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INTRODUCTION 

Scormwater runoff in urban areas carries pollutants from 

atmospheric dust, street dirt, sidewalks, lawns, etc. an3  di- 

rectly discharges them into surface waters through storm sew- 

ers. It is the principal source of non-point source p c l l ~ ~ i o n  

in urcan  irea as. In order to collect data on pollutant load- 

ings due to stormwater runoff to the Chicago Waterway System 

(CWS'I, the Researc:h and Development (R&D) Department developed 

a stQrrn sel*er sampling program, and collected stormwater sam- 

ples from :he runoff of two storm sewer systems during several 

storv events between August 2002 and May 2003. 

A mini~num storm sewer diameter of 48 inches was used in 

the s~lectior- of storm sewers to provide larger drainage areas 

for sampling. Twelve st.orm sewers along the deep-draft pos- 

tions of the Calumet-Sag Channel and the Little Calurnez River 

as veil as two additional storm sewers along the Mort2 Shore 

Charnel were identified and inspected for feasibility of sam- 

pling.. In order for a storm sewer to be suitable fcr sam- 

pling, it !?ad to be readily accessible and meet safe.t.81 stan- 

dards such as not being located in the middle of a ~najor 

street or 2n a steep slope. Of the total of fourteen storm 

sewers evaluated, only two were found sultable for sa rnp l ing  

using an actomatic sampler. The selected storm sewers were in 



Evanston (at Cleveland Avenue) and Crestwood (at Central Ave- 

nue). Fiqures 1 and - 2 show the sampling locations and ap- 

proximate drainage areas for the selected Evanston and Crest- 

wood storm sewers, respectively. The storm sewer under Cleve- 

land Avenue in Evanston is a storm relief sewer with a diame- 

ter of 60 inches. This storm sewer accepts stormwater runoff 

from a drainage area of approximately 300 acres, which is also 

served by combined sewers for sanitary wastewater. The east- 

ern portion of the drainage area is a residential area with 

mostly single family homes and a few multifamily buildings. 

The western portion of the drainage area is a commercial and 

light industrial area with extensive paved parking lots lo- 

cated close to the outfall of the storm sewer. Stormwater 

runoff through this storm sewer is discharged into the North 

Shore Channel of the CWS. 

The storm sewer under Central Avenue in Crestwood is 54 

inches in diameter. This storm sewer accepts stormwater run- 

off from a separate sewered area of approximately 160 acres 

that is mostly residential. Most of the area is served by 

storm sewers, but some of the area is served by storm ditches 

along 127th Street and some streets south of 127th Street, as 

shown in Figure 2. The residential area consists mostly of 

single family homes with approximately one-quarter of the area 

in multifamily buildings. The stormwater runoff through the 



METXQPOLITAN WATER RECLAMATION DISTRICT OF GREATER CH18C9G0 

FIGURE 1 

STORM SEWER SAMPLING LCCATION AND APPROXIMATE DRAINAGE .t'i':KEA 
LOCATED IN EVANSTON, ILLINOIS 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 2 

STORM SEWER SAMPLING LOCATION AND APPROXIMATE DRAINAGE AREA 
LOCATED IN CRESTWOOD, ILLINOIS 



54-irAch stcrm sewer is discharged into the Calumet-Sag Channel 

of the CWS. 

The storm sewer sampling protocol takes place in three 

phases, Phase I covers a time period from the onset of a 

storrn ever i t  to 2 hours, and grab samples are coll.ec:ted every 

15 rn,c,tes. Phase I1 covers from 2 to 6 hours after the onset 

of t h e  event, and grab samples are collected every 30 min~tes. 

Phase 111 covers from 6 hours to 12 hours after the onses, and 

grab samples are collected every 60 minutes. Sanpl~nq is 

term,nated after 12 hours from the onset. 

All samples were collected by an automatic sampler at 

each s s t e ,  and the sampler discrete tray was packed with ice 

for sample preservation until the completion of each pl-.ase. 

The samples collected within each phase were delivered tz the 

labozatory for sample login and analysis, immedj.ately after 

the zoxlpietlon of a sampling phase. 

This report presents the description of storrn sewer sam- 

pling prqram, methods of data analysis, and results of rhe 

study . 



OBJECTIVES 

The objectives of this study are: 

1. To examlne the chemical characteristics of 

stormwater runoff sampled at the two storm sew- 

ers. 

2. To compare the chemical characteristics of 

stormwater runoff from the two storm sewers. 

3. To examine relationship between stormwater con- 

stituents and storm characteristics. 

4. To find the correlation between stormwater con- 

stituents and storm variables. 



METHODS 

Stormwater - Sample Collection 

7.c.o storm sewers were selected for collecting stormwater 

runoff sarnpies. Multiple grab samples were collected at chree 

predetermined time ictervals in each storm event sampled. The 

sampling trze intervals were designed such that samples were 

taker1 every 15 minutes in the first 2 hours, every 30 minutes 

in the next 4 hoars, and every 60 minutes in the last 6 h3urs. 

Sampling was terminated either upon the cessation of starmwa- 

ter rr~noff or after 12 hours had elapsed followirlg the cnset 

of sampling, whichever came first. Samples were taken by 

autoniatic samplers, and the discrete trays of samplers were 

ice packed for sample preservation. All samples, except for 

the first grab  sample for DO measurement, were delivered to 

the laboratory for analyses. 

Sample Analyses - 

3ach sarrple was analyzed for 12 constituents. These con- 

st i.ttlents include BOD5, carbonaceous BOD5 (CBOD5) , total. sus- 

pended solids ( T S S ) ,  volatile suspended solids (VSS), nitrite 

nitrogen ( N O 2 ) ,  nitrite and nitrate nitrogen (NO;! i- N O 3 ) ,  anno- 

nia nltrogen ( N H 3 ) ,  Total Kjeldahl Nitrogen (TKN) , total phos- 

phorus (TP), conductivity, alkalinity (Alk), and ckloride 

(CL) . The District's laboratories are IEPA-accredited 11nder 



the National Environmental Laboratory Accreditation Program. 

All the analytical methods followed for analyzing the samples 

for these stormwater constituents were either USEPA-approved 

methods or Standard Methods (1, 2). 

Data Analysis 

The concentration values of each constituent for the Sam- 

ples collected in each storm event were pooled together for 

statistical analysis. The number of concentration values 

available for calculation, minimum (Min), maximum (Max), me- 

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

cient of variation (CV) for each event were calculated in 

spreadsheets for both sampling sites. In this report, rather 

than individual nitrogen species, total nitrogen (TN), which 

is the sum of nitrite and nitrate nitrogen and TKN, was gener- 

ally used for the data analysis. 

Event mean concentrations (EMCs) were calculated using 

two different methods. One was an arithmetic average method, 

and the other a time-weighted average method. In the time- 

weighted average method, time intervals were used as time 

weights in the calculation, and a backward time interval, 

which was the time interval between a previous sample and the 

current sample, was adopted. A 15-minute time interval was 

assigned to the first sample regardless of when the sample was 



taken. If a concentration value was missing, the time inter- 

val for this  sample with a missing value was 'discarc?eci, and 

the sum of sampling time for the event was reduced acccr!2ingly 

in the calculation of a time-weighted EMC. 

Ccmp3rlson between EMCs calculated with two d:fferent 

meth2cs for a s~ormwater constituent for any sarnpl.1~g event 

was cc~ducred in this study using the statistical approach de- 

velopea I n  a previous study (3) . The main objective of such 

comparison is to examine whether the corresponding EMCs calcu- 

lated with two different methods is significantly different at 

a 'LC percent level of significance (a=0.1). EMCs are an im- 

portar~t parameter for this study, as the loading of a stcrmwa- 

ter constituent from a storm runoff may be estimated us;ag the 

product of ics EMC and runoff volume. After the staz~szical 

analysis, one method used for calculating EMCs will bs se- 

lected, and the EMCs computed with this method will be em- 

ployed for further data analysis. 

For the Evanston storm sewer, the nearest Distr~ct. rain 

gauije station is located at the North Side WRP, which is only 

aboct one nile southwest of the sampling location. F'cr the 

Crestwood storm sewer, the nearest District rain gauge station 

is lccateci at Hazelcrest - 175th Street, Homewood, Ill~ncis, 

which is about erght miles southeast of the sampling Iccation. 

This distal-ice makes correlation of rainfall and constituent 



concentrations of l i m i t e d  usefulness for the Crestwood storm 

sewer. Hourly r a i n f a l l  data were provided for both gauge sta- 

tions from October 1, 2002 to May 31, 2003, while only daily 

cumulative rainfall in inches was obtainable from August 1 to 

September 30, 2002. 

Storm variables, such as rainfall, duration, intensity 

and the days since last rain with certain amount of rainfall, 

were used in a study on stormwater runoff volume, loads and 

pollutant concentrations (4). The values of these storm vari- 

ables for the storm events sampled in this study could be de- 

rived from the rainfall data provided, and the amount of rain- 

fall that signified a previous rain as the last rain was as- 

sumed to be 0.1 inch. Hence, these storm variables were used 

in this study to examine possible relationships between pol- 

lutant concentrations in stormwater runoff and storm charac- 

teristics. 

Potential relationship between EMCs of four major storm- 

water pollutants, i.e. BODS, TSS, TN and TP, and storm charac- 

teristics was studied using multiple linear regression analy- 

sis. The analysis was conducted manually in order to elimi- 

nate redundant storm variables typically at P-value > 0.1. 

However, at least one storm variable was kept during the 

analysis regardless of P values. The main objective was to 



find :he rros: influential storm variable(s), rather t k ~ n  to 

develop regressLon equations for prediction. 

The cozrelation between each stormwater constituent noni- 

tored and each storm variable was described by Pearson c3rre- 

lation coefficienr (PCC) . PCC has values ranging from -4-0 to 

+l. 0, A PC:; value close to either -1.0 or +l. 0 for a pajr of 

variables r e a n s  that these two variables are highly ccrre- 

lated, whereas a PCC values close to zero from both req;trve 

and positi~ie sides means no correlation between the two vari- 

ables. If one variable increases linearly with an increase in 

another variable, PCC value for these two variables wlli be 

clcse to +l.C, and if one variable decreases linearly wSth an 

increase i n  another variable, PCC value for these two vari- 

ables will be close to -1.0. A PCC value between a starmwater 

coKszltuent ana a storm variable was computed using the -~aLues 

of EMCs of chis constituent and the values of the storm vari- 

able cbtained for the corresponding storm events sampled. 



RESULTS AND DISCUSSION 

Seven storm events were sampled at each of the two storm 

sewers from August 2002 to May 2003 with most in the spring of 

2003. At the sampling location for the Evanston storm sewer, 

two storm events were sampled in the fall of 2002, one in the 

early fall and the other in the late fall, and five storm 

events in the spring of 2003, ranging from early to middle 

spring. A summary of storm events sampled and related storm 

information for this site is presented in Table 1. At the 

sampling location for the Crestwood storm sewer, two storm 

events in the summer of 2002, one in the middle and the other 

in late summer, one storm event in early fall of 2002, and 

four storm events in the middle spring of 2003 were sampled. 

A summary of storm events sampled and related storm informa- 

tion for the Crestwood storm sewer is presented in Table 2. 

Multiple samples were collected in each storm event moni- 

tored. The number of samples taken in each event ranged from 

10 to 23 and 16 to 23 for Evanston and Crestwood sampling lo- 

cations, respectively. The concentration values of stormwater 

constituents for the samples collected in all events are given 

in Appendix Tables AI-1 and AI-2 with some statistical calcu- 

lations included. The concentrations of the stormwater con- 

stituents analyzed varied from sample to sample and event to 



METROPOLITAN WATER REC1,AMATION DISTRICT OF GREATER CHICAGO 

TAELE 1 

SUMMARY OF SAPIFLING EVENTS AND RELATLD STORM INFORMATION 
FOR 'THE STORPI SEWF,R AT CLEVELAND AVENUE I N  EVANSTON, ILLINOIS 

Sampl lng  Number o f  R a i n f a l l  ----- pp - Days S l n c e  
Sampl ing  T i  riie Sarnplfs  Aml)unt D u r a t l o n  I r i t e n s i t y  1r:tc:lsl t y  R a i l  je L a s t  Raln* 
D a t e  ( m i l i t a r y  t l m e )  C o l l e c t e d  (1 rlch) ( m i l i t a r y  t i m e )  ( i n c h / h )  (lnch/h) ( d a y )  

Note :  The s t o r m  d a t a  u s e d  i n  t h i s  t a b l e  was o b t a i n e d  f rom a  District r a i n  gauge  s t a t i o n ,  which i s  
l o c a t e d  a t  N o r t h  S i d e  WRP a t  3500 W .  Howard S t . ,  S k o k i e ,  I l l i n o i s .  

*The l a s t  r a i n  s h o u l d  have  a t  l e a s t  a  c u m u l a t i v e  amount o f  0 . 1  i n c h e s  o f  r a i n f a l l .  
**Rain  s t a r t e d  on  t h e  p r e v i o u s  d a y .  

***Th i s  i s  t h e  c u m u l a t i v e  amount t ill  1800 h o u r  o n  04 /30 /02 .  Ra in  c o n t i n u e d  a f t e r  s a m p l i n g  s t o p p e d ,  
b u t  t h e  r e m a i n d e r  q u a n t i t y  w a s  n o t  i n c l u d e d  h e r e .  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 

SUMMA SUMMARY OF SAMPLING EVENTS AND RELATED STORM INFORMATION 
FOR THE STORM SEWER AT CENTRAL AVENUE IN CRESTWOOD, ILLINOIS 

Sampling Number of Rainfall Days Since 
Sampling Time Samples Amount Duration Intensity Intensity Range Last Rain* 
Date (military time) Collected (inch) (military time) (inch/h) (inch/h) (day) 

Note: The storm data used in this table was obtained from a District rain gauge station, which is 
called Hazelcrest located at 175th St. at Palmer, Homewood, Illinois. 

*The last rain should have at least a cumulative amount of 0.1 inches of rainfall. 
**Rainfall data, except for amount, were from the rain gauge station at Calumet WRP. 
***Rain started on the previous day. 



ever'r. F3r example, for the seven events monit:ored at the 

E V ~ D S ~ O ~  s term sewer, concentrations of individual simples 

varied f rc l r r  5 LO 71 mg/L for BOD5, 5 to 2144 mg/L o TSS, 

0.94 to 11.5 mg/L for TN, and 0.0 to 3.23 mg/L for TP, Among 

four ~f the major pollutants monitored, i.e. BOD5, TSS. TN and 

TP, X S  Shad the largest variation in concentrations of indi- 

v i d c a 1  sampl?s, and TP had the second largest varia'rion. A 

similar phenomenon was also observed for the Crestwo3d storm 

sewer with respect to concentration variation of individual 

samples. 

E i i e K t  near: concentrations of stormwater constituen-i-5 were 

calcclated for each event at both storm sewer sites, lising 

aritkmecic and time-weighted average methods, and the results 

of the calculations are presented in Tables 3 and - 4 for 

Evanston and Crestwood, respectively. It is noted in -- Table - 3 

that rhe rr~a!? values of seven EMCs of all constituents calcu- 

katec. with the arithmetic average method are slightl:~ higher 

thar! the corresponding ones with the time-weightec? average 

method for the Svanston storm sewer. However, from Table 4, 

it is noted that, for the Crestwood storm sewer, the mean val- 

ues of seven EMCs computed with the arithmetic average method 

are higher than the corresponding ones with the time-welghted 

average method for some constituents, such as BOD5, CECID5, TSS, 

VSS, NH3-N,  TKN and TI?, but lower for the others, such as 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

EVENT MEAN CONCENTRATIONS OF STORMWATER CONSTITUENTS ANALYZED 
FOR THE STORM SEWER AT CLEVELAND AVENUE IN EVANSTON, ILLINOIS 

Event Mean Concentrations (EMCs) ( r n g / ~ )  
Event Date BOD, CBOD5 TSS VSS NOztNO: NH3 'l' KN TN' TP C ~ n d . ~  ~ l h '  c14 

.................................... with hr-thrnetic average ~~th~d-----------------------------------  

Mean 1 6 . 9  1 2 . 8  1 4 2  3  6  0 . 6 6  0 . 7 6  2 .57  3 .23  0 .44 1070 97 2  92 
Min 9.4 7 . 9  4 9  13  0 . 3 6  0.38 1 .24  1 .87  0 .14  389 7 1 66 
Max 31.5 24 .8  317  5  5 0 .92  1 .22  3.70 4 . 6 1  0 . 5 8  2420 128  697 
Std Dev 7 . 6  6 . 1  8 5  14  0 .18  0 .35  0 . 8 6  0 .92  0.17 837 2  4 273 
CV ( % )  44 .9  47 .9  60 .0  3 8 . 0  2 7 . 1  4 5 . 5  33.6 28.4 38 .5  78.3 2 4 . 5  93 .5  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 (Continued) 

EVENT MEAN CONCENTRATIONS OF STORMWATER CONS'TTTUENTS ANA1,YZED 
FOR THE STORM SEWER AT CLEVELAND AVENUE TN EVANSTON, ILLINOIS 

-- Event Mean Concentratlo~s (EMCs) ( m g / L )  
Event Date BOD CBOD5 TSS VSS NG2tN03 N I I ,  TliN TN! TP C ~ n d . ~  AI k3  c14 

.................................. With Time-Weightod Average Method---------------------------------- 

Mean 15.2 11.8 113 3 0 0.64 0.69 2.26 2.89 0.39 979 8 9 259 
Min 8.1 6.9 3 5 10 0.36 0.34 1.05 1.67 0.13 371 6 1 6 3 
Max 29.7 24.1 180 4 1 0.85 1.03 3.14 3.99 0.57 2084 114 624 
Std Dev 7.4 6.1 4 5 10 0.16 0.31 0.82 0.85 0.15 719 2 0 232 
CV ( % )  48.6 51.5 40.1 34.5 25.4 44.9 36.5 29.4 38.2 73.5 22.4 89.5 

Note: All nitrogen related species are noted as nitrogen (N). All units are mg/L, except for 
conductivity, which has unit of pmhos/cm. 
'TN stands for total nitrogen, which is the sum of NO, + NO3 and TKN. 
'~ond stands for conductivity. 
3 ~ l k  stands for alkalinity. 
4 ~ 1  stands for chloride. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 

EVENT MEAN CONCENTRATIONS OF STORMWATER CONSTITUENTS ANALYZED 
FOR THE STORM SEWER AT CENTRAL AVENUE IN CRESTWOOD, ILLINOIS 

Event Mean Concentrations (EMCs) (mg/L) 
Event Date BODS CBOD5 TSS VSS NO, t NO3 NH , TKN TN' TP Cond.' ~ l k ~  c 

Mean 
Min 
Max 
Std Dev 
cv ( % )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 ( C o n t i n u e d l  

EVENT MEAN CONCEF.1T~TlC)NS OF STORMWATER CCNCTIT'UEN'FS ANALYZED 
FOR THE STORM SEWER AT CENTRAL AVENUE IN CRESTWOOD, ILLINOIS 

Event Mean Concentrations (EMLsj [mg/i) - 
Event Date ROD, CBODS TSS VSS NO2 i NO3 NH, TKN T N ~  TP Cond.' .h1k3 c14 

Mean 8.9 6.7 103 17 1.20 0.32 1.79 2.99 0.48 396 6 6 8 0 
Min 3.9 1.3 2 1 6 0.60 0.05 0.85 1.45 0.24 174 4 1 19 
Max 18.8 14.7 219 30 2.32 0.58 3.06 4.56 0.89 632 110 15 1 
Std Dev 4.7 4.1 7 9 10 0.62 0.20 0.73 1.14 0.25 200 2 7 5 4 
CV ( % )  52.9 60.6 77.1 58.0 51.9 63.0 40.7 38.0 51.8 50.5 40.3 67.4 

Note: All nitrogen related species are noted as nitroger1 (N). All units are mg/L, except for 
conductivity, which has unit of pmhos/cm. 
'TN stands for total nitrogen, which is the sum of NO2 + NO3 and TKN. 
'~ond stands for conductivity. 
3 ~ l k  stands for alkalinity. 
'CI stands for chloride. 



NOz + NO3, TN, conductivity, alkalinity and chloride. Although 

the mean values of seven EMCs of each stormwater constituent 

calculated using two different methods were slightly different 

for both storm sewers, statistical analysis of comparing the 

two means revealed that there was no statistically significant 

difference between the correspondent means of all constituents 

at the 90 percent confidence level. Hence, EMCs obtained with 

arithmetic average methods are used in further analysis. 

For both storm sewers, EMCs of all stormwater constitu- 

ents varied from event to event. For example, EMCs of BOD5, 

TSS, TN and TP varied from 9.4 to 31.5 mg/L, 49 to 317 mg/L, 

1.87 to 4.61 mg/L, and 0.14 to 0.58 mg/L, respectively, for 

the Evanston storm sewer, and from 4.4 to 20.0  mg/L, 33 to 334 

mg/L, 1.57 to 4.19 mg/L, and 0.23 to 0.81 mg/L, respectively, 

for the Crestwood storm sewer. For the Evanston storm sewer, 

EMCs of chloride had the largest variation with a tenfold dif- 

ference between the lowest and highest EMCs, while alkalinity 

had the least variation with the difference between the lowest 

and highest being less than twofold. EMCs for other stormwa- 

ter constituents, except for TSS and conductivity, generally 

varied within a factor of 4.2. For the Crestwood storm sewer, 

EMCs of TSS, CBOD5, and NH3-N had the largest variation with a 

tenfold difference between the lowest and highest EMCs, while 

alkalinity and TN had the least variation with the difference 



between t 3 e  lowes t  and h i g h e s t  b e i n g  l e s s  t h a n  t h r e e f c l d .  The 

EMCs f o r  t h e  o t h e r  seven s tormwater  c o n s t i t u e n t s  varjed by 

f a c t o r s  between 3 and 10. 

The degree of v a r i a t i o n  o f  EMCs of  t h e  c o r r e s p a n d i n g  

s to rmwate r  c o n s t i t u e n t s  a t  t h e  two s to rm sewer  s i t e s  a p ~ e a r e d  

t o  ba s i m i l a r ,  even though t h e  r a n g e s  of  EMCs migh t  be d i f f e r -  

e n t .  S t a t i s t i c a l  a n a l y s i s  was conducted  t o  compaize t h e  means 

of  s3.x a  s to rmwate r  c o n s t i t u e n t s  between t h e  two storm 

sewer s i t e s ,  and t h e  r e s u l t s  a r e  p r e s e n t e d  i n  - T a b l e  5. The  

mean v a l u e s  of BOD5 and c o n d u c t i v i t y  a t  t h e  Evanston s to rm 

sewer were s t a t i s t i c a l l y  h i g h e r  t h a n  t h o s e  a t  t h e  Crestwood 

s t o r m  sewer (P-value  < 0 . 1 ,  w h i l e  t h e  mean v a l ~ l e s  cf o t h e r  

f o u r  c o n s t i t u e n t s  between t h e  two s t o r m  sewers  were riot s i g -  

n i f  i c a n t l y  3if f e r e n t  (P-value  > 0 . 1 )  . The h i g h e r  cond :~e t  i v i t y  

v a l u e s  a t  t h e  Evanston s i t e  were l i k e l y  due t o  t h e  s e a s o n a l  

e f f e c t  . 

At t h e  Evanston s to rm sewer ,  two e v e n t s  t h a t  tzd v e r y  

h igh  EMCs of c o r i d u c t i v i t y  were sampled i n  t h e  l a t e  f a l l  of  

2002 and e a r l y  s p r i n g  of 2003, d u r i n g  which p e r i o d  sad: might  

be a p p l l e d  rc s t r e e t s ,  w h i l e  no e v e n t s  i n  t h e  same per--ca were 

sampled a t  t h e  Cirestwood s to rm sewer. However, h i g h e r  BOD5 

v a l u e s  a t  t h e  Evanston s to rm sewer  might  n o t  be a t t r r l b u t e d  

solely t o  s e a s o n a l  e f f e c t s .  Storm sewer a r e a  s p e c i f i c  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 

COMPARISON OF MAJOR STORMWATER CONSTITUENTS MONITORED AT TWO STORM SEWERS 
IN EVANSTON AND CRESTWOOD, ILLINOIS 

Parameters 
Major Stormwater Constituents Monitored 

BOD5 TSS TKN TN T P Conductivity 

Mean at Evanston 1 6 . 9 0  14  2  2 . 5 7  3 . 2 3  0 . 4 4 0  1070 
Standard Deviation a t  Evanston 7 . 5 9  8  5  0 . 8 6  0 .92  0 . 1 6 9  8  37 

Mean at Crestwood 9 . 8 0  1 4 1  1 . 9 1  2 . 9 6  0 . 4 8 9  351 
Standard Deviation at Crestwood 4 . 8 9  122  0 . 7 8  1 . 0 3  0 .224  163 

Significance Probability (P value) 0 . 0 3 7  0 . 9 8 5  0 .135  0 . 6 0 3  0 . 6 3 9  0 .000  
Different at L O %  significance level Yes No N o No No Yes 

(alpha = 0.1) 

Note: Means and standard deviations have unit of mg/L, except for conductivity, which has unit of 
umhos/cm. 



charai:teris+ics, 1.e. the frequency of street sweeping, may 

also have played a role in contributing BOD5 to stcrxdater 

runoff. However, no attempt was made to correlate conetizcent 

concentraticn with storm sewer area characteristics. 

Whether EMCs of four major stormwater pollutants, i.e. 

BOD5, TSS, TN and TP, were related to storm charactesi.stics 

was examined in this study. Figures 3 and - 4 present LNCs of 

BOD5, TSS, TN and TP versus rainfall (in inches) for all seven 

events sampled for the Evanston storm sewer. It appears that 

EMCs sf TSS, TN, and TP generally decreased as rainfar- in- 

creased at t h i s  location. However, this general trend was not 

observed for the C:restwood storm sewer. Fiqures 5 and -- 6 pres- 

ent EMCs of 20D5, TSS, TN and TP versus rainfall (in inches) 

for ail seven events sampled for the Crestwood storm sewer. 

No general trends could be observed, except that EMCs of TP 

appeared to lncrease with an increase in rainfall at thls 10- 

cat i3n. 

The difference of EMCs of four major stormwater pel-lilt- 

ant.s related to storm variables between the two sites was also 

exaniLed using multiple linear regression. --- Table 6 presents 

the resuits of multiple linear regression analysis on EECs of 

four major stormwater pollutants and storm variables f c r  both 

storm sewers. It is noted that rainfall amount was the most 

important variable in multiple linear regression equations 











METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6  

SUMMARY OF MULTIPLE LINEAR REGRESSION ANALYSIS BETWEEN EMCS OF FOUR MAJOR 
STORMWATER POLLUTANTS VERSUS STORM VARIABLES 

Coefficients for Storm Variables 
Rainfall Duration Intensity LAST* 

Constituent Intercept (inch) ( d a y  (inch/h) ( d a y )  R* Adjusted R~ Note 

For Evanston Site 
BOD5 2 0 . 9  -12 .4  - - 0 . 8 8 9  0 . 9 9  0 . 9 9  
TSS 252 -218 - 562 - 0 . 5 1  0 . 2 6  * * 
T N 5 .54  -2.73 - - - 0 . 7 4  0 .69  
TP 0 .745  -0 .361  - - - 0 .38  0 .26  * * 

IV 
o-, For Crestwood Site 

BOD5 4.64 - - - 1 . 9 6  0 .49  0 . 3 8  c * *  

TSS - - - - 5 2 . 3  0 .49  0 .32  
TN 1.83  - - - 0 . 4 3  0.53 0 . 4 4  
TP 0.157 0 .371  - - - 0 . 5 6  0 . 4 7  * * * 

Note: All regression equations have form: EMC = Constant + Ci Storm Variablei + ... + C, Storm Variable,. 
*LAST stands for days since last rain event that had a cumulative rainfall > 0.1 inch. 
**Zero is within the 90 percent confidence intervals for the coefficients (Ci) of storm variables in 
these regression equations (P-value > 0.1). 

***Zero is within the 90 percent confidence intervals for the intercepts in these regression 
equations. 



that may be used to predict EMCs for the Evanston storm sewer. 

However, the multiple linear regression equations for TSS and 

TP for this 3ite may not be used for prediction of ZYCs be- 

cause of very low R square values. Conversely, rainfall 

amount, excapt for TP, was not an important variable ;ri rrulti- 

ple linear regression equations for the Crestwood stor~: sewer, 

while t h e  days since last rain event appeared to be important. 

The multiple linear regression equations derived for the 

Crestit+i:oc! scorrn sewer cannot be used for prediction cS EMCs 

becaase of low K square values. For both locatioizs, the num- 

ber of days slnce last rain event that had a cumulative rain- 

fall l a r g e r  than 0.1 inch had significant influence on ERCs of 

BODS. 

The c~rrelation of each stormwater constituent w;th each 

storn variab:es idas further studied using Pearson correlation 

coefficienz (PCC) . -- Table 7 presents the Pearson corre1ation 

coefficients for stormwater constituents and storm variables 

for k o t h  starm sewers. At the Evanston site, it appearsd that 

EMCs of most constituents had a tendency to moderately de- 

crease witk an increase in rainfall and intensity, arid in- 

crease ~ i t k  an increase in duration and the days since last 

rain, except that solids (TSS and VSS) did not foliow this 

general trend. Noticeably, EMCs of BOD5 was highly positively 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 7 

PEARSON CORRELATION COEFFICIENTS BETWEEN STORMWATER CONSTITUENTS 
AND STORM VARIABLES FOR BOTH STORM SEWER SAMPLING SITES 

Storm Pearson Correlation Coefficient 
Variable BOD5 CBOD, TSS VSS NO2 + NO3 NH7 TKN TN TP CONDCT~ ~ l k ~  c13 

For Evanston Site 
Rainfall -0.34 - 0 . 32  -0 .50  - 0 . 69  - 0 . 4 2  - 0 . 57  - 0 . 83  - 0 . 8 6  -0 .62  - 0 . 29  -0 .56  -0.44 
Duration 0 .62  0 . 5 9  -0 .27 0 .08  0 .12  0 . 6 9  0 . 3 5  0 . 3 6  0 .45  0.87 0 .75  0 . 7 8  
Intensity -0 .72  -0 .73 0 . 2 4  -0 .18  -0 .32 -0 .97  -0 .75 - 0 . 7 6  - 0 . 52  -0 .83  -0 .91 - 0 . 8 6  
 LAST^ 0 . 8 8  0 .87  - 0 . 1 9  0 . 0 8  0 .23  0 . 4 8  0 .30  0 . 3 3  0 .44  0 .46  0 . 5 9  0 . 4 0  

For Crestwood Site 
W 
o Rainfall - 0 . 2 3  - 0 . 16  - 0 . 26  - 0 . 4 0  - 0 . 0 1  0 . 0 1  -0.12 -0 .10  0 . 7 5  -0 .26  -0 .30  -0.27 

Duration - 0 . 4 0  - 0 . 3 5  - 0 . 56  -0 .64  -0.17 0 . 0 1  - 0 . 30  - 0 . 29  0 .08  - 0 . 12  - 0 . 42  -0 .03 
Intensity -0 .14 - 0 . 0 6  - 0 . 0 3  - 0 . 1 7  0 .15  0 . 0 1  -0.04 0 . 0 2  0 . 5 3  -0 .22  -0 .15  -0.28 
 LAST^ 0 .70  0 . 7 4  0 . 7 0  0 . 6 2  0 .43  0.25 0 .75  0 . 7 3  0 .43  0.47 0 . 7 8  0.37 

kond. stands for conductivity. 
'~lk stands for alkalinity. 
3 ~ 1  stands for chloride. 
4~~~~ stands for days since last rain event. 



correlated with the days since last rain, while EMCs of TSS 

were hxghly r*egat kvely correlated with rainfall, and EIfCs of 

TN ano TP were h i g h l y  negatively correlated with rainfali and 

intensity at zhls location. 

"or t h - e  Crestwood storm sewer, the general trend observed 

at the Evariston site was not observed. Correlation between 

EMCs of most stormwater constituents and rainfall, duration 

and intensity was poor. However, EMCs of most stormwater con- 

stiti~~nts appeared to increase with in increase in the days 

since East rain. The difference in the influence of storm 

variables on EMCs of stormwater constituents between the two 

locations might be partially due to the difference rr the 

storm sewer system and drainage area characteristics* Poor 

corre!.ation for the Crestwood storm sewer may also be c l ~ e  to 

the distance of the rain gauge from the drainage area. 



CONCLUSIONS 

The following conclusions may be drawn from this study: 

1. Concentrations of individual grab samples of 

storm runoff collected at the selected Evanston 

and Crestwood storm sewers varied widely with 

TSS having the largest variation among the four 

major pollutants of BOD5, TSS, TN and TP. No 

unique pattern of concentration profiles within 

a storm event was observed for any stormwater 

constituent for either storm sewer. 

2. EMCs of 12 stormwater constituents among seven 

storm events sampled for both storm sewers var- 

ied within a factor of 10 between the lowest and 

highest. At the Evanston storm sewer, EMCs of 

chloride has the largest variation with a factor 

of 10, likely due to seasonal effects, and alka- 

linity had the least with a factor of 2. At the 

Crestwood storm sewer, EMCs of TSS, CBOD5 and 

NH3-N had the largest variation with a factor of 

10, and TN and alkalinity had the least with a 

factor of less than 3. Seasonal effects were 

unable to be determined at the Crestwood storm 



sew?= due to the limitation of the data coi- 

lecteci. 

.3. Although both storm runoff drainage areas sam- 

pled in this study are mainly urban residential 

areas, differences in the drainage areas and ths 

storn seder collection systems existed. (:ompar- 

ir:g the means of seven EMCs of six major storm- 

water constituents between the two storm sewers, 

r,o statistically significant difference j.n T E E ,  

TKN, TN and TP between the two storm sewers was 

found at a 90 percent confidence level (P-val!;n 

> 0.11, despite the differences in character~s-- 

C ,~c:s of the two storm sewers. However, the 

means of 7 EMCs of BOD5 and conductivity were 

sidtistically higher at the Evanston storm sewer 

thzn those at the Crestwood storm sewer ( P - v a l u e  

< 1 )  The higher BOD5 values at the Evanston 

storpb sewer were likely due to the characteris- 

t l c c s  of  he drainage areas and storm sewer col- 

lection system, while higher conductivity was 

licely due to seasonal effects. 

4. The relationships between stormwater constitc- 

enzs and storm variables at the two storm sewers 

were different. Such difference was possibly 



due to the difference in the characteristics of 

the drainage areas and storm sewer collection 

systems. However, data are limited for develop- 

ing predictable relationships. 
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APPENDIX 

DATA OF STOXMWATER RUNOFF SAMPLES COLLECTED FROM STORM SEWERS 
AT CLEVELAND AVENUE IN EVANSTON, ILLINOIS, AND CENTJ3AL AVENUE 

IN CRESTWOOD, ILLINOIS, RESPECTIVELY 



METROPOLITAN WATER RECLAMATION DISTRICT O F  GREATER CHICAGO 

TABLE A l -  l 

SAMPXIING AND ANALYTICAL DATA O F  STORMWATER RUNOFF SAMPLES COLLECTEE 
AT CLEVELAND AVENUE STORM SEWER I N  EVANSTON, I L L I N O I S  

(ALL CONCENTRFiTIONS I N  m g / L  UNLESS OTHERWISE NOTED) 

Time 
Col l ec t ed  
( m i l i t a r y  Cond . * 

Date t ime)  BOD5 CBODS NO:-N NOp-N N 0 2 f N 0 3 - N  NH3-N T K N  T N  T P  TSS VSS phos / cm Alk* Cl* 

N u m b e r  
Min 
Max 
Median 
Mean 
S td  Dev 
cv ( % )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Con t inued)  

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CLEVELAND AVENUE STORM SEWER IN EVANSTON, ILLINOIS 
(ALL CONCENTRATIONS IN MG/L UNLESS OTHERWISE NOTED) 

? l m e  
Collected 
(mllrtary Cond . * 

Date time) BODS CBODs NO*-N NO3-N N02+N03-N NH3-N TKI. TN TP TSS VSS pmhos/cm Alk* Cl* 

12/18/02 0615 22 15 0.081 0.64 0.72 1.42 3.33 4.05 0.61 84 32 3190 180 979 
12/18/02 0630 23 17 0.09 0.64 0.73 1.47 3.46 4.19 0.66 108 40 3290 166 989 
12/18/02 0645 22 17 0.096 0.66 0.76 1.38 2.96 3.72 0.62 102 10 3370 149 1073 
12/18/02 0700 23 17 0.097 0.67 0.77 1.44 3.33 4.10 0.62 78 30 3320 168 1025 
12/18/02 I 0715 21 15 0.098 0.59 0.69 1.55 3.35 4.04 0.72 66 32 3410 171 985 

N 12/18/02 0730 21 15 0.101 0.56 0.66 1.56 3.34 4.00 0.61 74 24 3500 180 829 
12/18/02 0745 19 13 0.096 0.58 0.68 1.48 3.38 4.06 0.59 74 30 3360 168 7 70 
12/18/02 0800 18 13 0.091 0.54 0.64 1.21 2.85 3.49 0.53 60 26 3080 142 813 
12/18/02 0830 18 13 0.088 0.53 0.61 0.96 2.5 3.11 0.44 66 24 2860 125 675 
12/18/02 0900 17 13 0.082 0.59 0.67 0.57 1.62 2.29 0.33 52 30 1979 92 494 
12/18/02 0930 26 13 0.09 0.61 0.70 0.76 2.26 2.96 0.42 120 26 2210 113 552 
12/18/02 1000 18 14 0.101 0.60 0.70 0.86 2.57 3.27 0.48 80 26 2480 132 661 
12/18/02 1030 19 14 0.104 0.65 0.75 0.82 1.65 2.40 0.50 122 20 2490 115 62 2 
12/18/02 1100 14 10 0.041 0.30 0.34 0.14 1.47 1.81 0.29 136 20 314 27 77 
12/18/02 1130 27 18 0.081 0.40 0.48 0.79 3.27 3.75 0.79 284 100 2190 8 7 605 
12/18/02 1200 30 19 0.088 0.42 0.50 0.78 3.95 4.45 0.89 328 96 2160 8 2 550 
12 I18 /02 1300 22 17 0.077 0.34 0.41 1.43 3.25 3.66 0.68 152 58 2900 118 615 
12/18/02 1400 18 13 0.062 0.34 0.40 1.09 1.99 2.39 0.48 108 40 2040 9 2 499 
12/18/02 1500 12 9 0.058 0.34 0.40 0.45 1.15 1.55 0.23 54 20 838 4 9 199 
12/18/02 1600 20 15 0.074 0.35 0.43 0.75 2.2 2.63 0.57 174 80 1432 84 330 
12/18/02 1700 13 10 0.062 0.34 0.40 0.58 1.91 2.31 0.41 124 38 1060 7 1 231 
12/18/02 1800 16 12 0.055 0.30 0.36 0.95 1.99 2.35 0.45 110 24 1763 98 430 

Number 
Min 
Max 
Median 
Mean 
Std Dev 
cv ( % I  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

1 ABT,E: Al-1 (Continued) 

SAMPLfiING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CLEVELAND AVENUE STORM SEWER IN EVANSTON, I L L I N O I S  

(ALL CONCENTKArlONS I N  M G / L  UNLdSS OTHERWISE NOTED) 

T i m e  
Collected 
(military Corld . * 

Date t i m e )  BODS CBODS NO2-N NO3-N N02+N03-N NH3-N TKN TN T P  TSS VSS ~ m h o ~ / c m  A l k *  Cl* 

N u m b e r  
Min 
Max 
M@tl~aki 
Mean 
S td  D e v  
CV ( % )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CLEVELAND AVENUE STORM SEWER IN EVANSTON, ILLINOIS 
(ALL CONCENTRATIONS IN MG/L UNLESS OTHERWISE NOTED) 

Time 
Collected 
(military Cond . + 

Date time) BOD5 CBODS NO?-N NO,-N NOZ+NOI-N N H j - N  TKN TN TP TSS VSS )mhos/cm Alk* Cl* 

Number 
M i  n 
Max 
Median 
Mean 
S td  Dev 
CV ( % )  



Date 

5 /4 /03  
5 /4 /03  
5 /4 /03  
5 /4 /03  
5 /4 /03  I 

yl 5 /4 /03  
5 /4 /03  
5 /4 /03  
5 /4 /03  
5 /4 /03  
5 /4 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  
5 /5 /03  

Nvmber 
Min 
Max 
Wedlark 
Mean 
S t d  Dev 
CV ( 8 )  

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AX-3 (Cont i n u e d )  

SAMPLING AND ANALYTICAL CATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CLEVELANC AVENUE STORM SEWER IN EVAMSTON, ILLINOIS 
(ALL CONCENTRATIONS IN MG/L UNLESS OTHERWISE NOTED) 

T line 
Collected 
(military 
time) BOD5 N H  - N  TKN TN TP TSS VSS 

Cond . * 
pmhos/cm A l k *  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 (Continued) 

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CLEVELAND AVENUE STORM SEWER IN EVANSTON, ILLINOIS 
(ALL CONCENTRATIONS IN MG/L UNLESS OTHERWISE NOTED) 

Time 
C o l l e c t e d  
( r n l l i t a r y  Cond . * 

Date  t l m e )  BODS CBODs N 0 2 - N  NO3-N N 0 2 + N 0 3 - N  NHa-N TKN TN TP TSS VSS pmhos/cm Alk* C l*  

5 / 9 / 0 3  0015 22 17 0 .010 1 . 8 6  1 . 8 7  1 . 2 8  2 . 6 1  4 .48  0 . 1 5  37 2 1  699 7  8  153 
5 / 9 / 0 3  0030 17 14 0 .008 1 . 3 5  1 . 3 6  1 . 1 0  2 .48  3 .84 0 . 1 6  39 1 6  582 90 123 
5 / 9 / 0 3  0045 1 3  11 0.010 0 . 9 6  0 .97 0 . 6 5  2 . 1 5  3 .12  0 . 1 6  66 33 523 7  3  9  4 
5 / 9 / 0 3  0100 1 6  12 0.014 0.84 0 . 8 6  0 .42  2.14 3 . 0 0  0 . 2 7  118 32 618 9  6  136 
5/9 /03 I 0115 2 3  1 0  0 .015 0 .80  0 .82 0 . 3 5  2 .02  2 .84  0 . 2 9  160  40 62 4  92 122 

o\ 5 /9 /03  0130 1 2  11 0 .016  0 . 8 8  0 .90  0 . 2 6  1 . 5 1  2 . 4 1  0 . 2 5  72 24 1202 193 276 
5 / 9 / 0 3  0145 1 0  9  0 .011  0 . 8 1  0 .83  0 . 2 8  1 . 2 8  2 . 1 1  0 . 2 4  70 22 801  109 157 
5 /9 /03  0200 1 0  8  0 .010 0 . 6 2  0 .63 0 . 3 6  1 . 5 9  2 . 2 2  0 .24  142 45 414 60 78 
5 /9 /03  0230 11 9 0 .013  0 .55  0 . 5 6  0 . 3 3  2 . 0 1  2 .57  0 . 3 8  144 55 515 72 108 
5 /9 /03  0300 9  9  0 .012 0 . 4 1  0 . 4 2  0 .30  1 . 6 9  2 . 1 1  0 . 3 0  116  38 412 60 8  7 
5 / 9 / 0 3  0330 8  7  0 .012 0 . 4 3  0 .44 0 .25  1 . 2 7  1 . 7 1  0 . 1 9  69 22 382 45 74 
5 / 9 / 0 3  0400 1 0  9  0 .022 0 . 6 1  0 . 6 3  0.54 3 . 1 9  3 .82  0 . 4 2  119 27 237 56 3  4 
5 / 9 / 0 3  0430 8  6  0 .023 0 .63  0 . 6 6  0 .53 1 . 9 4  2 .60  0 . 3 1  92 22 221 49 31 
5 /9 /03  0500 9  7  0 .022 0 . 6 3  0 .65  0 . 5 3  1 . 6 7  2 .32  0 . 2 8  79 1 9  296 5 1  5  2  
5 / 9 / 0 3  0530 9  7  0 .016  0 .66  0 .67 0 .58  1 . 5 1  2 .18 0 . 2 1  57 1 6  348 50 7 1  
5 / 9 / 0 3  0600 8 7 0 .018  0.64 0 .65  0 . 5 6  1 . 9 8  2 . 6 3  0 . 2 3  64 1 6  384 55 74 
5 /9 /03  0700 1 0  9  0 .018  0 .55  0.57 0 .33  0.89 1 . 4 6  0 .22 N/A N/A N/A N/A N/A 
5 /9 /03  0800 11 9 0 .020 0 . 5 9  0 .61  0 . 3 1  1 .04  1 . 6 5  0 . 1 3  N/A N/A N/A N/A N/A 
5 / 9 / 0 3  0900 11 9 0 .019  0 . 5 9  0 .60 0 . 3 3  1 .05  1 . 6 5  0.14 26 1 2  386 N / A  N/ A 
5 / 9 / 0 3  1000 1 2  1 0  0 . 0 1 9  0 .67  0 .69 0.32 1 . 1 3  1 .82  0 .19  N/A N/A N/A N / A  N/A 
5 / 9 / 0 3  1100 1 2  1 0  0 . 0 2 1  0 . 6 7  0 .70  0 .30 1 . 2 5  1 . 9 5  0 . 7 6  N/A N/A N/A N/A N/A 
5 /9 /03  1200 11 1 0  0 . 0 2 5  0 . 7 0  0 . 7 3  0 .31  1 - 1 0  1 . 8 3  0 .20  N/A N/A N/A N/A N/A 

Number 
Min 
Max 
Median 
Mean 
S t d  Dev 
cv ( % I  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

SAMPLING AND ANALYTICAL DATA OF STORNWATER RUNOFF SAMPLES COLLECTED 
AT CLIEVELAND AVENUE STORM SEWER IN EVANSTON, IIaLINOIS 

(ALL CONCENTRATIONS IN MG/L UNLESS OTPIi5KWISE NOTED) 

Tls, 
C o l l e c .  ed 
( m r l i t . i ~ y  Cond. * 

D a t e  t l l n e ,  BODS CBODs N02-N NO3-N N02+N03-N NH3-N TKN TN T P  TSS VSS pmhos/cm Alk* C l *  

h'umber 
Mln 
Wax 
Mediah~ 
Mean 
Std Dev 
cv ( % )  

*Cond. stands for conductivity, Alk for alkalinity, and C1 for chloride. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CENTRAL AVENUE STORM SEWER IN CRESTWOOD, ILLINOIS 
(ALL CONCENTRATIONS IN mg/L UNLESS OTHERWISE NOTED) 

Time 
C o l l e c t e d  
( r n l l l t a r y  

Da te  t i m e )  BODS CBODS NO*-N 

8 /22 /02  0620 9  7 0 .057  
8 / 2 2 / 0 2  0635 9  6  0 .058  
8 /22 /02  0650 8  7  0 .064  * 8 /22 /02  0705 N/A 6  0 .068  
8 / 2 2 / 0 2  I 0720 11 7 0 .068 

a, 8 /22 /02  0735 8  7 0 .067 
8 / 2 2 / 0 2  0750 6  4  0.064 
8 /22 /02  0805 6 4 0.064 
8  /22 /02  0820 7  N/A 0 .067  
8/22/02 0850 6  4  0 .068  
8 /22 /02  0920 6  4  0 .086  
8 /22 /02  0950 9  6  0 . 0 6 6  
8 /22 /02  1020 8  5 0 .098 
8 / 2 2 / 0 2  1050 1 0  7  0.064 
8 /22 /02  1120 7  5  0 .062 
8 / 2 2 / 0 2  1150 5 4  0 .061 
8/22/02 1220 9  6  0 .065 
8 /22 /02  1320 3 4 0.036 
8/22/02 1420 5  4 0 .048 

Number 
Min 
Max 
Median 
Mean 
S t d  Dev 
CV ( $ 1  

NO3-N N02+N03-N NH3-N TKN TN T P  TSS VSS 
4:ond. * 

vrnhos/cm A l k *  Cl*  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

T'ART,E A i - 2  ( C o n k  i nued) 

SAMPLINS AND ANALYTICAL DATA OF STORMWATER FI'NOFF SAMPLES COLLECTED 
AT CENTRAT-, AVENUE STORM SEWER IN CRESTWOOD, ILLXNOIS 

(ALL C O N C E N T W r I O N S  I N  mg/L UNLESS OTHERWISE NOTED) 

-------- - 
Tine 

C o l l e c t e d  
(military Cond * 

Date  time) 11305 CBODS NO?-N NO3-N NO2+NO3-N NU3-N TKN TN T P TSS VSS pnihos/cm Alk* C l *  

9 /20/02 0955  10 N/A 0 . 0 1 6  0 .32  0 . 3 3  0 . 0 9  1 . 6 7  2 .00 0 . 2 1  79  2 2  82 1 5  1 0  
9/20/02 1010 9 N/A 0 . 0 4 1  0 .30  0 . 3 4  0 . 1 4  1 . 4 0  1 . 7 5  0 . 1 8  8 5  20 1 4 1  3  0  2  1 
9 /20 /02  1025 6  4  0 .022  0 . 4 2  0 . 4 5  0 . 1 2  1 .27  1 . 7 2  0 . 1 3  48 1 3  83  2  1 7 
9/20/02 1040 5  3  0 . 0 3 5  0 .48 0 . 5 1  0 . 1 4  1 . 1 4  1 . 6 5  0 .13  7 1  1 5  98 23  12 
9 /20/02 I 1055  4 3  0 . 0 3 2  0 . 4 6  0 . 5 0  0 . 1 2  1 . 2 9  1 . 7 9  0.14 37 7  74 2  1 7 

W 9/20/02 1110 4  3  0 . 0 2 8  0 .42  0 .45  0 . 1 1  0 . 4 6  0 . 9 1  0 . 0 3  44 8  7  4 2  1 6 
9 /20/02 1125  5 3  0 . 0 4 8  0 . 5 5  0 .59  0 . 1 3  1 . 3 5  1 . 9 4  0 . 0 9  49 1 0  1 5 1  4 4  17  
9/20/02 1140  N/A N/A 0 .087  0 .88  0 . 9 6  0 . 1 8  1 . 6 8  2 . 6 4  0 . 2 9  111 17 203 5  9  27 
9 /20/02 1155  6 4  0 . 0 5 5  0 . 8 2  0 .87 0 . 1 5  1 . 6 1  2 . 4 8  0 .24  8 3  14 169  4  6  20 
9 /20 /02  1225  3 0 0 .036  0 . 5 9  0 .63  0 . 0 6  0 . 7 1  1 .34  0 .13  1 3  7  1 7 5  51  19 
9 /20/02 1255 3 0  0 .036  0 . 6 0  0 . 6 3  0 . 0 6  0 . 7 6  1 . 3 9  0 .17  9  5  172 5  0  19 
9 /20/02 1325 3 0 0 .036 0 .60  0 .64 0 . 0 6  0 .82 1 . 4 6  0 . 1 5  8  7  1 7 5  50 19 
9 /20/02 1355 3  0  0 .037  0 .60  0 .64 0 . 0 7  0 .95  1 . 5 9  0 . 1 3  1 0  7  174 4 8 19 
9/20/02 1 4 2 5  4 0  0 . 0 3 3  0 .59 0 .62 0 . 0 5  0 . 9 6  1 . 5 8  0 .25 1 3  9  1 5 1  4 4  1 7  
9 /20/02 1455  3 0 0 .037  0 .60 0 .63  0 .07  0 .75 1 . 3 8  0 . 1 5  1 0  6  176  49 19 
9 /20/02 1525 4  0  0 .038 0 .61  0 . 6 5  0 .06  0.72 1 . 3 7  0 .18  1 6  8  149  42 1 6  
9 /20/02 1555  3  0  0 .037  0 . 6 0  0 .64  0 . 0 6  0 . 6 6  1 . 3 0  0 . 1 6  1 0  8  169  4 9 19  
9 /20/02 1655  4 0  0 . 0 3 5  0 . 6 1  0 .64 0 . 0 5  0 . 7 1  1 . 3 5  0 . 6 6  20 8  N/A 5  3  20 
9 /20/02 1755  3  3  0 .030 0 .60  0 .63  0 .04  0.74 1 .37  0 . 4 0  11 1 183  5  5  21 
9/20/02 1855  3 0 0 .030 0 . 6 1  0.64 0.04 0 .75  1 . 3 9  0 . 4 2  1 0  2  201 5 7  2  2  
9 /20/02 1955 5  3  0 .026 0 . 5 5  0.58 0 . 0 3  0 .77 1 . 3 5  0 . 5 0  1 3  3  206 58 2  2  
9 /20/02 2055 4  2  0 . 0 3 1  0 .52 0 .55  0 . 0 3  0 .68  1 . 2 3  0 . 3 8  7  1 204 5  4 23 
9 /20/02 2155 3  2  0 .029  0 . 5 3  0 .56  0 , 0 3  0  58 1 1 4  0 . 2 3  4 1 221 6  1 24 

N~xinlte Y 

M i  n 
Max 
Medl an 
Mean 
S t d  Dev 
CV ( % I  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CENTRAL AVENUE STORM SEWER IN CRESTWOOD, ILLINOIS 
(ALL CONCENTRATIONS IN mg/L UNLESS OTHERWISE NOTED) 

T i m e  
C o l l e c t e d  
(military Cond . * 

D a t e  t i m e )  BODS CBODS NO*-N NO3-N NOZ+NOI-N MHI-N TKN TN T P  TSS V S S  pnhos/cm , l k '  

Number 
Min 
Max 
M e d i a n  
Mean 
Std Dev 
cv ( % )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

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

SAMPLING A N D  AXALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CENTRAL AVENUE STORM sEWER IN CRESTWOOD, T T A L T N O I S  
(ALL CONCEN'I'KA'TIONS I N  mg/L TJNLESS O'THEKWISE NOTED) 

Date  

Number 
Min 
Max 
Median 
Mean 
S t d  Dev 
CV ( ' b )  

Time 
C o l l e c t e d  
( m i l i t a r y  

t l r n e )  BOD5 CBOD, 

0015 1 6  :1 
0030 1 3  12 
0045 1 0  9  
0100 1 5  9  
0115 N/A N/A 
0130 11 9 
0145 11 9 
0200 11 9 
0215 11 9 
0245 7  5  
0315 N/A N/A 
0345 N/A 9  
0415 N/A N/A 
0445 N/A N/A 
0515 9  4  
0545 5  4  
0615 N/A N/A 
0715 4  3  

TKN TN TP TSS VSS 

2 .94 4 .09  0 . 4 5  154 4 4  
2 .15  3 .39  0 .27  92 37 
2 .06  3 .20  0 . 2 6  63 1 9  
3 . 0 6  4.52 0 . 5 1  202 40 
3.49 4 . 8 6  0 . 6 3  260 40 
2 . 5 0  3 . 6 9  0 . 4 0  153 3 1  
2 .34 3 .60  0 . 3 5  87 2 1  
2 .24 3 .47  0 .34 94 20 
2 . 2 2  3 . 3 5  0 .28  121  24 
1 . 4 9  2 . 4 6  0 . 2 7  58 1 2  
1 . 5 5  2 .37  0 . 2 9  103 22 
1 . 7 6  2 . 7 6  0 .39  169 26 
1 . 4 4  2 .35 0 . 3 1  109 20 
1 . 4 9  2 . 4 1  0 . 2 9  76 14 
1 . 3 8  2 .43  0 . 2 3  66 1 3  
1 . 1 5  2 .31 0 . 2 0  50 9  
1 . 5 2  2 .45 0 . 2 6  82 18 
1 . 2 9  2.70 0 .17 30 7  

Cond. * 
pmhos/cm Alk* 

307 31 
17 3 23 
280 3 8 
706 61  
658 5  9  
633 4  7 
583 48 
490 4  4  
416 4  0  
374 39 
319 3  4 
37 3  49 
337 4 4  
399 4  8  
524 49 
576 56 
404 45 
700 65 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CENTRAL AVENUE STORM SEWER IN CRESTWOOD, ILLINOIS 
(ALL CONCENTRATIONS IN mg/L UNLESS OTHERWISE NOTED) 

T i m e  
C o l l e c t e d  
( m ~ l i t a r y  Cond. * 

D a t e  t u n e )  BODS CBOD, NO,-N NO3-N NO,+NO,-N NH,-N TKN TN TP TSS VSS p m h o s / c m  Alk* C l *  

Number 
M i n  
M a x  
M e d i a n  
M e a n  
S td  D e v  
CV ( % )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TRBZIE A7 -2 ( ConLrnued)  

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CENTRAL AVENUE STORM SEWER IN CRESTWOOD, ILLINOIS 
(ALL CONCENTRATIONS IN mg/L UNLESS OTHERWISE NOTED) 

Tlme 
Collected 
(military Cond. * 

Date time) BOD5 CBODS NO2-N NO3-N N 0 2 t N 0 3 - N  NBa-N TKN TN TP TSS VSS pmhos/cm R l k *  Cl* 

Nunber 
Min 
Max 
Medlan 
Mean 
Std Dev 
CV ( % )  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 (Continued) 

SAMPLING AND ANALYTICAL DATA OF STORMWATER RUNOFF SAMPLES COLLECTED 
AT CENTRAL AVENUE STORM SEWER IN CRESTWOOD, ILLINOIS 
(ALL CONCENTRATIONS IN mg/L UNLESS OTHERWISE NOTED) 

T i m e  
C o l l e c t e d  
( m i l i t a r y  Cond . * 

D a t e  t i m e )  BODS CBODS NO*-N NO3-N N02+N03-N NHI-N TKN TN T P  T S S  V S S  pmhos/cm A l k *  C l *  

Mumbe r 
Min 
Max 
Median 
Mean 
Std Dev 
CV ( % I  

*Cond. stands for conductivity, Alk for alkalinity, and C1 for chloride. 


