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CHAPTER I 

INTRODUCTION 

A great many ci ties of the worl d transport ra\,1 domesti c sevJage to 

sewage treatment facilities in the same sewer systems used to carry 

storm runoff from their streets. The storm runoff carried by these 

combined sewers, during even moderate rain storms, can greatly exceed 

the capacity of municipal sewage treatment plants. This condition 

usually results in virtually the entire flow from such a system, in

cluding raw domestic sewage, being diverted directly into receiving 

waters with little or no treatment. The damage inflicted on the quality 

of receiving waters by the effluent of combined sewers during storm 

peri ods has been recogni zed for some years and steps are nOvl bei ng 

taken to eliminate, or at least minimize, this type of storm drainage. 

The possibly damaging effects of effluents from separate storm drains 

on water quality has, hm'lever, only recently been considered. This 

study, which -is concerned with the latter, has two objectives: 

1. To determine the concentrations of certain pollutants 

carried by the storm runoff from a small residential 

watershed, and to present the results of this investiga

tion for comparison with simil~r studies. 

2. To consider the variations of these pollutant concen

trations with the duration of runoff, and to investigate 

possible relationships between the two variables. 

1 
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Previous studies have dealt mainly with the determination of total 

pollutant loads or the causes of certain types of pollution. In effect, 

these stud~es ha~e looked at storms on a macroscopic scale. If logical 

comparisons of the data from various studies are to be made, the details 

concerning test areas, storms, procedures, etc., must be knm'ln. This 

study has considered the individual storms in detail and devoted com

plete chapters to both the physical and climatic characteristics of the 

test area and to a description of the research procedures in order that 

realistic comparisons can be made with other studies. 

The scope of the project was limited by the time available to col

lect samples, run tests on each sample, and analyze and evaluate the 

results of the tests. The data presented herein \I/ere obtained from 

the first 100 minutes to 150 minutes of runoff from four storms v/hich 

passed over the study area during the months of August, October, and 

December. 1969, and r~lay 1970. Tests which were performed include 

those for the determination of concentrations of total solids, total 

volatile solids, suspended solids, suspended volatile solids, non- _ 

settleable solids, 5-day biochemical oxygen demand, nitrates, and 

total alkalinity as CaC03, and pH values. 



CHAPTER II 

REVIEW OF THE LITERATURE 

A search of the literature reveals a number of studies which in

vestigated, to varying degrees, the magnitudes of the constituents of 

pollutant loads carried to receiving waters by separate storm sewers 

as well as by combined sewers. Of interest here are those studies 

which have considered the flows of separate sewers which carry storm 

runoff from urban areas. 

A recent study was reported by Cleveland and Ramsey (1) in a paper 

presented at the 52nd Texas Water Utilities Association's Short School 

at College Station, Texas in March. 1970. The purpose of the study 

was to establish a correlation between the pollution loads of urban 

storm runoffs and land activity within the urban watershed. Such a 

correlation could possibly provide a basis for estimating general pol

lution loads carried by urban runoff, and lead to the development of 

methods for alleviating conditions which contribute to the pollution 

of surface runoff. Tests were conducted on composite and grab samples 

taken from fifteen discrete subdrainage basins located within the city 

limits of Tulsa, Oklahoma. The test sites, selected to be representa

tive of specific land activities and physical characteristics. varied 

in size from 64 acres to 938 acres. The population density of these 

areas varied from zero to 13.67 persons per acre. The results of the 

study were presented as average values calculated from the average re

sults from each precipitation event tested; therefore, no correlation 

3 
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can be made of pollution loads with the duration or rate of runoff. 

Individual storms "Jere not discussed. Of the fifteen areas tested, 

four were comparable to the sub-basin being considered in this study. 

These areas (nos. 5,7,8.15) vary in size from 74 acres in test area 15, 

to 507 acres in area 5. Population density vIas approximately 11.4 per

sons per acre. The results from these four representative areas have 

been averaged and are shown in Table 1. 

A study conducted in Chi cago. III i noi s by the Ameri can Pub 1 i c ~,;lorks 

Association (2) in January. 1969 investigated and evaluated pollution 

contributed by such factors as street cleaning methods, catch basins at 

storm sewer inlets. air pollution. and the use of various chemicals in 

urban activities. All of these affect the pollutants which find their 

way into storm sewers as a result of storm runoff. Laboratory tests 

indicated that actual pollution of storm runoff by street litter and 

dust. as measured by the BOD of the soluble dust and dirt fraction in 

, milligrams per gram (mg/g). is only about one per cent of that of raw 

sewage and 5 per cent of that of treated sewage effluent. However, the 

shock loadings from possible flushing action could be as high as 160 

per cent of the values for raw sewage and 800 per cent of those of 

treated sewage effluent. The above figures are based on a 14-day litter 

accumulation subjected to a two-hour flush period. An attempt to corre

late the amount of street litter and the pollution of storm water runoff 

with the duration and intensity of precipitation \'Jas unsuccessful due 

to insufficient data. Results of the study show that catch basins, 

which retain a large fraction of the settleable solids during periods 
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TABLE 1 

CONCENTRATIONS OF POLLUTANTS IN URBAN STORr'il RUNOFF 
(PREVIOUS STUDIES) 

BOD TS SS COD 
mg/l O1g/l mg/1 mg/1 

1. Tulsa (1) 
r"1inimum 2 na na 39 
fYtaximum 26 na na 199 
Average 13 336 161 86 

2. Oxney (2) 
i'1aximum 100 2,045 na na 

3. Detroit (2) 
r·1i n imum 90 310 na na 
Maximum 234 914 na na 
Average na na 158 na 

4. ltJash i ngton (2 ) 
Hinimum 6 na 26 na 
f"1aximum 625 na 36,250 na 
Average na na 2,100 na 

5. Stockholm (2) 
Hinimum na na na na 
r~axi01u01 80 3,000 na 3,100 
Average 17 300 na 183 

6. r'1oscow (2) 
Ninimum 186 1,000 na na 
","laximum 285 3,500 na na 
Average na na na na 

7. Leni ngrad (2) 
Average 36 14,541 na na 

8. Pretori a (2) 
Average 30 na na 29 

9. Los Angeles (2) 
Average 161 2.909 na na 

10. Cincinnati (4) 
r'1inimum 2 na 5 20 
f',1aximum 84 na 1.200 610 
Average 19 263 ' 210 99 
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of low runoff. may be one of the most important single sources of pol

lution . from storm \~ater flows. The solids which are trapped in the catch 

"basins become septic and are reduced to an anaerobic sludge. 

A study conducted by the Robert A. Taft Sanitary Engineering Center 

and reported by Weibel, et. al. (3) included the investigation of a 27-

acre residential and light commercial drainage area, with separate storm 

sewers, in Cincinnati, Ohio. The area had a population density of 9 

persons per acre, land slopes of 2 per cent to 3 per cent, and was about 

37 per cent impervious. Preliminary results indicated flushing action 

resulting in higher concentrations of pollutants in samples taken from 

the first runoff flows during the storm. This flushing action was noted 

in storms of high intensity and short duration as vlell as in storms of 

longer duration. The seasonal variations of average concentrations of 

pollutants are given in Table 2. The results of the study for the 

peri od from July t 1962 through September t 1963 are shm~n in Tab 1 e 1. 

R. Wilkinson (4) investigated a 611-acre test site in Oxney, Eng

land. The area had an estimated population density of 20.5 persons per 

acre and was approximately 40 per cent impervious. Wilkinson's data 

indicated an increase of BOD concentration with increased antecedent 

dry-weather periods of up to 8 to 10 days. The study also found that 

the initial flm'/s of runoff did not contain significantly higher concen

trations of pollutants than subsequent flows except after long ante

cedent dry periods. Results from this study are shown in Table 1. 

Other efforts have been made to determine the extent of pollution 

of receiving waters resulting from urban storm runoff. Studies have 



been conducted in Detroit, Michigan; Washington, D.C.; Stockholm, 

Sweden-; fv1oscow, USSR; Leningrad, USSR; Pretoria, South Africa; and Los 

Angeles, California. Results from these projects \vhich are pertinent 

to this s~udy are included in Table 1. 

Constituents 
(mg/l) 

SS 
SVS 
BOD 
N03 

TABLE 2 

SEASONAL VARIATIONS OF CONSTITUENTS 
CINCINNATI STUDY (3) 

1962 

July Oct. Jan. 
Thru Thru Thru 
Sept. Dec. ~1arch 

180 160 260 
43 41 63 
30 28 12 
0.97 0.79 0.49 

1963 

Apri 1 July 
Thru Thru 
June Sept. 

250 190 
62 48 
19 15 
0.82 0.50 
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CHAPTER III 

DESCRIPTION OF RESEARCH 

A study is currently being conducted by the Water Resources Center 

at Texas Tech University, under a matching grant agreement between the 

Office of Water Resources Research of the Department of the Interior 

and Texas Tech University, to investigate the variation of the quality 

of urban storm runoff with duration and intensity of storms. The area 

being studied by the project is a 2.0-square mile watershed located in 

southwest Lubbock, Texas (Fig. 1). Automatic recording rain gages are 

currently being installed at strategic locations within the area to 

measure the intensity, duration, and movement of the storms; a Parshall 

flume has been installed in one of the main drainage channels of the 

area to measure the duration and the rate of flow of runoff contributed 

by a sub-shed in the western portion of the area. Provisions were made, 

in the installation of the flume, for an automatic sampling device 

which extracts samples of the runoff at 15-minute intervals. Prelimi

nary findings of the study have been reported by Austin, et. al, (5). 

This present study, made in conjunction with the project described 

above, considered a portion of the drainage area located above the 

flume installation as shown in Figure 2. At the time that research for 

this study was under way the Parshall flume with its automatic sampling 

device had not been installed; therefore, grab samples were collected 

in pint fruit jars at 15 to 30 minute intervals during the runoff period. 

The samples were sealed, and then stored at approximately 35° F within 

8 
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2 hours after collection so that a minimum of bacteriological activity 

could occur before the samples were analyzed. The sampling procedure 

was as consistent as possible in an attempt to minimize such sampling 

errors as taking bedload in times of low runoff flm~s and supernatant 

during high flows. 

Rainfall amounts were measured by a manually-read rain gage located 

approximately in the center of the study area. Rainfall intensities 

were estimated from observations and by considerations of the rain gage 

readings and storm durations. Runoff floYI rates were estimated from 

curb depths and are generally presented in relative terms such as heavy, 

moderate, etc. 

Results are presented in this study from four individual precipi

tation events which occurred on August 24, 1969; October 19, 1969; 

December 5, 1969; and r'1ay 25, 1970. Samples from each of the storms 

were analyzed for concentrations of BOD, total and suspended solids, 

and total and suspended volatile solids. Nitrate and alkalinity con

centrations and pH values were determined for the December and Nay 

storms. Concentrations of non-settleable solids \tJere measured for the 

October and December samples. 

Tests for the various constituents were carried out in general 

accordance with methods specified in Standard Methods for the Examina

tion of Water and Wastewater, 12th edition (6). Concentrations of 

total solids and of suspended (non-filterable) solids were determined 

from 50-ml and 25-ml samples respectively, and the residues from these 

samples were fired at 6000 Centigrade to determine total volatile and 
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suspended volatile solids concentrations. The suspended solids were 

separated by the use of 30-ml Gooch crucibles with asbestos mats. Con

' centrations of non-settleable solids v-Jere obtained from samples \.,hich 

had been allowed to stand quiescent for 30 minutes after agitation • . 
Residue weights as recommended in Standard Nethods were not alv/ays ob-

tained due to the wide range of constituent concentrations in the samples 

from each storm. 

A dissolved oxygen meter (Model 51, Yellow Springs Instrument Com

pany) was used in the determination of 5-day BOD concentration. Dupli

cate tests were not performed because of the large number of samples 

from each storm; hO\</ever, 3 different dilution concentrations v/ere pre-

pared from each storm sample. A Coleman pH meter was used to obtain pH 

values of the samples, and this meter was also used in the determination 

of alkalinity concentrations • 



CHAPTER IV 

DESCRIPTION OF vJATERSHED 

The size and location of the watershed to be considered are obvious

ly dependent upon the point at which samples of the runoff are taken. 

The samples which were analyzed in this study were taken from the south 

side of 42nd Street, approximately 50 feet VJest (upstream) of University 

Avenue (Fig. 3). This location was chosen primarily because the water 

carried by 42nd Street flows across University ,'venue, and directly into 

the concrete channel in which the Parshall flume described in Chapter III 

is now located. Results from the analyses of samples taken at this point 

may possibly be of use in the funded project discussed in Chapter III. 

Also, it was obvious that 42nd Street is part of the principal water

course of the area draining to the flume. Samples were taken to the west 

of University Avenue as a matter of convenience, since the research 

assistant taking grab samples could remain inside an automobile during 

the rain storms and avoid exposure to the weather. 

The watershed which drains to the sampling station is primarily 

residential and is very well developed. The size and shape of the area 

actually vary to some degree with the characteristics of the storms. 

The ridges of the drainage area are very flat and, depending upon the 

movement and in tensi ty of the storm, runoff overf10\l/s into or out of 

the area at various points. The limits of the study area as shovm in 

Figure 2 and Figure 3 were determined by observation during periods of 

1m'l runoff and represent nominal 1 imits of the study area. 

13 
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The land activities and physical characteristics of the study area 

are typical of most residential areas in Lubbock. A small shopping cen-

o ter with paved parking lots, and 2 elementary schools are located wit~in 

the area as shown in Figure 3. The houses range in value from approxi

mately $10,000 toward the lower part of the study area to more than 

$40,000 in the western portion. These homes are single-family dwellings 

with the exception of a pocket of duplex and triplex apartments near the 

center of the study area (Fig. 3). The homes, yards, and alleys are 

generally well-kept and shrubs, trees, and other vegetation . are well 

established. The streets in this section of Lubbock are cleaned by me

chanical street sweepers on the average of 2 times each month. 

o The study area contains 135 acres and lies in the northwest portion 

of the main drainage basin. Most of the drainage is delivered to 3 

of the streets in the area which, in series, form the principal water

course of the study area (Fig. 3). Ground slopes in the direction of 

flow vary from approximately 0.5 per cent at the upper limits of the 

area to about 1.5 per cent near the sampling station. Side slopes are 

very flat. ranging from near zero to about 0.5 per cent. Total fall 

from the upper end of the study area to the sampling station is approxi

mately 41 feet along the 1.3-mile principal \I/atercourse. Figure 4 shm"/s 

the natural contours of the area before the topography was altered by 

urban development. There are approximately 5.6 miles of streets and 

3.1 miles of alleys in the study area. The streets are all paved and 

have concrete curbs and gutters. The alleys, which carry an undeter

mined amount of runoff to the streets, are unpaved. Roof tops, streets, 
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and other impervious surfaces cover approximately 30 per cent of the 

study ,area. 
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The number of residential units within the study area was deter

mined from aerial photographs and by visual inspection. By considering 

the duplex and triplex apartments as two and three single-family dwell

ings respectively, the total number of "equivalent single-family dwell

ings" vias found to be 575. The City of ' Lubbock Planning Department 

estimates that there are 3.16 persons per single-family dwelling in the 

city. On this basis an estimated 1,835 people live in the 135~acre 

study area, yielding a population density of 13.5 persons per acre. 

The minimum time required for runoff to transport pollutants from 

the upper portion of the study area to the sampling station is equivalent 

to the time of concentration for the storm. The sampling period for 

each storm should obviously extend beyond this time of concentration so 

that runoff from the entire study area may be included in the results 

of the study. The lack of instrumentation in the area at the time of 

this study precluded an accurate determination of the time of concentra

tion; however, an estimate of this time can be made if the time of con

centration be assumed equal to the lag time of the peak flow. Chow (7) 

asserts that this assumption is valid for small drainage areas with 

simple drainage patterns. While the network of streets in an urban 

watershed may stretch the concept of simple drainage patterns, this 

assumption should be sufficient to establish a minimum sampling time 

for this type study. The observed lag times for the four storms con

sidered in this study range from approximately 35 minutes to 50 minutes. 



Lack of instrumentation also limited the accuracy of flowrate 

determinations at the sampling station. FlovJrates, vlhile actually of 

secondary importance to this study, should be considered in 'order; to 

place the -s amp 1 i ng events in some pers pect i ve and provi de a bas i s for 

storm comparisons. Figure 5 sho~~s a cross section of 42nd Street at 

the point where samples were taken and also a stage-discharge cur~e 

for this location. Linsley and Franzini (8) recommend Manning's 

equation for calculating the flO\·, in gutters, using a modifi,ed rough-

18 

ness coefficient, n, to account for the effects of lateral flow into 

the street. This equation and the data from Figure 4 \'/ere used to plot 

• the s tage-di s cha rge curve. A value of 0.016 vJas used for n-in the 

calculations as is suggested by Linsley and Franzini (8) for well

finished gutters. 

A notable climatic characteristic of the Lubbock and Texas High 

Plains area is the occurrence of high-intensity, short-duration thun

derstorms, particularly in the spring and summer months. Storms occur

ring in the late fall and winter are often of short duration, 30 ~in

utes to 2 hours, but are generally not as intense nor as violent as 

those experienced in the spring and summer. The year 1969 was a par

ticularly wet year with 29.19 inches of rainfall recorded; this exceeds 

the average annual rainfall of 18.08 inches by more than 50 per cent. 

The 7.76 inches recorded at the Lubbock weather station during October 

of 1969 set a 58-ye~r record for the month. 

Rainfall intensities commonly range from about 0.50 inches, or less, 

per hour to over 3 inches per hour. As much as 1.15 inches has b~en 
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Cross Section of 42nd Street at Sampling Station 
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recorded in a 10-minute period at the Lubbock weather station. The 

storms, move generally from west to east and are frequently accompanied 

by high winds. Snow-melt occasionally contributes to the runoff from 

the area;' West Texas snowstorms, however, are very erratic in nature. 

Snowfall amounts may vary from 20 inches in some years to only traces 

in other years • . Runoff from snow-melt was not sampled in this study • 
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CHAPTER V 

DISCUSSION OF STORt'1S AND PRESENTATION OF DATA 

The four storms considered in this study were not consecutive 

events. They ~lJere chosen for study because they occurred ~",hen adequate 

time vias available for laboratory analysis of the samples. Lack of 

instrumentation, as previously discussed, precludes the presentation of 

accurate data concerning flow rates and rainfall intensities. It is 

felt, however, that even general descriptions and estimates of these 

parameters, together with discussions of antecedent weather condi t ions 

for each storm, will provide a basis for the comparison of the results 

from this project with the results from other similar studi es. 

Storm of August 24, 1969 

Ligrlt shov'lers began falling in the study area at approximately 

10:30 P.M. The rain became steady and moderately heavy at the location 

of the sampling station (Fig. 3) by 10:40 P.!\1. t but had diminished to 

light shmlJers by 10:50 P.H. Heavy rains began again at approximately 

11:35 P.M. and continued for 15 to 20 minutes. Rainfall had again 

diminished to light shov/ers by 12:00 P.H. and continued very light 

until 1:00 A.M. when it ceased. The rain gage located at 45th Street 

and Elgin Avenue (Fig. 3) indicated 1.27 inches of precipitation at 

1:30 A.f';1., or an average intensity of 0.51 inch per hour. The actual 

intensities, as estimated from observation, ranged from almost no rain

fall to as high as 3 inches per hour during some periods of the storm. 

21 
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Significant runoff from this storm appeared at the sampling station 

at about 10:35 P. M. The flow had increased to a depth of about 3 inches 

at the curb, or 2.7 cfs (Fig. 5), by 10:50 and continued to increase 

through 11:30 P. M. At this time the entire street (42nd Street) was 

flooded to the extent that water was over both curbs at the sampling 

station. The time of peak flow was not recorded; however, water was 

still flowing about 4 inches deep at 1:30 A.M. 

Sampling of the runoff began at 10:40 P.M. and continued at 20-

minute intervals until 12:40 A.M. The runoff constituents for which 

tests were made and their concentrations in each sample are shown in 

Table 3. 

Antecedent weather conditions were quite dry for the IS-day period 

preceding this storm. Light rains fell in the study area on August 7, 

and August 3, measuring about 0.05 inch and 0.03 inch respectively. 

Approximately 0.2 inch was recorded in the area on July 26. A high

intensity storm occurred on July 22, for which measurements of over 3 

inches \lJere reported in the study area. 

Storm of October 19, 1969 

A light sprinkle which began falling at about 8:35 P.M. on October 19 

had developed into a hard, blowing rain by 8:55 P.M. The rain continued 

to increase in intensity until about 9:00 P.~1. and then decreased to 

practically zero intensity by 9:05 P.H. The storm immediately became 

intense again and continued with moderate to heavy rainfall as late as 

10:30 P.M. The rain gage at 45th Street and Elgin Avenue indicated 
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TABLE 3 

CONCENTRATIONS OF POLLUTANTS FOUND IN RUNOFF SA~1PLES 
STORH OF AUGUST 24, 1969 

Time RD TS TVS SS SVS NSS BOD 
(minutes) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 

(P .r-'l . ) 

10:40 5 3,150 1,605 2,488 1,268 na na 

11:00 25 2,050 748 1,364 604 na na 

11:20 45 na na 720 408 na na 

11:40 65 722 114 496 216 na na 

(A. tI1. ) 

12:00 85 610 120 312 109 na na 

12:20 105 80 40 52 20 na na 

12 :40 125 126 20 64 48 na na -

pH NO, 
(mg 1) 

na na 

na na 

na na 

na na 

na na 

na na 

na na 

ALKY 
(mg/ l ) 

na 

na 

na 

na 

na 

na 

na 

r...:> 
w 



0.27 inch of precipitation at 10:00 P.M. Unfortunately, the duration 

of the storm and the total rainfall were not recorded. 
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A rather slO\~ runoff, apparently from the immediate area, ~',as ob

served at the sampling station at 9:00 P.M. A flow-crest reached this 

point at 9:05 P. M. and the water quickly rose to a depth of about 4 

inches at the curb. 

The first sample \'Ias taken at 9:00 p.r'! ., just before the flo'll-Crest 

arrived. The next sample v.Jas taken at 9:05 p.r'4., il1111ediately after the 

crest had passed. The remaining samples \vere taken at 20-minute inter-

vals until 10:25 P. M. The runoff constituents for which tests were 

made and their concentrations in each sample are shown in Table 4. 

Four significant precipitation events occurred during the 6-week 

period prior to October 19, 1969. Over 2 inches of rainfall were re

corded in the test area on September 19, and over 3 inches were reported 

on September 22. Approximately 0.5 inch of rain fell in the area on 

October 6, and 0.10 inch to 0.16 inch of rain was reported on October 12. 

Thus, the storm of October 19 had an antecedent dry weather period of 

only 7 days. 

Storm of December 5, 1969 

Light rain began falling at 45th Street and Elgin Avenue at approxi-

mately 6:00 P.M. on December 5, 1969 and continued, light to moderate 

in intensity, until 6:50 P. H. Reports from individuals in the study area 

indicated an average rainfall of 0.16 inch for the 50-minute storm. 

Runoff was flm'ring 3 to 4 inches deep at the sampling station by 

6:20 P. M. and continued flowing rather steadily as late as 8:35 P.M. It 
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TABLE 4 

CONCENTRATIONS OF POLLUTANTS FOUND IN RUNOFF SAtA.PLES 
STOPJvl OF OCTOBER 19, 1969 

Time RD TS TVS SS SVS NSS BOD 
(P.M.) (mi nutes) / (mg/ 1) (mgJ 1) (mg/l) (mg/ l) (mg/1) (mg/1 ) 

9:00 15 705 200 605 20 245 34 

9:05 20 1,075 172 700 90 250 18 

9:25 40 90 325 325 25 270 16 

9:45 60 102 220 220 na 150 16 

10:05 80 80 90 90 na 92 14 

10:25 100 28 na na na na 21 

pH N01 
(mg!l) 

na na 

na na 

na na 

na na 

na na 

na na 

ALKY 
(mg/l) 

na 

na 

na 

na 

na 

na 

N 
v" 
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is estimated that significant runoff began flm·!ing at about 6:05 P.1 1. 

Sampling began at 6:20 P.11. and continued at 20-minute to 30-minute 

intervals until 8:35 P. H. The runoff constituents for \'Jhich tests vlere 

run and their concentrations in each sample are shown in Table 5. 

Weather conditions during the period from October 19, 1969 to 

October 30, 1969 vlere very unstable. Over 6 inches of rainfall were 

reported by individuals in the study area during this time. Other rain

fall events occurrin g in the area prior to the storm of December 5 were: 

1.0 inch re ported on November 1; 0.1 inch on november 25; and 0.20 inch 

on December 3. 

Stor'm of i\1ay 25, 1970 

The last st orm f rom which data for this study were gathered beqan 

with li gh t showers at app roximately 6:50 P. M. on May 25, 1970. The 

rai n cont inued at a li gh t to moderate intensity until about 7:50 P. M. 

at wh ich ti me it dimi nished noticeably. Rainfall had compl etely stopred 

by 8:00 P. I\1. Li gh t shoVJers began again at 8:10 P.i·,1. and continued for 

app rox imate ly 25 mi nutes before stopp ing once more. The r ain qa0e at 

45t h Stree t and El gin Avenue indicated a total of 0.45 inch of preci pi

tati on for t he storm. 

Signi fican t runoff began flowing at the samp ling station at ap proxi

mately 7:15 P.M. The flow increased in depth to about 4 inches at the 

samp ling stat ion by 8:00 P. M. and continued at a somewhat steady rate 

for the next 20 t o 30 minutes. By 9:00 P.M., however, the flowrate had 

di min is hed more t han 50 percent. 



TABLE 5 

CONCENTRATIONS OF POLLUTANTS FOUND IN RUNOFF SANPLES 
STOPJ,1 OF DECEfvlBER 5, 1969 

Time RD TS TVS SS SVS NSS BOD 
(P.t1.) (minutes) (mg/l ) (mg/l) (mg/l ) (mg/l ) (mg/l) (mg/l ) 

6:20 15 1,699 258 740 140 835 42 

6:40 35 2,885 370 na na 1,560 60 

7:05 60 1,270 242 767 47 685 35 

7:25 80 875 140 595 74 388 15 

7:45 100 856 147 67 57 475 13 

8:05 120 734 95 93 50 473 13 

8:35 150 360 107 na 53 na na 

pH N03 
(mg/l ) 

7.4 13.6 

7.4 1.6 

7.4 5.0 

7.5 4.2 

7.6 2.0 

7.6 <1.0 

7.7 <1.0 

ALKY 
(mg/l ) 

19.6 

72.0 

26.4 

23.4 

25.4 

21.8 

21.8 

N 
....... 
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The first sample was taken at 7:20 P.M., and subsequent samples 

v/ere ta~en at 15-minute intervals until 9:05 P.N. The runoff constitu

ents for which tests were made and their concentrations are shown in 

Table 6. 

Intermittent rains occurred during the 6 weeks prior to this 

storm. Approximately 0.35 inch of precipitation was reported in the 

area on April 19. On Hay 11, a devastating tornado destroyed much of 

downtown and northern Lubbock, but resulted in only 0.90 inch of rain

fall in the study area. Rains were also reported on the next day and 

0.45 inch fell on ~1ay 15. Another 0.30 inch of precipitation was 

reported on 1'·1ay 23. 



TABLE 6 

CONCENTRATIONS OF POLLUTANTS FOUND IN RUNOFF SAHPLES 
STORN OF r·1AY 25, 1970 

Time RD TS TV5 55 5V5 NS5 BOD 
(P.~l. ) (minutes) (mgtl) (mg/1.. ) (mg/l ) (mg/l ) (mg/l ) (mg/l ) 

7:20 5 1,165 265 682 69 na 72.0 

7:35 20 1,080 180 730 100 na 57.0 

7:50 35 763 251 630 120 na 38.7 

8:05 50 1,130 618 600 2.0 na 30.8 

8:20 65 648 224 530 110 na 18.6 

8:35 80 602 230 440 80 na 14.7 

8:50 95 368 156 220 60 na 13.2 

9:05 110 384 156 130 90 na 12.0 

pH . N03 
(mg!I ) 

7.3 <1 

7.0 <1 

7.0 <1 

7.1 <1 

7.4 <1 

7.4 <1 

7.5 <1 

7.5 <1 

ALKY 
(mgll ) 

270 

198 

162 

153 

126 

117 

99 

126 

S"..> 
\.0 



CHAPTER VI 

EVALUATION OF DATA 

The objectives of this study. as stated in Chapter I. are the pre

sentation of data concerning the quality of urban storm runoff in such a 

vJay that reasonable comparisons may be made with the results from other 

similar studies, and the investigation of possible relationships between 

the concentrations of the runoff constitu~nts and the duration of runoff. 

The first of these objectives is treated in Chapters III through V, 

which discuss the extent of the research and the procedures involved in 

the study, describe the study area in detail, discuss the characteristics 

of each storm considered in the study. and present data from the analyses 

of runoff samples taken during these storms (Table 3 through Table 6). 

A sumnary of these data is presented in Table 7, which lists the minimum, 

maximum, and average constitueht concentrations from each storm individ

ually and from all four storms collectively. 

A review of Tables 1 and 7 shows that the data obtained in this study 

generally fall in the ranges of those obtained in previous studies with 

one not able exception. that being the study conducted in Washington, D.C. 

The very high constituent concentrations reported for the Hashington 

study tend to indicate procedures \'Ihich are not consistent vlith most of 

t he other s tudies listed in Table 1. 

Babbitt and Baumann (9) have classified raw sewage influent as 

strong , medi um. and \'Ieak, according to certain constituent concentrations. 

30 



TABLE 7 

AVERAGE AND EXTREME POLLUTANT CONCENTRATIONS 
THIS STUDY 

Storm TS TVS SS SVS NSS BOD pH NO, ALKY 
(mg/1) (mg/l ).. (mg/l ) (mg/l) (mg/l) (mg/l) (mg 1) (mg/1) 

08-24- 1 69 
~1inimun1 80 20 52 20 na 10 na na na 
~1aximum 3,150 ' 1,605 2,488 1,268 na 22 na na na 
Average 1,124 441 785 " 382 na 19 na na na 

10-19- 1 69 
t4inimum 90 28 90 20 92 14 na na na 
Maximum 1,075 200 700 90 270 34 na na na 
Average 467 112 388 45 201 20 na na na 

12-05-'69 
~1inimum 360 95 67 47 473 13 7.4 14 20 
Maximum 2,885 370 767 140 1,560 60 7.7 < 1 72 
Average 1,240 194 452 70 736 30 7.5 4 30 

05-25- 1 70 
t·1inimum 368 156 130 20 na 12 7.0 < 1 99 
Haximum 1,165 618 730 120 na 72 7.5 < 1 270 
Average 768 260 495 81 na 32 7.3 < 1 156 

Total 
r,1i nimum 80 20 - 52 20 92 10 7.0 < 1 20 
Maximum 3,150 1,605 2,488 1,268 1,560 72 7.7 14 270 
Average 900 252 530 145 469 25 7.4 < 3 93 w 

t---A 
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The United States Public Health Service (10) has published standards for 

drinking water which also include some of the constituents found in this 

study. Table 8 compares the total average concentrations found in this 

study with the criteria published by Babbitt and Baumann and by the Pub

lic Health Service so that these findings can be given some perspective . 

The average concentration of total dissol ved solids in the Lubbock- run

off was calculated from the average total solids and suspended sol ids 

concentrations listed in Table 7. The rather high concenttation of 

total alkalinity in the runoff samples is possibly due to the very hi gh 

CaC03 content in the local soil. 

(mg/l) Strong 

TS 1000 
TVS 700 
SS 500 
SVS 400 
TDS 500 
BOD 300 
N03 Oa4 

ALKY 200 
pH na 

TABLE 8 

COMPARISONS OF RUNOFF QUALITY 
(AVERAGE VALUES) 

Raw Se~Jage 

USPHS 
~'ledi urn 1'Jeak Dri nk i ng ~later 

500 200 na 
350 120 na 
300 100 na 
250 70 na 
200 100 500 
200 100 ra 
0.2 0.1 45. 
100 50 35 
na na 6.0-8.0 

Runoff fro 
Study Are 

900 
252 
530 
145 
370 

25 
3 

93 
7.4 

m 
a 

The second objective of this study is the investigation of possible 

relationshi ps between constituent concentrati ons and runoff duration. 
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On first consideration, relatively high constituent concentrations were 

expected to occur in samples taken during the early stages of runoff, 

followed by progressively lower concentrations in samples taken as the 

runoff continued. Much of the available literature, however, discounted 

this type of flushing action. A possible explanation for this may be 

that the earlier studies considered areas of sufficient size to enable 

individual peak pollutant loads (if they exist) from the sub-sheds within 

the areas to be damped and absorbed in the main drainage channels. This 

condition would be even more likely to occur if the sampling points were 

located at major sewer outfalls. 

For each storm the constituent concentrations, in milligrams per 

liter (mg/l), have been plotted as functions of runoff duration, in min

utes. Runoff duration is measured from the time (estimated or observed) 
\ 

that the first significant runoff arrived at the sampling station. These 

scatter diagrams generally tend to verify the assumption of decreasing 

concentrations with time. Linear regression and correlation analyses 

were performed on the data to determine a best":fit curve for each of the 

sets of data, and to measure the degree of associ ati on bet\'Jeen the \,tari

ables. Consideration of the scatter diagram suggested the following types ~, 

of regression curves for investigation: 

Linear, of the form 

Y = A + BX; 

Semi-Log transform, of the form 

Log(Y) = A + BX; 
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Log-Log transfonn, of the form 

Log(Y) = A + B Log(X); 

where Y is the constituent concentration, X is the runoff duration time, 

and A and B are the intercept and slope of the regression line, respec

tively, on appropriate graph paper. The slopes of the regressions were 

expected to be negative, indicating a decrease in the concentrations v/ith 

time. The scatter di agrams are shown on Fi gures 6 through 12. 

A summary of the regression and correlation analyses is shoVJn in 

Table 9 which lists the storm dates and runoff constituents, the type of' 

curve resulting in the highest correlation coefficient, the value of the 

highest correlation coefficient for each set of data, and the regression 

constants, A and B, for the best curves. The regression curve which pro

duced the highest correlation coefficient for each set of data has been 

plotted on the respective scatter diagrams (Fig. 6 through Fig. 12). 

The results of the regression and correlation analyses on each set of 

data are presented in the Appendix (Table 10 through Table 30). 

The dashed lines which appear on the scatter diagrams for the storms 

of October 19 and December 5 represent regression curves which yielded 

the highest correlation coefficients when the first sample from each of 

these storms \'ias not considered in the analysis. Referring to Chapter V, 

it may be noted that the first sample from the October 19 storm \·,tas taken 

immediately before a flow-crest arrived at the sampling station. Consti

tuent concentrations were found to be generally lower in this sample than 

in the following sample, taken just after the crest had passed. It is 

quite possible that the first sample contained only local runoff from the 
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TABLE 9 

Sl,JNNATION OF RESULTS FRGr'·' REGRESSrOl'l A1JD CORRELATIOn i\i 'ij~LYSES 

Form of Correlation 
Constituent curve coe ffi ci en t /\ n 

I..) 

Aug. 24, 1969 
TS Linear -.9552 2846.8975 -25.21 80 
TVS Semi-Log -.9891 7.48G 7 - 0. 0359 
SS Semi-Log -.9690 0. 0D3f3 - 0. 0328 
SVS Semi-Log -.9484 7.2977 - 0.")321 
BOD Linear -.3214 24. 9024 -0.1 043 

Oct. 19, 1969 
TS Semi-Log -.9779 7.2228 - 0. 0263 
TVS Linear -.9299 203.5G92 -1.7442 
SS Semi-Log -.9835 7.0136 -0. 0299 
SVS Linear -.2662 64.6429 -0.7357 
NSS Semi-Log -.7475 7.1394 - 8.0096 
BOD Log-Log -.5963 3.3707 - 0.2·182 

Dec. 5, 1969 
TS Semi -Log -.9202 7.9643 -0. 0128 
TVS Semi-Log -.8928 5.9135 -0.0094 
SS Linear -.8429 995.5149 -7. 24 15 
SVS Log-Log -.8622 5.9923 - 0.4274 
NSS Semi-Log -.7475 7.1394 - 0.0096 
BOD Semi-Log -.9020 fl.2520 -0.0153 
ALKY Linear -.4019 42.6682 - 0.1576 

rilay 25, 1970 
TS Semi-Log -.9123 7.21 37 -0.0114 
TVS Semi-Log -.3767 5.7194 - 0.0045 ' 
SS Linear -.9437 Q17.1 G ~37 -5.5984 
SVS Linear -.0759 34 . 9127 -0.0659 
BOD Semi-Log -. 9828 4.321G -0.0185 
ALKY Log-Log -.9591 G.1291 -0.3011 
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immedi a te area, whi 1 e the next sampl e \'/aS more representati ve of the run

off of ,the study area. For the stonn of December 5, the first samples 

exhibited the same characteristics as those just discussed for the pre

vious stann. The correlation analyses for the October and December 

storms, in most cases, resulted in higher correlation coefficients when 

the first sample from each storm \'/aS not considered (see Appendix). 

Table 7 includes results from all of the samples taken. 

The Semi-Log regression transform resulted in the best correlation 

coefficients for 13 of the 24 sets of data considered. Simple linear re

gression gave the best results for 8 of the sets of data, and the Log-Log 

transforul produced the highest coefficients in 3 cases. It should be 

noted that in 5 of the cases where the Semi-Log transform did not result 

in the highest correlation coefficient, the value obtained by this method 

was within 0.05 of the value listed in Table 9 for the same data. 

The correlation coefficient, R, which is a measure of the degree of 

association bet\'1een variables, is defined by the formula 

B[(X-r)(y-V) 

L(Y - )')2 

where B is the slope of the regression curve, X and Yare the variables, 

and X and T are the mean values of the variables. This definition requires 

that as the slope of the regression line becomes small the value of the 

correlation coefficient tends to become small, also. Therefore, the re

liability of the correlation coefficient is reduced when it is computed 

for regression lines \'Jith small slopes. The reliability of the indicator 

is further limited in this study by the relatively small number of observed 



values from each storm and, in some instances, the extreme values in

cluded in the data. 
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Over half the sets of data considered produced correlation coeffi

cients of 0.9 or greater. Those regressions which had coefficients of 

less than 0.8 were generally either simple linear regressions with small 

slopes or regression transforms which approached this configuration. 

With the previously discussed limitations in mind, the values of the cor

relation coefficients obtained from data in this study present strong 

evidence in support of the existence of a relationshi p between concen

tration and duration in the early stages of runoff from the study area 

considered. 



CHArTER VII 

COr~CLUS IOI'JS 

Surface runoff from rainstorms passing over the small residential 

waterslled considered in this study contains pollutant concentrations 

which vary in average and extreme values from storm to storm. The aver

age concentrations of total dissolved solids and nitrates as well as the 

average pH value for the samples tested are within the standards set by 

the U.S. Public Health Service (10) for drinking water. Solids concen

trations and total alkalinity concentrations are in the range of those 

found in raw sewage influent. Average BOD concentration of the samples 

tes ted is approxi ma te ly the same as that of secondary sev/age t rea tmen t 

effluent. This study does not conclude that runoff from urban watersheds 

is an acceptable source for municipal water supply, nor does it preclude 

this possibility. 

The results of regression and corr'elation analys e.:; pe r '~ol" med on the 

data obtained from this study indicate a definite reduction in consti

tuent concentrati ons wi th durati on of t"unoff. These resul ts sU0gest that 

a rela t ionship of the form, 

Log(Y) = A + BX, 

exists bet\veen constituent concentration (Y) and runoff duration (X) for 

the storms considered. It is expected that rainfall intensities, antece

dent moisture conditions, storm movements, and other parameters also in- . 

fluence this relationship. 
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TABLE 10 

REGRESSION ANALYSES OF TS VERSUS RUNOfF DURATION 

FOR~ Y=A+BX 

DATE MEAN srD R A 

8/24/69 1123.7 1223.2 -.9552 2846.8975 

10/19/69 467.0 361.9 -.8930 978.4768 

12/ 5/69 1239.9 839.5 -.8104 2385.1250 

5/25170 767.5 324.1 -.8989 1223.4839 

10/19/69* 419.4 .390.2 -.9057 1089.8997 

121 5/69* 1163.3 -.8590 2840.3374 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 
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B 

-25.2180 

-9.1424 

-14.3159 

-7.9302 

-11.1750 

-18.4624 



TABLE 11 

REGRESSION ANALYSES OF TS VERSUS RUNOFF DURATION 

FORM lGG(Y)=A+BX 

DATE MEAN STD R A 

8/24/69 6.3 1.5 -.9448 8.3597 

10/19/69 .5.8 0.9 -.9779 7.2228 

121 5/69 6.9 0.7 -.9202 7.9643 

5/25110 6.6 0.5 -.9123 7.2137 

10/19/69* 5.7 0.9 -.9921 7.4592 

121 5/69* 6.9 0.7 -.9565 8.2869 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 
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B 

-0.0263 

-0.0128 

-0.0114 

-0.0293 

-0.0158 



TABLE 12 

REGRESSION ANALYSES OF TS VERSUS RUNOFF DURATION 

FORM LOG(Y'=A+B lCG(X) 

DATE MEAN STO R A 

8/24/69 6.3 1.5 -.8458 10.1933 

10/19/69 5.8 0.9 -.9309 9.9882 

121 5/69 6.9 0.7 -.8134 9.1420 

5/25110 6.6 0.5 -.7784 1.8640 

10/19/69* 5.1 0.9 -.9193 11.3939 

121 5/69* 6.9 0.7 -.9699 12.4391 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

49 

B 

-1.0146 

-1.1068 

-0.6136 

-0.3503 

-1.4404 

-1.2676 



TABLE 13 

REGRESSION ANALYSES OF TVS VERSUS RUNOFF DURATION 

FORM Y=A+BX 

DATE MEAN STO R A 

50 

B 

8/24/69 441.2 6 '32.0 ...... 8868 1261.8083 -12.0972 

10/19/69 112.0 6 ,3. ,3 -.9299 203.5692 -1.7442 

121 5169 194.1 99.9 -.8437 336.0171 -1.7734 

5/25110 260.0 150.5 -.2591 321.1506 -1.0635 

10/19/69* 94.4 51.8 -.9104 183.7999 -1.4900 

12/ ,5/69* 183.5 105.0 -.8803 385.6689 -2.2257 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 



TABLE 14 

REGRESSION ANALYSES OF TVS VERSUS RUNOFF DURATION 

FORM LOG(Y)=A+BX 

DATE MEAN STO R A 

8/24/69 5.0 1.1 -.9891 7.4867 

10/19/69 4.5 0.1 -.9239 5.5514 

12/5/69 5.2 0.5 -.8928 5.9135 

5/25/70 5.5 0.4 -.3767 5.7194 

10/19/69* 4.4 0.7 -.8935 5.5218 

121 5169* 5.1 0.5 -.9141 6.125l 

-REGRESSION ANALYSIS OMITTING fIRST SAMPLE 

51 

B 

-0.0359 

-0.0191 

-0.0094 

-0.0045 

-0.0187 

-0.0114 



TABLE 15 

REGRESSION ANALYSES OF TVS VERSUS RUNOFF DURATION 

FORM lOGIY'=A+B lOG(X) 

DATE MEAN SIO R A 

8/24/69 5.0 1.'1 9.9307 

4.5 0.7 -.8826 7.5738 

12/ 5169 5.2 0.5 -.8159 7.2896 

5/25170 5.5 0.4 -.2102 5.1916 

10/19/69* 4.4 0.7 -.8381 7.8580 

12/ 5169* 5.1 0.5 -.9605 9.2610 

-REGRESSION ANALYSIS OMITTING fIRST SAMPLE 

52 

B 

-1.2813 

-0.8079 

-0.5111 

-0.0906 

-0.8154 

-0.9459 



TABLE 16 

REGRESSION ANALYSES OF SS VERSUS RUNOFF DURATION 

FORM Y=A+BX 

DATE MEAN STD R A 

8/24/69 785.1 816.0 -.9075 1981.1414 

10/19/69 388.0 257.6 -.9581 776.8035 

121 5169 452.4 346 • .3 -.8429 995.5149 

5/25170 495.3 218 .• 0 -.9431 817.1587 

10/19/69* 333.8 262.4 -.9520 817.4998 

121 5169* 380.5 354.2 -.9295 1528.0000 

*REGRESSION ANALYSIS OMITTING fIRST SAMPLE 

53 

B 

-18.4000 

-9.04l9 

-7.2415 

-5.5984 

-9.6750 

-12.7500 



TABLE 11 

REGRESSION ANALYSES OF S5 VERSUS RUNOFf DURATION 

FORM LOG(Y):A+8X 

DATE MEAN STO R A 

8/24/69 6.0 1.') -.9690 8.0838 

10/19/69 5.1 0.8 -.9835 7.0136 

121 5169 5.1 1.2 -.1997 7.4636 

5/25/70 6.1 0.6 -.8871 6.9306 

10/19/69* 5.6 0.9 -.9902 7.1931 

121 5/69* 5.4 1 • . 3 -.8786 9.2732 

*REGRESSION ANALYSIS OMITTING fIRST SAMPLE 

54 

B 

-0.0328 

-0.0299 

-0.0238 

-0.0149 

-0.0327 

-0.0426 



TABLE 18 

REGRESSION ANALYSES OF SS VERSUS RUNOFF OURATION 

FORM LOG(Y)=A+B lCG(X) 

DATE MEAN STO R A 

8/24/69 6.0 -.859<1 10.2533 

10/19/6Q 5.7 0.8 -.9410 9.6564 

12/ 5/69 5.7 1.2 -.6602 9.6186 

5/25170 6.1 0.6 -.6722 1.5879 

10/19/69* 5.6 0.9 -.9671 10.7593 

12/ 5/69* 5.4 1.3 -.8829 21.9541 

* ~EGRESSION ANALYSIS OMITTING fIRST SAMPLE 

55 

-1.1.258 

-1.0996 

-0.4056 

-1.3725 

-3.6962 



TABLE 19 

REGRESSION ANALYSES OF SVS VERSUS RUNOFF DURATION 

FORM Y=A+BX 

DATE MEAN STO R A 

8/24/69 381.9 443.4 -.8921 976.9543 

10/19/69 45.0 39.1 -.2662 64.6429 

12/ 5/69 70.2 35.5 - .• 7559 119.8118 

5/25/70 81.1 31.9 -.0759 84.9121 

121 5/69* 56.2 10.6 -.1834 61.8852 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

56 

B 

-9.1553 

-0.7851 

-0.5674 

-0.0659 

-0.0557 
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REGRESSION ANALYSES OF SV~ VERSUS RUNOFF DURATION 

FOR~ lOG{Y)=A+BX 

DATE MEAN srD R A 

8/24/69 5.2 1.5 -.9484 7.2977 -0.0321 

10/19/69 3.6 0.8 -.1943 3.8696 -0.0119 

12/ 5/69 4.2 0.4 -.1291 4.7224 -0.0063 

5/25/70 4.3 0.6 -.0105 4.2968 -0.0002 

12/ 5169* 4.0 0 .• 2 -.141g 4.088Q -0.0007 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 



TABLE 21 

REGRESSION ANALYSES OF SVS VERSUS RUNOFF DURATION 

FORM lOG(Y)=A+B LOG(X) 

DATE MEAN srD R A 

8/24/69 5.2 1.5 -.8656 9.5402 

10/19/69 3.6 0.8 -.0962 4.0566 

12/ 5169 4.2 0.4 -.8622 

5/25/70 4.3 0.6 -.0361 4.3639 

12/ 5169* 4.0 0.2 -.0682 4.1708 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

58 

B 

-1.1329 

-0.1549 

-0.4274 

-0.020S 

-0.0338 



- " 

TABLE 22 

REGRESSION ANALYSES OF NSS VERSUS RUNOFF DURATION 

FOR~ Y:A+8X 

DATE MEAN srD R 

10/19/69 201.4 16.8 -.8907 309.1306 

121 5169 136.0 435.8 -.6752 1244.0076 

10/19/69* 190.5 84.1 -.9122 

59 

B 

-2.5054 

-7.4343 

-2.9700 

121 5169* "716.2 484.3 -.8060 1643.8062 -11.7419 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 



, 

TABLE 23 

REGRESSION ANALYSES OF NSS VERSUS RUNOFF DURATION 

FORM LOG(Y)=A+BX 

DATE MEAN SIO R A 

10/19/69 5.2 0.5 -.9040 5.8849 

12/ 5169 6.5 0.5 -.1415 1.1394 

10/19/69* 5.2 0.5 -.9246 6.0598 

12/5/69* 6.4 0.6 -.8106 1.4992 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

60 

B 

-0.0152 

-0.0096 

-0.0119 

-0.0135 



TABLE 24 

REGRESSION ANALYSES OF NSS VERSUS RUNOFF DURATION 

FORM lOG(V):A+B lOG(X) 

DATE MEAN STO R A 

10/19/69 5.2 0.5 -.8021 7.0829 

121 5/69 6.5 0.5 -.6816 8.2834 

10/19/69* 5.2 0.5 -.8356 1.8015 

12/ 5169- 6.4 0.6 10.8367 

-REGRESSION ANALYSIS OMITTING fIRST SAMPLE 

61 

B 

-0.5183 

-0.4478 

-0.6961 

-1.0217 



TA8LE 25 

REGRESSION ANALYSES OF BOD VERSUS RUNOFF DURATION 

FORM Y=A+BX 

DATE MEAN srn R A 

8/24/69 19.2 4.8 -.8214 24.9024 

10/19/69 19.B 1.3 -.450Q 24.9795 

121 5169 29.7 19.3 -.8550 58.2213 

5/25170 32.1 22.4 -.9421 65.1281 

10/19/69* 11.0 2.6 0.2390 15.8000 

121 5169* 27.2 20.5 -.9092 71.5973 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

62 

B 

-0.1043 

.... 0.0980 

-0.5140 

0.0200 

-0.5620 



TABLE 26 

REGRESSION ANALYSES OF BOD VERSUS RUNOFF DURATION 

FORM LOG(Y'=A+BX 

DATE MEAN STn R A 

8/24/69 2.9 0 • .3 -.7876 3.2191 

10/19/69 2.9 0.3 -.4269 3.1518 

12/ 5/69 3.2 0.1 -.9020 4.2520 

5/25/70 3.3 0.1 -.9828 4.3216 

10/19/69* 2.8 0.2 0.1817 2.7114 

12/ 5/69* 3.1 0.7 -.9321 4.6341 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

63 

-0.0066 

-0.0040 

-0.0153 

-0.0185 

0.0009 

-0.0194 



TABLE 27 

REGRESSION ANALYSES Of BOD VERSUS RUNOFF DURATION 

FORM lOG(Y)=A+B lCG(X) 

DATE MEAN STD R A 

8/24/69 2.9 0.3 .;...5517 3.4842 

10/19/69 2.9 0.3 -.5963 3.8107 

121 5169 3.2 0.1 -.8113 6.0513 

5/25/70 3.3 0.7 5.6024 

10/19/69* 2.8 0.2 0.0188 2.8061 

121 5169* 3.1 0.7 -.9636 9.0234 

.REGRESSION ANALYSIS OMITTING fIRST SAMPLE 

64 

B 

-0.1550 

-0.2482 

-0.7093 

-0.6271 

0.0045 

-1.3830 



TABLE 28 

REGRESSION ANALYSES OF AlKY VERSUS RUNOFF DURATION 

FORM Y-=A+BX 

DATE MEAN srD R A 

121 5169 30.1 18.6 42.6682 

5/25/70 156.4 55.3 -.8181 .232.3571 

121 5169* 31.8 19.8 -.1132 62.6614 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

65 

B 

-0.1516 

~1.3214 

-0.3398 



TABLE 29 

REGRESSION ANALYSES Of AlKY VERSUS RUNOFf DURATION 

FORM LOG(Y)=A+BX 

DATE MEAN SID R A 

12/ 5169 3.3 0.4 -.3765 3.5779 

5/25/10 5.0 0.3 -.9043 5.4593 

12/5/69* 3.4 0.5 -.7528 4.1086 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

66 

B 

-0.0035 

~O.0079 

-0.0083 



TABLE 30 

REGRESSION ANALYSES OF ALKY VERSUS RUNOFF DURATION 

FORM LOG(Y)=A+B LOG(X) 

DATE MEAN SID R A 

121 5169 3 • . 3 0.4 -.2355 3.8402 

5/25/70 5.0 0.3 -.9591 6.1291 

121 5169* 3.4 0.5 -.8619 6.1121 

*REGRESSION ANALYSIS OMITTING FIRST SAMPLE 

67 

B 

-0.1306 

-0.3011 

-0.76 '31 
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