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SUMMARY AND CONCLUSIONS 

A combined sewer overflow (CSO) discharge to a receiving 

water carries certain amounts of pollutants. The new Nazional 

PolLutar-t Discharge Elimination System (NPDES) permzts (2002) 

for tne Cal- met, North Side, and Stickney Water RecIama~ion 

Plants (WRPs) of the Metropolitan Water Reclamation District 

of Greater Chicago (District) require that the Distrlc-t re2ort 

annually the estimated amounts of BOD5 and suspended solids 

(SS) discharged into the receiving waters in every CZO eTrent 

occ-clering ?t various locations within the District service 

asea. In an effort to make the estimation reliable, t n e  Re- 

search and 11eve'i.oprnent ( R & D )  Department of the Dis:ric: con- 

ducted a study to statistically analyze the historicrzl CSO 

data to develcp a correlation between the amounts of &SIDE, and 

SS discharged rn CSO events and CSO discharge volumes. This 

is bcneficral, as CSO discharge volume can be more accdrately 

detesmined than the BOD5 and SS concentrations of CSOs, 

PrLor to this study, the District had conducted three 

s tud les  to characterize CSOs discharged at various .Lacations 

within the District service area. One study was condrlcted in 

1995 through 1997, as a fulfillment of the contractual cbbiga- 

tior, with the US Army Corps of Engineers (USACE], Chicago 



District. In this study, seven locations, including two CSO 

pumping stations, three CSO outfalls, and two TARP drop shaft 

stations were grab sampled in several CSO events according to 

the predetermined sampling protocols. A follow-up study was 

conducted in 1999. The sampling locations and procedures in 

the 1999 study were the same as those in the earlier study. A 

third study was conducted in 2001 as a part of the modeling 

efforts made to study the impact of CSOs discharged to the 

Chicago waterway system on its water quality. Several CSOs 

discharged from two major CSO pumping stations were sampled in 

the study. Multiple grab samples were collected in each CSO 

event according to the same sampling protocols used in the 

USACE studies. In these three studies, BOD5 and SS concentra- 

tions of most of the samples collected were measured, in addi- 

tion to other parameters. 

The data collected from the three previous studies, in- 

cluding BOD5 and SS concentrations and sample collection 

times, which were archived in the District's Laboratory Infor- 

mation Management System (LIMS) were retrieved for this study. 

These data included information on the CSOs discharged to the 

Chicago, Little Calumet, and Des Plaines Rivers and the TARP 

systems. CSO flow and volume data for the CSO events sampled 

at various locations were obtained either from the operational 



records of the Maintenance and Operations (M&O) Department of 

the Distr?-ct, or from the results of a joint study by IJSACE, 

Chicago District and the U. S. Geological Survey on ccllncting 

and analyzmg flow data for CSOs in Riverside and Evanston, 

Illinois. The records from the M&O Department contained the 

star",ing anci enciing times of each operational pump xuring a 

CSO ;sumping event at the three pumping stations, alzng with 

the capacixy of each pump. The data from the USACE, Crzicago 

District, were 5-minute discharge rates under surchar~e and 

 no^-surcharge conditions at 12 monitoring stations. 

For thls report, only data for the CSOs directl:~ dis- 

charged into the rivers were selected. A total of 35 CSO 

evenrs were sampled at six locations from 1995 through 2081 in 

the previous studies. The following is a list of these six 

locations ard the corresponding receiving waters: 

1 Nolth Branch Pumping Station (NBPS) to the Nor~l -~  

Sranch of Chicago River. 

2. Zacine Avenue Pumping Station (RAPS) to r h e  

South fork of South Branch of Chicago River. 

3. 125th Street Pumping Station (125th St.) t o  t h e  

Little Calumet River. 

4. Eivanston Intercepting Sewer Outfall to the Ncz:h 

Shore Channel. 



5. Greenwood Avenue Relief Sewer Outfall to the 

North Shore Channel. 

6. Olmsted Road Sewer Outfall to the Des Plaines 

River. 

The CSO data collected for this study were analyzed in 

several steps. First, the CSO data, including concentrations 

of BOD5 and SS and CSO discharge flow rates and volumes, were 

examined for their completeness in terms of CSO event cover- 

age, and event-total CSO discharge volumes were calculated or 

estimated. Secondly, the missing BOD5 and SS concentration 

values based on the designed sampling protocols, for the three 

pumping stations; namely, NBPS, RAPS, and 125th Street, were 

estimated using site- and parameter-specific mathematical mod- 

els. Thirdly, the BOD5 and SS event mean concentrations 

(EMCs) were calculated and evaluated. An EMC is defined as 

the mean value of all concentration values for the grab sam- 

ples collected in one CSO event. Finally, the BOD5 and SS 

loads of a sampled CSO event were calculated using its EMC and 

total discharge volume; the BOD5 and SS loads as well as CSO 

discharge volumes for all the CSO events from six locations 

were pooled together; and a correlation between loads and CSO 

volumes was developed through nonlinear regression analysis. 



After statistically analyzing the selected CSO data coi- 

lected in ~ihe previous studies, it can be concluded t h z t  there 

are good c>crrelations between amounts of BOD5 and SS dis- 

chaxged arid the corresponding CSO discharge volxmes. The 

loads of BODS (LBODS) and SS (Lss) in pounds are correiazed to 

the CSO d~scharge volume (V) in million gallons (MGi  by the 

following equations. 

L ,,,, = 558.1 * V - 0.08825 * v2 ,  and 

The a D O V e  correlations are statistically valid up tz a CSO 

volu~~e of 3,590 MG. 

The results of nonlinear regression analysis shoftisd that 

the adjusted R-squared values were 0.78 for BOD5 l ~ a d c  versus 

CSO volumes and 0.67 for SS loads versus CSO volumes A rea- 

sonable est:-mate of the amounts of BOD5 and SS discharged into 

the receiving waters based on CSO discharge volume can se made 

u s i r ~ g  the above two equations. As only estimated amr3unt.s of 

BOD5 and ,SS discharged via CSOs to the Chicago River System 

are required to be reported according to the new NPDES permits 

iss~ed in 2002, the District could report the estimated BOD5 

and SS quantities derived by the above equations devel~ped in 

th;5 stud;d for NPDES permit compliance. However, in crder to 



take a conservative approach for NPDES permit reporting pur- 

poses, it is recommended that the District use the maximum es- 

timated BOD5 loading of 882,400 lbs from the proposed regres- 

sion equation for any CSO event exceeding 3,162 MG and simi- 

larly the maximum estimated SS loading of 4,291,000 lbs for 

any CSO event exceeding 2,575 MG. 



INTRODUCTION 

The new NPDES permits (2002) for the North Side, S c i c k -  

ney, and Calumet WRPs of the Distri-ct require the D l s t r - ; t  to 

report.. annually the estimated amounts of BOD5 arid s~s2encied 

solids (SS) aischarged into the receiving water in every com- 

blnecl sewer overflow (CSO) event occurring at certairi ioca- 

tions in a reporting year. To make the estimation of anounts 

of EO", and d discharged in each CSO event, an event nean 

concentraticn (EMC) of BODs and SS determined by flow weighted 

composite sampling and the CSO discharge volume needs 7 3  be 

known, or statistically estimated quantities can be repcrted, 

if ccrrelat~i.ons between the amounts of BODS and S S  discharged 

and CSO discharge volume exist. In an effort to make -:he es- 

timation procedure cost-effective, the Research and iievelop- 

ment ( R & D )  13epartment of the District conducted a stud11 " i o  de- 

velop such statistical correlations between the respective 

amounts of 50D5 and SS and the volume of CSO dischargec, Bis- 

torieai data collected over the years were used for ti--:s pur- 

pose. 

Since 1995 the District has conducted several studies to 

charac~erizo CSOs discharged at various locations with2.n the 

District's service area in terms of the concentratioi?~ of 



conventional pollutants in the CSOs. In these studies, CSOs 

discharged to receiving water and sometimes to the TARP system 

were monitored, and data related to the chemical characteris- 

tics of CSOs were collected. These data contain meaningful 

information on the quantity of conventional pollutants, i.e. 

BOD5 and SS, discharged with CSOs. 

One study was conducted in 1995 through 1997, as a ful- 

fillment of a contractual obligation with the USACE, Chicago 

District. In this study, seven locations, including two CSO 

pumping stations, three outfall locations, and two TARP drop 

shaft stations, were selected to take a series of grab samples 

in a CSO event according to the predetermined sampling proto- 

cols. Along with several parameters, BOD5 and SS were meas- 

ured for most of the samples collected in this study. The re- 

sults of this study were reported in a District report ( R & D  

Report No. 2000-7) (1). A follow-up study was conducted in 

1999. The sampling locations in the 1999 study were the same 

as those in the earlier study, as was the sampling procedure. 

A third study was conducted in 2001 as a part of modeling 

efforts to study the impact of CSOs discharged to the Chicago 

waterway system on the water quality of the system. In this 

study, several CSO discharge events from two major pumping 

stations, the NBPS and the 125th St., were sampled. Multiple 



grab samples were collected in each CSO event sampled accord- 

ing ta the same sampling protocol used in the USACE st~ldies. 

Eleven coriventicnal pollutants including BOD5 and S 5 w e r e  

measured far each sample collected in this study. The data 

coliectecl in the above-mentioned studies contain rceantngful 

infarnatior? on the amounts of BODs and SS discharged at vari- 

ous 1ocati.ons in various volumes of CSOs. 

The main objective of this study is to develop ysc.sslble 

statrstical correlations between the quantity of B035 and SS 

discinargeci in CSOs, and CSO discharge volumes, based on the 

historic CSO data. Such correlations can be used to estimate 

the loads (lbsievent) of BOD5 and SS in CSOs based on C5O vol- 

umes and to meet the regulatory reporting requirements. 

Rlthoush data from more than six CSO discharge l2cations 

were coliected during all studies, only discharge volume, 

BOD5, and SS data from six locations that directly drscharge 

to the Chicago area waterway system were used to deveiop the 

stati.stica1 correlations. 

This report presents the results of this study, ineltiding 

the collect~~on of historic CSO data, analyses of the tiara, and 

findings after statistically evaluating the data ccllected 

from these six locations (see Methodology secticc for a 



listing of these locations). The methodology used to analyze 

the data is also described and presented in this report. 



METHODOLOGY 

Data Collection 

In order to estimate the loads of BOD5 and SS :r- a CSO 

discharged to a receiving water, the concentrations of BOD5 

and SS and ~olurne of the CSO discharged are required. Data 

collection consisted of two main parts, concentratioris !:f BOD5 

and St; in the CSO discharges and the corresponding 2S3 vol- 

umes. The Eirst part involved the gathering and sun,~~r-riizlng 

of ail the pertinent information related to the sam~les col- 

lec~ed in three previous CSO studies. This inforrfiat:~~-i in- 

ciuded the times of sample collection and the locazicns from 

which samples were collected and the concentrations c f  BOD5 

and SS of the samples. The second part involved the collec- 

tion of d a t ~  of CSO volumes and £.Low rates for the C S i )  events 

sampled. 

The BOISE, and SS data were collected mainly froin "she Labo- 

ratory Information Management System (LIMS) of the 315trict. 

Perscns involved with collecting the samples for the previous 

stuclies were interviewed for identifying the precise sample 

locations and sampling intervals. The data from the pzevious 

studies were first screened. Only the data for the ESOs di- 

recty discharged into the rivers were selected for this 



study. After screening, the following CSO discharge locations 

were identified as useful for this study. The name of each 

CSO discharge location, the receiving water into which the 

CSOs were discharged and the owner of the outfall is given. 

1. North Branch Pumping Station (NBPS) to the North 

Branch of Chicago River owned by the District. 

2. Racine Avenue Pumping Station (RAPS) to the 

South fork of South Branch of Chicago River 

owned b y  the District. 

3. 125th Street Pumping Station (125th St.) to the 

Little Calumet River owned by the District. 

4. Evanston Intercepting Sewer (Evanston) Outfall 

to the North Shore Channel owned by the Dis- 

trict. 

5. Greenwood Avenue Relief Sewer (Greenwood) Out- 

fall to the North Shore Channel owned by the 

City of Evanston. 

6. Olmsted Road Sewer (Olmsted) Outfall to the Des 

Plaines River owned b y  the Village of Riverside. 

The detailed sampling locations for each of the six sites 

are described below. The sampling location at NBPS was lo- 

cated in the screen chamber of the pumping station. At RAPS, 

the sampling location was also located in the screen chamber 



before the pumps. At 125th St., the sampling location was lo- 

cated on the South Park Intercepting Sewer near the punping 

staticn pclcr to the 2001 modeling study, and inside t h e  pump- 

ing station for the 2001 study. The sampling location at the 

Evatiston Outfall was located outside the tide gate of Z?!e 3is- 

trict control structure associated with the TARP circp shaft 

station DS-MlOG. The sampling location for the Greenwood Out- 

fall was Located inside the tide gate of a structure Eor the 

Greenwood Avenue Relief Sewer connecting to the TA32 drop 

shaft station DS-M106. The Evanston and Greenwood autfalls 

are in crctse proximity on the east bank of the Nortk- Shore 

Channel at: Lake Street. The sampling location for Glmsted 

Outfall was located inside a connecting structure connected to 

the 3istrict TARP drop shaft station DS-D45. 

The clata, including collection times and concenr_~ations 

of BOD5 and SS, for the CSOs sampled prior to 1996 xere ob- 

talned from R&D Report No. 2000-7 (1) and for CSOs s i n c e  1996 

frani LIMS. It was observed that there was some minor d~screp- 

ancy in sampling times between the LIMS database and :he re- 

port for the 1996 and 1997 CSO data. For the sake o f  consis- 

tency, the data from LIMS were used for this study. A few ap- 

parent erro-s associated with the sampling date and rime for 

the Evanstorl Outfall and the Greenwood Outfall were corrected 



according to the designed sampling intervals. The designed 

sampling intervals in a CSO event were 15 minutes within the 

first 3 hours, 30 minutes in the next 6 hours, and 60 minutes 

thereafter for all the locations except for the Olmsted Out- 

fall. For this outfall, the sampling intervals were 10 min- 

utes in the first two hours and 20 minutes in the next 4 

hours, followed by 30 minutes thereafter. 

The CSO sampling data collected for this study, including 

collection times and BOD5 and SS concentrations, are presented 

in Appendix Tables AI-1 through AI-6. The correction for some 

of the sampling collection times that are considered erroneous 

is exemplified below. From LIMS, the sample collection times 

in a CSO event were recorded as 24:15, 24:30, and 24:45 of De- 

cember 5, 1999. These collection times were determined as 

0:15, 0 : 3 0  and 0:45 on December 5, 1999, not on December 6, 

1999, after finding that sampling for this CSO event 'started 

at 22:25 on December 4, 1999 and sampling interval should be 

15 minutes within the first 3 hours. 

CSO flow and volume data for the three pumping stations 

were calculated from the operational records of the MCO De- 

partment. The records contain the starting and ending times 

of each operational pump during a CSO pumping event at the 

three pumping stations. The capacity of each pump at these 



three pumping stations was also obtained from the M&O D2p~rt- 

menE. The CSC pumping data for the CSO events sampled at the 

three pumping stations are presented in Appendix Tables AII-1 

through --- AIL-3. 

'The CSO flow data for some of the CSO events sampled at 

the three outfall sites were obtained from USACE, Chicags Dis- 

trict. To obtain design data for the McCook reservoir, 3SACE, 

in cooperation with the U.S. Geological Survey, conducted a 

study from March 1997 to December 1999 (2) on col1ect;:ig and 

anaryzing data in combined sewer systems in Riverside and 

Evanstoon, Illinois, where the three outfalls are located. In 

thar study, continuous 2- and 5-minute stage and velocity data 

were co:Llected during surcharge and non-surcharged coricit~ons 

at 12 monit~ring stations. In some of these 1.2 rnnnltoring 

stations, the CSOs discharged to the Des Plaines River and the 

North Shore Channel through the three outfalls, which were 

sampled for water quality, were directly or indirectly moni- 

tored. The flow rates through each monitoring statio:~ were 

calcl~lated using the stage and velocity data. The data of 

flow rates at these monitoring stations, along with a report 

dessrlblng the location's of the stations, were obtaixed from 

the USACE, Chicago District. The CSO flow data relevant to 



the CSO events sampled at the three outfalls are shown in Ap- - 

pendix Tables AII-4 through AII-6. 

Data Analysis 

Analysis of the CSO data collected for this study was 

performed in several steps. First, the CSO data, including 

concentrations of BOD5 and SS and CSO discharge flow rates and 

volumes, were examined for their completeness in terms of the 

CSO event coverage, and the CSO discharge volumes were calcu- 

lated or estimated. Secondly, the missing concentration val- 

ues for the three pumping stations were estimated using site- 

specific mathematical models (see "Statistical Methods" Sec- 

tion below). Thirdly, the EMCs were calculated and evaluated. 

Finally, the BOD5 and SS loads of the sampled CSO events were 

calculated using EMC and total discharge volumes, and a corre- 

lation between loads and CSO volumes was developed through re- 

gression analysis. 

At the three pumping stations (NBSP, RAPS, and 125th 

Street), both CSO duration and sampling periods for the CSO 

events sampled were well recorded. A CSO period was defined 

as the time between starting and ending of a CSO event, which 

was noted by the times that the first operational pump was 

turned on and the last operational pump closed at a pumping 



starion. The CSO sampling period was defined as the t h e  be- 

tween the first and last samples collected. The CS(3 daration 

and sampling periods for the CSO events sampled at these three 

pumping stations were examined and compared. The coverage was 

considered complete, if the sampling period covered nore than 

90 percent of the CSO period in a CSO event. 

At the three outfalls (Evanston, Greenwood, and Olnsted), 

sample collection time for each CSO sample were reczrdecl in 

LIMS, but =he CSO discharge period for each event sampled was 

not clearly delineated due to the nature of the data. As CSO 

discharge flows were monitored continuously by stage and ve- 

locity sensors at these outfalls, the flow rates computed from 

the stage and velocity data fluctuated widely in s o ~ e  in- 

stances. Therefore, the CSO sampling coverage for the CSO 

evenrs sampled at these outfalls was not examined. 

The discharge volume of a CSO event at the three pumping 

stations was calculated based on the pumping durati~c znd the 

capacity of the operational pumps. There were a few minor 

discrepancies between the total (:SO volumes reportec! by the 

M&O Department and the calculated CSO volumes. For %he sake 

of consistency, the calculated CSO volumes were used 2.n this 

study. 



The CSO discharge volumes for the CSO events sampled at 

the three outfalls were estimated using the flow rate data ob- 

tained from USACE, Chicago District. The flow rates of these 

events in 5-minute intervals from March 1997 to December 1999 

were provided. A 5-minute CSO discharge volume was computed 

using the flow rate value multiplied by 5 minutes. There were 

positive as well as negative flow rates in the data provided. 

In the calculation, a zero value was assigned whenever there 

was a negative flow rate. The total CSO discharge volume of a 

CSO event was the sum of 5-minute volumes over a period that 

was corresponding to the sampling period and had larger than 

zero flow rates. 

For the three pumping stations, if a CSO event was not 

completely covered in terms of CSO sampling, the missing con- 

centration values corresponding to the designed sampling in- 

tervals were estimated using mathematical models. The mathe- 

matical models were developed using site- and parameter- 

specific data. In other words, different mathematical models 

were used for estimating BOD5 and SS concentration values at a 

pumping station, respectively. The details about the model 

development are presented in the section of Statistical Meth- 

ods. 



Hith the missing concentration values estimated and in- 

cluded, EMCs for all the CSO events sampled were calculated 

usixg both arithmetic and volume-weighted averaging rrethods, 

as both methods can be useful with their unique features. In 

order to select a more appropriate method of calcular~rig EMCs 

for this study, a specific statistical analysis was ci?r,ducted 

to coltlpare the results from these two methods. The details of 

this specific statistical analysis are given in the section of 

Statzst;cal Methods. The results of the analysis will be pre- 

sented later in this report. 

The BOCj5 and SS loads for a CSO event were calcul.ared us- 

ing :he EMC for the event multiplied by the total CSoi dis- 

charqe volume of the event. The loading values, aloncj with 

the correspondiriy CSO volumes, for all the CSO event:, sampled 

in the previous three studies were pooled together. Nonlinear 

regression analysis was used to develop possible correlation 

between loads of SS and BOD5 and CSO discharge volumes. The 

detalls of the nonlinear regression analysis are given below 

in the section of Statistical Methods. 



Statistical Methods 

COMPUTATION OF MISSING VALUES OF BOD5 AND SS DURING SAMPLING 
EVENTS 

All statistical analyses were performed using SAS soft- 

ware (SAS Institute, Cary, North Carolina) with customized 

programming. From the BODs and SS concentration data, which 

were obtained from the samples collected in fixed time inter- 

vals, it is evident that a time series model is the most ap- 

propriate for estimating missing BOD5 and SS concentration 

values when a CSO sampling coverage was incomplete. Time se- 

ries models require that data must be collected in equally 

spaced time intervals or any equally spaced sequence. In some 

cases, data was unavailable according to the criteria of 

equally spaced time intervals, which was determined as 15 min- 

utes for this study. An interpolation method was used to ob- 

tain the missing concentration values between measured values 

for the purpose of developing the time series model. From the 

characteristics of the measured data, Cubic Spline algorithm 

(3) was selected as the proper method to interpolate missing 

observations. Once the data sets were complete through inter- 

polation with respect to data sequence, the auto correlation 

plots were constructed using all the data from one CSO dis- 

charge location, and were examined to derive the most 



appropria~e models for BODs and SS, respective1:y (4, 5, 6). 

Then, the respective model was used to estimate the riL;ssing 

co~centraticn values during the designed sampling perkoa lndi- 

cate5 In the sampling protocols previously establishec. 

COMPAXISON OF TWO METHODS FOR EMC CALCULATIONS 

ZMCs of BOD5 and SS of a CSO event can be calculated us- 

ing r.wo methods, namely, using either a volume-weighre:r! aver- 

age or an arithmetic average. The methodology for testing the 

significance difference between the two means using t k e  two 

methods is unconventional, and is very uncommon in the litera- 

ture, The first step of this testing is to construct two em- 

pirrcal probability distributions for the corresponoling set of 

BOG5 or SS; concentration data, which would be used t; calcu- 

late an EMC. One empirical probability distributi~~ was de- 

rived froE the CSO volume fractions, corresponding to concen- 

tration values, divided by the total CSO .volume fr?r a CSO 

everit. The other empirical distribution was constructed by 

giving equal weight to each concentration. In o t h e ~  v~ords, 

this latter empirical distribution was a uniform one. Ac EMC 

by valume--weighted average can be calculated using the first 

empirical distribution and the corresponding concentration 

values, which is equal to the sum of the concentration 



multiplied by corresponding probability. Similarly, an EMC by 

arithmetic average was calculated by using the other empirical 

distribution. 

In the next step, the concentration values are arranged 

in an ascending order, and then a cumulative distribution 

function (CDF) is constructed for each probability distribu- 

tion. From the two CDFs, the supremum difference (7) between 

the two corresponding cumulative probabilities was calculated. 

Supremum difference in this case is the maximum of the largest 

of the differences between the corresponding points and the 

largest of the differences between a point in one distribution 

and one point behind in the other distribution. Finally, 

Kolmogorov-Smirnov approximate distribution of the random 

variable of the supremum differences was used to obtain the 

significance probability (P-value). If the significance prob- 

ability is greater than 0.10, the two probability distribu- 

tions based on the same concentrations, one from volume frac- 

tions and the other from equal weight, are statistically iden- 

tical, which signifies that all parameters, such as mean, 

standard deviation, etc., are, respectively, identical in 

their two distributions. 



REGRESSION ANALYSIS O F  BOD5 AND S S  LOADS 

Regress ion  ana lyse s  on BODs and SS l o a d s  a g a i n s t  C S 3  vo l -  

ume were ccnducted t o  e s t a b l i s h  a p o s s i b l e  c o r r e l a t i o r  between 

t h e  BOD5 o r  SS l oads  and CSO volumes, f o r  p r e d i c t i o n  ~f future 

BOD5 and SS l oad ings  based on CSO volumes r e c o r d e d .  S i m p l e  

l i n e a r  s e q r e s s i o n  a n a l y s i s  on t h e  g iven  d a t a  was fou--d t o  be  

i n a p p r o p r i a t e ,  a s  a l l  s t a t i s t i c s  r e q u i r e d  f o r  a good -Flt were 

poor .  Nonl inear  r e g r e s s i o n  models were t h e n  c o n s t r u c t e d ,  and 

found t o  be a p p r o p r i a t e  i n  t e r m  of a  b e t t e r  R ~ ,  s t a n d a r d  er- 

r o r ,  and C t p )  s t a t i s t i c s .  



RESULTS 

A total of 35 CSO events at six locations were sampled 

from 1995 through 2001 in the previous studies. Table 1 pres- 

ents a summary of all these events, including the location, 

date of event, CSO duration and sampling periods, and number 

of samples collected in each event. As seen, these CSO events 

occurred in almost all seasons, covering April to December. 

There were at least three or more CSO events sampled at each 

site. The number of grab samples collected varied from 7 to 

60 in the various CSO events. 

Results of CSO Events, Where Complete Data Were Collected 

More CSO events were sampled at the three pumping sta- 

tions than the outfalls. At the three pumping stations, the 

number of CSO events sampled were 7, 8 and 9 for NBPS, RAPS 

and 125th St., respectively. Of these 24 CSO events, 14 

events had complete coverage of BOD5 and SS values with re- 

spect to CSO duration, six at NBPS, three at RAPS, and five at 

125th St. Figures 1 through 3 present three examples, one for - 

each of the three pumping stations, of the concentrations of 

BOD5 and SS and CSO flow rates for completely covered CSO 

events. With the available concentration and flow rate data, 

BOD5 and SS loads can be reliably calculated for each of the 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

SUMMARY OF CSO EVENTS SAMPLED AT SIX CSO DISCHARGE LOCATIONS 
IN PREVIOUS STUDIES IN 1995 THROUGH 7001 

Station 
Date of Event CSO Period* Sampling Period* Number of 

(m/d/yr) (military t i m e )  (military time) Samples 

North Branch Pumping 8/2/01 
Station 8/9/01 

9/19/01 
9/20 - 9/21/01 
9/23/01 
10/13 - 10/14/01 
10/23/01 

UJ 
Racine Avenue Pumping 

Station 

125th Street Pumping 
Station 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 (Continued) 

SUMMARY OF CSO EVENTS SAMPLED AT SIX CSO DISCHARGE LOCATIONS 
IN PREVIOUS STUDIES IN 1995 THROUGH 2001 

Station 
Date of Event CSO Period* Sampling Period* Number of 

(m/d/yr) (military time) (military time) Samples 

Evanston Intercepting 7/17 - 7/18/96 
Sewer Outfall 8/17/97 

6/1 - 6/2/99 
12/4 -12/6/99 

Greenwood Avenue Relief 7/17 - 7/18/96 
Sewer Outfall 4/22/99 

rv 
0 

6/1 - 6/2/99 
12/4 -12/6/99 

Olmsted Road Sewer Outfall 8/16 - 8/17/97 
4/23/99 
6/1 - 6/2/99 

*The starting and ending times occurred on the corresponding dates given under Date of Event, 
unless otherwise noted. 

**The ending time of sampling occurred on 11/10/95. 









CSO events. The BOD5 or SS load was calculated by multiplying 

a particular EMC with the corresponding total CSO volume. An 

EMC may be computed using two different methods. The compari- 

son of these two methods will be discussed later in this re- 

port. 

Results of CSO Events with Missing Data 

In the case of the remainder of the other 10 CSO events, 

the CSO sampling was incomplete, and the sampling coverage 

ranged from 20 to 80 percent. It is thought that calculating 

BOD5 and S S  loads for these incompletely sampled CSO events 

using only the existing data may be unreliable, because par- 

tial concentration data cannot be representative of the entire 

CSO event because of wide variation of BOD5 and S S  concentra- 

tions throughout a CSO event. Therefore, six site- and 

parameter-specific mathematical models, each for BOD5 or S S  at 

each location, were developed to estimate the BOD5 and S S  con- 

centration values, which were missed during CSO sampling based 

on the designed sampling protocol. Figures 4 through 6 show - 

three examples, one for each location, of incomplete CSO 

events filled with estimated values for possible missing sam- 

ples. It is believed that the results of BOD5 and SS loads 
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calculated with the inclusion of estimated missing concentra- 

tion values provide the best estimate of each CSO event. 

The estimation of missing values using mathematical mod- 

els was not employed for the three outfalls. The main reason 

for this was that the CSO periods at these locations could not 

always be defined due to the nature of CSO flow rate data pro- 

vided. Without a definite CSO period, the coverage of CSO 

sampling cannot be determined. Therefore, it is assumed that 

the BOD5 and SS concentration data of the CSO samples col- 

lected during each of the CSO events at the three outfalls are 

representative of that CSO event. The corresponding total CSO 

discharge volume for each of the CSO events was estimated us- 

ing the flow rate data provided by USACE, Chicago District. 

Calculation of EMC 

, With the missing concentration values estimated, all the 

CSO events sampled at the three pumping stations became com- 

plete with respect to CSO event coverage. The EMCs for these 

CSO events can be calculated using either the arithmetic mean 

or volume-weighted average. Intuitively, the second method 

appears to be more accurate because the concentrations of BOD5 

and SS vary and so does the CSO flow rate during a storm 

event. However, the first method has the advantage of 



simplicity and consistency, as the corresponding increments of 

CSO discharge volumes for the three outfalls were sc5etrmes 

unusable due to negative or zero values. Therefore* as ex- 

plained I.ater, the arithmetic mean method was used to zalcu- 

late the EMC values. 

The sampling protocols used in these studies, which were 

ident~ca~ in all three studies, were designed with the c3nsid- 

eration of variation in concentrations and representat~ve of 

concentraticns at the different stages of a CSO. I t i s  as- 

suned that an EMC determined by the arithmetic mean for the 

CSO event sampled with one of the designed sampling prc~tocols 

(depending on location) can closely represent the true mean 

concentration fcr the event. To examine the difference in the 

resulrs ob'zained from these two methods, statistical ar-alysis 

was performed to compare the arithmetic means with the corre- 

spanaing voiume-weighted averages for the CSO events rampled 

at the NE2S and 125th St. The results of statistical acaiysis 

indicated ~ k a t  at a 90 percent confidence level, there were no 

statistical differences between 14 of the 15 BODs mean, values 

and 13 of the 15 SS mean values calculated using the two  dif- 

ferent methods. In all the cases where the means of B 0 3 5  and 

SS were statistically different using different cal:clation 

methods, zhe CSO events were initially incomplete with respect 



to the sampling coverage. Therefore, arithmetic means were 

used to calculate the EMCs for all the CSO events that were 

used in this study to develop the correlation between BOD5 and 

SS loads discharged and CSO discharge volumes. 

Results of Regression Analysis of CSO Flow and 
Concentration Data 

Nonlinear regression analysis was conducted for BODS and 

SS loads versus CSO discharge volumes with the historic CSO 

data collected from six locations within the District service 

area from 1995 to 2001. Of the 35 CSO events sampled in the 

previous studies, 32 CSO events for BOD5 and 29 CSO events for 

SS were used for the regression analysis. The exclusion of 

some CSO events was due to the lack of either flow rate data, 

mainly at the sewer outfall sites, or concentration data, 

mainly at the pumping stations. The BOD5 and SS load values 

for regression analysis were computed using EMCs multiplied by 

CSO volumes and are presented in Table 2. 

The results of the regression analysis indicated that 

statistically valid correlations exist between the loads and 

the discharge volumes with adjusted R-squared values of 0.78 

for BOD5 loads versus CSO volumes and 0.67 for SS loads versus 

CSO volumes. The regression equations for BOD5 and SS loads 

versus volumes are given below: 



ME~TFIOPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 

DATA OF CSO VOLUME AND BOD5 AND SS LOAD 
FOR REGRESSION ANALYSIS 

CSO TIolume 
PG 

BOD5 Load 
lb/event 

SS Load 
&/event 

Note: ND = no data 



LBOD5 = 558.1 * V - 0.08825 * v*, and 

L,, = 3333  * V - 0.6472  * v2 

where L B O D ~  and LSS are the BOD5 and SS loads in pounds per 

event ( lb/event ) , and 

V is the total discharge volume in million gallons 

(MG) for a CSO event. 

Figures 7 and - 8 present the regression curves for BOD5 

and SS loads versus CSO volumes, respectively, along with the 

data points used in the regression analysis. Although the 

difference between the regression curve and some individual 

data points appears to be large, the mean square error between 

the regression curve and all data points was minimized in the 

analysis. These regression equations for BOD5 and SS loads 

versus CSO volume can be reliably used to estimate BOD5 and SS 

loads in the future CSO events based on discharge volumes 

alone, without knowing the concentrations of BOD5 and S S  in 

the CSO discharges. The BOD5 and SS loads so determined can 

then be used for NPDES reporting purposes. 

Both regression equations are statistically valid up to a 

CSO volume of 3,590 MG. The CSO event that discharged 3,590 

MG occurred at RAPS on July 1 7  through 19, 1996 and was the 

largest CSO event recorded since TARP was put into service in 







1985. However, in order to take a conservative appr~ach for 

NPDES permit reporting purposes, it is recommended that the 

District use the maximum estimated BODs loading of 882,400 lbs 

from rhe proposed regression equation for any CSO e-sect ex- 

ceeding 3,162 MG and similarly the maximum estimated S S  load- 

ing of 4,231,000 lbs for any CSO event exceeding 2,575 MG. 

The estimation of BOD5 and SS loads based on 1SC: dis- 

charqe volame using the equations developed from t h e  zagres-  

sion curves for BOD5 and SS in Figures 7 and 8, along xi-h the - 

conservat.i7\re approach mentioned above, should serve t n e  pur- 

poss well for NPDES reporting of BOD5 and SS loads d2scharged 

inta the receiving waters during any CSO event. 
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APPENDIX A1 

BOD5 AND SS DATA FOR SAMPLED CSO EVENTS AT NORTH B M H C H  
PEMPING STATION, RACINE AVENUE PUMPING STATION, 125TE STF-EET 

PUMPING STATION, EVANSTON INTERCEPTING SEWER OUTFALL, 
GREENWOOD AVENUE RELIEF SEWER OUTFALL, AND OLMSTED ROAC SEWER 

OUTFALL 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT NORTH BRANCH PUMPING STATION 

Ti t~re BODS 
Date Collected mg/L 

Time BODS SS 
Date Collected mg/L rngl'l 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT NORTH BRANCH PUMPING STATION 

Time BODS SS 
Date Collected mglL mglL 

Time BODS SS 
Date Collected mglL mglL 

Note: ND = no data. 

AI-2 



MESROPOLI?AN WATER RECLAMATION DISTRICT OF GREATER CWTC:kGO 

TABLE AI-2 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT RACINE AVENUE PUMPING STATION 

Time BODS SS Date Time BODs SS 
Date Collected mglL mglL 0000 Collected mg/L mglL 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT RACINE AVENUE PUMPING STATION 

Time BOD5 SS Date Time BOD, SS 
Date Collected mglL mg/L 0000 Collected mglL mg/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CWTTAGO 

TABLE AI-2 (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT RACINE AVENUE PUMPING STATION 

Time BOD5 S S Date Time BODS SS 
Date Collected mg/L mglL 0000 Collected mg/L mg/L 

Note: ND = no data. 

67 74 
62 83 
5 1 110 
72 203 
63 127 

I ? #  356 
55 176 
45 -1 59 
67 194 
32 90 
37 90 
23 72 
25 70 
22 82 
20 62 

163 GOO 
21 3 816 

20 4 1 
19 33 
17 28 
20 29 
2 3 28 
28 28 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT 125TH STREET PUMPING STATION 

Date 
Time 

Collected 
SS 
mglL 

Time BOD, SS 
Date Collected mglL mglL 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHTCAGO 

TABLE AI-3 (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT 125TH STREET PUMPING STATION 

Time BODS SS Time BOD5 SS 
Dak Collected mg1L mglL Date Collected mglL mgtL 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT 1 2 5 T H  STREET PUMPING STATION 

Time BODs SS Time BOD5 SS 
Date Collected mglL mglL Date Collected mg1L mglL 

8/25/01 1325 10 6 1 1011 3/01 1910 24 71 
812 510 1 1340 10 82 1 011 3/01 1925 23 102 
8/25/01 1355 13 85 1011 310 1 1940 16 64 
8/25/01 1410 I 0  84 1011 3/01 1955 16 6 1 
8/25/01 1425 13 77 1011 3/01 201 0 17 68 
8125101 1440 13 66 I011 3/01 2025 12 56 
8125101 1455 24 96 1 011 310 1 2040 15 76 
8125101 1525 15 77 10/13101 2055 12 93 
8/25/01 1555 51 79 1 011 3101 21 10 11 47 
8/25/01 1625 20 109 1011 3/01 2125 14 60 
8/25/01 1655 20 152 1011 3101 2140 15 5 1 
8/25/01 1725 21 98 1011 3101 21 55 12 54 
812510 I 1755 , 18 141 10113/01 - 2210 14 46 
812510 1 1835 15 15 1 011 3101 2240 11 38 
812 5/0 1 1936 14 10 I 011 310 1 231 0 13 45 
8/25/01 2036 18 44 1011 3/01 2340 12 45 
8/25/01 2136 32 135 10114/01 0010 12 39 
812610 1 0035 29 52 1 Oll4lOl 0040 I 0  40 
812610 1 01 32 18 36 10114101 01 10 10 38 
8/26/01 0235 23 34 
812610 1 0335 17 11 
812610 1 0435 15 28 

Note: NO = no data. 



METROPOZITAN WATER RECLAMATION DISTRICT OF GREATER CAiCAGO 

TABLE AI-4 (Continued) 

BOD5 AND SS DATA FOR SAMPLED CSO EVENTS 
AT EVANSTON INTERCEPTING SEWER OUTFALL 

Time BODB SS Time BOD, SS 
Date* Goiiected* mg/L mglL Date* Collected* mgll. mgli  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT EVANSTON INTERCEPTING SEWER OUTFALL 

Time BOD5 SS Time BOD, SS 
Date* Collected* mglL mglL Date* Collected* mglL mg/L 

Note: ND = no data. 
'Some sampling dates and collection times were changed based on the designed time intervals. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-5 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

l ime BOD, SS Time BOD5 SS 
Date* Coller:ted* mg/L mglL Date* Collected* mglL mg/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I - 5  (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Time BOD5 SS Time BOD5 SS 
Date* Collected* mg/L mg/L Date* Collected* mg/L mg/L 

6/2/99 2245 65 304 12/5/99 0330 26 40 
6/2/99 2300 42 260 12/5/99 0400 29 64 
6/2/99 2315 34 1 54 12/5/99 0430 27 68 
6/2/99 2330 39 116 12/5/99 0500 28 48 
612199 2345 34 200 12/5/99 0530 20 32 
6/2/99 0000 27 122 12/5/99 0600 17 32 
6/2\99 0015 23 82 12/5/99 0630 19 44 
6/2/99 0030 23 92 12/5/99 0700 . 18 32 
6/2/99 0045 23 100 1 2/5/99 0710 ND 28 
6/2/99 0100 17 72 12/5/99 0810 ND 76 
6/2/99 01 15 17 76 12/5/99 0910 ND 32 
6/2/99 01 30 18 56 12/5/99 1010 ND 44 
6/2/99 0200 17 52 12/5/99 1110 ND 44 
6/2/99 0230 19 36 1215199 1210 ND 48 

12/5/99 1310 ND 32 
12/4/99 2240 93 536 12/5/99 1410 ND 84 
42\4/99 2255 52 264 12/5/99 1510 ND 60 
12/4/99 231 0 30 244 12/5/99 1610 ND 48 
12/4/99 2325 57 192 1215199 1615 ND 8 
12/4/99 2340 50 216 12/5/99 1715 ND . 4 
12/4/99 2355 57 240 12/5/99 1815 ND 20 
12/5/99 001 0 45 104 12/5/99 191 5 ND 12 
12/5/99 0025 42 88 12/5/99 201 5 ND 24 
12/5/99 0040 42 112 12/5/99 2115 ND 16 
12/5/99 0055 35 220 12/5/99 221 5 ND 24 
1215199 0110 30 304 12/5/99 231 5 ND 8 
12/5/99 0125 24 388 12/6/99 0015 ND 20 
12/5/99 0130 23 376 1 2/6/99 0115 ND 16 
12/5/99 0200 25 200 12/6/99 021 5 ND 8 
12/5/99 0230 26 192 12/6/99 031 5 ND 20 
12/5/99 0300 26 64 

Note: ND = no data. 
*Some sampling dates and collection times were changed based on the designed time intervals. 



P!E:TROPOI,ITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT OLMSTED ROAD SEWER OUTFALL 

Tirne BOD, SS Time BOD5 SS 
Date Collected mg/L mglL Date Collected mgl l  mglL 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-6 (Continued) 

BOD, AND SS DATA FOR SAMPLED CSO EVENTS 
AT OLMSTED ROAD SEWER OUTFALL 

Time BOD, SS Time BOD, SS 
Date Collected mg/L mg/L Date Collected mg/L mg/L 

Note: ND = no data. 



APPENDIX A11 

CSO PUMPING AND DISCHARGE DATA FROM NORTH BRANCH P U M P I N G  
STATION, RACINE AVENUE PUMPING STATION, 1 2 5 T H  STREET P3MPING 

STATION, EVANSTON INTERCEPTING SEWER OUTFALL, GREENWOOD 3.LTENUE 
R E L I E F  SEWER OUTFALL, AND OLMSTED ROAD SEWER OUTFAIL 



J!$EtTROPOL,I",AN WATER RECLAMATION DISTRICT OF GREATER CHISAGO 

TABLE AII-1 

CSO PUMPING DATA FROM NORTH BRANCH PUMPING STATIOK 

Time On Time Off Time in Service Volume Drscharged 
Date Pump No." (military time) (military time) (minutes) ($JIG) 

Event Total 

Event Total 

Event Total 

912010 1 

Event Totai 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-1 (Continued) 

CSO PUMPING DATA FROM NORTH BRANCH PUMPING STATION 

Time On Time Off Time in Setvice Volume Discharged 
Date Pump No.* (military time) (military time) (minutes) (MG) 

Event Total 36.5 

Event Total 535.5 

Event Total 146.9 

* Every pump at NBPS has a pumping capacity of 0.135 million gallons (MG) per minute. 



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

TABLE AII-2 

CSO PUMPING DATA FROM RACINE AVENUE PUMPING STATZSh 

Time On Time Off Time in Service Volume Discharged 
Date Pump No. * (military time) (military time) (minutes) (kds t 

Event tokal 

Event total 

Event total 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-2 (Continued) 

CSO PUMPING DATA FROM RACINE AVENUE PUMPING STATION 

Time On Time Off Time in Service Volume Discharged 
Date Pump No. * (military time) (miliiary time) (minutes) (MG) 

Event total 

711 8/97 



METROPOLTTAN WATER RECLAMATION DISTRICT OF GREATER GhTCAGO 

TABLE AII-2 (Continued) 

C S 0  PUMPING DATA FROM RACINE AVENUE PUMPING STATZtSfl 

Time On Time Off Time in Service Volume Discharged 
Date Pump No * (military time) (military time) (minutes) (MG: 

Event total 

4/22/99 

Event total 

611 I99 



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

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

CSO PUMPING DATA FROM RACINE AVENUE PUMPING STATION 

Time On Time Off Time in Service Volume Discharged 
Date Pump No. * (military time) (military time) (minutes) (MG) 

Event total 1020.5 

Event total 610.4 

*Nos. 2,3,4, 5 and 6 pumps at the Racine Avenue Pumping Station have a pumping 
capacity of 0.168 million gallons per minute (MGlmin), Nos. 7 and 9 have 0.179 MGlmin, 
and Nos. 8,  10, 12, 1 4 , 1 6  and 18 have 0.224 MGImin. 



METROPOLZTAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

TABLE A I I - 3  

GSO PCMPING DATA FROM 125TH STREET PUMPING STATIGH 

Time On Time Off Time in Service Volume Discharged 
Date P ~ ~ r n p  No. * (military time) (military time) (minutes) (MG) 

Event Total 

711 7/96 

Event Total 

Event Total 

Event Total 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 (Continued) 

CSO PUMPING DATA FROM 125TH STREET PUMPING STATION 

Time On Time Off Time in Service Volume Discharged 
Date Pump No. * (military time) (military time) (minutes) (MG) 

Event Total 274.7 

Event Total 44.4 

Event Total 135.9 

Event Total 335.6 

Event Total 203.0 

*Nos. 1,2 and 3 pumps at 125th Street Pumping Station have a pumping capacity of 
0.04488 million gallons per minute (MGlmin), and Nos. 4, 5 and 6 have 0.1234 MGImin. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHTYAGO 

TABLE AII-4 

CSO DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Voiume* 
Date ! Time (ft) (fi2) (ftls) (ft31s) JMG: 

Event Total: 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 (Continued) 

CSO DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume* 
Date / Time ( ft ) ($1 (Ws) (ft31s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE A I I - 4  (Continued) 

CSO DISCZHARGE DATA AT EVANSTON INTERCEPTING SEWER 0:jTi"AZL 

Stage Cross-Sectional Area Velocity Discharge D~scharge \foiurne* 
Date i Time PI (ft2) (ft/s) (ft3/s) (MG' 

Event Total: 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 (Continued) 

CSO DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume* 
Date / Time ( ft ) (ft2) (ws) (ft3/s) (MG) 



METROPO1,ITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 (Continued) 

ZSQ DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume* 
Date I Time (R) (ftls) (ffls) iMG) 

0.095 
13 

0.062 
C "i13 
0.977 
0.049 
0 053 
0 0411 
0.027 
0.01 1 
0.018 
G.3q3 
0.033 
0 03.1 

- f3.0-w - 
gi.013 
e 004 
G.008 
C.004 
0 003 
61.082 
@.Of82 
0 Oil2 
0.001 
0.1301 
O QO? 
6.006 
0.001 

0 
0.031 
B.OG1 
0 D M  
0.001 
O.001 
0.003 
0.001 
0.033 
U.5a01 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 (Continued) 

CSO DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume* 
Date I Time ( f i )  (ft2) (ftls) (ft31s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CSLZAGO 

TABLE AII-4 (Continued) 

GSG DISiZHARGE DATA AT EVANSTON INTERCEPTING SEWER O'LTTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Vo!ume* 
Date / Time (ft) (ff) (ftls) (ft3/s) !MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 1-4 (Continued) 

CSO DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume' 
Date / Time ( ft (ff) (ft/s) (ft3/s) (MG) 



METROPOLImAN WATER RECLAMATION DISTRICT OF GREATER Gl-lICAGO 

TABLE AII-4 (Continued) 

CSO DISCHARGE DATA AT EVANSTON INTERCEPTING SEWER 2CT7ALL 

Stage Cross-Sectional Area Velocity Discharge Discharg-ga Volume* 
Date I Time (ftj (ft2) (ftls) (ft3/s) (1"diG) 

Event Total: 3,070 

* A zero value is ass~gned to the discharge volume if a discharge rate is negative in value 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date / Time ( ft ) st2) (ws) (ft3/s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSG DISCHA3GE DATA AT GREENWOOD AVENUE RELIEF SE:WEK 3 3 Y A L L  

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date / Time ( f t )  (it2) (ftls) (ft3/s) !MG) 

0 045 
G 050 
0 Q47 
C.040 
0.047 
0 053 
Q 1351 
0.033 
0 031 
0 027 
0. f;26 
0 028 
0.01 7 
0.019 
C 015 
0 022 
0.014 
0 014 
0 014 
0 01 I 
O aoo 
6 000 
0 000 
0 005 
6 000 
0.000 
0 000 
0 OOi3 
0.60Q 
C 000 
0.030 
8 OQO 
0 000 
0 003 
0.0130 
G 0130 
a ooo 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date 1 Time (fi) (ft2) (WS) (ft3/s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEUZAGO 

TABLE AII-5 (Continued) 

CSQ DSSCYARGE DATA AT GREENWOOD AVENUE RELIEF SEWER ZVTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date / Time (ft) (Pt2) (ftls) (ft31s) iR4G) 

Event Total. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date I Time ( ft ) (ft2) (ws) (ft3/s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEZCAGO 

TABLE AII-5 (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER 03TFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge iioiume 
Date i Time ( ft (ft2) (ft/s) (ft3/s) (MG) 

Event Total: 

3 000 
O aoa 
0 000 
i: OCi0 

5 09G2 

0 DC!O 
3 WO 
Y.067 
0.107 
3 "16 
3 133 
C.B98 
0.3'32 
0 101 
0.OEf4 
C 09-T 
C 089 
C- 095 
0.888 
Q 991 
0 "393 
0.089 
e'osl 
0.089 
0.055 
6.093 
0 039 
0.083 
0.037 
Q 090 
0 096 
0.097 
0 "12 
B ?05 
G.100 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 5  (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date / Time (ft) (ft2) (Ws) (ft31s) (MG) 



METROPOLlTAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSC: DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OU'IE'ALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date I' Time (ft) (ft2) PSI (ft31s) (MG: 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date / Time (ft) w"ft') (ft31s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSC: DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OIlTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date I Time ffi) (ft2) (ft/s) (ft31s) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 5  (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OUTFALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Date I Time (fi) (ft/s) (@IS) (MG) 



MZTROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

CSO DISCHARGE DATA AT GREENWOOD AVENUE RELIEF SEWER OFTFAALL 

Stage Cross-Sectional Area Velocity Discharge Discharge Volume 
Dale I Time (R) (fi2t2) (ftls) (ft3/s) (IdiG j 

Event Total: 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow" CSO Volume** CSO Flow" CSO Volume** Discharge Volume 

Date / Time (ft3/s) (MG) (ft3/s) (MG) (MG) 



METROP0L:TAN WATER RECLAMATION DISTRICT OF GREATER CSIGAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfall Chamber I Outfall Chamber 2 To@! @SO 
CSO Flow* CSO Volume*' CSO Flow* CSO Volume" Discharge Volume 

Date i Time (ft9s) (MG) (ft31s) (MG) (PAS) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber I Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume*" CSO Flow* CSO Volume** Discharge Volume 

Date 1 Time (@IS) (MG) (ft3/s) (MG) (MG) 



METROPOLlTAN WATER RECLAMATION DISTRICT OF GREATER ChTCAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OTJTFALI, 

Outfall Chamber 1 Outfall Chamber 2 Totai CSO 
CSO Ftow* CSO Volume" CSO Flow* CSO Volume*' Dischargte Volume - 

Date i T~me (ft31s) (MG) (.ft3/s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 1-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

O u W  Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume'" CSO Flow* CSO Volume** Discharge Volume 

Date / Time (ft31s) (MG) (ft3/s) (MG) (MG) 



METZOPOLZTAN WATER RECLAMATION DISTRICT OF GREATER CE<IIAGO 

TABLE A I I - 6  ( C o n t i n u e d )  

CSO CIISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfall Chamber 1 Outfall Chamber 2 f otai GSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharoe Volume w 

Date / Time (ft3/s) (MG) (ft31s) (MG) f M f 3  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume" CSO Flow* CSO Volume** Discharge Volume 

Date / Time (ft31s) (MG) (ft31s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSQ CISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 -rota! cso 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharge Volume 

Date i Time (rt31s) (MG) (ft31s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfall Chamber I Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume" CSO Flow* CSO Volume** Discharqe Volume - 

Date / Time (ft31s) (MG) (ft31s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO CISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfall Chamber 1 Outfall Chamber 2 'Total C S 0  
CSO Flow* CSO Volume*" CSO Flow* CSO Volume** Discharge Wotume 

Date / Time (fi31s) (MG) (ft3ls) (MG) {MG) 



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

TABLE A I I - 6  (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfatl Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume" CSO Flow* CSO Volume** Discharge Volume 

Date I Time (ft31s) (MG) (ft31s) (MG) ~ M G )  



METROPOLTTAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

TABLE A I I - 6  (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 lot& GSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharge L'oiume 

Dale 1 Time (ft31s) (MG) (ft31s) (MG) ( MG ) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 6  (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber I Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume" CSO Flow* CSO Volume** Discharge Volume 

Date I Time (PIS) (MG) (ft3/s) (MG) (WIG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AII-6 (Continued) 

CSQ DISCHARGE DATA AT OLMSTED ROAD SEWER OUTEALL 

OutFall Chamber 1 Outfall Chamber 2 Tcta! CSQ 
CSO Flow* CSO Volume*' CSO Flow* CSO Volume** Discharge V~lume 

Date I Time (ft31s) (MG) (rt31s) (MG) {MG) 

Event Total: 

O.017 
O.GO5 
0.016 
9 COS 
0 OC5 
0.905 
0.005 
8.005 
0.GQ5 
O OG5 
6.005 
('i.005 
0 005 
0. (305 
0.005 
6.005 
2.005 
3.005 
3.m5 
3 1305 
0.005 
0.005 
0.005 
0.005 
f3.005 
0 005 
0 005 
O 005 
O OQO 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Ouffill Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume*" Discharge Volume - 

Date I Time (ft3/s) (MG) (els) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHlCAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 f otsi CSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharac Volume 

w 

Date I Time (ft3/s) (MG) (ft3/s) (MG) kk4G) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume** CSO Flow' CSO Volume*' Discharae Volume - 

Date / Time (fi3/s) (MG) (fi31s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHX3AGO 

TABLE AII-6 (Continued) 

CSO EISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfall Chamber 1 Outfail Chamber 2 'Totai CSO 
@SO Flow* CSO Volume** CSO Flow* CSO Volume** Discharge Volume 

Dab I Time (ft3/s) (MG) (ft3/s) (MG) {Mi;) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharge Volume 

Date I Time (ft3/s) (MG) (ft3/s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHlCAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFAL, 

- . Outfall Chamber 1 Outfall Chamber 2 Toiai GSB 
CSO Flow* CSO Volume** CSO Flow* CSO Volume*' Dischaiw Voiurne - 

Date i Time (ft31s) (MG) (ft3/s) (MG) [btG) 

Event Totai: 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Ouffill Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharge Volume 

Date / Time (fi3/s) (MG) (ft31s) (MG) (MG) 



METROPOL1:TAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 ( C o n t i n u e d )  

CSC DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfail Chamber 1 Outfall Chamber 2 Totai CSO 
CSO Fiow* CSO Volume** CSO Flow* CSO Volume** Discharge 'foiume 

Date J Time (fi31s) (MG) (ft3/s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume"* CSO Flow* CSO Volume** Discharae Volume - 

Date / Time (ft3/s) (MG) (ft3/s) (MG) (MG) 



METROPOLITAN NATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

- Outfall Chamber I Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Dischame Volume - 

Date I Time (ft31s) (MG) (ft3/s) (MG) :WIG) 



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

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume" CSO Flow* CSO Volume** Discharae Volume - 

Date / Time (ft3/s) (MG) (ft3/s) (MG) (MG) 



MZ'I'ROPOLITAN WATER RECLAMATION DISTRICT OF GREATER Cri lCAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OLTTFALL 

Outfall Chamber 1 Outfall Chamber 2 TsQi CSO 
CSO Flow* CSO Volume*" CSO Flow* CSO Volume*' Dischame Volume - 

Date : Time (ft31s) (MG) (ft31s) (MG) (Ma;) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII- 6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume** CSO Flow* CSO Volume** Discharge Volume 

Date / Time (fi31s) (MG) (ft3/s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER C k I C A G O  

TABLE AII-6 (Continued) 

CSG DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALIJ 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volume" CSO Flow* CSO Volume** Discharge Wl-erme 

Dale i Time (ft31s) (MG) (ft3/s) (MG) (MG) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6 (Continued) 

CSO DISCHARGE DATA AT OLMSTED ROAD SEWER OUTFALL 

Outfall Chamber 1 Outfall Chamber 2 Total CSO 
CSO Flow* CSO Volumen CSO Flow* CSO Volume** Discharge Volume 

Date / Time (fi31s) (MG) (ft31s) (MG) (MG) 

Event Total: 7.343 

Note: The Riverside Sewer Outfall consists of two ouffall chambers and it is assumed that 
the total discharge volume is the sum of the discharge volumes from the two chambers. 

* CSO flow data were obtained from USACE, Chicago District. 
" CSO volume values were calculated based on CSO flow and duration, i.e. 5 minutes. 

A zero value is assigned to the discharge volume if a CSO flow is negative in value. 




