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ANALYLSIS OF URBAN SIDRM-wATER ~ITY rnTA FIU1 'IWO BASINS IN COWMBUS, OHIO 

By Jeffrey D. Christman 

ABSTRACT 

'lb assess urban storm water quality characteristics in the metropolitan area 

(9 
\ 

of Colllilt>us, Ohio, two drainage basins were equipped with autanatic water quality 

samplers, rronitors, rain gages, and stream gages. Over a two year period samples 

fran the bYo basins were analyzed for 46 chemical quality parameters. The analysis 

of the data followed three awroaches. First the constituent concentrations 

were analyzed and compared with Ohio EPA warm-water habitat standards. The results 

of this showed high levels of copper, iron, lead, and zinc. The second awroach 

was bivariate correlations and regression analysis. This approach yielded information 

atout relationships between constituents but had few uses. The third approach 

was the use of multiple regression analysis to relate storm yields to rainfall 

characteristics. In general, the results indicated that the storm yields are 

dependent on antecedent conditions of the storm. 
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INI'ROIUCI'IOO 

Background 

Urban stormwater runoff has always been underestimated as a source of 

streamwater _pollution. cne of the reasons for this is the ever increasing 

need for danestic and industrial sewage treabnent facilities in our national 

effort to clean up our rivers and streams (Ellis, 1976, p. 730). 'Ihe Virginia 

State Water Cbntrol Board, in 1971, developed the "C:Ccoquan FOlicy" to replace 

11 secondary wastewater treabnent plants with a advanced regional wastewater 

treabnent plant (A'IW) in order to slow or stop the eutrophication of the 

Occoquan Reservoir. A study by Grizzard et al. (1976) showed that the A'IW 

would not be as effective as planned in reducing _pollution loads in the 

Occoquan Watershed. 'Ihe reason for this was the untreated urban stonnwater 

runoff was also a major source of _pollution in the watershed. Many other 

studies have recognized that urban stormwater runoff is a major source of 

pollution for the nation's waterways (Griffin, 1978, p. 1-6; Helsel, 1978, 

p. 1-11; Miller and McKenzie, 1978, p. 1-2). 

In order to better understand this source of _pollution, the mechanics 

of urban runoff must be understood. As water falls to earth as rain it 

absorbs dust, ash, smoke, and gases found in the air. 'Ihese contaminates 

are produced by the concentration of vehicular traffic and industries in an 

urban environment (Helsel, 1978, p. 19-23). As the rain hits the ground some 

of it infiltrates into the soil carrying it's contaminates into the soil 

and some of it evaporates back into the atmosphere leaving 

behind the contaminates. 'Ihe rainfall that doesn't infiltrate or eva_porate 

2 



is excess precipitation and flows over the ground, rooftops, streets, driveways 

and parking lots absorbing more contaminates as it goes. It assimilates 

oils, detergents, metals, nutrients, organics, and other chemicals as it 

flows over litter, garbage, concrete, asphalt, metallic debris, and other 

debris associated with an urban environment. It picks up the dust and dirt 

fran by-products of combustion and vechicular wear (Ellis, 1976, p. 730). 'Ihis 

runoff then enters rivers and streams by overland flow or storm sewers, adding 

to a normal load of constituents fran groundwater flow and erosion of the 

streambank by the higher flows associated with storm events. It is evident 

then the chemical loading of an urban stream is effected by the amount of 

air pollution, the amount of dust and dirt, and the amount of debris in and 

around the watershed. 

In a study by Helsel (1978, p. 19-21) it was reported that the sources for 

lead, copper, cranium, and zinc were many products associated with autanci::>ile 

traffic, such as gasoline, motor oil, transmission fluid, antifreeze, brake 

fluids, brake linings, tires, and materials used in the vehicles themselves 

'lhese sources \'Ould be found on or near highways and parking lots because 

of "wear and tear" on the vehicles. other pollutants such as cadmium, iron, 

and zinc can cnme fran industrial sources and nutrients and organics can 

cane fran residential areas as washoff fran yard up-keep operations. 

In the last few years many studies in urban runoff quality have been 

made and the results of these studies have been varied (Miller and McKenzie, 

1978, p. 1-2). 'Ihese studies have shown the need for collection of site-specific 

data because of widely varying local and regional conditions (Pitt and Field, 

1977, p. 432) and the need for standardization of study methods to better understand 

the cause-and-effect relationships for urban storrnwater runoff (Bradford,1977,p. 621) 

3 
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Cbjective 

'Ibis study has tv.D main objectives, the first is the modification of the 

u.s.G.S. Urban Hydrology .r.bnitor and Sampler to use on small urban drainage basins 

and the developnent of methods to best utilize this equipnent. 'Ihe second objective 

is to obtain site-specific data for tv-D urban basins and use this information 

to better understand the interrelationships of the constituents concentrations 

and antecedent and storm conditions. 

Analytical Approach 

'Ihe analytical approaches used in this study are similar to the ones 

used in Miller and McKenzie (1978, p. 2). First, constituent concentrations 

were analyzed and compared with aiio EPA water quality standards. 'Ihe second 

approach was the use of correlations and bivariate regressions of constituents 

to better understand interrelationships. 'Ihe third approach was the use of 

multiple-linear regression analysis to identify important independent parameters 

affecting constituent concentrations. 

BASIN UXATIOOS, DESCRIPI'IONS, AND CHARACTERISTICS 

Basin locations 

'Ihe locations of the tv-D streamflow and sampling stations and the rain gages 

are shown in figure 1, and are described below. 'Ihe streamflow and sampling 

stations are identified by an eight-digit station number and the rainfall stations, 

if a different location than the streamflow stations, are identified by a fifteen­

digit station number. 
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Figure 1.--Location of streamflow and rain gage stations for 
Fishinger-Kenny Creek and Norman Ditch, Columbus, Ohio, 

water year 1978-79. 
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i.e 

03226900.-Rain gage and streamflow station. Fishinger-Kenny creek at 

the intersection of Kenny and Fishinger Roads, rat. 40°01'25", IDng. 83°02'30" in 

the. northVJest 1/4 of T. l N., R.18 W. in Upper Arlington, Chio (NorthVJest Columbus, 

1:24,000 quadrangle). 

03227050.--Rain gage and streamflow station. Norman Ditch on Olambers Circle, 

off Olambers !bad, 500 ft. east of intersection with Kenny !bad, Lat. 39° 59' 35", U:mg 

23°02'02" in southVJest 1/4 of T.l N., R.18 w. in Columbus, Chio (SouthVJest Columbus, 

1:24,000 quadrangle). 

395935083025200.-Rain gage. Kinnear Road near intersection with North Star 

R:>ad, Iat. 39°59'55", IDng. 83°02'52", in southVJest 1/4 of T.l N., R.18 w. in 

Columbus, Chio (SouthVJest Columbus 1:24,000 quadrangle). 

Basin I:Escriptions 

03226900.-The Fishinger and Kenny Creek basin has a length of 1.0 

mi. and an average width of O. 4 mi. 'lbe stream flow is easterly discharging 

into the Olentangy River. 'lbe basin land use is predaninantly residential 

with small areas of rural and corrrnercial land use. 'lbe stream channel 

itself is only about 0.25 mi long with the remainder of the basin drained 

by stonn seVJers. 'lbe streamflow and sampling station is located on the 

upstream end of the culvert that passes under Kenny !bad. 

03227050.-The Norman Ditch basin has a length of 0.8 mi and an 

average width of 0.33 mi. 'lbe stream flows southeasterly and discharges 

into the Olentangy River. 'lbe basin land use is a mixture of single-family and 

.9 multi-family residences along with corrrnercial and light industrial develop-

6 



ments. 'Ihe stream channel is only open in tv.o places and is predaninantly 

fed by storm sewers. 'Ihe first open channel is 1.0 mi upstream fran the 

streamflow station and is ponded near an apartment complex. 'Ihe strearn­

flow station is located on the upstream side of the culvert that passes 

under Olarnbers Circle. 'Ihe sampling station is located on the downstream 

side of the same culvert with the intake in a small ponded section of 

the stream. 'Ihe rain gage is located, near the center of the basin, on 

Chio State University property near the southeast corner of the intersection 

of Kinnear !bad and N:>rth Star !bad. 

Basin Olaracteristics 

Olaracteristics used to describe the two drainage basins are defined 

below, as modified fran Miller and McKenzie (1978, p. 3-8), and listed in table l. 

Also figure 2 shows a map of the basins land use, and figure 3 is an aerial 

photograph of' the basins. 

Drainage area.-Area of basin (AREA), in square miles, planirnetered fran 

Geological Survey topographic maps. Basin boundaries were determined by first 

outlining drainage divides on 7 1/2-minute quadrangle maps and then adjusting for 

storm-sewer diversions according to information fran city and county agencies. 

A field determination was made where sewer intakes were undefined or where 

drainage divides could not be determined on 7 1/2-minute maps. 

Basin slope.-'Ihe average slope of the basin (BSLOPE), described by 

Wisler and Brater (1959), in percent, calculated fran Geological Survey 

7 1/2-minute topographic maps. 'Ihe basin slopes were canputed by: 

7 
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Figure 2.~Land use, Fishinger-Kenny Creek basin and Norman Ditch 
basin, Colt.rrnbus, Ohio, water year 1978-79. 
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.. e 

BSIDPE=DL/A X 100 (1) 

where 

D= oontour interval, in feet, 

L= total length of contours, in feet, and 

A= drainage area of the basin, in square feet. 

Olannel slope.- The channel slope (CHNSIDP), in feet per mile, for the 

basin as detennined fran 7 1/2-rninute topographic maps. Olannel slope was 

defined as the difference in elevation between JX)ints at the streamflow station 

and the last JX)int in the stream channel that is open, divided by the distance 

between the two JX)ints. 

Impervious area.-Percentage of the basin impervious to infiltration of 

rain ( IMPARFA) , such as asphalt roads, paved parking lots, and roofs. 'lhe 

area was detennined fran aerial photographs (scale: 1:24000) taken in 1976. 

I.and use.-Percentage of the basin, with land use of types I through IV 

as mapped fran field surveys. I.and-use types are defined below: 

I. Rural (LU!)- includes all undeveloped land, agricultural land, parks, 

cemeteries, and school playgrounds. 

II. Single-family residential (LU2)-Includes single-family detached dwellings, 

and duplexes. 

III.Multifamily residential (LU3)-Includes multifamily housing units 

IV. carmercial (LU4)-Includes general wholesale and retail buildings, 

school buildings, churches, and light industry.· 

Basin shape.-'lhe ratio of the length to average width (BASHAPE), described 

by Office of Water Data Coordination in chapter 7 (1977) was calculated using 

the fonnula: 

10 
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· taken March 1976 

0 1MILE 

FRANKLIN 

[3 
COUNTY 

0 1 KILOMETER 

Figure 3.--Aerial photograph, Fishinger-Kenny Creek basin and Norman Ditch 
basin, Columbus, Ohio, water year 1978-79. 
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where; 

BASHAPE = (le) 2/A {2) 

Le = straight-line distance fran the basin outlet to the point on the 

basin divide used to measure the main channel length, and 

A = area of drainage basin 

IY\TA COLLECTIOO 

&;iuipnent 

Rainfall and stage 

Rainfall and stream stage data were collected for each site at 5 minute 

intervals and recorded to the nearest O. 01 inch. 'Tho rain gages were installed 

at each station. At Fishinger and Kenny Creek a 6 ft. long, 3 in. inner diameter 

metal pipe with a 5 in. by 10 in. rainfall collector were mounted on the 

house and a timer, battery, and digital recorder hooked to a float in the 

pipe were used to record water surface levels. A tipping bucket 

rain gage was also mounted on the roof, of the house, to canpare with the other 

rain gage. At Norman Ditch a similar rain gage was installed near the center 

of the basin and a tipping bucket rain gage was installed on a post near 

the sampling and streamflow site. At both stations stream stage data 

were collected by the use of an automatic digital recorder and timer, hooked to 

a float in a 3 in. stilling well attached to the headwall of the culvert. 

Water Q..Iality Samples 

Water quality samples are taken by the U.S. Geological Survey Urban 

.9 Hydrology fwbnitor and Sampler. 'Ihe Urban Hydrology fwbnitor controls the 

12 
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Table 2.~Analysis were made for the following ex>nstituents. 

1. Physical characteristics 6. Major nutrients 
a. Specific conductance a. Nitrite and nitrate 
b. Tenperature* b. Arrmonia as nitrogen 
c. Turbidity c. Arrmonia and organic nitrogen 
d. Dissolved solids d. 'Ibtal organic nitrogen 
e. Suspended solids e. 'Ibtal nitrogen as N 

2. Chemical characteristics f. 'Ibtal nitrogen as N03 
a. pH g. 'Ibtal fi'losphorus 
b. Dissolved oxygen 7. Major ions 
c. Hardness as Ca<D3 a. Calcium 
a. Hardness, rnn-carbonate b. Magnesium 
e. Bicarbonate as H<D3 c. Iron 
f. carbonate as caa:>3 c. Sodium 
g. Alkalinity as Ca<D3 a. Potassium 
h. Dissolved carbon dioxide e. Sulfate 

3. Biochemical oxygen demand f. 01loride 
a. Chemical oxygen demand g. Iron 
a. 'Ibtal organic carbon 8. Other 

4. Bacteriological characteristics a. Oil and grease 
a. Fecal coliform* 
b. Fecal streptocci* 

s. Trace metals 
a. Arsenic 
b. Cadmium 
c. Chromium 
a. Copper 
e. Lead 
f. Nickel 
g. Zinc 

*Analysis made only periodically 

13 



timing of the sampling operation by the use of preset record levels, sampling 

levels, and sampling intervals. 'Ihe monitor receives its stream stage 

data fran the upstream recorder, and its rainfall data fran the tipping bucket 

'.IWo liter samples are taken and stored in the refrigerator canpartment 

of the sampler until collected for analysis. 'Ihe u.s.G.S. Urban Hydrology 

M:>nitor outputs to a 16-channel paper tape recorder that records time, 

sample taken, gage height, rainfall, in 5 min intervals for the duration 

of a storm. A water quality monitor is also utilized to recbrd 

conductivity, pH, and temperature in 5 min. intervals. 

Sampling Guidelines 

In order to get good representative samples to define a quality curve 

for a storm the U.S.G.S. Urban Hydrology l-bnitor was set at different sampling 

intervals depending upon the season or type of storm expected. 'Ihese 

sampling intervals ranged fran 5 min. to 15 min •• 

After an event the paper tapes fran the urban l-bnitor and Water 

Quality l-bnitor were read by a Mitron Translator into a Hewlett Packard 

mini-cx:xnputer, which printed a listing and graphical representation of 

time verses discharge, rainfall, conductivity, water temperature, and pH. 

'Ihis-listing and graphical representation were used as the basis for 

selection of representative samples to be sent to the U.S.G.S. Central 

Iab, in Atlanta, Georgia. 

ANALYSIS OF CCNCENTRATIOOS 

Variation of concentrations 

'Ihe first method of analysis includes a study of the range and median values 
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of constituent concentrations and a canparison of constituent concentrations 

with Chio Environmental Protection Agency standards. 

'lhe ranges and median values of concentrations for 35 constituents are 

shown in Table 3. Concentrations were generally in normal ranges with a few 

exceptions. 'lhe storm of January 25, 1978 showed high values of conductivity, 

dissolved solids, s00ium, and chloride for both stations. 'lhese values are much 

higher then oorrnally found in the rest of the data. Since this is the only winter 

storm sampled this p:>ints to road salting operations as the cause. For both 

stations concentrations of metals (cadmium, chranium, co~r, iron, lead, nickel, 

and zinc) were generally high with N::>rman Ditch having higher values then Fishinger-

Kenny Creek. A p:>ssible explanation for this is the presence of a metal plating and 

stamping operation and a truck terminal with maintenance and washing facilities 

just upstream fran the sampling station. Both stations show high concentrations 

of iron, lead, and zinc and could be indicative of the volume· of traffic in these 

areas. 'lbtal organic carbon concentrations are :rnc:x:1erate to high at Fishinger-Kenny 

Creek and high at N::>rman Ditch, and could indicate contamination by oils, tars, 

leaves, and grass. '!he hardness of the water at Fishinger-Kenny Creek is :rnc:x:1erately 

hard and at Norman Ditch is :rnc:x:1erately hard to hard. 

Ohio EPA Water Quality Standards 

The concentrations of the constituents were compared with 

the Ohio Enviromental Protection Agency's water quality standards. 

The warm-habitat standards for the Olentangy River near Columbus 

Ohio were used because both streams in the study are inf lows 

into the Olentangy River. The warm water habitat standards are 

summarized in Table 4 and the results of the comparisons are 

summarized in Table 5. It must be pointed out that both 
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Table 4.--0lio Enviranental Protection h;)ercy warm water standards 
for the Olentangy River near Columbus Olio. 

Standards for COf.Per, nickel, zinc based on hardness: 

Hardness Cof.Per Nickel Zinc 
(rrg/l as caCb ) (rrg/l) (ng/l) (rrg/l) 

o· - 80 0.005 0.045 0.040 
81 - 120 0.010 0.045 0.055 

121 - 160 0.015 0.100 0.070 
161 - 180 0.020 0.155 0.095 
181 - 200 0.025 0.215 0.155 
201 - 220 0.030 0.270 0.130 
221 - 240 0.040 0.295 0.150 
241 - 260 0.050 0.315 0.175 
261 - 280 0.060 0.340 0.205 
281 - 300 0.075 0.365 0.235 
301 - 320 0.085 0.385 0.275 
321 - 340 0.115 0.410 0.320 
341 and above 0.145 0.435 0~365 

Standards for other constituents; 
cadmium o. 012 rrg/l 
Olranium 0.100 rrg/l 
Dissolved solids 1500 rrg/l 
Iron 1. 00 rrg/l 
Lead 0. 030 mg/l 
Oil and grease 5. 00 rrg/l 
pf! . < 6 • 5 or 9 • O< 
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Table 5.--Canparison of constituents with Ohio Environmental Protection 
Agency warm water standards for Olentangy River. 

Nurrber of 
NUIIber analyses Standards Standards 

Constituents of exceeded Standards exceeded exceeded 
analyses standards (maximum) (median) 

dmium (mg/l) ----- 97 1 0.012 0.007 

§ Oiromium (mg/l) ------- 97 0 0.100 
pper (ng/l) ------- 95 84 * 0.23 0.026 

:2~ issolved solids (ng/l) -- 97 0 1500 
l ~ Iron (rrg/l) ------- 97 60 1.00 19.0 2.65 
Q) u Lead (rrg/l) ------- 97 75 0.030 1.17 0.11 
g' '"O ickel (rrg/l) -------- 97 0 * 
~~ il am grease (ng/l) -- 4 0 5.0 ..... (uni ts) --------- 99 1 6.5-9.0 0.10 r.. 

Zinc (ng/l) -------- 95 90 * 1.06 0.18 

admium (rrg/l) ------- 90 1 0.012 
Oiromium (mg/l) ------ 90 2 0.100 0.10 0.07 

r (rrg/l) --------- 90 86 * 0.99 0.046 ..c:: 
.B Dissolved solids (rrg/l) - 89 1 1500 43 ..... Iron (rrg/l) ---------- 90 80 1.00 69.0 3.0 0 

~ 
Lead (ng/l) --------- 90 79 0.030 2.87 0.13 
ickel (rrg/l) ---. ---- 90 3 * 0.017 0.013 

:2 il and grease ( rrg/l) --- 7 0 s.o 
fH (units) --------- 95 1 6.5-9.0 0.4 
Zinc (rrg/l) -------- 90 84 * 3.05 0.18 

* Standard varies with hardness. See table 4. 
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Norman Ditch and Fishinger - Kenny Creek only account for 

approximately 0.1% of the flow of the Olentangy River so the 

effects of contamination from these two basins on the Olentangy 

River are minimal, but the results of these two basins multiplied 

by the many small urban streams can contribute strongly to 

the pollution of the Olentangy River. Of all the constituents 

copper, iron, lead, and zinc are, by far, the ones that exceeded 

their standards. 

BIVARIATE CORREIATICN AND REGRESSION ANALYSIS OF CCNSTIWENI'S 

Bivariate correlations and regression analysis is the second 

analytical method used in this study. 'Ihe degree of association between 

',9 
I 

two variables is defined by bivariate correlation coefficients. Care 

must be exercised because correlation coefficients are mathematical 

associations and do not always imply true associations. cnly 

correlation coefficients greater then+ 0.70 are considered significant 

and are listed. Bivariate regression equations were generated for all 

significant correlations and are of the form: 

Y=b+mX (3) 

where 

Y = the dependent variable, 

b = the constant, 

m = the coefficient, and 

20 



Bivariate correlations and regression equations were generated in order 

to better understand associations between constituents and to augment the 

data sets for storms or to estimate missing data. 

Table 6 shows a key to abbreviations used in Table 7, which is a 

listing of regression equations, correlatioo coefficients, standard error 

of estimate of the regression equation, standard deviation of the 

dependent variable, and the m.IIrber of analysis used. No useful 

equations, for either station, were derived using conductivity, pH, 

discharge, or turbidity as independent variables, Equations using these 

parameters 'WOllld be the only useful equations to augment data. The 

regression equations listed show valid chemical relationships. Figures 

4 and 5 show the relationships between conductivity and dissolved solids 

for Fishinger-Kenny Creek and Norman Ditch and figures 6 and 7 show the 

relationships between sodium and chloride for Fishinger-Kenny Creek and 

Norman Ditch. 'Ihese 4 relationships illustrate the best regression 

equations for these stations. 

MULTIPLE REGRESSION ANALYSIS 

The third analytical approach used was nrultiple-linear regression 

analysis, to relate storm yields of chemical constituents (dependent 

variables) to antecedent conditions, and storm conditions (independent 

variables). '!his approach identifies the independent variables which 

affect the chemical concentration during storm events. 
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Table 6.~Key to abbreviations used in correlations and bivarite regression 
analysis 

Abbreviations 

c 
p 

H 
Ca 
M 
N 
K 
B 
Cb 
Cl 
ns 
s 

~scription 

Specific conductance 
pH 
Hardness 
Dissolved calcium 
Dissolved magnesium 
Dissolved sodium 
Dissolved µ:>tassium 
Bicarbonate 
Dissolved carbon dioxide 
Dissolved tjtl.oride 
Dissolved solids 
Dissolved sulfate 

22 

Unit 

Micranhous 
Units 
~/l 
~/l 
~/l 
~/l 
~/l 
l-k]/l 
~/l 
~/l 
~/l 
~/l 
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Table ?.~Bivariate regression equations for both stations 

Standard Nt.nnber 
Correlation error Standard of 

Equation coefficients of estimates deviation analysis 

Fishinger-Kenny Creek 
L'S= 19.7 + .573 c .99 30.8 192 97 
H = 30.5 + .336 Ds • 77 53.4 83.9 95 
B = 6.92 + • 731 H .97 14.3 61.4 88 
Ca = 10.5 + .090 L'S .79 13.4 2L9 95 
Ca = .978 + 1.10 s .95 6.93 21.9 95 
Ca = 2.94 + .260 H LOO 1.45 21.9 95 
M = 1.06 + .027 Ds • 74 4.82 7.09 95 (- M = -2.20 + .349 s .93 2.65 7.09 95 
M = -1.72 + .084 H .99 .797 7.09 95 
N = -21.7 + .226 L'S .84 28.8 52.2 95 
N = -1.27 + .614 Cl .99 8.38 52.2 95 
N = -19.7 + .138 c .88 25.0 52.2 95 

Norman Ditch 
L'S= 31.6 + .545 c .98 29.4 171 89 
B = 8.80 + .771 H .91 22.0 53.2 82 
Co= 77.2 - 9.51 p -.79 2.45 3.96 82 
ca = 3.94 + .256 H .99 2.05 15.5 88 
ca = 6.49 + .762 s • 92 6.13 15.5 88 
M = -2.43 + .088 H .98 Ll2 5.39 89 
M = -1.94 + .272 s .94 1.77 5.39 89 
N = -37.2 + .171 c .93 20.8 56.7 89 
N = -42.6 + .293 L'S .88 27.1 56.7 88 
N = -.380 + .630 Cl LOO 3.82 57.0 89 
K = 1.08 + .039 s • 72 .704 1.02 89 
Cl = -58.4 + .272 c .93 32.3 89.3 90 
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Yield Calculations 

Yield calculations were performed by a computer program 

written for the Hewlett Packard 9845A micro-computer. Storm yields 

were computed by summing incremental 5 min discharges with corr-

esponding chemical concentrations using 1/2 the interval from the 

previous sample (or starting time of the storm) to 1/2 the interval 

to the subsequent sample (or ending time of the storm). The 

resulting formulas are shown below: 
n 

storm yield=K/~~10 1 Cj 

For variables: 

Q =sum of 5 min intervals of discharge for time period 

of sample j (ft2 /s). 

c =concentration of sample j. 

n=number of samples taken for storm. 

A=drainage area of basin. 

K=constant to convert yield units where: 

K= 9.35Xl0-6 for all constituents 

All yields were in tens per square mile and then converted into tons per square 

mile per inch of rainfall. 

Multiple regression computatioo 

The mutiple regressioo analysis was performed by the Hewlett Packard 9845A 

computer using the HP system 45 statistical software package (Deane). 'lbe 

step.\fise forward selection algorithm, using Cholesky square root procedure 

was used to select independent variables for the regression equatioos. The 
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• 
regression equations are of the form: 

Y = a + b1x1+ b2 x
2
+ ••• bnXn 

log Y =log a+ b1log X1 + b
2
log x2 ••• bnlog Xn 

where 

y = the dependent variable 

x ••• x = the independent variable 

b ••• b = the regression coefficients, 

a = the regression constant, and 

n = the nurrber of variables. 

(4) 

(5) 

Table 8 is a list of independent variables used in the regression 

analysis and, except for SMI14D, were taken from Miller and McKenzie (1978). 

Table 9 is a listing, by storm events, of the values of the independent 

• variables used. A constant of one was added to all variables used in the 

lCXJ transform regression analysis so logs of 0 were not fX)Ssible. '!he 

regression analysis was run for l:::x:>th stations using l:::x:>th linear and log 

transform equations. 

Canbinations of independent variables were automatically selected 

which had F values greater then 3.00. Guide lines for selection of good 

' regression equations were: 

1. Standard error of estimate smaller then standard deviation of the 

dependent variable. 

2. Regression equations of independent variables had the lowest standard error 

of estimate. 

• 3. Two or m::>re independent variables should not have high correlation 
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Table 8.--List of independent variables used in regression 
analysis. 

Abbre­
viation 

1. RFPR14D 
2. RFPR48H 
3. RFPR24H 
4. Hl5MRPR48 

5. DRYDAYS 

6. SMI14D 

7. TRSTM 
8. TRUSTM 
9. HSMRFI 

10. HlSMRFI 
11. HlHRFI 
12. H6HRFI 

13. HlSMXQ 

14. Hl5MCHQ 

15. STMMIN 

Explanation 

Rainfall in 14-day period prior to storm 
Rainfall in 48-hour period prior to storm 
Rainfall in 24-hour period prior to storm 
Highest 15-minute rainfall intensity in 
the previous 48 hours 
Time interval before storm with less then 
0.1 inch of rain, or the hours to a prior 
1-hour period that exceeded 0.02 inch in 
1 hour period 
Soil moisture index, calculated for prior 
14 day period using equation; 

14 

SMI14D = ~ 0.91 P1 (4) 
1=1 

where ~ = rainfall on the i day 
preceding the storm 

Total rainfall of the storm 
Total runoff of the storm 
Highest 5-minute rainfall intensity 
Highest 15-minute rainfall intensity 
Highest 1-hour rainfall intensity 
Highest 6-hour rainfall intensity, or 
average intensity if the storm was less 
then 6 hours 
The time period between the highest 15-
minute rainfall intensity and the maxmium 
discharge 
The time period between the highest 15-. 
minute rainfall intensity and the maxmium 
positive 15-minute change in discharge 
The duration of sampling period used to 
calculate the storm load 

Modified from Miller and McKenzie (1978, p. 37} 
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Units 

Inches 
Do. 
Do. 

In/h. 

Hours 

Inches. 

Do. 
Do. 

In/h. 
Do. 
Do. 
Do. 

Minutes 

Do. 

Do. 
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coefficients. 

4 •. R values of 80% or better. 

(Riggs, 1977, p. 9-18) 

Table 10 lists the results of the linear and log-transform regressions. 

Fishinger-Kenny Creek has six good regressions and Norman Ditch has two. The 

reason for this might be the fact that there is a higher percentage of 

corrrnercial land-use in the Norman Ditch basin (22.5%) then there is in the 

Fishinger-Kenny Creek basin (13.1%), also the discharge of waste from the 

metal plating and stanping operation in the basin of Norman Ditch might 

affect the ooncentrations of constituents. The log-transform equations 

better explains the storm yields then the linear equation. Only one linear 

equation was good but the R-squared value and the standard error of estimate 

of the log equations for nitrite and nitrate explains the yields better then the 

linear equations do. 

The regression equations do reveal the inportant independent variables 

affecting storm yields of constituents. '!he lag time variable show up in all 

the equations. The time period between the maxim.Jm 15-minute rainfall 

intensity and the maxim.Jm change in discharge (HlSMCHQ) shows an inverse 

relationship with yields whereas the time period bettNeen the maximum 15-

minute rainfall intensity and the maximum discharge (Hl5MXQ) shows a direct 

relationship. 

The antecedent variables of rainfall in a 14--day period prior to the 

storm (RFPR14D), rainfall in previous 48-hour period prior to the storm 

(RFPR48H), rainfall intensity in the previous 48 hours prior to the storm 

(Hl5MRPR48) all show inverse relationships to yields. The independent 

variables of dry hours before the storm (DRYDAYS) and soil :rroisture index 

(SMI14D) show direct relationships. These antecedent paramters indicate 
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that antecedent conditions of a storm are irrq;:iortant to the constituent 

yields. 

CCNCLUSIONS 

This study has helped in the developnent and nodif ication of equipnent 

for sanpling urban water quality, the developnent of corrputer programs for 

fast analysis of storm events and quality data, and the development of tech-

niques to better use the equipnent. The use of the three analytical approaches 

were helpful in understanding the relationships between constituents concentra-

tions and the basin characteristics, antecedent conditions, and storm conditions. 

Each of the approaches are summarized below. 

Concentration Analysis 

In general, constituent concentrations were within acceptable limits 

with the exceptions of the metals. Total organic carbon indicates sane 

contamination of the streams. There is sane seasonal contamination, notably 

by sodium chloride in the winter and phosphorus in the spring. 

Correlation Analysis 

In both basins there are several strong correlations between constituents 

but the use of regression equations for augmentation of data for either stream 

is not possible because of few strong correlations with discharge, conductance, 

pH, or turbidity. 

Multiple-Regression Analysis 

In general, regression equations showed several iHIX>rtant independent 

34 



variables that influence constituent yields during storm events. More data is 

needed to improve the regression analysis. Data fran different basins in the 

Cblunbus Ohio area is needed so basin characteristics can be used as indep:?ndent 

variables in the regression equations. 

Suggestions for Future Data·Cbllection Efforts 

1. Cbllect more data within the tvK> basins. 

2. Cbllect data fran many different basins in the 'Colurrbus area, using basins 

with a greater range of land uses and basin characteristics. 

3. Cbllect rainfall samples for quality analysis to determine the amount of 

OJntamination fran atmospheric sources. 

4. Cbllect street sweeping samples for quality analysis to determine the anount 

of dust-fall within the basins. 
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BASIC mTA 

The basic data section of this report is arranged in two sections. The first 

section cnntains four tables sha.Ying constituent yields for individual stonns. 

Tables 11 and 12 are canputed in tons per square mile and tables 13 and 14 are 

computed in tons per square mile per inch of r ainfall. The second section includes 

graphs of rainfall intensity, streamfla.Y, and constituent concentrations for 

individual stonns. Samples that were taken are marked by circles on the 

hydrcxjraphs, · showing the tine of sampling. Figures 8 to 32 are storm events for 

Fishinger-Kenny Road Creek and figures 33 to 47 are storm events for Norman 

Ditch. Storm events are arranged in chronological order • 
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Road Creek. during storm of August 28, 1978. 
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Road Creek during storm of August 30, 1978. 
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constituent concentrations for Fishinger-Kenny 
Road Creek during storm of September 30, 1978. 
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Figure 21.--Rainfall intensity, streamflow, and 
constituent concentrations for Fishinger-Kenny 
Road Creek during storm of November 17, 1978. 
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Figure 22.--Rainfall intensity, streamflow, and 
constituent concentrations for Fishinger-Kenny 
Road Creek during storm of November 23, 1978. 
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Road Creek during storm of December 8, 1978. 
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during storm of June 18, 1978. 
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constituent concentrations for Norman Ditch 
during storm of July 23, 1978. 
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19 Figure 44·~-Rainfall intensity, streamflow, and 
constituent concentrations for Norman Ditch 
during _storm of July 9, 1979. 
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Figure 45 ;--Rainfall intensity, streamflow, and 
constituent concentrations for Norman Ditch 
during· storm of August 1, l979. 
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Figure 46·--Rainfall intensity, streamflow, and 
constituent concentrations for Norman Ditch 
during-storm of August 5, 1979. 
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19 
Figure 47.--Rainfall intensity, streamflow, arid 

constituent concentrations for Norman Ditch 
during storm of August 28, 1979. 
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