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INTRODUCTION 

Redmon Engineering Company was engaged as a subcontractor to Carollo 

Engineers to conduct an offgas evaluation of the Sanitaire fine pore membrane grid 

aeration system installed in the aeration basins at the Santa Fe WWTP in Santa Fe, 

New Mexico.  The purpose of the tests was to measure the oxygen transfer efficiency of 

the existing membrane disc diffusers under process water conditions.  A second portion 

of the aeration study was to conduct a laboratory evaluation of the existing membrane 

diffusers.  This portion of the project is covered by a separate report. 

The objective of the offgas evaluation was to provide site-specific measurements 

of oxygen transfer efficiency, alpha and oxygen transfer rate of the membrane disc 

aeration system that was installed in the two aeration basins approximately sixteen 

years ago. 

On November 14, 15, and 16, 2017, David Redmon of Redmon Engineering 

Company conducted offgas tests on the aeration system at the Santa Fe WWTP.  The 

results of this offgas evaluation are presented in this report. 
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BACKGROUND 

The full-scale test involves placing a floating offgas collection device on the liquid 

surface of the basin(s) in question at various locations and to analyze the exiting gas for 

the partial pressure of oxygen compared to that of ambient air.  In addition, the rate of 

offgas evolution is typically measured for each offgas collection hood sampling position 

employed and each test condition.  These data are analyzed according to the 

procedures described in the paper, "Oxygen Transfer Efficiency Measurements in Mixed 

Liquor Using Offgas Techniques," by Redmon, et al. (WPCF November, 1983) and the 

ASCE “Standard Guidelines for In-Process Oxygen Transfer Testing,” (ASCE-18-96).  

The offgas paper is contained in Appendix I for the reader’s reference. 

 

Aeration System 

The aeration system tested at the Santa FE WWTP consists of two oxidation 

ditch aeration basins.  Each of the basins is about 120 feet wide by about 260 feet in 

length and having a side water depth of 16.6 feet.  Each basin consists of four channels, 

with each channel having a width of 29.25 feet.  There are six (6) individual grids of 

membrane disc diffusers along the length of each basin.  There are two grids in 

Channel #1, two grids in Channel #2 and two grids in Channel #3.  There are no grids of 

diffusers installed in Channel #4.  There is an approximate total of 3,800 diffusers 

installed in each basin.  Figure 1 is a plan view drawing indicating the general layout of 
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the basin and the diffuser layout.  This figure shows that grids 4, 5, and 6 were turned of 

and not operating. 

Test Parameters 

The full-scale tests were conducted to measure oxygen transfer efficiency, alpha 

factor, and oxygen transfer rates under actual operating conditions. 

Manufacturers of aeration systems typically quote performance based on clean 

water oxygen transfer test results.  To compare data, the tests should best be 

conducted in large-scale tanks in accordance with standard procedures (ASCE Clean 

Water Test Standard, 1992).  For a given basin geometry, diffuser type and layout, 

aeration equipment manufacturers can provide acceptable estimates of clean water 

standard oxygen transfer efficiency (SOTE) and equilibrium dissolved oxygen (DO) 

concentration at standard conditions as time approaches infinity (C*∞20).  Standard 

conditions of temperature and pressure are 20°C and 1.0 atmosphere of pressure 

(29.92 in Hg or 760 mm Hg), respectively. 

To estimate the oxygen transfer efficiency in the process water under actual 

operating conditions, the following equation is used (ASCE, 1992):  

( )OTEF = −−
∞ ∞α SOTE C C CT( )( ) /* *Θ ΥΩβ20

20 20  
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Where: 

OTEF  = Process water oxygen transfer efficiency, mass fraction of 

oxygen transferred per unit of oxygen supplied, decimal 

fraction. 

 

 α  = Alpha, the ratio of mass transfer coefficients, process water 

to clean water, decimal fraction. 

 Θ  = Mass transfer coefficient temperature correction factor, 

generally taken to be 1.024, dimensionless. 

 

T  = Temperature of the process water,  °C. 

                

 Υ  = Temperature correction factor (C*bST/C*b20) of the steady 

state DO saturation concentration, dimensionless. 

    Where:  

C*bST = Tabulated DO surface saturation value at 

temperature T, taken from Standard Methods, 

mg/l. 

C*b20 = Tabulated DO surface saturation value at 20°C 

taken from Standard Methods, mg/l. 
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 β  = Ratio of steady state DO saturation concentration in process 

and clean water, dimensionless (basis total dissolved solids). 

 

 Ω  = Pressure correction factor (Pb/Ps) for the steady state DO 

saturation concentration, dimensionless. 

Where: 

Pb = Local barometric pressure for the site, in Hg. 

Ps = Standard barometric pressure, 29.92 in Hg 

(101.3 k Pa). 

 

C  = Dissolved oxygen concentration averaged over process 

water volume being evaluated, mg/l. 

 

All of the factors involved in the conversion from clean water to process water, 

except alpha, and the fouling factor can be reasonably estimated from published or 

assumed values.  The field studies were conducted at the Santa Fe WWTP in an effort 

to provide site-specific estimates of OTE and alpha(F), as well as OUR, for use in 

assessing the aeration performance of the aeration system under process water 

conditions. 
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RESULTS 

General 

The results of the full-scale offgas evaluation is summarized as Tables 1, 2, and 

3.  The field data sheets from which the summary tables were developed are contained 

in Appendix II.  As mentioned earlier, Figure 1 is a plan view of one of the aeration 

basins and shows layouts of the fine bubble grid diffusers.  Figure 2 shows the locations 

of the offgas collection hood sampling positions used in this evaluation.  The offgas 

collection hood used was two feet wide by eight feet in length, thus having a total 

capture area of 16 square feet. 

Table 1 summarizes the offgas results obtained on November 14, 2017.  The first 

several columns of this table, including time, sampling station designation, mixed liquor 

temperature, gas-phase sensor output (Mog and Mr), DO concentrations (C), and offgas 

flow rate are obtained from the field data sheets.  Knowing the dissolved oxygen (DO) 

saturation value from clean water testing of the equipment in question (C*20), the field 

saturation value (C*f) can be estimated by applying corrections for local atmospheric 

pressure, mixed liquor temperature and total dissolved solids, which are reflected in the 

beta factor.  The column headed C*f-DO (Column 7) represents the DO driving force 

(saturation minus the DO concentration) at that sampling station. 
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Columns 8 and 9 are the float heights (in millimeters) for the two rotameters 

measuring offgas flow rate.  Column 10 is the collection area of the offgas collection 

hood.  Column 11 lists the measured offgas flux for the sample location in question.  

The offgas flux is determined by dividing the offgas flow rate by the offgas collection 

hood area (Column 10). 

Column 12 is the calculated airflow per diffuser and is determined by dividing the 

offgas flux (scfm per square foot) by the diffuser density (the number of diffusers per 

square foot) beneath the hood. 

Column 13 lists the total airflow to each of the test zones in the basin in question. 

In each zone the average offgas flux times the surface area of the zone in question 

yields an estimate of the total airflow to the zone in question.  The total airflow for each 

cell and the basin overall is obtained by summing the estimated airflow in each zone. 

The gas-phase oxygen transfer efficiency under process conditions is given by 

the columns headed OTEF (Column 14), OTESP20 (Column 15) and SOTEpw (Column 

16).  The field oxygen transfer efficiency (OTEF) is the actual gas-phase transfer, as a 

decimal, under existing field conditions of DO concentration, barometric pressure, total 

dissolved solids, mixed liquor temperature and prevailing operating mode.  OTESP20 is 

the transfer efficiency per each mg/l of driving force, corrected to a 20°C mixed liquor 

temperature.  SOTEpw is the oxygen transfer efficiency in process water corrected to 

standard conditions of one atmosphere of pressure, zero DO concentration and 20°C.  
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Column 17, SOTEcw, is an estimate of the clean water oxygen transfer efficiency based 

on the Sanitaire clean water test database. 

Column 18 is the ratio of SOTEpw to SOTEcw.  When diffusers are new this ratio 

is known as alpha.  In this case, the aeration system had been in operation for many 

years so the ratio of SOTEpw to SOTEcw is known as alpha(F), where F is a fouling 

factor.   The fouling factor accounts for changes in diffuser oxygen transfer efficiency 

due to fouling and changes in the membrane properties.  When the diffusers are new 

the fouling factor is unity (1.00).  Column 19 is the computed oxygen uptake rate (OUR) 

for each hood location based on a gas-phase mass balance. The mass balance 

calculation procedure used to calculate the OUR is presented in Appendix III. 

Listed at the bottom of each table are the overall average values of DO 

concentration, offgas flux, diffuser air flow, alpha and oxygen uptake rate along with the 

total air flow and the mean weighted average OTEF and SOTEpw values for the entire 

basin. 

 

Test Results 

The first set of offgas data was obtained on Tuesday, November 14, 2017.  Table 

1 summaries of the offgas results for the first day of testing.  Looking at the first line of 

data, it is seen that the first sample location (1.1N – Channel #1, hood location #1, in 

the North (N) Basin) was tested at 1026 hours.  The mixed liquor temperature was 20.4 
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degrees Celsius and the dissolved oxygen concentration was 0.55 mg/l.  The offgas flux 

for this location was observed to be 0.215 scfm per square foot of surface area, which is 

equivalent to an airflow rate of approximately 0.68 scfm per diffuser. The field oxygen 

transfer efficiency for sample location 1.1N is 21.74% when corrected to standard 

conditions is 29.51%.  The alpha(F) value for this location is computed to be 0.66 and 

the oxygen uptake rate (OUR), based on the gas-phase mass balance, is 46.8 mg/l/hr.  

The results for each of the remaining test locations are presented in a similar matter. 

At the bottom of each section of data is listed the average DO concentration, 

offgas flux, airflow per diffuser average transfer efficiency, alpha(F), and average 

oxygen uptake rate.  Also presented is the total airflow to grid being tested.  In Table 1 

the first section of data only contains three hood locations in the first grid of Channel #1.  

These data points were gathered between 1025 hours and 1049 hours.  Shortly after 

1049 hours the airflow rate to the system was approximately doubled.  As a result, the 

testing of the first grid in Channel #1 was restarted. 

The second set of data in Table 1 is from the first grid in Channel #1 of the North 

Aeration Basin, while the third dataset in from the first grid in Channel #1 of the South 

Basin.  It should be pointed out that the first grid in the North Aeration Basin had new 

membrane disc diffusers installed when the basin was recently drained and repaired, 

while the first grid in the South Aeration Basin had the original diffusers still installed in 

the grid.  The summary data at the bottom of sections two and three (in red ink) indicate 



REDMON 

ENGINEERING COMPANY 
 

Santa Fe WWTP - Full Scale Offgas Analysis of Membrane Disc Aeration System 
January 27, 2018 
Page 10 
 

 
PO Box 044258              Racine, Wisconsin 53404-7005 (414) 467-8993 

that the membranes in the first grid of the North Basin are more efficient than those 

installed in the South Basin. The overall average SOTEpw for the North Basin was 

observed to be 25.8% compared to 23.6% for the South Basin, even though the North 

Basin grid was operating at about 1.4 scfm per diffuser, while the South Basin was 

running at about 1.07 scfm per diffuser.  Generally, the higher the airflow per diffuser, 

the lower the oxygen transfer efficiency.  The data suggest that the North Basin grid is 

operating about 9.5% more efficient than the South Basin grid.  The computed value of 

alpha for the new membranes (first grid in the North Basin) is 0.68, while the alpha(F) 

value for the first grid in the South Basin is 0.59.  These are some of the highest alpha 

values measured by this writer, who has been conducting offgas analyses for over 

thirty-five years. 

It was observed that there was a significant horizontal velocity in the channels 

due to the Banana Blade mixers installed in each basin.  The writer was involved in a 

study in France that documented the improvement in fine bubble grid efficiency as a 

function of horizontal velocity across the fixed grids.  This paper generated as a result of 

this study is contained in Appendix IV of this report.  The results of this study in clean 

water demonstrate an oxygen transfer efficiency improvement at a horizontal velocity of 

about 1.2 feet per second on the order of 40%.  In process water the improvement was 

approximately 20%.  At lower velocities the improvement was less, but significant.  

Observations of the bubble patterns indicate that the horizontal velocity was on the 
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order of about 1.0 to 1.5 feet per second.  A differential velocity across the air discharge 

surfaces of the diffusers results in the bubbles being released from the diffusers at a 

smaller diameter due to the shear forces of the water flowing across the diffuser.  This 

results in smaller bubbles with more interfacial area and lower rise rates, as smaller 

bubbles are less buoyant and therefore rise less quickly than do larger bubbles. 

Table 2 is from Wednesday November 15th.  On this day grid #3 in the North 

Basin was tested, and gird #1 of the North Basin was re-tested to see how consistent 

the offgas results were from one day to the next.  The results of the re-test of grid #1 

show nearly the same results as the previous day. The SOTEpw was observed to be 

25.4% at an airflow of 960 scfm, compared to an SOTEpw of 25.8% at an airflow of 893 

scfm.  The alpha for grid #1 on day two was 0.64, compared to 0.68 on day one. 

Grid #3 in the North Basin was observed to have an overall average SOTEpw of 

22.8% at an airflow of 799 scfm.  This results in a computed alpha(F) value of 0.60.  

Grid #3 also had the original membrane disc diffusers installed on the grid in question. 

On the third day of testing (November 16th) grid #2 in the North Basin was tested.  

The overall average SOTEpw was observed to be 27.0% at an airflow of 900 scfm.  

This results in an alpha value of 0.71.  This grid also has new membrane diffusers that 

were installed when the basin was drained to make repairs. 

Table 4 is a summary of the offgas results comparing the performance of the new 

membrane disc diffusers against those grids with the original membranes still installed 
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in them.  The summary shows an average SOTEpw of 26.07% for the new membranes 

and 23.20% for the old membranes. 

The writer believes the presence of significant horizontal liquid velocity across 

the fixed grids of fine bubble diffusers has resulted in enhanced oxygen transfer, when 

compared with fixed grids without velocity.  This is the most likely reason for the high 

alpha values observed in the Santa Fe aeration basins.  Field oxygen transfer 

efficiencies (corrected to standard conditions) under process water conditions in the 

range of 22% to 27% at a diffuser submergence of 16.6 feet are typically unheard of.  

These are transfer efficiencies in the range of 1.3 to 1.6% per foot of submergence, 

under process water conditions. 

The writer has also observed that in looped reactors (oxidation ditches) that 

alpha values are nearly constant throughout the basin, as the loop time compared to the 

hydraulic retention time, is so small that the basin approaches that of a complete mix 

reactor. 

The results are in general agreement with the laboratory diffuser tests, which 

indicated the used membranes, when tested head-to-head against new membranes, 

showed a loss in efficiency of about 6.2%.  The existing membrane diffusers are 

approaching seventeen years old.  If significant aeration system revisions are to occur 

in the future the best course of action would be to replace all of the diffusers with new 

membranes. 



TABLE  1
SUMMARY DATA SHEET - FULL SCALE OFFGAS TESTS

DATE: November 14, 2017

SITE: SANTA FE, NM MLSS: 3,300 MG/L         LOCAL BAROMETER: 23.92 in. Hg. HR: 0.00
SYSTEM: SANITAIRE MEMBRANES MLVSS: MG/L BETA: 0.98 HOG: 0.00 LB H2O/LB

         SUBMERGENCE: 15.60 FT. TDS: 1,000 MG/L   (ASSUMED)   C*20: 10.70 MG/L       B.D. AIR
SWD: 16.60 FT. SRT: 12 DAYS   C*F: 8.20 MG/L CO2: 0.00

    DIFFUSERS/BASIN: TOTAL AIR RATE: SCFM

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
SCFM

HOOD OFFGAS PER TOTAL                            
TIME STATION ML TEMP M(og) M(r) C C*F-C Rmm 1 Rmm 2 AREA FLUX DIFFUSER AIR FLOW OTEF OTESP20 SOTEpw SOTEcw ALPHA(F) OUR

°C (mv) (mv) (mg/l) (mg/l) (sq ft) (scfm/sq ft) (cfm) (decimal) (decimal) (mg/l/hr)

NORTH AERATION BASIN - GRID 1

1025 1.1N 20.4 826 1007 0.55 7.65 133 0 16 0.215 0.68 145 0.2174 0.02815 0.2951 0.370 0.80 46.8
1037 1.2N 20.4 809 1009 0.55 7.65 98 0 16 0.163 0.52 110 0.2381 0.03083 0.3233 0.370 0.87 38.8
1049 1.3N 20.4 796 1011 0.60 7.60 134 0 16 0.217 0.69 147 0.2547 0.03320 0.3481 0.370 0.94 55.3

_   _   _   _   _   _   
X = X = X = Σ = MWA = MWA = X = X = X =
0.57 0.198 0.63 402 0.2367 0.3222 0.370 0.87 47.0

NORTH AERATION BASIN - GRID 1

1334 1.1N 20.4 871 1000 1.20 7.00 0 58 16 0.436 1.38 147 0.1577 0.02232 0.2341 0.343 0.68 68.8
1309 1.2N 20.4 848 1002 1.30 6.90 230 0 16 0.361 1.15 122 0.1868 0.02682 0.2812 0.343 0.82 67.5
1252 1.3N 20.4 841 1003 1.60 6.60 0 65 16 0.474 1.50 160 0.1955 0.02934 0.3076 0.343 0.90 92.7
1211 1.4N 20.4 877 1002 1.25 6.95 0 80 16 0.556 1.77 188 0.1525 0.02173 0.2278 0.343 0.66 84.8
1225 1.5N 20.4 882 1003 1.65 6.55 0 60 16 0.447 1.42 151 0.1479 0.02237 0.2346 0.343 0.68 66.2
1239 1.6N 20.4 862 1003 1.70 6.50 235 0 16 0.368 1.17 124 0.1717 0.02617 0.2744 0.343 0.80 63.2

_   _   _   _   _   _   
X = X = X = Σ = MWA = MWA = X = X = X =
1.45 0.440 1.40 893 0.1676 0.2581 0.343 0.76 73.9

SOUTH AERATION BASIN -GRID 1

1443 1.1S 20.5 871 1001 1.00 7.20 230 0 16 0.361 1.15 122 0.1589 0.02181 0.2287 0.350 0.65 57.4
1456 1.2S 20.5 853 1001 1.00 7.20 200 0 16 0.316 1.00 107 0.1800 0.02471 0.2591 0.350 0.74 56.9
1508 1.3S 20.5 853 999 1.00 7.20 220 0 16 0.347 1.10 117 0.1777 0.02440 0.2558 0.350 0.73 61.7
1520 1.4S 20.5 878 1000 1.00 7.20 235 0 16 0.368 1.17 124 0.1498 0.02056 0.2156 0.350 0.62 55.2
1534 1.5S 20.5 869 1002 1.00 7.20 200 0 16 0.316 1.00 107 0.1623 0.02227 0.2335 0.350 0.67 51.3
1545 1.6S 20.5 875 1002 1.00 7.20 195 0 16 0.308 0.98 104 0.1555 0.02134 0.2238 0.350 0.64 47.9

_   _   _   _   _   _   
X = X = X = Σ = MWA = MWA = X = X = X =
1.00 0.336 1.07 682 0.1638 0.2357 0.350 0.67 55.1



TABLE  2
SUMMARY DATA SHEET - FULL SCALE OFFGAS TESTS

DATE: November 15, 2017

SITE: SANTA FE, NM MLSS: 3,300 MG/L         LOCAL BAROMETER: 23.99 in. Hg. HR: 0.00
SYSTEM: SANITAIRE MEMBRANES MLVSS: MG/L BETA: 0.98 HOG: 0.00 LB H2O/LB

         SUBMERGENCE: 15.60 FT. TDS: 1,000 MG/L   (ASSUMED)   C*20: 10.70 MG/L       B.D. AIR
SWD: 16.60 FT. SRT: 12 DAYS   C*F: 8.25 MG/L CO2: 0.00

    DIFFUSERS/BASIN: TOTAL AIR RATE: SCFM

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
SCFM

HOOD OFFGAS PER TOTAL                            
TIME STATION ML TEMP M(og) M(r) C C*F-C Rmm 1 Rmm 2 AREA FLUX DIFFUSER AIR FLOW OTEF OTESP20 SOTEpw SOTEcw ALPHA(F) OUR

°C (mv) (mv) (mg/l) (mg/l) (sq ft) (scfm/sq ft) (cfm) (decimal) (decimal) (mg/l/hr)

NORTH AERATION BASIN - GRID 3

1033 3.1N 20.1 902 1005 2.95 5.30 0 55 16 0.420 1.15 122 0.1264 0.02380 0.2495 0.347 0.72 53.1
1048 3.2N 20.1 909 1006 2.75 5.50 0 50 16 0.394 1.08 114 0.1189 0.02156 0.2261 0.347 0.65 46.9
1059 3.3N 20.1 911 1007 2.75 5.50 0 60 16 0.447 1.22 130 0.1177 0.02136 0.2240 0.347 0.65 52.7
1118 3.4N 20.1 908 1005 2.45 5.80 0 75 16 0.529 1.45 154 0.1189 0.02045 0.2144 0.347 0.62 62.9
1144 3.5N 20.1 905 1005 2.40 5.85 0 74 16 0.524 1.44 152 0.1223 0.02085 0.2186 0.347 0.63 64.1
1155 3.6N 20.1 900 1007 2.60 5.65 0 58 16 0.436 1.19 127 0.1309 0.02312 0.2424 0.347 0.70 57.1

_   _   _   _   _   _   
X = X = X = Σ = MWA = MWA = X = X = X =
2.65 0.458 1.26 799 0.1224 0.2282 0.347 0.66 56.1

NORTH AERATION BASIN - GRID 1

1517 1.1N 20.2 873 1006 1.40 6.85 0 65 16 0.474 1.50 160 0.1615 0.02347 0.2461 0.340 0.72 76.6
1507 1.2N 20.2 852 1007 1.45 6.80 0 58 16 0.436 1.38 147 0.1868 0.02734 0.2867 0.340 0.84 81.5
1440 1.3N 20.2 844 1000 1.60 6.65 0 67 16 0.485 1.54 164 0.1894 0.02835 0.2973 0.340 0.87 91.9
1429 1.4N 20.2 878 1001 1.60 6.65 0 75 16 0.529 1.68 179 0.1502 0.02248 0.2357 0.340 0.69 79.5
,1401 1.5N 20.2 887 1002 1.75 6.50 0 62 16 0.458 1.45 155 0.1408 0.02155 0.2260 0.340 0.66 64.5
1416 1.6N 20.2 879 1001 1.60 6.65 0 62 16 0.458 1.45 155 0.1491 0.02231 0.2339 0.340 0.69 68.3

_   _   _   _   _   _   
X = X = X = Σ = MWA = MWA = X = X = X =
1.57 0.473 1.50 960 0.1627 0.2539 0.340 0.75 77.1



TABLE  3
SUMMARY DATA SHEET - FULL SCALE OFFGAS TESTS

DATE: November 16, 2017

SITE: SANTA FE, NM MLSS: 3,300 MG/L         LOCAL BAROMETER: 23.94 in. Hg. HR: 0.00
SYSTEM: SANITAIRE MEMBRANES MLVSS: MG/L BETA: 0.98 HOG: 0.00 LB H2O/LB

         SUBMERGENCE: 15.60 FT. TDS: 1,000 MG/L   (ASSUMED)   C*20: 10.70 MG/L       B.D. AIR
SWD: 16.60 FT. SRT: 12 DAYS   C*F: 8.30 MG/L CO2: 0.00

    DIFFUSERS/BASIN: TOTAL AIR RATE: SCFM

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
SCFM

HOOD OFFGAS PER TOTAL                            
TIME STATION ML TEMP M(og) M(r) C C*F-C Rmm 1 Rmm 2 AREA FLUX DIFFUSER AIR FLOW OTEF OTESP20 SOTEpw SOTEcw ALPHA(F) OUR

°C (mv) (mv) (mg/l) (mg/l) (sq ft) (scfm/sq ft) (cfm) (decimal) (decimal) (mg/l/hr)

NORTH AERATION BASIN - GRID 2

1042 2.1N 19.9 886 1003 2.55 5.75 0 58 16 0.436 1.19 127 0.1430 0.02493 0.2614 0.343 0.76 62.4
1103 2.2N 19.9 893 1008 2.50 5.80 0 72 16 0.513 1.41 149 0.1400 0.02420 0.2537 0.343 0.74 71.9
1117 2.3N 19.9 882 1007 2.45 5.85 0 78 16 0.546 1.50 159 0.1521 0.02606 0.2732 0.343 0.80 83.1
1133 2.4N 19.9 882 1005 2.40 5.90 0 76 16 0.534 1.46 155 0.1498 0.02545 0.2669 0.343 0.78 80.1
1154 2.5N 19.9 875 1006 2.25 6.05 0 75 16 0.529 1.45 154 0.1593 0.02639 0.2767 0.343 0.81 84.3
1208 2.6N 20.0 870 1005 2.30 6.00 0 77 16 0.540 1.48 157 0.1638 0.02730 0.2862 0.343 0.83 88.5

_   _   _   _   _   _   
X = X = X = Σ = MWA = MWA = X = X = X =
2.41 0.516 1.41 900 0.1517 0.2701 0.343 0.79 78.4



Date Basin Grid Diffuser Age Airflow to Grid SOTEpw
(scfm) (%)

14-Nov North 1 New 402 32.22

14-Nov North 1 New 893 25.81

14-Nov South 1 Old 682 23.57

15-Nov North 3 Old 799 22.82

15-Nov North 1 New 960 25.39

16-Nov North 2 New 900 27.01

Average New 26.07

Average Old 23.20

Ratio: New/Old 1.124

TABLE 4  - OVERALL SUMMARY SANTA FE WWTP
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SYMBOLS AND NOMENCLATURE 

 

DO   = Dissolved Oxygen 

C   = DO concentration, mg/l 

C*F   = DO saturation value applicable for equipment in use and 

existing conditions, mg/l 

C*F-C   = DO driving force or effective DO deficit, mg/l 

C* ∞20   = DO saturation value in clean water for system tested at 

standard conditions as time approaches infinity 

C*ST   = Tabulated DO surface saturation value at temperature T, 

taken from Standard Methods, mg/l 

C*20   = Tabulated DO surface saturation value at 20 C taken from 

standard Methods, mg/l 

EPDM   = E-Ethylene, P-propylene, D-Diene comoners, M-

polyMethylene backbone; synthetic rubber 

AOTR   = Actual Oxygen Transfer Rate in process water at existing 

conditions 

fpm   = Feet per minute 

gpm   =  Gallons per minute 

Hg   = Mercury 

Hood Area  = Offgas Hood Collection Area, square feet 
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KLa   = Apparent volumetric mass transfer coefficient of oxygen in 

clean water and/or process water 

MLSS   = Mixed Liquor Suspended Solids, mg/l 

MLT   = Mixed Liquor Temperature,  °C 

M(og)   = Gas phase oxygen sensor output in millivolts for offgas 

stream 

M(r)   = Gas phase oxygen sensor output in millivolts for reference 

stream 

MWA   = Mean weighted average 

Offgas Flux Rate = Rate of offgas evolution per square foot of collection area as 

measured by offgas rotameters, scfm/sq ft 

OTEF   = Process water oxygen transfer efficiency, mass fraction of 

oxygen transferred per unit of oxygen supplied, decimal 

fraction 

OTESP20  = Oxygen Transfer efficiency per each mg/l of driving force 

under Standard Conditions 

OUR   = Oxygen Uptake Rate by mixed liquor, mg/l/hr 

Pb   = Local barometric pressure for the site, in Hg 

Ps   = Standard barometric pressure, 29.92 in Hg 

Rmm 1 & Rmm 2 = Float Height in millimeters, from scale, for rotameters 1 and 

2 in offgas analyzer 
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scfm   =  Air flow rate, Standard cubic feet per minute 

SOTE   = Standard Oxygen Transfer efficiency at 20°C and zero DO 

SOTEcw  = Standard Oxygen Transfer efficiency at Standard Conditions 

and zero DO in clean water 

SOTEpw  = Standard Oxygen Transfer efficiency at Standard Conditions 

and zero DO in process water 

SOTR  = Standard Oxygen Transfer Rate in clean water at 20°C and 

zero DO 

SRT   = Solids Retention Time or Sludge Age, days 

Standard Conditions= Barometric Pressure of 29.92 in Hg and 20°C 

Submergence = Height of liquid above diffusers, feet 

T   = Temperature, °C 

TDS   = Total Dissolved Solids in mixed liquor, mg/l 

wg   = Water gauge 

 α  = Alpha, the ratio of mass transfer coefficients (KLa), or 

standard oxygen transfer efficiency, process water to clean 

water, decimal fraction 

β   = Beta, the ratio of steady state DO saturation concentration in 

process and clean water, dimensionless (basis total 

dissolved solids) 
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Ω   = Pressure correction factor (Pb/Ps) for the steady state DO 

saturation concentration, dimensionless 

 Θ  = Mass transfer coefficient temperature correction factor, 

generally taken to be 1.024, dimensionless 

 Υ  = Temperature correction factor (C*ST/C*20) for the steady state 

DO saturation concentration, dimensionless 
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OXYGEN TRANSFER UNDER PROCESS CONDITIONS IN AN OXIDATION DITCH EQUIPPED WITH 
FINE BUBBLE DIFFUSERS AND SLOW SPEED MIXERS 

Sylvie Gillot, Cemagref* 
Gaelle Deronzier, Cemagref 

Alain Heduit, Cemagref 

* Cemagref (Institute of agricultural and environmental engineering research), 
Pare de Tourvoie, 8. P. 121, 92163 Antony, FRANCE. 

ABSTRACT 

Offgas tests were conducted at Milly la Foret wastewater treatment plant, a low loaded oxidation ditch 
equipped with fine bubble diffusers and two banana blade mixers. These experiments showed a 
heterogeneity in Standard Oxygen Transfer Efficiencies along the tank. This can be related to differences 
observed on air flow rate per grid of diffusers. From a practical point of view, this implies that the offgas 
sampling pattern may include Oxygen Transfer Efficiency measurements on each grid of diffusers. 
Moreover, improvement in oxygen transfer due to horizontal liquid velocity was observed. The degree of 
Oxygen Transfer Efficiency improvement was approximately 20 % for a velocity of 0.4 mis, which is less 
compared to the observed 40 % enhancement in clean water under the same aeration and mixing 
conditions. Presence of surface active agents may explain this difference. Finally, estimated alpha values 
are in the range of 0.60 to 0.64 with the mixers on and 0.75 to 0.78 with the mixers off. 

KEYWORDS 

activated sludge, fine bubble, horizontal velocity, off gas method, alpha factor, extended aeration 

INTRODUCTION 

Over the last few years, France has seen a multiplication of diffuser aeration systems (synthetic micro 
perforated membranes) coupled with mixers. The dissociation of the aeration and mixing functions has 
several advantages : it enables an improvement in mixing (DUCHENE and HEDUIT, 1990) and a greater 
elimination of nitrogen (DUCHENE, 1989). Moreover, it increases the oxygen transfer efficiency : in clean 
water, an increase in the oxygen transfer capacity of 40% to 50% was observed in different oxidation 
ditches by implementing a horizontal velocity of 0.4 mis, for a water depth in the range of 2.2 to 4.65 m 
(DERONZIER et al, 1996). Few studies have been made on the influence of the mixed liquor rotation on 
oxygen transfer under process conditions. 

The purpose of this paper is to present the initial results obtained in the oxidation ditch of Milly la Foret. 
The oxygen transfer efficiency was determined by the off gas method (REDMON and BOYLE, 1981, 
REDMON et al., 1983, EWING et al., 1988 BOYLE et al., 1989), which enables measurements to be taken 
without disturbing the operation of the aeration tank. This paper relates to the application of the off gas 
method to the particular case of oxidation ditches, of which few details can be found in the literature. The 
influence of various factors (horizontal liquid velocity, air flow rate, diffuser layout) on the oxygen transfer 
is then examined. 

METHODOLOGY 

The measurements were performed in an oxidation ditch operating as an extended aeration system at 
Milly la Foret (France) . The oxidation ditch, illustrated in diagrammatic form in Figure 1, is equipped with 
720 SANITAIRE 9' EPDM diffusers, supplied with air by a ROBUSCHI/RB 80 blower. Agitation is provided 
by two FL YGT type 4430 mixers, 2 m in diameter, mounted side by side. A variable frequency drive (10 -
50 Hz) was used to adjust the horizontal liquid velocity. · 
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Wastewater 

Mixers 

Hood location on a grid 
of diffusers : 

ronfrifflection 

~ 

IO grids of 
{ 72 diffusers 
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Recycled 
sludge 

I 
____,__1D 

i Blower 

Internal diameter : 8,4 m 
External diameter: 15,15 m 
Mean water depth : 2.74 m 
Water volume : 1364 m' 

Figure 1. Milly la Foret oxidation ditch 

The velocity of the liquid (v) was determined using an on CE hydrometric propeller placed in one section 
of the ditch,· away from all major perturbation. The measurements were recorded at 20 points, regularly 
distributed over the section, with the aeration stopped. 

The air flow rate to the basin (qe) was measured using an orifice plate. Results are expressed at 20 °C, 
1013 hPa and divided by the number of diffusers to yield air flow rate per diffuser (m3/h.dif.). 

The Oxygen Transfer Efficiency (OTE) was measured from offgas analysis. Offgas was collected using a 
wood and polystyrene hood with a surface area of 2 m2

• The oxygen partial pressure of the gases, 
together with the offgas flow rate were determined by the EWIN_G ENGINEERING MARK V analyzer, 
according to the procedure defined by REDMON et al. (1983). The dissolved oxygen concentration in the 
oxidation ditch was measured by 2 amperometric oxygen probes (YSI 57). 

The Oxygen Transfer Efficiencies presented are expressed under standard conditions as Standard 
Oxygen Transfer Efficiencies (SOTEs), i.e. a dissolved oxygen concentration of O mg/L, a temperature of 
20°c (or 1 o °C), and a pressure of 1013 hPa. 
The average Standard Oxygen Transfer Efficiency of a grid or of the aeration system was obtained by 
weighting the SOTE values by the offgas flow rates collected at each sampling point. 

The first purpose of this work was, on the one hand, to study the variations in the Standard Oxygen 
Transfer Efficiency along a grid of diffusers, and on the other hand to determine the minimum number of 
gas sampling points and their location, to account for the average SOTE of the aeration system. 
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To reach these objectives, the variations in the Standard Oxygen Transfer Efficiency were studied : 
- over one and the same grid, for different air flow rates : 

- with the 10 grids operating with mixers on; 
- with the 10 grids operating with mixers off; 
- with one grid out of two (1, 3, 5, 7 and 9) operating with mixers on ; 

- over the entire oxidation ditch. 

The influence of the horizontal flow velocity, of the air flow rate and of the diffuser layout on the oxygen 
transfer were then assessed for three configurations of the aeration system (see Figure 1) : 

- configuration 1 : the 10 grids of 72 diffusers operating ; 
- configuration 2 : one grid out of two operating (1, 3, 5, 7 and 9) ; 
- configuration 3 : four consecutive grids operating (1,2, 3 and 4). 

RESULTS AND DISCUSSION 

. 1) Evolution of the Standard Oxygen Transfer Efficiency along a grid of diffusers 

After verifying that the Standard Oxygen Transfer Efficiency was constant on one sampling point during 
the course of the test day, the SOTE was measured at different hood locations on a grid of diffusers (grid 
2). Fourteen to sixteen sampling locations were required to collect all the offgas from the studied grid. 
Results are presented on Figures 2 to 4. Each point on the graphs represents a sampling point (2 per 
section, see sampling plan on Figure 1 ). 

18 ,......----------~-------------, 

17 '" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ffi ---------------------------------------------

l 15 - - - - - - -... - - - - - - - *- ------,;;;. -.; ----+- - - - - - - ·- - - - - - -
• • ~ 14 •• - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - -

~ 13 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - - - - - - - -

12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

II - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,- - - - - - - - - - -
10 ..._ _____________________ _.. 

4 
Oxidation ditch section 

• I.Deal SOTE --Weighted average 

Figure 2. SOTE along grid 2 with all grids operating, v=0.33 mis, qe = 1.3 m3/h.dif. 
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12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~- - - - - - - ~ - - - - - - -
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4 
Oxidation ditch section · 
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Figure 3. SOTE along grid 2 with all grids operating, v=O mis, q8 = 1.3 m3/h .dif 
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12: ------...--------------------------------------

11 ---------------------------------------------
10 ....._ _____________________ __J 

4 
Oxidation ditch section 

6 

• local SOTE --Weighted average 

Figure 4. SOTE along grid 2 with 1 grid out of 2 operating, v=0.33 mis, qe = 2.2 m3/h.dif. 

When all the diffusers are in operation, in the presence of horizontal flow (Figure 2), the Standard Oxygen 
Transfer Efficiency is constant along a grid of diffusers. This is also the case with mixers off (see Figure 
3), if the extreme points of the grid are excluded. 

When one grid out of two is in operation (see Figure 4), the Standard Oxygen Transfer Efficiency 
increases in the direction of the current along the grid. It is, however, practically homogenous if the 
extreme points are excluded. 

The number of sampling points required per grid of diffuser to obtain the average SOTE of the grid was 
determined in view of the results, taking initially 4 sampling points, on two symmetrical sections in relation 
to the center of the grid and excluding ends of the studied area : the differences between the average 
Standard Oxygen Transfer Efficiency obtained from 4 hood locations and the overall SOTE, determined 
from all the hood locations, are less than 3%. 

These results obtained from measurements on grid 2 have been confirmed on grid 4. 

2) Evolution of the Standard Oxygen Transfer Efficiency along the oxidation ditch 

The Standard Oxygen Transfer Efficiency of the whole aeration system was determined from 4 hood 
locations per grid. Figure 5 presents weighted average SOTE values and air flow rates collected (q5 ) on 
each grid. 

20 -----------------------

18 I ii. . 
... .•· ... ···- 14 

16 • ........ • ~. •• 12 ..... 41 
14 

,.... 
C 12 
[JJ 10 
I-
S; 8 .. 

-·· . ................. __ ..... ' 

'•. .· 
. · ...• 
.. - .... ..... ·· 

. .. 
·-... . ............ - ..... . 2 

o~----------------------..... 0 
5 6 10 

Grid number 

• • ·•· • • SOTE , . . .t.· .. qs 

Figure 5. SOTE variation along the oxidation ditch, 10 grid~ operating ; v = 0.33 mis; 
qe = 1.3 m3/h.dif. 
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The SOTE is not homogenous along the ditch. It depends on the air flow rate collected at each grid. The 
lower the air flow rate, the higher the Standard Oxygen Transfer Efficiency. For two identical air flow rates 
collected, the SOTE is the same. The weighted average SOTE corresponding to the entire aeration 
system is of 14.5 %. 

3) Statistical influence of the number of grids investigated and of the number of sampling points 
per grid on the SOTE determination 

Starting from the experimental data set consisting of 4 air flow rate/SOTE values per each grid (40 data), 
the weighted average (SOTEwa) values of the aeration system were determined from random draws with 
replacement. _ 
In the first case, SOTEwa was determined from a sample of 2 points (air flow rate and SOTE values) drawn 
on all the ten grids (20 draws with replacement) . In the second case, SOTEwa was determined from a 
sample of 4 points (air flow rate and SOTE values) drawn on 5 grids previously determined from a random 
draw (20 draws with replacement). 
Figure 6 presents histograms obtained from 500 draws in each case. 
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12 .1 13.4 14 ,0 14 ,6 l.S .2 1$ ,I 16.-4 17 ,0 17.6 ll! ,l 

Weighted average SOTE 

Figure 6. SOTE wa distribution in relation to sampling points 

The confidence interval of 90% obtained from a random draw with replacement of 2 sampling points on 10 
grids corresponds to a statistical accuracy (ratio of the difference of SOTEwa values limiting the confidence 
interval over the mean SOTEwa of the sample) of 5.9 %, whereas that obtained from a draw of 4 points on 
5 grids corresponds to an accuracy of 25.5% 

For an identical number of SOTE measurements, it is more advisable to sample each grid of diffusers, to 
take account of the heterogeneity of the oxygen transfer efficiencies along the ditch. 

The distribution of the SOTEwa values obtained from a random draw with replacement of one, two, three or 
four sampling points per grid proves that the accuracy increases with the number of sampling points per 
grid. For a confidence interval of 90%, it is 8.4 %, 5.9 %, 4.9%, and 4.6% when 1, 2, 3 or 4 points per grid 
are taken. The statistical accuracy corresponding to 3 or 4 sampling points per grid are sufficient to 
determine the average Standard Oxygen Transfer Efficiency of the aeration system. Three sampling 
points correspond to 15% of the aerated area. 

4) Influence of the horizontal flow, of the air flow rate and the diffusers layout on oxygen transfer 

Figure 7 presents SOTE variations as horizontal velocity was increased fr'bm O to 0.45 mis. Clean water 
measurements, previously performed according to non steady state clean water tests (DA-SIL VA 
DERONZIER, 1994), are also reported on this graph. 
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Figure 7. SOTE versus horizontal velocity, configuration 1, qe = 1.33 m3/h.dif. 

Oxygen transfer improvement due to a horizontal velocity of 0.45 mis is of approximately 43 % in clean 
water and of 21 % under process conditions. 

The influence of the number and the layout of the diffusers in operation and of the air flow rate per diffuser 
on the oxygen transfer is assessed by determining. the alpha factor (See Table 1 ). The Standard Oxygen 
Transfer Efficiency under process conditions is compared to the clean water results. 

Configuration 
Air flow rate per Horizontal flow 

Alpha factor 
diffuser (m3/h) (mis) 

1 1.3 0 0.75 
1 1.3 0.17 0.63 
1 1.3 0.33 0.61 
1 1.3 0.46 0.62 

2 2.2 0 0.78 
2 2.2 0.33 0.64 

3 3.4 0.33 0.61 
3 4.5 0.33 0.60 

Table 1. Alpha factor values determined at Milly la Foret oxidation ditch 

Alpha factor values are in the range of 0.75 to 0.78 when mixers are off. For a horizontal flow between 
O. 17 and 0.46 mis, the alpha value is between 0.60 and 0.64, whatever the number of diffusers in 
operation and their layout, in the field of study concerned (immersion depth of the diffusers of 2.49 m, with 
an air flow rate per diffuser between 1.3 and 4.5 m3/h). 

Such a decrease in the alpha factor, as a horizontal velocity is applied, may be induced by the presence of 
surface active agents. 

In clean water, two mechanisms has been proposed to mainly explain oxygen transfer improvement with 
horizontal flow (DA SILVA-DERONZIER, 1994): 

- the specific interfacial area is enhanced by production of smaller bubbles, due to a shearing 
effect of the horizontal velocity on the nascent bubble ; . 

- horizontal velocity reduces the negative effect of spiral flows (increasing the upward velocity of 

the bubbles). 

Both mechanisms yield to an enhancement of the air content and hence of the bubble residence time in 

the liquid. 
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Under process conditions, surface active agents, accumulated at the surface of gas bubbles, tend to make 
them smaller and more rigid, resulting in oxygen transfer decrease (STENSTROM and HWANG, 1979 ; 
HWANG and STENSTROM, 1985; BISCHOF et al., 1993; WAGNER and POPEL, 1996). As a horizontal 
velocity is applied, several suppositions can be formulated : 

- reduction of bubble size is lower compared to that in clean water, as it is already diminished by 
the effect of surface active agents ; 

- bubble ascent is longer compared to no velocity. Surfactants have hence more time to be 
concentrated at the surface of gas bubbles, reducing oxygen transfer coefficient (Kd ; 

- threshold corresponding to the maximum oxygen transfer is reached for a lower horizontal 
velocity in dirty water than in clean water. 

These remarks show that there is a need for further research work to better assess the influence of 
horizontal velocity on oxygen transfer. 

CONCLUSIONS 

The application of the off gas method to an oxidation ditch equipped with fine bubble diffusers and slow
speed mixers showed that : 

• when all the diffusers are in operation, the Standard Oxygen Transfer Efficiency along a grid of 
diffusers is homogenous in the presence of an horizontal flow. Without horizontal flow, the SOTE is 
also homogenous except on the extremities of the grid. 

• when the diffuser grids are spaced out (with one out of two operating), SOTE increases in the direction 
of the current in the presence of a horizontal flow. 

• It may be necessary to sample each grid of diffusers, to take account of the heterogeneity of the 
Oxygen Transfer Efficiencies along the ditch. Two grids receiving the same air flow rate show identical 
efficiencies if they are symmetrically arranged in relation to the inlets of wastewater and recycled 
sludge, so initial measurements of the air flow supplied per grid would make it possible to minimize the 
number of grids to investigate. 

• The statistical accuracy of the SOTE increases as the number of sampling points per grid of diffuser 
increases. At Milly la Foret, three sampling points per grid are sufficient to determine the mean 
weighted Standard Oxygen Transfer Efficiency of the aeration system. This represents 15% of the 
aerated area. 

• A horizontal velocity of approximately 0.4 mis induce an oxygen transfer enhancement compared to no 
velocity. Under process conditions, the observed improvement is on the order of 20 %, substantially 
below the 40 % increase measured in clean water. 

• The alpha factor determined when mixers are off is in the range of 0.75 to 0.78. 

• With horizontal velocity, the alpha factor determined for different configurations of the aeration system 
reached 0.60 to 0.64 under process conditions. This value is independent of the number of diffusers in 
operation, of their layout and of the air flow per diffuser. 

• These results are site specific and have to be confirmed on other aeration ditches. 
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