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SUMMARY AND CONCLUSIONS 

The proposed reissued NPDES permit for the Stickney WRP 

requires ammonia-nitrogen (ammonia) in the final effluent not 

to exceed a maximum daily concentration of 5 mg/L, in addition 

to continuation of the monthly average concentration limit 

contained in the current expired permit. In the current ex- 

pired NPDES permit, the ammonia limit is seasonal and set at a 

maximum monthly average concentration of 2.5 mg/L (April- 

October) and 4.0 mg/L (November-March). Twice in the year 

2000 thus far, on April 7 and again on July 22, the daily am- 

monia concentration in the final effluent of the Stickney WRP 

exceeded 5 mg/L. 

As a result of these two incidents, the Maintenance and 

Operations (M&O) Department expressed a concern and requested 

the Research and Development (R&D) Department to identify ma- 

jor ammonia contributing sources to the Stickney WRP and to 

determine the likely cause(s) of ammonia spikes e . ,  ex- 

ceedence of the proposed daily ammonia limits) in the final 

effluent of the Stickney WRP on April 7 and July 22, 2000. In 

response to this request from the M&O Department, the R&D De- 

partment conducted the study described in this report. 

viii 



'The m+in oblectives of this study were (1) to ~Jencify 

mair, sources contributing ammonia to the Stickney WRF, '2) to 

assess the impact of variation in ammonia concentratians from 

the armonia contributing sources on the performance of armonia 

removal at the Stickney WRP, and ( 3 )  to analyze the opesating 

data s f  tk-e Stickney WRP for possible causes of the twe inci- 

denzs of ammonia spikes in the final effluent, restl:,:?g in 

daily average ammonia concentrations in the final ef2luent ex- 

ceed:-zg 5. C mg/L. 

Tne study consisted of two parts, namely: (I) axmonia 

source invest.igation and (2) analysis of the data crsllected 

before, A~ring, and after the ammonia spikes occurred in the 

effluent . 

Souzce investigation was conducted for the period Hugust 

14 through September 5 ,  2000, and focused on exan;iLing the 

£ c u r  major previmsly identified ammonia-contributing sources 

in additro2 to the regular domestic loading, which 1 s  eonsid- 

erec? the normal background ammonia load. These four sources 

are TARP pumpback, discharge from Corn Products Corporation 

(CFCI, cen:rate from the post-digestion centrifuges ( P o s t - D C ) ,  

and overflow from the sludge lagoons in the Lawndale Avenue 

Solids Management Area ELASMA). 



For monitoring ammonia discharges from CPC, Post-DC, and 

LASMA, auto-samplers were used during the period August 14 

through September 5, 2000, to collect hourly samples at five 

sampling stations. Later, it was found that the hourly Sam- 

ples for Post-DC contained an unknown amount of process water, 

which made the calculation of ammonia loading impossible. It 

was decided to sample the centrate directly to obtain more re- 

liable information for estimation of Post-DC ammonia loading. 

Thus, 41 random grab samples were collected during September 

13 through September 20, 2000 directly from the centrate in 

the Post-DC Building at the Stickney WRP. The average ammonia 

concentration of the centrate was used to estimate the daily 

ammonia loadings from the Post-DC during August 14 through 

September 5, 2000. 

For determining the ammonia contribution from the TARP 

pumpback, monitoring data routinely collected, including the 

flow rates and concentrations of ammonia and BOD5 in the TARP 

pumpback for the period August 14 to September 5, 2000 were 

examined. The flow rates for the first three sources were 

also estimated. For estimating the ammonia contribution in 

the domestic sewage for the period August 14 to September 5, 

2000, the ammonia loadings of the above-mentioned four sources 



were s~htracted from the total ammonia load enterir:g: the 

Stickriey KRP. 

Investigation of the possrble causes of the da114 average 

ammonia concentrations in the final effluent of the Stlckney 

WRP exceeding 5.0 mg/L on April 7 and July 22, 2000 st.arted 

with the col1ect:ion of historical data a few days befcre and 

after the ~nclcients . These data included the ammonra arid BOD5 

concentrations in the raw sewage and the influent of t n e  aera- 

ttox canks, hourly sewage flow rates, the amount of alr sup- 

plle2 t~ the aeration tanks, and dissolved oxygen (30' :..eveis 

ir. e aeratlon tanks. Available information on the 51ve 

sources contribut-ing ammonia to the Stickney WRP pertair:-ng to 

the two incidents was also collected. 

The mass loading of ammonia contributed from eack source 

to tke Stlckney WRP was calculated using its daily &verage 

flow rate and its mean ammonia concentration. The variation 

of a:monia concentrations at various locations was exax.:-~ed by 

COT-piicrng the zoef f iclent of variation (CV) and anaiyzlng am- 

m o n 1 2  co~centra~ion profiles. For the investigatior. of the 

anr~onra spike incidents, the BODS and ammonia loads to the 

a t? ra t ioc  tanks in each shift before and after the incidents 

w e r e  examined. The theoretical amount of air required ny the 

aeration tanks to satisfy the influent carbonaceaxs and 



nitrogenous oxygen demand was calculated to determine whether 

the air supplied to the aeration tanks during the ammonia 

spike incidents was adequate. 

The following conclusions can be drawn from this study: 

1. There are four major ammonia-contributing 

sources to the Stickney WRP, in addition to the 

domestic sources. These are the TARP pumpback, 

wastewater from CPC, centrate from the Post-DC, 

and overflow from the sludge lagoons at LASMA. 

These four sources contributed 51 percent of the 

total ammonia loading to the Stickney WRP during 

the source investigation period August 14 

through September 5, 2000. The average ammonia 

contribution from each source was: 8.2 percent 

from the TARP pumpback, 11.0 percent from CPC, 

10.8 percent from Post-DC, and 21.0 percent from 

LASMA. The remaining 49 percent was from domes- 

tic sources. Obviously, this is the major 

source as compared to the four individual 

sources. 

2. During the period of source investigation 

(August 14 through September 5, 2000) , the TARP 

pumpback ammonia loading had the most 



vaviabil.~ty among the four individual sources 

cantributing from 0 to 21.7 percent of the tcta; 

anmo~lia on a daily average basis. Considering 

that the TARP pumpback usually occurs only 

within a few hours of the day during 2x2 

weather, the impact from TARP pumpback can be 

quite significant. The discharge from CPC was 

fcund to be the second most variable source, 

ccntributing from 0 to 16.9 percent of the t ( ~ @ a l  

arnonia on a darly average basis. The amno~ia 

loadings in the Post-DC centrate and overflows 

from LAClMA were much less variable, compare6 to 

the TARP pumpback and the discharge from C P C .  

The variability of ammonia loadings for Post--ZC 

and LASMA was from 6.5 to 14.9 percent and frcm 

5 4 to 26.7 percent, respectively, of the tots;; 

ammonia loadings, on a daily average basis. 

3. The  causes of the two incidents of final effiu- 

ent ammonia spikes appear to be different in na-  

ture. The April 7, 2000 incident appears ro 

have resulted from a combination of high amT.o?.:a 

concentrations in the raw sewage, high amrr.or,ia 

lsad to the aeration tanks, and low DO levels :a 



the aeration tanks. The high ammonia load to 

the Stickney WRP on April 7 ,  2000, was likely 

due to the first flush of the sewer system, as 

the flow rate of the raw sewage to the Stickney 

WRP increased from 600 MGD to over 1,200 MGD in 

the early afternoon of April 7, 2000, as a re- 

sult of rainfall. 

4. The July 22, 2000 incident appears to have re- 

sulted from low DO levels in the aeration tanks, 

which led to inefficient nitrification on that 

day. As the daily average ammonia concentration 

in the raw sewage and ammonia load to the aera- 

tion tanks was only slightly higher than normal, 

the unusually high ammonia concentration in the 

final effluent could not have been caused by the 

ammonia load alone on that day. 

Considering the short time (three to nine hours) 

it takes for the TARP pumpback to travel from 

the pump station to the aeration tanks, the TARP 

pumpback between the night of July 21 and early 

morning of July 22, which exerted a high BOD5 

and contained a high concentration of ammonia, 

could have been responsible for causing the low 



D 2  levels in the aeration tanks in the first and 

second shlfts on July 22, 2000. 

The DO levels in the aeration tanks rema~ned lowj 

durlng the daytrme on that day Indicating tkzz 

the supply of oxygen was insufficient. It was 

also found that only two blowers were in s e n - l c e  

d~ring the daytime on this day. The DOs in tLe 

aeratron tanks started to increase and amozia.  

concentration in the final effluent started to 

decrease during the third shift after a rh;rd 

b:ower was put into service, around 7 : 3 0  p . m  sn 

that day. 



RECOMMENDATIONS 

In order to avoid future incidents of ammonia spikes in 

the final effluent of the Stickney WRP and violation of the 

limit in the proposed reissued permit, the following recommen- 

dations are made: 

1. Make better use of the existing weather service 

in£ orrnation on rainfall to better prepare for 

greater demands on the activated sludge system 

due to higher raw sewage flows and TARP pumpback 

loadings . 

2. Re more proactive i~l  the use of a third blower 

to ensure that sufficient air is delivered to 

the aeration tanks, when effluent ammonia con- 

centrations begin to rise. 

3. Make better use of the existing ammonia analyzer 

located at the preliminary settling tanks to act 

as an early warning system to alert operators to 

higher than normal ammonia concentrations enter- 

ing the aeration tanks. 

4 .  As new automated controls are installed at the 

Stickney WRP, establish two set points for DO 

levels in the aeration tanks, one in Pass 2 and 

xvi 



t r e  other in Pass 4 to control air supply to tke 

aeraclon tanks more effectively to meet the oxy- 

gen demand of occasional slugs of high BODs ani 

amonla loadings to the aeration tanks. 

xvi i 



INTRODUCTION 

Background 

In response to a memorandum da~ed July 3 ,  2000, frqm Mr. 

Thomas K. 43'Connor, Chief of M&O, to Mr. Richard Lanyo:~,  Di- 

rector n£ the R&13 Department, a meeting was held on I;zLy 25, 

2003 between the M&O staff at the Stickney WRP and che staff 

of the Enviranmental Monitoring and Research Divisio:: ar, the 

Dr. Cec;l Lue-Hing Research and Development Complex to discuss 

tke prololern of elevated ammonia levels in the finai eff;uent 

of t::c Stzckney WRP. Specifically, the discussion i:~ the July 

25, 2300 meeting centered around the spikes in ammonla levels 

on A . p r i i  7 (5.81 mg/L) and July 22, 2000 (6.41 mg/L) :r? the 

2L-hzur composite final effluent of the Stickney WRP. 

The main concern was that the elevated ammonia L e v e l s  in 

the final effiuent on Aprll 7 and July 22 could have caused 

NPCEE pernit violations if the proposed new NPDES p e r m t  lim- 

it;~ Nere to be applied. To address this concern, R&3 Lniti- 

ate2 a study ta investigate sources of ammonia discharges into 

the Stickaey WRP and the resulting ammonia load from each such 

s~brce. In addition, R&D also undertook to invest~gate the 

posslble causeis) of the spikes in ammonia levels in  he final 



effluent of the Stickney WRP experienced on April 7, 2000 and 

July 2 2 ,  2000. 

Stickney WRP Process Description 

The Stickney WRP is a secondary sewage treatment plant, 

which has grit removal, primary settling tanks, Imhoff tanks, 

single-stage activated sludge aeration tanks, and final set- 

tling tanks as the main sewage treatment processes. Two 

streams of raw sewage enter the Stickney WRP. These are the 

West Side plant and Southwest plant, which have separate pre- 

setcling treatment in Imhoff tanks and preliminary settling 

tanks, respectively, before being conibined in the aeration 

tanks. 

The flow rates of raw sewage to the Stickney West Side 

and Southwest plants and the total volumes of the Imhoff and 

preliminary settling tanks are different, as are the hydraulic 

retention times (HRT). For the mean raw sewage flows of 316 

and 470 MGD (million gallons per day) for the Stickney West 

Side and Southwest plants for the first seven months of the 

year 2000, the HRTs in the Imhoff and preliminary settling 

tanks are 11 and 1.1 hours, respectively. The combined, pre- 

settled sewage, which has a flow rate of 786 MGD, then is bio- 

logically treated in the aeration tanks with a nominal HRT of 



6.4 hours. Thrs biologically-treated sewage is settled in the 

fi.nzi settling tanks for another 3.8 hours before beln~ dis- 

charged as the flnal effluent. 

h i ~ o n i a  In the two streams of raw sewage discharcjed to 

the ttlckney WRP is mostly oxidized in the aeratio:: tanks 

through si~gle-stage biological nitrification. Theorecltally, 

ne3rly 4.6 pounds of DO is needed to oxidize one pound 3f am- 

mon-a to nitrate. Nitrifying bacteria are sensitive crganlsms 

ant3 zzr! be lnhxbated by a wlde variety of inhibitors. Iiialn- 

tar~.;ng 30 ah v e  1 mg/L is essential for biological ri:trifrca- 

t:x-. o c c s r  I n  the absence of inhibitors. If DO levels drop 

beioi; 1 r.9 ' L, oxygen becomes the limiting factor for axtmonia 

cor?versio~, and the nitrification process slows signzf izantly 

or even cezses (1) . 

T z e  renova1 of ammonia in the aeration tanks depends upon 

the >opulaclon of nitrifying bacteria, the rate of nlrrlf ~ c a -  

tion ~ ~ h l c h  1 s  affected by temperature and DO, and o t h e r  fac- 

tors ilke ~nfluent ammonra concentration and HRT. The daily 

ammo~~ia concentrations in the raw sewage entering the Stickney 

WRP ranged from 4 . 2 7  to 23.13 mg/L, with an average of 13.63 

mgli zs? the first nine months of the year 2000, as shorn in 

Table 1. The monthly average of the ammonia concentr5:ion was 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

AMMONIA CONCENTRATIONS IN THE INFLUENT AND EFFLUENT OF THE STICKNEY WRP 
JANUARY THROUGH SEPTEMBER 2000 

Ammonia in Raw Sewage Ammonia in Final Effluent Mean 
Weighted Average* in m g / L  as NH3-N -- in m g / L  as NH3-N Removal 

Month Mean Min Max Mean Min Max ('Lo 

Jan. 
Feb. 
Mar. 

" Apr. 
May 
Jun . 
Jul . 
Aug . 
Sep . 

*Raw sewage to the Stickney Southwest and West Side plants was analyzed for ammonia 
separately, and a weighted average was calculated using the sewage flow rates as 
the weighting factor. 



in zhe range of 10.06 to 17.42 mg/L. Desplte the varlat-cn in 

influent a~nrr~onia concentrations and seasonal change I r  tem- 

peracures, on an average, more than 95 percent of the ~nfluent 

amnor::a is removed through the sewage treatment precesses at 

the Scickr,ey WRP. As can be seen ln Table 1, the mor,th,y av- 

erage anmarla removal efficiency ranged from 92.7 to 9E.2 per- 

cent m the first nine months of year 2000. 

Causeis) of Ammonia Nitrogen Spikes I n  the Final Efil~ent ---- 

In the two incidents experienced on April 7, an2 Z ~ l y  22, 

2009 the daily average ammonia concentration in the f m a l  ef- 

fluerir of the Stickney WRP exceeded 5.0 mg/L. High effluent 

arrtmozia concertratlons can be caused by several factors or 

ccmblcation thereof. They are: 

I. Shock a~nmonia loading due to an instantaneoi,~ 

hlgh armonla concentration or high ammonia lo&c3 

in the in£ luent, 

2. Tnsufficient amount of nitrifying bacteria d1.e 

to toxic:ity or low sludge retention time (SRT 

and 

3. Low concentration of dissolved oxygen in aera- 

Elon tanks (i . e. , < 1 mg/L) , which can be caised 

by insufficient supply of oxygen or increased 



 

6 

demand of oxygen by increased amounts of oxygen-

consuming substances. 



OBJECTIVES 

The present study was designed: 

1, Te identify major sources contributing amrnonxa to 

the Stlckney WRP, 

2. l o  determine the load of ammonia per day fr:m 

each of the sources identified, 

3. To determine cause(s) of ammonia level spikes ~n 

the final effluent of the Stickney WRP exper]-- 

enced on April 7, and July 22, 2000, and 

4 To come up with recommendations to avoid such am- 

rncnia spikes in the future. 



METHODOLOGY 

Wastewater flow rates and associated ammonia concentra- 

tions were collected for each identified ammonia source to the 

Stickney WRP in order to determine the daily load of ammonia 

from each source. To examine the variation in ammonia concen- 

tration over a 24-hour period, an hourly sampling study was 

designed for the four identified ammonia-contributing sources 

during August 14 through September 5, 2000. In addition, per- 

tinent data before, during, and after each incident of the am- 

monia spikes experienced on April 7, 2000 and July 22,  2000 

were examlned to determine possible cause(s) of the ammonia 

spikes. 

Source Investigation 

Four a'monia-contributing sources are identified and in- 

vestigated in this study. These sources are the TARP pumpback, 

discharge from CPC, centrate from Post-DC and overflow from 

the sludge lagoons at LASMA. Source investigation included 

reviewing existing data, sampling the sources with no existing 

data, and analyzing the data. Normal background ammonia loads 

from domestic sources were also tabulated. 

TARP pumpback is routinely monitored by the M & 0  Depart- 

ment at a sampling point, located before the pumpback enters 



the wec well at the Stickney Southwest plant, for its c;~ality 

and quanti ty, and the data are recorded in the R&D Department 

Labo-atory I n f  orrrlatlon Management System (LIMS) . The axmonia 

conce~rltrat~ons 111 TARP pumpback and the corre~pondi~g flow 

rates were directly obtained from LIMS. 

Fa]: r,he three other sources, nourly sampling was con- 

duczed fro3 August 14 through September 5, 2000 tc cclllect 

data nn an-nonsa concentrations. Five sampling statlcns were 

selec:red to collect these hourly samples. Two of the sasnpllng 

star-~1:s wsre io~zated at CPC, which are named as CF-2AT and 

CF- 5pr: Tke thlrd one was located in an interceptor, Si1712, 

w : s  3Sout one mile downstream of CPC and intercepts the 

w a s x ; c z : e x  from ('PC and other residential and commez-c.za% sew- 

ace - .  thls area. The fourth one was located in a rnar~kole im- 

medl3zely 5ownstream of the post-digestion centrifuges. The 

f l f t r ,  0r.e was located at LASMA for monitoring the overflows 

frorr. the siudge :Lagoons. Figure 1 shows the locatio~s :f the 

five sarnp l lng  stations. 

Auto--samplers were installed at each sampling statior, to 

collect samples every hour during the sampling period. All 

the samples collected by the auto-samplers were analyzed for 

anmo::ia. All ammonia concentrations in this report were ex- 

pz:essed as amnia-nitrogen in milligrams per liter. The 



METROPOLITAN WATER R E C L H W T I O N  D I S T R I C T  OF GREATER CHICAGO 

F I G U R E  1 

SAMPLING LOCATION FOR THE m f 0 N I A  STUDY 
AUGUST THROUGH SEPTEMBER 2 0 0 0  



loadl.ngs of a~xvoiiia calculated for this report were axso ex- 

pressed as ammonia-nitrogen. 

The ammonia concentrations of the wastewater sampled in 

the r;anho,e i-mediately downstream of the post-digest102 cen- 

trif~ges were found to be relatively low, averaging 3.9:  mg/L. 

Lacer, it was iearned that the centrate was diluted w:tk proc- 

ess water before entering the manhole to prevent sczz.l~ng in 

the pipes Eiowe7~er, the amount of process water used tor dl- 

lutlcr, was unknown. Therefore, the measurement of armonia 

cor,centratlon in the centrate without dilution was ~ 2 3 e  be- 

tweer, September 1-3 through 20, 2000. Grab samples of centrate 

were taken from each working centrifuge once per day f c r  five 

days, The samples were analyzed for ammonia using an Emmania 

e:.ectrode (CRION Model 95-12 ) , calibrated with commercially 

avaiLable standard solutions. 

To calculate the daily amount of ammonia generaced at 

eack scurce, the data of wastewater flow rates along wlth am- 

mozra concentrations from these sources were also collected. 

The dally discharge rates from the two locations at CP2 (P.~rlng 

AUGLS~ 14 to 20, 2000, were recorded by the R&D1s I h l  person- 

nel. '['he daily discharge rates of the flows from CPC axing 

A u g ~ s t  21 through September 5 were estimated using the average 

d~scharge rates from the historical data. The estimated 



average daily discharge rates were 6.8 MGD at CP-2AT and 0.19 

MGD at CP-6AT. The flow rates at SW12 were not measured. 

The daily flow rate of centrate was estimated by sub- 

tracting wet sludge cake volume from the daily sludge volume 

pumped through the post-digestion centrifuges. The daily 

sludge volume and the weight of wet sludge cake were obtained 

from the M&O Department operation records. The specific grav- 

ity of the wet sludge cake was assumed to be 1.0 in the calcu- 

lation of the wet sludge cake volume. 

The recorded daily overflow rates from LASMA during 

August 22 to 28, 2000 averaged 2 -84 MGD, ranging from 2.77 to 

2.92 MGD, according to the flow chart obtained from the M&O 

Department operation records. In absence of the availability 

of the actual flow rate during the study period August 14 

though September 5, 2000, a flow rate of 2.84 MGD was used for 

the study. 

The data analysis included the calculations of daily av- 

erage loading of ammonia and the coefficient of variation of 

ammonia concentrations. The loading of ammonia generated at 

each source was calculated using the daily average concentra- 

tion of ammonia and the corresponding flow rate from each 

source. 



Analysis of Ammonia Spike Incidents 
P 

Thls part of the study focused on whether the amcdnc of 

arrmos.1.a lr, the influent raw sewage to the Stickney WRP wss un- 

usually k g h  and whether the amount of oxygen supplree to the 

aeraclon tanks was sufficient to achieve complete ~~rrifrca- 

tlon on the days of the incidents. The historical cata for 

arrrnxla and BODs enterlng the aeration tanks a few days before 

an.d after the two lncldents were collected. In addit~cr,, data 

or. the quan~ity of air supplied and DO concentraticn i n  the 

aers:ion zanks were also examined. Analytical data were ob- 

tained fro3 LZMS. The hourly sewage flows entering tht? Strck- 

ney Southwest plant and West Side plant, the air flow rates to 

tho aeratlon tanks, and DO concentration in the aeratzo~ tanks 

on eazh opera:ion shift were obtained from M&O Department op- 

eratran records. 

The loadlngs of ammonia and BOD5 to the Stickney PP%P and 

aera~ion tanks were calculated using their respective concen- 

trat~ans and flow rates. The daily average concentrar~ons of 

armcnla nltrogen and BOD5 in 24-hour composite samples of raw 

sehase, primary effluent, and Imhoff tank effluent tcere ob- 

ta:red frcm LIMS. The daily average flow rates were csed to 

cc2ic-~late the daily loadings of ammonia and BOD5. and the 



shift average flow rates were employed to estimate the loading 

of ammonia and BOD5 entering the plant in each shift. 

In order to determine the possible cause of ammonia 

spikes in the final effluent on April 7, 2000 and July 22, 

2000, the hourly concentration of ammonia in the final efflu- 

ent on these two occasions would have been very useful. How- 

ever, the M&O Department has data only for the incident expe- 

rienced on July 22, 2000. 



DATA ANALYSIS AND DISCUSSION OF RESULTS 

Source Investigation 

in~~estigation for sources contributing ammonia cc the 

raw sewage entering the Stickney WRP was conducted durxng the 

perscd Auq.~sc through September 2000. Four major sources con- 

tributlng amonia , excluding the domestic sources, were iden- 

tif~ei as TARP, CPC, Post-DC and LASMA. For two ssxrces, 

i.e.. CPC and LASK4, of the four identified sources, k.ourly 

samples were collected during August 14 through September 5 

f rolr, four samplirlg stations. Daily mean, mlnimum an2 ,max:mum 

v a  l ~ n s  of ammonia concentrations analyzed for these 'iiourly 

sa-rples ?re presented in Appendix Table AI-1. 

Houri:{ sampling for the centrate from Post-DC was ansuc- 

cess1:ul. Later, the centrate was sampled 41 times between 

Seprel~ber 13 and. 20, 2000. The summary of ammonia coi,slcentra- 

ticns in tne centrate is presented in Appendix Table A1-2 .  - 

The routine monitoring data for TARP pumpback voluxe and 

amionla concentrations in the pumpback available fro:n LIMS 

were ~ s e d  to estimate the ammonia loading from TARP. 

The results obtained in this study are analyzed arid pre- 

sented In two parts. The first part includes the total daily 

ainmonie i.oad to the Stickney WRP and the estimated a.rrmonia 



loading contribution from each of the four major sources. The 

second part examines the variation in ammonia concentrations. 

AMMONIA CONTRIBUTION FROM VARIOUS SOURCES 

Table 2 presents the daily ammonia loads to the Stickney 

WRP and the estimated loads of ammonia from the four major 

contributing sources during August 14 through September 5, 

2000. In Table 2 ,  the daily ammonia loads to the Stickney WRP 

are the sum of the loads of ammonia to both the Stickney 

Southwest and West Side plants. During this period, as can be 

seen in Table 2 ,  the daily average load of ammonia to the 

Stickney Southwest plant accounted for 7 7 . 0  percent of the to- 

tal ioad of ammonia to the entire Stickney WRP, ranging from 

63.4 to 94.5 percent. 

This trend appears to be normal as can be seen from the 

data from January through July 2 0 0 0  (Appendix Table AI-3 ) . In 

January through July of 2 0 0 0 ,  the daily average load of ammo- 

nia to the Stickney Southwest plant accounted for 7 3 . 5  percent 

of the total ammonia load to the Stickney WRP with a range of 

50.5 to 91.8 percent. The mean ammonia load to the Stickney 

WRP was 7 9 , 5 6 2  pounds per day during this study period, and 

82,444 pounds per day for January through July of 2 0 0 0 .  
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The ammonia loading from the four major sources studied 

accounted for 51.0 percent of the total load of ammonia to the 

Stickney WRP and 6 6 . 2  percent of the total load of ammonia to 

the Stickney Southwest plant on a daily average basis during 

August 14 through September 5, as can be seen in Table 2. The 

remaining ammonia load is from predominantly domestic sources. 

No significant ammonia loading from these four sources enters 

the Stickney West Side plant. Thus, this ammonia loading is 

considered as the normal background level. 

TARP pumpback only occurs after the tunnel is partially 

or completely filled. Of the 19 days of this study, TARP 

pumping took place on 13 days. The ammonia concentrations, 

which were measured from composite samples, and flow rates for 

the TARP pumpback between August 14 to September 5, 2000 are 

given in Appendix Table AI-4. The daily average ammonia load- 

ing from TARP pumpback was 6,393 pounds, which represented 8.2 

percent of the total amount of ammonia to the Stickney WRP. 

CPC is a continuous, ammonia-contributing source to the 

Stickney WRP. Two streams of wastewater are discharged into 

the sewer at CPC, both of which were monitored for ammonia 

concentrations between August 14 and September 5, 2000. The 

daily average ammonia concentrations, which were the arithme- 

tic mean values of the hourly samples, and discharge rates 



from i;he two locations at CPC are given in Appendix 'Table AI- 

5. As shorn i.n Table 2, the daily average quantity of azmania - 

generated a 2 P C  during this study period was 8,764 pci~nks ac- 

counting fcr ll.O percent of the tota'l ammonia load to the 

StLckney WRP 

The centrate from the post-digestion centrifuges at the 

St:~cklzey WRP is also a continuous source and is dischar~erl to 

the Sthckney Southwest plant. The daily flow rate of cei?~rate 

was estimated by subtracting wet sludge cake volume f r o n  the 

daily sludge volume pumped through the post-digestion centri- 

fuges. The average ammonia concentration of 5 6 4  mg/L L n  the 

cenrraLe, s shown in Appendix Table AI-2, was used to esti- 

mate the amnionia loading to the Stickney Southwests piant 

throzigh pcst-digestion centrate. The data for estimating the 

daily loads from Post-DC can found Appe~dlx Ta- 

ble AI-6. ----- 'The daily average ammonia loading rate to the 

Stizkney Southwest plant from the centrate was 8,525 pounds 

accountins for 10.8 percent of the total ammonia entering the 

Stichey ~ J R P  (see Table 2 )  . 

mi ,rie overfiocv from the sludge lagoons at LASMA eentains 

h i g 5  concentrations of ammonia, averaging 701 mg/L, as can be 

seen ln Table AT-1. - The overflow from LASMA also re"iu.rns to 

tkio Stickney Southwest plant. The daily average smonia 



loading rate from LASMA was computed using the daily mean am- 

monia concentrations, which were the arithmetic averages of 

hourly concentrations and the average daily flow rates re- 

corded by the M&O Department. The data used for this calcula- 

tion are presented in Appendix Table AI-7. The average daily 

load of ammonia from LASMA to the Stickney Southwest plant be- 

tween August 14 to September 5, 2000 was 16,752 pounds, repre- 

senting 21.0 percent of the total ammonia loading entering the 

Stickney WRP during that period (Table 2). 

In summary, during the sampling period August 14 to Sep- 

tember 5, 2000, LASMA contributed 16,752 pounds per day ammo- 

nia to the Stickney Southwest plant, which is the largest con- 

tributor of ammonia of all the four major sources considered. 

CPC ranked second with an average rate of 8,764 pounds per 

day. Post-digestion centrate and TARP pumpback ranked third 

and fourth with average rates of ammonia generation of 8,526 

and 6,393 pounds per day, respectively. The sum of ammonia 

from these four sources accounted for nearly 51 percent of the 

total amount entering the Stickney WRP or about 66 percent of 

the amount entering the Stickney Southwest plant during the 

period of this investigation. 



VA:RIATTON SF AMliIONIA CONCENTRATIONS IN AMMONIA CONTRIBTTING 
SC'JS-CES 

- 7 ,'ne Caily variation of the ammonia loads to the St~ckney 

WRP alorzq with the ammonia loads from the four major ssurces 

durlrcj A u ~ , l s ~  i4 through September 5, 2000 is also gi:;en in 

Table 2. The da.ily ammonia load to the Stickney WEF 3~aried 

fro:n 68 821 to 89,801 pounds of ammonia per day with a ~ r e a n  of 

79,562 pou~lds per day during this period. The coefficient of 

variarion (CV) of the daily ammonia loads to the Stickzey WRP 

was 8.5 percent. Compared to this variation in the total 

amo~r~t of ammoniei entering the Stickney WRP, the variat ic;n in 

tke amounts of ammonia contribution from the four major 

sources during the same period was significantly higher, The 

CVs of daily am-onia loads from TARP, CPC, Post-DC an?. LASMA 

were 83.6, 32.1, 21.1 and 20.5 percent, respectively, as shown 

in Table - - 2 .  

The Zaily load of ammonia from TARP had the widesc range 

in c3e percentage of the proportion of the contributioz of the 

total a-mania load to the Stickney WRP among the faux major 

so t r cec ,  ranging from 0.6 to 21.7 percent. As the ain;-nonia 

coEcent.sations In TARP pumpback w e r e  measured f r o m  co;ni?asite 

sampies, hourly variation of ammonia load from TARP campback 

cauls not be computed. TARP pumpback usually occurs f3r a few 



hours at night during weekdays and daytime on weekends. As 

the daily amount of ammonia from TARP is typically discharged 

in a few hours, the actual impact of ammonia from TARP to the 

Stickney WRP could be significant during certain periods of 

TARP pumping. 

The variation of daily amounts of ammonia from CPC ranked 

second with a CV of 32.1 percent. The hourly variation of am- 

monia from CPC was estimated using the hourly concentrations 

measured during August 14 to September 5, 2000. Three sam- 

pling stations, CP-2AT, CP-6AT, and SW12, were set up during 

the sampling period to monitor the hourly changes of ammonia 

concentrations from CPC. The summary of ammonia concentra- 

cions measured at these three stations during the sampling pe- 

rlod is presented in Appendix Table AI-l. Of the two stations 

at CPC, where the wastewater from CPC is discharged into the 

sewer, CP-2AT has higher mean ammonia concentration and higher 

discharge rate, accounting for about 97 percent of the total 

ammonia discharge from CPC. Therefore, only the hourly ammo- 

nia concentrations at CP-2AT were used for analysis of the 

variation in ammonia concentrations for CPC. Station SW12 is 

a sewer interceptor downstream of CPC. The lower mean concen- 

tration at SW12, compared to that at CP-2AT, as shown in Table 

3, was likely due to the dilution by sewage and/or - 



METXOPOLTTP,N WATER RECLAMATION DISTRICT OF GREATER CHTCAGO 

TABLE 3 

STJMMARY OF AMMONIA DATA FROM VARIOUS SOURCES 
AUGUST 14 THROUGH SEPTEMBER 5, 2000 

NH3-N Concentrations (mg/L) - 
CP-2AT CP-GAT SW12 POST-DC* LASMA 

------ - -- 

N o .  of Sarrples 371 4 5 4 4 4 4 41 444 

Min. 0.06 0.01 0.04 428.5 948.00 

Max. 655.59 489.35 249.80 706.4 :;009.01 

Staxdard Deviation 118.74 51.65 44.41 84.0 i69.07 

v- 

*F3ST-DC = Post-digestion centrate. Samples collected Sep- 
te::ber 13-20, 2000. 

*j.CV = Coeffscient of variation based on hourly samples. 



infiltration in the sewer. As CPC is the main ammonia con- 

tributor in this area, the variation of anmonia concentrations 

at SW12 should reflect the variation of the amount of ammonia 

discharged from CP-2AT. 

Figures 2 through 4 present the hourly ammonia concentra- 

tions measured at CP-2AT and SW12 during the sampling period 

of August 14 to September 1, 2000. As can be seen in these 

figures, the hourly ammonia concentrations at both CP-2AT and 

SW12 varied substantially, and most of the peaks at these two 

locations matched closely. The peaks at CP-2AT were rela- 

tively sharper, compared to those at the downstream location 

SW12. The peaks at both locations generally lasted only a few 

hours. The variation of ammonia concentrations at both loca- 

tions appeared to be random, and no clear pattern of daily 

variations could be established. The daily average ammonia 

concentrations at these two locations, as given in Table AI-1, 

were less variable, compared to the hourly concentrations, as 

given in Table 3, 32.5 percent of CV for daily versus 74.4 

percent for hourly at CP-2AT and 21.0 percent versus 69.7 per- 

cent at SW12. 

The ammonia load contributed by the post-digestion cen- 

trifuges depends upon the flow rate of centrate, which in turn 

depends on the number of centrifuges working at a certain 

24 
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time, as the ammonia concentrations of the centrate from Post- 

DC are relatively less variable. The mean ammonia concentra- 

tion in centrate from Post-DC was 564 mg/L, ranging from 430 

to 710 mg/L, based on the analysis of 41 grab samples during 

the five-day sampling period in September 2000. The variation 

in daily amount of ammonia from Post-DC ranked third with a CV 

of 2i.l percent. 

The hourly ammonia concentrations at LASMA during the 

sarnpllng period of August 14 through September 1, 2000 are 

presented In Figures 5 through 7. As can be seen from these 

figures, the hourly ammonia concentrations in the overflow 

frox the sludge lagoons at LASMA had less variation than CPC. 

Of the four sampling stations, LASMA had the smallest varia- 

tion in hourly ammonia concentrations with a CV of 23.7 per- 

cent, as shown in Table 3. It may be noted that the CV for 

sampling at Post-DC was not included in this comparison as 

sample slze was much smaller at this location. According to 

the M&0 Department operation records from April 25 to August 

29 of 2000, the hourly overflow rates from the sludge lagoons 

at LASMA were relatively constant. Therefore, the variation 

in the ammonia load from LASMA was small. 

In summary, based on the analysis of the data collected 

during this investigation, the average amounts of ammonia 









produced from the four sources, TARP, CPC, Post-DC and LASMA, 

were 6,393, 8,764, 8,526, and 16,752 pounds per day, respec- 

tively, during August 14 to September 5, 2000. During the 

same period, the average ammonia load to the Stickney WRP was 

79,562 pounds per day, including 18,068 pounds per day of am- 

monia to the Stickney West Side plant, which can be considered 

as background ammonia from sewage in the service area. 

The daily variation in ammonia from the TARP pumpback was 

the highest with a CV of 83.6 percent, and the lowest from 

LASMA with 20.5 percent. The hourly variation of ammonia con- 

centrations in the wastewater discharged from CPC was substan- 

tial. However, the peak concentrations usually lasted for a 

very short period of time, and the peaks tended to be slightly 

spread when the wastewater flowed to a downstream interceptor, 

namely SW12. The hourly ammonia concentrations in the over- 

flow from LASMA were less variable, compared to those from CPC 

and interceptor SW12. Similar trend was noted in Post-DC Sam- 

ples, although they were sampled less frequently. 

Analysis of Two Incidents of Ammonia Spikes in the Stickney 
WRP Final Effluent 

APRIL 7 INCIDENT 

Table 4 presents the daily average BOD5 and ammonia loads 

to the aeration tanks at the Stickney WRP between April 1 to 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

Z)ATT,Y ROT), AND AMMONIA LOADS TO THE STICICNEY WRP 
APRIL 1 THROUGH 14, 2 0 0 0  

WS IMEF* SW PREF** - . - - - -- - 
BODS NH3-N BODS NHA-N 

Date mg/L mg/L mg/L m g / L  

Sewage Flow 
WS SW 

MGU MGD 

- BOD, Load - NH3-N Load -.- 
Ef Eluent 

W S SW Total WS SW Total NII,-N 
K I b / d  K lb/d K lb/d K l b / d  K lb/d K l b / d  mg/L 

AVERAGE 89 8 . 8 7  252 2 1 . 1 3  282 3 7 8  2 1 0 . 0  7 6 6 . 1  9 7 6 . 1  2 0 . 4  6 3 . 8  8 4 . 1  0 . 9 0  
M I N  4 9  5 . 1 4  1 4 9  1 0 . 1 5  2 1 1  2 2 8  1 0 1 . 8  3 8 0 . 3  5 7 5 . 6  1 6 . 6  4 2 . 2  5 9 . 9  0 . 0 6  
MAX 1 1 9  1 0 . 9 0  560  2 9 . 3 2  413 5 9 7  3 2 0 . 3  1 6 4 4 . 0  1 , 8 5 9 . 5  2 7 . 8  1 3 0 . 1  1 5 5 . 5  5 . 8 1  

*WS IMEF = Effluent from Irnhoff tanks a t  t h e  West Side  plant. 
**SW PREF = Effluent: from grellminary serrrliny tanks at  the Southwes t  p l a n t  



14, 2000. The calculated daily BOD5 load on April 7 was 1,015 

thousand pounds per day (Klb/d), which was slightly higher 

than average, as shown in Table 4, but was not the highest 

during this period. However, the calculated daily ammonia 

load on April 7 was 155.5 Klb/d, which was extremely high, 

compared to the average of 84.1 Klb/d during the first two 

weeks of April of 2000. 

Table 5 presents the shift average data for sewage flows, 

BOD5 loads, ammonia loads, air flows to the aeration tanks, 

ratlos of air to oxygen-consuming waste, and daily average am- 

monia concentrations in the final effluent. The ratio of air 

to oxygen-consuming waste is calculated by dividing air flow 

rate by BOD5 load plus 4.6 times ammonia load, because oxidiz- 

ing a pound of ammonia to nitrate requires 4.6 pounds of oxy- 

gen. The ratio of air to oxygen-consuming waste can be used 

for comparison purposes, as to whether or not sufficient air 

is supplied for degradation of the organic waste and ammonia 

In the aeration tanks. As can be seen in Table 5, the ammonia 

load increased from 112.3 Klb/day to 145.8 Klb/day from first 

shift to second shift on April 7 and to 200.5 Klb/day in the 

third shift. This increase in oxygen consuming waste load led 

to the decrease in the ratio of air to oxygen-consuming sub- 

stances. More air was provided to the system beginning at 



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

SF-IIYT AVEWSES OF FLCW RATES, BOD5, ALrfbIGNIA LOADS, AND ATR FIAOW EkTES 
TO THE STICKNEY WRP AERATION TANKS 

A P R l L  4 'I'ilR0IJCI-I 8 ,  2 0 0 0  

BOD, Load 
Flow Rate iMGD) - - jK ib/dj NH, Load i i C  lb/d) A;r Flow Alr/Waste Final NH3-N 

Shift WS SW Total WS SW Total W S SW T o t a l  ( k c f m )  ( f t 3 / l h )  ( m g / L )  



7:20 p.m. on April 7, 2000, when a third blower was put in 

service. However, the estimated ratio of air to oxygen- 

consuming substances did not show an improvement until the 

morning of April 8, 2000. 

Figure 8 presents the hourly sewage flow rates to the 

Stickney WRP during April 5 to 8, 2000. As can be seen, the 

total sewage flow started surging from 12:OO noon on April 7 

and went over 1,200 MGD at 2:00 p.m. and stayed above 1,000 

MGD for the rest of the day due to the rainfall on this day. 

As the hourly ammonia concentrations in the final effluent are 

unavailable, the time of actual high ammonia concentration 

leading to daily average ammonia concentration of 5.81 mg/L in 

the final effluent on April 7 cannot be pinpointed. However, 

it can be said that a combination of the high sewage flow and 

high concentratlons of BOD5 and ammonia in the sewage on April 

7 may have been responsible for carrying high amounts of 

oxygen-consuming waste, particularly ammonia, into the treat- 

ment plant, leading to insufficient oxygen in the aeration 

tanks to oxidize the amount of ammonia in the tanks. 

Table 6 presents the shift average operation data for 

sewage and air flows to each aeration battery, DO values re- 

corded half an hour before the end of each shift from DO 

probes installed in the selected aeration tanks, and the 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 

OPERATING DATA FOR AERkTION BATTERIES AT THE STICKNEY WRP 
APRIL 3 THROUGH 8, 2 0 0 0  

Sewage Air Air/Sewaye ____- DO(mg/L) Average 
Flow Flow Ratio Tank 1 Tank 4 Tank 6 DO * 

Date Shift (MGD) (Kcfm) ft3/gal Pass 2 Pass 4 Pass 2 Pass 4 Pass 2 Pass 4 (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

OPERIiTING ZATA FOR AE.W.TION BATTERIES AT THE STICKNEY WRP 
APRIL 3 TflROUGH 8 ,  2000 

Sewage  Air A i r  /Sewage 
~ - D O ( r n g / L )  . - . -- -.. . - - ... . - - Average 

Flow Flow Rat io  . T a n k  - 1 - . -- Tank 4 T a n k 6  - DO* 
D a t e  S h i f t  (MGD) [Kcfmj f t 3 i g a i  P a s s  2 Pass 4 Pass 2 Pass 4 Pass 2 Psss 4 (!ng/L! 



METROPOLITAN WATER R E C L W T I O N  DISTRICT OF GREATER CHICAGO 

TABLE 6 (Continued) 

OPERATING DATA FOR AERATION BATTERIES AT THE STICKNEY WRP 
APRIL 3 THROUGH 8, 2000 

Sewage Air Air/ Sewage DO (mg/L) Average 
Flow Flow Ratio Tank 1 Tank 4 Tank 6 DO* 

Date Shift (MGD) (Kcfm) ft3/gal Pass 2 Pass 4 Pass 2 Pass 4 Pass 2 Pass 4 (mg/L) 





average DO values for each battery. The average DO for each 

battery on each shift was calculated based on six values ob- 

tained from six DO probes. The average DO values for all the 

aeration batteries on the second and third shifts of April 7 

were 0.6 and 0.7 mg/L, respectively, which were much lower 

than the average DO values of above 2 mg/L on the other shifts 

between April 3 to 8. It is speculated that the unusually 

large amounts of oxygen-consuming waste carried to the aera- 

tion tanks by the surge of sewage flow through the first flush 

of the sewers caused the low DO situation in the aeration 

tanks. At this low DO level, as low as 0.6 mg/L, nitrifica- 

tion of the wastewater must have been seriously impaired. 

It appears that the combination of high ammonia load in 

the influent and low DOs in the aeration tanks caused the av- 

erage daily ammonia concentration in the final effluent to be 

as high as 5.81 mg/L due to impaired nitrification. Most 

likely, the unusually high load of ammonia to the Stickney WRP 

was due to the first flush in the sewer system, which also 

brought higher-than-average amount of BODS to the plant. This 

surge of raw sewage flow to the Stickney WRP from 600 to 1,200 

MGD occurred during the second shift on April 7, and lasted 

until the first shift on April 8, 2000, because of the rain- 

fall starting at 10:OO a.m. on April 7. 



An effluent NH3-N concentration of 2.82 mg/L, v,k.,1ck was 

the second highest value observed during this period, sczurred 

on Aprsli 5 2000, and was associated with a high BOOc loading 

rate of 1127.6 Kib/d and a low average DO concentraticr-, rang- 

ing from 0.9 to 1.9 in the batteries during some shifts. 

JUL-k' 2 2  I K C I D E N T  

Table 7 presents the daily average BOD5 and ammonia loads -- 

to the aeration tanks at the Stickney WRP between Jcly 1 5  and 

29, 2000, covering Zuly 22, the day of the incident. The cal- 

culated daily BOD5 load of 685 Rlb/d on July 22 was about 23 

percent hlc;her than the average, as shown in Table 7, k ~ t  not 

t b e  il~g'nes~ (778 Klb/d) during this period. The ealczlated 

daily- arnmnia load of 97.1 Klb/d on July 22 was the thlrd 

hignest between July 16 and 29, 2000. 

Table 8 presents the shift average data for sewage fiows, 

BC)C5 loads, ammonia loads, air flows to the aeraticr; tanks, 

ratics of air to oxygen-consuming waste, and daily average am- 

monia concentrati.ons from daily composite samples in the f lnal 

ei.fBuent. As can be seen, the first shift on July 2 2 ,  2000 

heid che kighest BOD5 and ammonia loads of the day, wk1r.h re- 

sulted in 448 cubic feet air per pound of oxygen c=rs?mming 

wasts, wksch was very low, compared to 579 cubic feet per 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 7 

DAILY BOD, AND AMMONIA LOADS TO THE STICKNEY WRP 
JULY 16 THROUGH 29 ,  2000 

WS IMEF* SW PREF** Sewage Flow BODS Load NH3-N Load Effluent 
BOD, NH,-N BOD5 NHS-N WS SW W S SW Total WS SW Total NH3-N 

Date mg/L mg/L mg/L mg/L MGD MGD K Ib/d K lb/d K lb/d K lb/d K lb/d K lb/d mg/L 

Average 75 9 .42  1 2 1  17.08 2 7 4  375  1 7 4 . 5  382 . 0  556 .5  21 .5  5 3 . 6  7 5 . 1  1 . 1 2  

Min. 54  6 . 9 5  73  9 . 5 1  225  272  1 1 7 . 1  2 0 4 . 2  344 .8  1 5 . 1  2 9 . 7  4 4 . 7  0.10 

Max. 108  1 3 . 0 0  207 22 .99  4 1 1  457 3 7 0 . 2  6 2 3 . 2  778 .3  2 8 . 5  7 9 . 1  1 0 5 . 1  6 . 4 1  

*WS IMEF = Effluent from Imhoff tanks at the West Side plant. 
**SW PREF = Effluent from preliminary settling tanks at the Southwest plant. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 8 

SIiiFT AVE3ACF.S OF FLOW T'uiTES, BOD5, .L&4P.:OhT:k LOABS, i?ND AT!? YI,C'F! RF.1'ES 
TO THE STlCKNEY WRP AERATlON TPNKS 

,'iiT>Y 2C TIIR~~~JCIJ 7 1 ,  Z"00 

BOD, Load 
Flow Race jivlGDj i i c  1bid) N:l, Load fK Ibid) Air Flow Alr/Waste Final NII,-N -- 

Shift WS SW Total WS SW Total WS SW Total (kcfrn) ( f t3/lb) fmg/L) 



pound in the previous shift. The daily average ratio of 579 

cubic feet air per pound of oxygen-consuming waste on July 22 

was the lowest between July 20 though 23, 2000. 

Figure 9 presents the hourly sewage flow rates to the 

Stickney WRP including West Side and Southwest plants during 

July 20 to 23, 2000. These hourly sewage flows had similar 

daily pattern during these four days, except that the sewage 

flows to the West Side plant in the first shift of July 22 and 

third shift of July 23 were higher than normal, resulting in 

slightly higher total sewage flows to the Stickney WRP in 

these two shifts. However, the daily average sewage flow to 

the Stickney WRP on July 22 was close to the average value of 

the July 16 to 29, 2000 period, as shown in Table 7. 

Table 9 presents the shift average operation data for 

sewage and air flows to each aeration battery, DO values re- 

corded half an hour before the end of each shift from DO 

probes installed in the selected aeration tanks, and the aver- 

age DO values for each battery from first shift on July 19 to 

third shift on July 24, 2000. As can be seen, the average DO 

values for all the batteries decreased from 2.1 mg/L in the 

first shift to 0.9 mg/L in the second shift on July 22. Dur- 

ing these two shifts, only two blowers were operating, accord- 

ing to the M&O Department operation records. A third blower 





METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 

OPERATING DATA FOR AERATION BATTERIES AT THE STICKNEY WRP 
JULY 19 THROUGH 24. 2000 

Sewage Air Air/Sewage DO (mg /L)  Average 
Flow Flow Ratio Tank 1 Tank 4 Tank 6 DO * 

Date Shift (MGD) (KCFM) f t 3 / ~ a l  Pass 2 Pass 4 Pass 2 Pass 4 Pass 2 Pass 4 (mg/L) 



HETROPOLITAN 'tJATER RECLAMATION DIST1HCT OF GREA'1'ER CHICAGO 

TABLE <) (Cnntj,t1ued) 

OPERA'l'ING DATA FOR AEHA1'ION BATTERIES A'l' THE STICKNEY ~\lRP 

JULY 19 THROUGH 24 ,,000 

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

Sewage Air Air/Sewage Average 
Flow Flow Ratio DO* 

Date Shift (MGD) (KCFM) ft'/Gal Pass 4 Pass 4 (lfIglL) 

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

------- -------- --.-------- --- ---------Battery B- - - - ------

7/19/00 1 159 107 0.97 0.3 5.4 1.1 6.1 2.0 6.4 3.6 
2 112 107 1. 38 1.4 5.3 1.5 6.2 loB 6.2 3.7 
3 168 107 0.92 2.2 7.9 3.B 6.B 6.8 6.7 5.7 

7/20/00 1 152 IDS 1. 02 0.7 4.3 0.8 3.0 1.2 6.4 2.7 

""" 2 110 108 1. 41 2.0 5.6 1.5 5.5 1.9 6.6 3.9 \.0 
3 176 108 0.88 2.3 6.7 4.4 6.8 4.5 6.7 5.2 

7/21/00 1 160 108 0.97 1.1 7.8 0.9 5.0 2.0 6.4 3.9 
2 113 108 1. 38 3.1 4.3 1.3 5.3 2.2 5.9 3.7 
3 178 108 0.S7 1.4 7.8 1.8 6.5 4.8 6.7 4.8 

7/22/00 1 196 108 0.79 1.1 1.8 0.7 3.0 1 7 5.1 2.2 
2 140 106 1. 09 0.4 0.6 0.6 0.9 1.6 0.8 0 8 
3 152 109 1. 03 1.8 1.6 0.8 1.4 1.8 1.4 1.5 

7/23/00 1 163 122 1.0B 1.0 7.0 1.1 5.8 2.0 7.0 4.0 
2 123 123 1.44 7.7 7.5 6.8 7.3 7.0 7.8 7.4 
3 216 123 0.82 6.2 7.3 4.1 7.1 7.2 7.6 6.6 

7/24/00 1 183 121 0.95 2.5 2.7 1.6 4.8 2.4 5.7 3.3 
2 179 115 0.93 3 1 7.2 2.9 6.9 5.2 7.5 5.5 
3 185 90 0.70 0.6 6 6 1.B 6.7 2.7 7.2 4.3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 (Continued) 

OPERATING DATA FOR AERATION RATTERIES AT THE STICKNEY WRP 
JULY 19 THROUGH 24, 2000  

Sewage Air Air/Sewage DO(mg/L) Average 
Flow Flow Ratio Tank 1 Tank 4 Tank 6 DO * 

Date Shift (MGD) (KCFM) ft3/~al Pass 2 Pass 4 Pass 2 Pass 4 Pass 2 Pass 4 (mg/L) 



METROPOLITAN WATER RECLpI\MM9TIOI\I DISTR T r T  OF GREATER CHICAGO 

OPERATING DATA FOR AERATlON BATTERIES AT TiiE STICKNE'Y' WRi' 
JUL,Y 19 THROUGH 74, 7oon 

Sewage Air Air/ Sewage 00 ( m%'L)-._____~____ Average 
Flow Flow Ratio Tank 1 Tank 4 Tank 6 ---- - DO * 

Date Shift (MGD) (KCFM) f t 3 / ~ a l  Pass 2 Pass 4 Pass 2 P a s s  4 Pass 2 Pass 4 (mg/L) 

__^____I_ _ _.-..-_.-.._"_.-"-."--I _ . _ .  ." " _  __ "__- -.-..--__- 
AAvcracge Ij0 was (.:ontpiiter?i based on s i x  me;;ls:~;lr-ed i30 values in 'Tariks I ,  4 i ind 6 

**The aeration battery was out of service. 



was put into service at 7:30 p.m. on July 22. As a result, DO 

increased to 1.4 mg/L at the end of the third shift. The av- 

erage DO value on July 22 was the lowest during the period 

July 19 through 24, 2000. 

Figure 10 shows the hourly ammonia concentrations in the 

final effluent of the Stickney WRP monitored by an ammonia 

analyzer between July 21 and 23, 2000. Ammonia concentration 

increased sharply up to 10 mg/L, which was the highest concen- 

tration that the analyzer can record, during the first shift 

of July 22 until 4:00 a.m., and then dropped to below 4 mg/L 

at the end of the first shift. However, the ammonia concen- 

tration kept rising at the beginning of the second shift, and 

went up to 10 mg/L or beyond at 10:OO a.m. on that day. This 

high concentration lasted for more than 8 hours before it 

started to decrease at about 8: 00 p.m. in the evening of July 

22. Apparently, the daily average ammonia concentration of 

6.41 mg/L in the final effluent was due to the ammonia peaks 

at 4:00 a.m. and between 10:OO a.m. and 8:00 p.m. on July 22, 

2000. 

The high values of ammonia in the effluent were presuma- 

bly due to low DOs in the aeration tanks, and not due to the 

daily BOD5 and ammonia loads to the Stickney WRP as they were 

only slightly higher than normal on July 22, 2000. Low DOs in 





the aeration tanks resulted presumably due to the high BODS 

and ammonia loads occurring during the first shift on that 

day. 

ESTIMATION OF AMMONIA LOADS DUE TO MAJOR SOURCES DURING THE 
INCIDENTS 

From the available data, ammonia loadings from four major 

ammonia-contributing sources to the Stickney WRP before and 

after the two incidents were estimated. These four sources 

were TARP pumpback, and discharges from CPC, Post-DC, and 

LASMA . 

Table 10 presents the flow rates and waste loads from the 

TARP pumpback during the two incidents in April and July of 

2000. Operation records indicated that the TARP pumpback usu- 

ally occurred between late night and early morning during 

weekdays and during daytimes on weekends. Between April 6 and 

7, 2000, the TARP pumpback started at 10:05 p.m. on April 6 

and stopped at 7:30 a.m. on April 7. Approximately, all of 

the waste loads from TARP pumpback on April 7 went to the 

Stickney WRP during the first shift. These waste loads were 

8.0 Klb of ammonia and 125.7 Klb of BOD5. Between July 21 and 

22, 2000, the TARP pumpback started at 10:05 p.m. on July 21 

and stopped at 6:00 a.m. on July 22. Apparently, all of the 

waste loads from TARP pumpback on July 22 went to the Stickney 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

VOLUME PUMPED A.NU OXYGEN-CONSUMING WASTE LOADS FROM TARP 
PUIVSPEACK DURIXC TIiE Tin70 INCIDENTS 1 N RPRJL bJlI) ,JUI,Y, 21)CIil 

Date 

Vn l u m e  
Pumped 

MG 



WRP during the first six hours. These waste loads were 23.6 

Klb of ammonia and 68.3 Klb of BOD5. 

Table 11 presents the ammonia concentrations and flow 

rates of wastewater discharged from CPC and monitored by the 

IWD during February through July of 2000. The monitoring data 

on the two days (April 7 and July 22, 2000), when the inci- 

dents of hlgh ammonia concentration in the final effluent of 

the Stickney WRP occurred, were unavailable. During the 6 

months period, 34 days of data were collected, which gave the 

mean daily a&monia load of 10.53 Klb/d with a range of 0.29 to 

18.82 K15/d. 

The amounts of ammonia from Post-DC were estimated using 

the average ammonia concentration of 564 mg/L, obtained in 

this study, and the flow rates of the centrate on April 7 and 

July 22, 2000. According to the M&0 Department operation rec- 

ords, the volume of sludge pumped through the post-digestion 

centrifuges were 1.773 MG (million gallons) for April 7, and 

1.859 MG for July 22, and the weights of wet sludge cake after 

dewatering were 831.9 tons for April 7 and 1,223 tons for J u l y  

22, respectively. Based on this information, the estimated 

flow rates of the centrate were 1.57 MGD for both April 7 and 

July 22, 2000. 



METR0POLITA;V WATER RECLAMATION DISTRICT OF GREATER CXICJIGO 

TABLE 11 

, W O N L A  CON(IENTRATI0NS AND FLOW RATES OF WASTEWATE% 
DISCHARGED FROM CORN PRODUCTS CORPORATION 

FEBRUARY TO JULY 2000 

- Site 1 (2AT) Site 2 (6AT) 
NH3 -N Flow* NH3 -N Flow* . i ~ a d *  * 

3ste  mg / L MGD mg/L MGD x lb/d 

Mean 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 11 (Continued) 

AMMONIA CONCENTRATIONS AND FLOW RATES OF WASTEWATER 
DISCHARGED FROM CORN PRODUCTS CORPORATION 

FEBRUARY TO JULY 2000 

Site 1 (2AT) Site 2 (6AT) 
NH3 -N Flow* NH3 -N Flow* Load* * 

Date mg/L MGD mg/L MGD K lb/d 

Mean 216.80 0.81 10.85 

Mean 187.65 6.31 30.89 0.181 9.48 

Total No. 
of Samples 34 21 3 3 21 34 
Mean 212.07 6.0 21.23 0.16 10.53 
Min . 0.06 0.22 0.05 0.105 0.29 
Max. 339.20 12.47 251.39 0.218 18.82 

*Mean daily flows, which were calculated using the known 21 
daily flows, were assigned to those days in which ammonia 
concentrations were measured, but daily flows were not 
available. 

**Ammonia load is the sum of ammonia discharged from both 
sites. 



According to the M&O Department operation records, the 

overt-ou rate Erom LASMA on July 22 was 3.2 MGD. The 3verflow 

rate from L,AST.W on April 7 was unavailable, but an average of 

2.8 t-:GLl was recorded in the last week of April of 2023. This 

averaze ovsrflow rate was used to estimate the amount of amo- 

nia Erom LASPIA- on April 7, 2000. The average ammonia z ~ c e n -  

trar_:on of 701 rng/L, which was obtained in this st;i:5y6 was 

used to estimate the amounts of ammonia from LASm on both 

days of Apl il 7 and July 22, 2000. 

-:able 12 presents the ammonia loads in thousand pecnds to 

the aerzitran tanks at the Stickney WRP in each opera%rorA shift 

dcr:.-~ Aprll 7 and July 22, 2000, and from the four scurces, 

T CPC,  Post-DC, and LASMA, and percent of each. Ir-cbuded 

13 T a ~ l e  - 12 - 1s also the ammonia load from the Stickney West 

S l d e  p i a n z ,  whlch receives no wasteweter from TARP, CPC, Post- 

D(3, ar LASFA. As can be seen, the amounts of ammonia from 

TARP accounted for 21 and 60 percent of the total an;r,sfi.La en- 

ter l .ng izhe aeration tanks in the first shift on Apr~l 7 and 

Ju:-y 22, respectively, although they only represented 5 and 24 

percent of the daily total. The diurnal variation of a~nonia. 

fron CPC rs unknown on those two days. If it is assumed that 

the naximum daily amount of ammonia, from the February-to-Jaly 

rrionztoring, entered the Stickney WRP on April 7 an2 J-~iy 22, 

5 9 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 12 

AMMONIA LOADS IN THOUSAND POUNDS IN EACH SHIFT FROM VARIOUS SOURCES TO THE AERATION TANKS AT THE 
STICKNEY WRP DURING AMMONIA SPIKE INCIDENTS ON APRIL 7 AND JULY 22 ,  2000 

Date 
To Aeration From WS IMEF -From TARP' From C P C ~  From POS~-DC' From L A S ~  

Shift Tanks (AT) Loads % of AT Loads 8 of AT Loads % of AT Loads 8 of AT Loads 8 of AT 

Daily Total 1 5 3 . 8  2 5 . 4  17 8 . 0  5 18.9 1 2  7.5 5  16.4 11 

Daily TOTAL 96 .4  2 8 . 6  30  2 3 . 6  2 4  18.9 2 0 7.5 8 18.7 19 

- 
'~ssurnin~ that all the ammonia from TARP entered the aeration tanks. 
2~ssuming that the maximum daily amount of ammonia during February-to-July monitoring entered the 
aeration tanks evenly on both days. 
3~ssuming that the ammonia concentration was 564 mg/L in the centrate on both days, and the flow rates 
were 1.57 MGD on both days as well. 
'~ssuming that the ammonia concentration was 701 mg/L in the overflow on both days, and flow rates 
were 2.8 MGD on April 7 and 3 . 2  MGD on July 2 2 .  



2003, the am-nonla from CPC would account for 12 and 2C prcent 

of tke daily total on these two days, respectively. The estl- 

matec amocnts of ammonia from Post-DC and LASMA repiese:~ted 5 

and 11 percent of the daily total to the aeration ",~ks on 

April 7, a17.d 8 and 19 percent on July 22, 2000, respe~:i;~e,y. 

In summary, the two incidents of unusually high ari'nionia 

concsntrations in the final effluent of the Stickney oc- 

curred because of different causes. On April 7 when the first 

lnci5ent occurred, a surge of raw sewage flow due to ske rain- 

fall on that day brought an unusually high ammonia bgad of 

155.4 KTb!d Into the aeration tanks. As a consequence 30s  in 

the aer2tron tanks dropped to very low levels, below H mg/L. 

Thls reduzed the nrtrsfication rates, affecting adversely the 

removal of ammonia. Therefore, it was concluded that 9 ~ e  com- 

b1nat;on of an extremely high ammonia load to the Stlck~ey WRP 

and l o w  00 levels in the aeration tanks caused this ~nc~dent. 

It Is speculated that the first flush of the sewer system by a 

hlgh sewage flow might have played a role in this case, 

On July 22 when the second incident occurred at the 

Stlckney kVK?, the daily average ammonia load of 97.1 Klbid to 

the aerat~on tanks was only 30 percent above the average load 

of 75.1 K l k l d i  for the adjacent two weeks. The f low-weighted 

average amionla concentration in the raw sewage ts the 



Stickney WRP was 14.5 mg/L, which was only slightly higher 

than the mean value of 13.63 mg/L, for the first nine months 

of year 2000. However, the DO levels in the aeration tanks on 

that day were low, and the average values of DO in all batter- 

ies were 2.1, 0.9 and 1.4 mg/L for the first, second and third 

shifts, respectively. The ammonia profile in the final efflu- 

ent of the Stickney WRP between July 21 and July 23 (see Fig- 

ure iO) indicated that the peaks of high ammonia concentra- 

tion, 10 mg/L or higher, occurred twice, and the second peak 

lasted for more than eight hours, mainly in the late second 

shift ar,d early third shift. The operation records showed 

that there were only two blowers in operation during that pe- 

rlod. Therefore, the poor nitrification due to the low DOs in 

the aeration tanks appeared to be the main cause of this inci- 

dent. However, the factors that caused the low DO levels in 

the aeration tanks are not obvious and are somewhat complex. 

High BODS and ammonia concentrations in the TARP pumpback (see 

Table 10) in the late night hours of July 21 and early morning 

hours of July 22 might have triggered the decrease of DO in 

the aeration tanks during the day of July 22. 
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APPENDIX AI 
 

COMPLETE DATA SETS 



METROPOLITAN WATER RECLPiTION DISTRICT OF GREATER CHICAGO 

DAILY MEAN, MINlbTUM ANT) NAXIMJM VALUES OF NH3 -P! C0NC'E:NIT'RR'L'lONS (my/L) 
A?' T'P-?AT, CP-6A'T, SW12, AND LASMA 

AUGUST 14 ?'FIROIJGIl SBP'II'EMBER 5 ,  2000 

CP-2AT CL'-6AT ~ ~ ~. ~ SW12 LASMA 
Date Mean Min Max Mean Min Max Mean Min Max Mean Mi n Max 

Grand ' I 'utal 
Mean 160.10 8 .  14 6 3 . 3 8  '?61 1 2  
Min 0.09 0 06 0.04 0.01 41.39 0.04 2 9 5 . 1 9  48.00 
Max 231.81 655.59 162.19 489.35 84.80 249.80 882.28 1,009.01 
Std Dev 50.60 37.16 13.29 146.98 
CV ( % I  31.6 425.0 21.0 21.0 

*No samples were collected on this day due to a problem with the auto-sampler. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 

SUMMARY OF AMMONIA CONCENTRATIONS FOR POST-DIGESTION CENTRATE 
SEPTEMBER 13 THROUGH 20, 2000 

Number of NH3-N - in mg/L 
Sampling Date Samples Mean Min Max SD * 

Total 41 563.6 

*SD = Standard deviation. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

AMMONIA CONCENTR4TTONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STPCKNEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2 THROTJSH J U L Y  3 1, 2 00 0 

Southwest Raw b l e s t  Side Raw Total Ratio --- - 
Flow NH3-N NH3-N Load Flow NH3-N NH3-N ~ o a d  NH3-N Load SWjTotal 

D a t e  MGD mg/L I b/d MGD mg/L 1b/d lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

AMMONIA CONCENTRATIOlVS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STICKNEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2 THROUGH JULY 31, 2000 

Southwest Raw West Side Raw Total Ratio 
Flow NH3-N NH3-N Load Flow NW3-N NH3-N Load NH3-N Load SW/Total 

Date MGD mg/L l b /d  MGD m g / L  l b / d  lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT O F  GREATER CHICAGO 

TARIJE AI- 3 (Continued) 

AMMONIA CONCENTRATIONS, SEWAGE FLOW RATES APJU AMMONIA 
LOADS A T  THE STICKNEY SOUTI-fWESrP AND WEST SIDE PLANTS 

JANUAKY 2 THROUGH JULY 3 3 ;  2 0 0 0  

Southwest Raw - West Side  Raw T o t a l  Ratio 
Flow NH3-N NH3-N L o a d  F l o w  NH3-N NH3-N ~ o a d  NH3-N L o a d  SW/Total 

Date MGD mg/L l b / d  MGD mg/L l b / d  lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

AMMONIA CONCENTRATIONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STICKNEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2  THROUGH JULY 31, 2 0 0 0  

Southwest Raw West Side Raw Total Ratio 
Flow NH3-N NH3-N Load F l o w  NH3-N NH3-N Load NH3-N Load SW/Total 

Date MGD mg/L lb/d MGD mg/L lb/d lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

Date 

TABLE A T - 3  (Cont inued)  

AMMONIA CONCENTRAT'IONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS A T  THE STICKNEY SOUTHWEST AND WES'I' S I D E  PLANTS 

,PNJUARY 2 'I'HKO!?CH J U L Y  31, 2iiOC) 

Southwest Raw - -  - 
Wpst Slde R a w  - pp - 'rota 1 Ratio 

Flow NH3-N NH3-N Load Flow NI-13-N NF-Ij-N Load NH3-N Load SW/Total 
MGD mg/L l b / d  MGD mg/L l b / d  l b /d  % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AL-3 (Continued) 

AMMONIA CONCENTRATIONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STICKNEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2 THROUGH J U L Y  31, 2 0 0 0  

Date 

Southwest Raw West Side Raw Total Ratio 
Flow NH3-N NH3-N Load Flow NH3-N NH3-N Load NH3-N Load SW/Total 
MGD mg/L lb/d MGD mg/L lb/d lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TARLF: AI-3 (Cont inued)  

AMMONIA CONCENTRATIONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS A T  THE STJCKlVEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2 'I'I-3ROTJGH .T!IILY 3 1, 2000 

Southwest Raw West S i d e  Raw T o t a l  Ra t io  
Flow NH3-N NH3-N Load Flow NH3-N NH3-N ~ o a 2  NK3-N Load SW/Total 

Date MGD mg/L lb/d MGD mg/L lb/d lb/d 'lo 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

AMMONIA CONCENTWTIONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STICKNEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2 THROUGH JULY 31, 2000 

Southwest Raw West Side Raw Total Ratio 
Flow NH3-N NH3-N Load Flow NH3-N NH3-N Load NH3-N Load SW/Total 

Date MGD mg/L lb/d MGD mg/L lb/d lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AT 3 (Continued) 

AMMONIA CONCENTRATIONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STICKNEY SOUTHWEST AND WEST SIDE PLANTS 

JANUARY 2 THROUGH JULY 31, 2 0 0 0  

S o u ~ h w e  s t R a w  West Side  Raw T o t a l  Ratio - 
Flow NH3-N NH3-N Load Flow NHj-Rj NH3-N Load NH3-N Load SW/Total 

Date MGD mg/L lb/d MGD mg/L lb/d lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

AMMONIA CONCENTRATIONS, SEWAGE FLOW RATES AND AMMONIA 
LOADS AT THE STICKNEY SOUTHWEST AND WEST S I D E  PLANTS 

JANUARY 2 THROUGH JULY 31, 2000 

Southwest Raw West Side Raw Total Ratio 
Flow NH3-N NH3-N Load Flow NH3-N NH3-N Load NH3-N Load SW/Total 

Date MGD mg/L lb/d MGD mg/L lb/d lb/d % 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AT--3 ( C o n t i n u e d )  

AMMONLA CONCENTRATIONS, SEWAGE FLOW RAT'ES AND AMMONIA 
LOADS AT THE SrPTCKNEY SOUTHWEST AND WEST SIDE PLANTS 

J.mTUARY 2 THROUGfI JU'frY 711 : 2 0 0 9  

Southwest  Raw West Side Raw Total Ratio 
Flow NH3-N NH3-N Load Fiow NH3-N NH3-N Load NH3-N Load SW/Total 

Date MGD mg/L l b / d  MGD mg/L lb/d % lb/d 

Mean 470 1 7 . 5 9  
M i n  . 197  4.91 
Max (227 3 5 - 9 6  
S t d .  Uev. I G G  6 8 5  
CV ( % I  3 5 . 3  3 8 . 9  

*Data were not available. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 

FLOW RATES AND AMMONIA CONCENTRATIONS FOR TARP PUMPBACK 
AUGUST 14 THROUGH SEPTEMBER 5, 2000 

Date 
Flow 
MGD 

Mean 
Min . 
Max. 
Std. Dev 
cv ( % I  

17 
6 3 
189 
3 57 
19 1 
NF* * 

ND* 
31.49 
ND 
30.78 
6.27 
3.64 
2.44 

*ND = No data. 
**NF = No flow. 



EECROPOLIYAN WATER RECLAMATION DISTRICT OF GREATER CXTCAGO 

TABLE AI-5 

FLOW RATES AND AMMONIA CONCENTRATIONS FOR DISCHAR-GZ 
FROM THE CORN PRODUCTS CORPORATION (CPC) 

AUGUST 14 THROUGH SEPTEMBER 5, 2000 

Site 1 (2AT) Site 2 (6AT) Total 
NH3 -N FLOW* NH3 -N FLOW* * NH3 -N 

Date mg/L MGD my/L MGD lS/d 

165.92 
231.81 
151.49 
112.09 
121.82 
154.99 
0.09 

DN* * * 
177.47 
176.60 
136.82 
220.84 
166.86 
182.62 
199.32 
154.51 
152.90 
201.08 
174.67 

Mean 160.10 6.56 8.74 0.192 8,764 
Ein. 0.09 5.93 0.04 0.156 5 
Max. 231.81 7.28 162.19 0.274 12,472 
S t d .  Dev. 51 0 37.16 0 2,811 
CV ( % )  3 2 4 425 11 3 2 

"4 meac flow of 6.6 MGD was used for the days withe-~t rec- 
o rd s .  

* * A  mear flow of 0.19 MGD was used for the days witb tour  rec- 
ords. 

**"Data were not available. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 

SLUDGE VOLUME INPUT AND WET CAKE WEIGHT FROM POST-DIGESTION 
CENTRIFUGES AND AMMONIA CONCENTRATION OF CENTRATE 

AUGUST 14 THROUGH SEPTEMBER 5, 2000 

Sludge to Cake Wet Centrate Centrate NH3-N 
Centrifuges Weight Flow NH3-N* Amount 

Date gal/d ton/h MGD mg / L lb/d 

Mean 2,126,828 54.53 1.81 8,526 
Min . 1,296,000 35.79 1.07 5,036 
Max. 2,832,540 75.67 2.40 11,273 
Std. Dev. 451,874 13.05 0.38 1,795 
CV ( % I  21.2 23.9 21.1 21.1 

*The mean ammonia concentration of 564 mg/L for centrate was 
obtained in a separate study during September 13 through 20, 
2000 (see Appendix Table AI-2), and was used here to estimate 
the amounts of ammonia in the centrate, as the daily 
concentrations of ammonia for centrate during August 14 
through September 5, 2000 were not available. 



MET3.ClPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AI-7 

AMMONZA CONCENTR!TIONS AND FLOW RATES OF THE OVERFLOW FRSM THE 
SLUDGE LAGOONS AT LASMA 

AUGUST 14 THROUGH SEPTEMBER 5, 2000 

NH3-N Concentration Flow* E l l 3 - N  Load 
Date mg/L MGD x Ib/d 

Mean 
NLn . 
Fex . 
St .d .  Dev. 
CV ( % )  

*A mean flow of 2.84 MGD was used for the days without 
records 




