near capacity, and allows the District to concentrate its solids processing facilities at
JWPCP. The upstream plants also help to meet the water reclamation needs of the various com-
munities. The Whittier Narrows, San Jose Creek, Long Beach, Los Coyotes, and Pomona water
reclamation plants all operate in this fashion. .
: In addition to solids handling facility design, the unique sewer arrangement provides
additional operation freedom to these upstream plants. For example, the flow rate at the Whittier
Narrows WRP is set relatively constant and the plant is less disturbed by the diurnal fluctuations
in wastewater flow rate. Furthermore, tank maintenance at the Districts’ various WRPs can be
perforrned much more easily since a temporary shortfall in capacity at one plant can be treated
by another plant. : '

The Whittier Narrows WRP provides reclaimed water water for various purposes, includ-
ing groundwater recharge, which requires the plant to produce better than average secondary
effluent. Health Department regulations require the plant to meet a turbidity limiti2 NTU or less,
and a total coliform limit of 2.2 MPN or less. - '

Both the Districts’ and the City’s storm and sanitary sewers are separated. The impacts
of stormwater flow on the Whittier Narrows WRP are small compared to plants with combined
sewers. There is additional flow during the rainy season (Winter) and for this reason operational
flexibility is more limited during these periods.

The Whittier Narrows plant was the location of an early study comparing ceramic disk
diffusers, fine bubble tube diffusers, and jet aerators. The disk system used in this study (tank 1)
was installed in December 1980, and was the same as used previously. The disks installed at this
plant are 2.5 cm thick and are different than the current Sanitaire disk, which is only 1.9 cm
thick. The manufacturer reports that the new disks are otherwise identical to the disks used at
Whittier Narrows. Both the tube and jet system were replaced with ceramic dome diffusers at
the conclusion of the previous study (Yunt and Stenstrom, 1990). Tanks 2 and 3 were placed in
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service in March and May 1982. The disk and domes had a dry permeability rating of 8.2 to 8.8
m’/hr (14-15 SCFM). :

The critical dimensions of the plant are shown in Tables 1 and 2. Figure 2 shows the pro-
cess flow and Figure 3 shows the aeration system and air piping. The domes in the two Norton
tanks were replaced in September and October 1987. The tapering was changed at this time, and

the number of domes were reduced in grid 1 and increased in grid 3. The dissolved oxygen con-

The Valencia WRP is located approximately 60 km north of downtown Lc}s Angcles; As
indicated previously, it is not part of the network of sewers that connect the upstream plants to
JWPCP. It has anaerobic digestion facilities. It has a unique tank geometry relative to other

m (7.3") Nokia disks. The disks were nominally 10.2 + 0.3 mm thick and were composed of sin-
tered polyethleyene. The dry permeability of the disks was 12.3 m/hr (21 SCFM). The Dis-
tricts expanded this plant in 1986 and it was converted to fine pore aeration. Existing baffles
were also removed from the aeration tanks, After modification a total of five aeration tanks were
in service, with all five operating in single pass mode. ‘
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Table 1. Whittier Narrows Plant Description

y

Number Nominal Size
Primary Clarifiers 2 3.7 sidewater depth (swd) x 6.1 w x 91.41 meters
' (12 swd x 20 w x 3001 feer) :
Aeration Tanks ' 3 4.6 swdx 9.1 w x 91.4 1 meters
: (15swdx30 wx 3001 feet) |
Secondary Clarifiers 6 3.0 swd x 6.1 w x 45.7 1 meters ‘

(10swdx20 wx 1501 feet) ’ A
(1 clarifier normally used for backwash recovery)

Normal Operation 3 aeration tanks in parallel, ‘conventional activated sludge
with tapered aerations. Provisions for step feed and series
operation of all 3 tanks '

5 secondary clarifiers

2 primary clarifiers

Air Filtration 1 two stage, replaceable paper cartridge filters
(not functional 4/86 - 9/87)+ ‘
Blowers 2 20,400 m*/hr centrifu gal
(12,000 SCFM) 7 ; 1
1 9,300 m*/hr centrifugal
(5,500 SCFM)
Diffuser Grids Per Tank | 3 Flow control for each grid and each tanl%s, automatic DO

control. 1 probe located at the end of each tank

Design Flow Rate 57 m*/day (15 MGD)

+  The air filters had been out of service for an unknown period, perhaps as
much as 2 years, prior to the beginning of this study.




Table 2. Whittier Narrows Diffuser Information

Tank _ Grid Description
1 1 {792 disks (0.23 m or 9 in, diameter) !
(Sanitaire disks) 2.8 disk/m* (0.264 disk/ft?)
2 | 774 disks o
2.8 disk/m? (0.258 disk/ft?) :
3 | 460 disks

1.7 disk/m? (0.153 disk/£t2) 900 domes tank 2, 985 tank 3

2&3 1 prior to 8/21/87, 990 domes 0.18 m (7 in) domes
(Norton domes) ‘ 3.6 domes/m? (0.33 dom,e/ftz) (0.18 mor 7in. diamctcr%
; after 8/21/87, 836 domes, 3.00 dome/m?, (0.28 dome/ft*)

2 | 968 domes
3.5 disk/m? (0.32 dome/ft2) |

3 574 domes |
2.1 disk/m? (0.19 dome/ft2) f
after 8/21/87, 728 dornes,»2.61 domes/m? (0.24 ':dome/flz)

1,2,3 All 3.75 m (12.3 ft) diffuser submergence




Table 3. Valencia Treatment Plant Description

Number Nominal Size
Primary Clarifiers 5 3.5swdx 6.1 wx 19.8 1 meters
(11.4 swd x 20 w x 651 feet)
Aeration Tanks 5 4.6 swd x 8.1 w x 41.4 1 meters, 3.96 m diﬂ'user submer-
' gence
(1S swd x 265 w x 135 1 feet, 13 feet dxﬁ'user submer-
gence) ‘
Normal Operation 3 serpentine flow operating as a single contact stabilization
: process
2 baffled in three companments operatmg in parallel in con-
tact stabilization model :
‘Secondary Clarifiers 6 3.0swd x 4.9 wx 41.1 I meters
, (10 swd x 16 w x 135 1 feet)
Air Filtration 2 two-stage replaceable paper cartridge filters :
Blowers 2 15,500 m?/hr Roots centnfugal
(9,150 SCFM)
2 6 100 m>/hr Sutor-bilt Posmvc Dlsplacement'
: (3,600 SCFM) v
1 1700 m’hr Sutor-built Positive Displacement (1000
SCFM) ; :
Diffuser Grids/Tank 2 flow control for each grid and each tank

11




Table 4. Valencia Diffuser Layout*

Half-Grid" Description
1A 343 disk
4.1 disk/m? (0.38 disk/ft?)
1B 288 disks ‘
3.4 disk/m? (0.32 disk/fi2)
2A 262 disks
3.1 disk/m? (0.29 disk/ft?)
2B 205 disks |
2.5 disk/m? (0.23 disk/fe?)
Zone
1 reaeratibn - 257 disks
(257 from grid 1A)
2 contact 466 disks
(86 from grid 1A, 288 from grid 1B, 92 from 2A)
3 375 disks '

(170 from grid 2A, 205 from grid 2B)

. * Only Tank 4 tested

2B.

I

+ One downcomer serves half-grids 1A & 1B, and a second downcomer serves hé.lf-gﬁds 2A &

12
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TERMINAL ISLAND

In carly 1988 Parkson changed the design of the aeration system from a simple swing
arm installation to a full floor coverage installation. Two headers were attached to the bottom of

. aeration systemn, which was supplied by Aertec. The system was comprised of 770 AERMAX
diffusers which were attached to the swing arms. In this way the initial goal of obtaining an
inexpensive fine pore diffuser upgrade was obtained. :

Tables S, 6, and 7 show the critical dimensions of the TI tanks. Figure 5 shows the tank
and aeration system. The tanks being tested are numbered 4, 5, and 6 using the plant’s terminol-
ogy. The Parkson-Wyss tank was tank 4 and the AERMAX tank was tank 6: Tank 5 was
unmodified and served as a control tank. Tank § was equipped with Chicago Pump "Discfusers"”
in a spiral roll configuration. : :

‘The diffuser mounting of both the Parkson-Wyss and AERMAX diffusers were novel.
For the Parkson-Wyss, two PVC headers were attached to the ends of a pipe mounted in place of
the horizontal diffuser holder on the swing arm. The PVC header was supported from the tank
floor by a PVC pipe functioning as a vertical brace. The vertical brace was secured to the floor
with a floor flange. It was necessary to compensate for the increased head loss through the

floor; a gap was left between the wall and the end of the manifolds to allow 'majntex;xance person-
nel to walk in the tank without having to step over the manifolds. This created non-uniform air
flux across the tank and required more careful hood Placements, which is discussed later in the
report. ‘

To mount the AERMAX diffusers the horizontal sparger tube of the swing arm was
removed and rotated 90°. This was facilitated because the particular swing arm design used
flanges to connect the horizontal member to the vertical downcomer. After rotation the bosses
that were previously used for mounting the spargers were vertical. The lowcr; bosses were
plugged and a nipple was inserted into the upper bosses. A tee was fastened to the top of each
nipple and two AERMAX diffusers were mounted. One diffuser pointed toward the center of the

14




Table 5.

Terminal Island Plant Description

Design flow rate

Number Nominal Size
Primary Clarifiers "6 3.66 swd x 6.1 w x 76.2 1 meters
. (12 swdx 20 wx 2501 feet)
Aeration Tanks 9 4.6 swd x 9.1 w x 91.4 1 meters
‘ (15 swd x 30 w x 300 1 feet)
Normal Operation 3 serpentine operation of 3 each in step feed modc
2  parallel, conventional operation | t
1 aerobic digester '
3 out of service .
Secondary Clarifiers 18 3.66 swd x 6.1 w x 45.7 1 meters
(12 swdx 20w x 1501 feet)
Air Filtration 3 coarse screens only
Blowers 3 66,300 m*/hr Roots centrifugal
(39,000 SCFM)
Grids per tank N/A

Diffusers attached to swing arms, 17 per tank

114,000 m*/day (30 MGD)




Table 6. Terminal Island - Parkson-Wyss Tank*

Zone ' Description

Total | 17 downcomers, 1000 diffusers

1 6 downcomers+, 0.25 m spacing (10") 530 diffusers
2 6 downcomers, 0.30 m spacing (12") 300 diffusers
3 5 downcomers, 0.46 m spacing (18") 170 diffusers

TI Tank 4 ;
+ Downcomer refers to the vertical part of the old swing -
arms. Each downcomer is equipped with a plug valve,
Approximately 3.6 m (12 ft) diffuser submergence. '
Table 7. Terminal Island AERMAX Tank*
Zone Description
1 9 downcomers*, 0.15 m spacing (6") 270 0.61 m diffusers,
: 270 0.91 m diffusers ;
2 | 5 downcomers, 0.30 m spacing (12") 82 0.61m diffusers, 82
0.91 m diffusers
3 3 downcomers, 0.46 m spacing (18") 32 0.61 mfdif’fusers,
32 0.91 m diffusers o ‘
Total

17 downcomers, 770 diffusers

TT Tank 6,

Downcomer refers to the vertical part of the old swing
arms. Each downcomer is equipped with a plug valve.
Approximately 4.1 m diffuser submergence.

16
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- There was very little flow rate control and instrumentation associated with the TI installa-
tion, which is consistent with its “low cost” objective. Tank air flow rate was controlled by a
single valve for tank 4 and a single valve for tanks 5, 6, and the intrachannel 'aeration system.
Each downcomer retained the Plug valve which was installed with the spiral roll sparger system.
Using these plug valves it was possible to modulate the flow to each swing arm. However, flow
control was very imprecise; a small, almost imperceptible movement in the plug valve would
significantly alter the downcomer flow rate. It was intended that all downcomers for both test
tanks would always be operated at maximum flow rate; however, this was never practically
achieved, and differences in diffuser gas flow rate were detected during off-gas testing. It was
not possible to achieve a uniform, tapered gas flow rate. ‘

The two header valves and the blower System were remotely controlled. The operators
would turn up the plant air as the load increased during the morning. This increase was detected
during the first episode of off-gas testing, and later testing was begun later in the morning to
avoid the scatter in aeration rates caused by this flow rate increase. f

A large fraction of the TI influent is industrial waste. Approximately 30% of the influent
flow is fish cannery wastewater, which accounts for 40% of the plant’s BOD loading rate. The
waste is seasonal and usually the highest plant loads occur in October. Approximately 25% of
the flow and 15% of BOD load is pretreated petroleum refinery effluent. Both industrial waste
~ streams severely impact plant operations from time-to-time. Corrosion is excessive and plant
personnel attribute this in part to reduced sulfur compounds in the refinery effluent.

The plant experiences routine foaming problems and sludge settling problems. Antifoam
is stocked and frequently used. It is introduced into the primary effluent distribution headers by
“cracking” a valve on a plastic storage tank. During the testing antifoam was used. Antifoam
has been shown to reduce Oxygen transfer rates (Downing, et al. 1960). ‘ :

tional to step feed. Therefore tank 5 was removed from service, and tank 3 was %‘eturned to ser-
vice, allowing tanks 1, 2, and 3 to be placed in series (serpentine flow).

This change affected the study in two ways. The return sludges were: mixed, which
meant that sludge from a conventional system was being mixed with sludge from a step feed sys-
tem. No impact of this change could be observed on aSOTE. A severe impact on tanks 4 and 6
(the diffuser test tanks) was created by the flow change. More than two months elapsed before
the sluice gates controlling the flow to the tanks were readjusted for proper distribution. During

this time both tanks 4 and 6 were overloaded. Flow measurements were unavailable to quantify
the loading. ‘ , !

Ailr flow rates in both tanks were increased to account for the overload. | The Parkson-
Wyss system responded well and air flow rates increased sufficiently to keep positive dissolved
oxygen (DO). During this time the air flow rate was 50 to 100% greater than the manufacturer’s
maximum recommended flow rate. ‘This increased flow was possible in part because tank 4 had

18




its own air header. Increasing flow to this tank did not perturb the other tanks. Durm§ the upset
(approximately 2 months) the flow rate was temporarily increased to as much as 15 m3/diff-hr ¢
SCFM/diffuser). :

- The AERMAX tank was operated at a depressed DO concentration during this period.

PROCESS DATA

Process data were collected from each plant. Data from the Valencia and Whittier WRPs
are stored in a mainframe computer maintained by the Districts. Tapes containing the data were
collected twice during the study and converted (SAS, 1982) format at UCLA. | Data from TI
were stored using PC-DOS spreadsheets. These were collected monthly and converted to SAS
format. Appendix III summarizes the process data. :

_ At Whittier Narrows it was necessary to calculate several variables from the raw data
provided by the Districts. The Districts calculates two sludge age parameters: mean cell
residence time (MCRT), and average mean cell residence time (MCRTA). - The Districts

The authors believe that the Districts procedure overestimates the true sludge age, and
calculated a solids retention time (SRT) which did not include clarifier solids. The SRT calcu-
lated is usually 5 to 10% less than the MCRT calculated by the Districts. This calculation also
ignores the effluent suspended solids. The MCRTA calculated by the Districts is "smoothed" by
using a three day running average of the mass of solids under aeration and the waste solids mass.
The MCRTA does not show the large fluctuations observed in SRT or MCRT.

Food-to-Mass ratios (F/M) were also calculated from the Districts’ raw ‘plz;mt data. F/M
was calculated on the basis of both primary effluent BODs and COD and mixed liquor volatile
suspended solids (MLVSS). Clarifier solids were ignoréd in these calculations. Generally there -
were only five BOD; analysis per month which is too few to use in this analysis. :Therefore, an
F/M ratio based on primary effluent COD, which was measured daily, was used in this analysis.
It is not the intent of this report to examine the differences between MCRT calculation pro-
cedures. Both are provided in the Appendix. F '

!

i
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EXPERIMENTAL PROCEDURES |

Off-gas testing was performed at all three plants using a Mark IV Aerator Rator pur-
‘chased from Ewing Engineering. The procedures were similar to those described previously
(Redmon, et al. 1983). CO, was measured using an absorption cell (Orsat). Sample off-gas was
dried with silica gel and water vapor measurements were not performed. :

and Stenstrom, 1990).

The hoods were located in each tank in order to sample a representative surface area.
The protocol initially adopted by all the contractors associated with the various projects funded
in this study required off-gas sampling of at least 2 % of the tank area. For this study approxi-
mately 7 to 9 % were sampled at each plant. Figure 6 shows the hood locations at Whittier Nar-

The PVC and Fiberglas pipe constructed hoods were 3m long by 0.61 m wide (10 ft x 2
ft). They were equipped with 0.2 m diameter (8 inch) outrigger pontoons for flotation. The ends
were also angled so that a tight seal could be made with the tank walls. The Fiberglas-epoxy
reinforced foam hoods were slightly larger, measuring 3 m long by 0.71 m wide (10 ft x 28
inches). They were also constructed with angled ends to allow a tight seal with tank walls.

The angled ends were expensive to produce and in retrospect were not néccssary to test

the ceramic or plastic grid system. For the spiral roll systems they were essential. (A small, 2 cm
gap between the tank wall and hood can easily reduce recovered gas flow rate by 30% or more in
a spiral roll system. Since the spiral roll testing always required three hood positions and flow
weight averaging of SOTE, a small gap in the hood position above the swing arm might create
20 to 30% overestimation in oxygen transfer efficiency. E
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- Essentially the same off-gas testing methodology was used at Whittier Narrows and Ter-
minal Island. Testing was begun between 7:00 and 7:30 AM. The hoods were first moved to
first tank position. The remaining equipment was then set up. The off-gas analyzer was located
between two tanks being tested. At Whittier Narrows, this was always between tanks 2 and 3.
Three hoses were used so that all three tanks could be tested from the same analyzer location.

Teams of three people were always used for testing for efficiency and safety reasons.
Two people moved hoods, recorded plant data, and collected tank DO and temperature measure-
ments. The other person operated the off-gas analyzer. After the first position in one of the
tanks was tested, the analyzer was connected to the hose from another tank, This tank was tested
while the team moved the hood at the first tank. In this way there was minimurmn delay between
testing similar positions in each tank. _ , .

The testing program was designed this way to minimize experimental errors in testing
different tanks because cleaning techniques were being evaluated. For example, tanks 1 and 2 at
Whittier were being gas HCl acid gas cleaned and compared with tank 3 which served as a con-
trol. Therefore any change in plant operation or load between testing tanks 1'and 3 might be
incorrectly auributed to a difference in cleaning technique. This procedure 'minimized this
difference, since the typical elapsed time between testing positions in each tank was only 10 to
20 minutes. !

This procedure had the additional advantage in that total testing time was reduced. This
occurred because the hood and lines were being flushed when the other tanks were being tested.
The gas retention time in the hoods and lines is significant, and in some cases might be as long
as 20 minutes. The hood positions opposite the swing arms in the spiral roll tanks were the most
problematic in this regard. This hood position typically had 1.7 m>/hr (1 SCFM) or less air flow
rate. The approximate volume of the hood and hose was 0.5 m3 (17 f). The gas retention time
under these circumstances was 17 minutes. After moving a hood to this location, it was neces-
sary to wait until the hood and hose were flushed with fresh off-gas, as indicated by a stable oxy-
.gen fraction in the off-gas. Measurements were recorded after the off-gas oxygen mole fraction
stabilized. - :

i
t

OFF-GAS TESTING PROCEDURE
The general off-gas testing procedure is summarized in the following steps:

1. Unchain the hoods from their storage positions, attach hoses and manometer tubing, and
move them to the first position. ~ ﬁ

2, Leak check the off-gas analyzer and perform all the set-up procedures as indicated in the
instruction manual. Set the Teledyne to read 1.000 using reference gas at the anticipated
hood off-gas flow rate. (The Teledyne meter indication was never used; the digital
voltmeter was always used). '

3. Attach the hose and barometer line to the instrument and begin to balance flux.
4. = Continue balancing flux using the hood pressure manometer as an indicator. After the

hood pressure is approximately balanced (within % 5 rotameter units) record the reference
gas oxygen content and all other instrument readings. !

-
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5. After insuring that the reference reading is approximately constant (+ 0.002 volts) switch
to thq sample cell to off-gas by depressing the 4-way valve.

|
!

6. Wait several minutes for the oxygen analyzer to come to a new constant value, During
this time collect a sample from the off-gas stream and analyze it for CO, mole fraction
using the Orsat meter. Also during this time the hood flux was readjusted, if necessary.
These adjustments were usually quite small, and did not change cell pressure.

7. After the oxygen analyzer stabilizéd (£ 0.002 volts), record'the measurement and return
the instrument to reference gas usin g the 4-way valve. ‘ :

8. Wait several minutes for the oxygen analyzer to restabilize with reference gas (£ 0.002
volts). If this value is not consistent with the previous reference gas reading (generally
more than t 0.005), repeat the entire procedure. If the two reference measurements are
consistent, record the measurement. Record all other analyzer measurements. If the hood
flux fails to stabilize to within approximately + 5 rotameter units, continue the procedure
until a stable hood flux is obtained. 5 -

9. During the time that off-gas measurements are being made, measure d;lc mixed-liquor
DO and temperature. In the case of Whittier Narrows, record the plant air flow rate.

Appendix I shows a sample data sheet. In the case of Valencia only one tank was tested.
It was necessary to wait a longer time for the off-gas Oxygen measurement to stabilize under
these circumstances. At Valencia only two people were used for testing; otherwise, the pro-
cedures were the same. !

' At Terminal Island and Whittier Narrows, the hoods were left in the tanks between tests.
This facilitated testing and avoided potential hood damage and needless expense associated with
removing the hoods and storing them. At Valencia the hood was removed at the end of testing
and was returned to the laboratory at UCLA. | :

Off-gas measurements were analyzed and corrected to standard conditions (20°C, 1 atm
barometric pressure, B = 1.0, DO = 0) with the exception of alpha factors. The results were
reported as cSOTE (a Standard Oxygen Transfer Efficiency).  factors were calculated for each
tank test point (except for the Parkson-Wyss tank) using the clean water data, which are dis-
cussed later in this report. Overall aSOTEs and « factors were also calculated. These were
always flow-weight averaged; therefore, the positions with the highest air flux had the greatest
contribution on the overall average. In all cases a B factor of 0.99 was used.

GAS CLEANING PROCEDURE

The HCl gas cleaning at Whittier Narrows was performed periodically. The experimen-
tal design for tanks 1 and 2 called for cleaning of grid 1 every 3 months. Grid 2 was cleaned
every 6 months and grid 3 was cleaned every 9 months. Gas cleaning was always performed by
Sanitaire personnel who came to Whittier Narrows for this purpose. UCLA and Districts’ per-
sonnel assisted with cleaning. Districts’ personnel always changed air flow rates. '




The timing of the gas cleanings were selected somewhat arbitrarily. Initially it was’
hoped that the rate of increase diffuser pressure loss, as indicated by an increase in dynamic wet
pressure (DWP Boyle and Redmon, 1983), or a loss in aSOTE as measured by off-gas analysis,
would signal the need for acid gas cleaning. The day-to-day fluctuations in plant operation and
their effects on OTE, as well as the poor precision of DWP measurements, made this impossible.
Also during the planning phase of the project Sanitaire recommended a change in HCI cleaning
philosophy. HCI gas cleaning was no longer envisioned as a method of restoring fouled
diffusers, but as a method of preventing diffuser fouling.

Sanitaire provided an HCI control panel which consisted of a rotameter, gas regulator,
and stainless steel cylinder attachment and hoses. Figure 9 schematically shows the gas cleaning
apparatus for two cylinders. During the study combinations of 1, 2, 3, and 4 cylinders were used
(gross weight 900 kg or 2000 1b). The HCI gas lines were always flushed with nitrogen gas after
use. : *

In the first two studies a single 270 Kg (600 1b) cylinder was used (gross weight 90 kg or
2000 1b). This size cylinder was most convenient for gas cleaning but was very inconvenient to
lease, load and unload at the plant site, since there was no truck loading platform. After the
second cleaning a larger manifold was assembled so that four 27 Kg (60 1b) HCI cylinders were
used. The smaller cylinders were easier to lease and transport to the site. : ‘

This disadvantage of the smaller cylinders was the reduced gas evaporation rate. HCl
liquid at ambient temperature (20°C) has a vapor pressure of 4000 KPascal (600 psig). As vapor
is removed from the cylinders additional HCI is evaporated. The latent heat of evaporation
causes the cylinder temperature to decrease which reduces the HCI vapor pressure, and reduces
gas evaporation rate, :

At ambient temperature a single 27 Kg cylinder could produce a flow rate of approxi-
mately 34 m3/hr (20 SCFM). This flow rate quickly declined to less than 7 m’/hr (4 SCFM) as
the HCI temperature dropped. A thick frost formed on the outside of the cylinder:s. To provide
sufficient flow rate with the 27 Kg cylinders it was necessary to manifold 4 cylinders together.
Also the cylinders were heated by hosing them with plant effluent. The larger 270 Kg cylinders
always provided sufficient HCl flow rate without hosing. The 4 manifolded cylinders were
sufficient to produce 34 m3/hr HCI gas flow rate. '

The HCl gas was introduced into the downcomer feeding each diffuser grid. One grid at
a time was cleaned. Figure 10 shows the in-tank DWP monitoring apparatus and the HCl injec-
tion point. The following description describes the cleaning procedure. -

1. The HCl cylinders were delivered to Whittier Narrows on the day prior to tésting.

2. At the beginning of the morning shift (7:00 - 7:30 AM) safety equipment, w‘!hich included
a face shield, apron, gloves, and respirator were brought to the cleaning area. The shield,
apron and gloves were used by the Sanitaire operator. The respirator was provided by
the Districts in the event of an emergency, but was never used. ‘

- 3. The cylinders were manifolded together, leak checked, and connected to the downcomer
with 2.5 cm reinforced tygon tubing. f
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4. The DWP monitoring equipment was connected to the grid being cleaned and initial
- measurements were recorded. :

5. The air flow rate to the grid being cleaned was increased to 5 m*/diff-hr (3

- SCFM/diffuser) or as high as possible. Generally it was possible to obtain at least 4.3

m>/hr diffusers. Districts’ personnel always controlled the air flow rate. This increase in

air flow rate is part of the Sanitaire procedure and is required to insure that the HCI gas

permeates through the entire diffuser area; otherwise, the gas may permeate only through

the areas in the diffusers with the least resistance. The high air flow rate also insures gas
distribution throughout the grid system. :

3

6. The HCI gas was next turned on to a rate of approximately 34 m’/hr (20 S¢FM).

A As the HCI gas flowed into the diffuser grid, data were recorded every minute, HCI gas
flow rate, DWP, and air flow rate were recorded. Usually within 30 seconds of introduc-
ing the gas a small decrease in DWP and a small increase in air flow rate were observed.

8. The original Sanitaire protocol required that 45g HCl/diffuser (0.1 Ib HCl/diffuser) be
used in gas cleaning. This was more than necessary, as observed by a rapid decrease in
DWP to a plateau which occurred after only about 11g HCl/diffuser. The cleaning pro-
cedure was modified to conserve HCI gas by observing this plateau in DWP. Conse-
quently, only 10 to 25g HCl/diffuser were normally used. In some instances the addi-
tional HCl was used to empty the cylinders. - .

As the study progressed many of the DWP lines failed. The DWP lines were not reno-
vated prior to the study, and the effect of HCl gas on the lines is unknown. After this
happened it was impossible to observe the plateau in DWP; therefore, a known mass of
HCl was used, and was determined by integrating the HCI flow rate, and assuming an
HCI gas density of 1.22 Kg/m> (0.095 1b/f%). The mass of HCI was based upon the mass
used in previous tests, when the plateau was observed. After cleaning several times, a
pattern of HCl use was determined. This allowed all the HCl in the cylinders to be com-
pletely used. HCI cleaning was always performed first on tank 1. Tank 2 was cleaned
after tank 1. This cleaning sequence was used because it was easier for Districts’ person-
- nel to change air flow rates. . ’ ‘

LIQUID ACID CLEANING

At the beginning of the Whittier Narrows study in April 1986, all three diffuser tanks
were fouled. They had not been cleaned in approximately 18 months. Two off-gas analyses
were performed to determine the fouled aSOTE. This oSOTE was considered.a worst case
efficiency that would result if no diffuser maintenance were practiced. After the second off-gas
analysis, each tank was dewatered and cleaned using a liquid acid procedure which has some-
times been called the "modified Milwaukee method." T

The liquid acid method is a simple and effective in-situ procedure for cleaning dewatered
aerationi tanks with ceramic diffusers. To perform the procedure the tank must be dewatered.
Immediately after dewatering diffusers can be collected for analysis and foulant characterization.
After diffusers are collected the grid system and associated piping are clean using low pressure
hoses from the tank top. This hosing cleans the bulk of the slime from the diffusers and makes




the tank safer and more convenient for maintenance personnel. After hosing, a solution of 16%
hydrochloric acid (conventional muratic acid diluted 1 to 1) acid is sprayed onto the surface of
each diffuser. A hand sprayer suitable for acid service can be used for this purpose. The acid
solution is allowed to soak the diffusers surface for at least 30 minutes. All maintenance person-
nel exit from the tank and the air is turned on for at least 10 minutes. Finally, the diffusers are
hosed from the top of the tank ' L

Protective equipment (rain gear, face shield, gloves, and HCl gas mask) is worn during
this procedure. There is a danger of HCI or H,S inhalation during this procedure and breathing
equipment is required. H,S may be liberated by the acid if the tank has sludge accumulated on
the bottom. Tanks should not be entered by maintenance personnel if there is large sludge accu-
mulation. Care should also be taken with the muratic acid to avoid unnecessarily spraying stain-
less steel parts. -
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CLEAN WATER DATA

In order to calculate alpha factors clean water data were collected for the Whittier Nar-
rows, AERTEC and Nokia aeration systems. No clean water tests were performed specifically

for this study. Data from previous studies were used. The clean water data were used to calcu-
late o factors. 5

The diffuser density was less in grids 2 and 3. Therefore, test results for grid 1 are higher
than would be expected for grids 2 and 3. The Districts had used literature data for domes at
different spacings to estimate SOTE for grids 2 and 3. Sanitaire was consulted and made addi-
tional data available. Their predictions are shown in Table 9, -

Equation 2 for grid 3. .
SOTE =34.92 - 1.813 QPD ' o Q)

where
QPD = gas flow rate per diffuser (m>/hr)

SOTE =28.5 - 1.416 QPD | | @)

The Districts’ previous work with ceramic domes and disks had indicated that thef Were approx-
imately equivalent in clean water efficiency if the number of domes Per unit area is increased by
25%. This increase was incorporated in the design of diffuser grids for tanks 2 and 3. ' For this
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Table 8. * Whittier Narrows C
Ceramic Disk System*

!

lean Water Data for Grid 1 of the

Submergence SOTE

SOTEat3.75m

Air flow Effective
Rate/Diffuser o (%) depth submergence

(m’/hr) (m) (m) (%)
1.31 -3.93 32.8 1.79 i 31.8
2.14* 3.92 26.8 1.82 . 26.1
2.12 3.97 30.6 1.59 r 294
2.12 3.97 31.5 .1.97 30.3
2.14 3.97 30.9 1.95 - 296
2.16 3.97 31.0 1.83 © 298
4.20 3.97 27.5 1.55 26.4

* this test was performed first
+ Yunt and Hancuff (1986)

Table 9. Sanitaire’s SOTE Estimates for Whittier Narrows

Grid Gas Flow/Diffuser - SOTE a:t 375m
(m3/hr) submergence
: (%)
1&2 1.3 3
1.7 3135 '
25 30;
3.4 29'?
3 13 27
17 26
2.5 245
34 24
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Valencia

The Districts performed a clean water test of the Nokia plastic disks in their test tank at
JWPCP on December 11 and 12, 1985 (Yunt and Handcuff, 1986). These test results are shown
in Table 10. The SOTE was modeled by Equation 3: : :

SOTE =31.3 - 1.875 QPD ' N | 3)

Terminal Island - AERMAX

report was not inspected and the data were accepted without question. Table 11 shows the clean
water SOTEs at 4.1 m (13.5 ft) submergence. No clean water data were available for the
Parkson-Wyss system. ‘
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Table 10. Nokia Clean Water Oxygen Transfer Efficiency*

Air Flow Rate SOTE . Ca
Per Diffuser ' (%) (mg/L)
(m>/hr) ‘
0.66 30.4 109
1.32 290 109
1.31 28.8 106
1.32 28.4 : 10.6
2.61 26.6 107
Submergence 3.96 m (13 fr)

3.66 diffuser/m? (0.34/£t2)
* From Yunt and Hancuff (1986).

Spacing

Table 11. Aermax Clean Water Efficiency for a Spiral Roll Confi guratibn*

Air Flow/Diffuser SOTE

(m’/hr) (%)
1.7 28
3.4 - 22
8.5 18

11.9 16

* From Anderson (1987) (AERTEC Representative)

34




EXPERIMENTAL RESULTS

This section describes the chronology of testing and the experimental results at each
facility. Findings which are specific to each facility are also discussed here. Results which are

applicable to all facilities, particularly results which related to process operatiop (e.g. effect of
sludge age on aSOTE) are discussed in the next chapter. : :

WHITTIER NARROWS

The Whittier Narrows project history is shown in Table 12. Cleanings énd off-gas tests
are shown along with dome replacement in September and October 1987. The dome replace-

ment was not envisioned at the beginning of the study but were required because of reduced oxy-
gen transfer and gasket leakages. ' i

The periods of operation at Whittier Narrows are summarized in Table 13; At the end of
each phase diffusers were collected and analyzed for DWP, BRY, fouling substance mass and
composition, and air distribution profiles. All tanks were tested using off-gas analysis.

Whittier Narrows Diffuser Analysis Results

Several diffusers which were collected for analysis pridr to the initial iiquid acid cleanin
(6/86) and were later cleaned by hosing or liquid acid cleaning, both in-situ and in the labora-
tory. It is interesting to note how each technique restores the diffuser parameters. Table 14

. The combined diffuser analyses, excluding the diffusers which were collected for biofilm
analysis, are summarized in Table 15, Five sets of conditions were available for analysis: new
diffusers; new domes in service for seven months, with and without HCl gas cleaning; used
domes in service 15.5 months after an initial liquid acid cleaning, with and without HCl gas
cleaning; used domes and disks in service for 18 months without cleaning, and used disks in




Table 12. Whittier Narrows Project Chronology

Date Event Comments
4/28/86 off-gas testing background testing performed to determine dirnty diffuser
' efficiency ;
5/12/86 . off-gas testing background testing ‘
5/13-6/19-86  liquid acid cleaning of all  Diffusers collected for analysis, dome .gasket leakage
three tanks noted v ;
6/20/86 off-gas testing
7/02/86 off-gas testing i
7122786 off-gas testing - hoods were not moved in order to determine diurnal
fluctuations in aSOTE :
8/01/86 off-gas testing . ' |
8/86 process operation changed MLSS temporarily reduced in all three tanks
8/21/86 off-gas testing .
8/26-8/27/86  first HCI gas cleaning grids 1,2 and 3 cleaned intanks 1 & 2 -
9/04/86 off-gas testing i
9/17/86 off-gas testing ;
10/17/86 off-gas testing |
10/31/86 off-gas testing é
11/17/86 off-gas testing |
12/9/86 HCI gas cleaning grid 1 of tanks 1 & 2 cleaned
1/16/87 off-gas testing
1/30/87 off-gas testing
2/13/87 off-gas testing
2/27/87 off-gas testing
3/13/87 off-gas testing ;
3/26-3/27/87 HCl gas cleaning grids 1, 2 and 3 of tanks 1 & 2 cleaned. Simultaneous
-off-gas testing performed. Witnessed by W.C. Boyle
4/03/87 - off-gas testing ' ‘
4/17/87 off-gas testing |
5/22/87 off-gas testing -
6/05/87 off-gas testing ‘ ) ;
6/15-6/16/87  HCl gas cleaning . grid 1 of tanks 1 and 2 cleaned . i
6/19/87 off-gas testing 3
7/10/87 off-gas testing ;
7/31/87 off-gas testing :
8/31/87 off-gas testing !
9/9/87 domes replaced in tank 3 gasket leakage noted '
9/30/87 domes replaced in tank 2 gasket leakage noted i
-9/30/87 HCI gas cleaning grid 1 and 2 of tank 1 cleaned ;
10/9/87 off-gas testing ;
11/13/87 off-gas testing 5
12/04/87 off-gas testing :
12/24/87 off-gas testing |
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A

Table 12. Whittier Narrows Project Chronology (Continued)

Date Event Commems
1/15/88  off-gas testing
1/26/88  HCI gas cleaning grid 1 of tank 2 Cleaned, grids 1, 2, 3 of tank 1
o cleaned
1/29/88  off-gas testing
2/19/88  off-gas testing i
3/11/88  off-gas testing : |
5/88 tanks 2 & 3 manually cleaned gasket leakage noted, broken bolts noted
using low pressure hosing : :
6/16/88  off-gas testing
7/88 tank 1 manually cleaned using no significant gasket leakage or mechamcal
, tank-top hosing problems noted. .
8/12/88  off-gas testing !
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Table 13, Summary of Whittier Narrows Operation

Period Description
4/86-6/86 | 3 tanks operating without cleaning for the prcwous 18
months
6/86-9/87 | 2 tanks operating with old domes after liquid acid cleamng,
1 HCl gas cleaned
10/87-5/88 | 2 tanks operating with new domes, 1 HCI gas cleaned .
6/86-6/88 1 tank operating with old disks after liquid acid cleanmg,
HCl gas cleaned
7/88 disks manually cleaned by tank top hosing
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Table 15. Diffuser Analysis Summary

‘Period in Service Number of Condition Condition Tank Number
(tnonths)+ Observations prior to prior to T
‘ service . testing
0 2 new disk new disk -
& dome*
7 6 new domes no cleaning 3
7 6 new domes acid gas 2
cleaning
- 15.5 6 old domes, no cleaning , 3
liquid acid
: cleaned ‘ :
15.5 6 old domes, acid gas 2
liquid acid cleaning
cleaned
18 6 old domes, no cleaning 2
liquid acid
cleaned
18 6 old disks, no cleaning 1
liquid acid
cleaned
18 8 old domes & lab cleaned 1&2
: disks, liquid acid
: cleaned
18 2 old domes &, in-situ 2
disks, liquid acid liquid acid
cleaned cleaned
25 6 old disks, acid gas 1
liquid acid cleaned :
cleaned
25 6 old disks, acid gas 1
liquid acid . cleaned, lab
cleaned cleaned

*  New domes and disks'wcre all
tions in 1980 and 1982.

purchased in the original installa-




service for 25 months after an initial liquid acid cleaning, with HCI gas cleaning, Additionally,
disks and domes were analyzed after in-situ cleaning and after cleaning in the laboratory. The
raw data are shown in Appendix II.

An analysis of variance (ANOVA) was performed on the five sets of diffuser conditions
to determine the effects of four treatments: length of time in service: cleaning (HCl gas or none);
tank number, and grid number. Four dependent variables were examined: DWP at 1.27
m/hr/diff (0.75 SCFM/diffuser), BRYV, the ratio of DWP at 1.27 m3/hr 10 BRV, and mass per
unit area of fouling material. SAS (1982) was used to perform the analysis using the SAS
ANOVA procedure, which can handle the unbalanced data obtained during the study.

Table 16 shows the results of the ANOVA. The results show that tht%, ratio of DWP to

.BRY is the most sensitive to the diffuser treatments, followed by BRV, DWP and total mass of
fouling material. HCI gas cleaning reduced the accumulation of BRYV, DWP and fouling sub-

same as new (a new, unused diffuser would be expected to have the same BRV on both sides),
while the 24.5 is significant. At the beginning of the study diffusers from tanks: 1 and 2 showed
almost no increase in air-side BRV (see Table 14). Therefore, HC1 gas cleaning appears to be
effective at removing both air and liquid side BRYV. 3

Off-Gas Testing Results
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Table 16. Results of the Analysis of Variance Diffuser Characteristics

+ or - indicates acceptance or rejection of the h
significant impact on the dependent variable,

significance.

42

Dependent Variable Treatments | R?
| Lengthof | Cleaning Grid Tank
Service Technique | Number Number
(months) |
BRV +A0H | +Bx10% | -047) | +14x107) | 072
DWP +@x107%) | +(0.0285) | -(0.83) -032) | 049
DWP/BRV +(107%) +10 [ +a0® | +a0 | oo
|
Total Fouling Material | + (0.0149) + (0.005) - (0.40) - (0:25) 0.48

i

ypothesis that the treatment has a statistically
The number in parenthesis indicates the level of




Table 17. Values of Diffuser Data

Means by Grids (all tanks) |
Parameter Grid1 | Grid2 | Grid3 New
{ BRY (cm) 589 | 597 | 7125 | 124
DWP (cm at 1.25 m*/hr-diffuser) | 273 | 262 246 | 118
BRV/DWP : 057 | 059 | 059 | 0.95
‘Total Fouling Material (mg/cm?) | 10.0 6.7 47 0
Means by Cleaning Technique (all grids) |

Parameter HCI Gas Cleaning | No Cleaning
BRV (cm) 46.3 96.3
DWP (cm at 1.25 m*/hr-diffuser) 240 30.1
BRV/DWP 0.59 0.44
Total Fouling Material (mg/cm?) 6.6 8.2
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from 18 to 64 cm, which is uncommonly large, increases total pressure drop through a diffuser
system such as those at Whittier Narrows by approximately 3%, which transiates to increased
blower energy cost of less than 9%. However, a decrease of 40% in aSOTE due to fouling,
which was observed at various times during this study, is an increase in blower energy cost of
over 60%. The most significant effect of increased DWP is potential overloading of blower
mOotors, or an increase in total system pressure to beyond a centrifugal blower’s surge point.

to better illustrate the data. The interpolations have no statistical significance. The air fluxes
generally increased over the life of the study, which was probably in response to declining o fac-
tors and aSOTE. Plant load was relatively constant. Figure 18 shows the air fluxes as a function

Figures 19 and 20 show the aSOTE and o factor as a function of tank distance. Again
the error bars represent standard deviations of all data collected. The o factor and aSOTE were
lowest in grid 1 at hood position 1 and increased to a plateau in grid 3. Itis interesting to note
that o and aSOTE increased faster in the disk system than in the two dome systems. ‘

The negative horizontal axis values of Figures 13-16 represent the fouled o factors and
aSOTE after 18 months of operation without cleaning which was prior to this; study. The disk
- system before cleaning was operating at approximately 8.5 to 9.0% aSOTE while the domes
were operating at 6.5 to 7.5% aSOTE. The difference was surprising in view of the similar
clean water results discussed previously, and the age of the disk system which was installed 16
months before the dome system was installed. An unknown portion of the difference in
efficiency was probably due to gasket leakages at the base of the domes. :

Gasket leakage results in much larger bubble size, which appears in the{data as reduced
aSOTE. Off-gas testing results cannot distinguish between reduced alpha factors or gasket leak-
age. Both dome tanks appeared to have large bubble diameter in grid 1 at the beginning of the
study and this condition existed throughout the study. The bubble patterns in tank 1 usually
appeared finer than the bubble patterns in tanks 2 and 3. :

The peak in o factor and aSOTE at month zero resulted because of the liquid acid clean-
ing. After liquid acid cleaning all three tanks improved. The overall, flow weighted average
OSOTEs for tanks 1 to 3 was 10.2, 8.7 and 11.2%, respectively. The disk tank continued to
demonstrate high oSOTE, increasing 10.2 and 11.4% on July 2 and August 1, 1986, respec-
tively. The aSOTE for tanks 2 and 3 fell to 9.3 percent for tank 2 and remained at 8.4 to 8.8%
for tank 3 for this period. f
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- In August 1986 plant operation was changed. The mixed liquor solids concentration and
sludge retention time were reduced from the range of 820 to 1160 on the previous test dates to
700 mg/L on August 21. The F/M ratio, based upon primary effluent COD increased from
approximately 1.4 to 2.1 day™! on August 21. The SRT decreased from slightly greater than 2.0
days to 1.7 days. The lowest aSOTE occurred on October 17, 1986 when the MLVSS for all

day™!. The aSOTE for tank 1 increased from a low of 6.1 to 8.6% (tank 2 increased from 3.4 to
6.7%) from October 17 to October 31. On December 19, 1986 the MLVSS increased to 1080
mg/l. with a corresponding COD F/M and. SRT of 1.0 day-! and 2.0 days, réspectively. The
aSOTE for tank 1 under these circumstances increased to 11.8%. During this'period the plant
routinely met its efuent permit. ;

It is unfortunate that changes in plant operation affected the study in this way, since the
effects of diffuser fouling for the period of July to December 1986 are masked by the effects of
changing plant operation; however, the impact of plant operation, particularly the parameters
associated with high rate operation (e.g. high F/M, low SRT, low MLVSS or MLSS) were a par-
ticularly valuable finding. After October 1986, changes in plant operation were less dramatic
and the data are less scattered. /

The disk tank was essentially undisturbed until December 1987, when. the plant was
placed in step feed operation. The aSOTE and o factor seem to have declined because of the
change to step feed. r

In August 1988, the disk system was removed from service and manually cleaned using
tank top hosing. This increased the «SOTE dramatically, from 5.9% measured on June 16 to
8.7% measured on August 12. Tank top hosing did not restore the disks to previous treatment
efficiencies. :

Stationary Testing

On July 22, 1986, a stationary test was performed to determine the change in a and

aSOTE with the diurnal change in plant loading. The hoods were placed at tank lengths of 12, =

73 and 43 meters in tanks 1, 2 and 3, respectively. This hood arrangement could be tested
without moving the analyzer using existing hoses. ‘

Figure 21 shows the results of the stationary testing. The transfer efficiencies were rela-
tively constant from approximately 8 AM until slightly after 10 AM when they began to fall.
Imposed on Figure 21 are the primary effluent COD’s measured in a previous study. They show
an increasing concentration up to about 2 PM (1400), which is typical of most domestic waste-

waters. The highest plant loading corresponds with lowest alpha factors.

: The experimental design for this study anticipated this changing plant load and its impact
on aeration efficiency. As indicated previously the study goals were to evaluate HCI acid gas
cleaning. Testing each position in the experimental tanks (1 and 2) within just a few minutes of
the control tank (3) minimized time of day dependent variability in results. Also almost all tests
were conducted on Fridays, which eliminated day-of-the-week variability which often occurs at
domestic wastewater treatment plants. - 7 :
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Off-Gas Testing During HCI Acid Gas Cleaning

There seems to be almost no effect of HCI acid gas cleaning in Figures 13-16. This is not
surprising since the technique is designed to avoid diffuser fouling. To closely measure the
effects of HCl acid gas cleaning, off-gas testing was performed simultaneously with cleaning on
March 26 and 27, 1987.

‘The off-gas testing procedure was modified to monitor the effects of gas cleaning. On
March 26 grids 1 of all three tanks were were tested in exactly the same fashion as a normal test.
After finishing with grid 1, the hood in tank 1, which was being cleaned first, was left at the 18

in tank 1 at intervals during the Cleaning. Hood flux was not balanced since flow weight averag-
ing of these results was not applicable. Tests were conducted before, during and after cleaning.
* As cleaning proceeded to grids 2 and 3 of tank 1, the hoods were moved and testing was per-

formed at the fourth and sixth hood positions. Grid 3 of tank 2 was also cleaned and tested on
March 26. ' . :

On March 27 testing and cleaning resumed. At the beginning of the morning grids 1 of
all three tanks were tested in the normal fashion. After completing testing of grid 1, testing-in
tanks 1 and 3 was suspended and testing of grids 1 and 2 in tank 2 was performed as it was being
- cleaned. : ‘ :

At the conclusion of these two days all three grids of tanks 1 and 2 had been HCl acid gas
cleaned and tested. These test results include results before, during, and after HCI acid gas
cleaning. Two sets of test data from grid 1 of tank 3 were collected which provided a control for
tank 1, grid 1 before and after cleaning. ;o

Figure 22 shows aSOTE for all six grids as a function of time. The graphs generally
have a trend which shows high aSOTE near time zero, decreased oSOTE in the middle, and
increased aSOTE at the conclusion of cleaning. This results because the air flow rate is
increased from the nominal value of 5 m>/hr/diff just after time zero to 15 to 20 m>/hr-diffuser
during cleaning and then back to the nominal value. - :

the aSOTE in tank 2 remained almost the same after cleaning. The changes in efficiency show
in Figure 22 from before to after testing should be viewed cautiously, since they are also a func-
tion of gas flow rate. Whittier Narrows WRP air flow rate controls are manually operated and it
was not possible to exactly duplicate the gas flow rates before cleaning. !

Figure 23 shows the 0SOTE in grid 1 of tanks 1 to 3 on March 26 and 27, The aSOTE is
plotted for hood positions 1 and 2, at 12.2 and 18.3 meters. The aSOTEs were generally lower

in day-to-day plant operation were greater than the immediate effects of HCl acid gas cleaning.
Figure 24 shows the ratios of «SOTE at each station in tank 1 and 2 to the control tanks for the
two days. This figure shows that the ratio of the HCI cleaned tank (tank 1) to the control tanks
(tank 3) was slightly less after cleaning at hood position 1, and much greater at hood position 2.

[ s
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For tank 2 the ratio to the control is almost the same at position 1 and slightly greater at position
2. The net conclusion that can be made from this data is that before cleaning, tank 1 had 23.6%
higher aSOTE than the control tank, while after cleaning it had 30.5% higher aSOTE than the
control. Tank 2 which was not cleaned prior to off-gas testing, but was similarly better on March
27 than March 26 when compared to the control tank. On March 26 it was 7.6% lower in
OSOTE than the control and on March 27 it was 0.5% higher than the control. Overall, on
‘March 27 the aSOTE was lower for all three tanks than on March 26. ;

v The effects of HCI acid gas cleaning on DWP have been discussed previously; however,
it is interesting to note the changes in DWP during gas cleaning. The DWP is usually elevated
before cleaning and usually decreases very shortly after the application of HCl gas. The
decrease in DWP causes the air flow rate to increase. t '

Figure 25 shows the decrease in DWP after application of HCl gas during the March
26/27, 1987 cleaning. DWP data are shown for grids 2 and 3 of tank 1 and grids 1 and 3 of tank
2. DWP lines for the other grids were not functioning. Figure 26 shows the air flow rate to each

id during this same period. The increase in air flow rate is dramatic. For grid 2, tank 2 the
flow rate increased from approximately 4,050 m>/hr to almost 4,500 m>/hr, or 10%. There is
som¢ speculation that this increase in flow rate is wholely or partially instrument error, since the
flow measuring devices (venturi flow tubes in the case of Whittier Narrows) are calibrated for air
and not the combination of air and HCI gas; however, this is not true because the HCI gas is
introduced downstream of the flow measuring device. Also the flow rate remains elevated even:
after the HCI gas flow is terminated.

It is difficult to identify statistically significant conclusions from off-gas analysis during
or immediately following HCI acid gas cleanings. This is not surprising in view of a cleaning
philosophy of preventing fouling, as opposed to restoring a fouled tank. In alater section the
fouling rates for all systems are regressed as a function of time, and the effects of HCl gas clean-
ing on maintaining high «SOTE and « factors are discussed., : S

Dome Replacement

Sixteen months after the initial liquid acid cleaning of all three tanks the performance of .
tanks 2 and 3 was so poor that Districts’ personnel felt that they had to manually.clean the domes
in both tanks. During September and October 1987 tanks 2 and 3 were dewatered for cleaning.
It is common practice during such cleanings to dewater the tanks to just a few centimeters above
the diffusers so that the diffuser’s air release pattern can be observed. In this way gasket leaks
and uneven air distribution can be observed. . :

When tank 3 was dewatered the domes were observed and the number of malfunctioning
domes were counted. The first half (toward influent side) of each grid were counted. Malfunc-
tions were classified into plugged diffusers (no air flow, no gasket leakage), leakage around the
dome bottom gasket, bolt breakages, and non-uniform air distribution ("hot spots”).

Figure 27 shows the results of the survey. Normally functioning diffusers are indicated
by an open circle; plugged diffusers are denoted by a closed circle. The stars indicated "hot
spots” and the crosses indicate gasket leaks. The closed squares denote diffusers with both
gasket leaks and hot spots. No bolt breakages were observed. i
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Table 18. Diffuser Malfunctions for Tank 3 (Domes, uncleaned)

Teaks &

Gasket | Non-Uniform Non-Uniform Air

Grid | Normal Clogged | Leaks | Air Distribution Distribution
% % %, % % %
1 26.1 3.3 41.0 19.2 10.4
2 9.2 4.8 429 394 3.8
3 12.8 0.7 226 53.5 10.4
|
Total* 16.6 3.3 37.5 34.7 7.9

* Columns must be weighted by the number of diffusers per grid to obtairi the total

65




Table 18 summarizes the failure statistics. For grid 1 only 26% of the diffusers were per-
forming properly. For grids 2 and 3 the number of properly functioning diffusers was only 9 and
13%, respectively. Grid 3 had the fewest clogged diffusers while having the most non-uniform
air distributions. There appears to be few trends in the data shown in Table 18; however, the fol-
lowing speculation is offered, based upon the premise that the fouling rate of grids closest to the
influent is greatest. The statistical analysis shown previously suggested that the early grids
fouled more rapidly only on the basis of ratio of BRV to DWP. ‘

As the dome ages gas flow becomes uneven due to clogging at the dome surface.

As a greater area of the dome surface is clogged the DWP increases. At some

point during this period of increasing DWP, the gasket begins to leak, because of

elevated pressure. The gasket leakage further reduces air flow rate through the

dome causing even more non-uniform air distribution. Eventually no gas flow

occurs through the dome and only gasket leakage occurs. '

Tank 2 was similarly observed during dewatering, but detailed sampling was not per-
formed; however, several small areas in each grid were counted, indicating that the gasket leak-
age rate was approximately the same as tank 3. It was also observed that the majority of the
leaks were at the two edges of the dome furthest from the air manifold pipe. This supports the
speculation that the PVC dome holders were warped and that this contributed to the leakage
problem. The air flow rate to the tank was also._increased and decreased while observing
diffusers that were clogged, leaking or having non-uniform air distribution. The malfunctions
did ot change with changing air flow rate. o

The domes were functioning so poorly that the Districts felt that they could not be
cleaned in-situ. The domes were replaced with new domes that were purchased at the time of
the original dome installation (1981/82) and kept in storage as spares for the San Jose Creek and
Whittier Narrows WRP, Therefore, the domes tested and cleaned after October 1987 were new
domes and gaskets manufactured at approximately the same time as the original domes, but there
is no way of knowing if they were from the same batch as the original domes.

Gaskets and domes removed from tanks 2 and 3 were analyzed at this time. The under-
side of the domes appeared clean, except for a black stain that radiated outward from the middle
of the dome. This stain was caused by the air striking the dome undersurface as it flowed in a
narrow stream from the orifice hole in the dome mounting bolt. Almost all gaskets showed evi-
dence of nonelastic deformation, which probably contributed to the leaks. Some gaskets
appeared to have stretched under the air pressure and were no longer in contact, with the-entire
lower side of the domes. ‘ :

As indicated previously, the gaskets and bolts used at Whittier Narrows were different
from the current Norton dome installation. The bolts were fiber-reinforced ABS and were pur-
chased for future compatibility with the HCI gas cleaning process. The gaskets were a spongy
material, as opposed to hard rubber and were standard issue at the time of purchase. When the
domes were replaced in tank 2 several were replaced using hard rubber gaskets. In May. 1988,
tank 2 was again dewatered. All the fiber reinforced ABS bolts used with ‘the hard rubber
gaskets had failed. , :




I
i

In July 1988, tank 1 was dewatered for manual cleaning on inspection. There were five
leaking "o-rings" in the entire tank. In some cases there was non-uniform air distribution, with
the air exiting close to the disk periphery; however, this disappeared when the air flow rate was
increased slightly. ‘ ' ‘

i

 Ratios of Transfer Rates

A final procedure was used to evaluate the improved transfer efficiencies that might be
due t0 acid gas cleaning. The ratio of transfer efficiency just after cleaning to just before clean-
ing was calculated for each tank. Next, the ratio for each gas cleaned tank, (tanks 1 and 2) was
divided by the same ratio for the uncleaned, control tank (tank 3). Equation 4 sh;ows the overall
ratio. : ‘

_ GSOTE,J/QSOTEU_I 4
Rij= aSOTE;;/ aSOTE; 4, v @

where o . _ a

i
J
i1

tank number (1 or 2)
date of off-gas testing immediately following gas cleaning
date of off-gas testing immediately before gas cleaning .

nun

Generally the elapsed time between off-gas testing was 2 weeks. Tabl§ 12 shows the
testing schedule. : E ‘

Figure 28 shows the ratios. A value of 1 indicates that the test tank had the same aSOTE
before and after the cleaning, relative to the control tank. It was necessary to normalize the
transfer rates with respect to the control in order to remove the fluctuations in transfer rate due to
influent changes and process operational changes. The mean value of the ratios for both tanks is
- approximately 1, and is also shown on Figure 28. This suggests that gas cleaning had no observ-
able, immediate impact on 0SOTE. The early part of the testing showed a ratio greater than 1.0
for Tank 1. The data at 15.6 months biases the average downward. If one excludes this data
point the averages are greater than 1.0, but the 5% confidence intervals cross 1.0, suggesting that
the data are not statistically significant. ° I -

VALENCIA

Off-gas testing was performed at Valencia on tank 4 beginning on May 27, 1987. Seven
tests were performed with testing ending on June 14, 1988. For the first three: tests air flow
measurements were available. For the last four tests air flow measurements were unavailable,
due to blockage in the manometer lines.

In order to estimate « factors for Valencia, it was necessary to use the hood gas flow rate .
to estimate the air flow rate per diffuser. At some plants this can be quite problematic because it
is difficult to obtain a close balance between measured air flow rate and hood flow rate. At
Whittier Narrows the air flow measurements were quite reliable and were used to calculate the
air flow rate per diffuser in order to estimate SOTE and o factors. 7 :

'
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Figure 29 shows the measured air fluxes using the air distribution systerh instrumentation
and the air fluxes using the off-gas hood and analyzer rotameters. The top graph shows Whittier
Narrows for all three tanks and all tests. The correlation between the two measured values is
0.993 (slope of the straight line) with an intercept of 0.0313 m’/mZ-hr, " The correlation

flow rate (% 5-10 minutes). The lower graph in Figure 29 shows the same data at Valencia for
the first three tests. The fit is not as good (R2 = 0.6) but the correlation is unbiased (slope = 1.04
with an intercept of 0.0642 m>/m?-hr), o

This unbiased estimate of the process air flow rate from the hood dir flux provides
justification for using hood flux to estimate air flow rate per diffuser: therefore, the hood flux was
used for tests 4 to 7 at Valencia. The hood fluxes were also used at Terminal Island to estimate

air flow rate per diffuser for both the Parkson-Wyss and AERMAX tanks, since no plant instru-
mentation was available. : ‘

Figure 30 shows the aSOTE, « factor and air flux for Valencia for the 13 month period
of observation. Figure 31 shows the afactor and aSOTE versus tank distance. The error bars
represent the standard deviation of the data. The trend of higher @ factor in the stabilization
zone 0 lower a factor in the contact zone and back to higher « factor in the effluent zone is con-
sistent with expectations, and was also observed at the San Jose Creek WRP. « factors for
endogenous activated sludge, as in the stabilization zone, are higher than « factors for non-
endogenous activated sludge (Stenstrom and Gilbert, 1981). f

Figure 32 shows the air flux versus tank distance, The air flux was not tapered so heavily
as Whittier Narrows. The low flux at hood position 4 is possibly an artifact of the proximity of
the hood locations to the baffie and the edge of grid 2A. :

There is very little evidence for a declining oxygen transfer éﬁiciency at: Valencia. The
drop in efficiency at months 7 and 9 are probably due to the increase in flux as opposed to other
fouling phenomena. L : o S

TERMINAL ISLAND - PARKSON-WYSS

The upper half of Figure 33 shows the aSOTE and air flux of the Parkso‘h-Wyss system
as a function of time. The lower half of Figure 33 shows the «SOTE and air flux as a function of

tors were calculated.

After about four months of operation plant personnel decided to change the contacting
pattern. Tank 5 (the spiral roll control tank) was removed and tank 2 was returned to service,
allowing tanks 1, 2, and 3 to be operated in serpentine flow for step feed. Both tanks 4 and 6
would have been unaffected by this change, except that the sluice gates controlling the influent
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manifolds had failed in two places. The horizontal part of the first swing arm failed which
effectively removed this arm from service. Also a hold down point on the eighth swing arm
failed, allowing the manifold to rise slightly, increasing air flow rate. Fortunately both failures
were far away from off-gas hood locations, and did not directly affect aSOTE measurements.
These two malfunctions were repaired during dewatering. The diffusers were also cleaned by

hosing from the tank top. The tank was out of service for approximately three weeks.

cause this problem.

Testing continued until month 12. The period from month 8 to month 12 is the most
representative period of operation. The air flow per diffuser at this time 'was within the
manufacturer’s guidelines (3 m*/hr or <§ SCFM/diffuser). - ;

Wyss system was always able to provide sufficient DO %:oncentration in

The air flux, as shown in Figure 34 is tapered, showing a decline from 16 m*/m2-hr 1o 10
m>/m2-hr over the tank length. The aSOTE increases along tank length, which is mostly attri-
butable to the decrease in air flow rate per diffuser. ; :

The Parkson-Wyss system performed satisfactory throughout the study and there were no
problems with its operation. It was decommissioned at the end of the study and the diffusers
were salvaged. The Terminal Island treatment plant is being retrofitted with a full floor coverage

TERMINAL ISLAND - AERMAX o

Figures 35 and 36 show the performance of the AERMAX system at Terminal Island.
The first test showed an aSOTE of approximately 16%, which was the highest aSOTE measured
anywhere in this study. The aSOTE declined in a nearly linear fashion to 8.5% after four
months of operation. ' :
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In December 1987 the second swing arm was lifted for inspection. When it was lifted
two diffusers on swing arm 3 had moved and were overlapping the diffusers on swing arm 2.
During lifting several diffusers were bent and one of the bosses on the swing arm failed. To
repair this failure it was necessary to dewater the tank. The diffuser were hosed and liquid acid
cleaned when the tank was dewatered. f

The tank remained empty for 2.5 months and was exposed to sunlight during this period.
The tank was placed back in service in month 7, aSOTE was 11.5% and gradually declined
over the next four months. There seems to be no ill effects from the longer period of dewatering.

The air flux to tank 6 was always controlled by the pressure drop through the diffusers.
This resulted because the diffusers were not mounted as high as necessary above the horizontal
part of the swing arm. Several unsuccessful attempts were made to increase the air pressure and
flow rate to the AERMAX system. ? :

Unlike the Parkson-Wyss system, the AERMAX system shared an air header with tank 5
and the channel aeration system. The channel aeration system consumed too much air when the
Systein pressure was increased. Therefore, it was not possible to increase system pressure. Foul-
ing not only affected aSOTE but also reduced air flux, which probably accelerated the rate of
fouling. Also the DO concentration was low which has been implicated in accelerated fouling
rates (Rieth et al. 1988). ' .

The AERMAX system, unlike the other systems described in this report, clearly shows
fouling as a function of time. The results shown in Figure 35 are replotted in Figure 37 with
time calculated as months in service since cleaning, or since the diffusers were new. The top of
Figure 37 shows aSOTE versus time and the bottom shows a versus time. The straight lines are
best fits, and the correlation coefficient (RZ) for all lines is greater than 0.9. The!aSOTE decline
is 1.9 percentage points per month for the first period and 1.0 percentage points per month for
' the second period. The second period is undoubtedly more typical of routine performance. The
authors in previous studies have noted initial periods of excellent performance with new
diffusers, which have never been achieved again in subsequent operation. The decline in o fac-
tor is similar. The decline in period 1 was 0.07 per month which decreased to 0.035 per month
in period 2. The air flow rate per diffuser was changing because of increased pressure drop due
to fouling and this decline has been included in the o calculations. Diffusers were collected at
the end of the study and analyzed for DWP. Next, they were lab cleaned and reanalyzed. The
DWP of four diffusers at 0.3 m>/hr increased from 15.7 cm (6.2 in) new.to 85 to 386 cm (average
=236 cm) over the period of the study. After nylon brushing while flushing from the inside with
water, the DWP decreased to 34 cm. After high pressure hosing from the outside the DWP
decreased to 20.3 cm. .. : ‘ §

“The decline in air flow rate due to increased diffuser head loss limited the bO in the tank.
Towards the end of the study influent flow had to be diverted to other tanks in order to achieve
satisfactory DOs. :

The AERMAX system was removed from service at the conclusion of testing for the
same reasons that the Parkson-Wyss system was removed. The diffusers were salvaged for later
reuse. - :
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TERMINAL ISLAND - SPIRAL ROLL, - o |

off-gas instrument with a larger manometer and second vacuum cleaner it was not possible to
capture 100% of the off-gas for all positions at all times, During periods of high flow rate it was

not possible to perform a flow weighted average. Therefore, only limited data are available,
The aSOTE for tank 5 ranged from 3.5 10 4.5%. o ;
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EFFECT OF PROCESS OPERATION ON AERATION EFFICIENCY

Narrows on August 21, 1986 for only 30 minutes, the differences in 0SOTE were readily
apparent, as if one were testing a different plant or using a malfunctioning analyzer.

EFFECT OF SRT, F/M, MLVSS AND AIR FLUX

At first it was believed that a relationship between SRT and o«SOTE or oc:could be easily
obtained. Others have shown such a relationship for specific conditions (Brenner and Boyle,
1987). There are "outliers" which point to such a relationship. For example, the SRT at Whittier
Narrows on the day of testing in month 4 (Figures 13-16) was 1.2 days, the lowest value in the
entire study for any plant tested at any time. This day also corresponds to the lowest tank aver-
age o factor obtained anywhere, of 0.12. Some of the highest o factors were obtained at the
highest SRT. The following discussion explores the reasons for a relationship between aSOTE
@ and SRT. The reader is referred to the Process Data section where the calculation procedures
for SR7, MCR, and MCRTA are discussed. 5

There are theoretical reasons why o should be a function of SRT. Current mathematical
models of the activated sludge predict substrate concentration as a function of SRT. Since sub-
Strates are partially comprised of surfactants, lower substrate concentration, or higher SRT,
implies lower surfactant concentration and higher o factors. Nevertheless, regressions of SRT,
aSOTE and o factors have been disappointing, producing low R? and little statistical
significance. Upon reflection . there are reasons for the poor correlation which relate to the
steady-state nature of SRT calculation, By definition the SRT can be related to the mean organ-
ism growth rate, as follows (Lawrence and McCarty, 1970): :

1 { %
5. —kh-Kp | &)
c z
where '
8 = SRT ‘
i =  organism growth rate (T"})
Kp = decay coefficient (T}

This relationship is only valid for steady-state conditions, When steady-state condiﬁons exist the
SRT can be equated to the wasting rate and mass of solids under aeration, as follow‘gs




XV

%= 3.X | | ©)
w i
where :
X =  MLVSS concentration gmg/L)
\' =  aeration tank volume (/°)
Xw. =  waste volatile solids concentration (mg/L)
Q. =  waste solids flow rate (3/T)

Equation 6 provides a "working definition" for SRT which is the foundation of its use
throughout activated sludge plants in the United States; however, the success of SRT as a opera-
tional strategy exists because of its relationship to microbial growth rate, as shown in Equation
5. When steady-state conditions do not exist both Equations 5 and 6 are not valid, and Equation
7 is applicable as follows: : ;

1 _ o dX ﬁ
ec—uvK Xdt - M

where

%xt—‘ = time derivatives of X (mg/L-T)

Although satisfactory effluent was produced throughout the study period, the SRT at
Whittier Narrows ranged from 1.2 to over 4 days during the study and sometimes changed as
much as 30 to 40% between the daily observations. Therefore, the SRT calculated by Equation
S should be quite different than the true SRT (kinetically meaningful) calculated by Equation 7.
For example, if the MLVSS concentration was to decrease from 1000 to 700 mg/L in one day,
and if the SRT were 1.5 days before the change, the magnitude of the difference between Equa-
tions 5 and 7 would be 0.35 days™!, a difference of 20% or more. ;

A further complication in successfully determining a relationship between SRT and @ or
oSOTE relates to sampling frequency. One must sample at twice the maximum frequency to
estimate the parameter without aliasing. An SRT of 1.5 days implies a time constant of 0.66
days™!, which means that SRT measurements would have to be made at a rate of 1.32 per day to
correctly estimate SRT. Therefore, at SRT’s less than 2 days, a daily measurement is too infre-
quent for proper estimation of SRT. : [,

A final complication in measuring SRT is the accuracy of the parameters used to calcu-
late it. There are three sources for experimental error: MLVSS measurement, waste sludge
MLVSS measurement, and waste sludge flow rate. Itis extremely difficult to accurately and pre- -

cisely measure sludge flow rates and concentrations.
. ®

An alternate approach was taken to relate o and aSOTE to process operz{tion and regres-
sions of MLVSS and F/M (COD basis) were made. There are similar problems with measuring
F/M as with SRT. The sampling frequency rate requirements are similar, F/M ratio is also valid
only for steady state conditions; however, the magnitude of the time derivative is smaller than in
the SRT equation. Equation 8 shows the same model arranged to calculate F/M. .




Q(SO-S) _ _&
Ty

XV ®

where

S8 = influent and effluent substrate concentration (mg/L) i
Y =  biological yield (mass cells/mass substrate)

Since effluent substrate, S is usually small when compared to S, the left hand side of Equation 8
is nearly equal to the working definition of the F/M ratio, QS/XV. Equation 8 must also be
rewritten for the nonsteady-state case, as follows: - A

QS-S . ds - ;
v Y txe | @

" The magnitude of the term —;{l—gt— is much smaller relative to the F/M ratio Lhan the derivative

term in the SRT equation, Equation 7. A change in the effluent substrate concentration for Whit-
tier Narrows as a function of F/M is so small that it is hard to measure, but for the sake of exam-
Ple, suppose that the hypothetical change from 1000 mg/L. MLVSS to 700 mg/l. MLVSS men-
tioned previously produced a change of 10 mg/L in S. The difference in Equation 8 and 9 is only
0.012 mg S/mgX-day. If the F/M ratio for this case were 1.0 mgS/mgX-day, the difference
would be approximately 1%; however, for Equation 7, the differences from the dynamic term
could be more than 25%. Therefore, F/M ratio is a much better indicator of process conditions
during nonsteady-state operation.

The experimental error in measuring F/M is less than in measuring SRT. It is easier to
measure dilute liquid flow rates than sludge flow rates. Influent COD is probably more accu-
rately and precisely measured than waste sludge MLVSS concentration. ;

: It is important to note the sign of the error on SRT or F/M calculation. For both cases,
the working definition of SRT and F/M, which includes the error, under estimates process load-
ing. The SRT predicted by Equation 6 is always greater than the true SRT predicted by Equation
- 7, when the SRT is declining. Also, Equation 8 under estimates F/M when F/M is increasing.

The regressions on MLVSS and F/M were much more successful, and meaningful corre-
lations were obtained. Figure 38 shows the average o factor for tanks 1 and 2 at Whittier Nar-
rows as a function of F/M (COD basis) with best-fit regressions. The correlation coefficient R?
in both cases is less than 0.35. Tank 1 shows a more meaningful trend. The correlation in tank 2
is dominated by the two extreme points. For tank 1 the data from the period from just after
liquid acid cleaning to the onset of step feed operation are plotted. For tank 2 the data from the
period is from just after liquid acid cleaning to dome replacement are plotted. i
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- |
Figure 39 shows the average & and oSOTE as a function of MLVSS concentration at
hood position 1 for all three tanks at Whittier Narrows. The correlation (R?) is approximately

linearly related to MLVSS concentration. The relationship shown in this figure is the most
dramatic evidence for the low a factors observed in the August to October period of 1986, Fig-
ure 40 shows the tank average o factor for the plastic disks at Valencia. The trend is similar, but
the absolute value of MLVSS concentration is quite different. i ’ .

B . {

Figure 41 shows a factors as a function of air flux, and o decreases slightly with increas-
ing air flux. A similar relationship was found by Hwang and Stenstrom (1983) for the column
study at Whittier Narrows. One possible explanation for this phenomena is bubble collision.
Bubbles coalesce in activated sludge mixed liquor; an increasing air flux will result in more bub-
ble collisions in a fashion similar to increasing surface area or particle concentration for floccu-
lation. ' : S -

Figure 41 also shows the column results, which exhibit the same trend but with greater o
factors. The o factors were greater because all experiments were conducted using a new
diffuser. The air fluxes are much greater because the column was only 0.5 m in'diameter. The
air flow per diffuser spanned the range measured during this study, but the diffuser density was
much greater. ‘ ‘ ;

It has been suggested that this relation between o and air flux is a function of plant load
since increased plant load usually requires increased air flux. There is evidence to show that
higher loading rates reduce « factors. There are two reasons why the relationship between o and
air flux is plausible. A multiple linear regression of a factor with both air flux and load, as indi-
cated by F/M (COD basis), was made and air flux was more significant than F/M ratio. The:
similar findings of Hwang (1983) were performed at constant load, and are therefore free of any

spurious effects of plant load upon a. ‘ :

TIME SERIES REGRESSIONS

The preceding part of this chapter discussed the effects of process' variables on a and
oSOTE. While this information is interesting and potentially more important than diffuser foul-
ing, the goal of this research is to ascertain fouling rates over time in service. The only previous

discussion of fouling over time was the result for the an AERMAX system at Terminal Island.
This section describes fouling over time. This discussion primarily relates to Whittier Narrows.

To determine fouling over time the effects of F/M, air flux and time in’ service were
investigated using multiple linear regression with SAS (1982). Models of the following form
" were used: :

oSOTE=a+bF/M+c AF+d TS | (10)
where
FM =  food-to-mass ratio, COD basis (days™)
= air flux (m*/m3-min)

AF
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l?igure 41 aFactor versus Air Flux at Whittier Narrows for Hood Posin'on? 1,

Tank 1, and a Test Column
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TS = time in service or since cleaning (months)
abed = regression parameters

The same regressions were performed using a as the dependent variable, and MI%.VSS concentra-
tion was tested in place of F/M for certain regressions.

. The period of regression was always a subset of the study period. The period prior to ini-
tial liquid acid cleaning was not used. Also the very first test after liquid cleaning was not used
in all cases. For the dome system, the regressions covered the period up to dome replacement in
September/October 1987. For the disk system, the period was longer, continuing until the onset
of step feed operation, in December 1987, ;

Figure 42 shows the most successful time series regression for the disk system for
oSOTE while Figure 43 shows similar regressions for . The figures are plotted in the same
way as Figures 13-16 for the sake of comparison. ‘

The top of Figure 42 shows a regression for the period from liquid acidfcleaning to the
onset of step feed operation for tank 1 at Whittier Narrows. It includés the pericd of low SRT
during months 1 to 4 in determining the parameters a through d. The predicted values show the
. Same wrend as the measured values, but miss the extremes, This regression accounted for only
approximately 30% of the variability (R? = 0.31). The form of the regression is;

oSOTE = 15.37 -2.0375 /M ~38.977 AF | | (1)
F/M and AF flux are significant at 2.7% and 5.7%, respectively. Time: in -service is not
significant, indicating that changes in process operation over-shadowed the effect of fouling,

The lower part of Figure 42 shows a similar regression, but using only the data points
from month 6 to the onset of step feed operation. This period of operation is much more stable
with respect to F/M and SRT. The regression accounted for 74% of the variability (R? = 0.74).
The form of the regression is: ' i

aSOTE = 16.5 - 0.218 TS —58.4 AF 1

In this case it appears that the effects of fouling can be separated from other aspects of process
operation. F/M is not significant, which most probably results because it did not vary widely
during this period. Both AF and TS were significant at the 1% level. :

This result is similar in conséquences to the AERMAX finding in ,thaté a statistically
significant fouling effect was obtained. In the case of the AERMAX system for period 2, the -
decline was 1 percentage point of aSOTE per month, while in this case it is only 0.23 percentage

Figure 43 shows similar results for a. The regressions for the top and boﬁom of Figure
43 are ‘ : ;

«=0.477 ~0.0673 F/M -0.814 AF ' ‘ (13)
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@ = 0.520 ~0.00726 TS ~0.524 AF (14)

The significance levels and correlation coefficients are nearly identical to the regression for
oSOTE. _ .

- Equations 11 through 14 have implications for future designers. They ixi:dicatc that for
F/M ratios of 1 to 1.5, and air fluxes of 0.1 m*/m?-min, or less, that the clean diffuser « and

oSOTE are roughly 0.3 to 0.4, and 9 to0 10%, respectively at the diffuser density and submer-
gence used in this study. ]
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CONCLUSIONS

This project has as it goals the investigation of fouling and diffuser cleaning techniques.
The principal investigation was at the Whittier Narrows Water Reclamation Plant operated by

tricts, and the Terminal Island Treatment plant, operated by the Bureau of Sanitation of the City
of Los Angeles. The following conclusions are made. ?

1. The disk system at Whittier Narrows out performed the two dome systet;ns for the dura-
tion of the study for almost all circumstances, with the one exception of one test con-
ducted immediately after dome replacement. The magnitude of the difference in aSOTE
was 2 percentage points (~ 9% aSOTE for disks versus 7% for domes). For the period of
stable operation where nearly identical side-by-side test results were obtained, the

- difference was 2.8 percentage points (9.8 versus 7.0). .

The difference in performance of the two Systems is probably not attributable to HCl acid
gas cleaning, or at least not entirely attributable to cleaning, since the disk system was
superior to the dome system prior to all cleaning and shortly after dome replacement as

~ well. Dome gasket leakage was a major factor in the performance of the dome system
and its overall impact on the conclusions of this study are unknown. s

2. The domes at Whittier Narrows showed severe gasket leakage problems, both before and
after acid gas cleaning. It is not clear what the cause of the leakage was, but the domes at
Whittier Narows used plastic bolts and spongy gaskets which may have contributed to
the problem. Gaskets from sample diffusers showed non-elastic deformation which may

- have contributed to the problem. Plastic bolts with hard rubber gaskets failed.

3. The effects of HCl acid gas cleaning on the dome aSOTE were not discernible.

4. The effects of HCl acid gas cleaning was not detectable in the short term 6n the aSOTE
of the disk system; however, two off-gas tests directly before and directly after acid gas
cleaning provided partial evidence for improved oSOTE. o ;

5. The HCI acid gas cleaning was effective in reducing diffuser DWP, BRV,;and the quan-
tity of fouling substances, for both dome and disk diffusers. :

efficiency of acid gas cleaning because the disks at Whittier Narrows, which transferred
9.8% during the period of stable operations, have about the same clean water SOTE as
the plastic disks. The Valencia WRP is operated at higher SRT and lower F/M which
suggests that it should have had higher aSOTEs for the same conditions. No significant
trend in transfer rates (e.g. decrease due to fouling) was observed. :

- 17. During the period of stable operation the disks at Whittier Narrows, with HCI gas clean-

ing, decreased in aSOTE efficiency by 0.23 percentage points per month. The AER-

MAX system decreased by 1% per month at Terminal Island. These results are the most
' . |
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10.

significant findings with respect to fouling. The dome systems at Whittier Narrows
decreased from an aSOTE of 10 to 12% when new, or just after liquid acid cleaning, to 7
to 8% within several weeks. The decline was too rapid to correlate to process operation
or time in service, and may have been partially due to gasket leakage problems. The

decreases were not necessarily linear, and one should not always expect a linear decrease
in transfer efficiency. L

It seems reasonable to use a tank average o factor of 0.25 for plar{ts designed and

operated in a fashion (low SRT) similar to the Whittier Narrows Water Reclamation
Plant with similar aeration systems. : !

The effects of process operation, F/M, MLVSS and air flux, have a much more pro-
nounced effect on aSOTE and « than fouling. Statistically significant relationships
between o and aSOTE and F/M, MLVSS and air flux were obtained., « and aSOTE
decrease with increasing F/M and air flux. e

This evaluation of HCl gas éleaning efficiency probably did not best demonstrate the

- efficiency of the technique. The dome gasket leakage problem may have obscured

results. Furthermore, a more frequent cleaning frequency may be beneficial.

|
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APPENDIX I WHITTIER NARROWS DIF FUSER DATA k :

KEY:

MO

DAY

YR
SERVICE
CLEAN
COND

TANK

GRID

NO -
DWPS, DWP75
DWP10, DWP20
DWPAVG

BRVAVG

VFOUL

NVFOUL

ACENTER, AMIDDLE
AOUTER

TFOUL
PVOLAT
BRVDWP
DATE

it Ww nu 1 whun

¥

month of year ' ;

day of month ‘ E

year (e.g. 86 = 1986) 3

months in service ] .

N means no HCl gas cleaning, G means HCl gas cleaning
condition of the diffuser during testing; dirty = as is, from tank;
hose = after hosing in the laboratory; MM = liquid acid in the
laboratory; in-situ = cleaned in tank : .
N3 means Norton domes, tank 3; N2 means Norton domes, tank 2;
S means Sanitaire disks, tank 1 :

grid number

sample number, 1 or 2 ;
DWP in cm w.c. at 0.5, 0.75, 1.0, and 2.0 SCFM, respectively
average of above i ‘
BRVincm w.c.

mg/cm® of volatile fouling material 1

mg/cm” of nonvolatile fouling material o

air flux (SCFM/ft®) in the center midway and outer parts of the
diffuser, respectively

total fouling substances (rng/cmz) ;

fouling substance percent volatile |

ratio of BRV to DWP at 0.75 SCFM

date, years, months, days _
missing data point (no data collected) ‘
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‘ APPENDIXIIT PLANT PROCESS DATA ‘
This appendix contains a summary of the process data for Terminal Island, Valencia and
Whittier Narrows for the period of testing and some period, up to one year, prio:r to testing. "I'he

average of all process data are presented, followed by monthly averages.

KEY: |
QAVG =  average influent flow rate (MGD) |
QRAVG =  average recycle flow rate (MGD) !
QWAVWVG =  average waste sludge gow rate (MGD) :
QAIR = . air flow rate (1000 sft”/day)

PEFFSS =  primary effluent TSS (mg/L) l
SEFFSS =  secondary effluent TSS (mg/L) ;
PECOD =  primary effluent COD (mg/L) i
SECOD =  secondary effluent COD (mg/L) 4
PEBOD =  primary effluent BODs (mg/L) |
FEBOD = secondary effluent BODs (mg/L) |
DO = aeration tank DO (mg/L) (Terminal Island only)

DOIMIN, DOIMAX aeration tank maximum and minimum DO’s (mg/L). Valencia and

Whittier Narrows only |

MCRT = mean cell retention time (days) |

MCRTA =  average mean cell retention time (days) (Valencia and Whitter
Narrows only) f

~ SRT = solids retention time (days) neglects secondary, clarifier solids

(Valencia and Whittier Narrows only) !

MLSS = mixed liquor suspended solids (mg/L)

MLVSS =  mixed liquor volatile suspended solids (mg/L)

XRAVG = recycle suspended solids Snig/L) .

M = food-to-mass ratio (days™) (COD and MLVSS tanks)

SVIor SVI1 = sludge volume index (ml/G) j

TEMP = mixed liquor temperature (°F)
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APPENDIX IV OFF-GAS DATA |
|

This appendix contains a statistical summary for the off-gas data collected for Terminal
Island, Valencia and Whittier N arrows for the entire period of testing. Note that%averages in the
text were calculated for selected periods of operation, and may not match the averages presented
here. v ‘ *

: . i
Key

ASOTEI1 - ASOTES6 aSOTE for hood locations 1 to 6

ASOTET = flow weighted average aSOTE for the entire basm
ALPHAIL - ALPHA6 = o for hood locations 1 to 6

ALPHAT =  flow weighted o for the entire basin

FLUM]1 - FLUM6 = hood flux (m3/m2-min) for hood positions 1 to 6
FLUMT = average hood flux for the entire basin

DO1-D0Os = DO (mg/L) at hood positions 1 to 6

DOT = average basin DO
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