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SUMMARY AND CONCLUSIONS 

A study was conducted in 2000 at the Stickney Water Rec- 

lamation Plant (WRP) to determine the major sources of ammonia 

nitrogen (ammonia) loading variability and the influence of 

these sources on peak ammonia loadings. This was of concern 

because of the ability to comply with a new daily maximum am- 

monia limit in the NPDES permit. Although four major sources 

were identified, questions remained. A follow-up study was 

carried out in 2001 to investigate the magnitude of the previ- 

ously identified four major point sources in contributing to 

peak ammonia and total Kjeldahl nitrogen (TKN) loadings to the 

Stickney WRP. 

The four previously identified point sources were TARP 

pumpback, discharge from Corn Products International ( C P I ) ,  

centrate from the post-digestion centrifuges (Post-DC), and 

overflow from the sludge lagoons in the Lawndale Avenue Solids 

Management Area (LASMA) . These four major point sources, 

along with several locations within the Stickney WRP, were in- 

vestigated for hourly variations in concentrations of ammonia * 

and TKN (ammonia plus organic nitrogen), and the corresponding 

wastewater flow rates to determine peak ammonia and TKN load- 

ings at these locations. 
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For t h l s  study, ten sampling locations were selez:~? to 

collect samples. A list of these ten locations is given be- 

low: 

1. Corn Products International at the 2AT sampling 

site (&PI). 

2. LASMA East (LASMAE) Manhole. 

3. LASMA West (LASMAW) Manhole. 

4. Interceptor SW-12 upstream of CPI (SW-12). 

5. Centrate from the Stickney Post-DC. 

6. TAFP Pumpback to the Stickney WRP (TARP) . 

7. Southwest Raw Sewage (SWRAW) . 

8. Southwest Preliminary Effluent (SWPREF). 

9. West Side Raw Sewage (WSRAW). 

10, West Side Imhoff Effluent (WSIMEF) . 

In the previous study, location 2AT at CPI had been  den- 

tified as t-he major ammonia discharge point for CPZ, account- 

!ing for more than 95 percent of the ammonia discharge from 

(:PI. Therefore, this location was chosen to monitor t h ~  dis- 

charge from CPI in this study. In the LASMA area, t w c  sam- 

pling sites were set up to collect (1) the overflcw from 

sludge lagoons discharging directly to the interceptor, and 

(2) t h e  oqerflow from the LASMA drying cells and from a 
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desilting basin at the Marathon Solids Drying Area, which is 

located at the west end of LASMA. 

To monitor background concentrations before the main dis- 

charge from CPI, one sampling station was set up on Intercep- 

tor SW-12 upstream of CPI. For centrate from the Stickney 

post-digestion centrifuges, three individual centrifuges were 

sampled and then the three samples were composited into one. 

Raw sewage entering the Stickney West Side and Southwest 

plants and the WSIMEF and SWPREF were monitored in this study 

in order to examine the changes in concentrations of TKN and 

ammonia through settling of the sewage in the Imhoff and pri- 

mary settling tanks. 

The sample collection was carried out during the period 

of September 17 through October 15, 2001. The Industrial 

Waste Division (IWD) was responsible for collecting samples 

and delivering them to appropriate laboratories of the Ana- 

lytical Laboratory Division (ALD) . Auto-samplers were em- 

ployed at each sampling location to collect a composite sample 

every two hours with an aliquot taken every 15 minutes. For 

Post-DC and TARP pumpback, which do not have flow at all 

times, some two-hour intervals will be missing from the data 

set. 
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The ammonia and TKN loadings (lbs/day) at each ncni-"ired 

locatlon during the study period were calculated usi r iq  the 

concentratiors and the corresponding flow rates. The data for 

wastewater flow rates at the ten sampling locations were qath- 

ered in several ways. At CPI, the data from the tc~tcilizer 

that records daily total discharge and strip charts t h a t  rec- 

ord lnstant discharge for the study period were obtained from 

the staff of CPI. The measurement of flow rates at L;c,SMAE, 

LASMhbJ, an5 SW-12 was contracted to Elan Industries, Irlc. The 

discharge rates of centrate at Post-DC were estimated based on 

the solids cmtents of centrifuge feed, sludge cake, and cen- 

tratc; anci the feeding rates to the centrifuges in operar-ion 

at the time of sampling. The flow rates for TARP punpback, 

raw sewage, SWPREF, and WSIMEF were obtained from the pumping 

records of the M&O Department. 

P i l l  data collected for the study period September 17 

through Octo~er 15, 2001, were analyzed. The ammonia and TKN 

concentrati-ons of two-hour composite samples and the :orre- 

sponding flcfw rates were used to calculate the hourly pean 

loads of annonia and TKN for each two-hour sampling period. 

Daily loads of ammonia and TKN were calculated as th- sum of 

hourly loads over a 24-hour period. 



Hourly loads of ammonia and TKN were used to examine the 

variation of ammonia and TKN loads for each of the four major 

point sources as well as at the sampling locations within the 

Stickney WRP. The significant hourly peak ammonia and TKN 

loads of the wastewater entering the Stickney WRP aeration 

tanks (SWPREF + WSIMEF) were identified, and the contributions 

from the four major point sources were determined. Daily 

loads of ammonia were used to examine any changes that oc- 

curred since the previous study conducted in 2000. 

As a result of this study, the following conclusions can 

be drawn: 

1. Of the four major point sources of ammonia to 

the Stickney WRP, identified as CPI, Post-DC, 

TARP, and LASMA in the previous study, CPI, 

Post-DC, and TARP remained as the major point 

sources in this study that contributed signifi- 

cant amounts of ammonia nitrogen to the Stickney 

WRP. LASMA was not found to be a major point 

source during this study period. The average 

hourly loadings of ammonia and TKN from the four 

point sources investigated during September 17 

through October 15, 2001, and the individual 

percent contributions are summarized in Table 1. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

AVERAGE LOAD O F  AP4P.IONIA AND TKN CONTRIBUTED FROM THE FOUR POINT SOURCES TO THE 
STICKNEY WRP FOR THE PERIOD SEPTEMBER 17 THROUGH OCTOBER 15, 2 0 0 1  

Parameter Post-DC TARP C P I  LASMA 

Ammonia Load (lbs/h) 
Standard Deviation (lbs/h) 
Contribution ( % )  

2 TKN Load (lbs/h) 
. Standard Deviation (lbs/h) 
p"' Contribution ( % )  

- - - -  

Notes : 
1. Post-DC is the centrate from the post-digestion centrifuges. 
2. TARP is the TARP Pumpback to the Stickney WRP. 
3. C P I  is the discharge at 2AT of Corn Products International. 
4. LASMA is the overflow from the sludge lagoons in the Lawndale Avenue Solids Man- 

agement Area. 
5. Percent contribution was calculated based on the average total load of 2,122 

pounds per hour of ammonia and 6,903 pounds per hour of TKM to the Stickney WRP 
from all sources. 



2. Although LASMA was not considered a major point 

source, LASMA was an extremely variable source 

of ammonia and TKN. The recorded maximum hourly 

loads of ammonia and TKN from LASMA in this 

study were nine and eight times higher, respec- 

tively, than its hourly mean loads. 

3. Most of the significant hourly peak ammonia 

loads to SWPREF + WSIMEF were related to the 

peak loads to SWPREF, based on the hourly ammo- 

nia loads. However, less than half of these 

significant ammonia peak loads appeared to be 

related to the peak loads discharged at the 

three major point sources. 

4. The analysis of hourly TKN loads revealed that 

the significant peak TKN loads observed in SWRAW 

were not related to the peaks observed at the 

three major point sources. No correlation be- 

tween significant peak TKN loads to the Stickney 

WRP aeration tanks and those at the three major 

point sources was found, although the actual 

portion of TKN loads from these major point 

sources is difficult to determine due to the 
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removal of  p a r t i c u l a t e  o r g a n i c  n i t r o g e n  i n  r h ~  

prz.'.imznary s e t t l i n g  t a n k s .  

5 .  Al.though a  c o n s i d e r a b l e  amount of  o r g a n i c  n i t r c -  

gen was removed i n  t h e  Imhoff and p r e l i m i n a r y  

se t1 ; l ing  t a n k s ,  a b o u t  65 p e r c e n t  removal i n  :he 

p r e l i m i n a r y  s e t t l i n g  t a n k s  and 18  p e r c e n t  i~ rhe 

I n h o f f  t a n k s ,  o r g a n i c  n i t r o g e n  c o n s t i t u t e d  a 

s i g n i f i c a n t  p o r t i o n  o f  TKN e n t e r i n g  t h e  S t i c k n e y  

WRP a e r a t i o n  t a n k s  (SWPREF + WSIMEF) , accouritinc; 

for 46 p e r c e n t  o f  t h e  TKN. 

5.  The background sewage, a s  r e p r e s e n t e d  by t h e  

samples c o l l e c t e d  a t  t h e  I n t e r c e p t o r  SW-12 ug- 

s t r e a m  of  C P I  and  raw sewage t o  t h e  S t i c k c e y  

West S i d e  p l a n t  (WSRAW) , had a  much l a r g e r  por-  

t i o n  of o r g a n i c  n i t r o g e n ,  compared t o  t h e  waste- 

w a t e r  from t h e  t h r e e  ma jo r  p o i n t  s o u r c e s .  
/ 

7 .  The c o n t r i b u t i o n  o f  o r g a n i c  n i t r o g e n  from P c s t -  

DC and C P I  was r e l a t i v e l y  s m a l l .  Based or1 t h e  

k o u r l y  mean l o a d  o f  o r g a n i c  n i t r o g e n ,  and assum- 

i n g  t h a t  a l l  o f  t h e  o r g a n i c  n i t r o g e n  from ~ k e s e  

two s o u r c e s  r e a c h e s  t h e  S t i c k n e y  WRP a e r a t r o n  

t a n k s  (SWPREF + WSIMEF), t h e  o r g a n i c  n i t rc ige?  

frola Post-DC accoun ted  f o r  4 . 0  p e r c e n t  and G E Z  



3 . 1  p e r c e n t  o f  t h e  t o t a l  t o  t h e  a e r a t i o n  t a n k s .  

TARP, on t h e  o t h e r  hand, c o n t r i b u t e d  1 7 . 2  p e r -  

c e n t  of t h e  o r g a n i c  n i t r o g e n  l o a d i n g  t o  t h e  

S t i c k n e y  WRP a e r a t i o n  t a n k s .  

8 .  O f  t h e  t h r e e  major  p o i n t  s o u r c e s ,  TARP pumpback 

had t h e  g r e a t e s t  i n f l u e n c e  on peak TKN and ammo- 

n i a  l o a d i n g  t o  t h e  a e r a t i o n  t a n k s .  TARP pump- 

back,  a l o n g  w i t h  t h e  o p e r a t i o n s  o f  S t i c k n e y  WRP 

a e r a t i o n  t a n k s ,  needs  t o  be c a r e f u l l y  c o n t r o l l e d  

t o  a v o i d  p o t e n t i a l  v i o l a t i o n s  of  t h e  d a i l y  maxi- 

mum ammonia l i m i t  i n  t h e  S t i c k n e y  WRP f i n a l  ef- 

f l u e n t  . 



INTRODUCTION 

Background - 

The current NPDES permit for the Stickney WRP requzres 

ammonia-nitrogen (ammonia) in the final effluent not t9 exceed 

a maximun daily concentration of 8 mg/L in winter a x  s mg/L 

in s m e r ,  Fn addition to continuation of the monthly average 

concentratiorl limits contained in the previous permit. Zn the 

e x p i r e d  NPDES permit (which expired in 2001) , the a m o n i a  

.Limit is seasonal and set at a maximulm monthly average concen- 

tration of 2 . 5  mg/L (April-October) and 4.0 mg/L (Xovember- 

March) . Twice i.n the year 2000, on April 7 and again or. July 

22, the dally amnonia concentration in the final eff;%:ent of 

the Stickney WRP exceeded 5 mg/L. 

As a result of these two incidents that occurred in 2000, 

the MslO Department expressed a concern, and requested the R&D 

Department to identify major ammonia contributing sources to 

1:he Stickney WRP and to determine the likely cause(s) of ammo- 

nia spikes , exceedance of the proposed daily ammonia 

limits! I n  the final effluent of the Stickney WRP on A~rll 7 

and July 22, 3000. In response to this request from ",ie M&O 

Department, .rhe R&D Department conducted a study in 2620, in 

which field sampling collection was performed during A2gust 14 



through September 5, 2000. The purpose of this study was to 

identify main sources contributing ammonia to the Stickney WRP 

with the purpose of determining possible cause(s) of ammonia 

spikes that occurred twice in the year 2000 in the final ef- 

fluent of the Stickney WRP. The findings of this study were 

published as R&D Department Report No. 01-3 dated February 

2001. 

The above mentioned study identified four major ammonia 

contributjng sources to the Stickney WRP in addition to the 

regular domestic loading (domestic source), which is consid- 

ered normal background ammonia load. The four major ammonia 

contributing sources identified were TARP pumpback, discharge 

from CPI, centrate from the Post-DC, and overflow from the 

sludge lagoons at LASMA. 

In the 2000 study, loading of ammonia to the Stickney WRP 

was determined on a daily basis but insufficient data was col- 
/ 

lected with respect to hourly variations of the ammonia load- 

ing which could be responsible for spikes of ammonia exceeding 

the proposed daily maximum ammonia limit in the final efflu- 
* 

ent. Also, no data were collected to determine amounts of or- 

ganic nitrogen contributed from these major ammonia contribut- 

ing sources. In addition, two major operational changes took 

place at the Stickney WRP concerning sludge processing and 



r e c y c l e  s t r e a m s  a f t e r  t h e  2000  s t u d y .  The p o s t - d i g e s t i a L  cen-  

t r i t u g e  b u l l d i n g  was expanded and new c e n t r i f u g e s  were l n -  

s t a l l e d .  Beginning  e a r l y  2001, a l l  d i g e s t e d  s l u d g e  a t  t h e  

S t i c k n e y  KKP i s  b e i n g  dewate red  a t  t h e  p o s t - d i g e s t i o n  centri- 

fuge  builtj:inq, and  low s o l i d s  s l u d g e  h a s  no l o n g e r  beer s e n t  

t o  the l agoons  a t  t h e  LASMA a r e a  on a  r e g u l a r  basis .  A t  t h e  

same time, s e v e r a l  l a g o o n s  have been  t a k e n  o u t  of service t o  

make room f o r  t h e  f u t u r e  McCook r e s e r v o i r .  These  changes  

c o u l d  have major  impact  on t h e  l o a d i n g  o f  ammonia f rom some o f  

t h e  p r e v i o u s l y  i d e n t i f i e d  p o i n t  s o u r c e s .  

2001 S tudy  

T h e r e f o r e ,  a n o t h e r  s t u d y ,  which i s  t h e  s u b j e c t  of % h i s  

r e p o r t ,  was conducted  i n  2001  t o  d e t e r m i n e  h o u r l y  f l u c t u a t i o n s  

i n  ammonia and o r g a n i c  n i t r o g e n  l o a d i n g s  from t h e  f o u r  i d e n t i -  

f i e d  s o u r c e s  t o  t h e  S t i c k n e y  WRP. 

In t h e  2 0 0 1  s t u d y ,  s i t e  v i s i t s  were conducted  t o  i d e n t i f y  

and l o c a t e  p r o p e r  sampl ing  s i tes  p r i o r  t o  t h e  c o l l e c t i o n  o f  

f i e l d  samples. A s  a  r e s u l t  of t h e s e  v i s i t s ,  t e n  s a m p l l r g  l o -  

~ca t lo : l s  were s e l e c t e d  t o  c o l l e c t  samples  f o r  arnrnonla arsc o r -  

g a n i c  n i t r o g e n  c o n t r i b u t i n g  s o u r c e s  as w e l l  a s  t o  c o l l % c K  sam- 

p l e s  f o r  h e  raw sewage e n t e r i n g  t h e  S t i c k n e y  West Side and 

Southwest  p r i m a r y  s e t t l i n g  t a n k s ,  and  t h e  e f f l u e n t s  l e a v i n g  



these tanks. Two-hour composite samples at these ten loca- 

tions were collected by auto-samplers for 28 consecutive days 

from September 17 through October 15, 2001. All samples were 

analyzed for ammonia and TKN, which is the sum of ammonia and 

organic nitrogen. The corresponding flow rates at each sam- 

pling location were determined for the calculation of hourly 

ammonia and TKN loads, to evaluate hourly variations in ammo- 

nia and TKN concentrations, and to determine the contribution 

of ammonia and organic nitrogen from each of the major point 

sources identified for this study. 

Objectives of the Studv 

The present study was designed to achieve the following 

objectives : 

1. To determine hourly ammonia concentrations and 

loads at the four major point sources identified 

in the previous study. 

2. To determine the amounts of organic nitrogen 

generated at each of the identified sources by 

including TKN analysis for each sample col- 

lected. 



3. To examine the changes of ammonia and TKN ccn- 

centrations through the primary treatments ST. 

the Stickney Southwest and West Side plants. 

4. "l investigate the contributions of the ident;-- 

fled major point sources to the significant peak 

arcmonia and TKN loads entering the Stickney 

aeration tanks. 

5. Tc examine the changes in the amounts of amcrA;a 

contributions from each of the identified pcrzt  

sources between the 2000 and 2001 studies. 

This report presents the methodology used in this study, 

the data c1311ectedr and the findings from the study. Wherever 

appropriate, conparisons of the data obtained in this study 

with that of' the 2000 study are made. The results from this 

study are discussed based on the data collected for the sam- 

plinq period of September 17 through October 15, 2001. 



METHODOLOGY 

Sampling Locations 

Ten sampling locations were selected for this study. A 

list of these locations, along with their abbreviated names is 

given in Table 2. The interrelationships among these sampling 

locations are shown in Figure 1. 

There were twelve sampling stations set up in the ten lo- 

cations. One station is set up for each of the locations in 

Table 2 except ror Post-DC. The sampling station for TARP 

pumpback was located where the daily composite sample is col- 

lected. The sampling station for CPI was located within the 

premises of CPI at 2AT. This location was identified as one 

of the major ammonia nitrogen discharge points in the previous 

study. One sampling station was set up on the Interceptor SW- 

12, which was located upstream of CPI, for monitoring the 

background. 

In the LASMA sludge processing area, two sampling sta- 

tions were set up. The overflow from sludge storage lagoons, 

which are located on the eastern side of the current desilting * 

basins, are divided into two streams. One stream is inter- 

cepted and sent to one of the desilting basins and the other 

stream discharged to the sewer interceptor. One sampling 
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TABLE 2 

LIST O F  SAMPLING LOCATIONS FOR AMMONIA AND ORGANIC NITROGEK 
SOURCE INVESTIGATION IN 2001 

Nane of Sampling Site Acronym 

Corn Products In~ernational at 2AT 
LASMA East Manhole 
LASt4A West Manhole 
Interceptor SW-12 (Upstream of CPI) 
Stickney Post-Digestion Centrifuge 
TARP Purripback to Stickney WRP 
Southwest Raw Sewage 
Southwest Prc;liminary Effluent 
West Side Raw Sewage 
Wes: Side Imhoff Effluent 

CPI 
LA S MAE 
LASYAW 
SW-12 
Post -DC 
TAR? 
SWrnl2I 
SWPREF 
W S W,"d 
WSIMSF 
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FIGURE 1 

SCHEMATIC DIAGRAM OF SAMPLING LOCATIONS FOR THE AMMONIA STUDY IN 2001 

CORN PRODUCTS 
INTERNATIONAL (CPI) (2AT) 

1 

POST-DIGESTION 
CENTRIFUGES 

(Post-DC) 

4 b Centrate 

INTERCEPTOR SW 12 

LASMA EAST LASMA WEST 

West Side Raw 

Southwest Raw 

Note: 
- Wastewater stream 

@ Sampli~~g location 

I STICKNEY AERATION TANKS I 



station was set up to collect the overflow entering the inter- 

ceptor direcrly. The other sampling station was sez : ~ p  to 

collect the overflow from the LASMA drying cells, r jb~e:?  are 

located on the western side of the desilting basins, and from 

a desilting bas-in at the Marathon Solids Drying Area. There 

was n~ overflow from the LASMA desilting basins during the 

sampling period of this study. 

Three sampling stations were used for the centrate from 

Post-DG. As there is no single location that the ecrnbined 

centrate from all operational post-digestion centrifuges can 

be collected without dilution, individual centrifuges have to 

be sampled. Considering the relatively constant feed 5 ;  all 

the centrifuges, only three centrifuges, representative z f  all 

the centrifnges, were selected and sampled. The samgies 631- 

lected from these three locations were combined into one sam- 

ple for Post-DC. 

Foiir additional sampling stations were set up to n ~ n i  tor 

the raw sewage entering the Stickney WRP and effluents comjng 

out of the Imhoff tanks and the preliminary settling tanks. 

These statioris were the SWRAW, WSRAW, SWPREF, and WSIPEF iTa_ 

ble 21.  

Samples at these sampling lclcations were collected 24 

hours a day from September 17 through October 15, 2931, At 



each sampling station, aliquots from the targeted wastewater 

stream were collected every 15 minutes by an auto-sampler. 

Each individual sample was a two-hour composite sample con- 

taining 8 aliquots. The aliquots from three sampling stations 

for Post-DC were combined as one sample per every two hours. 

All the samples were stored in cold temperature, acid- 

preserved and transported to the analytical laboratory on a 

daily basis except for weekends. Weekend samples were col- 

lected, stored in the cool room at a temperature of 4"C, and 

delivered to the analytical laboratory on the following Mon- 

day. Each two-hour composite sample was analyzed for ammonia 

and TKN. TKN is the sum of organic and ammonia nitrogen. 

Flow Rates 

Wastewater flow rates at each sampling location con- 

stantly varied. For the sake of simplicity, wastewater flow 

rates used in this study were calculated as the average hourly 

flow over the two-hour period in which a two-hour composite 

sample was collected. A forward averaging scheme was used to 

calculate the average hourly flow rates. For example, a flow 

rate at 2:00 a.m. represents the mean flow rate over a two- 

hour period from 2:00 a.m. to 4: 00 a.m. This scheme agrees 

with that for two-hour composite samples. 



kt CP?, a totalizer records daily total discharge, and 

strip charts record instant discharge. The data from the to- 

talizer and strip charts for the field-sampling period ui this 

study were provided by CPI personnel. Hourly flow r a t e s  were 

derived from the strip charts. However, using the conversion 

factors prcvided, the calculated daily total flow ra?:ec from 

the scrip charts did not match well with those from the total- 

izer, After meeting CPI staff, it was decided that tne daily 

total flow rates from the totalizer should be more accurate 

and ased as a base for flow rate calculation. Therefore, av- 

erage hourly flow rates at the sampling location 2AT, derived 

from the strip charts, were adjusted accordingly to snatcn the 

daiLy total flow rates from the totalizer. 

The measurement of flow rates at LASMA East and West sam- 

pling sites and Interceptor SW-12 was contracted to C a n  In- 

dustries, In=. Instantaneous flow rates were calculatea every 
/ 

5 mlr:utes based on the mean area velocities and wasyewater 

levels in the sewer. The mean area velocities and wasrewater 

levels were detected by sensors and recorded in a digitai for- 

mat. The data of instantaneous flow rates at these thxee lo- 

cations were provided by Elan Industries, Inc., at the end of 

the field sampling of this study. The average hourly flow 



rates were calculated over the corresponding two-hour periods 

for each sampling location. 

The centrate discharge rates were estimated by combining 

the centrate flow from each individual working centrifuge. 

The total discharge rates of centrate at the Post-DC were es- 

timated based on the solids contents of centrifuge feed, 

sludge cake and centrate as well as the feeding rates. The 

following assumptions were made in the calculations: (1) the 

daily mean solids contents of the feed, cake and centrate 

could be used to represent the hourly solids contents on that 

day; (2) the mean values of solids contents of the sludge cake 

and centrate from individual centrifuges could be used to rep- 

resent the values for combined cake and centrate; (3) the spe- 

cific gravity of the feed to the centrifuges was identical to 

that of the centrate. The estimated values of the discharge 

rates were calculated using the following equation: 

where: c, = solids content in cake as percent by 

weight 

cf = solids content in feed as percent by 

weight 



c, = solids content in centrate as percent 

by weight 

QZ = the feeding rate of digester draw to 

all the centrifuges in million galion..: 

per hour (MGH) , and 

QI = the discharge rate of combined centra.c~ 

in MGH. 

The daily mean values of c, were directly obtained from 

LIMS. The daily mean values of solids contents of cake and 

centrate fron individual centrifuges were also obtained from 

the ZIMS. The values of cf and c, were calculated u s i c q  the 

averages of -he individual values, respectively. Hourly feed- 

ing rate to each working centrifuge at the Post-DC bs~lding 

was obtained from the operational records of the M&O q,,  art- 

ment. The total feeding rate was the sum of feeding r z t e s  to 

the individual centrifuges. 

For TARP pumpback, the flow rates were estimated  sing 

the pumpi~q log obtained from the operational records sf the 

M&O Qepartment. In the operational records, the number of 

working pumps and the pumping capacity of each work~i?r; pump 

were given. The pumpback flow rates were the sum of t h ~  flow 

generated by each working pump. The average flow razes were 



calculated according to the sampling intervals. Sample col- 

lection occurred only when the pumps were in operation. 

The wastewater flow rates at SWRAW, SWPREF, WSRAW and 

WSIMEF were calculated using the hourly flow rates recorded by 

the M&O Department. The flow rate corresponding to each sam- 

ple collected at these locations was an average of two hourly 

flow rates and the calculation was made with a forward averag- 

ing method. 

Loading Rates 

Loading rates of ammonia and TKN in terms of pounds per 

hour or per day were computed using concentrations and the 

corresponding flow rates. The hourly loads of ammonia and TKN 

were the products of the ammonia and TKN concentrations and 

the average hourly flow rates over the corresponding sampling 

periods based on two-hour composite samples. In other words, 

an hourly load in this study Tepresented the mean hourly load 

over a two-hour period, in which a composite sample was col- 

lected and analyzed for ammonia and TKN. Thus, the ammonia or 

TKN loads over a two-hour sampling period is equal to the cal- 

culated hourly loads multiplied by 2. 

A daily load of ammonia or TKN was the sum of hourly 

loads over a 24-hour period, which was typically a calendar 



day. However, for the sake of convenience, the calculation of 

daily loads was not strictly bounded by a calendar day. If 

the two--ho:~r sampling period started at 1:00 a.m., the daily 

load covered a 24-hour period from 1:00  a.m. to the nexr 1: 00 

a . m . ,  off by one hour to a calendar day. 



DATA ANALYSIS AND DISCUSSION OF RESULTS 

Data Analysis 

Field sampling for this study started in the morning of 

September 17, 2001. The sample collection continued for 24 

hours per day for 28 days and ended the morning of October 15, 

2001. One two-hour composite sample with aliquots taken every 

15 minutes was collected every 2 hours at each sampling loca- 

tion except for the Post-DC and TARP pumpback. No aliquot 

could be collected when centrate from the centrifuge and/or 

TARP pumpback were not being discharged. The total number of 

samples collected from ten sampling locations was 3,203. No 

samples were missed from five of the ten locations. Less than 

12 samples were missed from each of another four locations, 

and 17 samples were missed at SWRAW. 

Each sample was analyzed for ammonia and TKN. The values 

of ammonia and TKN concentrations of all samples collected 

during this study were obtained from the LIMS and are listed 

in the Tables AI-1 through AI-7 in A p p e n d i x .  The collec- 

tion time was the beginning of a two-hour aliquot collection 

period except for a few samples from TARP pumpback. The sam- 

pling schedules for all locations were predetermined and 

fixed. But, TARP pumpback started and ended according to M&O 



1)eparrrnent operational schedule. For the sake of unlfsrmity, 

all samples from TARP pumpback are considered as two-hour com- 

posite samples, including those collected at the beginnirg and 

end of a pumpback, during the data analysis. 

Table 3 presents the summary of ammonia and TKN zoncen- 

trations of two-hour composite samples collected from :eE sam- 

pling locations iduring September 17 through October 15 ,  2001.  

This :able c~ntains mean, minimum, and maximum of all amonia 

and TKN concentrations for each sampling location. Standard 

deviation (Std. Dev.) and the coefficient of variation ICV) as 

measures of variation in the concentrations during the 28-day 

sampling period are also given in Table 3. 

Tables 4 and 5 present the summary of daily averzge ammo- --- - 

nia and TKN concentrations for the ten sampling locations dur- 

ing September 17 through October 15, 2001. These tables con- 

tain metin, minimum, and maximum values of all ammonia and TKN 

concentrations for each location. Standard deviation (Std. 

Dev,) and the coefficient of variation (CV) as measiires of 

variation in the concentrations during the 28-day sampling pe- 

riod are also given in Tables 4 and - 5. In these tables, the 

daily average concentrations were calculated using the values 

obtained from two-hour composite samples collected in a calen- 

dar day. 
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TABLE 3 

SUMMARY OF AMMONIA AND TKN CONCENTRATIONS OF TWO-HOUR COMPOSITE SAMPLES COLLECTED FROM 
TEN SAMPLING LOCATIONS 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

CPI LASMAE LASFlAW SW-12 Post-DC TARP SWRAW SWPREF WSRAW WSIMEF 

No. of Samples 336 336 328 325 330 225 319 332 336 336 
Mean (mg/L) 156.89 184.55 48.34 10.56 565.46 4.74 7.97 9.61 7.22 7.47 
Min (rng/L) 16.45 17.27 5.04 2.99 9.82 0.55 0.72 1.32 0.72 1.22 
Max (rng/L) 415.53 529.72 242.78 57.65 760.30 13.15 27.11 23.71 14.05 13.23 
Std. Dev. (mg/L) 85.83 124.45 48.20 5.56 182.73 2.45 4.67 4.56 3.25 2.56 
CV ( % )  54.7 67.4 99.7 52.6 32.3 51.7 58.6 47.4 43.6 34.3 

03 

No. of Samples 336 336 328 325 330 225 31 9 332 336 3 3 6 
Mean (mg/L) 188.13 215.75 85.93 26.69 667.03 9.25 28.7 16.38 17.02 15.28 
Min (mg/L) 28.48 21.84 6.85 9.32 11.69 0.71 7.5 3.33 2.70 3.23 
Max (mg/L) 579.25 603.79 869.59 99.49 1,501.88 72.33 103.2 43.75 30.87 26.79 
Std. Dev . (rng/L) 95.41 144.65 125.19 11.16 233.13 8.78 15.0 6.25 6.29 4.95 

CV ( % )  50.7 67.0 145.7 41.8 35.0 94.9 52.4 38.2 37.0 32.4 
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TABLE 4 

SIJMMAHY OF DAILY MEAN AMMONIA CONCENTRATIONS BASED ON TWO-HOUR COMPOSITE SAMPLES 
COLLECTED FROM TEN LOCATIONS 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

Date C P I  LASMAE LASMAW SW-12 Post-DC TARP SWRAW SWPREF WSRAW WSIMEF 
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TABLE 4 (Continued) 

SUMMARY OF DAILY MEAN AMMONIA CONCENTRATIONS BASED ON TWO-HOUR COMPOSITE SAMPLES 
COLLECTED FROM TEN LOCATIONS 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

Date CPT LASMAE LASMAW SW-12 Post -DC TARP SWRAW SWPREF WSRAW WSIMEF 

Mean 158.17 181.70 47.74 10.60 564.47 5.57 8.12 9.72 7.21 7.41 
Min 83.48 52.04 6.66 5.38 300.52 1.60 2.53 3.30 2.07 2.73 
Max 256.05 428.60 127.80 18.81 694.33 13.15 22.00 19.07 11.86 10.57 
Std Dev 38.57 108.57 39.74 3.32 106.49 2.78 4.00 3.62 2.62 2.29 

N 
0 

CV ( % )  24.4 59.8 83.2 31.3 18.9 49.9 49.2 37.2 36.4 30.9 

aThe daily mean concentrations in all locations were based on partial data. 
b ~ h e  daily mean concentration for LASMAW was based on partial data due to missing samples. 
'The daily mean concentrations for TARP pumpback were based on partial data due to missing samples. 
d ~ h e  daily mean concentrations for SW RAW were based on partial data due to missing sampes. 
eThe daily mean concentrations for SW-12 were based on partial data due to missing samples. 
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TABLE 5 

SUMMARY OF DAILY MEAN TKN CONCENTRATIONS BASEC ON TWO-HOUR COMPOSITE SAMPLES 
COLLECTED FROM TEN SAMPLING LOCATIONS 

SEPTEMBER 17 THROUGH OCTOBER 15. 2001 STUDY 

Date CPI LASMAE LASMAW SW-12 Post-DC TARP SWPREF WSRAW WSIMEF SWRAW 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 (Continued) 

SUMMARY OF DAILY MEAN TKN CONCENTRATIONS BASED ON TWO-HOUR COMPOSITE SAMPLES 
COLLECTED FROM TEN SAMPLING LOCATIONS 

SEPTEMBER 1 7  THROUGH OCTOBER 15, 2 0 0 1  STUDY 

Date CPI LASMAE LASMAW SW-12 Post-DC TARP SWRAW SWPREF WSRAW WSIMEF 

Mean 1 8 9 . 3 0  212 .43  84 .15  2 6 . 6 9  663 .49  11.79 29.09 1 6 . 5 5  16 .95  15 .16  
Min 1 0 7 . 1 2  67 .78  8 . 7 6  1 5 . 2 2  367 .07  1 . 7 2  13 .09  6 . 5 8  5 .59  6.17 
Max 279 .75  5 2 6 . 4 1  293 .82  42.44 9 2 5 . 0 9  3 8 . 0 8  70 .38  30 .93  26.55 21.48 

N 
h, 

Std Dev 45 .02  127 .15  81.40 7 . 4 2  1 3 2 . 4 4  9 .30  11 .22  5 .32  5 .46  4.38 
CV ( % )  2 3 . 8  5 9 . 9  96 .7  2 7 . 8  2 0 . 0  7 8 . 9  38 .6  3 2 . 1  32.2 28.9 

a The daily mean concentrations in all locations were based on partial data. 
The daily mean concentration for LASMAW was based on partial data due to missing samples. 
The daily mean concentrations for TARP pumpback were based on partial data due to missing samples. 
The daily mean concentrations for SW RAW were based on partial data due to missing samples. 
The dally mean concentrations for SW-12 were based on partial data due to missing samples. 



The wastewater flow rates at the ten locations were col- 

lected in various ways in this study. The mean flcw rates 

correspondinq to each two-hour composite sample are I l s t e d  in 

the Appendix Tables AI-1 through AI-7. Table 6 shows 'he sum- 

mary of hour1.y flow rates in million gallons per hour {WGW! at 

the ten sawling locations during September 17 through 3ctober 

15, 2001. - Table 6 contains the data of hourly flow rates for 

all locations beginning September 17 at 12:OO a.m., excegt for 

CPI at which the collection of flow data started at 8:0C a.m. 

of September 17, 2001. All the flow data collection was ter- 

minated the morning of October 15, 2001, at the conclasion of 

the field study. Table 6 also contains analyses on mar-imum, 

mean, and maximum flow rates over the entire fi-eld-sampling 

pericd. Standard deviation (Std. Dev. ) and the coef f i s i e n c  of 

variation !CV) as measures of variations in flow rates for 

each sampling location are also presented in Table 6. 

Table 7 presents the summary of daily mean flow rates in 

million ga:Llons per day (MGD) at the ten sampling loca:ions. 

A dally mear, flow rate was the average of hourly f1.o~ rates 

over a 24-hour period, which was typically a calendar day. 

However, for the sake of convenience, the calculation 3f daiiy 

mean flow rate was not strictly bounded by a calendar Say. If 

the -c.wo hour sampling period started at 1: 00 a.m., t n e  daily 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 

SUMMARY OF HOURLY FLOW RATES AT THE TEN SAMPLING LOCATIONS 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

CPI LASMAE LASMAW SW-lZa Post-DC TARP SWRAW SWPREF WSRAW WSIMEF 

No. of Values 336 341 341 261 34 1 341 341 341 341 341 
Mean (MGH) 0.26 0.014 0.025 0.70 0.09 10.28 24.11 24.11 12.54 12.55 
Min (MGH) 0.18 0 0 0 0 0 7.71 7.71 5.83 5.83 
Max (MGH) 0.44 0.161 0.361 1.53 0.16 23.78 39.17 39.17 20.00 19.90 
Std. Dev. (MGH) 0.05 0.028 0.066 0.32 0.03 7.94 8.11 8.11 3.23 3.27 
CV ( % )  17.8 203.0 263.2 4 6.3 36.5 77.3 33.6 33.6 25.7 26.1 

aMissing flow values due to the blockage of the velocity sensors were not included in the calculation. 
h) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE: 7 

SUMMARY OF DAILY MEAN FLOW RATES IN MGD AT THE TEE SAMPLING LOCATIONSa 
SEPTEMBER 17 THROUGH OCTOBER 15, 2002 STUDY 

Date CPI LASMAE LASMAW SW-12 Post-DC TARP SWRAW SWPREF WSRAW WSIMEF 
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mean flow rate covered a 24-hour period from 1: 00 a.m, to the 

next l:OO a.m. The results of statistical analyses cr, the 

daily meac flow rates for each sampling location are also in- 

cluded in the table. 

Mean hourly loads of ammonia and TKN, along w i t h  the 

minlnum, maximum, Std. Dev., and CV for all the samplizg ioca- 

tions are presented in Table 8. The hourly amrnonla and TKN 

load values were calculated using the concentrations cftwo- 

hour composite samples taken from these locations and tne cor- 

respondin9 hourly mean flow rates. In case of miss~nq sam- 

ples, the daily mean concentrations were used for each alssing 

sample to calculate the hourly loads except for those noted in 

the table. Zero hourly loading of ammonia and TKK w z s  as- 

signed to the hours that TARP pumpback did not occur, due to 

zero flow rate far TARP. 

Daily loads of ammonia and TKN, along with stzk~stical 

values for the sampling locations selected in this study are 

presented in Tables 9 and - 10. A daily loading is ths sum of 

hourly loads over a 24-hour period, typically a calendar day. 

If a sample or samples on a particular day were missi~g, the 

daily mean concentrations, as mentioned above, were used to 

calculate the loads for the time period with missing sar;rlpies, 

and the daily loads on that day were noted as estimated in the 
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TABLE 8 

SUMMARY OF HOURLY AMMONIA AND TKN LOADS AT THE SAMPLING LOCATIONS SELECTED IN THIS STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

CP I L A S M A ~  SW-12 post-DC TARP SWPREF WSRAW WSIMEF SWRAW 

No. of Values 336 3 3 6 257 336 336 331 332 336 336 
Mean (lb/h) 3 4 0 3 9 64 4 7 8 413 1,367 1,725 755 775 
Min (lb/h) 2 7 0 0 0 0 230 4 3 1 4 1 72 
Max (lb/h) 1,071 335 343 983 1,530 3,960 4,950 1,880 1,569 
Std Dev (lb/h) 2 0 1 7 1 4 4 232 401 518 652 338 298 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 8 (Cont lnued) 

SUMMARY OF HOURLY AMMONIA AND TKN LOADS AT THE SAMPLING LOCATIONS SELECTED IN THIS STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

CPI LASMAa SW-12 Post-DC TARP SWPREF WSRAW WSIMEF SWRAW 

No. of Values 336 336 257 336 336 331 332 3 3 6 336 
Mean (lb/h) 407 5 3 155 563 7 8 1 5,127 3,046 1,776 1,595 
Min (lb/h) 4 6 0 0 0 0 2,100 652 160 191 
Max (lb/h) 1,208 438 608 1,611 7,947 13,211 10,106 3,594 2,913 
Std Dev (lb/h) 224 9 6 8 8 290 948 2,066 6 9 6 606 1,082 
CV ( % )  55.0 181.4 56.8 51.6 121.7 40.3 35.5 39.2 38.0 

h, 
w 

aLASMA combined were the sum of values from east and west sampling locations, not including those from 
the desilting pond. 
b ~ h e  missing loading data were caused by missing flow rates due to the sensor blockage during flow 
measurement. 
"There were a total of 9 samples missing at this site. However, the hourly loads for the period when 
samples were missing were included in this table using the daily mean concentrations in the 
calculations. 
"here were a total of 17 samples missing at this site. However, the hourly loads for the period when 
7 samples were missed on 9/28 and 5 on 9/29 were included in this table. These hourly loads were 
calculated using the daily mean concentrations. Five hourly loads on 10/15 were not included in this 
table because of missing samples. 
'Four hourly ioads on 10/15, which was at the end of the sampling period, were not included in this 
table due to missing samples. 
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TABLE 9 

SUMMARY OF DAILY AMMONIA LOADS (LB/D) AT THE SAMPLING LOCATIONS SELECTED IN THIS STUDY 
FOR THE STICKNEY WRP 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

Date CPI LASMAa SW-12 Post-DC TARP SWRAW S WPREF WSRAW WSIMEF 
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TABLE 9 (Continued) 

SUMMARY OF DAILY AMMONIA LOADS ( L B / D )  AT THE SAMPLING LOCATIONS SELECTED IN THPS STUDY 
FOR THE STICKNEY WRP 

SEPTEMBER 17 THROUGH OCTOBER 14, 2001 STUDY 

Date CPI LASMAa SW-12 Post-DC TAR P SWKAW WSRAW WSIMEF SWPREF 

Mean 8,099 930 1,600 11,604 9,925 33,223 41,509 18,338 18,738 
Min 3,262 1 616 4,033 3,379 19,109 24,957 2,837 3,970 
Max 12,890 4,430 3,100 17,601 22,466 61,295 58,828 29,811 30,514 
Std. Dev. 2,392 1,284 721 3,407 4702 8,805 8,481 6,116 5,414 

W 
C-' cv, ( % I  29.5 138.0 45.1 29.4 47.4 26.5 20.4 33.4 28.9 

aLASMA combined were the sum of values from east and west sampling locations, not including those from 
the desilting pond. 
b ~ a i l y  loads were estimated because of missing samples. 
'Data are not available due to missing flow data. 
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TABLE 10 

SUMMARY OF DAILY TKN LOADS (LB/D) AT THE SAMPLING LOCATIONS SELECTED IN THIS STUDY FOR 
THE STICKNEY WRP 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

Date CPI LASMA~ SW-12 post-DC TARP S WRAW SWPREF WSRAW WSIMEF 
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TliBI,E 10 (Continuedj 

SUMMARY OF EAILY TKN LOADS (LB/D) AT THE SAMPLING LOCATIONS SELECTED IN 'THIS STUDY FOR 
THE STICKNEY WRP 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

Date CPI LASMAa SW-12 Post-DC TAR P S WRAW SWPREF WSRAW WSIMEF' 

Mean 9,704 1,264 3,925 13,652 19,061 124,018 73,208 43,077 38,464 
Min 4,191 2 2,467 4,649 3,603 83,726 49,912 7,637 9,113 
Max 14,884 6,438 6,853 20,438 58,408 188,537 104,271 66,296 60,007 
Std. Dev. 2,822 1,792 1,357 4,207 10,045 26,606 13,545 12,696 10,819 

g CV ( % )  29.1 141.8 34.6 30.8 52.7 21.5 18.5 29.5 28.1 

aLASMA combined were the sum of values from east and west sampling locations, not including those from 
the desilting pond. 
b~aily loads were estimated because of missing samples. 
"Data are not available due to missing flow data. 



tables. For SW-12, located upstream of the discharge point of 

CPI, daily loads were not calculated on the days when flow 

data were missing due to sensor blockage. The average values 

of daily mean loads of ammonia and TKN for the period of this 

study, along with statistical values (mean, maximum, Std. 

Dev., and CV), are also given in Tables 9 and - 10. 

Discussion of Results 

CONCENTRAT IONS 

A summary of ammonia and TKN concentrations for the two- 

hour composite samples collected in this study was presented 

in Table 3. Some of the locations sampled in this study were 

also sampled in the 2000 study. The changes in ammonia con- 

centrations between these two studies and the organic nitrogen 

concentrations at various locations are discussed below. The 

difference between TKN and ammonia was the organic nitrogen in 

particulate matter and solution. The portion of organic ni- 

trogen in TKN is defined as the difference between TKN and am- 

monia divided by TKN. 

At 2AT of CPI, the mean ammonia concentration of the 371 

hourly grab samples collected in the 2000 study was 159.69 

mg/L, ranging from 0.06 to 655.59 mg/L, with a standard devia- 

tion of 118.74 mg/L (1). As can be seen in Table 3, the mean 



ammocia concentration of the 336 two-hour composite samples 

collected at the same location in this study was 156.89 mg/L, 

ranqing from 16.45 to 415.53 mg/L, with a standard deviation 

of 85.83 my/L. It is obvious that the ammonia concentrzrions 

in the wastewater discharged at 2AT of CPI are fairly ccnsis- 

tent dusiny the sampling periods of these two studies. 

IKN was measured for the samples collected in this study, 

but not in the 2000 study. At 2AT of CPI, the mean portion of 

organzc nitrogen was about 17 percent, as derived from ? & b l e  3 

data, and the variation of TKN was similar to that of amonia. 

LASW, although the sampling location in the 2000 

study was not exactly the same as that in this s t ~ d k ,  the 

overflow taken in the 2000 study from the sludge l a g m n s  in 

the LASMA eastern area was similar to what was collected at 

LASP1Z4.E In this study. The mean ammonia concentration af the 

444 hourly grab samples collected in the 2000 study was 712.28 

mg/L, ranging from 48.00 to 1,009.01 mg/L, with a standard de- 

viati~n of 169.07 mg/L (1) . However, the mean concentration 

of the 336 two-hour composite samples collected at LASPJiE in 

this study was much lower, being 184.55 mg/L, rang:.ncj from 

17.27 to 1523.72 mg/L, with a standard deviation of -24.45 

rng/S, This significant change in ammonia concentration kn the 

over-flow of sludge lagoons in the LASMA eastern area appears 



to be due to the phase-out of digester draw discharge to the 

lagoons. 

In this study, the overflows from the sludge drying beds 

in the LASMA western area and the Marathon area were sampled 

at LASMAW and analyzed for ammonia and TKN. As can be seen in 

Table 3, LASMAW has lower mean concentrations of ammonia and 

TKN, compared to those at LASMAE, with a larger CV. This was 

because the overflows from the LASMA western area and the 

Marathon area were maiqly generated by storm runoff. Further 

evidence is provided by the measurement of flow rate at LAS- 

MAW, which will be presented later in this report. It is 

noted that the mean portion of organic nitrogen was signifi- 

cantly higher at LASMAW, which was about 44 percent, than that 

at LASMAE, which was about 14 percent. 

At the Post-DC, centrate was collected immediately after 

individual centrifuges in both 2000 and the current study. 

The mean ammonia concentration of the 41 grab samples col- 

lected between September 13 and 20, 2000 in the 2000 study was 

572.4 mg/L, ranging from 428.5 to 706.4 mg/L (1) . The mean 

ammonia concentration of the 330 two-hour composite samples 

collected during September 17 through October 15, 2001 in this 

study was 565.46 mg/L, ranging from 9.82 to 760.30 rng/L. The 

ammonia concentrations in both the 2000 and 2001 studies were 



thus very close. As shown in Appendix Table AI-4, n~ast low 

concentrati.oris occurred at the time when the centrate flows 

were Low, which could include the process water for cleaning, 

particularly during the centrifuge maintenance between Satur- 

day eveni~g and Sunday morning. This perhaps explains e wide 

range of ammonia concentrations experienced in the Past-DC 

centrate in this study. 

On average, organic nitrogen in the centrate f , r 3 ~ .  the 

Post--DC was 15 percent. The variation of TKN was snrniiar to 

that of ammonia, indicating the ratio of TKN to amrnonla to be 

about: the same during the study period. 

3nlike this study, TARP pumpback samples were n 3 t  ana- 

lyzed in two-hacr increments in the 2000 study. In 2600, a 

daily composite sample of TARP pumpback was collected 5y the 

M&O Department and analyzed for various chemical coristitueats, 

including ammonia and TKN. Table 11 presents the tor-parison 
/ 

of ammonia and TKN concentrations of daily composite samples 

dur;ng the sampling periods of the two studies. In the 2001 

study, although the means of hourly ammonia and TKN concentra- 

tions, as shown in Table 3, were somewhat lower, the calcu- 

lated daily mean concentrations based on the two-how c3mpos- 

ite samples, as presented in Tables 4 and 5, were comparable - 

to rhose of daily composite samples given in Table 11. 4s can 
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TABLE 11 

COMPARISON OF AMMONIA AND TKN CONCENTRATIONS OF DAILY COMPOSITE SAMPLES 
FROM TARP PUMPBACK BETWEEN THE TWO SAMPLING PERIODS IN 2000 AND 2 0 0 1  

FLOW NH3-N TKN FLOW NH3-N T KN 
Date MGD mg/L mg/L Date MGD mg/L mg/L 

Observations 2 3 1 5  15 
Mean 5  2  13 .34  3 3 . 3 1  
Min 0  2 .44  8 . 3 6  
Max 357 3 1 . 4 9  7 0 . 2 6  

ns = no sample. 



be seen from Table 11 there are significant differences In the 

mean concentrations of ammonia, TKN, and flows betweer the 

time 2eriocis of the two studies. These differences ca? be at- 

triba'red tc; the difference in rainfalls during the " e : s ~ ~  peri- 

ods, as well as the diversion of the Salt Creek sewer, w z t h  an 

estlrnated flow of 60 MGD, to TARP during the 2001 s~ucy pe- 

riod. The total rainfalls recorded at the Stickney WRP during 

September 17 through October 15, 2001 were 10.73 inches. much 

larger than the monthly mean of 2.92 inches in August an5 Sep- 

tember of 2030. 

T A W  pumpback is composed of combined sewer overflow 

(CSQ) caused. by rainfall. The sources of pollutants kn the 

CSO are from domestic sewage and industrial wastewarer dis- 

charged to the sewer within the TARP service area. Strictly 

speaki~g, TARP is not a source that generates ammonia and or- 

ganic nitr.agenI but collects these pollutants. Dur;nq the 

storage of CSO in the TARP, ammonia may have been produced 

through bio!.ogical breakdown (deamination) of organic: r:itro- 

gen. When the CSO in the TARP is pumped to the Stickney WRP, 

the TARP pumpback becomes a source of ammonia and oxqsnic ni- 

trogen to the plant. 

The orqanic nitrogen content in the TARP pumpback, based 

on the two-hour composite samples, is the highest, averaging 



49 percent, of the four major point sources investigated in 

this study. The high content of organic nitrogen in TARP is 

consistent with the fact that the TARP pumpback is mainly com- 

posed of domestic wastewater. In this study, the background 

sewage, mainly domestic wastewater, was sampled at a location 

on Interceptor SW-12, which was located upstream of CPI. The 

mean ammonia concentration of the 325 two-hour composite Sam- 

ples collected from this location, SW-12, was 10.56 mg/L, 

ranging from 2.99 to 57.65 mn/L, as shown in Table 3, while 

the mean TKN concentration was 26.69 mg/L, ranging from 9.32 

to 99.49 mg/L. The organic nitrogen portion in the samples 

collected at this location averaged at 60 percent, which is 

much higher than found in the wastewaters from the four major 

point sources investigated in this study. It appears that or- 

ganic nitrogen is mainly from the background sewage, consist- 

ing of mainly domestic sewage. 
/ 

Unlike this study, the sampling location on Interceptor 

SW-12 in the 2000 study was located downstream of CPI, and the 

samples collected contained the wastewater discharged from 

CPI. The mean ammonia concentration of the 444 grab samples 

collected in the 2000 study was 63.70 mg/L, ranging from 0.04 

to 249.80 mg/L (1) . It is obvious that the mean ammonia con- 

centration of the sewage that included the discharge from CPI 



is much hlgher than the one excluding CPI wastewater. Kow- 

eves, TKN xas not analyzed in the 2000 study. 

The mean and maximum values of ammonia and TKN conzentra- 

tior,s at the tour major point sources investigated ~ r t  this 

study were ranked based on the data presented in TakLes 3 

through - 5. These rankings are shown in Table 12. As car. be 

seen In Table i2, Post-DC had the highest mean and maxrmcn am- 

monia and TKN concentrations, followed by LASMA, CPI acd TARP. 

As particulate organic nitrogen may be removed through 

settl~ng in the primary treatment, the raw sewage entering the 

Stiskney Southwest and West Side plants and the effluen+s ex- 

iting the primary treatment tanks at these plants were sampled 

in *his s~uciy to examine the changes in the ammonia a ~ d  TKN 

concentrations. As can be derived from the data shown in Ta- - 
ble 3, the average removal of TKN through primary settling in 

the 28-day sampling period of this study was approximate:!y 43 

percent and 10 percent in the Stickney Southwest prelininary 

settling tanks and West Side Imhoff tanks, respectively. The 

removal of TKN, mainly particulate organic nitrogen, resulted 

in the drop of organic nitrogen content. In this study, the 

mean organic nitrogen contents dropped from 72 percent in 

SWRAW to 41 percent in SWPREF and from 58 percent in WSRAW to 
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TABLE 12 

SUMMARY OF RANKS OF AMMONIA AND TKN CONCENTRATIONS AT THE FOUR 
MAJOR POINT SOURCES 

SEPTEMBER 17 THROUGH OCTOBER 15, 2001 STUDY 

Parameter 
1st 2 nd 3rd 4th 
Site Site Site Site 

Hourly Mean NH3-N Concentration, Post-DC 
(mg/L) (565.46) 

Hourly Mean TKN Concentration, Post-DC 
(mg/L) (667.03) 

Max Hourly NH3-N Concentration, Post-DC 
(mg/L) (760.3) 

Max Hourly TKN Concentration, Post-DC 
(mg/L) (1,501.88) 

Daily Mean NH3-N Concentration, 
(mg/L) 

Max Daily NH3-N Concentration, ' 

(mg/L) 
Daily Mean TKN Concentration, 

(mg/L) 
Max Daily TKN Concentration, 

(mg/L) 

LASMAa 
(184.5) 
LASMA 
(215.7) 
LASMA 
(529.7) 
LASMA 

(869.59) 

LASMA 
(181.7) 
LASMA 

(428.60) 
LASMA 
(212.43) 
LASMA 

(526.41) 

CPI 
(156.89) 
CPI 

(188.13) 
CPI 

(415.53) 
CPI 

(579.25) 

CPI 
(158.17) 
CPI 

(256.05) 
CPI 

(189.30) 
CPI 

(279.75) 

TARP 
(4.74) 
TARP 
(9.25) 
TARP 

(13.15) 
T ARP 

(72.33) 

TARP 
(5.57) 
TARP 

(13.15) 
TARP 

(11.79) 
TARP 

(38.08) 

'LASMA represents the combination of LASMAE and LASMAW. 



51 percent in FJSIMEF, as can be computed from the d a t a  glven 

in Table 3. 

However, ammonia nitrogen, which is soluble, car, nat be 

removed through primary settling. It is evident from Table 3 

that there was no significant change in the mean ammonle con- 

centrations between WSRAW and WSIMEF. The increase r.: mean 

ammonia concentration through the primary treatment, ac the 

Stickxley Sou'thwest plant was likely due to the config,-%ration 

of raw sewage entering the plant. This configuration results 

in two streams that have to be sampled separately, maklng dif- 

ficult to collect representative samples for SWRAW. 

FLOW FATES 

The wastewater flow rates at the sampling locatL~:-is se- 

lected for this study varied widely. Tables 6 and - 7 sumr-tarize 

r e s ~ l - t s  of h~urly and daily flow rates for all th.e lcsathons. 

Based oc the values of mean and maximum hourly flow r a t e s  at 

each of the major point sources, the sites are ranked acd the 

resal-ts are listed in Table 13. As can be seen in Tables 6 - 

and - 13, TARP had the highest flow rates, which wers much 

higher thar? the flow rates at the other three sites, a v e r  40 

times higher. Among the other three sites, CPI, Post-3C and 

ZASKr;, CPI had the highest mean and maximum hourly flow rates, 
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TABLE 13 

SUMMARY OF RANKS OF WASTEWATER DISCHARGE RATES AT THE FOUR 
MAJOR POINT SOURCES 

SEPTEMBER 17 THROUGH OCTOBER 15, 2 0 0 1  STUDY 

Parameter 
1st 2nd  3rd 4th 
Site Site Site Site 

Hourly Mean Flow Rate TARP CPI Post-DC LASMA~ 
(MGH 1 0 . 2 8  0 . 2 6  0 . 0 9  0 . 0 4  

Maximum Hourly Flow Rate TARP CPI LASMA Post-DC 
(MGH) 2 3 . 7 8  0 . 4 4  0 . 3 6  0 . 1 6  

Daily Mean Flow Rate TARP CPI Post-DC LASMA 
(MGD) 248 6.13 2 . 2 7  0 . 9 3  

Maximum Daily Flow Rate TARP CPI LASMA Post-DC 
(MGDJ 4 92 7 . 4 9  4 . 8 0  3 . 0 5  

aLASMA represents the combination of LASMAE and LASMAW. 



WSMA had rhe lowest mean hourly flow rate, and the Post-DC 

had the lowest maximum hourly flow rate. 

Daily flow rates at the four major point sources were 

meascsed or estimated during the 2000 study. By comparing the 

daily mean flow rates between the two studies, it is found 

that the average value of daily mean discharge rates at 2AT of 

CPI are comparable, 6.13 MGD in the 2001 study compared to 

6.56 XGD in the 2000 study. However, 0.93 MGD average value 

of daily mean flow rates at the LASMA in the 2001 s t s c y  was 

much Lower than 2.84 MGD estimated in the 2000 study, Also, 

the uaily mean flow rates at the LASMA in the 2001 study, 

ranq.ing f r o r  0.03 to 4.80 MGD, were more variable t h a n  those 

in the 2000 study. At the Post-DC with all digester draws be- 

ing centrifuged on a regular basis in 2001, the average value 

2.27 MGD of daily mean discharge rates of centrate in the 2001 

was higher than 1.81 MGD measured in the 2000 study. The 

variation of the daily mean flow rates at the Post-DC between 

the two fi.e:Ld-sampling periods was almost identical w i r h  CVS 

of 21.6 percent in 2001 and 21.1 percent in 2000. A+, TARP, 

the average value 246 MGD of the daily mean pumpback rates in 

the 2001 study was much higher than 52 MGD measured ;n the 

200'3 study. 



The variation of flow rates at each discharging point may 

be evaluated by using CVs of the hourly mean flow rates in - Ta- 

ble 6. Among the six sampling locations in which samples were 

collected to monitor the major point sources and the back- 

ground domestic sewage, the variation of discharge rates was 

the smallest at 2AT of CPI with a CV of 17.8 percent and the 

largest in the LASMA area with a CV of 263.2 percent for LAS- 

MAW and 203.0 percent for LASMAE. Figures 2 through - 4 present 

hourly flow rates at CPI, LASMAE, and LASMAW, respectively, 

for the 2001 study. At the Post-DC, the variation of centrate 

discharge rate was mainly caused by the weekend maintenance, 

during which all the centrifuges were shut down and the hourly 

centrate discharge rates were zero. The variation of hourly 

wastewater discharge rates at the Post-DC was the second 

smallest with a CV of 36.5 percent. The nature of intermit- 

tent pumping for the TARP pumpback made the pumpback flow 

rates quite variable. The hourly mean pumping rates of the 

TARP pumpback during September 17 through October 15, 2001 are 

shown in Figure 5. 

LOADING RATES 

Ammonia Loading Rates. One of the main objectives of 

this study was to examine changes in ammonia loadings from the 
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FIGURE 3 

HOURLY DISCHARGING RATES AT THE LASMA EAST SAMPLING SITE 
DURING SEPTEMBER 17 THROUGH OCTOBER 15, 2001 
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four major point sources identified in the 2000 study. In che 

2000 study, hourly loads of ammonia from the selected point 

sources were unavailable due to the lack of hourly flow Infor- 

mation, such as at CPI and LASMA, or hourly concentr:itrrons, 

such as at the Post-DC and TARP. However, daily mean amoiiia 

loads discharged at these sources could be calculated or esti- 

mated, Therefore, comparison of the amounts of ammonia dis- 

charged at various locations between the two studies was made 

based on the daily ammonia loads. 

The s3mmary of daily ammonia loads from the four  major 

point sources investigated for the two study periods can be 

found in - Table 9 of this report and in Table 2 of R&D i'leport 

No. 01-3 for the 2000 study. At CPI, mean daily ammonia load- 

ing 3f 8,099 lb/d from the 2001 study is comparable rs '3,764 

lb/d estimated from the 2000 study, with comparable variations 

in daily amrr,onia loads with CVs of 29.5 percent for 2601 and 

32.1 percent for 2000. These findings are as expected since 

the ammonia concentrations and wastewater discharge rates were 

quite comparable in the two studies, as discussed earl~.er in 

this report. 

At LASMA, the mean daily ammonia loading of 930 lb!d es- 

timaxed from this study is considerably lower than aimonia 

loading of 16,752 lb/d estimated for the 2000 study. This can 



be attributed to the major change in the sludge processing op- 

eration at the Stickney WRP since 2001. Because of addition 

of new centrifuges at the Stickney WRP, the necessity of pump- 

ing anaerobic digester draw to lagoons was eliminated. Moreo- 

ver, the approach used in this study to measure ammonia loads 

from LASMA was more accurate than that used in the 2000 study. 

Although mean daily ammonia loading from the LASMA area was 

much lower in the 2001 study, the variation in the amount dis- 

charged increased dramatically. The maximum daily ammonia 

loading from the 2001 study was 4,430 lb/d, almost four times 

higher than the mean daily value of 930 lb/d. 

At the Post-DC location, mean daily ammonia loading of 

11,604 lb/d from the 2001 study, was about 36 percent higher 

than that of 8,526 lb/d found from the 2000 study. This is 

due to the addition of new sludge centrifuges, thereby in- 

creasing the amount of centrate / discharged at the Post-DC. 

However, the variations of the daily ammonia loads discharged 

during the two study periods were comparable with CVs of 29.4 

percent in 2001 and 21.1 percent in 2000. 

For TARP pumpback, mean daily ammonia loading of 9,925 

lb/d from the 2001 study was about 55 percent higher than the 

6,393 lb/d estimated from the 2000 study. The increase in 

mean daily ammonia loading in 2001 can be attributed to: (1) 



more rainfall during the 2001 study period, resulting Ir- more 

C:SOs to T A W ,  and (2) the diversion of Salt Creek interzeptor 

to TARP, As can be seen in Table 11, daily mean TARP pumpback 

rate was much higher in the 2001 study (246 MGD) conparad to 

the 2000 study i 5 2  MGD). However, the variation of dh2I.y am- 

monia loads from the TARP in this study (CV = 4'7.4 percent) 

was m ~ c h  less than that found in the 2000 study (CV = 83.6 

percent) . 

To eval-late the contribution of ammonia and organic ni- 

trocjen loads from the four major point sources investiaated, 

this study gathered mean hourly loads of ammonia and Ti% over 

every two-hour period for 28 continuous days from Seprember 17 

to October 15, 2001. The four major point sources; namely, 

C P I ,  LASMA, Post-DC and TARP, investigated in this stilti~ ware 

rankej based on mean and maximum hourly and dai.Ly loacs and 

ranklng are summarized in Table 14. On a mean hourly it~ading 

basis, Poslz-DC contributed the maximum amount of arnrnonlz: av- 

eraging 19.1 percent of the total that entered the Srickney 

aeralzion tanks (SWPREF + WSIMEF), followed by TARP pumpback 

accounting for 16.5 percent, CPI 13.6 percent, and LASNA 1.6 

percent. However, in the case of TKN, which includes crganic 

nitrogen in particulate matter and solution, TARP pumpbazk was 
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the leading contributing source, followed by Post-DC, C P I ,  and 

LASPIIA . 

Hourly variation of ammonia and TKN loads over t zme may 

be examined through graphic presentation which will be pre- 

sented later in this report. As the LASMA contributed cccsid- 

e r a b l y  less amonla and TKN to the Stickney WRP during t h e  pe- 

riod 3 this study, compared to the contributions from the 

other three major sources, the data for ammonia and TKN load- 

ing for SASPIIA is not included in graphical presentatix of 

hourly ammonia and TKN loads. 

The h~urly loads of ammonia at the three identified major 

point sources, namely CPI, Post-DC and TARP, and in the i o u t h -  

west preliminary effluent (SWPREF), are presented in Figcres 6 

through - LO. As seen in Figures 6 through - 10, the hour~~y amo- 

nia loads from were fairly constant excepting during 

the maintenance of the centrifuges on weekends when the ammo- 

nia hourly r a t e s  dropped significantly. The hourly ammonia 

loads from C P I  fluctuated from hour to hour during rhe  study 

per icd  of 28 days. There does not appear to be any definite 

pattern of fluctuation. However, peaks are norrna.11~ sharp, 

indicating short duration of peak loads. The highes~ hourly 

ammonia loading from CPI during this sampling period was 1,071 

lb/h. Coi?sidering the fact of intermittent pumping;, TARP 
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pumpback was t h e  most v a r i a b l e  s o u r c e  o f  ammonia d i s c h a r g e  t o  

t h e  S t i c k n e y  WRP w i t h  t h e  h i g h e s t  h o u r l y  l o a d i n g  of :1,530 

it a p p e a r s  t h a t  t h e  peak ammonia l o a d s  i d e n t i f i e d  a t  

SWPF.EF duri-ncj zhe  sampl ing  p e r i o d  o f  t h i s  s t u d y  were ncit. a l l  

r e l a t e d  t o  t h e  peak l o a d s  i d e n t i f i e d  a t  t h e  m a j o r  p o i n t  

s o u r c e s .  3f t h e  1 2  peaks  over  3,000 l b / h  a t  SWPREF num5ered 1 

th rough  1 2  i n  F i g u r e s  6 th rough  10,  s i x  p e a k s  ( 4 ,  6 ,  7 ,  9 -11) , - 

which a r e  1;nderlined i n  t h e  f i g u r e s ,  migh t  b e  r e l a t e a  t o  t h e  

peaks  a t  one o r  more major  p o i n t  s o u r c e s .  For example,  Peak 

No. 4 w i t h  a peak l o a d  o f  3,224 l b / h  a t  SWPREF a t  1:00 a,m. on 

October  1, 2001 i n  F i g u r e  8  might  be  c a u s e d  by t h e  peaks  o f  

1,073. l b / h  a t  CPZ and n e a r l y  1 ,000  l b / h  a t  t h e  TAR.P. P e a k  No. 

'7 w i t h  a peak l o a d  o f  3,819 l b / h  a t  1: 00 a.m. on O c t o . D e r  4 ,  

,2001 c o u l d  o n l y  be  r e l a t e d  t o  t h e  peak  of 1 , 4 9 8  lb/k! a t  t h e  

'TARP . 

Tiqures  11 th rough  15  p r e s e n t  a  compar ison o f  t h e  sun  of - 
h o u r l y  ammonfia l o a d s  from t h e  t h r e e  major  p o i n t  s o u r c e s  { C P I  t 

P o s t - 2 C  t TARP) w i t h  t h e  h o u r l y  ammonia l o a d s  e n t e x i ~ g  t h e  

S t i c k n e y  W13P a e r a t i o n  t a n k s  (SWPREF -t WSIMEF). O n  a v e r a g e ,  

t h e  t lourly smmonia l o a d s  from t h e  t h r e e  major  p o i n t  s o u r c e s  

i d e n t i f i e d  i n  t h i s  s t u d y ,  namely CPI, Post-DC and TA2i., ac-  

counted f o r  4 9 . 2  p e r c e n t  of  SWPREF + WSIMEF d u r i n g  t h e  E ie ld -  
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METROPOLITAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

FIGURE 13 

COMPARISON OF HOURLY AMMONIA LOADS AT THE SELECTED MAJOR SOURCES 
AND STICKNEY WRP 

DURING 9 / 2 8  TO 1 0 / 4 / 2 0 0 1  

-+-- SWPREF + WSIMEF + CPI + Post-DC + TARP 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 15 

COMPARISON OF HOURLY AMMONIA LOADS AT THE SELECTED MAJOR SOURCES 
AND STICKNEY WRP 

DURING 10/10 TO 10/15/2001 

4"-SWPREF + WSlMEF -A- CPI + Past-DC +TARPI 
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sampling period of this study. However, among the 14 s~anlfi- 

cant peaks which are numbered in the figures, 3 SNPTETt 

WSIMEFF, on:-y flve peaks (6, 9, 10, 13, and 14), which are un- 

derlined, might be linked to the peaks of CPI + Post-DC + TARP 

that made up at least 49.2 percent of SWPREF + WSIMEF. It ap- 

pears that most of the significant hourly peak ammonia loads 

entering the Stickney WRP aeration tanks were related to rhe 

peak Loads from the normal Stickney Southwest Side P l a r , t  do- 

mestic and commercial loading, while about one-third nay have 

been caused by the discharge at the three identified major 

point sources. 

TKN Loading Rates. Another major objective of this study 

was to examine the amounts of TKN, which is the sum of amnonia 

and organic: nitrogen, at the selected major point SOUTC~S and 

the background sewage. Examining TKN is necessary, as organic 

nitrogen i s  co~verted to ammonia in the aeration t a s k s  when 

the organic substances that contain nitrogen are degraded. As 

particulate materials that contain organic nitrogen may be re- 

moved in the settling tanks, the portion of organic nlcrogen 

from the three major point sources reaching the Stickney aera- 

tion tanks could not be determined. Thus, TKN loads fro3 each 

of the three major point sources were first compared with each 



o t h e r  and t h e n  a g a i n s t  t h o s e  i n  t h e  raw sewage e n t e r i n g  t h e  

S t ickney  Southwest P l a n t  (SWRAW) . 

Figu re s  1 6  through - 20 p r e s e n t  t h e  hou r ly  TKN l o a d s  from 

each of  t h e  t h r e e  major p o i n t  sou rces ,  namely CPI, Post-DC and 

TARP, a l ong  wi th  t h o s e  a t  SWRAW. A s  can be s een  i n  t h e  f i g -  

u r e s ,  t h e  hou r ly  TKN l oads  i n  a l l  t h r e e  major p o i n t  sou rces  

v a r i e d  over  t ime  du r ing  t h e  pe r iod  of t h i s  s t u d y .  The v a r i a -  

t i o n  of hou r ly  TKN l oads  a t  CPI and Post-DC i s  comparable a s  

seen i n  Table  8 w i th  t h e  CVs  of  t h e  hou r ly  TKN l o a d s  a t  t h e s e  

two l o c a t i o n s  be ing  55 .0  pe rcen t  and 51.6 p e r c e n t ,  r espec-  

t i v e l y .  There was no c l e a r  p a t t e r n  of v a r i a t i o n  a t  e i t h e r  of 

t h e  two l o c a t i o n s .  However, t h e  h o u r l y  TKN l o a d s  from TARP 

pumpback were much more v a r i a b l e ,  compared t o  t h o s e  from C P I  

and Post-DC, even more v a r i a b l e ,  a  CV o f  122 p e r c e n t ,  t h a n  i t s  

hour ly  ammonia l oads  wi th  a  CV of 97 p e r c e n t .  S i g n i f i c a n t  

peaks i n  TKN l oad ing  va lues ,  more t h a n  t h r e e  t imes  t h e  mean 

va lue  of  781 l b / h ,  were observed a t  TARP d u r i n g  t h i s  s t udy .  

There were 1 4  hou r ly  TKN l oads  from TARP g r e a t e r  t h a n  2,340 

l b / h  wi th  t h e  h i g h e s t  va lue  of 7,947 l b / h ,  whereas t h e  h i g h e s t  

hour ly  TKN l o a d s  from C P I  and Post-DC were 1 ,280  and 1 , 6 1 1  

lb /h ,  r e s p e c t i v e l y .  

I t  appears  t h a t  t h e  peak TKN l o a d s  observed a t  SWRAW dur-  

i n g  t h e  f i e ld -sampl ing  pe r iod  of t h i s  s t u d y  were r a r e l y  
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correlated with the peak TKN loads observed at the three major 

point sources investigated in this study. Among the 15 peaks 

over 9,000 lb/h at SWRAW observed in Figures 16 to - 20, as num- 

bered 1 through 15 in the figures, only two peaks (Nos. 2 and 

10) seem to be related to those from the three major point 

sources. Both peaks, underlined in the figures, were from 

TARP. As can be seen in these figures, many significant peak 

TKN loads from TARP resulted only in smaller peaks at SWRAW. 

The observations from Figures 16 through - 20 agree with the 

findings, discussed earlier in this report, that the back- 

ground sewage contains significantly larger portion of organic 

nitrogen than the wastewater from the three major point 

sources including TARP pumpback. TARP pumpback consists 

mainly of the background sewage mixed with rainwater and con- 

tains a larger portion of organic nitrogen than the other two 

major point sources, namely, CPI and Post-DC. 

However, as approximately 40 percent of TKN in the raw 

sewage entering the Stickney Southwest Side Plant was removed 

in the Southwest preliminary settling tanks, the peaks of TKN 

loads from SWRAW may not necessarily travel to the Stickney 

WRP aeration tanks, and hence it is difficult to evaluate the 

exact impact of peak TKN loads from the identified point 

sources on the aeration tanks. 
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AP'PENDIX A1 

TABULATION OF ALL DATA 
COLLECTED DURING THE 2 0 0 1  STUDY 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 

DATA COLLECTED FOR 2AT OF CPI IN 2 0 0 1  AMMONIA STUTY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NHJ-N TKN 
Date & Time (NGD) (mg/L) (rnglL) Date & Time (MGD) (rnglL) {rng/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

DATA COLLECTED FOR 2AT OF CPI IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (mg/L) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AI-1 (Continued) 

DATA ICOLLECTED FOR 2AT OF CPI IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow WH3-N TKN 
Date & Time (tvlG5) (mglL) (mg/L) Date & Time (MGD) (rnglL) (mgi'L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

DATA COLLECTED FOR 2AT OF CPI IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2 0 0 1  

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mg1L) (mg1L) Date & Time (MGD) (mglL) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

2ATA COLLECTED FOR 2AT OF CPI IN 2001 AMMONIA STIJa!! 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date CR Time (MGD) (mglL) (mg1L) Date & Time (MGD) (mglL) ,mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

DATA COLLECTED FOR 2AT OF CPI IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mglL) (mgIL) Date & Time (MGD) (mglL) (mg/L) 

Note: NS = not sampled. 



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

TABLE AI-2 

DATA COLLECTED FOR LASMA I N  2 0 0 1  AMMONIA STUDY 
SEPTEMBER 1 7  THROUGH OCTOBER 15, 2001 

- LAMSA East Site 
Flow NH3-N TKN 

LAMSA West Site 
Flow NH3-N TKN 

Date & Time & J P ~ )  (mg/L) (mg/L) Date & Time (gpm) (mylL) (rnglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2001  AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site 
Flow NH3-N TKN 

LAMSA West Site 
Flow NHs-N TKN 

Date & Time (gpm) OWL) (mg/L) Date & Time (gpm) (mg1L) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

- LAMSA East Site LAMSA West Stte 
flow NHrN TKN Flow NH3-N TKN 

Date 8 Time fgpn) (mg/L) (mg/L) Date & Time (gpm) (mg/L) imglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2 0 0 1  AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2 0 0 1  

LAMSA East Site LAMSA West Site 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (gpm) (W/L) Date & Time (gpm) (mglL) (mg/L) 



METROPOL1:TAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2 0 0 1  AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site LAMSA West Site 
Flow NHs-N TKN Flow NH3-N TKN 

Date & Time (!2~m) (mg/L) (mg/L) Date 8, Time (gprn) (mg/L) (rnglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Cont inued)  

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site LAMSA West Site 
Flow NHj-N TKN Flow NH3-N TKN 

Date & Time (gpm) (mg1L) (mgll) Date & Time (gpm) (mglL) (mg1L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

MMSA East Site LAMSA West Site 
Flow NH3-N TKN Flow NH3-N TKN 

Date 8, Time ( g ~ m )  (mglL) (mg/L) Date & Time (gpm) (mglL) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site 
Flow NH3-N TKN 

LAMSA West Site 
Flow NH3-N TKN 

Date & Time (g~m)  (mg/L) (mg/L) Date & Time (gpm) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I - 2  (Continued) 

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site LAMSA West Si~e 
Flow NHS-N TKN Flow NH3-N i W  

Date & Time (gpm) (mglL) (mglL) Date & Time (gpm) (mg1L) (rng/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site LAMSA West Site 
Flow NHz-N TKN Flow NH3-N TKN 

Date & Time (gpm) (mg/L) (mg/L) Date & Time (gpm) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 ( C o n t i n u e d )  

DATA COLLECTED FOR LASMA IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

LAMSA East Site LAMSA West S!%e 
Flow NH3-N TKN Flow NHJ-N TKN 

Date & Time (9Pm) (mglL) (mglL) Date & Time (gpm) (mgll) i:mglL) 

Note: NS = not sampled. MS = missing sample 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 

DATA COLLECTED FOR SW-12 IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15,  2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date 8 Time (MGD) (mglL) (mglL) Date & Time (MGD) (mglL) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

DATA COLLECTED FOR SW-12 IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NHs-N TKN Flow NH3-N TKN 
Date & Time (MGD) (rnglL) (mg/L) Date & Time (MGD) (mglL) {rngiL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

DATA COLLECTED FOR SW-12 IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

DATA COLLECTED FOR SW-12 IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TMN 
Date & Ttme (NGD) (mglL) (mglL) Date & Time (MGD) (mglL) (ruglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I - 3  (Continued) 

DATA COLLECTED FOR SW-12 IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mglL) (mglL) Date & Time (MGD) (mglL) (mg1L) 



METROPOLZTAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

DATA CCOLLECTED FOR SW-12 IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NHs-N TKN 
Date & Ttme (MGD) (mg1L) (mglL) Date & Time (MGD) (mgJL) fmglL) 

Note. N S  = not sampled M S  = missing sample 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 

DATA COLLECTED FOR POST-DC IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Date & Time Flow NH3-N TKN 
Date & Time (MGD) (mglL) (mglL) (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 (Continued) 

DATE? COLLECTED FOR POST-DC IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Date & Time Flow NH3-N 'TKN 
Date 8 T h e  (MGD) (mg/L) (mglL) (MGD) (mg/L) jmglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 (Continued) 

DATA COLLECTED FOR POST-DC IN 2 0 0 1  AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Date & Time Flow NH3-N TKN 
Date & Time (MGD) (mg/L) (mg/L) (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHI G A G 0  

TABLE AI-4 (Continued) 

DATA COLLECTED FOR POST-DC IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001  

Flow NH3-N TKN Date 8 Time Flow NH3-N TKN 
Date B Time {MGD) (mg1L) (mg1L) (MGD) (rngiL) ;mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 (Continued) 

DATA COLLECTED FOR POST-DC IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Date & Time Flow NH,-N TKN 
Date & Time (MGD) (mglL) (mglL) (MGD) (mglL) (mg/L) 



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

TABLE AI-4 (Continued) 

DATA COLLECTED FOR POST-DC I N  2 0 0 1  AMMONIA STUDY 
SEPTEMBER 1 7  THROUGH OCTOBER 15,  2 0 0 1  

Flow NH3-N TKN Date & Time Flow NHs-N TKN 
Date & Time (MGD) (mglL) (mglL) (MGD) (mgltj jrngIL) 

Note: NS = not sampled. MS = missing sample 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 

DATA COLLECTED FOR TARP PUMPBACK IN 2 0 0 1  AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mglL) (mglL) Date & Time (MGD) (mg/L) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 (Continued) 

DATA COLLECTED FOR TARP PUMPBACK IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2 0 0 1  

Flow NH3-N TKN Flow NH3-N TKN 
Date 8 Time (MGD) (mg/L) (mglL) Date & Time (MGD) (mg/L) lrngiL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 (Continued) 

DATA COLLECTED FOR TARP PUMPBACK IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mg/L) (mglL) Date & Time (MGD) (mg/L) (rnglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CETGAGO 

TABLE AI-5 (Continued) 

DATA COLLECTED FOR TARP PUMPBACK IN 2 0 0 1  AMMONIA STUSY 
SEPTEMBER 17 THROUGH OCTOBER 15,  2 0 0 1  

Flow NHJ-N TKN Flow NH3-N YKN 
Date & f ime (MGD) (mglL) (mglL) Date & Time (MGD) (mgIL) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 (Continued) 

DATA COLLECTED FOR TARP PUMPBACK IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mglL) (mg1L) Date & Time (MGD) (mglL) (mg1L) 



METROPOLI'TAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC 

TABLE AI-5 (Continued) 

DATA COLLECTED FOR TARP PUMPBACK IN 2001 AMMONIA STQDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

t Flow NH3-N TKN Flow NH3-I\I TKN 
Date & T?me (MGD) (mg1L) (mglL) Date & Time (MGD) (mgIL) ;mglL) 

- 
Note: NS = not sampled. - = no sample. MS = missing sample. 

* Daily mean value was used to replace the original value because the original vatue was 
unreasonable low (much lower than the corresponding ammonia value). 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW SWPREF 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg/L) (mglL) Date & Time (MGD) (mg/L) (mg/L) 



METRCPOLITAN WATER RECLAMATION DISTRICT OF GREATER CKICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STCDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW SWPREF 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (mglLj irng/Lj 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW SWPREF 
Flow NH3-N TKN Flow NHz-N TKN 

Date & Time (MGD) (mglL) (mg/L) Date & Time (MGD) (mglL) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2 0 0 1  AMMONIA S?;"C'DY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW SWPREF 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg/L) (rnglL) Date & Time (MGD) (mg/L) jmg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW SWPREF 
Flow NHS-N TKN Flow NHs-N TKN 

Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2 0 0 1  AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

- SWRAW SWPREF 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mglL) (mg1L) Date & Time (MGD) (mgll) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SVVRAW SWPREF 
Flow NHJ-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg1L) (mglL) Date & Time (MGD) (mg1L) (rng/L) 



METX3POLTTAN WATER RECLAMATION DISTRICT OF GREATER CKIC9GO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STZZU 
SEPTEMBER 17 THROUGH OCTOBER 15, 2 0 0 1  

- 
- SWRAW SWPREF 

Flow NH3-N TKN Flow NH:,-N 7-KN 
Date 8 Time (MGD) (mglL) (mg1L) Date & Time (MGD) (mg1L) [rnglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW 
Flow NHs-N TKN 

SWPREF 
Flow NHs-N TKN 

Date & Time (MGD) (mg1L) (rng1L) Date & Time (MGD) (mg1L) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLSCTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

Flow NH3-N TKN 
SWPREF 

Flow NH3-N IMN 
Date & Time (MGD) (rng1L) (mglL) Date & Time (MGD) (mgl i j  jrnglL) 

I 011 am: I .oo 
1011 1/01 3:OO 
10/11/01 5100 
1011 1/02 7.00 
1011?/01 9100 
10/1210-1 11:oo 
1011-llO'S 13:OO 
1011 "801 15.00 
1011'1/01 17:OO 
10111/01 19:OO 
10111fO-l 21'00 
1011 7/01 23100 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

DATA COLLECTED FOR SOUTHWEST PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

SWRAW SWPREF 
FIOW NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg1L) (mglL) Date & Time (MGD) (mglL) (mglL) 

Note: NS = not sampled. MS = missing sample. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

- 
-- WSRAW WSIMEF 

Flow NH3-N TKN Flow WH3-M TKN 
Date & Time (MGD) (mglL) (mglL) Date & Time (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I - 7  ( C o n t i n u e d )  

DATA COLLECTED FOR WEST S I D E  PLANT I N  2 0 0 1  AMMONIA STUDY 
SEPTEMBER 1 7  THROUGH OCTOBER 15, 2 0 0 1  

WSRAW WSIMEF 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICA,GO 

TABLE A I - 7  (Cont inued)  

DATA COL,LECTED FOR WEST SIDE PLANT I N  2001  AMMONIA STUSjY 
SEPTEMBER 1 7  THROUGH OCTOBER 15,  2 0 0 1  

- 
WSRAW WSlMEF 

Flow NH3-N TKN Flow NH3-N TKN 
Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (rng/L) v x l / L )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

WSRAW WSIMEF 
Flow NH3-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mg/L) (mg/L) Date & Time (MGD) (mg/L) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREAT'ER CEICAGO 

TABLE AI-7 (Continued) 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STL3Y 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

- 
WSRAW WSIMEF 

Flow NH3-N TKN Flow NHs-N TKN 
Date & Vgme (MGD) (mg/L) (rnglL) Date & Time (MGD) (mglL) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

WSRAW 
Flow NHS-N TKN 

WSlMEF 
Flow NHs-N TKN 

Date & Time (MGD) (mglL) (mglL) Date & Time (MGD) (mglL) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA § T U X  
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

-- 
- WSRAW WSIMEF -- 

Flow NH3-N TKN Flow NH3-N TKM 
Date (1 %me {MGD) (mg1L) (mg1L) Date 8 Time (MGD) (mg/L) (m@L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

WSRAW WSIMEF 
Flow NHS-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mglL) (mg1L) Date & Time (MGD) (rnglL) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DATA COL,LECTED FOR WEST SIDE PLANT IN 2001 AMMONIA ET'32Y 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

WSRAW 
Flow NHS-N TKN Flow NH3-N TKN 

Date & Time (MGD) (mglL) (mglL) Date & Time (MGD) (mg/L) (mglL) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DATA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 1 7  THROUGH OCTOBER 15, 2001 

WSRAW 
Flow NH3-N TKN 

WSlMEF 
Flow NH3-N TKN 

Date & Time (MGD) (mglL) (mg/L) Date & Time (MGD) (mglL) (mg/L) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 (Continued) 

DA'TA COLLECTED FOR WEST SIDE PLANT IN 2001 AMMONIA STUDY 
SEPTEMBER 17 THROUGH OCTOBER 15, 2001 

- WSRAW 
Flow NH3-N TKN 

WSIMEF 
Flow NHs-N I K N  

Date & Time (MGD) (mglL) (mg/L) Date & Time (MGD) (mglb) (mglL1 

Note: NS = not sampled. 




