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SUMMARY AND CONCLUSIONS 

The majority of the centrifuge cake produced at the 

Stickcey Wal-er Reclamation Plant (WRP) is aged in lagoons for 

18 to 36 months before it is air-dried on paved drying cells. 

The construction of the McCook Retention Reservoir will reduce 

the amount of lagoon capacity in the future. The Maintenance 

and Operations (M&O) Department was concerned about the pcsten- 

tial unavailability of lagoon space for aging the centr.ifuge 

cak;e. It requested the Research and Development (R&D) Depart - 

ment to determine whether centrifuge cake without the Lagoon- 

aging could be air dried at the LASMA/HASMA drying areas with- 

out an increase in odors. 

Presently, some centrifuge cake without lagooning is 

dried at the Stony Island Drying Area. The air-drying of cen- 

trifuge cake is usually conducted from May through October and 

it generally requires approximately three to six weeks to 

reach a cake solids of 60 percent or greater. 

To offset the variability in the properties of centrifuge 

caltc and weather conditions, this study was conducted over 

three drying seasons, 1997, 1998, and 1999. In this study, 

the f agooned cenLrifuge cake, which has been lagooned for 18 

mont-hs, is referred to as "agedu cake. Centrifuge cake 



without the lagoon aging is referred to as "unagedN or "freshu 

cake. 

Batches of aged cake and fresh cake were simultaneously 

dried in drying cells at the Stony Island Drying Area, and the 

odor potential was monitored during the drying cycles. Three 

random samples of each type of cake being dried were collected 

in f ive-gallon pails from the given cells at a frequency of 

once a week during each drying cycle. The odor potential of 

the headspace air in the pails over the cake sample was deter- 

mined by an odor panel using a forced-choice triangle proce- 

dure and expressed as an EDs0 value. Portions of the samples 

were analyzed for ammonia-N (NH4-N), total Kjeldahl nitrogen 

(TKN) ,  total solids, and total volatile solids to characterize 

the centrifuge cake. 

Statistical comparisons of the EDs0 values of the fresh 

cake and the aged cake were carried out. These comparisons 

included all matched sets of data (paired data) by the date of 

sampling of the EDs0 values of the individual samples and the 

averages of the three random daily grab samples. Statisti- 

cally, no significant difference between the EDSo mean values 

of the fresh cake and of the aged cake was found. 

The fresh cake EDs0 showed a much greater variability in 

comparison to the variability of aged cake data. The ZD,, 



values of the fresh cake with a 'mean of 125 (range o f  9 to 

970) had a standard deviation of 133 as compared to the aged 

cake 3Ds0 values with a mean of 96 (range of 1 4  to 3281 and a 

standard deviation of 68. The majority of the samples tad an 

ED5, of less than 200 (86 percent of the fresh cake and 33 per- 

cent 3f the aged cake) . 

The data were also sorted into different groups of per- 

cent solids and compared with respect to their EDso va:iues. 

Both types of centrifuge cake showed a decrease in EDs0 values 

as the cakes were dried to higher percent solids. Fcr the 

fresh cake with total solids less than 30 percent, an average 

ED5, value of 160 was observed, while an average value of 99 

was absewed for the same cake dried to 60 percent total sol- 

ids. For the aged cake having' total solids less than 13 per- 

cent, the average EDSo value was 93 as compared to 69 for the 

same cake dried to 60 percent total solids. 

The percent total solids, volatile solids, ammonia nitro- 

gen, and TKN data were used to correlate with odor potential 

(Ellsol . No correlation was obtained between EDs0 and percent 

total solids and volatile solids, ammonia nitrogen, and TKN 

for both the types of cakes. 



The following conclusions are drawn from this study: 

I. Comparison of the overall mean values of the 

aged and fresh cakes showed that there was no 

statistical difference between them, suggesting 

that the odor potential of the two types of 

cakes during drying would be similar. 

2. The fresh cake showed greater variability in EDso 

values than the aged cake. 

3. Although there was no statistical difference in 

the values of fresh and aged cakes, the 

greater variability in the fresh cake suggests a 

greater possibility for higher odor levels to 

occur when drying fresh cake as compared to aged 

cake. 

4. The drying of centrifuge cake decreases the 

odor, as measured by EDSO values, with a 38 per- 

cent decrease observed for fresh cake and a 26 

percent decrease for aged cake when dried from 

less than 30 percent solids to greater than 60 

percent solids. 

5. For the most part during 1997 through 1999, the 

EDso values have been observed to be under 2 0 0 .  

This was observed regardless of type Z E  zake, 



and suggests a relatively low odor potential oE 

the cakes that were studied. 

6. Air-drying of centrifuge cake that is lagoon- 

aged less than 18 months due to future reduc-- 

tions in lagoon capacity should not produce any 

greater potential for odors during the drying 

process than for 18-month lagoon-aged cake. 

It should be noted, however, that an 18-month iagaon- 

aging period for centrifuge cake is required for the proposed 

C l a s s  A PFKP codified operation, and for the use of the cen- 

trifuge cake as final landfill cover under Illinois Pollution 

Co:ntr~i Board AS 95-4. 



INTRODUCTION 

Zxperience at the Metropolitan Water Reclamation District 

of Greater Chicago (District) has shown that the odor poten- 

tial rsf centrifuge dewatered anaerobically digested slucige is 

minimzed by aging it in lagoons before it is air-dried on 

paved drying cells. The District believes that the reduction 

in ador potential is mainly due to further stabilizing of the 

organic matter in the centrifuge cake over a long decention 

time (18 to 36 months) in lagoons. 

The District s M&O Department modified the sludge drying 

train for a portion of the centrifuge cake in 1997. Under 

this change, the centrifuge dewatered sludge is directly air- 

dried without stabilizing the cake in the lagoons. A modifi- 

catioil in the sludge treatment train may have a bearing on 

odor potential of the centrifuge cake. The odor impact cf the 

proposed change in the sludge treatment train prompted a study 

which was initiated during 1997. The objective of the study 

was to evaluate and compare odor potential of the aged centri- 

fuge cake and the fresh centrifuge cake during the air-drying 

o~leration. 



METHODOLOGY 

Sludge Processing 

All of the sludge for this study originated at the Stick- 

ney WRP, where the anaerobically digested sludge was centri- 

fuged and then either placed into lagoons for aging or shipped 

directly to the Stony Island Drying Area. The anaerobically 

digested sludge is conditioned with cationic polymer and me- 

chanically dewatered in high-solids centrifuges to a cake hav- 

ing a solids content of approximately 24 to 28 percent. For 

the purpose of this study, the centrifuge cake follows one of 

two process pathways: 

1. Aged cake: Centrifuge cake is transported and 

placed in aging lagoons at the LASMA site, where 

it is retained for 18 months for further stabi- 

lization and dewatering. The aged lagooned 

sludge is then air-dried in batches on paved 

drying cells to approximately 60 percent solids 

content. 

2. Fresh cake: The centrifuge cake is shipped di- 

rectly to the drying cells, where it undergoes a 

similar air-drying process. 



The air-drying operations are generally conducte6 from 

May through October. Application to each drying cell is no 

more than 410 dry tons per acre, and the centrifuge cake is 

appXled on the drying cell no more than 18 inches deep The 

air drying opera1:ions which were monitored during this study 

are for the Stony Island Drying area. The layout of the vari- 

ous drying cells is shown in Figure 1. 

The centrifuge cake is held on the paved drying ceiis un- 

til approximately 60 percent total solids (TS) is achieved. 

In many instances, per need of either drying space or dried 

cake material for final use, the cake is removed before it is 

dried to 69 percent total solids. Also, the dried cake may 

not achieve 60 percent total solids due to rainfall and other 

weather related conditions. Depending upon the weather, the 

drying period is typically between three to five weeks, al- 

though in this study, drying times as short as seven days or 

as lorrg as 90 days were reported. During the dryi~g period, 

the centrifuge cake is turned, aerated, and agitated approxi- 

mately three times a week using a tractor with a horizontal 

auger or tiller. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 1 

DRYING CELLS AT STONY ISLAND DRYING AREA 



Sampling and Analytical Methodology 

Samples of the centrifuge cake being dried were coliected 

once per week from three locations selected randomly in a 

given d:ryjng cell.. A five-gallon bucket was filled approxi- 

mately three-quarters full, sealed, and transported EO the 

Lue-Hing Research and Development (R&D) Complex in Stickney. 

A portion of each sample was then taken for analysis a E  four 

elements: NH4-N, TKN, TS, and total volatile solids (TVS) 

(Standard Methods, - 1995) . 

The odor potential of the headspace air was determined 

using a panel of six to eight sniffers recruited from the em- 

ployees of the Lue-Hing R&D Complex in Stickney. Each sniffer 

folXcwed a forced-choice triangle procedure using a dynamic 

(in-flow) dilution olfactometer (IIT Research Institute, Model 

103 j shorn in Figure 2. This system uses carbon-f iltered am- 

bienk air to produce a series of dilutions of the headspace 

sample being tested. The clean air and the sample are mixed 

for presentation at the sniff cups. Each dilution is pre- 

sented to the panelist by means of three identical sniff cups. 

Twl=, of the cups have only carbon-filtered air, while the third 

has  he diluted odorous air. Panelists are asked to choose 

which of the cups has an odor. The panelists must choose a 

cup whether or not an odor is discerned. The detection 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 2 

DYNAMIC FORCED-CHOICE TRIANGLE OLFACTOMETER 

STATIONS 

'ROL 
EL 

Manufactured by: IIT Research Institute - Model 103 



threshold represents the dosage of odorant necessary for 50 

percent of the panel to detect a difference between tke odor- 

ous air and the odor-free air. This is the point at which the 

panelist correctly selects the cup which contains the odorous 

sainple. All odor measurements are expressed as an average 

value termed EDSO. This term denotes Effective Dosage at the 

50 percent level. It is that dilution at which 50 percent of 

this panel would detect the odor of the undiluted sampbe, and 

50 percent would not. The dilution may also be denosed by a 

dilution-to-threshold ratio. For example, an EDs0 of 109 means 

that the volume unit of the odorous air must be diluted with 

1013 volume units of nonodorous air to reach the panel thresh- 

old EDSo. 

Statistical Methods 

The following parametric and non-parametric analyses were 

performed on the data, following methods published ir. Non- 

parametric Statistical Inference (1992) and Statistical Analy- 

sis of Nonnormal Data (1995). Analysis of variance, an exact -- 
and approximate t tests, and a Wilcoxon rank-sum test were 

used for determining significant probability values. Common 

statistics such as range, averages, standard deviaticsn,, and 

correlation coefficients were also determined. 



RESULTS 

Batches of aged cake and fresh cake were monitored as 

they were being dried on the drying cells. Table 1 summarizes 

the various groups in terms of drying cell, dates which cake 

was applied, last day of sampling towards end of drying pe- 

riod, and the duration of the drying period. The drying dura- 

tion in this study varied depending upon the time of the year. 

The longest times occur at the end of the year when sludge is 

placed in the drying cells at the end of October and November 

and remains into the following year. 

As previously mentioned, not all of the batches of sludge 

were dried to 60 percent solids. A review of rainfall data 

for each of the sludge fill and drying time periods shown in 

Table 1 reveals that in 1998 and 1999 rainfall events played a 

significant role in wetting the dried cake of some of the 

batches being dried. As a result, the final cake solids were 

substantially lower than 60 percent. Also, the material 

placed on the drying cells in October of each year was left 

over the winter into the following year. The batches affected 

by rainfall and/or drying temperature are those with a last 

day of drying of September 8, 1998, October 13, 1998, December 

15, 1998, August 10, 1999, and December 21, 1999. 

8 



TABLE 1 

SCHEDULE OF CENTRIFUGE CAKE DRYING CYCLES - 1997 THROUGH 1 3 9 9  

Drying Initit2 Final 
'Type of Drying Cell Sludge Fill Last Day Duration Percent i?ercent 

Sludge Cake Address Dates of ~ryingl ~ays' ~olids' ~olids~ 

Fresh Cake 2 North 
1 North 
2 North 
2 North 
2 North 
4 South 
4 South 
4 South 
4 South 
3 North 
4 North 

Aged Cake 6 North 8/9-13/97 10/7/97 48 21.35 54.20 
6 North 6/15-18/98 7/8/98 2 2 25.69 52.17 
5 North 7/27-30/98 8/25/98 2 7 24.96 51.80 
3 North 9/18-21/98 10/13/98 21 27.80 46.63 
5 North 10/16-27/98 12/15/98 5 5 25.90 30.83 
5 South 10/12-14/99 12/21/99 6 9 36.66 50.76 

- 
'The last day of drying is the last day of sampling before the dried cake 
is removed from the drying cell. It may not always be the last (day of 
drying. 
'~rying duration is counted from the last day of fill to the last lday of 
drying. 
3~amples may not always be collected on the first and last day of drying to 
determine initial and final percent solids. 



In addition to the fresh cake and aged cake, there were 

several other modified types of cake which were studied. 

These included underaged cake, i . e . , cake which had not been 

lagooned for the full 18 months, stockpiled fresh cake and 

aged cake, and winterized cake, i.e., fresh cake which was ap- 

plied at start of winter season and kept on the drying cells 

until the following spring. Details on modified cakes are 

presented under "Supplemental Studies." 

The statistics of field and analytical data collected 

over three years from 1997 through 1999 are summarized in - Ta- 

ble 2, by year, for each of the observed parameters. The ta- 

ble shows a total of 2,659 observations. Of these, 528 obser- 

vations pertained to total solids, 534 were to percent total 

volatile solids, 532 were to ammonia nitrogen, 531 were to 

Kjeldahl nitrogen, and 534 were to odor potential, or EDso. 

Table 3 shows the summary of the same data by the type of 

cake. This table shows that 929 observations were made on 

fresh cake over three years, while 600 observations were made 

on aged cake, and the remaining 1,130 observations on other 

types of cake. 

For all three years, the average ED5, value is 112, with a 

maximum of 970 and a minimum of 9. This wide range of EDs0 

data shows a highly variable pattern in odor observations. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 

SUMPrlRY OF DATA BY YEAR - 1937-1999 

NH4 -N TI(S;I 
Year Parameter %TS % TVS (mg/L) (mg/~) ED50 

Minimum 21.35 30.68 40 7663 9 
Maximum 79.22 48.38 5314 27879 263 
Average 56.84 41.23 2034 16922 7 5 
n 8 6 8 6 8 4 8 4 8 6 

Minimum 20.05 16.88 46 2621 14 
Maximum 72.54 63.32 4345 25373 9 7 0 
Average 40.17 46.49 1331 12706 116 
n 214 214 2 14 214 2 14 

Minimum 19.39 21.90 300 1756 12 
Maximum 94.72 64.67 23038 30433 581 
Average 45.89 42.66 2529 13076 122 
n 228 2 3 4 2 3 4 2 3 3 2 3 4 

1997-1999 Minimum 19.39 16.88 40 17 5 6 9 
Maxi mum 94.72 64.67 23038 3 043 3 970' 
Average 45.36 43.96 1969 13535 11 2 
n 528 534 5 3 2 531 534 

. --..- .- -- -." ~," .~ ", 

Abbreviations: 
%TS = percent total solids. 
%TVS = percent total volatile solids. 
NH4-N = ammonia nitrogen, mg/L. 
TKN = total Kjeldahl nitrogen, mg/L. 
EDSo = olfactory value, measured as effective dosage at the 50'percent level. 
n = number of values. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

SUMMARY OF DATA BY TYPE OF CAKE 1997 - 1999 

NHa-N, TKN, Total Number 
Type of Cake Parameter %TS %TVS mg/L mg/L EDSO by Type 

Fresh Cake Minimum 2 0 2 8 115 2193 9 
Maximum 8 9 5 6 23038 26012 970 
Average 41 4 7 1972 13454 127 
n 184 18 7 186 185 187 92 9 

Aged Cake Minimum 2 0 
Maximum 9 5 
Average 4 3 
n 118 

1997-1999 Both Types Minimum 2 0 2 7 115 . 2193 9 
Maximum 95 6 5 23038 27141 970 
Average 4 2 4 5 1880 13112 116 
n 3 02 3 0 8 3 06 3 05 3 0 8 1529 

Others Minimum 19 17 4 0 1756 14 
Maximum 8 6 6 3 17461 30433 523 
Average 5 0 4 3 2088 14106 106 
n 226 226 226 226 226 1130 

1997-1999 Both Types Minimum 19 17 4 0 1756 9 
And Others Maximum 9 5 6 5 23038 30433 970 

Average 4 5 44 1969 13535 112 
n 528 534 532 531 534 2659 

NOTE: I1Others1' includes winterized, fresh stockpile, aged cake stockpile, and underaged cake data. 
Fresh cake data do not include winterized cake data. 
( .  = number of values. 



Table 2 also shows a slight increase in a yearly average -- 

valse of E350r beginning in 1997, but this may be because of 

the relatively few samples collected in 1997. 

For all three years of data, the average EDs0 value for 

fresh cake (127) is approximately 28 percent higher thzr, that 

of aged cake (99). Table 3 also shows that the variability in 

EDSO observatj-ons is much higher in fresh cake, as compared to 

aged cake data. 

All data as observed and recorded are presented by year 

1997, 1998, and 1999 in Appendix AI, Tables AI-1 through AI-4, 

AI-5 -- through Af-8, -- and AI-9 through AI-12, respecti-vely. 

These tables show the values for percent total solids, total 

volatile solids, ammonia nitrogen, total Kjeldahl nitrogen, 

and EDso far each observation. 

Figure 3 is a histogram showing the frequency distribu- 

tion of the EDs0 observations for both the fresh and aged cake 

data. It may be noted that the distributions follow similar 

patterns, except that the fresh cake has a number of ED5" val- 

ues higher than 350. Ninety-two percent of the ED5e values 

were less than 200 for the aged cake, while 86 percect cbf the 

fresh cake values were less than 200. Although an EE5, value 

of 200  is an arbitrary cutoff point, previous experience at 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 3 

FREQUENCY DISTRIBUTION OF EDso FOR. FRESH AND AGED CAKE DATA 

EDs0 VALUE RANGES 



the District indicates that EDSo values less than 300 are rela- 

tiveiy inoffensive to the general public. 

In order to determine whether a statistically significant 

difference exists between the EDs0 means of fresh cake an? aged 

cake, two data sets matched by dates of sampling (paire6 data) 

were created and examined. The first data set is the original 

data set matched by dates of sampling, containing the xndivid- 

ual sample values, a total of 534 EDSo observations on fresh 

and aged cake. The second data set is the strata average of 

the first data set and has 153 observations. That is, the 

second set is generated taking averages of the individual sam- 

ples collected on a given date. These samples are known as 

strata samples and the average is termed strata average in 

this report: when discussed in a statistical parlance- Both 

the paired data sets are presented in Appendix AI, Tables AI- 

13 and AI-14. - --- 

Both the paired data sets, consisting of individual val- 

ues and the strat.a average values, were first tested for nor- 

mality to see if the data sets came from normal population. 

Based on the test results, the parametric or non-parametric 

tests were performed. If the data came from a normal popula- 

tion ehen for testing the equality of two population means is 

done by using z test or t test, known as parametric a~alysis 



of variance. If the data is not found normal (i.e. signifi- 

cantly different from normality) then non-parametric analysis 

of variance is performed using Wilcoxon rank-sum test. 

The large sample theory for normality is applicable for 

both the paired data sets because the sample size for each 

type of cake in both the data sets is greater than 30. 

If the data come from normal population or large sample 

theory holds, then t test (also known as exact t test) for 

comparing equality of mean EDso values of both cakes is per- 

formed if equality in variance is found to be equal as deter- 

mined by the f test. If the f test shows that equality in 

variance between the two cakes is significant then an approxi- 

mate t test is performed. The z test is also appropriate for 

large sample cases like this one (the sample size is greater 

than 32 in both cakes), but it is not shown here because the 

significant probabilities due to the z test and the t test are 

equal. The Wilcoxon rank-sum test is performed when data did 

not come from normal population. 

Regardless of normality found in the database, as a rou- 

tine statistical approach to support the conclusions, both 

parametric and non-parametric tests were performed and the 

significant probability values were selected to determine 

whether the EDs0 means of both cakes are different. rki - 



sig~ificant probability for testing equality of two rnsaris will 

be due to t test (exact or approximate t test) if %he data 

came from normal population otherwise the significant prob- 

ability will be due to Wilcoxon rank-sum test if the popula- 

tion is neither normal nor large sample theory is applicable. 

Both the paired data sets were examined as explained 

above. The test results are shown as summary statistics in 

Tables 4 through 7. Table 4 contains the summary statistics, - - 

and Table 5 contains information about the tests and results 

of rhe original data set. Similarly, Table 6 contains the 

surnmary statistics, and Table 7 contains in£ ormatiun about 

tests and results of the strata average data set. 

The testing of equality of ED50 means shows that the dif - 

fe:rences in the EDSo means of the fresh cake and aged cake are 

highly insignificant. In the case where individual values are 

matched by date, the significant probability is about G.345 

which is highly significant, indicating that odor potential of 

bozk aged and fresh cakes is no different (Table 5). The same 

statistical inference is corroborated from the strata average 

data set because the testing using the strata average data 

matched by dates shows that the two means are not different 

(Table 7; p = 0.237). A slight decrease in probability value 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4  

SUMMARY STATISTICS ON ORIGINAL DATA SET - MATCHED BY DATES 

Parameter Total Fresh Aged Fresh Aged Fresh Aged 
Studied Obs . Obs . Obs . Avg . Avg . Std. Dev. Std. Dev. 

TKN 250  1 2 5  125 14168.8 12498.7 4277.1 4500 .7  

TVS 2 54 127 127 47.8 4 1 . 7  3.0 6.2 

- 

Obs. = Observations. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 

STATISTICAL TEST RESULTS ON ORIGINAL DATA SET - MATCHED BY DATES 

Parameter Norma 1 F Test t Test Wilcoxon Appropriate 
Studied S i g .  Prob. S i g .  Prob. DP of t S i g .  Prob. S i g .  Prob. S i g .  Prob. 

TKN 0 . 0 0 6  0 .286 2 4 8 . 0  0 .003  0 . 0 0 1  0 . 0 0 1  

TVS 0 . 0 0 0  0 .000  1 8 0 . 8  0 . 0 0 0  0 .000  0 . 0 0 0  

Sig. Prob. = Significant probability. 
DF of t = Degrees.of freedom of t test. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 

SUMMARY STATISTICS ON STRATA AVERAGE DATA SET - MATCHED BY DATES 

Parameter Total Fresh Aged Fresh Aged Fresh Aged 
Studied Obs . Obs . Obs . Avg . Avg . Std. Dev. Std. Dev. 

TKN 64 32 32 13575.6 12167.2 3608.1 4281.7 

TVS 66 3 3 3 3 48.2 42 .9  2 . 4  5.3 

.9bs. = Observations. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

STATISTICAL TEST RESULTS ON STRATA AVERAGE DATA SET - MATCHED BY DATES 

Parameter Normal F Test t Test Wilcoxon Appropriate 
Studied Sig. Prob. Sig. Prob. DF of t Sig. Prab. Sig. Prob. Sig. Prob. 

TKN 0 . 5 0 9  0 .173  6 2 . 0  0 . 1 6 0  0 . 0 5 5  0 . 1 6 9  

TVS 0 . 0 0 0  0 .000  44.5 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  

Sig. Prob. = Significant probability. 
DF of t = Degrees of freedom of t test. 



in case of strata average data set has no statistical signifi- 

cance; however, it indicates that the variation in the data is 

minimized when the strata average data set is used for testing 

two means. 

Another characteristic feature of this data set lies in 

its variability of observations. As shown previously in - Ta- 

bles 2 and - 3, the fresh cake ED50 showed a much greater vari- 

ability than the aged cake data. As can be seen in Table 4, 

the EDSo values of the fresh cake with a mean of 125 had a 

standard deviation of 133, as compared to the aged cake EDs0 

values with a mean of 96 and a standard deviation of 68. In 

contrast, the other parameters showed approximately similar 

variabilities for fresh cake and aged cake. 

The three individual daily values were also averaged 

(strata average), and the overall mean and standard deviations 

computed. Table 6 presents the statistics for the strata av- 

erage data matched by dates. While the variability of EDs0 is 

not as great as with the individual values, the fresh cake 

still shows greater variability than the aged cake as measured 

by the standard deviation. 



DISCUSSION 

Scatter plot diagrams showing the measure of odor inten- 

sity, EDso1 on the X-axis, and each given sludge cake parameter 

(percent TS, percent TVS, NH4-N, and TKN), were exarnized to 

determine a general trend or a possible relationship i n  each 

cake group. 

L n  all, 28 scatter plots were prepared. While the fig- 

urez chosen to be in this report do not show a conclusive 

trend, it is important to note that most of the observatron on 

ED,, were below 200 regardless of type of cake and sludge pa- 

rarneters.. Another point is that regardless of cake t ype  no 

corlsistent trend or significant relationship was found between 

EDs0 and any other parameters. 

ED5, and Nitrogen 

Figure 4 shows a scatter plot between EDs0 and TK1L' for all 

data. There is no discernible trend between EDso and Tm*. As 

can be seen, EDso values remained under 200 for most periods in 

three years regardless of TKN concentration. 

Figure 5 is a plot of EDSO and ammonia, and does not show --- 

an apparent or clear trend between odor potential and ammonia 

levels when both types of cake data are combined. 



FIGURE 4 

SCATTER PLOT FOR FRESH AND AGED CAKE COMBINED DATA (1997-1999): 
ED,, VS. TOTAL KJELDAHL NITROGEN 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CBICAGO 

FIGURE 5 

SCATTER PLOT FOR FRESH AND AGED CAKE COMBINED DATA ( 19 97 - 1999 ) : 
EDs0 VS NH4-N 



Since all the data did not show a clear trend as a func- 

tion of EDso, the similar scatter plots were prepared to find a 

trend in each data group separately. Figure 6 shows a wide 

range of ammonia values for aged centrifuge cake. The major- 

ity of the odor levels were found to be less than 200. Figure 

7 shows similarly a wide range of ammonia va'lues for fresh - 

cake, and no apparent trend. Again, odor levels were found to 

be at relatively low levels. 

Since all the data did not show a clear trend as a func- 

tion of EDSo, scatter plots were also prepared for the individ- 

ual drying cycles of the different types of centrifuge cake. 

When plotted linearly, the EDs0 values sometimes varied 

inversely in response to variations in ammonia concentrations. 

As for example, Figure 8, which includes aged cake data over 

the period of October 12 through December 21, 1999, shows that 

EDso increases with a decrease in ammonia concentration. This 

contradicts the assumption that while sludge is being dried in 

drying cells, volatilization of ammonia from the sludge would 

give off odor, and as a result, the EDso levels would be ex- 

pected to increase with higher ammonia levels. However, Fig- 

ure 9, which shows aged cake data over the period of July 28 

through August 25, 1998, exemplifies the anticipated trend 



IYETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHfCAG3 

FIGURE 6 

SICATTER PLOT FOR AGED CAKE DATA ( 19 97 - 199 9 ) : ED,, VS . NK, -N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 7 

SCATTER PLOT FOR FRESH CAKE DATA (1997-1999) : ED,, VS . NH,-N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 8 

SCAT'TER PLOT FOR AGED CAKE, DRYING CELL 5 SOUTH, FOR THE PERIOD OF 
10/12/99 - 12/21/99: EDSo VS. NH4-N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 9 

SCATTER PLOT FOR AGED CAKE, DRYING CELL 5 NORTH, FOR THE PERIOD OF 
7 / 2 8 / 9 8  - 8 / 2 5 / 9 8 :  EDSo VS. NH4-N 



that with an increase in ammonia concentration, the EDso levels 

showed an increase. 

EDso and Solids 

Figure 10 is a plot of EDs0 and percent total volatile 

solids and shows that all cake types had total volatile solids 

generally between 40 and 50 percent with ED,, values unde:r 200  

for most of the time over the three years. 

Figure ll., which is plot of EDs0 and percent total solids, 

shows that the cake solids at the beginning of the drying pro- 

cess were always higher than 20 percent and were dried up to 

grea"ter than 60 percent total solids. There is a sligkt indi- 

catzicn of lower odor potential with higher percent to ta l  sol- 

ids. 

As the sludge is dried, the percent total solids value 

increases. Usually, the drier the solids, the less odors are 

emitted, or the lower the EDs0 values. No consistent trend was 

observed between EDSO levels and percent total solids i.n either 

cake type for the individual drying plots. The EDS0 decreased 

with sludge drying in some cases as shown in Figure 12, while 

it increased in other cases as shown in Figure 13. A szmilar 

contradictory relationship between EDSo and percent total sol- 

ids wzs sometimes found for fresh cake also. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 10 

SCATTER PLOT FOR FRESH CAKE AND AGED DATA COMBINED (1997-1999) : 
ED,, VS. PERCENT TOTAL VOLATILE SOLIDS 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 11 

SCATTER PLOT FOR FRESH AND AGED CAKE DATA COMBINED (19537-1999): 
ED,, VS. PERCENT TOTAL SOLIDS 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 12 

SCATTER PLOT FOR AGED CAKE, DRYING CELL 5 NORTH, FOR THE PERIOD OF 
7/28/98 - 8/25/98: ED,, VS. PERCENT TOTAL SOLIDS 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHIZAG3 

FIGURE 13 

SCATTER PLOT FOR AGED CAKE, DRYING CELL 6 NORTH, FOR THE PERIOD OF 
6/16/98 - 7/18/98: EDso VS. PERCENT TOTAL SOLIDS 



We have sought to explain the inconsistency of data meas- 

ures in adjacent drying cells at different times. Since all 

the drying cells are physically located in the same surround- 

ings, similar meteorological factors operate upon all drying 

cells. The difference in drying behavior in two drying cells 

may be attributed to several factors such as different compo- 

sition of cake material being received in different cells over 

the fill time period. Perhaps a difference in composition 

causes degradation of cake material much differently over time 

and releases different compounds at different times in differ- 

ent concentrations. These all may contribute to highly er- 

ratic and variable observations in EDs0, leading to a major 

cause of the contradiction in the relationships discussed 

above. 

Comparison of Different Ranges of Percent Dryness 

When the centrifuge cake is spread over the drying cells, 

it gradually loses moisture, and we examined odor potential as 

the cake is drying. This was accomplished by sorting the com- 

plete data set collected over three years into four classes of 

moisture groups, and each one of them was then sub-sorted into 

the two cake type groups. The selection of moisture groups 

was based on the fact that centrifuge cake has a percent total 



solids value of about 25 to 30 percent and the dried cake has 

approximately 60 percent or greater. For purposes of this 

study, the four moisture groups selected were 30 percent total 

solids or less, 30 to 45 percent, 45 to 60 percent, and 60 

percent total solids and above. 

The average and range of values for ED5, and other meas- 

ured sludge parameters for each of the percent total solids 

levels are shown in Tables 8, 9, and 10 for the combined data, - - 

fresh cake, and the aged cake, respectively. 

A review of Table 9 shows that as the fresh cake is dried 

more, its average ED50 values decreases by about 44 percent 

from 160 to 99. The drying also reduces the spread in EDSo 

values above 45  percent total solids. The aged cake does not 

show a firm trend like the fresh cake. However, average EDs0 

values for the aged cake (Table 10) dropped 26 percent from 

thle beg~nzing levels during the drying process. Part sf this 

is due Lo the relatively low EDs0 (average 9 3 )  at the initial 

drying. 

30th the aged and fresh cakes are dried from 26  percent 

total solids to nearly 70 percent total solids in .the air- 

drying operation. Aged cake has an average of 5 percent less 

voiatile solids content than that of fresh cake during t 5e  en- 

tire drying process. In both cakes, average TKt7 -galues 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

SUMMARY STATISTICS FOR FRESH CAKE DATA AT DIFFERENT PERCENT CAKE SOLIDS 

Solids Range 
NH4 - N TKN 

%TS %TVS mg/L mg/Kg mg/L rng/kg ED5,, 

3 0  Percent or Less Maximum 2 9 . 9 7  5 1 . 1 6  2727 1 6 7 2 4  970  
Minimum 1 9 . 5 8  3 1 . 0 5  2 6 0  7020  1 2  
Average 26 .48  4 7 . 6 4  1 3 9 5  5268 1 1 3 5 6  42885 1 6  0  
n 4 1  4 1  4 0  40 4 1  

W 
3 0  to 45  Percent Maximum 

Minimum 
Average 
n 

45 t o  6 0  Percent Maximum 
Minimum 
Average 
n 

6 0  Percent or Greater Maximum 
Minimum 
Average 
n 

n = number of values 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 0  

SUMMARY STATISTICS FOR AGED CAKE DATA AT DIFFERENT PERCENT CAKE SOLIDS 

Solids Range 
NH4-N TKN 

% TS %TVS mg/L mg/Kg mg/L mg/kg EDs0 

3 0  Percent or Less Maximum 2 9 . 8 6  5 0 . 7 3  3362  16082  227 
Minimum 2 0 . 1 4  3 4 . 2 3  3 9 9  4733 1 7  
Average 2 6 . 2 0  4 4 . 6 1  1 7 2 7  6 5 9 1  1 0 3 5 9  39538 9  3  
n 3 7  3 7  3 6  3 6  37 

o 30 to 45 Percent 

45 to 60 Percent 

Maximum 4 4 . 7 2  6 0 . 7 9  2678 1 8 3 2 1  317 
Minimum 3 0 . 1 5  2 9 . 0 8  1 1 5  5 2 6 1  1 9  
Average 3 6 . 1 0  4 2 . 8 4  1 5 9 9  4429 1 1 5 5 2  32000  105 
n 35 3 5  3 5  3 5  35 

Maximum 5 9 . 6 0  4 6 . 5 4  2587  20677 328 
Minimum 4 5 . 4 0  2 7 . 4 2  4  93 4026  1 4  
Average 5 2 . 2 2  3 7 . 6 7  1 5 7 3  3012 1 3 4 0 0  2 5 6 6 1  124  
n 27  2 7  2 7  2 7  27  

60 Percent or Greater Maximum 9 4 . 7 2  6 4 . 6 7  3588  2 7 1 4 1  193 
Minimum 6 0 . 7 2  3 2 . 5 1  766  7935  1 7  
Average 7 3 . 8 1  3 8 . 9 0  2182  2956 1 6 8 7 4  2 2 8 6 1  69 
n 1 9  2 2  2  2  2 2  2  2  

2 = number of values. 



increased by 40 to 60 percent with drying. Average ammonia 

values also showed increases by 26 percent to over 46 percent. 

When the ammonia and TKN concentrations are expressed on a dry 

weight basis (rng/~g) , they both show a decrease with drying. 

The average TKN of the fresh cake decreased from 42,835 rng/Kg 

at 2 6 - 4 8  percent solids to 26 ;591 mg/Kg at 68.61 percent sol- 

ids. The average ammonia nitrogen also showed a decrease from 

5,:268 mg/Kg at 26.48 percent solids to 2,960 mg/~g at 68.61 

pe:rcent solids. Similarly, the TKN and ammonia nitrogen for 

the aged cake decreased with drying. 

Con~parison of the fresh cake EDs0 (Table 9) with the aged 

cake EDso (Table 10) shows that at 30 percent total sellds or 

less the fresh cake had a higher average EDSo (160) tlban the 

aged ca'ke (93) . At 60 percent total solids or greater, the 

average EDs0 values were 99 and 69 for the fresh cake acci aged 

cake, respectively. 

Comparison of the Variability of EDs0 Values in Fresh 
and Ased Cake 

Odor measured as EDs0 for different types of cakes were 

compared against drying time and plotted as high and Low type 

charts to show the variability in three measurements mzde on 

the same day. These charts show the highest, lowest, and. av- 

erage daily measurements over a given drying period. -- Figures 



14 and 15 show the comparative trends for fresh and aged cake - - 

for ED50 during two different drying cycles. Figure 14 shows 

that EDs0 values decrease for both types of cakes as the cake 

is dried. The fresh cake shows a pronounced decrease in com- 

parison to the aged cake. In contrast, Figure 15 shows that 

neither cake follows a systematic trend with respect to EDSo as 

the cake is dried. Both fresh and aged cake have high vari- 

ability in most of the measurements, although the fresh cake 

shows a greater variability in the three daily samples than 

the aged cake. 







SUPPLEMENTAL STUDIES 

b n  addition to the major comparisons of this sts_iciy of 

fresh versus aged cake, four other supplemental studies were 

attempted. These included measurement of the same parameters 

(i . e. , NH4--X, percent TS, percent TVS, TKN, and ED5,) for other 

t ypes  of centrifuge cakes which were underaged cake, stock- 

piled fresh and aged cake, and winterized fresh cake. All 

data were examined together with the fresh and aged cake data 

with and without the stockpile data. Of the total 2 , 6 5 9  total 

data points, 1,185 observations pertained to the supplemental 

studies. 

Aged cake and fresh cake have been well defined ckr-ough- 

out this report. "Underaged cake" was sludge that had less 

than 18 months of detention time in lagoons. "Stockpile cake" 

is cake that has been dried to approximately 60 percent total 

solids in a drying cell and pushed into a pile awaiting final 

disposal. "Winterized cakew is applied on the dryirg cells 

jusr; before winter and remains there throughout all the winter 

months, and drying is completed in the spring, before it is 

hauled away for disposal. All cake types were considered for 

possible sources of odor and evaluated separately to assess 

odor potential. 



None of the analyses performed in the supplemental stud- 

ies showed a conclusive trend for increased odor potential of 

underaged, winterized, or stockpile cake. Regardless of cake 

group, no consistent trend or possible relationship was found 

between EDs0 and any other parameters. Therefore, these data 

findings are not included in this report. 

Raw data and data summaries for 1997 through 1999 from 

the supplemental studies may be found in Appendix 11. 
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APPENDIX A 1  

FRESH AND AGED CAKE DATA FOR 1997, 1998, AND 1999 



PIETRQPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 

RAW FRESH CAKE DATA FOR THE YE= OF 1997 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 

AVERAGE FRESH CAKE DATA FOR THE YEAR OF 1997 

COUNT 8 8 7 7 8 
MINIMUM 23.28 44.06 1080.33 12748.67 23.00 
MAXIMUM 66.49 48.08 21 54.67 21 664.00 75.67 
AVERAGE 45.36 45.95 1567.48 57456.33 42.29 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER GXICAGO 

TABLE AI-3 

RAW AGED CAKE DATA FOR THE YEAR OF 1997 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 

AVERAGE AGED CAKE DATA FOR THE YEAR OF 1997 

COUNT 8 8 7 7 8 
MINIMUM 21.35 34.16 1303.33 10752.33 18.67 
MAXIMUM 69.66 46.30 2629.00 1 9307.67 122.00 
AVERAGE 46.04 38.60 1857.57 15520.14 60.13 



FTETRQPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 

FLAW FRESH CAKE DATA FOR THE YEAR OF 1998 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 (Continued) 

RAW FRESH CAKE DATA FOR THE YEAR OF 1998 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CH%rC?IiGO 

TABLE A1 - 5 (Continued) 

XAW FRESH CAKE DATA FOR THE YEAR OF 1998 

COUNT 87 87 87 87 87 
MlNlMUM 22.22 38.75 1 15.02 2621.10 14.00 
MAXIMUM 72.54 56.19 3006.80 22748.00 970 .GO 
AVERAGE 39.84 47.44 1296.28 13087.36 130.1 i 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 

AVERAGE FRESH CAKE DATA FOR THE YEAR OF 1998 

COUNT 29 29 29 29 29 
MINIMUM 26.37 43.61 238.72 . 2797.53 27.67 
MAXIMUM 65.60 51.24 2554.43 20201.67 406.33 
AVERAGE 39.84 47.44 1296.28 1 3087.36 130.1 1 



METROPOLITAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICjYGO 

TABLE AI-7 

RAW AGED CAKE DATA FOR THE YEAR OF 1 9 9 8  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 - 7 (Continued) 

RAW AGED CAKE DATA FOR THE YEAR OF 1998 

COUNT 66 66 66 66 66 
MINIMUM 21.79 41.85 1 15.42 4025.60 33.00 
MAXIMUM 71.49 60.79 3362.1 0 19705.00 31 7.00 
AVERAGE 35.66 45.63 1508.61 1 1251.48 1 12.48 



b4ETROPOLI'TAN WATER RECLAMATION DISTRICT OF GREATER CKTCAGO 

TABLE AI- 8 

AVERAGE AGED CAKE DATA FOR THE YEAR OF 1998 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-9 

RAW FRESH CAKE DATA FOR THE YEAR OF 1999 



I3ETRUPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICI'AGO 

TABLE AI-9 (Continued) 

RAW FRESH CAKE DATA FOR THE YEAR OF 1999 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-10 

AVERAGE FRESH CAKE DATA FOR THE YEAR OF 1999 

COUNT 25 26 26 26 26 
MINIMUM 23.75 35.67 604.22 8552.97 39.67 
MAXIMUM 84.08 51.1 1 9310.00 24094.67 396.33 
AVERAGE 40.20 45.93 2023.37 13606.47 149.90 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CBZCAGO 

TABLE A1 -11 

RAW AGED CAKE DATA FOR THE YEAR OF 1999 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-12 

AVERAGE AGED CAKE DATA FOR THE YEAR OF 1999 

COUNT 10 11 11 1 I 11 
MINIMUM 21.10 31.00 1054.1 1 8250.04 25.67 
MAXIMUM 93.66 46.54 3323.80 25385.00 238.67 
AVERAGE 54.30 35.68 2122.64 13387.45 99.00 



IvlETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-13 

FLAW FRESH AND AGED CAKE DATA, SORTED AND MATCHED BY DATE OF 
SAMPLING (PAIRED RAW DATA) 

D a t e  Fresh Cake Aged Cake 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-13 (Continued) 

RAW FRESH AND AGED CAKE DATA, SORTED AND MATCHED BY DATE OF 
SAMPLING (PAIRED RAW DATA) 

Date Fresh Cake Aged Cake 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-13 (Continued) 

FlAW FRESH AND AGED CAKE DATA, SORTED AND MATCHED BY DATE OF 
SAMPLING (PAIRED RAW DATA) 

F r e s h  C a k e  

-- 

Aged C a k e  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-13 (Continued) 

RAW FRESH AND AGED CAKE DATA, SORTED AND MATCHED BY DATE OF 
SAMPLING (PAIRED RAW DATA) 

D a t e  Fresh Cake Aged Cake 



TABLE AI-14 

A'VEPAGES OF RAW FRESH AND AGED CAKE DATA, SORTED AND fJLZaT(2XED 
BY DATE OF SAMPLING (PAIRED DATA AVERAGES) 

D a t e  Fresh C a k e  Aged C a k e  



APPENDIX A11 

SUPPLEMENTAL CAKE DATA 



METROPOLITAN WATER RECLAD4ATION DISTRICT OF GREATER. CHICAGO 

TABLE AII-1 

RAW STOCKPILE DATA FOR THE YEARS OF 1997 THROUGH 1999 



D4ETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CELCAGO 

TABLE A1 I - 1 (Continued) 

RAW STOCKPILE DATA FOR THE YEARS OF 1997 THROUGH 2 9 3 9  

COUNT 63 63 63 63 63 
MINIMUM 22.61 30.68 40.00 3659.00 28.00 
MAXIMUM 79.22 49.84 531 4.00 27879.00 472.00 
AVERAGE 62.95 42.25 221 5.70 1601 1.51 "r3.48 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-2 

AVERAGE STOCKPILE DATA FOR THE YEARS OF 1997 THROUGH 1999 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



IVIETRQPQLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 

.?AH UNDERAGED CAKF: DATA FOR THE YEARS OF 1997 THROUG'rl 1999 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

RAW UNDERAGED CAKE DATA FOR THE YEARS OF 1997 THROUGH 1999 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



METrXOPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 

A'C'ERAGE UNDERAGED CAKE DATA FOR THE YEARS OF 1997  THROUGH 1999 

COUNT 18 18 18 18 18 
MINIMUM 19.50 25.12 101 9.99 2050.27 52.33 
MAXlMUM 82.97 56.1 7 1 31 41 .OO 27908.67 380.33 
AVERAGE 47.35 38.55 3326.99 121 93.72 128.74 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 

RAW WINTERIZED CAKE DATA FOR THE YEARS OF 1997 THROUGH 1999 



1YETR.OPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 I - 5 (Continued) 

ItAW WINTERIZED CAKE DATA FOR THE YEARS OF 1997 THROUGH 1899 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

RAW WINTERIZED CAKE DATA FOR THE YEARS OF 1997 THROUGH 1999 

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 



:NEl'ROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 

AVERAGE WINTERIZED CAKE DATA FOR THE YEARS OF 1997 THROUGH 1 9 9 9  

COUNT 
MINIMUM 
MAXIMUM 
AVERAGE 
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