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SUMMARY AND CONCLUSIONS 

Summary 

In order to obtain data on pollutant loadings from high- 

way stormwater runoff to the Chicago Waterway System (CWS), a 

study was conducted to collect and analyze storm runoff dis- 

charged at three Illinois Department of Transportation (IDOT) 

pumping stations in a period from October 2002 to July 2003. 

The three IDOT pumping stations sampled in this study were 

IDOT Pumping Stations Number 3 (IDOT PS No. 3 ) ,  Number 5 (IDOT 

PS No. 5) and Number 29 (IDOT PS No. 29) . These pumping sta- 

tions collect storm runoff from portions of the Edens Express- 

way (I-94), Eisenhower Expressway (I-290), and Dan Ryan Ex- 

pressway (I-go), and discharge the runoff to the North Branch 

(IDOT PS No. 3) and South Branch (IDOT PS Nos. 5 and 29) of 

the Chicago River, respectively. 

During the study period, discharges from the IDOT pumping 

stations were sampled in 21, 40 and 41 storm-sampling events 

at IDOT Pumping Stations Nos. 3, 5 and 29, respectively. 

These sampling events covered the discharges taking place un- 

der four different conditions, namely no rain, snowmelt, small 

rain ( <  0.1 inches) and large rain (2 0.1 inches) . Of the 21 

storm-sampling events sampled at IDOT PS No. 3, there were 2 

no rain events, 2 snowmelts, 2 small rains, and 15 large 



rains. Of the 40 storm-sampling events sampled at IDOZ FS NO. 

5, there were 4 no rain events, 9 snowmelts, 4 small ralns, 

and 23 large ralns. Of the 41 storm-sampling events sarnpled 

at ID31' PS No. 29, there were 6 no raln events, 5 snowrrel-ts, 5 

smal?- rains, and 25 large rains. 

This report presents the description of the sampilng pro- 

gram for ccl2ecti1-1g pumping station samples, methods of data 

analysis, acd results of the study. The data collecter, I~ the 

sampl~ng pk,ase of this study, along with the corre:r;oriaing 

storm and snowfall data acquired from the Illinois State Mater 

Survey (ISWS), were analyzed to examine the potential c3rrela- 

tion between the concentrations of pollutants in the dis- 

charges and storm variables. 

Conclusions 

The following conclusions can be drawn from this study: 

I - In the study period, the storm runoff caused b y  

storms with greater than or equal to 0.1 inches 

of cumulative rainfall and discharged at. the 

three IDOT pumping stations had average evene 

mean conc:entrations (EMCs) of TSS, CBOD5, TN an=! 

TP of 98.9 mg/L, 9.1 mg/L, 2.68 mg/L and 0.25 

mgi'L at IDOT PS No. 3, 69.3 mg/L, 10.0 mg/i: 

3.32 mg/L and 0.26 mg/L at IDOT PS No. 5, and 



87.3 mg/L, 8.3 mg/L, 3.31 mg/L and 0.19 mg/L at 

IDOT PS No. 29, respectively. Among these four 

stormwater constituents, TSS had the largest 

variation in individual EMCs and TN had the 

least variation in individual EMCs. 

At the three locations sampled, the average val- 

ues of EMCs of TSS, CBOD5 and TP were not sta- 

tistically different at the 5 percent level of 

significance. However, the average value of EMC 

of TN at IDOT PS No. 3 was significantly lower 

than those at the other two locations, resulting 

from relatively lower concentrations of (NOz + 

NO,)-N at this location. The reason for this is 

not known. 

Among four rain event variables, namely cumula- 

tive rainfall, rain duration, mean rain inten- 

sity, and the days since the last rain that has 

at least 0.1 inches of rainfall, the days since 

the last rain had the largest impact on the EMCs 

of TSS, CBOD5, TN and TP at all three locations. 

The concentrations of these constituents in 

storm runoffs will be relatively high, if the 

days from the previous storm that has at least 

0.1 inches of rainfall to the present storm are 



re: ativel y long. The correlation between t . 1 ~  

stormwater constituents and the other three rali 

event variables were generally weak except for 5 

few lndlvidual pairs. 

4. At all three locations sampled, the average val- 

ues of EMCs of chloride and conductivity in tF&c 

snow season, which took place from November 1 6 r  

2002, to April 15, 2003, were much higher cnar, 

thz~se in the non-snow season. Furthermore, ~ h e  

variations in individual EMCs of chloride are 

conductivity in the snow season were much larger 

than those in the non-snow season. The higher 

average concentrations of chloride and ccndl;c- 

tivity and larger variations in individual sari- 

centrations were likely attributable to the zp-  

placation of road salts during snowstorms. 



INTRODUCTION 

Stormwater runoff from urban highways carries polhctants 

from atmospheric dust, road dirt, etc., and directly dis- 

charges :hem into surface waters through highway drainage sys- 

tems and puapirg stations. In the service area of the Fetro- 

politan Water Reclamaticn District of Greater Cl?icac)o (Dis- 

trlct), there are approximately 24 pumping stations sperated 

by the Illinois Department of Transportation (IDOT) ti la^ dis- 

charge storabaater runoff from the highways in this area snto 

the Ckicaga Waterway System (CWS) . In order to collect data 

on poliutarit loadings from highway stormwater runoff t~ the 

CWS, the Research and Development (R&D) Department of Ice Dis- 

trict conducted a study to collect storm runoffs discharged at 

three IDOT pumping stations into the CWS during various storm 

events between October 2002 and July 2003 and analyze z h e ~ n  for 

certai~ stomwater constituents. 

The three IDOT pumping stations sampled in t h ~ s  study 

were JDOT Pumping Stations Number 3 (IDOT PS No. 3), tJ~;~nber 5 

(IDOT PS Ko. 5 )  and Number 29 (IDOT PS No. 29) . F~qures 1 

through -. 3 show the locations of these IDOT pumping st2tions 

and the receiving streams that accept the discharges from 

these pumping stations, respectively. IDOT PS No. 3 2s lo- 

cated at Forest Glen Avenue, Chicago, Illinois, and is used to 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 1 

LOCATION OF IDOT PUMPING STATION NO. 3 
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METROPOLITAN WATER RECL,AMATION DISTRICT OF GREATER CYICAGO 

FIGURE 2 

LOCATION OF IDOT PUMPING STATION NO. 5 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 3 

LOCATION OF IDOT PUMPING STATION NO. 29 



pump the s~armwater runoff collected from a portion c f  the 

Edens Expressway (1-94) to the North Branch of the Chicago 

River. Thls pumping statlon has four storm pumps with a rated 

capacj ty of 70,000 gallons per minute (gpm) (or 101 n~ilion 

gallons per day (MGD) ) . 

IDOT PS NO. 5 is located at the corner cf Van Buren 

Street and Des Plaines Avenue, Chicago, Illinois, and IS ijsed 

to pump the stormwater runoff collected from a porticlra of 

Eisenhower Txpressway (1-290) with a drainage area of spproxi- 

mately 275 acres. This pumping station has five storx pumps 

with an operatiny capacity of 38,000 gpm (54.7 MGD), The 

stornwater ranoff pumped from this pumping statj-on are dis- 

charged to the South Branch of the Chicago River. 

I D O ?  PS No. 29 is located at the corner of 24th Street 

and Wallace Avenue, Chicago, Illinois, and is used to pump the 

stormwater runoff collected from a portion of the Dan Ryan Ex- 

pressway (1-90) to the South Branch of the Chicago River. 

This pumping station has 6 storm pumps with a rated capacity 

of 108,000 gpm (156 MGD) . 

In  his study, automatic samplers were used at "cie three 

sampllng locations, to collect composite samples, with a_ri ali- 

quot taken every 15 minutes, for single sampling periods rang- 

ing from 4 to 24 hours. A discharge event which laszed for 

more chan 24 hours at a sampling location could be captured by 



two or more composite samples. All samples were preserved on 

site by packing the sampler trays with ice until the comple- 

tion of sampling. All samples collected at each of the sam- 

pling locations were delivered to the District laboratories 

for sample login and analysis immediately after the completion 

of sampling. 

The data collected in the sampling phase of this study, 

together with the corresponding storm data acquired from the 

Illinois State Water Survey (ISWS), were organized and ana- 

lyzed to fulfill the objectives of this study. This report 

presents the description of the stormwater runoffs sampling 

program, methods of data analysis, discussion of results and 

the conclusions drawn from this study. 



OBJECTIVES 

The objectives of this study were: 

I .  To measure and examine the concentrations of 

commor, pollutants (constituents) in stormwate- 

runoffs discharged from the three IDOT pumplnj 

stations for estimating pollutant loads to zk~e 

CWS . 

2. To compare the chemical characteristics of 2 s  

storm runoffs discharged at the three IDOT p n p -  

ing stations. 

3. To find a correlation between the constituexts 

in the stormwater runoffs and the storm var:- 

ahies at these locations. 



METHODOLOGY 

Sample Collection 

Three IDOT pumping stations were selected for sampling 

stormwater runoffs from urban highways, after screening for 

site representativeness and accessibility. A sampling proto- 

col was prepared before sample collection commenced. The pro- 

cedure for sampling equipment setup, and sample collection, 

transportation and login was detailed in the protocol. The 

same procedure was followed at each sampling location. 

At each sampling location, all samples were collected by 

an automatic sampler equipped with a discrete tray containing 

24 bottles. Aliquots were taken at 15-minute intervals with 4 

aliquots per bottle for a maximum period of 24 hours during a 

sampling event. A sampling event was defined as an event 

where at least four consecutive bottles contained liquid, that 

is, a minimum duration of four hours. Any sampling event of 

four or more consecutive filled bottles was considered as a 

separate event, and all the bottles were mixed in a single 

container to form a composite sample for that event. This re- 

sulted in the duration of a composite sample ranging from 4 to 

24 hours, with a possibility of as many as five separate com- 

posite samples representing five separate events per day. 



'The au5omatic samplers were serviced daily during work- 

days, Monday through Friday, and, resources permittrng, on 

weekends when the weather forecast indicated a sampllr~g event 

was ilkely to occur. Each discrete tray was iced at all ?:xrnes 

durinq sampling duration. All composite samples were logged 

into a Laboratory Information Management System (LIMS) 2 i ~ d  de- 

livered to the District analytical laboratories for analysis. 

Sample Analyses 

Each composit:e sample was analyzed for 9 const:;l;ents. 

These constituents include chloride (Cl), conductivity., ni- 

trite and nitrate nitrogen [ (NOz t- NO3)-N], ammonia nlcrogen 

(NH3-N) , Total. Kjeldahl Nitrogen (TKN) , total phosphorus :TP), 

soluble phosphorus (SOL-P) , total suspended solids (TSS) , and 

carbonaceouz BOD5 (CBODS) . The District's Analytical Labcrato- 

ries are IEPA-accredited under the National Environnental 

Laboratory Accreditation Program. All the analytical methods 

followed for analyzing the samples for these stormwater con- 

stituents were either USEPA-approved methods or Standard Meth- -- 
ods 1 4 ,  2). - 

Flow Data 

Discharge flow rates at any of the three I D O T  puniping 

static~ns sampled were not available for this study. A;ti.ough 

pumping capacity of each pump and number of pumps at eacn 



station were available, the number of pumps in operation dur- 

ing the sampling periods was not known. In general, the sam- 

pling duration corresponded with the discharge duration or 

pumping duration. However, the number of pumps in operation 

during a pumping event affects the discharge flow rate sig- 

nificantly. For example, the discharge flow rate at IDOT PS 

No. 3 varies from 17,500 gpm (25.2 MGD) to 70,000 gpm (101 

MGD) with one to four pumps in operation, assuming that each 

of the four pumps has the same capacity of 17,500 gpm. There- 

fore, no attempt was made to estimate the discharge flow rates 

corresponding to the sampling events for this study. 

Data Analysis 

STORM DATA 

The data of hourly rainfall in inches for the sampling 

period from October 16, 2002 to July 21, 2003 were obtained 

from the Illinois State Water Survey (ISWS). A raingage net- 

work operated by ISWS and the US Army Corps of Engineers for 

Lake Michigan diversion accounting within the Cook County area 

is shown in Figure 4. The data from Raingages 2 and 4 were 

used to calculate the rain data for IDOT PS No. 3, Raingages 

6, 7, 9 and 10 for IDOT PS No. 5, and Raingaqes 10 and 13 for 

IDOT PS No. 29, respectively. 



METRCPOLITAN WATER RECLAMATION DISTRICT OF GREATER CBICAGO 

FIGURE 4 

RAINGAGE LOCATIONS IN METROPOLITAN CHICAGO AREA 

LEGEND: -- 
0 RAINGAGE NETWORK USED BY 

MWRDOC FOR WATERWAY SYSTEM 
OPERATIONS 

RAlhlOAGE NETWORK OPERATED BY 
ILUMQtS STATE WATER SURVEY AND 
CORPS OF ENGINEERS FOR LAKE 
MECHtGAN DIVERStON ACCOUNTING 

Scale of Miles 
0 2 4  6 8 1 0  - - 

0 2 4 6 8 1 0  
Scale of Kilometers 

ABBREVtATfONS ARE AS FOLLOWS: 

WRP = WATER RECLAMATION PLANT 
PS = PUMPING STATION 
M s DISTRICT W I N  OFFICE 
W = W i l M E r n  PS 
B = NORTH BRANCH PS 
R = RACINE AVENUE PS 
F = 87th & WESTERN FPD 
H = SSth STREET PS 
L = IWELWNA PS 
G = GLENVIEW 7-24-03 
N = NORTH SIDE WRP 
S = SPRINGFIELD PS 
E = WEST SIUE PS 
C = CALUMET WRP 



Four rain variables, i.e. rain duration, cumulative rain- 

fall, rain intensity, and the days since last rain, were used 

in previous studies (3, 4 1 ,  and were employed in this study to 

examine any possible correlation between constituents in rain 

runoff and rain variables. The values of these four rain 

variables for each storm-sampling event were calculated using 

the corresponding raingage data provided by ISWS and the meth- 

ods described in the next paragraph. A storm-sampling event 

is defined as an event in which continuous or discrete rain- 

falls trigger the collection of one or more composite samples. 

In other words, a storm-sampling event may have included one 

or more sampling events, as defined in a previous section, 

since a storm-sampling event may have lasted as long as 76 

hours while a sampling event had a maximum duration of 24 

hours. The interval between sampling events for a given 

storm-sampling event was usually within one hour with the 

longest being less than and equal to 2 hours. 

Rain duration (Duration) in hours was calculated using an 

average value of actual recorded hours that had at least 0.01 

inches of rain at the raingages used for each sampling site. 

Rainfall in inches was calculated as a mean value of cumula- 

tive rainfalls at the corresponding raingages. Rain intensity 

(Intensity) in inches per hour was the average rain intensity 

over a storm period corresponding to a storm-sampling event. 



It w i i s  derived from dividing the cumulative rairlfall 1;y the 

correspond~ng rain duration for a given storm-sampling event. 

The range of raln intensity was the minimum and maximum hourly 

r a i n f 3 l l s  at the individual raingages included in the ca-cula- 

ticin for a I D O T  pumping station sampled. The days since last 

rain (Last Days) were calculated using the time period bezween 

the beginning of the present rain and the ending of a prcced- 

ing rain that had a continuous and cumulative rainfa11 of at 

lea.st 0. l inches. 

The data of daily snowfall in inches for the samplirg pe- 

riod from Cctober 16, 2002, to May 31, 2003, were a i s o  ob- 

tained from the ISWS. There are two stations at which daily 

snowfall is recorded by ISWS pertaining to this study. One 

station is located at Chicago Botanical Garden, Illinors (Sta- 

tion ID: 1114971, and the other at Chicago Midway Airportl 

Illinois (Station ID: 111577). Daily snowfall data f r m  both 

statrvns were obtained from the ISWS and used in this s t ~ d y  to 

determine if a storm runoff resulted from snowmelt. 

STORK RUNOFF SAMPLING DATA 

'The information on storm runoffs sampled at the three 

IDCT pumping stations, such as sampling date and starticg and 

ending times of each sampling event, was obtained fsox the 

sampling log sheets generated by the IWD. The concen~ration 



values of stormwater constituents analyzed for this study were 

obtained from LIMS. 

The sampling information was rearranged based on storm- 

sampllng events, as defined in the previous section, and the 

sampling duration for each storm-sampling event was calculated 

based on the starting and ending times of the event. Sampling 

duration could be equal to or less than 24 hours, if only one 

sampling event was included in a storm-sampling event, and 

greater than 24 hours if two or more sampling events were in- 

cluded. 

For each storm-sampling event, storm data, including rain 

duration, rainfall, mean rain intensity, and the days since 

last rain, as well as snowfall (snow), were compiled, and the 

values of event mean concentrations (EMCs) of the measured 

stormwater constituents were calculated. For the storm- 

sampling events that included only one sampling event, concen- 

trations of the constituents analyzed were considered EMCs, as 

all storm runoff samples collected in this study were time- 

based composite samples. For the storm-sampling events that 

included two or more sampling events, EMCs of the constituents 

analyzed were calculated using a weighted-average method with 

the sampling duration of each sampling event as the weight. 

If the value of a constituent for a given sampling event was 



misslng, -,hat sampling event was excluded in the time-aer~hted 

average eals~larion. 

Sased on the storm data, particularly rainfall an3 snow- 

fall, the storm-sampllng events are categorized lntz four 

groups at each sampling location. Group One containez the 

storx--sampl;ng events occurring when there was no rain, e~ther 

durlrig an event or not long before the event. It is n~t, known 

why the punlping statlons were discharging under t h l s  Q~pe of 

condielon. Group Two contained the storm-sampling events oc- 

curring when there was a snowfall of more than one inch e~ther 

on the day of sampling or the day before sampling. Group 

Three ~ncluded the storm-sampling events that were sarnpied un- 

der s ~ a l i  razns, typically having less than 0.1 inches c h u -  

mulatlve rarnfall. Group Four included the storm-sanpling 

events triggered by large rains that each had a curn~:ative 

rainfall of greater than or equal to 0.1 inches. 

Zor eazh group of storm-sampling events, the EMI" values 

of the stormwater constituents monitored were pooled :sqether 

for e?ch sampling location. The number of concentrat2i;r: val- 

ues available for calculation, minimum (Min), maximurr Plax), 

median, mean values, standard deviation (Std Dev), and coeffi- 

cient of variation (CV) were calculated in spreaclsheets. If 

the nzmber 2f concentration values available for calczlation 

was less than three, only mean values for the group were 



calculated. In this report, the value of total nitrogen (TN) , 

which is the sum of (NO2 + NO3)-N and TKN, was calculated for 

each storm-sampling event, and included in the data analysis. 

The average values of EMCs of all Group Four events, 

namely the storm-sampling events with large rains, for all 

constituents monitored were compared among the sampling loca- 

tions. Statistical analyses were used, by comparing the mean 

concentrations, to examine the possible differences among the 

locations. Statistical analysis was also performed to find 

the potential correlation between the stormwater constituents 

measured and rain variables for each sampling location. 

STATISTICAL ANALYSES 

The statistical method used for comparing means is a one- 

way analysis of variance (ANOVA) to study the effects of loca- 

tion. For the one-way ANOVA, the assumption of normality for 

each location is verified by the Kolmogorov-Smirnov (K-S )  

method. If the assumption of normality holds, the assumption 

of equal variance due to different locations is verified by 

Bartlett test at 5 percent level of significance. 

First, the assumptions of normality and equal variance 

are checked using the actual concentrations. If the assump- 

tions of normality do not hold at each location for all pa- 

rameters, the same approach is applied on the log-transformed 



values of the actual concentrations to determine whetce:: the 

assu~ptions of normality hold at each location for all parame- 

ters. Bartlett test is used to check the assumption 3f ?qua1 

variance of two different locations for each parameter ro ex- 

amine whether this assumption holds for each parameter, 

Ft parmetric ANOVA is performed when the assumpt>or! of 

equal variance holds. Otherwise, the analysis is perfsrrcsd by 

Kruskal-Wallis ( K - W )  method known as nonparametric ANOVA, 

which makes inferences about the medians of the populations. 

If assumptions of normality hold for actual values at each lo- 

cation for all parameters, the inference due to the K-W method 

also applies to means of the population because the nedians 

and the means are identical for any symmetric populatio?, such 

as a normal population. Although the parametric ANO-JA ~nfer- 

ence LS based on log-transformed values, it also applies to 

the actual values since the mean of the actual value 1 s  a one- 

to-o~e function of the mean of the log values, which come from 

normal populations with equal standard deviations. 

The correlation between each stormwater constituent rnoni- 

tored and each storm variable was examined using Pearsox cor- 

relation coefficient (PCC) . PCC has values ranging fzcrr. -1.0 

to t1.0. A PCC value close to either -1.0 or +l. 0 for e pair 

of variables means that these two variables are highly corre- 

lated, whereas a E'CC value close to zero from either negative 



or positive sides indicates no correlation between the two 

variables. If one variable increases linearly with an in- 

crease in another variable, PCC value for these two variables 

will be close to +1.0, and if one variable decreases linearly 

with an increase in another variable, PCC value for these two 

variables will be close to -1.0. A PCC value between a storm- 

water constituent, such as TSS, and a storm variable, such as 

rainfall, for each sampling site was computed in Excel using 

the values of EMCs of the constituent and the corresponding 

storm variable obtained in the storm data analysis. 



RESULTS AND DISCUSSION 

Dxring the study period from October 16, 2002 to J d i y  2 1 ,  

2003, 2 9 ,  4 5 ,  and 47 composite samples were collected a"c.li)OT 

pumplrig stations Nos. 3, 5 and 29, respectively. These sam- 

ples were aralyzed for nine constituents in the Distrlct Ana- 

lytical Laboratories. The concentration values of nine ana- 

lyzed cons'lituents and one derived constituent, TN, fa- the 

storm runoff disc:harges sampled at the three IDCT pr;nlp~ng 

stations a r e  listed in Appendix Tables AI-1 through -- AI-3. 

Cumulative rainfalls for the individual storms sampled in 

the study period ranged from 0 to 2.67 inches. Discharges at 

the IDCT pumping stations may occur for a few days after. a 

large storm Also, some discharge was observed even when no 

recent rainfall had occurred. The source of this dry weather 

flow is not known. As a single sampling event for this ztudy 

was set to range from 4 to 24 hours, several sampling events 

could kave resulted from a single large storm. --- Figure 5 pres -  

ents the hourly rainfall and sampling events taking ~ L a z e  at 

IDOT PS No. 3 during the period of April 30 to May 5'  2 0 0 3 .  

Slx peaks of hourly rainfall, and six sampling events, each of 

which ss separated by vertical dotted lines in the .figure, 

were sdentified during this period at this location. Based on 

the arrangement of sampling events in this period, twc! storm- 
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sarnpllng e v e n t s  were determined, shown in the figure b:.-~nded 

by the dashed lines. The first two peaks of hourly r32nfall 

were designa~ed as the rains for the first storm-sa7:pling 

event, whereas the third peak was excluded because it ~ccurred 

after the sampl~rlg event ended. The last three Fea~cs of 

ho~rly rair-fall were assigned as the rains for the second 

storr-sarnpllng event. Accordingly, the values of rain vari- 

ables for each storm-sampling event were calculated usrrq the 

corresponding ralngage data from ISWS. 

The same approach to determining storm-samplxng events 

was used for each of the three sampling locations. A f r r : ~  ex- 

amining all sampling events at the three sampling loca"_ions, 

21, 4C, and 41 storm-sampling events were determined f e r  TDOT 

PS h'cs. 3, 5 and 29, respectively, during the study period. 

The rain variables for these events were calculated b a s ~ ~ d  on 

the rainfall data provlded by ISWS. The summaries of srorm- 

sampllng ever,ics and the corresponding storm data fur IC-OT PS 

Nos. 3, 5 and 29 sampled in this study are presented in Tables -- 

1 through 3, respectively. - - 

Characteristics of Highway Storm Runoff 

Concenrrations of nine constituents in the storm r!lnoffs 

discharged at the three IDOT pumping stations and sampled in 

this s ~ u d y  were directly measured, and the concentraticn of 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

STORM RUNOFF SAMPLING AND CORRESPONDING STORM DATA FOR IDOT PUMPING STATION NO. 3 

Sampling No. of Rain Cumulative Mean Rain Intensity Last 
Sampling Time Duration Composite Storm Period Duration Rainfall Intensity Range Days* 

From To h Samples From To h inch in/h in/h d 

12/17/02 23:30 12/18/02 20:30 
03/24/03 21:OO 03/25/03 03:OO 
04/03/03 15:OO 04/04/03 06:OO 

n/a n/a 
n/a n/a 

04/09/03 06:30 04/09/03 10:30 
04/30/03 04:OO 04/30/03 15:OO 
04/30/04 21:OO 05/01/03 16:OO 
05/04/03 18:OO 05/05/03 02:OO 
05/08/03 22:OO 05/10/03 02:OO 
05/11/03 12:OO 05/11/03 22:OO 

no rain no rain 
05/14/03 09:OO 05/14/03 19:OO 

no rain no rain 
05/28/03 14:OO 05/28/03 17:OO 
06/03/03 02:OO 06/03/03 09:OO 
06/18/03 14:OO 06/18/03 2O:OO 
07/10/03 18:OO 07/10/03 21:OO 
07/15/03 03:OO 07/15/03 15:OO 
07/17/03 15:30 07/17/03 19:30 
07/20/03 21:OO 07/21/03 03:OO 

*Last Days stands for the days since last rain that had 
cumulative rainfall. 

**The actual rain duration for the storm period. 

1.05 
0.15 
0.82 
snow 
snow 
0.31 
0.74 
2.14 
1.21 
1.45 
0.17 
0.00 
0.56 
0.00 
0.64 
0.08 
0.68 
0.06 
0.94 
0.87 
0.52 

at least 0.1 inches of 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

STORM RUNOFF SAMPLING AND CORRESPONDING STORM DATA FOR TDOT PUMPKNG STATION NO. 29 

Sampling 
Sampling Time Duration 

From To h 

No. of Rain Cumulative Mean Rain Intensity Last 
Composite Storn Period Duration Rainfall Intens~ty Range Days' 
Samples From To h inch ~ n / h  in/h d 

1 11/05/02 07:OO 11/05/02 15:OO 8 0.27 
I no rain no rain 0 0.00 
1 n/a n/a n/a snow 
1 11/18/02 22:30 11/19/02 01:30 3 0.10 
1 11/21/02 09:OO 11/21/02 17:OO 8 0.23 
2 12/18/02 02:OO 12/18/02 20:OO 18 1.00 
1 n/a n/a n/a snow 
1 n/a n/a n/a snow 
1 n/a n/a n/a snow 
1 n/a n/a n/a snow 
1 no rain 0 0.00 no rain 
1 03/19/03 07:OO 03/19/03 08:OO 1 0.01 
1 03/19/03 20:OO 03/01/03 21:30 1.5 0.10 
2 03/20/03 09:OO 03/21/03 05:OO 4** 0.18 
1 no rain no rain 0 0.00 
1 no rain no rain 0 0.00 
1 03/25/03 01:OO 03/25/03 04:30 3.5 0.10 
1 03/28/03 11:OO 03/28/03 17:30 6.5 0.23 
1 04/03/03 21:OO 04/04/03 18:OO 15** 1.36 
1 04/08/03 08:OO 04/09/03 10:OO 14.5** 0.26 
1 no rain 0 0.00 no rain 
1 04/29/03 19:OO 04/29/03 20:OO 1 0.02 
1 04/30/03 03:OO 05/01/03 06:OO 17** 1.80 
2 05/01/03 12:30 05/01/03 17:OO 4.5 0.38 
2 05/08/03 22:OO 05/10/03 02:OO 9** 1.46 
1 05/10/03 21:OO 05/11/03 02:OO 5 0.43 
1 05/14/03 0B:OO 05/14/03 13:OO 5 0.25 
1 05/19/03 22:30 05/20/03 0S:OD 7 . 5  0.45 
1 05/28/03 15:OO 05/28/03 20:00 5 0.22 

D5/30/03 i 9 : 0 P  05/31/03 O8:OO ,$.  5"' 11.89 
2 06/02/03 2 2 : 3 0  06/05/03 05:OO 6.5 0.33 
1 06/06/03 12:0@ 06?06/03 16:OO 4 0.16 
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another constituent, TN, was derived based on the coilceiitra- 

tions 3f TKN and ( N O z  + N O 3 ) - N .  Event mean concen'-,r?:c~ons 

(EMCs: of the ten constituents were determined based on 

whether a storm-sampling event included one, or more thar one, 

cornpos~te s3mples. For a storm-sampling event contaiq~nq only 

one COI~PDS~EE? sample, the concentrations of the constrtxients 

were considered as EMCs. For a storm-sampling event 17c;~ding 

twc or more composite samples, EMCs of the constituerits ana- 

lyzed were calculated using a weighted-average method with the 

sampling dusatlon of each composite sample as the welgkt. 

A 3  expected, the concentrations of chloride and conduc- 

tivitj I n  the storm runoffs discharged at these IDOT pumping 

stat~ons varied seasonally with relatively high values in win- 

ter and early spring, due to the application of rosd salts, 

and low vaiues in the remainder of the sampling period, EMCs 

of chloride* and ~zonductivity versus sampling times E r j r  all 

storm-sampi.~ng events sampled at the three IDOT pumping sta- 

tions are sh-own, respectively, in Figures 6 through - 8. A:3 can 

be seen in these figures, there were elevated concentr,2r,ion 

values of chloride and conductivity between late November 2002 

through the middle of April 2003. The two constituenrs were 

highly positively correlated with PCC values greater thar 0.97 

at all three locations. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 6 

EMCs OF CHLORIDE AND CONDUCTIVITY IN STORM RUNOFF 
AT IDOT PS NO. 3 
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The mean vaiues of EMCs of chloride and conduc,t:vi t y  in 

the discharges at IDOT PS Nos. 3, 5 and 29, along wlzh  other 

statistical parameters, were calculated for the two different 

periods, 5 . .  e., snow season and non-snow season. The s7xrnary 

of the calculation is presented in Table 4. The elevacec val- 

ues of chloryide and conductivity occurred mainly in the snow 

season frorn November 16, 2002, through April 15, 2003, appar- 

ently resulting from the application of road sa1.t.s during 

snowst:)rrns. IDOT PS No. 3 had the lowest mean values of EMCs 

for both chloride and c:onductivity during the snow season, 

likely because fewer samples were collected at this Locarrion 

in this season. The variations of individual EMCs cjf these 

two coasticuents at the three IDOT pumping stations sampled 

were similar, as evident from the similar values of cceffi- 

cieni; of variation. However, the variations at these Loza- 

tions were much larger in the snow season than those at the 

same locations in the non-snow season. In the non-snow sea- 

son, the meac values of EMCs of chloride and conducti~jty at 

the three locations were comparable, and so were the varia- 

tions In indi-~idual EMCs. 

The storm-sampling events at each of the three sampling 

locations were categorized into four different groups, tamely 

no rain, snow, small rain (< 0.1 inches), and la.rge ra;n (2 

0.1 inches) ,, Of the 21 storm-sampling events determi~ed for 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 

SUMMARY OF CHLORIDE AND CONDUCTIVITY IN HIGHWAY RUNOFF SAMPLED AT THREE IDOT PUMPING 
STATIONS DURING TWO DIFFERENT PERIODS 

IDOT PS No. 3 IDOT PS No. 5 IDOT PS No.29 
C1 Cond. C1 Cond. C1 Cond. 
mg /L pmhos/cm mg/L pmho s / cm mg /L pmhos / c m  

......................... Snow Season in 11/16/02 - 4/15/03-------------------------- 

No. of Samples 3 6 19 20 12 17 
w Mean 1,108 3,724 3,828 8,803 3,045 9,633 

Min 438 434 126 1,317 594 1,574 
Median 739 3,783 2,854 7,055 1,658 5,330 
Max 2,146 6,760 14,290 27,200 15,880 42,200 
Std Dev 9 12 2,647 3,989 7,260 4,400 10,735 
CV ( % )  154.8 80.0 104.2 82.5 144.5 111.4 

------------ Non-Snow Season in 10/16/02 - 11/15/02 and 4/16/03 - 7/21/03------------ 

No. of Samples 19 
Mean 54 8 
Min 83 
Median 547 
Max 1,100 
Std Dev 320 
CV ( % )  58 

Note: C1 stands for chloride and Cond. for conductivity. 



' IDOT i?S No. 3 ,  2, 2, 2, and 15 events occurred urtder no rain, 

snow, snal L rain, and large rain conditions, respective3.y. Of 

the 40 storm--sampling events determined for IDOT PS No. 5, 4, 

9, 4, and 23 events occurred, respectively, under eacn 3 f  the 

four group categories. Of the 41 storm-sampling events deter- 

mined for I30T PS No. 29, 6, 5, 5, and 25 events occurred un- 

der each of the four conditions. The mean values of EMCs of 

the ten cor-istltuents monitored, along with other stat:stical 

values, for each group are presented in Tables 5 through 7 - for 

IDOT PS Nos. 3, 5, and 29, respectively. 

The mean values of EMCs for each of the four greilps at 

each sampling location were similar for some constituents, but 

different for others. At IDOT PS No. 3, the mean ZXCs for 

three of che four groups were based on one or two vali2es, be- 

cause only two events were sampled in each of these three 

groups, Therefore, other statistical values were not calcu- 

lated due to lack of data, nor would a general cornparason of 

mean LMCs f2r any constituent among the groups be made in this 

study. The mean EMCs of TSS, CROD5, TN, and TP were 98.9 

mg/L, 9.1 mg/L, 2.68 mg/L and 0.25 mg/L, respectively, kn the 

storm runoffs caused by large rains, which were categorized 

into the foilrth group in Table 5. Of these four const~-,.~ents 

in th;3 group, TSS had the largest variation in individual 

EMCs uith a CV of 96 percent, whereas TN had the Lowest 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6  

SUMMARY OF EVENT MEAN CONCENTRATIONS OF CONSTITUENTS IN STORM RUNOFFS DISCHARGED AT IDOT PUMPING 
STATION NO. 5  IN PERIOD OF OCTOBER 1 6 ,  2002  TO JULY 1 0 ,  2 0 0 3  

C1 Cond. (NO* + NO3) -N NH3-N TKN TN T P SOL-P TSS CBOD5 
Parameters mg/L pmhos/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

No. of Samples 4  4  4  4  4  4  4  4  4  4  
Mean 2 , 8 1 9  5 , 9 9 0  2 . 2 1  0 . 2 2  1 . 1 8  3 . 3 8  0 . 2 1  0 . 1 0  9 . 0  5 . 3  
Mi n 644 2 , 2 8 0  0 . 9 7  0 . 1 0  0 . 7 4  2 . 6 7  0 . 1 5  0 . 0 0  4 . 0  4 . 0  
Median 3 , 1 2 6  7 , 1 0 0  2 . 3 7  0 . 2 3  1 . 1 3  3 . 4 8  0 . 1 8  0 . 0 6  6 . 0  5 . 5  
Max 4 , 3 8 0  7 , 4 8 0  3 . 1 3  0 . 3 1  1 . 7 0  3 . 9 0  0 . 3 5  0 . 3 0  2 0 . 0  6 . 0  
Std Dev 1 , 6 2 4  2 , 4 9 6  1 . 0 7  0 . 0 9  0 . 4 7  0 . 6 0  0 . 0 9  0 . 1 4  7 . 4  1 . 0  
CV ( % )  5  8  4  2  4 8 . 5 1  4 0 . 2 8  3 9 . 9 5  1 7 . 8 4  4 3 . 8 7  1 3 4 . 1 1  8 2 . 2  1 8 . 2  

................................... Sampling Events with Snowmelt------------------------------------- 

No. of Samples 6  6  9  9  6  6  8  8  8  9  
Mean 7 , 5 3 3  1 6 , 9 3 5  1 . 2 3  0 . 6 6  1 . 7 5  3 . 1 8  0 . 5 6  0 . 1 8  40 .4  8 . 8  
Mi n 2 , 0 9 5  6 , 0 2 0  0 . 7 3  0 . 0 9  1 . 1 2  2 . 1 0  0 . 1 1  0 . 0 0  1 1 . 0  0 . 0  
Median 5 , 3 3 7  1 5 , 4 0 5  0 . 9 8  0 . 6 9  1 . 5 1  3 . 2 0  0 . 3 7  0 . 1 8  3 5 . 5  9 .0  
Max 1 4 , 2 9 0  2 7 , 2 0 0  2 . 6 5  1 . 1 5  2 .74  4 . 1 8  1 . 9 8  0 . 4 7  7 8 . 0  1 8 . 0  
Std Dev 5 , 3 3 7  8 , 1 7 1  0 . 5 9  0 . 3 0  0 . 6 4  0 . 8 9  0 . 6 0  0 . 1 6  2 6 . 0  5 . 2  
CV ( % )  7 1 4  8  4 7 . 9 1  4 5 . 6 9  3 6 . 4 5  2 8 . 0 7  1 0 8 . 3 5  9 2 . 5 7  6 4 . 5  5 9 . 7  
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TARLE 7 (Continued) 

S U M M A R Y  O F  EVENT MEAN CONCE~!TRAI'TONS 01: CONSTT'fUENTS IN STORM K U N O E F S  UiSCHARGEOi AT' I D O T  PUMPING 
STATION NO.  2 9  IN PERIOD OF NOVEMBER 5 ,  2002 TO J U L Y  1 0 ,  2 0 0 3  

C 1 Cond . ( ~ 0 ~  + 1 w 3 j  -N NH,-N 1 K N  TDY TP SOL- F TSS CHOD, 
Parameters mg/L yrnhos/cm mg/I, nlg/L mg/L mg/L mg/L rng/T, rng/J, rng/X, 

........................... Storm-Sampling Events with Rainfall < 0 . 1  inches-------------------------- 

No. of Samples 2  3  4  4  4  4  4  3  3  5  
Mean 92 9  3,536 1 . 7 6  0 . 2 4  1 . 6 4  3 . 4 0  0 . 2 3  0 . 0 6  7 1 . 7  1 1 , 6  
Min N/ A 2 , 5 6 0  1 . 4 6  0 . 0 6  0 . 5 7  2 . 4 1  0 . 0 4  0 . 0 1  1 0 . 0  3 . 0  
Median N/ A 3 , 1 2 2  1 . 7 3  0 . 2 0  1 . 5 2  3 . 0 6  0 . 2 7  0 . 0 7  1 2 . 0  1 3 . 0  
Max N/ A 4 ,  927 2 . 1 2  0 . 4 9  2 . 9 6  5 . 0 8  0 . 3 6  0 .12  1 9 3 . 0  1 8 . 0  
StdDev w N/ A 1 , 2 3 7  0 . 2 9  0 . 2 0  1 . 1 4  1 . 2 7  0 . 1 4  0 . 0 6  1 0 5 . 1  6 . 5  
C V  ( % )  N/A 3  5 1 6 . 7 0  84 . O O  6 9 . 3 9  3 7 . 2 1  5 8 . 7 0  8 7 . 9 7  1 4 6 . 6  5 5 . 7  

.......................... Storm-Sampling Events with Rainfall > 0 . 1  inches--------------------------- 

No. of Samples 2  2  2  3  2  5 2  5  2  5  2  5  2  5  2  5 2  4  2  4 
Mean 8 5 0  2 , 6 6 5  1 . 5 3  0 . 3 2  1 . 7 8  3 . 3 1  0 . 1 9  0 . 0 6  8 7 . 3  8 . 3  
Min 374 1 , 2 0 1  0 . 9 1  0 . 0 3  0 . 5 5  2 . 0 2  0 . 0 4  0 . 0 0  1 4 . 0  2 . 4  
Median 717  2 , 3 3 9  1 . 4 7  0 . 2 7  1 . 7 1  3 . 0 8  0 . 1 7  0 . 0 4  7 8 . 0  7.4 
Max 1 , 7 8 6  5 , 3 3 0  2 . 7 9  1 . 5 3  4 . 1 9  5 . 8 0  0 . 4 5  0 . 1 8  2 8 8 . 5  1 6 . 0  
Std Dev 422 1 , 1 6 8  0 . 4 0  0 . 2 9  0 . 8 7  0 . 9 0  0 . 1 1  0 . 0 5  6 2 . 1  3 . 5  
CV ( % !  5  0  4 4  2 6 . 2 3  8 9 . 9 1  4 8 . 7 9  2 7 . 0 5  60 .02  8 6 . 4 9  7 1 . 1  42.4 

Note: C0nd. stands for conductivity, an3 N/A for not available. 



variation with a CV of 47 percent. In the storm runoff sam- 

pled in the fourth group, TN was mostly composed of TKN (59 

percent of TN), and TP was mostly composed of nonsoluble phos- 

phorus, containing only 31 percent of SOL-P. 

At IDOT PS No. 5, the mean EMCs for all the constituents 

monitored, along with other statistical values, were calcu- 

lated for each of the four groups. The mean values of EMCs of 

TSS and CBOD5 varied from group to group. In the runoff 

caused by large rains, the mean EMCs of 69.3 mg/L of T S S  and 

10.0 mg/L of CBOD5 were the highest, whereas they were the 

lowest in runoff occurring in no-rain group with 9.0 mg/L of 

TSS and 5.3 mg/L of CBOD5. The mean values of EMCs of T S S  and 

CBODS were 40.4 mg/L and 8 . 8  mg/L in the runoff caused by 

snowmelt, and 38.3 mg/L and 8.8 mg/L in the runoff caused by 

small rains. The mean values of EMCs of TN for the four 

groups were similar, ranging from 3.1 to 3.7 mg/L. The mean 

values of EMCs of T P  for all groups were also similar, ranging 

from 0.21 to 0.31 mg/L, except for the group with snowmelt, 

which had a mean EMC of 0.56 mg/L. However, the makeup of TN 

and T P  in the runoff generated under different conditions was 

different. In the runoff generated by large rains and snow- 

melt, TKN and nonsoluble phosphorus constituted a major por- 

tion of TN and TP, respectively. In contrast, in the runoff 



sampled under no rain or small rains, (NO2 + N O 3 ) - N  and SOL-P 

were the rnajcr components of TN and TP, respectively. 

'The iidlvidual EMCs of some constituents varier, aildly 

withis! eacP group, while the EMCs of other constituents dld 

not x-asy much. Among the four constituents of TSS, L"BDi?j, TN 

ancl TP, EMCs of TSS had the largest variation in ai; qrsups 

with C V s  ranging from 59 to 151 percent, except for the group 

assocrated with snowmelt, in which TP had the 1argesY;aria- 

tion with CV of 108 percent. EMCs of TN had the lowest 

varia~:~on in all groups with CVs ranging from 18 to 49 per- 

cent. This indicated that TSS concentrations varied largely 

from sample to sample, whereas TN concentrations in dif 'rerent 

sampl2s were similar. 

As expected, EMCs of chloride and conductivity were high 

in the runoff caused by snowmelt and low in other grouFs. At 

IDOT PS No. 5, the mean EMCs of chloride and cond~ct:~v:ty in 

rurioffs occurring in no rain and small rains were rels: ively 

high in tnis study, compared to that in the runoff caused by 

large ralns. This was because the most of the sarnpIes sol- 

lected under no rain or small rain conditions were taker dur- 

ing t h e  snow season in this study, as seen in Table 2 ,  

At IDOT PS No. 29, the mean EMCs for all the consrituents 

monitared, aiong with other statistical values, were calcu- 

lated for each of the four groups, except that the other 



statistical values were not calculated for chloride in the 

runoff cause by small rains due to insufficient data. Unlike 

IDOT PS No. 5, at this location, the lowest mean EMC of TSS of 

19.6 mg/L was found in the runoff caused by snowmelt, and the 

highest mean EMC of CBOD5 of 11.6 mg/L was found in the runoff 

cause by small rains. However, the highest mean EMC of TSS of 

87.3 mg/L and the lowest mean EMC of CBOD5 of 7.4 mg/L were 

still found in the runoff generated by large rains and under 

no-rain condition, respectively. The mean EMC of TSS was 

relatively low in the runoff caused by snowmelt with a value 

of 19.6 mg/L, and relatively high in the runoff caused by 

small rains with a value of 71.7 mg/L. The mean EMCs of TN 

and TP in the runoff caused by snowmelt, and small and large 

rains were similar, ranging from 3.1 to 3.4 mg/L and 0.19 to 

0.23 mg/L, respectively. The mean EMCs of TN and TP in the 

runoff occurring in no-rain condition had the lowest values of 

2.66 mg/L and 0.05 mg/L, respectively. 

Similar to IDOT PS Nos. 3 and 5, at this location, TKN 

and nonsoluble phosphorus constituted a major portion of TN 

and TP in the runoff caused by large rains, and (NO2 + N03)-N 

and SOL-P were the major components of TN and TP in the runoff 

occurring in no rain, respectively. Unlike IDOT PS No. 5, at 

IDOT PS No. 29, (NO2 t NO3)-N and SOL-P constituted a major 

portion of TN and TP in the runoff caused by snowmelt, 



respec:tively, and nonsoluble phosphorus was the major compo- 

nent of TP in the runoff caused by small rains. 

The variation in individual EMCs of TSS was stz.1, ehe 

largesr in the runoff caused by small and large rains with CVs 

of 147 and '1 percent, respectively, among the four co :?s t i ru -  

ents 3f TS3, CE30Ds, TN and TP. However, individual. EMCs of 

CBOD5 and TF were the most variable constituents in the :-nnoff 

sampEed under no .rain and snowmelt conditions with C V s  c ~ f  89 

and IC.1 percent, respectively. Similar to other two loca- 

tions, the variation in individual EMCs of TN at this lccation 

was aLso the lowest in all groups. 

The smimary of statistical analysis on comparing rhe mean 

EMCs of two constituents in the runoffs caused by large rains 

at IDCT PS Nos. 3, 5 and 29 are presented in Table 8. Tke re- 

sults indicated that there was no statistically significant 

difference in the mean values of EMCs of all constizuents 

among these locations, except for TN and (NO2 + N O 3 ) - N .  The 

differences in the mean values of EMCs of TN and (NO2 t NG3) -N 

existed in two of three pairs of locations at 5 percenz level 

of slgnif icance (P-value < 0.05) , as seen in Table 8. 120T PS 

No. 3 had the lowest mean value of EMCs of TN of 2.6E mg/L, 

which was ssgnificantly lower than the mean EMCs of 3 . 3 2  ng/L 

a t  1307 PS Nc. 5 and 3.31 mg/L at IDOT PS No. 29. The lower 

mean ZMC of TN at IDOT PS No. 3 resulted fro3 lower 
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(NOz -? KO3) -N at this location. The mean EMC of (NOi + 3 3 3 )  -N 

of 0.99 mg/; at IDOT PS No. 3 was statistically signif~cantly 

lower ~ h a n  the mean EMCs of 1.54 mg/L at IDOT PS Ns. 5 and 

1.53 ng/L at IEOT PS No. 29. Similar comparison for c h e  run- 

off sampled under the other three conditions was not made in 

this study, due to insufficient data. 

Correlstion between Constituents in Storm Runoff's and - 
Storm Variables 

To examine potential correlation between the stornwater 

constltilents analyzed and the corresponding storm variables, 

Pearson correlation coefficients (PCCs) were caPc~l.at~d for 

the pairs of each of eight stormwater constituents and each of 

four stor-m variables given in Tables 1 through - 3 for Z D 3 T  PS 

Nos. 3, 5 and 29, respectively. The calculation of PCCs was 

made only for the storm-sampling events that had at least 0.1 

inches of ~umulative rainfall (large rains) in each event. 

There were 15 storm-sampling events at IDOT PS No, .3, 23 

events at JDOT PS No. 5, and 25 events at IDOT PS Ko. 29, 

meetiqg the criteria of large rains. The summary of PCCs be- 

tween EMCs of eight stormwater constituents and the four cor- 

respnnding storm variables for the three IDOT pumping stayions 

sampled is presented in Table 9. PCC values of less than 0.1 

and grearer than -0.1 are omitted i n  the table, as kt ~ n d l -  

cates almost no correlation between a pair of variables. 



METROPOLITAN WATER RECLAM.?iTION DISTRICT OF GREATER CHICAGO 

TABLE 9 

SUMMARY OF PEARSON CORRELATION COEFFICIENTS BETWEEN EMCs OF 
EIGHT STORMWATER CONSTITUENTS AND FOUR RAIN VARIABLES FOR THE 

THREE IDOT PUMPING STATIONS SAMPLED 

Mean Days Since 
Constituent Rainfall Duration Intensity Last* 

........................ IDOT PS No. 3------------------------- 

TSS 
CBOD5 
TN 
TKN 
NH3-N 
(N02+N03) -N 
TP 
SOL-P 

......................... IDOT PS No. 5------------------------ 

TSS 
CBOD5 
TN 
TKN 
NH3-N 
(N02+N03) -N 
TP 
SOL-P 

........................ IDOT ps NO. 29------------------------ 

TSS 
CBOD5 
TN 
TKN 
NH3-N 
(N02+N03) -N 
TP 
SOL-P 

*Days since the last rain that had 2 0.1 inch of cumulative 
rainfall. 

4 6 



The correlation between the stormwater constituents and 

rainfa,i was generally poor at all three locations. F!owever, 

wea.k negative correlatior~ between CBODs and rainfall was ob- 

served at all three locations, which suggested a tend~r~cy that 

CBOD5 could decrease with an increase in rainfall. At 223T PS 

Nos. 5 and 29, moderate positive correlation between T3Sand 

rainfall indicated that TSS could increase with an increase in 

rainfall. At all three locations, there was no correlation 

between TN and T, and rainfall. 

r,. !he correlation between the stormwater constituen", and 

storm duration varied among the constituents at tile t t i r e e  10- 

cations. There was no correlation between CBOD5, TN ant2 TKN, 

and storm duration at IDOT PS Nos. 3 and 29, but weak pcsltive 

correlation between T P  and storm duration. At IDOT PS KO. 5,  

weak negative correlation between CBODs and storm dur&tlon, 

and positive correlation between TN, particularly its crmpo- 

nent of (NO;, + NO3)-N, and storm duration were observed, At 

all three locations, moderate positive correlation between TSS 

and storm duration was found, which suggested that TSS could 

increase with an increase in storm duration. 

The correlation between the stormwater constituenrs and 

mean rain intensity was generally very weak at all the ioca- 

tions, except for a few variations at different locations, No 

correlation batween CBODs and rain intensity was found at IDOT 



PS No. 3, however, weak negative correlation was observed at 

IDOT PS Nos. 5 and 29. 

Among four storm variables, the days since the last rain 

that had at least 0.1 inches of rainfall had the largest im- 

pact on most of the stormwater constituents monitored. Moder- 

ate positive correlation between TSS, CBOD5, TN, TKN, NH3-N and 

TP and the days since the last rain was found at all three lo- 

cations. Figures through 11 show EMCs of TSS, CBOD5, TN, - 

TKN, NH3-N, and TP, respectively, versus the days since the 

last rain at IDOT PS No. 3. This suggests that the concentra- 

tions of these six constituents in storm runoffs increases as 

the number of days from the previous storm that had at least 

0.1 inches of rainfall to the present storm increases. 
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APPENDIX 

ANALYTICAL RESULTS OF STORMWATER RUNOFF DISCHARGE 
SAMPLES COLLECTED AT IDOT PUMPING STATION NOS. 3, 5 

AND 2 9, RESPECTIVELY 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 

CONCENTRATIONS OF CONSTITUENTS IN DISCHARGES SAMPLED AT IDOT PUMPING STATION NO. 5 

Sample C 1 Cond. (NOz + NO3) -N NH3-N TKN TN T P SOL-P TSS 
Date m g / ~  pmhos/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A 1  -7  ( C o n t  i n u e d l  

CONCENTRATTONS OF CONSTITUENTS IN DISCHARGES SAMPLED A?' IDOT PUMPING STATION NO. 5 

Sample Cl Cond. TKN 'T N T P SOL- P TSS CBOD5 (NO* + NO,) -N NH3-N 
Date mg/L pmhos / cm mg/L m g / ~  mg/L mg/L mg/L mg/L mg/L mg/L 

Note: Cond. s t a n d s  for conduc t iv i t y ,  TN f o r  t o t a l  nitrogen, and TP for t o t a l  phosphorus. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 

CONCENTRATIONS OF CONSTITUENTS IN DISCHARGES SAMPLED AT IDOT PUMPING STATION NO. 2 9  

Sample C1 Cond. (NOz + NO3) -N NH3-N TKN TN T P SOL-P TSS CBOD5 
Date mg/L pmhos/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
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