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ABSTRACT

The objective of this study was to develop a technique of
evaluating the dispersed pollutional loads from urban runoff. The
technique involved analytically determining several pollutant para-
meters from twelve separate drainage basins, and then correlating
the pollution levels to land use practices. The study used the
statistical tools of correlation coefficients, component analysis,
and multiple regression analysis to develop predictor models for
estimating urban dispersed pollutional concentrations and loads.

Separate mathematical equations for estimating the expected
seasonal bacterial, organic, nutrient, and solid concentrations
from urban runoff were developed. The predictors used in the
equations were common urban area variables, such as population,
population density, commercial establishment density, percentage’
of streets, and environmental index.

Twelve mixed land use drainage basins located in the City of
Tulsa, Oklahoma, were used as the test areas. Detailed land use
information was provided by the Tulsa Metropolitan Area Planning

Commission's Land Activity File.
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EVALUATION OF DISPERSED POLLUTIONAL LOADS
FROM URBAN AREAS

CHAPTER I

INTRODUCTION

General

The recent awareness of the serious condition of the environ-
ment in the United States today has prompted a declaration of war
on pollution. The United States is c¢: perizncing a population explo-
sion which has a profound effect on the quality and usefulness of its
environment and life style. The problems of water quality degrada-
tion, for example, are caused mainly by the phenomenal growth of
urban areas and the expansion of industrial operations which are
centered in such areas or in their general environs. Since the
volume of pollutants keeps expanding while water supply stays basi-
cally the same, more and more intervention will be required just
to keep things from getting worse. Within the next 35 years, ac-
cording to some forecasts, the country's population will double,
and the demand for water by cities, industries, and agriculture will
tend to grow even faster than the population.
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There is no doubt that urban existence is dependent on the pro-
tection of the natural resources. The urban environment must become
a safe and livable place and, above all, remain in this condition. The
three basic essentials of a protected environment are clean air, clean
land, and clean water. The problems of maintaining urban areas ina
sanitary environment against the thrust of the people's life style de-
mands becomes increasingly difficult as urbanization intensifies.

Even without human activity to pollute it, a stream is never ab-
solutely pure, because natural pollution is at work in the form of soil
erosion, deposition of leaves, animal wastes, solution of minerals,
and so forth. Over a long period of time, a lake or stream can die
a natural death because of such pollution. The natural process of
eutrophication, or enrichment with nutrients, encourages the growth
of algae and other plants, slowly turning a lake into a2 bog. Man's
activities enormously accelerate the process.

Stream pollution today is very complex in its composition, and
is getting more so all the time. The sources of the contaminants
are not only the normal ones, such as effluents irom municipal waste
treatment plants and trade waste, but also those that originate from
combined and separate storm sewer systems. This source, re-
ferred to as dispersed as opposed to the organized sources for
municipal and industrial wastes, has been difficult to evaluate. In

1965, ""A Preliminary Appraisal of the Pollution Eifects of Storm



Water and Overilows irom Conbined Sewer Systems' was prepared

by the U. S. Public Health Service (1)*. The report focused atten-
tion on the widespread use of combined sewers and resultant

overflow episodes that contribute to the pollution of receiving streams.
Also, reports from thirty-nine municipalities were examined, and
preliminary interpretations were made that storm water and combined
sewer overflows are responsible for major amounts of polluting
material in the nation's receiving waters estimated at roughly one-
half the total pellution load. Increased urbanization will increase
discharges which adversely affect most water uses in receiving
watercourses. Thus, the Public Health Service recommended that

a comprehensive study should be initiated to expand on the prelimi-
nary study and to explore, in depth, causes and control of storm
water pollution.

Municipal and industrial outfalls and combined sewer discharges
are point sources of pollution, whereas natural pollution, rural run-
off, and direct urban runoff represent dispersed sources of
pollution. Considerable technological capability exists for dealing
with the point sources. However, urban pollutional loac s demon-
strated to result from dispersed sources (including storm sewers as
collectors of urban runoff), are not amendable to control by technolo ,-
ical means as is pollution from point sources. The few studies made

*Numbers in parenthesis refer to REFERENCES.
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of the quality of direct urban runoff demonstrzate that this pollution
potential is a part of the land pollution centrzl problem and that
the major factor that determines the extent and nature of this pro-
blem may well be public conscience and awzareness.

The American Public Works Association conducted a detailed
investigation titled '"Problems of Combined Sewer Facilities and
Overilows' in 1967 for the Federal Water Pollution Control Admini-
straticn (2). The study was designed mainly as 2 national inventory
of the effects and means of correcting combined sewer overflows
and separate storm and sanitary sewer discharges in the United
States. References to separate storm sewers &s a source of pollu-
tion in this study were significant as precursors of mounting interest
in the pollutional wastes which have been discharged untreated {rom
these drainage facilities.

Weibel, et.al.pointed out in his paper (3) that, in 1962, thrcugh-
out the contiguous United States, these were some 11,400 sewered
communities of all sizes that had an area totaling 43,100 square
miles. This was about 1.2 percent of the area of the country. The
size of the individual community ranged from less than 0.5 square
miles to 454 square miles for Los Angeles, the largest. Most of
the communities, 9,083 of them, had separate sewer systems;
1,305 had combined sewer systems; and 618 had 2 mixture of both.

Many of the older large cities had combined sewers, cor a mixture



of combined and separate sewers.

Therefore, it is quite apparent that to solve the total pollution
problem, effluents from sanitary sewers, combined sewers, and
separate storm sewers must be considered in a total abatement
program. The less obvious pollution sources are recurring sepa-
rate storm sewer discharges during periods of precipitation, thaw,
or runoff, and drainage from other sources.

However, it must not be assumed that 2ll runoff pollution results
from man's activity; neither is it all urban-based. Contamination
of land runoff in rural areas results from the entrainment of land
organics, animal wastes. fertilizers, herbicides, rodenticides, pes-
ticides, as well as eroded soils. The problems of rural runoff
probably are not as significant as urban runoff due to the perviousness

of open land and natural topographic conditions which tend to impede

runoff.

Problem
The problem of this study arises from the need of a method for
estimating storm water pollutional loads from urban areas. None of
the studies of pollutional aspects of urban runoff, performed by the
various investigators, have attempted to "'model" the storm water
pollution loads. Only two studies provided detailed information as to

the type of land use within the drainage shed being sampled. Among



the several extensive studies of storm water pollution, most failed
to relate specific pollutants to conditions in the watershed, such as
land use, industrial and commercial wastes, and the cleanliness of
the urban environment.

To demonstrate the varying range of values found in other studies,
Table 1 is presented. The table was developed from several refer-
ences and includes the observed concentration ranges found at a
variety of locations throughout the world. It can be seen that many
of the stormwater contaminants. vary by over two orders of magnitude.

Therefore, it is deemed necessary to evaluate the effect of land
use practices on the quality of storm water runoff from urban areas,
and to determine a predictive equation for the quality of runoff using
land use parameters as the controlled and uncontrolled variables.

Once these principal land use factors are identified, remedial action

can be instituted.

Objective
This purpose evolves to be one of developing a technique of
evaluating dispersed pollutional loads from urban areas. The tech-
nique involves analytically determining the dispersed pollutant loads
from an urban area and then correlating them with land use practices.
The load can be identified in various ways as can the land use

practices. The study will use statistical tools to establish a model



TABLE 1

RANGE OF REPORTED STORM WATER
POLLUTANT CONCENTRATIONS

Pollutant Range of Concentrations
Parameter (mg/1 except bacterial)
BOD 7 625
COD 18 3,100
DO 6.4 8.0
Total Nitrogen (NO,

NO3, Organic) 2.3 11.8
Total Phosphate 0. 47 1,400
Dissolved Solids 30 8,000

154 228
Suspended Solids 26 36,250
Volatile 38 98
Nonvolatile 119 292
Chlorides 11 160
Total Coliform #/100 ml 40 240, 000

Fecal Strep #/100 ml

(median 20, 500)

Source: "A System Study, Design, and Evaluation
of the Local Storage, Treatment and Re-
use of Storm Water, "Hittman Associates,
Inc., Columbia, Maryland, August, 1968.

Number of
Locations

9



for estimating the concentrations and loads of severzl indices of water
pollution in relation tc certain land use practices.

By application of the datz obtzined from sterm water rurnoif sam-
pling and tabulation of extensive land use information, 2 mathematical
model will be developed to previde means for estimating the bacterial,
organic, nutr:ient, and sclids cencentrations and loads from urban run-

as a functicn of several land activity variables, such 2s population,

[

of
population dens:tv. commercial establishment density, percentage of
streets, percentage of industrial land, and measures of the general
sanitary condition of the land parcel. The model is to be simple witk
readily obtzinable input prediction variables. Separzte mathemat-
ical equaticns for estimating the concentrations and loads for diiferent

categories of pollution will be sought. The specific analytical tech-

o

nique will be to idertify the princip:! compoenents of land use as they
relate to the dispersed pollutional load. The load will be character-

ized in terms of the following parameters:

Pollution Ildentifier Parameter

Biodegradable Biochemical Oxygen Demand (BOD;)
Chemical Oxygen Demand (COD)

Nutrient Organic Kjeldahl Nitrogen (ON)
Soluble Orthophosphate (POy4)

Solids Total Solids (TS}
Fixed Solids (FS)

Bacteria Total Coliform (TC)

Fecal Streptococcus (F. Strep.)



Once the principal components are identified, they will be re-
lated to the pollutional load by regression analysis in order to identify
the land use practices or other land condition variables responsible
for dispersed pollution. The methodology selected is statistical and
requires considerable data; thatis, it is necessary to know simul-
taneously stream conditions and land use practice. A basin can either
be cbserved as its characteristics change over time, or it can be di-

vided into several sub-basins, each having mixed use.

Need for Study

The main thrust of the efforts today is being directed toward the
elimination of obvious and major sources of pollution: the dischar'ge
of untreated or inadequately treated municipal sanitary sewage. in-
dustrial wastes, and overflow of combined sewers. However, the
ultimate control and abatement of the pollution from these sources
will not adequately protect the receiving streams and/or lakes. In
the near future, attention must be directed toward dealing with the less
obvious dispersed land contaminants which have been relatively disre-
garded. The reclamation of the nation's receiving streams for their
beneficial use dictates that other sources of pollution must be examin-
ed and evaluated in terms of their relative importance as water
contaminant factors. Ways of eliminating or abating dispersed pollu-

tants, the costs involved, and the benefits to be derived must be



10
ascertained. The urban planner and the engineer are thus faced with
a relatively new set of prgblems in addition to the concern of meeting
the ever increasing demand for municipal water supplies and the treat-
ment of domestic sewage.

Therefore, there is a great need for a technique for estimating the
pollutional load imposed on a receiving stream by urban runocif for use
by the urban planner and urban engineer. The dispersed pollutional
load must be considered along with the municipal and industrial waste
loads normally calculated for urban areas. Dispersed pollution
models and intelligent interpretation, when used with caution, are
very useful tools for consulting engineers, municipal officials,
developers, urban planners, and the agencies charged with the develop-

ment and management of drainage sheds.



CHAPTER 1I

PREVIOUS WORK

The earliest reported study of the pollutional level of urban storm
wzter ruroff in the Urited States was made in 1950 by Palmer 4;
from data collected in 1949. Palmer sampled urban storm water run-
off from land surfaces at street catch basins in downtown Detroit. He
also reported additionzl samplings of several storms from Detroit in
1960 (5). In both studies, the reported pollution concentrations show-
ed considerable variation from the start of the storm, the end of the
storm, and also between storms. In some cases, the concentrations
increased. In many storms, the pollution concentrations remained
constant throughout the entire storm. The ranges of values he found
in 1949 for BOD, totzl solids, and total coliform were 96 to 234 mg/l,
310 to 913 mg/1, and 25,000 to 930,000 MPN/10C ml, respectively.
Suspended solids means for a number of samples {from two storms in
the 1960 study were 213 and 102 mg/l, respectively; total coliform
MPN's/100 m!l for four storms ranged from 2,300 to 430, 000.

In 1962 and 1963 Weibel, et al. (6) made a study of storm water
runoff from a 27-acre residential and light-commercial urban area in

11



12
Cincinrati, Ohic. The runoff had an average BOD of 19 mg/l, a COD
of 99 mg/l, & suspended solids content of 210 mg/l, ar crganic
ritrcgen (as N) of 1.7 mg/l, and a total soluble phosphate (as PO,) of
¢.8 my/1. The bacterial counts ir the storm water runcii samples wer
high and exceeded the standard for swimming water quality in use i
mar.y places in the United States. The 50 percent value for total
coliferm: fecal coliforms, and fecal streptococci were, respectively:
58,000- 1C, 90C; and 20,500 cclonies/100 ml. Excep: for BOD, there
was little evidernce of seasonal variations in the constituerts. The
highest concentrations of all contamirants occurred within the first 15
minutes of the start of runofi.

The authors computed for several pollutional constituents yearly
loads from storm water runoff, and ccinpared these to the estimartes
sanitary sewage loads from the area. The 27-acre test site had a
population density of nine persons per acre with an impermeable arez
of about 37 percert. The storm water lcadings for BOD, COD,
suspended solids, total phosphate, and total nitrcger were, respectively:
33; 240; 730; 2.5; and 8.9 lb/acre/year.

The conclusior, Weibel, et al. stated that no mearingful
relationships betweern the length of antecedent rainfall interval and
runcif loads were evident in the data collected. Also, in their
cemparisons of storm water runcff loads and raw sewage lozds, the

ratics of storm water to raw sewage constituents indicate that storm
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water suspended so0lids would be 140 percert of what the sari-ary
sexafe Gischarge would be for their test arca: veatile suspencec
«clia3, 44 prroert COD, 25 percens; BOD, € perczent phosphats, ©
prrient ane nitrcgern, l. percent.

Further irves-igaticns intc the bacteriolegical aspects cf s*nvm
=zl r pollution were conducted in Cincinrnati, Ohio, from 1962 :hrugh
16e<. The investigation. was reported by Geldareich, eral. (7). Ir
Thell sleqy, sIOTm waler sampies were ccliected at selelted

3

5 zlurg suburban street gutters and from a storm seweT Gul-

fall that arained & small portion of a wooded hiliside berdering a ciry
park. At these locations, stardard manual sampling prccedures were
used, Ar rwo other locations, where drainage from a suburbkan
business district and agricultural land was studie., sampling was
programmed by automatic equipment.

The bacteriological composition from city streets, a suburban
business district storm drain, and a wcoded hillside was simiizr ic
stcrm water runoff collected from cultivated farm fields. Prorncurnced
scascnel cifferences in the bacterial densities for ‘ctal ccliforms,
fecal ccliforms, and fecal streptococci were noted for the data {rom

il four sterm water land use scurce areas. Totzl celifcrm peal

densities for urban locations occurred ir autumn. This was alsc

m

ncted for fccal coliform and fecal streptococcus densities in urban

street gutters and busiress district storm water rurnofi, Thesc’



two indicator systems, however, reached an earlier peak (summer
period) for storm water runoff collected from the wooded hiliside.

Fecal streptococcus densities were consistently higher than
fecal coliform levels in ali four different sources of storm water
runoff, The highest median value for fecal streptococci (790,000 per
100 ml) occurred in the rural runoff during winter. A median value
of 47,000 per 100 ml represented the highest fecal coliform den::ty;
this occurred in storm water discharges from street gutters durin
autumn, Fecal coliform to fecal streptcoocius ratios were less than
0.7! in the four separate storm sewer systems.

The fecal coliform segment of the total coliform population in all
843 storm water samples averaged 8.6 percent; a 21. 1 percent
maximum value was reached for those samples collected in autumn
from the suburban business district., Fecal coliform percentages for
all other seasons from that source and the other storm water sources
were less than 16.5 percent, with rural spring and autumn samples
containing only 1.3 and 1.2 percent fecal coliforms. The autumn
samples from the wooded hillside contained the least amount of fecal
coliforms, only 0.2 percent of the 180,000 total coliforms per 100 ml.

In 1959 and 1960, Sylvester and Anderson (8) performed a study
of Green Lake in Seattle, Washington. Their objectives were to find
the causes underlying the lake's heavy algae blooms and alleged

condition of pollution so that its recreational potential might be realized.



Da-a was ckraired on urbarn runcf!, lake shere runcifi, subsurface

inflocw, a_gae populaticns, waterf.wl, and composition cf sediments.

1= was cetermined that the nutrient additions fremt
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sustaired the heavy algae blooms throughout mest of the vear, ard
Zittle cculd be dere to reduce these additions. They alsc found that

the bacterial contamination was directly related to the waterfowl
popu.aticns.
The storm water samples from Seattie street gutters <cn'ained
.- :ituernt values as follows: turbidities, up to 1,250 units: cclor,
to 350 units; BOD's, with aerated Green Lake water as the diiuent,
about 10 mg/1; coliforms, to 16, 100 MPN's/100 ml. Nutrient veiuves
were: organic nitrogen, up to 9.0 mg/l; nitrate nitrogen, to 2. 80
mg/l: and phosphorus, to 0.78 mg/1 scluble, and tc 1.40 mg/l total,

as P. The highest constituent concentrations usually were found when

artecedernt rainfa:l had been low.

In 1965 the Federal Water Pollution Control Admiristraticon ir its

Detrcit River-Lake Erie Project sampled a separate sterm sewer in

Ann Arbor, Michigan. The results of his study were reported by
Burm, et al. (9). The 1965 study followed a 1963-19€4 study which
dealt only with the bacteriological characteristizs of combired and
stcrm sewer discharges in two Michigan cities. The results of this

study were reported in 1966 by Burm, et 1. (10).

In the 1963-1964 study the comparison of discharges from
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combined and separate sewer systems showed that total coliform con-
centrations in runoff carried by separate storm systems are about one
tenth of those in combined sewers. Fecal coliform densities in com-
bined systems are about 20 percent of total coliform densities, but are
usually 2 lesser percentage in separate systems. Fecal streptococcus
densities in combined systems are only about twice those in separate
systems.

t was reported by Benzie, et al. (11) that discharges from a
separate storm sewer system showed mean median bacterial counts per
100 ml. of 1,200, 000; 82,000; and 140,000 for total coliforms, fecal
coliforms, and fecal streptococci, respectively, The ratio of fecal
coliforms to fecal streptococci was 0.6. They concluded that the ratio
indicated the origin of the bacterial contamination was more than likely
derived primarily from warm-blooded animals other than humans.

In the 1965 Detroit River-Lake Erie Project, the separate system
was located in Ann Arbor, Michigan., The system servss approximately
3,800 acres, most of which are within the City of Ann Arbor, but some
rural drainage also enters the system. The area is developed largely
as a residential and commercial community with some light industry.

The reported annual mean concentrations for several pollutional
parameters were: BOD (16 mg/l), organic N (1.0 mg/l), soluble POy
(0.8 mg/1), suspended solids (2,080 mg/l), and phenols (16p g/l). The

estimated pollutional loads for a three month period (June, July, and
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August, 1965) were: BOD (31 1b/acre), organic N (0.4 lbfacre},
scluble PO, (0.9 1b/acre), suspended solids (1,0 10 1b/acre), and
phencis (0.CC2 b/acre).

Ir summary, it was reported that the BOD concentrations in the
separate system were fairly constant throughcut the year, ard the
corncentrations lessened as the discharges progressed, the larges:
reduction cccurring after the iritial sampling pericd. The high
suspended sclids concentrations and loads were contributed to the
erosion ard scouring due to the high average land slopes in the
Arn Arbor area.

The study of the quality of storm water runoff has been performed
in several foreign countries. These countries include Ergland,
U.S.S.R., Sweder, South Africa, and Germany.

In 1954 Wilkinson (12) studied the surface runcff from a 611 acre
estate with separate sewers at Oxney, England. The housing estate
had a housing density of five to six houses per acre, and an estimated
popuiation of 12, 500. The percentage ofimpervious cover was 40 per-
cent. In this study, he found BOD concentrations up to 100 mg/i and
suspended solid contents up to 2,045 mg/l. BOD's showed an increase
with the lerngth of the antecedent dry-weather period up to eight to ten
days; after that little change developed. He noted that the first flushes

of storm water runoif were not much more polluting than subsequent

flows, except after long antecedent dry periods. He concluded, after
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comparirg a hypothetical combined system with the separate system,
hat the separate system reduced the BOD loading on the stream, but
increased the suspernded solids loading by six or seven times,

In a sampling study (13) of storm water runcif ir Mosccw, U.S.S.R.,
in 1963, the concentrations of BOD were from 186 to 283 mg/1, arnd
suspended solids were from 1,000 to 3,500 mg/l. The same report
save results of samples collected from street drainage ir a district of
Lerningrade., The runoff from cobblestcre paved strects curtained
BOD s of 36 mg/. and suspended solids of 14,541 mg/i. Also,
ccnclusions were given from data collected from streets washed with
automatic sprinklers. It was stated that marked fluctuations in the
concentrations of suspended solids can be attributed to the differing
degrees of dirtiness of different streets. Heavy rair did not appear to
reduce the pollution effect of later runoff, probably because poliution
intensities at the points of origin (road sweepings, products of
breakdown of pavements, and air-borne contaminants) were relatively
constant, Surface runoff from cobbled streets with comparatively
light traffic was much less polluting than runoff from asphalt-paved
streets with heavy traffic,

From 1945 to 1948, summer rainwater runoff samples were collected
from streets and parks in Stockholm, Sweden. In the study (14),
Akeriindh reported median values for coliforms of 4,000/100 ml.:

CLD of 188mg/1; total solids of 300 mg/l; fixed residue of 210 mg/L:
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and BOD of 17 mg/l. The concentrations for separate samples ranged
as high as 200, 000/100 ml. for coliforms; 3, 100 mg/1 COD; 3, 030
mg/! total solids; 2,420 mg/1 fixed residue; and 80 mg/i BOD. His
conclusions were that the composition of storm water runoff varies
greatly and indefinitely, but a constant composition could be as:zumed.

In Pretoria, South Africa, runoff samples were collected from
various types of land activity. It was reported by Stander (15) tha:
samples collected from residential, park, school, and sports grcunc
type areas had coliform counts of 240,000/100 ml.; total organic
nitrogen, 5.4 mg/l; COD, 29 mg/l; dissolved solids, 228 mg/1; ard
BOD, 30 mg/l. From a business and flat area, the concentrations
were: coliforms, 230,000/100 ml.; total organic nitrogen, 3.5 mg/:
COD, 28 mg/l1; dissolved solids, 154 mg/l; and BOD, 34 mg/l.

In a more recent study (16) by Hittman Associates, Inc, on the
beneficial use of storm water, three storms were sampled from a
drainage shed in Columbia, Maryland. The drainage shed sampied had
an area of 130 acres. It was located at the upper end of the Wilde Lak-
drainage basin and was largely undeveloped during the sampling pericd
with only a few completed roads, giving the area an imperviousress of
six percent. The undeveloped portion of the area consisted of woods
and a meadow with two main stream channels joining several hundred
feet above the gage site.

The three storms sampled occurred from June 26, 1968 to July 15,
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1968, Samples were collected throughout the duration of the storms
with an automatic sampler at one hour intervals. The ranges of values
of the pollution parameters measured were: COD (5-40 mg/l),
suspended solids (50-23,8 00 mg/l), pH (6.3-8.3), nitrate (0-0.7
mg/l as nitrite), and phosphate (0.1-5.3 mg/1 as POy4). The
arithmetic averages of the concentrations of the two storms were:
COD (24 mg/i), suspended solids (3,500 mg/l), pH (7.4), nitrate
(0.37 mg/] as nitrite), and phosphate (0.9 mg/l as PO4).

It was noted from the raw data, that all samples were excessively
high in suspended solids, which wasattributed to a high level of
construction activity in the watershed during the period under study.
Also, the flood plain itself had been indurated as a result of the
construction of a sanitary sewer, and erosion was severe. For this
reason, the results obtained in this study cannot be treated as typical,
but can be considered as a watershed under urban development.

In a study (17) performed for the Federal Water Pollution Control
Administration by the American Public Works Association in 1% 7, axz
attempt was made to correlate the amount and strength of polluting
street litter with the pollution in storm water runoff as it reached &
catch basin. In the report, chemical analysis data for only one
storm was presented. The BOD, COD, total nitrogen, total
phosphate, and pH ranged respectively from: 40 to 185 mg/l, 59 to

£88 mg/l, 4.6 to 10.0 mg/l as N, 0.1 to 4.4 mg/l as PO,, and
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6.8 to 7.8. The maximum values occurred during the first five

minutes of the storm for BOD and COD. The maxima for the other

parameters had varying times after the start of the storm.

The main objectives of the study were to provide data on the

sources of environmental wastes of urban areas, the nature and

amounts of contaminants, and their potential pollutional effects

resulting from the water-wastes interfacial contacts during

precipitation,

Some of the findings of the study are listed below:

(a.)

By a study of eighteen test areas of representative
occupancy, land use, and other zoning characteristics,
the amount of street litter deposited from various
sources was found to vary from 0.5 to 8.0 pounds per
100 feet of curb per day. The averages for single
family residential areas, multiple family areas, and
commercial areas were, respectively: 2.4 pounds per
day per 100 feet of curb; 3.5 pounds per day per 100
feet of curb; and 4, 7 pounds per day per 100 feet of
curb,

The most significant component of street litter, in
terms of producing water pollution potential by runoff,
was found to be the dust and dirt fraction. The dust

and dirt fraction varied from 0.4 to 5.2 pounds per day
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per 100 feet of curb. Three percent of this {raction
was found to be soluble and readily transpcrtable.
(c.) Catch basins were found to be a probable source of
first-flush or shock pollution. The studies disclesed
that the liquids remaining in a basin between runoff
events tend to become septic and that the solids trapped
in the basin take on the general characteristics of sepric
or an: erobic sludge. The catch basir liquid was found
to have a BOD content of 60 ppm in a residential area.

It is quite obvious after reviewing all of the published data on
separate storm water sewcr pollutant concentrations, that most failed
to relate specific pollutants to conditions in the drainage shed, such as
land use, drainage characteristics, sarnitary conditions, and
precipitation. Pollutant concentrations quoted seldom include any
reference to the intensity of runoff at the time of samplirg, or the
hydrograph previous to the sampling time. Many of the parameters
vary by two or more orders of magnritude from city to city.

In summary, the water quality data reported by other investigaticzs
were no more than isolated, unrelated pieces of data. Also, it shculd
be noted that none of the studies reviewed contained any quantitative
data on floating solids. Inlet structures are normally expected to
exclude large floating objects (boards, tree branches, toys, etc.) but

the existence of open drainage channels downstream from the closed



storm water coliection system permits such cbiects to enter the ficw,
In addition, leaves, small brarnches, paper or cardboard objects,
etc., are commonly found in all storm water collecticm systems,
This study will be the first attempt to develop a mathematical
model which will relate various land use variables to expected storm
water pollution concentrations and/or loads. Therefore, it is hoped
that the study will provide better insights into the actual sources cf

dispersed poliution and will also provide good predictive mode:s.



CHAPTER III

MODEL REQUIREMENTS

When an attempt is undertaken to analyze data toward the
objective of constructing a ‘model' of something, care must be
taken to specify exactly what it is that is to be modeled. Thus
the need arises here to briefly discuss what is to be modeled
and what data are needed as input variables for building the model.

As stated in Chapter I, the objective of this study is tc
mathematically relate urban runoff pollutant concentrations znd
loads to predictor variables which represent land use and environ-
mental conditions of the drainage sheds. It is desirable to
represent the relationships adequately with a minimum number of
significant explanatory variables. Only those indcpendent vari-
ables which are readily measurable should be used. Also, the
independent variables selected for use should not be interdependent
of each ather.

The statistical procedures in the development of the models are
discussed in Chapter VI. Details of the dependent variable data
collection are given in Chapter V, while the procedures used fcr

24
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calculating the independent variables are given in Chapter IV.

Dependent Variables

The dependent variables or explanatory variables in all of the
equations developed in Chapter VII are noted as the Y;'s and are either
pollutant parameter concentrations or loads. The concentrations are
expressed in units of milligrams per liter except the bacterial
parameters, which are expressed in units of 1000 counts per 100
milliliters. The loads are expressed in pounds of pollutant per acre
of drainage shed.

The dispersed pollutional loads were calculated by two methods.
The two methods involved the use of the rational formula (Q=CIA) for
volume of runoff. The first method can be expressed as follows:

(PLjp = Y3 CAA ZI (1)
where (PL) 5 is the dispersed pollutional load in pounds per total
acres per season, Y; is the seasonal pollutional parameter concentra-
tion in pounds per acre-inch of runoff, C, is the composite runoff
coefficient for the total area, A is the area of the drainage basin in
acres, and ZIis the summation of the rainfall in inches.

The second method involved the same equation as above except
that the street area was used instead of the total area, and the runoff
coefficient for the street area was determined to be 0. 90. The equa-
tion is as follows:

(PL)g = Y; Cg AgII (2)
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where (PL). is the dispersed pollutional load ir pcunds per acre of

}
S

street per season, Y; is the seasonal pollutioral parameter corncentra-

streets, As is the area of the streets in acres, and Z 1 is the
summation of the seasonal rainfalls.

The average seasonal concentrations were calculated by taxira th
arithmetic average of all rainfall events sampled during cach seasern

for the vears 1967 through 1969,

Independent Variables

The independent variables or predictor variables selected for
investigation were of three categories: precipitation, lard use¢, and
environment. Precipitation variables (both current and antecedernt)
investigated were amount, intensity, and duration of precipitatinn
event, Land use variables were classified as either residential,
commercial, industrial, or other., The "other' classification irc..
such items as open space, streets, unused space, and public arcas,
The category of environment wzs composed of data items that
represented the general sanitary conditions of the drainage sheds.

Selection of the independent variables was accompliished by the use
of the statistical tool of component analysis, which will be discussed in
detail in Chapter VI, Not all of the possible independent variables
which describe the land were used in the testing; only those variables

which were easily obtainable and common to most drainage sheds
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were tested.
Several forms of the independent variables were tested. The :and

use variables were calculated as density functions and as pvrcerta

ges
of the toral drainage area, Environmental conditions were calculated
as deficiencies per acre; grouped together, they were used to

determine an index of the environmental condition of the drainag:

shed.



CHAPTER IV

THE TULSA AREA AND STUDY DRAINAGE BASINS

General

The City of Tulsa is geographically located in the northeast part
of the State of Oklahoma, with an estimated population of 335, 000 in
January of 1969. This population is located on over 175 square
miles of land area. This compares with the total population »f Tulsa
County of 424,000 located on 572 square miles.

Tulsa County, outside of the urbanized areas, is for the mos:
part pasture land with beef and dairy cattle being the main agricul-
ture use. The fertile Arkansas River bottom lands around Bixby,
Oklahoma, in the south central part of the County, produce large
quantities of fresh vegetables which are shipped to the larger mar-
kets and canneries, as well as serving the local communities.

Industrially, the metropolitan area has a predominantly "white
collar" labor force and is internationally recognized as on= cf the
important petroleum marketing and oifice centers of the world. Also,
the aerospace industries are expanding rapidly in the Tulsa area and
rank very high in the overall economy of the County.

28
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The Tulsa Metropolitan Area has a relatively strong industry-mix
with manufacturing accounting for one-third of the total gain in em-
ployment in the 1960-1967 period. There are over 18,000 acres of
industrially zoned land in Tulsa. Approximately 60 percent of this
land is used for industrial purposes, 24 percent is vacant, and the re-

mainder is used for non-industrial purposes.

Topographic characteristics

The highest elevation in the Tulsa region lies at 1,017 feet above
sea level in the hills area, and the lowest point at 550 feet above sea
level in the flood plain of the Arkansas River. The eastern portion
of the county has hill elevations of 800 and 850 feet above sea level
with valley bottoms at 600 and 650 feet elevation. In general, a north-
south line formed by the Osage-Tulsa County line and extending south
along the Arkansas River separates the western area of more rugged

topography from the more gently undulating land of the east.

Geology

Tulsa County lies in the northeastern part of the State of Oklahoma.
It contains an area of approximately 572 square miles. The county is
situated between the High Plains to the west and the Ozarks uplift to the
east. Specifically, Tulsa County is in Prairie Plains and the Sandstor.e
Hills physiographic provinces. The rocks are principally sandstones

and shales of Pennsylvanian age. Some limestones occur in the north-



30
ern part of the county. Present surface features of the Tulsa area are
the result of two factors, (a) structural subsurface layers of a north-
east-southwest orientation and (b) the erosion of the original earth's
surface by wind and water followed again by erosion forces. Hence,
the surface of Tulsa County is generally rough, with east-facing rang-
es of sandstone hills separated by flats or valleys underlaid by shale.
In addition, because of the differences in hardness of rock and the
tilting of these rocky areas to the extent of 30 to 50 feet per mile. 2
number of cuestas have been formed by erosion processes. The cues-
tas present their high slopes to east and gentle slopes to the west.
Escarpments are modified locally be greater erosion along the streams
that lead into or across them. Hence, many escarpments may be

served by the streams.

Climate

The climate of Tulsa County is continental and subject to sudden
wide changes in temperature. The humidity is rather high in com-
parison with that in western Oklahoma.

About two-thirds of the average annual rainfall occurs during the
planting and growing season, between April 1 and September 30. The
precipitation received is generally well distributed through the year
for the development of all vegetation. In the spring, which is the sea-
son of maximum rainfall, much of the precipitation occurs in the form

of thunderstorms, resulting in a high percentage of runoff.
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Table 2, extracted from the records of the United States
Weather Bureau Station at Tulsa, gives the normal, maximum,
and minimum monthly precipitations, which are representative

for all of Urban Tulsa.

TABLE 2

NORMAL, MAXIMUM, MINIMUM PRECIPITATION
TULSA, OKLAHOMA

Month Normal Maximum Minimum
Jan. 1.68 6.65 T
Feb. 1.59 3.95 0.40
Mar. 2.72 6.14 0.25
Apr. 4.10 9.23 0.51
May 5.16 18.00 1.33
June 4,58 11.17 0.53
July 3.27 10.88 0.03
Aug. 3.19 7.47 0.21
Sept. 3.58 10.50 T
Oct. 3.21 16.51 T
Nov. 2.33 7.57 0.01
Dec. 1.88 4,29 0.16
Total 37.25

Figure 1 gives the cumulative frequency distribution of 465 rain-
fall events for the years 1964-1968 at the Tulsa International Airport.
It should be noted that over 50 percent of these events were less than

0.1 inch total rainfall.

General drainage characteristics

Approximately half of the drainage of the county is effected

through many short tributaries leading directly into the Arkansas
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River. Among the larger streams are Snake, Posey, Coal, Nichel,
Polecat, Haikey, Duck, Fisher, Anderson, Cherry, and Shell
Creeks. The east-central part of the county 1; drained mainly by
Mingo Creek, which flows northward about 12 miles, emptying into
Bird Creek. Bird Creek, a permanent stream, enters the north-
western corner of the county, flows southward about 12 miles,
thence eastward to the confluence of Mingo Creek, and thence into
Rogers County, where it empties into the Verdigris River. Bird
Creek is rather sluggish, as evidenced by the numerous meander-
ings, and a large part of the bottom land along this stream has
imperfect surface. Drainage 2s 2 whole is good, but underdrainage
on many of the very smooth upland areas is more or less imper-
fect because some of the soils have very heavy, almost impervious
subsoils.

The native vegetation comprises both forest and prairie growth.
The smooth prairie land originally supported a heavy growth of
coarse bunch grasses with a less abundant and more varied growth
of buffalo and grama grasses. .

Originally about one-third of the county was forested. All the
stream bottoms were covered with a moderate to rather thick tree
growth, some of which still remains.

The storm sewer system consists of over 330 miles of covered

lines which vary in size from 12 inch diameter to a 15 foot
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semielliptical section, and over 300 miles of open drainage ditches.
Included in the system at many inlet structures are 22,000 catch
basins.
Flow of storm water to the closed system is via approximately
1100 miles of paved streets. Flow into the open drainage ditches is

directed by 575 miles of unpaved streets and alleys.

Study Drainage Sheds

There are eight major drainage sheds that drain most of urban
Tulsa. Each of these drainage sheds has varying amounts of differ-
ent types of land activity, impervious cover, and slopes. The
boundaries of these catchments, along with the locations of the sam-
pling sites used in this study, are shown in Figure 2.

For this study, several of the major sheds were broken down
into subsheds to increase the number of definable mixed land-use
study areas. The total number of study areas investigated on this pro-
ject was twelve. Below is a brief description of the drainage
characteristics of the major drainage sheds and a detailed description
of the land use within each study area.

Blackboy drainage shed is located west of the central city and
east of Sand Springs, Oklahoma. The flow is from north to south with
the upper portion located in Osage County, which is sparsely populated

and has a low percentage of impervious cover. The southern portion
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TABLE 3

SAMPLING SITES FOR COLLECTION
OF STORM WATER RUNOFF SAMPLES

Group  Site Name Location
No.
A 4 New Block New Block Park
6 Indian Indian Avenue and Riverside Dr.
7 21st Street 21st Street and Riverside Drive
8 Crow Creek 32nd Street and Riverside Drive
9 Cherry Creek West 48th Street and Elwood Dr.
10 Mooser Creek West 52nd Street and Elwood Dr.
11 Joe Creek 91lst Street and Lewis Avenue
B 2 Flat Rock 4000 Block on North Peoria
3 Dirty Butter 1800 Block on 36th Street North
4 Coal Creek West 5700 'Block on 36th Street North
5 Coal Creek East 8900 Block on Mohawk Blvd.

8 Mingo Creek 56th Street North and Mingo Valley
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is located in Tulsa County with a higher percentage of impervious
cover, mainly from industrial areas. The drainage is chiefly con-
ducted to the Arkansas River by open channels and uncurbed street
drainage ditches. Due to the very low flows at the mouth of Black-
boy Creek, this shed was not sampled.

Central drainage basin is composed of many small tributaries
which flow directly into the Arkansas River. These catchments are
located adjacent to the bend in the Arkansas River where the river
changes from an easterly flow to a southerly flow. The original
townsite of Tulsa was located in this basin. All of the drainage
channels are now closed systems and are the oldest in the city. The
land activity in the upper portions is mainly retail-office buildings
and parking areas. Also, many industries are located adjacent to the
downtown area. The lower portion of the shed is mainly old type resi-
dential areas. Since the drainage shed is made up of many small
sheds, it was necessary to select four sheds to represent the entire
drainage area.

Cherry drainage shed is actually two separate runoff areas. These
two areas are Cherry Creek and Mooser Creek. Cherry drainage shed
is mainly industrial with two oil refineries. The drainage from the two
refineries does not add to the runoff {rom the shed because they have
their own storm drain lines which capture the runoff water for treat-

ment before release to the Arkansas River.
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The upper end of Mooser Creek is largely undeveloped with the low-
er end being sparsely occupied by commercial areas.

Joe drainage shed is largely developed as residential and commer-
cial areas except for the flood plain south of 7lst Street. It has a
relatively high percentage of impervious cover with many large resi-
dential lots. Approximately half of the tributaries and the main
drainage channel are covered. The lower half of the main drainage
channel is largely unimproved, and the banks are subject to sewer
erosion due to the runoff from upstream development.

Flat Rock Creek and its tributaries drain a total area of 15,410
acres. The main creek channel flows generally easterly between 36th
and 46th Street North from Cincinnati Avenue to a junction with Bird
Creek northeast of Lake Yahola. The creek has its headwaters in
Osage County, and the area west of Cincinnati Avenue is divided into
small contributing drainage areas that converge into a2 single channel
just west of the Tulsa-Osage County Line. In this area, the slopes,
both overland and channel, are steep, resulting in fast accumulation
of upstream runoff increasing the peak flows east of Cincinnati Avenue.
Since the portion of the shed located in Osage County is largely unde-
veloped, the shed was divided into two test areas. One test area
(Dirty Butter) is the tributary which drains a large portion of com-
pletely developed land which is now considered a very low

socioeconomic class area.
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Coal Creek drains an area of 5,489 acres south of 36th Street North,
North of 36th Street North, the creek flows through the Bird Creek
overflow area within Mohawk Park to 2 junction with Bird Creek east of
Yahola Lake. South of Pine Street, the creek is referred to as Walnut
Creek. From Pine Street to 36th Street North, the creek flows gener-
ally northward between Yale and Sheridan Avenues in a well-defined
meandering channel with gentle gradient and slow current. This shed
was divided into two subsheds noted as Coal West and Coal East. Coal
West drains a partially developed area, whereas Coal East drains
mainly undeveloped land and a portion of Mohawk Park and Tulsa
International Airport.

Mingo drainage shed was the largest test area investigated. The
area drained by Mingo Creek and its tributaries includes a total of
over 38,000 acres. The drainage is generally to the r;orth, and the
main creek channel extends from 5lst Street to a junction with Bird
Creek north of 56th Street North. The channel is meandering and
has a slow, sluggish current due to a heavy growth of vegetation with-
in the channel and flood plain area. This results in retardation of flow
and widespread flooding. In many cases, the flooding is caused. not
by insufficient channel area and excessive runoff, but by under-
sized drainage structures carrying the flow under roads and streets.
The eastern half of the drainage shed is largely undeveloped with open
drainage channels. The west half of the shed is developed with new

residential, commerical, and light industrial areas.
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Detailed land-use description

To satisfy the basic requirements of model building, reliable de-
pendent and independent input variables must be assembled. Since
the main objective of this study is to relate, mathematically, dispersed
land pollution from storm water runoff to predictor land activity items,
it was necessary to know, in detail, exactly the various categories of
land use and other descripu:.. tems that note people activities upon
the drainage sheds along with the resultant pollutional concentrations.
To achieve the subobjective of numerical land-use data items within
each drainage shed investigated, use was made of the Tulsa Metropoli-
tan Area Planning Commission's (TMAPC) Land Activity File. The
Land Activity File consists of over 150, 000 parcel records and de-
scribes an area of 577 square miles.

The records are coded with various code numbers and stored on
magnetic tape. Data items are grouped into physical, social, and
economic data items. This grouping makes possible the systematic
collection and recording of the data items. The parcel number code
is used as the common file reference code. This code serves to
properly identify and locate land activity. The data file is organized
in ascending sequential parcel number order, and categorizes plan-
ning data of every parcel in three basic information levels: (1)
parcel information, (2) building and/or open space information, and

(3) establishment characteristics.
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To aggregate the parcels and summarize the land activity of each
drainage shed, each basin's boundary was delineated, and a drainage
shed computer retrieval program was written with the assistance of
TMAPC's staff and the City of Tulsa's Systems Department. The
boundaries of the drainage sheds were defined by the quarter section;
that is, the retrieval drainage boundaries corresponded to the true
ridge lines by the closest one quarter section. These boundaries
are logical since most of the basins were relatively large, and the
areas deleted or added tended to balance out. The stormwater drain-
age statistical planning areas as used on this project, with the
exception of the previously discussed divisions, are shown on Figure
3.

The results of this retrieval are summarized in Table 4 through
Table 7. Further insights into the character of the drainage sheds
investigated are presented in Figure 4 through Figure 6. These
figures represent, by drainage shed, the population per square mile,
dwelling units per square mile, and average household income per

square mile.

Detailed general sanitary conditions

The raw data input for the general sanitary conditions of the drain-
age sheds was obtained from the Tulsa City-County Health Department.
The data were summarized from a community block survey conducted

in 1968, The purpose of the survey was to determine general
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Shed
No.
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Drainage
Shed

New Block
Indian

21lst Street
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East
Mingo

TABLE 4

RESIDENTIAL LAND ACTIVITY

Single Fam.

Number
Units Ac.
2,301 660
182 25
4, 144 597
4,421 1,158
3,268 1,176
937 745
11,301 4,324
3,703 2,421
11,725 2,208
11,791 2,540
172 182
21,052 8,143

Two Fam.

Number

Units Ac.
97 7

48 3
898 63
303 28
75 11

2 2

100 18

4 0
1,215 90
884 77

0 0

499 76

Multi Fam.

Number
Units Ac.
424 22
193 5
3,006 41
328 29
66 6
66 40
1,191 58
10 66
1,468 61
1, 047 63
8 9
1,388 189

Group Living

Number
Units
0
2 0
234 8
16 8
0
0
178 46
0
5 0
23 )i
0
4 24

Ac.

0

.13
.74
. 06

0
0

. 00

0

.46

s

]

.00

Total Res.
Number
Units Ac.
2,823 689
425 33
8,282 709
5,068 1,223
3,409 1,193
1,005 787
12,770 4, 447
3,717 2,487
14,411 2,359
13,798 2,691
180 1l
22,943 8,134

Pop.
Total

8,372
951
20, 604
13, 300
10, 744
3,328
42,221
13, 805
40, 155
40, 827
676
79,078



TABLE 5

COMMERCIAL LAND ACTIVITY

Shed Drainage Retail & Personal Int. & Ext. Comm. Bus., & Pro. Services
No Shed Acres Est, Acres Est, Acres Est.
A 4 New Block 10. 54 27 5.12 6
A b Indian 9.93 111 1.09 5 6.40 49
A7 21st Street 57.25 196 2.53 18 30. 56 219
A 8 Crow 31.71 174 10.51 4 16. 84 73
A 9 Cherry 20,02 80 26.32 4 13,20 14
AloO Mooser 9. 85 20 2 7.95 5
All Joe 98. 88 258 169. 00 22 120.98 131
B 2 Flat Rock 64.91 43 23.97 6 12.12 10
B 3 Dirty Butter 48.71 350 7.51 14 12. 64 52
B 4 Coal West 55.73 285 11. 34 6 14.77 81
B 5 Coal East . 85 3 11. 84 3 19. 44 2
B 8 Mingo 249,72 404 151. 54 33 102.12 176



TABLE 5~ ~Continued

COMMERCIAL LAND ACTIVITY

Shed Drainage Local & Thru Hwy. Bus. Auto Sales & Serv. Business Serv. Total

No. Shed Acres Est. Acres Est. Acres Est. Acres Est.
A 4 New Block 5.31 14 6.85 12 .09 1 27.91 60
A6 Indian 3.41 34 9. 68 45 1.37 6 31.88 250
A7 21lst Street 25.74 169 57. 24 244 15.59 59 188.91 1205
A 8 Crow 9. 66 38 6.32 25 2.61 23 77.65 337
A9 Cherry 12.85 29 1.67 8 1.71 6 75. 77 141
AlO Mooser 29.21 39 4.79 7 4.93 1 56.73 74
All Joe 75.25 90 30. 61 14 3.30 15 498. 02 530
B 2 Flat Rock 34. 34 32 5. 34 6 .76 3 141. 44 100
B 3 Dirty Butter 34. 80 114 15.91 61 2.26 19 121.83 610
B 4 Coal West 36. 30 111 33.75 115 11.86 39 163.75 637
B 5 Coal East 1.53 5 33. 66 13
B 8 Mingo 228.59 257 111,96 119 60. 88 66 904. 81 1055



TABLE 6
INDUSTRIAL LAND ACTIVITY
Shed Drainage Low Limit Wholesale Substantial Hazard & Noxious Non-Manu- 'I'otall

No. Shed Nuisance Warehousing Nuisance Nuisance facturing
& Trucking

A 4 New Block 2.72 15. 43 0 35. 38 38.75 92 79

A 6 Indian 0 0 0 0 0 0
A7 21st Street 14.93 55. 65 0 34. 41 53. 14 158.13

A 8 Crow 0. 05 1.07 0 1.17 0.97 3.26

A 9 Cherry 7.00 113. 00 0 137. 00 181. 00 438. 00

A 10 Mooser 1.00 17. 00 4] 13. 00 27.00 58. 00 R

All Joe 9.81 24. 20 0 14. 96 137. 41 186. 38 o

B 2 Flat Rock 0 5.56 0 0 729.16 735.00

B 3 Dirty Butter 4,63 17.91 0 89.11 88. 05 199.70

B 4 Coal West 16. 91 71.62 0 96. G 60. 4] 245. 88

B 5 Coal East 10. 00 3.99 0 119. 28 3.49 136. 74

B 8 Mingo 22.19 259. 84 0 456. 03 615. 36 1353. 42

lTota.l includes land occupied by vacant industrial structures.
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PUBLIC, QUASI-PUBLIC,

Drainage
Shed

New Block
Indian
21st Street
Crow
Cherry
Moosecr
Joe

I'lat Rock
Dirty Butter
Coal West
Coal East
Mingo

Instit.

56
0
17
78
73
27
327
178
159
190
156
619

Trans.

14

80
23
71

X
182
27
101
702
1,029

TABLE 7

Open Space
& Recc.

151
0
19
40
61
71
518
72
112
57
643
113

Agri.

15

0

0

0

705
1,195
1,133
1,970
122
136
211
11,475

Unused
Space

82

37

88

35
800
323
554
1, 456
741
1,030
302
7,291

UTILITIES, OPEN SPACE, AGRI.,

Total

318
37
264
176
1,709
1,622
2,609
3,858
1,161
1,513
2,015
20,327

STREETS

Streects

252
104
1,236
437
424
676

1, 650
192
983
1, 631
23

4, 580

Total Acres
of Basin

1,380
206
2,560
1,920
3,840
3,200
9, 390
7,410
4, 840
6, 240
2, 400
35,800

>



FIGURE ¢
POPULATION PER SQUARE MILE - 1969
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FIGURE 5
DWELLING UNITS PER ACRE - 1969
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FIGURE &
AVERAGE HOUSEHOLD INCOME - 1969
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51
environmental conditions that existed in the community. An analysis
of the data resulting from this survey provides a method of locating
environmental conditions and stratifying areas into socioeconomic
classes, The environmental factors included in the survey were
land use; exterior housing quality; water supply; human waste dis~
posal; refuse storage; rubble accumulations; junked cars; dilapidated
sheds; vacant lot sanitation; presence of livestock, poultry, and dogs;
and poor drainage.

These environmental data items were summarized by drainage
sheds by adding block totals. Table 8 through Table 10 present the
accumulated block totals for each drainage shed.

To indicate the general environmental conditions of each drain-
age shed with one number, a procedure developed by Cleveland, et al.
was used. In a study of ''Storm Water Pollution From Urban Land
Activity' ( 18 ) a method was devised to weigh each of the general
sanitary data items and calculate an index of the environment. The

formula for calculating the index is as follows:

El = 2A+Iz+3c

Where:
EI = Environmental Index (dimensionless)

A = Total Housing Structures
G+2F +3P
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Note: G = No. of good houses
F = No. of fair houses
P = No. of poor houses

Total Vacant Lots
G+ 2F + 3P

B =

Note: G = No. of good vacant lots
F = No. of fair vacant lots
P = No. of poor vacant lots

C= Total Structures-Total Deficiencies
Total Structures

The total deficiencies include the sum total of refuse, burners,
rubble, lumber, old autos, poor sheds, livestock, poultry, and
privies. Factors A and B vary from a low of 0.33 to a high of
1.00; Factor C varies from a negative number to 1. 00. The
smaller EI's indicate poor environmental conditions, while the
larger EI's indicate good or excellent environmental conditions.

Applying this procedure to the data of Tables 8 through 10
resulted in the index presented in Table 11. The calculated EI's
ranged from a low of 0. 11 for Flat Rock drainage shed to a high

of 0.94 for Mooser drainage shed.



TABLE 8

STRUCTURE AND VACANT LOT CONDITIONS WITHIN EACH DRAINAGE SHED!

New Block
Indian

21st Street
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East
Mingo

lSourco:::

Good

2,152

222
3,160
3,812
3,002

430
11,872
3,926
7,048
10, 400

149
19,982

Unpublished Data, Tulsa City-County Health Department, 1968 Community Block Survey.

Fair

628
38
569
11
804
160
57
566
2,408
1,763
25
757

Housing
Poor

79
2
69

1
389
79
9
23
1,600
232
6
50

Total

2,859.

267
3,798
3,824
4, 195

669
11,938
4,515
11, 056
12, 395

180

20,789

Structures

Units Food
3,123 17
2,103 26
9,714 124
3,278 22
4, 383 17
865 3
14, 643 77
4, 522 37
12,172 130
12,913 124
180 1
22,264 176

Other Buildings

Other

83
191
1,106
32
210
32
295
132
852
678
18
915

Total Good
100 247
217 168
1,230 393
54 43
227 196
35 126
372 1,028
169 193
982 497
802 466
19 N. D,

1,091 3,584

Vacant Lots

Fair Poor
88 24
6 0
177 6
2 0
66 75
107 10
31 3
54 18
225 175
526 334
N.D. N.D.
168 59

Total

359
174
576
45
337
243
1,062
265
897
1,326
19
4,111

(S 1}
w



New Block
Indian
21st Street
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East
Mingo

TABLE 9

LLAND USE DEFICIENCIES WITHIN EACH DRAINAGE SHED

Refuse

1,038
23
683
289
2,085
201
818
1,213
5,550
3,916
65
2,779

Burners

999
11
246
278

1, 373
191
312
454
4,893
2,209
45

1, 480

Rubble

387

37

42
307
57

75
323
1,079
1,203
18
826

Lumber

Etc.

102
0

I

3
92
13
13
54
350
267

268

Old

Autos

122
0
24
24
81
45
21
189
472
486
15
493

Poor
Sheds

115
0
12
3
118
19
11
104
263
417

327

Drainage

Vessels

CONWOOOOO~O0OO

Privies

(==l e)

72
157

27
162

112

¥C



New Block
Indian
21st Street
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East
Mingo

ANIMALS WITHIN EACH DRAINAGE SHED

Livestock

Premises

1

N~NNooo®

15

17
79

169

Number

71
0

0

0
15
78
40
120
21
349
7

1, 584

TABLE 10

Poultry

Premises

=N 0o oW

—
(=)

19
83

36

Number

123
0

0

2
171
40
1
137
311
1, 275
10
829

Dogs
Controlled
0
3
11
0
0
0
3
0
40
5
2
0

Stray
38
11
37
26

100
447
257

179

(S]]
wm
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TABLE 11

ENVIRONMENTAL INDEX OF DRAINAGE SHEDS

Drainage Environmental Index
Shed (EX)
New Block 0.42
Indian 0.40
21st Street 0.48
Crow 0.65
Cherry 0.43
Mooser 0.94
Joe 0. 66
Flat Rock 0.11
Dirty Butter 0.56
Coal West 0.83
Coal East 0.81

Mingo 0.43



CHAPTER V

ANALYTICAL PROCEDURES
AND
MEASURES OF WATER POLLUTION

Laboratory and
Sampling Procedure

Chemical and bacteriological storm water runoff samples were
collected from twelve drainage sheds draining the larger part of
Urban Tulsa. The location of each sampling site and the area
drained is shown in Figure 2. Table 3 in Chapter IV is a listing of
the drainage sheds and identification code numbers.

The procedures used in collecting the runoff samples were as
follows:

(a) Each drainage shed was put into one of two groups. The
drainage sheds which drain to the Arkansas River were
placed in Group A. The drainage sheds which drain to
Bird Creek were noted as Group B. This division was
necessary due to the wide separation of the sampling sites.
Since the duration of most precipitation events in the Tulsa
area is relatively short, samples could not be taken at each

57
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of the twelve sites during the same event. Therefore, it
was necessary to collect samples from either Group A or
Group B during any specific event.

(b) Storm water runoff samples were collected at sites in
either Group A or Group B sometime after the rainfall
event started. Normally only one grab sample was collect~
ed at each site during an event.

(c) The samples were transported to the Tulsa City-County
Health Department, where the bacteriological and BOD
samples were prepared for analysis; chemical samples
were preserved and iced for shipment to the University of
Oklahoma at Norman, where the additional analyses were

performed.

All sampling storage and laboratory analytical procedures
followed ''Standard Methods for the Examination of Water and Waste
Water, Twelfth Edition" { 19 ). .

The parameters tested at the Tulsa City-County Health Depart-
ment were:

(a) total coliform (TC)
(b) fecal streptococcus (F. Strep.)
(c) biochemical oxygen demand (BODg)

(d) pH
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The Civil Engineering Department at the University of

Oklahoma, Norman, Oklahoma, analyzed the runoif samples for the
following parameters.

(2) chemical oxygen demand (COD)

(b) organic Kjeldahl nitrogen (ON)

(c) soluble orthophosphate (POy)

(d) total solids (TS}

(e) {fixed solids (FS)

(f) wvolatile solids (VS)

(g) chlorides (Cl)

Measures of Water Pollution
In water pollution control terminology, several classifications
of the above parameters are made for the specific pollutants. A
brief discussion of these calssifications is in order to fully under-

stand the dispersed pollutional "models' developed in a later chapter.

Organic

Biochemical oxygen demand (BODj3) is an index determined by
a laboratory procedure for measuring the amount of oxygen con-
sumed, in five days, by natural agents in stabilizing the organic
constituents in the water. It is an approximate estimate of the
oxygen that will be consumed in nature as the various organic

materials decompose. Untreated domestic sewage has 2 BODg on
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the order of 200 to 250 mg/l, while the effluents from good second-
ary treatment plants have values on the order of 25-30 mg/l.

Chemical oxygen demand (COD) measures the amount of oxygen
consumed under specified conditions in the oxidation of organic and
inorganic matter by dichromate. Recent modifications of the test
have resulted in greater accuracy. Chloride ions are known to
interfere, and, without the use of silver sulfate to remove them,
will cause appreciable error in analysis. Without the mercury
catalyst, compounds such as acetic acid are not oxidized. Another
characteristic of the dichromate oxidizing agent is that, without the
catalyst, a significant amount of cellulose is oxidized, although
cellulose is one of the most difficult compounds to biologically de-
grade. For the great majority or organics, oxidation of over 95%
is obtainable. On the other hand, it is well documented that com-
pounds such as pyridine, benzene, and ammonia are not recorded
by the test. Similarly, very small percentages of related straight
chain aliphatic and aromatic hydrocarbons are oxidized. Thus,
even by using one of the strongest oxdizing agents, a strong acid
medium, heat, and catalysts, some organic and inorganic com-

pounds escape analysis.

Nutrients
Both nitrogen and phosphorus are effective nutrients and are common-

ly found in water as nitrates and as dissolved or organic nitrogen, due
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to the decomposition of organic material. The presence of either
of these materials is usually indicative of decomposing organic
material in the stream, channel, or watershed, or of the direct
application of chemical fertilizers containing these materials to
land in the watershed, resulting in a high nutrient level of runoff.
The presence of these substances inexcessive concentrations con-
tributes to algae blooms and to the distortion of the ecological

balance of the receiving body of water.

Suspended solids include all particles so fine or so buoyant
that they are suspended in the stream. They may include both
particles which will settle following loss of stream velocity and
those which are either colloidal or at neutral buoyancy. These
solids may or may not be volatile in nature. The volatile solids
are generally composed of various organic substances, both
animal and vegetable in origin which are characterized by
putrescibility and eventual decomposition into simpler, stable
materials. Volatile solids of vegetable origin, may include vege-
tation such as leaves, grass, humus, discarded food, and organic
growths within the drainage channel. Animals contribute offal
and carcasses of various sizes and stages of decomposition.

Suspended solids which are not volatile are primarily soil, sand,
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silt, dust, and general surface debris. These solids primarily
are stable and inorganic in nature.

Dissolved solids may include various soluble minerals and
salts, as well as smaller quantities of other organic and inorgan-
ic materials which might be slightly soluble. Decomposition of
volatile suspended solids often produces soluble organic products.
Some dissolved materials are precipitated from the atmosphere
by rainfall and are dissolved before striking the ground.

As mentioned in Chapter II, none of the studies to date has made
a detailed investigation of the quantitative amounts of floating
solids. The existence of open drainage channels and storm water
retention ponds downstream from the closed storm water collection
system permits such objects as boards, tree branches, toys, paper,
plastics, etc. to enter the flow and contaminate the water. It may
well be that this source category may be the most significant solid

pollutional parameter.

Bacterial

It is common practice to test for presence of one of the fecal
bacteria and to use that strain as an indicator of fecal contamina-
tion. If such contamination is found to be present, it is considered
possible that pathogen might also be present. The type of fecal
bacteria used most widely as an indicator is the coliform (total)

group. Since coliform bacteria may be present in soil as well as
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humans and animals, interest has recently been generated in two
other groups (fecal coliforms and fecal streptococci) as better in-
dicators of pollution by warm-blooded animals. Traditionally,
only the total coliform group has been used in stream polluticn

investigations.

Miscellaneous

From the many parameters that could be considered under this
heading, the most significant, outside of toxic and persistent
chemicals, are chlorides, pH, oil, and grease. The main source
of chlorides from urban runoff is salt used to melt snow and ice
in the winter; this is, therefore, a seasonal parameter. High or
low pH's are caused by many things, but the most likely sources
which contribute to these conditions are varying soil types and
point sources of contaminants on industrial and commercial land.
Oil and grease more than likely can be traced to automobile-re-
lated sources on streets and alleys. Other possibilities may be
the indiscrimate use of the storm sewer system as a sink for
used oil from auto service centers and for used grease from restau-

rants.



CHAPTER VI

METHODOLOGY

This chapter discusses the selection, employment, and justifica-
tion of certain procedures and techniques used in the course s
analyzing the collected raw data. Two sections are presented, the
first containing the statistical tools employed and the second the
engineering procedures. For more detailed discussions and examgles
of use of methodology, reference should be made to the books,

periodicals, and articles cited.

Correlation Coefficients

The techniques that have been developed to provide measures of
the degree of association between variables are known as ccrrelation
methods (20). When an analysis is performed to determine the amount
of correlation, it is referred to as a correlaticn analysis. The re-
sulting measure of correlation is usually called a correlation
coefficient (R). The concept of correlaiion is closely related to the
concept of regression. Correlation coefficients measure how well
a regression equation fits the data; they are related to the standard
error of estimate, which measures the dispersion of the points zbout

64



the regression curve.

Correlation coefficients have several desirable characteristics:

(2) They are large when the degree of association is high
and small when the degree of association is lew.
(b) They are independent of the units in which the var:izbles:
are measured.

{¢} Their numerical values always lie between -1 arnd ~..
If R = O, then there is no linear association between the
variables.

One of the greatest potential trouble spots in correlatior zralysis
is the use of an inappropriate measure of correlaticn. For example.
sometimes one may have R=0 for a set of data, thus indicating nc
linear association, but if the true relationship was actually logzritk-

mic, there would be perfect association. Also, a simple correlzticn

of the common relationships with another variable but not beczuse of
a relationship between each other.

If one is dealing with more than two variables at a time, the par-
tial correlation coefficient is used as a measure of linearity between
observations of two variables with other variables held constant. The
partial coefficient removes the influence of the other variables.

The correlation coefficient between two random variables x and y

following some unknown bivariate distribution is defined as:
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Roe 22Xy

—
w

[z (zy2)]

Where:
Zxy = covariance (x, y)

Sx? = variance (x)

Zyz = variance (y)

A partial correlation coefficient in terms of simple correlaticn
coerticients:is expressed as follows:

R12-R13Rp3 :
R12:3 = Rp1.3 = - 4

[a-r}3) (1-r3,]"

where the subscripts refer to the three partial cowxrelation ccefficients
of Xy X3, and X 3. Here Ryp.3 is attempting to measure the corre-
lation coefficients determining the correlation between x; and x..
Correlation coefficients were used as one of the procedures for
selecting the most important input independent variables. Only those
"
variables which significantly explained the variation in the dependent
variables of pollutant concentrations and loads were selected. Corre-
lation coefficients also were used to indicate which independent
variables had a high correlation between their respective values;

therefore, the inclusion of either variable in the regression equation

would give similar parameter values.
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in any attempt to establish relationships betwesn & dependent
variable and several independent variables by the use of multiple
regression analysis, it is desirable to reduce the number of in-
dependent variables to be used in the models to 2 minimum. Ti=
usual method of accomplishing this feat is by choosing the mcst
significant variables by correlation analysis or step-wise regres-
sion analysis. Neither riethod guarantees to give variables
which are independent of each other.

The principal component technique can be used specifically tc
examine the existing interrelationships and redundancies among
many factors which theoretically could be associated with variztions
in the dependent variables. In general, the principal component
method of analysis is a statistical factor analysis technique whick
aids in summarizing the general patterns of association ameng
variables on the basis of their intercorrelations. While the alge-
bra of component analysis is somewhat complicated. the technique
is generally the extension into n dimensions of an examination of
the extent to which vectors representing measurable characteristics
tend to cluster when examined for several observations. Highly
interrelated characteristics will tend to cluster together while
unrelated characteristics will be at right angles to one another.

Algebraically, these clusters are set forth as factors or linear com-
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binations of the original variables which explain the maximum
possible amount of variations present, given that the variables
are combined on a linear basis.

Factor analysis is a method that takes the information con-
tained in the correlation matrix and rearranges the data to
present it in a manner that better explains the structure of (ke
underlying system that produced the observations. As menticned
earlier, a correlation coefficient is 2 measure of explained variance.
In regression analysis, it is a measure of the proportion of variance
of one variable that is explained by its relation to another variable.
Therefore, the correlation coefficient matrix is a measure of how
well the variance of each constituent can be explained by relaticn-
ships with each of the others.

Factor analysis takes the explained variance in the correlation
matrix and redistributes it among a set of factors that reveal the
linear combinations of the original variables. Each factor is made
up of various proportions of the individual constituents. The factors
themself are variables that can only be estimated in terms of the
original variables.

The first step in factor analysis is to find the principal components
(eigenvectors) of the correlation matrix. The principal components
are similar to the factors in that they are linear combinations of the

variables. The first principal component is defined as the combina-
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tion of the variables that explains the greatest possible amount of
the variances and covariances in the correlation matrix, The
second principal component is chosen as an independent ccmbina-~
tion of the variables which then explains as much as possible of the
remaining covariance, and so forth. By this method, as many
principal components can be derived as there are variables. and
the covariance explained by all the principal componernts is pre-
cisely the covariance explained in the original correlation matrix.
Each principal component is by definition independent of all other
principal components. Therefore, if the principal components are
considered as new variables, they represent a set of uncorrelated
(independent) variables.

Factor analysis then derives from the principal components 2
set of factors of as simple structure as possible to explain the
interrelations of the original variables. Thus, a general faccor
either does or does not include a particular variable.

The most recent uses of factor analysis have been employed by
the Tennessee Valley Authority (21) in the field of hydrology; Dawdy,
et al. (22) in the field of water quality; and Saunders {23} in the field
of water resources.

The theoretical aspects and algebraic development of component
analysis and factor analysis can be found in references {24, 25).

These aspects are beyond the scope of this report.
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Multiple Regression

An extensive amount of mathematical and statistical theory has
been developed using multiple linear equations. Numerous zuthors
can be referenced, but only two {26, 27) are cited here to explzin
the theory and mathematics.

The linear model is an equation that involves deperndent and in-
dependent varizbles; the equation is linear in the random varizkles.
The problem of developing the best equation to a set of dependent
and independent variables can be accomplished by the least-squares
principle {33). For any multiple linear model, least-squares mini-
mizes the residual sum of squares and provides an unbiased. lirear
estimate with minimum variance of the parameters.

The form of the equations used in this study is as follows:

{91}
e

Yi=BO+Ble+B2X2+.....Bka-i-e '

where: Bo = a constant {in simple regression analysis it is the
intercept of x on the y axisj.
B;={i=1. . .k) regression coefficients which weigh

the independent variables as to their importance.
Y; = dependent variables of pollutant concentrations or
pollutant loads.
X;={i=1. . .Kk)independent variables of land use or

precipitation.
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e = the residual term.
For a review of the derivation of the distribution of pertirnent
statistics needed for estimation of the parameters in this model,
for testing hypotheses about them, and for the necessary assump-
tions, see Johnston (28).
In some instances in multiple regression aralysis, it is in-
appropriate to fit data to a linear relationship. In such cases. the
two possibilities are to try an appropriate nonlinear {it or else
try to make an initial transformation of the data such that the relztion-
ship between the transformed data is almost linear and the principle
of least-squares can be applied. The transformations most commonly
used to reduce complex models to linear ones are the logarithmic and
the reciprocal. In this study, only logarithmic transformations were

used.

Selection of Best Equations
In multiple linear regression analysis, the selection of the best
equations from a group of several involves the use of statistical tests
of significance and rational judgement. Strictly following statistical
results and tests, regression equations with the largest coefficients
of multiple correlation should be chosen. However, due to errors in
some data and to unexplained effects, logical judgment should also be

employed in selecting the best usable equations. Equations which give
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the best explanations are preferred. In this study, statistical results
were used as much as possible within the limitations of rational judg-
ment.

The square of the multiple correlation coefficient or the coeffi-
cient of multiple determination (RZ), the ratio of the sum of squares
due to the regression to the total sum of squares, is one possible
criterion for selection of the best equation. When one uses the same
data to compute several forms of linear equations, the procedure for
selecting the form that fits ""best'' is to choose the form which gives
the highest coefficient of determination, RZ, or the highest R, the
coefficient of multiple correlation. However, the significance can be
misleading. This is possible particularly when only a small number
of observations are used in computing the parameters of an equation.
The increase in the value of R? may be influenced more by the in-
crease in the number of independent variables rather than the related
explanation contributed by the variables. The addition of another
variable to a regression equation will either cause the sum of squares
to increase or remain the same.

Draper and Smith (27) have indicated that, if a set of observations
on a dependent variable has only four different values, a four para-
meter model will provide a perfect fit. Since this study only sampled
twelve separate drainage basins (this corresponds to twelve observa-

tions if annual average values of pollutant concentrations are used),
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large RZ values must not be overemphasized.

The standard error of estimate is defined as the square root
of the residual mean square. It takes into consideration the degrees
of ireedom of the residual and, therefore, is also used as an index
for evaluating alternative regression equations. The standard ¢rror
of estimate does not give a measure of the proportion of the varia-
tion in the dependent variable which can be explained by, or is
associated with, variation in the independent factor. The standard
error of estimate is indicative of the closeness with which estimated
values of the dependent variable agree with the original values which
are used to determine regression coefficients.

Either the standard error of estimate or the multiple correlation
coefficient can be used as the test criterion for selecting the best
equation if one has determined which set of independent variables
provides the best fit. Both criteria provide a comparison of the
residual variation for each set of independent variables with the
same standard deviation.

A significant F-value, the ratio of the regression mean square
to the residual mean square, indicates that the regression coeffi-
cients explain more of the variation in the data than expected by
chance alone, under identical conditions, a certain percentage of
time. A reference to the work of J. M. Wetz made by Draper and

Smith (30) suggests that an equation should be regarded as a
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satisfactory predictor if the observed F-ratio should exceed by

about four times the selected percentage point of the F-distribu-

tion. It must be remembered that a necessary condit:on for the
F-test is that the residuals be normally distributed. However,
normal distribution of the residuals is not a necessary condition

for regression analysis. Although the square of the multiple corre-
lation coefficient was the chief criterion {or the selection of the "best"
equations in this study, the F-test was uscd whenever a high R2 value
could be attributed primarily to the inclusion of a large number of

variables in a regression equation.

Procedures for Estimating Runoff Volumes

Since no flow measurement was taken in thlsvproject, an estima-
tion of the volumes of stormwater runoff from urban Tulsa had to be
made to calculate the pollutional loads. The method selected for use
was the triangular hydrograph procedure (31). The details of the pro-
cedures and the calculated runoff volumes can be found in Appendix A.

The input precipitation amounts for use in the calculations were
obtained from six rain gages located in the Tulsa urban area. One
is the official United States Weather Bureau's gage located at the
Tulsa International Airport in the northeast part of the city. The
other five are maintained by cthe City of Tulsa in various parts of

the city. All are of the recording type. The locations of these
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gages were utilized in calculating the runoff volumes from the
various test basins. An attempt was made to use the Thiessen
Polygon Method (32) to determine the average amount of precipita-
tion over the basins, but in most cases each basin was completzly
within the Polygon area. Therefore, each test basin was assigred

the gage at the center of the appropriate polygon.

Procedures for Estimating Pollutional Loads

The pollutional loads from the test drainage basins were estima-
ted by use of the relationships (Equation No. 1 and 2) presented
in Chapter III. The results of these estimations give the expected
average seasonal dispersed pollutional loads for 1967 and 1968.
These two years of record represent almost normal rainfall amounts.
The normal rainfall in the Tulsa area is 37.08 inches, whereas
1967 recorded 36. 91 inches and 1968 recorded 35.78 inches. There-
fore, it is felt by this author that the estimated loads are representa-
tive and can be considered a good approximation of the average yearly
loads.

These seasonal loads provided two years of input data for the

development of the regression equations.



CHAPTER VII

RESULTS OF THE ANALYSES OF THE DATA

21

in the previcus chapters, discussions were presented on madel

les, and the collection of

requirements, available input predicicr variab
the necessary output polluticnal parameters, This < apter presents the
results of the analyses made on the data. The first section is a summary
of the laboratery analytical results of urban runcff water quality :zund
from the twelve drainage basins. The second and third sections

present the results of the correlation and component analyses,

respectively, The last two sections discuss the dispersed poliutional

regression equations developed from the data collected on this proiecz:.

Average Concentrations and Loads
Throughout the sampling and testing pericd, the labcratory
analytical results, after discarding the unreliable data, were trans-
ferred to a master log. Preparation of the raw data into usable form
involved calculating seascnal means and standard deviations fer each
test drainage basin. Thesc averages provided twe years of input values
for the dependent variables on a quarterly basis. These seasonal

75



averages for each test basin are present.d in Table 35 in Apperdls C.

4]

The - ¢ ¢ nal bacterial counts definitely sn-wved a scasonal
variatien. As oze would expect, fhe summer and 731l e ometric mein
concentrations were the highest, The ranges of geomenric mears ior

cach season from the twelve drainage basirs were:

Range (1000 counts/100 mi)

Season Total Coliform  Fecal Strep.
Fall 35- 1,400 .05 -510
Winter 2- 570 .02 7
Sprirg Z8- 5,000 .C0h-420C
Summer 43-20,000 .39 -170

Except for Flat Rock Basin, it is interesting to nete from Tablie 35

that the highest bacterial densities for each season did not oriy:
from the same basin, The only logical explanation of this firainyg is
that the sources of bacterial contaminants within each basin change
from season to season. This kind of happening further compeunds the
problems of urbkan pollutional modeling.

Also, ancther important finding was that almost all avera: o, as
well as many individual samples, exceeded the State of Oklahoma's
bacterial standard for water contact sports. Therefcre, the capiure
and use of urban runoff as a source of recreatioral water presents
problems which must be investigated very closely.

The crganic pollutioral parame'c: = did not exhibit the same

seasonal v ariations as did the bacterial parameters. In fact, the

biological oxygen demand of the constituents cf urban stcrm water did
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not show any significant seasonal variation. The range of concentra-
tion from all basins and all seasons was from a low of 2 mg/l to a
high of 20 mg/l. The maximum average value of 20 mg/l was found
in the summer from the Crow Creek watershed.

From the data it appears that a more meaningful and perhaps a
more accurate measurement of organic constituents of urban runoff
is the chemical oxygen demand (COD) test. Measurement of greater
quantities of the oxidizable compounds can be accomplished by this
method. For the great majority or organics, oxidation of over 95
percent is obtainable in the test period of two hours.

Because compounds such as pyridine, benzene, and ammonia are
not recorded by the test and because very small percentages of related
straight-chain aliphatics and aromatic hydrocarbons are oxidized,
some problems arise.

In this investigation, the seasonal range of COD concentrations

varied as below:

Season Range (mg/1)
Fall 15- 99
Winter 24- 94
Spring 32-101
Summer 20- 74

It must be remembered that the above values are seasonal
averages by drainage basin. They do not represent the recorded
maximum or minimum individual values found from the twelve test

sheds.



orthophosphate showed very iitle if any seascral variation. The

average valus for orgarnic Kje!- hlritrogsn was 4.4 mg/l. This

average was based on samples ccllzcted frem the 21s% Street drairage
shed in the sprirg months.

concentration (5.5 myg/l), cn the ethsr hzad, was frund from th-

The highest average scluble orthophespraze:

Fall 0.7G-3.65 1.27-2.¢5
Winter 1.02-2.85 1.05-5.51
Spring 1.20-4.42 0.72-5,42
Summer 0.67-2.34 1.13-2,63
One important finding arising frcm the review ci the average

scliés concentrations wis the La2t T the basins whkick were undar

extensive land develcpment had the hizhest valuas., This is what oo

would expect, since scil ercsion Irom the cozstruction activities has
long been a preblem iz urban areas. Cherry drainage basin had the

highest average sclid

~ A
SOl

s

(fall and winter) the valu

ralues can be
attributed to soil erosion irom the mai: chenncl banks. During the test
period, the channel was bzing improvad by the Corps of Engineers and

the barks were very unsiable due zc the heavy cuts. The ranges of the
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average total solids concentrations were:

Season Range (mg/1)
Fall 309-3,100
Winter 430-1,400
Spring 540-1, 800
Summer 320-1, 000

All of the minimum solid values were found from drainage sheds
which were fully developed.

The arithmetic averages and standard deviations of all twelve
drainage sheds taken together are present in Table 12. It should be
noted that many of the parameters do not show significant variations
between seasons of the year. Also, many of the parameters have nigh
standard deviations, indicating the extreme variation found between the
test drainage basins.

The calculated pollutional loadings by total area and by the street
area are presented in Table 13 and Table 14, respectively. These
tables summarize the seasonal pollutional loadings by categories with
the maximum and minimum values along with the arithmetic average of
all test basins taken tcgether. These tables can be used to obtain a
first order estimate of an expected range in the various pollutional
loadings. Included in the tables are the number of events and the
total amount of precipitation that produced the calculated loadings. The
loadings, if used in areas of completely different precipitation charac-
teristics, can be adjusted accordingly. Table 13, which is a summary

of the pollutant loadings in pounds per acre per season, is based on the
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total area of the drainage basins. Table 14 zan be used likewise when
only the street area is known. It is felt by the author that the "street

area' method is the more reliable of the two alternate methods.

Correlation Coefficients

To find the best possible independent variables to use in the
regression equations for each pollutional parameter, correlation
analyses were run using several sets of data, The tables which fcllcw
present the results of these analyses.

The correlation coefficients which resulted from twe sets of land
use input data along with the dependent variables are tabulated in
Table 15, The first run was made using six land use variables in
acres; the second run used the same land use variables, but with the
unit of input converted to percentages. It should be noted that several
land use categories were combined in a logical manner to provide the
six variables.

Commercial and institutional land were combined into one calegory
because the land use classified as institutional includes schools,
churches, and other activities which are much akin to commercial
activity.

Transportational land activity was grouped with open space and
agriculture because the transportational category included land devoted
to easement for sanitary sewers, storm sewers, power transmission

lines, etc.



Pollution
Parameter

T. Col. (number/100 mi)
F. Col, (number/100 ml)
BODs (mg/1)

COD (mg/1)
ON (mg/1)
POy (mg/l)
TS (mg/l)
FS (mg/l)
VS (mg/l)

403, 000

TABLLE 12

PARAMETER MEANS BY SEASON

AVERAGE! AND STANDARD DEVIATION OF DRAINAGE BASIN'S

Summer

Mcan

Std.
Dev.

1, 620,000 3, 850,000 5,490,000

Fall Winter Spring
Std. Std, Std,
Mean Dev, Mcan Dev. Mean Dev,
476,000 143,000 200,000 704,000

87,000 167,000 1, 660 2,220 54, 000 138, 000
6.7 2,1 6.0 3.7 8.1 4.1
32 22 52 22 65 26
1.44 0.82 1.68 0,57 2.00 0.96
2,31 0.56 2,41 1,50 1,73 1,44
770 708 725 316 1,029 382
527 682 <95 279 552 289
243 107 230 69 477 149

64, 000
8,6

44
1,48
1.69
671
349
322

1
All parameters arc arithmetic averages of all twelve drainage basins calculated from data
collected in 1967 through 1969 except total coliform and fecal streptococcus, which are

arithmetic averages of the geometric means.

presented in Table 35 on page 173,

These means were calculated from data

58, 000
5.9

16

0.59
0.71
283

159

160

Z8



TABLE 13

SUMMARY OF AVERAGE STORMWATER POLLUTANT LOADINGS BY SEASON

Parameter

BODg

CcOD

ON

PO,

Total Solids

(LOADING PER TOTAL AREA) AVERAGE 1967-1968

Scason

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summenr

Fall
Winter
Spring
Summer

Iall
Winter
Spring
Summer

Pounds/Acre/Season

Min.

13.

19.

el NeNol

[« el

1
1
6
3

— - N

s O o ®

Ul = W0

.36

.31
.76

. 82
.58
.93
.99

62
45
70
15

Avg.

25.
30.
83.
42.

—_— N O

_— N o~ =

.3

- W

SV WwWw

.17

82

. 40

.83
. 44
. 88
. 64

584
408
1248
615

Max.

11.
11,
30.
24.

- &

67. 4

2.86
2.10
8.33
2.68

3.11
3.57
10. 21

2446

759
1855
1139

Precipitation
Inches

NV o N v o NN O ~ NN O

NN NO

No. of Events

Over 0.1 Inch

10

9
19
14

10

9
19
14

10

9
19
14

10

9
19
14

10

9
19
14



TABLE 14

SUMMARY OF AVERAGE STORMWATER POLLUTANT LOADINGS BY SEASON

Parameter

BODg

COD

ON

PO,

Total Solids

(LOADINGS PER STREET AREA) AVERAGE 1967-1968

Season

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring

Summer

Pounds/Acre/Scason

Min.

o] p—
o] o
NSO w - SN N -

N O
el
[\

.33
. 06
.99
.95

p— — — p—

445
439
1117
536

Avg.

9.7
6.4
22.2
15. 4

44,5
55.3
155.8

3

N =N
ot
—

37
56
.03
.03

w N W

1051

766
2400
1188

Max.

17,
15,
44,
40,

— Ul e e

127.6
101.7
280. 6
123. 4

4001
1150
3965
2009

Precipitation
Inches

~N NV o N NN O

VN O ~ oo

~N NNV Oo

No. of Events
Over 0.1 Inch

10

9
19
14

10

9
19
14

10

9
19
14

10

9
19
14

10

9
19
14
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None of the correlation coefficients found as a result of the two
analyses tabulated in Table 15 are extremely high; neither are most
of them significant. In some cases. :ncrezses were noted when the
input data were changed to percentages. whereas, in other cases,
the values were lower.

The predominantly low correlatien coefficients [ound in Table
15 indicate that categories of land use act:t.iv are not the main under-
lying factors that cause the varying concentrations of storm water
pollutants. This conclusion seems reasonable. since, for example,
residential land in a high socioeconcmic area will have completely
different environmental conditions than residential land in a low
socloecoromic area-

Some of the highest correlation coefficients fcr the percentages
of land use are exhibited by the BOD concentrations. The BOD is
correlated with both the percentage of commercial and institutional
land and the percentage of streets, but has a negative correlation with
the percentage of unused space. It is interesting to note that the
signs of the correlation coefficients for the solids parameter’s are.
in almost all cases, opposite to the signs for BOD and COD, an in-
dication that different types of land use mav have quite opposite
eifects on different individual pollutants. In addition, several of the
highest correlation coefficients are the ones between the solids

parameters and the industrial and unused space categories. The



Paramecter

T. Coliform:

F. Strep.
BOD g5
COD

ON

POy

T. Solids
. Solids

V. Solids

TABLI 15

CORRELATION COEFFICIENTS--LAND USE (ACRES AND PERCENT)
VS. PARAMETER CONCENTRATION

Unit

Acres
%
Acres
%
Acres
%
Acres
%
Acres
%
Acres
%
Acres
%
Acres
)
Acres

%

Residential

-0.
-0.
-0.
-0.
-0.
0.
-0.
0.
-0.
-0,
-0,
0.
0.
-0.
0.
-0.
0.
-0.

351
209
174
228
434
036
090
160
442
303
345
002
551
084
422
oll
732
252

Comm.
& Inst,

-0.
0.
-0.
-0.
-0.
0.
. 098
0.
-0.
0.
-0.
0.
0.
-0.
0.
-0.
0.
-0.

-0

251
265
206
265
310
621

053
361
161
291
000
491
566
345
619
731
268

Industrial

-0.
0.
0.
0.
-0.
-0.
-0.
0.
-0.
0
-0.

o

[=NeleoNoNe ol

159
185
130
254
511
401
142
220
139

. 500

147

. 535
. 662
. 530
.573
.593
. 706
. 213

Trans., Open
Space, Ag.
-0.
-0.
-0.
0.
-0.
-0.
. 288
. 454
. 265
. 182
. 260)
.21
. 465
. 292
. 363
. 282
. 601
. 233

249
106
030
426
348
325

Unused

-0.
-0
-0.
0.
-0.
-0.
-0.
~0.
-0.
-0.
~-0.
-0.

[« NeloloNo o)

258
355
081
124
428
711
174
045
241
065
231
246

. 492
. 576
. 386
.532
. 629
. 526

Streets

-0.
0.
-0.
-0.
-0.
0.
0.
0.
-0.
0.
-0.
0.
0.
-0.

0.

-0.

0.
-0.

173
410
339
355
252
646
0606
363
212
427
161
256
381
533
236
582
653
255



unused space category 1s :ndicative of developing areas which have
large amounts of construction activity with its associated land dis-
turbance and soil eros:on.

The correlation coefficients derived by correlating the pollutional
parameters with the environmental conc:tions have values similar to
those of land use. Manv of the values are extremely low. As would
be expected, the coefficients for the bacrir:zl and organic parameters
agzinst the number ¢f good structures arw regative. Unexpecredly,
regative values were found correlating the bacterial parameters with
the percentage of pcor housing and with each category of parcel
deficiencies. These correlation coefficients can be found in Table
16.

As previously discussed 1n Chapter IV, ali of the independent
environmental variables were weighted and combined in such a
manrner as to provide an envircrnmental index of each drainage shed.
This ore value was used in the regression equations developed and
presented in a later section of this chapter. It was concluded after
reviewing the results of the correlation coeflicients of Tables 15 and
16, that other land use variables would provide more meaningful
relationships than those describing envirenmental conditions and
categories of land activity. The more common variables and those
more easily obtainable are presented in Table 17 in the form of an

independent variable correlation matrix. The matrix indicates which
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independent variables are highly correlzted among themselves.

The choice of either of two highly correlated independent variables
will result in a similar relationship; there 1< no need to include two
variables in a regression equation which arce highlv correlated with
each other. As can be noted from Tabic 17, the total population of a
watershed is highly correlated with the number of household un:ts and
the street area. This is what one would ¢(xpect, since the number of
household units 1s a direct positive funci:icr of the population. Another
interesting, and not unexpected finding, was the extremely high coeffi-
cient between the street arca and the total commercial area.

The environmental 1ndex (X |}? exhibits the highest correlation
with residential densitv (X43. The value is negative. showing that as
the density of people increases, there 1s a degradation of the general
sanitary conditions of the area. Of course, this relationship does not
always hold, since many expensive high-rise aparfment house com-
plexes utilize the ''cluster' concept of land planning with a high popu-
lation density and a correspondingly high environmental index.
Associated with residential density must be an additional variable
that describes the property value or some other measure of land parcel
cleanness.

To investigate what possible relationships existed between the
dependent variables, a correlation analysis was run using the

measured values of the pollutional parameters as the input. This



Parameter
T, Col.
', Strep.
BODg
COD

ON

PO4

TS

s

VS

TABLE 16

CORRELATION COEFFICIENTS--ENVIRONMENTAL CONDITIONS
VS. PARAMETER CONCENTRATIONS

Refuse Burner Rubble Poor Livestock Poultry

% Good % Fair % Poor Def, / Def. / Def. / Sheds/ per per

Housing Housing Housing Acre Acre Acre Acre Acre Acre
-0.012 0,127 -0.179 -0. 139 ~0.214 -0.228 ~-0.228 -0. 244 -0. 247
-0.033 0. 087 -0.061 -0. 404 -0. 385 -0, 347 -0. 350 ~0. 209 -0. 370
0. 307 -0. 261 -0.329 -0.437 -0.420 -0. 483 -0, 504 -0.530 -0.473
-0, 348 0. 280 0. 400 0. 614 0. 486 0, 304 0. 280 -0.028 0. 365
-0. 352 0. 486 0.070 0.139 0. 048 0,075 0. 145 -0.003 0.085
-0, 341 0. 488 0. 041 0. 382 0. 334 0.418 0. 467 0. 322 0.206
0.018 -0.128 0.165 -0. 023 -0.093 -0.163 -0.105 " -0.131 0.115
-0, 066 -0.035 0.221 0.034 -0.014 -0.078 -0.019 -0.084 0.137
0. 233 -0. 332 -0.029 -0.164 -0.271 -0. 337 -0. 297 -0.214 0.025

68



TABLE 17

INDEPENDENT VARIABLE CORRELATION MATRIX

Sym.

No.
House- No. Total Comm. Est.
Pop. hold Res. Comm. Comm. Comm. per Street %
Pop. Density Units Density Est. Density Acres Comm. Acre Area  Streets El
(X)) (X)) (X3 (Xp  (Xg) (%) (X7)  (Xg) (Xg) (X, (X))
1.000 0.141 0.990 -0.095 0.730 -0.271 0.891 -0.123 0.932 -0.102 -0.050
1.000 0. 256 0.586 0.469 0.265 -0.146 0.691 -0.002 0.637 0.102
1.000 -0.023 0.779 -0. 247 0.832 -0.032 0.899 -0.033 -0.019
1.000 0. 442 0.879 -0.165 0. 915 -0.084 0.934 -0.224
1. 000 0.123 0.637 0.369 0.737 0.439 -0.058
1. 000 -0.212 0.828 -0. 205 0.824 -0.218
1.000 -0.284 0.944 -0.145 -0.128
1.000 -0.157 0.902 -0.104
1.000 -0.034 0.006
1.000 0.010
1. 000
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analysis resulted in r.o important findings. The highest relationships
were between total solids and fixed solids. Tc a lesser degree, a
positive relationship was found between the BODg and COD param-ters.

Table 18 presents the dependent variable correlation matrix.

Factcr Analysis

It has been suggested by Wallis (33) that factor analysis, if used
in the classical manner, will never be of great value for hydroicgic
analysis. However, factor analysis can be used as a numerical
procedure for screening a large number of variables and building
effective regression equations. In general, factor analysis can
accomplish two purposes:

()  reduce the number of variables by expressing them irn terms
of a relatively small number of linearly independent factors;
and

(b}  identify the underlying factors that operate to produce
significant effects.

Factor analysis does not provide a functional fitting or an
equation, because there is no dependent variate as such. However, it
does provide the basis on which to build a medel using the best
combination of available variables.

Wallis stated in his paper that because of the special nature of
hydrologic data, there appears to be little justification for hydrologists

to use classical factor analysis. He pointed out that hydrologic data



Symbol

Tctal
Coliform

(Y1)

1.000

TABLF 18

DIPENDENT VARIABLE CORRELATION MATRIX

I'ccal

Strep.

(Yy)
. 439

1.000

BOD
(Y3)

. 149
.207

1,000

CcCOD
(Y
-.028
.088
. 602

1.000

ON
(Yg)
-.086
-, 105
. 280
. 420

1.000

PO,
(Yg)

.017
-.008
.022
. 149

.401

1.000

Volatile
Solids

(Y7)
-.069
.032
.073
. 161
. 351
. 115

1,000

Fixed
Solids

(Yg)
-, 137
-.093
-.173

. 130

.071

L, 161

. 147

1,000

Total
Solids

(Yg)
-. 147
-.063
. 105
.178
. 224
. 182
. 609
. 867

1.000
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are different from psychological data in two important respects,
which are:

-

(a)  in hydrology, the data arw sarul; lat,- .ri w0

ya

taken from a homogeneous population; and

(b) measurement errors on hydrologic variables tend o b=

much smaller than those in typical psychometric siudi- ..

To apply classical factor analysis to hydrologic data, i*is
necessary either to define the factors in nonmetric terms or to celine
the factors in terms of the variables,and accept the idea that
factorial invariance cannot be obtained.

Dawdy and Feth (22) and the T. V. A. (21) suggested that »i" =
hydrologic data are so rarely a random sample of a homogenecu~
population, classical factor analysis of hydrologic data will most
likely be unproductive. They further suggested that the m« s
successful use of factor analysis, if used intelligently, might lead to
decision rules that reduce inventory and survey costs for specifiz
areas and problems.

Factor analysis, or the principal component technique, as it is
sometimes referred to, was used specifically in this project to
examine the existing interrelationships and redundancies among the
many variables which theoretically could be associated with variations
in urban runoff pollutional concentraticns and loads. Therefore, the

object of the procedure used was to obtain a subset of predictor
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variables that had approximately the same apparent rarnk as the %= i-
set of predictor variables.

All computations necessary for calculating the cigenvalues zra
rotated factors, as well as the necessary input correlation matriv,
were performed utilizing an IBM 360 Model 30 computer. The
scientific subroutines used for calculations can be referenced =

System/360 Scientific Subroutine Package (360A-CM-03X) Vezsinz Il1

Programmers Manual.

The factor analysis program consisted of the main routire ramed
FACTO, a special input subroutine named DATA, and five subrcuines:
CORRE, EIGEN, TRACE, LOAD, and YARMX. The output o "~
program included: means, standard deviations, correlation
coefficients, eigenvalues, cumulative percentage of eigenvalues,
eigenvectors, the iticter matr.y, ~r< rolatva fu.tors,

In general the program resulted in a principal component sciuticn
and the varimax rotation of the factor matrix. As mentioned ir.
Chapter VI, principal component analysis is used to determine ‘he
minimum number of independent dimensions needed to account fcr
most of the variance in the original set of variables. The varimax
rotation is used to simplify factors rather than variables of the faci oz
matrix.

Presented in Table 19 are summary results of one of the

preliminary factor analysis runs. The first three columns are the



first three eigenvectors derived {rom the correlation matrix.  The
second three columns are the rofated izv:ars which were derived from

the principal components {eigenvectors.. A+ car be observed, 24 land

—
[o]

use variables were arnzlvzed. The sample s:ze {or the run shown 1s
12 observations (the twelve dra:rage basins 1ested in this studyj. Only
the first three principal componernts and vo'u-ed factors are shown,
because onlv those three had sizeable coitficients.

Thke first principal comporernt expli.ned 36 percent of the
covariance. The cumulstive percentages of the second and third
components were 53 percent and »9 percent respectively. The columns
of figures {lst. 2nd. and 3rd) presented in Table 19 are called factor
loadings. Techricaliv. factor loadings are the coeificients of each
varizble in a lincar combination of all variables :n the analysis. The
coefficients represent the degree of association between the individual
variables and the total combination of variables. and are also some-
times referred to as factors, characteristic vectors, eigenvectors, or
componernts. Each characteristic vector or component represents an
independent dimerns:on of the total variation of all variables in the
analysis. A factor lozding mav be interpreted as an ordinal measure
of the degree to which each varizble is involved in each component, or
cluster of variables.

For example, in Table 19. multi-familv housing. commercial

use groups 1, 4, 5, and 6, and total commercial use have the highest
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TABLE 19

PRINCIPAL COMPONENTS (EIGENVECTORS) AND ROTATED FACTOR
MATRIX DERIVED FROM TWENTY-FCOUR LAND USE VARIABLES

Variable Percent Ist 2nd 3rd Ist 2nd 3rd

Single Family 0.003 0.475 -0.011! -0.324 0.904 0.183
Two Family 0.231 0.087 -0.181 0.574 0.501 0.074
Multi-Family 0.290 0.001 -0.039 0.746 0.301 0.187
Group Living 0.133 0.269 -0.137 0.129 0.507 0.113
Total Residential 0.028 0.473 -0.0.  -0.257 0.929 0.192
Comm. Use Group 1 0.318 -0.118 -0. 036 0.966 0.080 0.197
Comm. Use Group 2 0.010 0.085 -0.043 0.029 0.042 -0.033
Comm. Use Group 3 0.265 -0.185 -0.105 0.907 -0.105 -0.058
Comm. Use Group 4 0.313 -0.107 0.092 0.791 -0.087 0.503
Comm. Use Group 5 0.299 -0.215 -0.032 0.980 -0.102 0.124
Comm. Use Group 6 0.289 -0.190 -0.039 0.851 -0.134 0.259
Total Commercial 0.309 -0.161 -0.032 0.966 -0.043 0.157
Ind. Use Group 1 -0.052 -0.126 -0.352 0.062 -0.045 -0.515
Ind. Use Group 2 -0.051 -0.018 0.007 -0.098 0.011 0.126
Ind. Use Group 3 0.000 0.000 0.000 0.000 0.000 0.000
Ind. Use Group 4 -0.219 -0.184 -0.248 -0.273 -0.243 -0.741
Ind. Use Group 5 -0.123 0.033 0.294 -0.269 0.015 0.212
Total Industrial -0.208 -0.066 0.101 -0.351 -0.094 -0.158
Institutional -0.182 0.098 -0.405 -0.362 0.300 -0.844
Transportational -0.179 -0.255 -0.310 -0.142 -0.431 -0.858
Open Space -0.185 -0.158 -0.346 -0.203 -0.222 -0.918
Agricultural -0.153 -0.094 0.367 -0.551 -0.639 0.467
Unused -0.076 -0.243 0.317 -0.010 -0.542 0.177
Total Other Use -0.258 -0.271 0.060 -0.486 -0.765 -0.348



loadings in the {irst principle comperert.  This reflects the fact that,
in relative rerms. these variables are much more important in the

independent dimension or cluster of - ar abls

h

presented by the first
principal component thar are the non-high'. iozded variables in-
cluded i the analvsis  Each cf these k ghlv loaded variables i1s in
effect measuring zpproximatelv the szame general influence across the
12 dramnage basins examined. For instow-e, the total commercial
land use variable takes 1nto 2ccount the .ajlucnce of commercial use
groups 1, 4, 5, zarnd 6. In cther words. anv one of the five commer-
cial land use groups mezsures spproximateiv the same influence. The
same i3 true for torzl :ndusirial activity 4. e., industrial use group
4 domirates the highlv loaded factor

Single famulv 1and use and 'stzl residential percentage are the
highest loaded wariables in the second principle component. This was
to be expected. sirice the cltv of Tulss is predominantly 2 single
familv residerntial community.

Rotated factors 2 and 3 show that single family land use and
open space both varv independertlv of the other land use variables.

Several other factor analvsi: runs were made using some of the
lard use variables as skown in Table 19. The additional runs in-
cluded the variables which were not redundant, i.e., total residential,
total commercial, and industrial use groups. The results of these

runs revealed very little additional useful information.
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Therefore, 1t was desired zt this point in the anzlyses that a
more useful and meaningful set of land use predicior variables be
chosen. Also. the selection of the new 21 of variables had to meet
the criteria that they were eas:lv obta:=ab and were not dependent
on the speciiic use groups as defirned bv the Tulsa Metropolitan Area
Plannming Commuissior. The predicter vir:ables selected for testing

are listed in Table 20. which also incive = e first three eigen-
vectors and rotated {actors.

The highest loaded variables in the {irst principal component
are those of population. number of househeld units, number of commer-
cial establishments. totzl ccmmercial acres. and street area. In
this case, of course. the variables are reflecting difierences in
drainage basin size. Basins with a large population will have a large
number of houshold units and street area. Also, commercial estab-
lishments tend to locate where the population is siruated. In the
second principal component, onlv three density variables domirate.
The resident:al density, the number of commercial establishments
per commercial acre. and the percentage of streets all have coeffic-
ients greater than 0. 40.

The first characteristic vector or component explains approxi-
mately 39 percent of the total variance among the 12 variables. All

three factors explain 85 percent of the variation.



Rotated iactor 3 shows tiat the Envirarmental Index (El) varies

independently of other pred:icter vamables in the system.

The principal components and roist. ‘actors presented in Table
21 are interpreted exactly as those pres«nicd :n Tables 19 and 20.
The magnirudes cf the loadings n the nine environmental variables
for the {irst principal component are iit approximately equal. This
irdicates that each environmentfal vari:t. .5 equallv important, and
that they are highlv interrelated and togeirer tend to reflect the same
condition. From the {irst rotated facior lzadings 1t 1s observed that
the number of envircnmentzl deficiencies per acre for refuse, burners
{55-gallon drums’, piles of lumber, and strav dogs accounts for most
of the variation of the first {actor. In the second rotated factor, only
livestock is highlv loaded. irndicsting that this variable acts indepen-
dently of the other ervironmental variables.

To provide a further insight into the environmental variables,
examination of comporents ! and 2 was made by computing an index
value for each test drainage basin. The procedure used to calculate
these index values was as follows:

ia)  The values for the rire environmental variables were

standardized, i.e., the mean was subtracted from each
variable. and the result was divided by its corresponding
standard deviation. This step resulted in a set of values

for each variable which kad a2 mean of 0 and 2 standard



PRINCIPAL COMPONENTS (EIGENVECTORS) AND ROTATED FACTOR MATRIX

TABLE 20

DERIVED FROM TWELVE PREDICTOR VARIABLES

Predictor Variable
Population

Avg. Population Density
No. of Houschold Units
Residential Density

No. Commercial Est,
Comm. Est, /Total Acre
Total Commercial Acres
Comm. Est, /Comm. Acre
Street Area

Percent Streets

EI

HI

0

-0.

Principal Component

lst

. 434

036

. 416

. 151

. 289

. 211

. 433

. 178

. 428

. 142

.010

. 252

0.

2nd

L7

. 347

, 154

L 447

. 336

. 354

. 059

. 435

. 440

. 068

. 030

0

0.

0.

3rd

. 062

406

134

. 120

. 089

, 307

. 178

. 027

.011

. 049

. 740

. 337

0.

Ist

973

. 167

. 963

. 019

820

. 210

. 926

777

. 957

. 002

. 044

. 528

-0.

2nd

071

. 704

. 076

. 960

. 125

. 116

Rotated Factor

3rd

. 044

. 450

. 124

. 135

. 078

. 339

. 224

. 031

. 013

. 054

. 830

. 391

001
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TABLE 21

PRINCIPAL COMPONENTS (EIGENVECTORS) AND ROTATED FACTOR
MATRIX DERIVED FROM NINE ENVIRONMENTAL VARIABLES

Variable Principal Comporent Retzwed Faoro v
No./Acre lst 2nd st 2nd
Refuse .339 -.309 . 901 . 345
Burners .343 -.352 .935 .3i¢
Rubble .364 .0€8 .725 .70
Lumber .363 -.084 . 816 . 355
Old Autos . 360 -.018 . 769 .600
Poor Sheds .357 . 222 .617 775
Livestock .276 .624 .201 .938
Poultry L272 .408 .325 L769

Stray Dogs . 309 -. 404 . BG4 .222



deviaticr ¢f 1. These standardiz-d variables el eoLm
order to elimirate dimensicns, thus making the variebl-s
unifcrm in the irdex cquatica,

(b) The standardized variatles from (a) above for cach size were
multiplied by the corresponding rumerical coefficierts in the
two eigenvectors and summed to obtain a value fcr ezt
test drainage basin.

(=) Each value frem (b) above for compcenents 1 and 2 was
multiplied by its ccrresponding percent contributicn o th-
total variance. The first principal component and th-
second principal component explained 81.4 and 10.4 pr1c-nr
of the total variation, respectively.

(@) The values from step (c) above were then summed tc ckrain
the index value for each drainage basin.

Table 22 presents the component factors before multipiicaticn by
their respective percentage explained., In other words, the cciumns
in Table 22 labeled "Factor' were multiplied by . 814 for compcrent 1
and by . 104 focr component 2.

The index values for the sum of the two components were ranked
and compared to ranks cbtained from the environmental index presented
in Chapter IV. These results are alsc shown in Table 22. It is
interesting to note that the rankings compare favorably. The drainage

5

basins wh=:r: the -:: “Irgs do not ompare can be explained by



TABLE 22

BASIN ENVIRONMENTAL PRINCIPAL COMPONENT INDEX VALUES
CALCULATED FROM EIGENVECTORS

Drainagc
Basin

New Block
Indian

21st Strcet
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East
Mingo

1 .
Environmental

2Ranking based

Factor

4‘
-2,
—_1.
-1,

2.
-1.
_2.
-1,

4,

3.
_2.
.

Index calculated as outlined in Chapter IV,

on best (1) to poorest (12) environmental condition.

24
24
83
78
04
84
07
05
58
37
00
51

Principal Component Index Values

lst
Value

3.45
-1.82
-1.49
-1.45

L, 66
-1.49
-1.68

0.86

3.73

2.75
-1,63
-1,28

Factor

0.76
-0.32
-0.51
-0.38
-0.10

0.03

0.04

0.13
-2,33

1.89

0.17

0.35

2nd
Value

0.08
-0.03
-0.05
-0.04
-0.01

0.00

0.00

0.01

0.24

0,20

0.02

0.04

Index

3,53
-1,85
-1.54
-1.49

1.65

1.50
-1.69
-0.84

3.49

2.94
-1.61
-1.19

Rank

—

——
WO = NN U~

Environmental Index !
Rank2

2

0.2
0. 40
0.48
0.65
0.43
0.94
0.66
0.11
0.56
0.83
0.81
0.43

Valuec

10
11

€01
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considering the fact that several of the drainzge hasins are neot filly
developed; therefore, the average envirconmental deficiencies per
over the entire watershed would be low. The average deficiencies per
acre only apply to the so called "built-up'" areas. For example, 2=
index number would be very misleading if it was calculated foz -
drainage basin that was half developed and half undeveloped, z2n7

which the developed portion had many deficiencies. The resuitzns

LToan

calculated index would have a high value and indicate a2 good exnvizrcn-

mental condition, but, if the index was calculated only for the

urbanized portion of the shed, it would have a low value.

Regressicn Equations
Regression equations using all reasonable combinations cf the

predictor variables selected from ccrrelation and principal component
analysis were made to explain the observed pollutant parameter con-
centrations and calculated loads originating from the twelve test
drainage basins for the 1967-69 period. Predictor variables used in
the regression equations were:

(2) Total population (X;),

(b) Average population density (XZ) in number per acre o

drainage shed,

(c) Number of household units (X3}

R4

{d) Residential density (X4) in hiusehelis ser rezidential

acre,
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(e) Number cf commercial establishments (XS)’
) Commercial density (Xé) in number per acre of drairage
shed,
(g) Total commercial land (X7) in acres,

(h) Commercial establishment density (X_) in number per
Y

g
commercial acre,

(1) Street area (Xg) in acres,

() Street amount (Xlo) in percentage of drainage shed, and

(k) Environmental index (Xll), w~zizh is dimensionless.,

The procedures ard criteria discussed in Chapter VI were used ‘o
develop and evaluate the regression equations. Typical resultar:
equations grouped by poliutant categories as well as season of the year
are presented in Table 38 of Appendix D. All of the equations
developed using the poliutional loadings as the input dependent
variables are not presented in this report. Orly sele-ticns 2ithe
best equations are included.

The pollutional parameter regression equations developed using
the precipitation variables (amournt, intersity, duratior, days since
antecedent event, amount of antecedent event, and intensity of
antecedent event) are no* presented, Altac. gh many of these equations
had high multiple correlation coeificierts (See Table 23) wher ali six
of the above precipitation variables were used in the regressior, o

‘vz s determined by this author that they were very difficult to use,



hat were pericrm-z

lar time during &n event.

The high multiple correlation coefficients in Table 23 are miz-

sbeervations was small,

meter mocel will result in a2 multiple correlztion coeifici
Therefore, the coeificients presented in Table 22 should be viewsd in

light :f this fact.

:on coeificients {not presscated) for the parametsr zcoxn-

centrations against the six precipitation varicbles were caleul:its

using the observations from all of the test drainage basins., This

correlaticn coeificients were inczeonsisternt as te sign, and the mz-
jority of the values were extremely low. Infact, the highest vzius

I

was .25, which wzs the

[§2
O
¥
e
(&9
&

centration of wolatile solids zgainst the
svent,

Tre sign for the ceefficients which correlated the peramster




Drainage
Basin

Joe
Mooser
Cherry
Mingo
Newblock
Crow

21st Street
Indian
Dirty Butter
Coal East
Coal West

Average

TABLE 23

MUILTIPLIE CORRELATION COEFFICIENTS FOR EACH DRAINAGE BASIN
PARAMETERS VS, PRECIPITATION VARIABLES

Total Fecal
Coliform Strep.,
.46 .44
. 90 .98
. 94 . 87
. 50 .92
.91 .93
.39 .62
.59 .47
.51 .58
.93 .92
. 89 .68
.91 .99
.72 .76

BODg

.42
.69
1,00
.97
.96
.74
.49
.57
.55

. 80

COD ON PO, Cl V.S. F.S. T.S.
.45 .42 .63 .69 . 88 .66 .70
.62 1.00 .99 .97 .98 .95 1.00
.93 .73 . 99 . 66 .51 .62 .01
.92 .85 .89 .91 .98 .15 . 94
. 88 .75 . 84 .98 .97 .81 .83
. 84 . 80 L7 .54 .58 .69 .68
.54 .54 .76 .67 .67 .58 .64
.69 .53 .42 .58 .64 .79 .76
.53 .72 .78 .44 .29 .48 .63
.93 .57 .70 .92 .71 . 84 .83
. 80 . 95 . 85 .94 1.00 .53 .91
.74 .71 .78 .75 .75 .70 .78

pH

. 50
717
.76
.56
.44
.76
.94
.94

.67
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This was completely unexpected, since one would expect that the
concentrations of the pcllutional parameters would increase as the
length of time between events increased.

It was expected that the precipitation variable, time of ccllection
during the event, would be correlated well with the parameter ccnzen~
trations. This was not the case., About half of the values wers
negative and the other half pesitive. The highest value found wzs
-0.16. After studying the data, it became apparent that the concen-
tration of each parameter for any particular time on the runci
hydrograph had its own characteristic function. A dispersed pollu-
tant concentration, at any time, is a function of the location of the
drainage basin, the fcrce (intensity of event) required to dislodge
the contaminants, and the drainage characteristics of the shed
(slope, length of travel, type of drainage channel).

There is no doubt that the better dispersed pollutional models
should have independent variables that characterize the effect of
precipitation on the concentrations and loads. In this study, due
to the limitation of water quality data, the only possible way to
account for the precipitation variables was to divide the sampling
data into categaries of seasons of the year. After averaging the

values for each season, regression equztions for the pollutional

parameters were developed for zll, winter, spring, and summer,



The best regression equations for estumating dispersed pollutant

concentrations irom urban dranzge sheds are presented in Table 24.

Selection of the equations was based pr:mz i on the criterion of the
highest coefficient of multiple determinar:cr «R¥1.  As pointed out in
2

Chapter V!, large R® values shcuid ro® be sveremphasized when there
are a small number of obscrvations and a ltrge number of independent
variables. Consequentlv, 11 was in senie «:-0¢ necessary to use the
F-test as well as the coeificient of muls.plic determiration in chossing
the best regression cquations. It should zlsc be noted that none of the
equations sarisified the criterion that = regres<i~n equation can be
regarded as a satisfactory predictor 1if the observed F-ratio exceeds,
by about four time . the selected percentage point ¢n the F-distribution.
Only a few equeticns had observed ¥ -ratios tha' ¢ven met the F-test
at the 5 percent significance level. Table 38 in Appendix D presents
tvpical regression equations using the predictor variables presented
earlier in this chspter. Also included in the table a;e the standar;l
error of estimate, F-value, and coefficient of multiple determination
for each cquation.

Since almost all cquations had low muluiple correlation coefiicients,
12 can be concluded that the data used to develop the equations do not
support the hypothes:s of 3 linear model or even a logarithmic model.

It 1s quite possiule that other functions can be found that fit the data

better than the functions tested. Exhaustive efforts were made 1n this
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research effort t¢ achieve the best possible result.

An alternate set of regression equations wz < developed irom the
calculated seasonal loadings (pounds of pcilutant per unit area per
seascn). The input response variables used for the deveiopmernt of
these equaticns can be found in Tables 36 and 37 in Appendix C.

Table 36 presents the calculated loads from the total area of the
drainage basins, wherea s Table 37 presents the calculated lcads
based only orn the street area. I* should be remembered that shw-se
loadirgs are based on the precipitation events in each season cver
0.1 inch recorded in the city of Tulsa, and the avérage concentratincn®
of the pollutioral paramecters found during the four seasons. Tr-s«
loadings are based on approximately 30 inches of precipitatior.
Therefore, the equaticns will be applicable only in urban areas ‘where
the average yearly recorded precipitation (deleting events less than
0.1 inch) is approximately 30 inches. The selection of the best
equations for estimating dispersed polluticnal loadings is presexnted
in Table 25. A discussion of both the '""concentration' equations and
the '"loading" equatiors using different combinations of variables is
presented below.

The regressicn equaticns in Tébles 24 and 25 are presented by
pollutional parameter category for each season of the year. In this

study, the four seascns of the year correspond to the following months:



Parameter

Total Coliform (Y)])

Fecal Strep. (Y3)

TABLE 24

EQUATIONS FOR ESTIMATING DISPERSED
POLLUTANT CONCENTRATIONS

Units

thousands/ 100 ml

thousands/ 100 ml

Season
Fall
Winter

Spring

Summer

Fall

Winter

Spring

Summer

Y,

Y)

Equation
1402 + 135 (InX3) - 436 (InXjq)

125 - 0.00227 (X1) + 15.8 (Xy)

- -8321 + 7228 (InX ) - 7409

(InX3) + 958 (InXg) - 2315 (InXy)
-1368 + 632 (X,) + 5.75 (XS)

466 + 55.2 (InX,) -167 (InX )
0.12 - 0.00003 (X;) -0.0128
(X10) + 4.33 (X })

-690 + 589 (InX}) -603 (InX3)

+ 72.4 (InXg) - 196 (InX} )

165 - 0.0104 (X;) + 0.310 (X3)

-9.17 (Xg) -114 (X )

o

o

. 66

.15

.86

.40

.76

. 30

. 88

. 36

(6)
(7)

(8)

It

(9)

(10)

(11

(12)

(13)



Parameter

BOD-5 Day (Y3)

COD (Y )

Units

mg/l

mg/l

TABLE 24--Continued

S eason

Fall

Winter

Spring

Summer

Fall

Winter

Spring

Y3

Equation
4.8 + 0.0827 {(X,) + 0.489 (Xg)
91.5 - 75.8 (InX) + 76.6
(InX3) -10.5 (InXg) -0. 243
(lnx“)
71.0 - 52.6 (InX;) + 52. 9 (InX3)
-8.76 (InXg) + 0.649 (InX}])
99.0 - 80.6 (InX;) + 81.8 (InX3)
-11.7 (111X8) +3.23 (InXyq)
35.1 -0.00017 (X;) + 0.0306
(X))
30.5 + 0.0255 (XS) + 3. 60 (X8)
74.9 - 0.00848 (X;) + 0.0288

(X3) -4. 21 (Xg) -33.8 (X;,)

0. 40

0.94

(14)

(15)

(16)

(17

(18)

(19)

(20)



Parameter

ON (Y5)

POy (Y())

Units

mg/1

mg/1

TABLE 24--Continued

Season

Summer

Fall

Winter

Spring

Summer

Fall

Winter

I

It

Equation
9.5 + 3.85 (XZ) + 0.00763 (X5)
+ 25.4 (X11)
2.38 - 0.188 (InX,) + 0. 310
(InX ()
1.45 4+ 0.238 (X,) -0.0399 (X0}
1.33 - 0.0182 (X,) +0.00148
(Xg)
-1.79 4+ 4,067 (InX ) -5, 05 (InX3)
+ 0,813 (lnX8) -1.07 (InX] 1)
2.90 + 0.00003 (X,;) -0.00010
(X3) - 0.0137 (Xg) -0. 741 (Xy1)
4, 68 -0.00021 (X;) + 0.00065

(X3) - 0.174 (Xg) -3.01 (Xy;)

o

.77

.21

.36

. 39

.17

.17

.25

(21)

(24)

(25)

(26)

(27)



TABLE 24--Continucd

Parameter Units Scason Equation RZ
Spring Y6 = 0.81 -0.00003 (X;) -5.89 (X())
+ 0. 148 (X 4) 0.84 (28)
Summer Yg = 3.27 -0.00024 (X) + 0.00077
(X3) - 0.171 (Xg) -2. 11 (X)) 0.72 (29)
Total Solids (Y7) mg/1 Fall Y7 = 159 -820 (InX;) + 591 (InX ) 0.35 (30)
Winter Yq = 825 + 0. 0158 (Xl) - 0.126 (X3)
-27.3()(8) -227 (Xll) 0.73 (31)
Spring Y7 = -609 t+ 629 (lnXl‘; -541 (InX3)
-87. 1 (InXg) -345 (InX,,) 0.78 (32)
Summer Y5 = 701 + 0.0134 (X;) -66.7 (Xg)
-0. 132 (Xg) 0.74 (33)
Fixed Solids (Y8) mg/1 Fall Y8 = 25 -725 (lnXZ) + 509 (lnXIO) 0.35 (34)
Winter Y8 = 579 + 0.0397 (X,) -0.110 (X3)

-24.5 (Xg) - 179 (X)) 0.68 (35)

b



Paramecter

Units

TABLE 24--~Continued

Season

Spring

Summer

Equation RZ
Yg = -1570 + 1464 (lnXl) -1435
(lnX3) +82.1 (1nX8) -243 (lnXll) 0.80 (36)
Yg = -1381 + 1324 (InX,) -1308 (InX3)

+ 107 (InXg) -85.2 (InX, ;) 0.77 (37)



TABLE 25

EQUATIONS FOR ESTIMATING DISPERSED
POLLUTIONAL LOADINGS!

Parameter Season Equation?‘
BOD 5 (Ib/acre/season) Fall L3 = 2.20 + 0.732 (X4) -0.00017 (Xqg)
Winter L3 = 1.95+ 0.00033 (X)) -0.00127 (X3)
+0.00179 (Xg5) + 0.199 (X)) -2. 34 (X))
Spring L3 = 9.76 + 0. 00031 (X)) -0.00240 (X3)

+0. 0251 {Xg) +0.0336 (X1g) +2.55 (X}])

Summer L3 = 1.854 0.00049 (X;) -0.00209 (X3)
+0. 00546 (Xg) +0. 243 (X[g) +7.55 (X )

COD (I} b/acre/season) Fall Ly=-54-21.8 (InX)) + 23.1 (InXg) = 5 70
(lnX()) -5.18 (nX )
Winter Lg=9.6 + 4,35 (X,) +0.00132 (X())
Spring Ly =87.1-0.0100 (X}) +0.0322 (X3)
+ 0.0507 (X5) ~-0.159 (XIO) -48.8 (X11)
Summer Lg = 7.0 +4.96 (X3) +0. 990 (Xg) + 0.00115 (Xg)
+15.8 (X))
Organic Kjeldahl Fall Lg = 0.58 - 0.789 (lnXZ) + 1.05 (lnX8) + 0.0972
Nitrogen (lb/acre/ (InXg) -0. 189 (InX),)

season)

0. 87

0.92

0.90

0.43

0. 50

0.81

0.93

0.87

0.58

(38)

(39)

(40)

(41)

(42)

(4.3)

(44)

(45)

(46)



Parameter

Soluble Orthophosphate
{(lb/acre/season)

Total Solids
(lb/acre/season)

Season
Winter

Spring

Summer

Fall
Winter

Spring

Summer

Fall

Winter

Lg

Lis

Le
Lg

Le

Le

L7

TABLE 25--Continued

Equation
0.56 + 0.103 (X4) -0.00004 (Xg)

3.01 - 0.00006 (X;) - 0.00010 (X3)
+0. 00784 (Xg) -0.0292 (X]g) - 1. 48 (Xyp)

= -0.63 + 0.938 (InX;) - 1.01 (InX3) -0.372

(InXg) +0. 955 (InX o) -1.54 (InX )

1.21 + 0.133 (X,) +0.00002 (X9)

= 1.49 + 0. 678 (InXy) -0.143 (lnX9)

2.23 - 0.00022 (Xj) + 0.00029 (X3)
+0.0102 (Xg5) -0.0440 (X,q) -0.538 (X )

= 1,38 + 0,116 (X4) - 0.00012 (X())

= 1110 - 94.5 (X,) + 26.5 (Xg) -0.00148 (Xg)

-328 (X))

= -322 - 166 (InX;) + 69.5 (InXg) + 126 (1nX9)

-130 (InX, 1)

. 55

. 95

. 99

. 36

.22

.17

.75

(47)

(48)

(49)
(50)

(51)

(52)

(53)

(54)

(55)

LT1




Parametcer Season

Spring

Summer

TABLE 25--Continued

Equation rR?

L7 = 1906 + 116 (XZ) -92.2 (X8) + 0.0749 (X())
-1522 (X ) 0.93
Ly = -69 -154 (InX,) + 141 (InXg) 0. 60

lEqua.tions developed from data collected in Tulsa, Oklahoma, from 1967 through 1969.

2The symbol L; represents the loading in lb/acre/scason for cach of the five pollution para-

meters given in the table.

(56)

(57)

811




Season
Fall

Winter
Spring

Summer

119
* Month
October, November, and December
January, February, and March
April, May, and June

July, August, and September

n each case, the number of response variable observations {Y;)

used as input data for the development of ithe scasonal regression

equations was 12. This corresponded to a two year seasonal average

for each of the 12 basins.

The seasonal averages were calculated by

averaging all the samples collected from each test basin during the

months presented above in the years 1967 through 1969.

Several important facts about the equations should be noted.

These are:

(a) The independent variables included in the equations for each

pollutional parameter change from season to season.

(b) The independent variables used for each pollutional

parameter change from parameter to parameter, i.e., the

best independent variables used to predict the BOD concen-

trations often are not the same variables used to predict the

bacterial density.

(c) The valid prediction ranges for each of the independent

variables used in the equations are:

{X])  Population 676 - 79,078



(c)

(d)
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(X5} Population Density
(People/total acre) 0.28 - 8.30

(X3) Number of House-
hold Units 180 - 22,943

{X4) Residential Density
{Households/res. acrer 0.94 - 12.88

(X5) Number of Commer-
cial Establishments 13 - 1205

{Xg) Commercial Est./
Total Acre 0.01 - 1.21

(X7) Total Commercial
Acres 28 - 905

(Xg) Commercial Est. /

Commercial Acre 0.38 - 7.81
{(Xg) Street Area (Acres) 23 - 4,580
{X19) Percent Strcets 0.96 - 50.49
(Xll) El 0.11 - 0.94

There is some risk in extrapolating beyond the range
of values for the independent variables given above.
The same regression function may not apply to values
outside the range, and the estimates may be either too
large or too small. Example Problem 1, presented in
Appendix E, points cut the limitations of the equations.
Many of the independent variables included in the equa-
tions do not affect the response variables in the manner
or:e would expect. For example, Equation 15, the BOD

equation for winter, is:
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Y3 =91.5-75.8 (InX)} + 76. 6 (InX3} -10.5 ilnXg) -0.243 (InX; )
The coefficient for vaxiiable Xll_ {Environmental [ndex) is negative,
which means that as Xj] increases {good sanitary conditions), the 5-
day BOD decreases. The same is true ior the variables X (Popu-
lation) and Xg (Commercial establishmernts per commercial acre).

An opposite effect is shown by X3 (Number of household units).



CHAPTER VIII

SUMMARY AND CONCLUSIONS

Summary

This research activity has carried out a searching invesi guiiow
for the techniques and possible underlying causes of dispersed ciorm-
water pollution. The models sought were to relate storm warce:
pollutant concentrations and loads to urban land activity, thercby pro-
viding engineers with necessary estimacion methods. This project
has developed much-needed models and techniques for estimating the
concentrations and amounts of several contaminants found in storm
water runoff. Thus, this project has had two values: it has provided
procedures for estimating dispersed storm water pollution from ur-
ban areas; and it has disclosed that land use classifications alone do
not adequately explain the varability of storm water contaminant con-
centrations.

In order to enable urban engineers and planners to calculate the
preliminary estimates of the dispersed pollutional storm water loads
to receiving streams from urbanized drainage basins, three alternate

methods are presented which would provide a range of concentrations

122
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and/or loads for the more important pollutional parameters. These
three methods are based on knowledge of categorical amounts of land
use, impervious cover, street area, sanitary condition, and average
seasonal precipitation within a drainage basin in question. With use
of the previously mentioned itemns and proper use of the tables ar:
regression equations presented in Chapter VII, dispersed pollution-
al loads from urban areas can be estimated. The utilization of any
of the three methods will provide only the preliminary estimates
prior to detailed engineering studies and is not meant to replace
such studies for any given urban drainage basin or area.
The three estimation techniques for urban dispersed loadings
are:
Method 1
(2) Estimate the amount of seasonal stormwater runoff
by the Rational Method (Q = CIA) or other appro-
priate techniques for each drainage basin in
question.
(b) Multiply these seasonal volumes by the average
seasonal pollutant concentrations shown in Table 12,
using the proper conversion factors, or match the
drainage basin in question with the test basins used
in the project by land use characteristics shown on

tables in Chapter IV, then use the average values



shown on Table ?

N
5
.

st
o
3
o
I
O

tc) The above multipl-cation will guve results in pounds
per seascn for each poiiii: nal parameter. If de-
sired- these results can be mazanipulated to obtain
loadings, such as averzge vearly loads, average
da:ly lcad: average evurt load by season, etc.

This method 1s the simplest proce.iu= 10 use, but yields only
the average expected lcad per season  Maiching the drainage basin
in question with the test drazinage basins z2lso presents problems.
Realistically. eachk urban drzirage shed wil! be urique in land use
practices and enironmental conditions. Thus. matching the basins
cannot be accomplished easily.

Method 2
\a! Determine the arca of the drairage basin in question.
fb) Multiply the area of the basin by the average para-
meter values shown in Table 13. By use of the
average values shown in Table 13 zs the multiplying
factors, the results come cut directly in pounds of

contaminant per season. As presented in Method 1.

an alterrnate procedure is to use land use characteristics

to match the drzinage basin in question with the test
wxtersiieds used 1 this project, then to use the

average pounds per acre values shown in Table 36 in



—
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Appendix C

T

(¢} If the average seascn:a! precipitation amount over the
bas:ir in question differ~ s:gnificantly from the average
values presented in Tziie 13, adjust the loadings by a
percentage 1ncreasce ¢r decrease. Likewise. make
adjustmernts for :mperiicus cover by using the ratios
of composite C-valuc=<. This ratio can be determired
bv dividing the calculzted C-value for the basin in
question bv the matched bas:n's C-value found in

Appendix A.

{d. Calculate de

g

ired average loadings bv dividing by
the events per season, or &dd the pounds per season
to obtain the average pounds per vear, etc.

Thkis method provides the mast rapid estimate of the three
methods presented, but once again care must be taken in matching
the drainage basins. Also, certain assumptions are made in adjust-
ing for varying amounts of impervious cover and precip:tation. In the
adjustments, linezr relationships were assumed. but more than likely
this is not the case. For example, as pointed out in a previous
chapter. the frequency and :ntensity of precipitat:on probably signifi-

cantly affect the polluticnal parameter concerntrations.
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Method 3

{2) Use equations presented in Table 24 or Table 25
with proper input independent variables to obtain
the average seasonal concentrations or loads.
Table 25 includes the best regression equation«
for estimating the expected pollutional loads.

(b) If the equations included in Table 25 are used, tke
loadings will have to be adjusted by the procedure
presented in Step (d), Method 2. Such adjustments
are necessary because these equations are based
on the seasonal precipitation amounts in the Tulsa
area and on the calculated impervious cover of the
test drainage basins used in this project.

This method requires detailed knowledge of several land use para-
meters and the sanitary conditionsv.of a drainage shed. More than
likely, in most urban areas, these input parameters will not be ob-
tainable or known. Therefore, this method will have limited use,
especially in urban areas that are not similar to Tulsa, Oklahoma.

To illustrate the application of the three methods presented
above, one of the test drainage basins used in this project was selec-
ted for demonstration. It must be understood that in no way does
this example verify the methods; it is only included to demonstrate
comparison of the methods. The drainage shed selected was Joe

Creek Basin. The basin, except for the lower reaches, is fully



developed and has a good mix of resideniizl and commercial activity.

The basin characteristics are:

Population (X1)
(people)

Population Density (X;)
(people/total acre)

Households (X3}

Residential Densaty (X4}

ihouseholds/residential a

Commercial Establishments (X5)

Comm. Est. /Comm. Acre (XB)

Street Area 1Xg!
Percent Streets (XIO‘;
Environmental Index ('Xll)

Total Area
(acres)

Impervious Cover {Composite C-value) = 0.51

The average scasonal runoff from

9,390

]

Joc Basin was calculated by

assuming that the average precipitation amount which resulted in run-

off was 30 inches per vear. This value is approximately equal to the

average amount of all events above 0.1 inch in Tulsa, Oklahoma.

seasonal volumes are shown below:

Season

Fall
Winter
Spring
Summer

Acre-Ft.

2055
1766
5218
3931

The
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Receiving stream dispersed loads werc calculated for three cate-
gories of pollution by applying the three mcthods presented above. The
results of these computations are preserred in Table 26. It should be
noted that in some cases the three methods diller by a factor of three
to four, while in other cases the methods give comparable results.

In order to calculate average loads per year, per month, per event,
and so on, certain simple conversions car be used. If the COD load-
ings calculated by Method 1 using Table 12 are used, the following
average loads can be obtained:

Average yearly load:

Yearly load = summation of seasonal loads

i

{1.79 + 2.50 + 9. 23 + 4. 70) (10° pounds)

18.22 x 105 pounds

year
Average monthly load:
18.22 x 105 pounds  vear -y 3p y 10° pounds
year 12 months mont

Average daily load:

18.22 x 105 pounds . vear  _ 4 ggy |03 pounds
* year * 53 days * day

Average event load by season (using only events above 0.1 inch):



TABLE 26

COMPARISON OF ESTIMATED AVERAGE SEASONAL DISPERSED
POLLUTIONAL LOADS FROM JOE CREEK DRAINAGE SHED
BY THREE ALTERNATE METHODS

Pollution Loading- - 104 pounds/season

Parameter Method 1 Method 2 Method 3
Table 12 Table 35 Table 13 Table 36 Table 25
COD
Fall 18 13 24 13 7
Winter 25 25 28 25 23
Spring 92 79 79 79 64
Summer 47 41 39 41 40
PO,
Fall 1.3 0.8 1.7 0.8 1.5
Winter 1.2 0.6 1.4 0.6 1o
Spring 2.5 1.7 2.7 1.7 0.9
Summer 1.8 1.3 1.3 1.3 1.4
TS
Fall 430 620 548 620 464
Winter 348 462 383 462 394
Spring 1460 1479 1172 1479 1361
Summer 717 1069 577 1069 699

s
(8%
O
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1.79 x 105 pounds _ fall . 790y jofpounds

fall 10 events event

for the fall season.

Conclusions

The author has developed techniques for estimating dispersed
pollutional concentrations and loads from: urban areas. The tech-
niques take into account seasonal differences, pollutant categories,
and general land use variables. In gencral, the techniques are lack-
ing the degree of statistical significance one would desire, but they
do provide a reasonable estimate of a less obvious pollutional
source which recently has been demonstrated to be a major problem
area. To date, the techniques or "models' developed on this re-
search project are the only ones available for use to obtain an
estimated range of values for several stormwater pollutional para-
meters. Until the real underlying causes of the variability of
dispersed pollutants are determined, the technique can only be used
as a general planning tool.

The models established are linear; they contain from three to five
variables that require projections; and they provide reasonable results

when the complexity of the runoff phenomenon, integrated with many
sources and types of pollution, is considered.
Data were not available for drainage sheds in other urban

areas to permit development of regression equations based on
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more diversified land use patterns or to verify the developed
models.

The collection of additional storm water quality data from
the drainage sheds investigated in this study would permit an
evaluation of the effect of aging land uses over time, and also
would provide the necessary information for developing better
and more accurate dispersed pollutional equations.

The measurement of storm water quality and quantity in
addition to detailed land use tabulation in other areas of the
country would permit an evaluation along with the development
of equations which would be more applicable to all urban areas.
In most models that have been developed using regression tech-
niques, data were collected from many cities, which varied in
size, population, topography, soil, economy, value added, and
region location. These models lend themselves to differentia-
tion as to regions, sizes, etc. As additional data become
available on storm water quality in conjunction with land use
information, the new data should be used to verify the established
relationships and develop more accurate and reliable models.

In the development of the equations and the testing of their
respective significance, it became quite apparent that additional
predictor variables are needed to adequately define the true re-

lationships.
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It is recommended that, in future dispersed pollutional model
building, the following variables be acquired for the drainage sheds
under investigation. Possible important variables that should be
tested for their usefulness are:

(a) drainage characteristics, such as slope of shed, length
of main channel, average land slope, imperviousness,
etc.

(b) street type, such as paved, unpaved, asphalt, concrete,
rock, etc.

(c) storm water transport systems, such as amount of
closed or open channel, type of channel, etc.

(d) 1inlet structures, such as open drainage ditches, street
curb grates, etc.

(e) street sweeping frequency and efficiencies, etc.

(f) precipitation, such as average monthly or seasonal
intensity, amount, duration, average time between
rainfall events. etc.

Many of the above variables can be correlated to other more
easily obtainable variables, such as income, property value,
average establishment age, and many others.

Land use classifications alone do not appear to be the best

predictor variables. The more important variables are probably



associated with the sanitation of the environment, especially the
cleanness of the area, and the drainage channel condition within
the drainage shed.

Since precipitation events, and, therefore, flows occur com-
pletely at random as evidenced by the rainfall-runoff phenomenor,
the quality and quantity of the flows have extreme variations.
Therefore, any type of corrective measures, including treatment
and storage facilities, must incorporate special features to
handle the wide variations and unpredictables of storm water

runoff flows and loads.
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APPENDIX A

STORM RUNOFF VOLUME CALCULATIONS

In the design of small hydraulic structures, the peak discharges
from small watersheds govern the design. The small watershed con-
tains small streams, most of which have not been gauged. Asa
result, most of these structures are designed without the benefit
of the stream-flow records.

The problem is to establish a relationship between the various
factors affecting the peak runoff in such a manner as to obtain, as
far as possible, an exact measure of it. A large number of em-
pirical formulae have been developed.

The most widely used design equation for small basins is:

Q=CIA
Where: Q = flow in acre inches per hour
I = average flow intensity in inches per hour for a

duration equal to the time of concentrations
of the basin
C = the ratio of peak runoff to average rainfall

A = drainage area in acres

139
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This equation states that the rate of runoff equals the rate of
supply (rainfall excess) if the rain lasts long enough to permit the
entire area to contribute. This method presumes that the maxi-
mum flow occurs when the entire basin is contributing. In order
to determine the average flow intensity (I),the time of concentration
{t.) must be determined. It is assumed that if uniform rainfall con-
tinues after this time of concentration, then runoff remains at some
fixed percentage, C, of the rainfall rate. Since the rainfall rarely
occurs at a uniform rate, the average intensity during t. is assumed
to be significant.

If the rainfall stopped at time t., the runoff would soon begin to
decrease, but the peak discharge would still be the same. The time
flow relation is described by the following runoff hydrograph.

A

Acres-inches

time

A method was developed by Kirpich and used by the California

Department of Public Works to calculate t., relating it to the length
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and slope of the longest path traveled by 2 drop of water falling in the
watershed. The formula is:

t, = 0.0078 K0- 770

L (Maximum length of travel in feet).
where: K= ¥S (Slope)

The intensity, I. can then be determinod {rom intensity-duration
rainfall curves for the locality. using t. for the duration.

Homer and Flynt, in research in urbanr areas covering a period
of twenty years, found that C varied widely between various storms
of a given drainage area.

The rational formula has been expresscd as Q = 0.90IA . where
Ag is the streect area in urban sectors. It is interesting to note that
the two formulas give almost identical results for drainage sheds with
a high percentage impervious cover, but give values varying by a
factor of three or four in outlying low percentage impervious areas.

Generally, the value of C can be computed as a composite num-
ber where it is expressed as Ay C=CjA| + CpA, +... CAny,, where
the related Cpy and A, are aggregated and divided by the total Ag.

For pollution studies, it is desirable to know the total flow
rather than the peak flow. The best means of approximating the total
flow was found to be the triangular hvdrograph method as described in

V. T. Chow's Handbook of Applied Hydrology. This method involves

estimating the runoff hydrograph by a triangle with its apex at the



142
time of maximum flow. Since no recording gauge readings were
available, this method was extremely useful for approximations of
the total volume of water.
By applying the above method to each precipitation event,
seasonal stormwater runoff volumes were calculated for the years
1967 and 1968 by two methods. The first estimate considered the

total area of the drainage basin using the composite C values shown

below.
Drainage Total Composite
Shed Acres C-Value
New Block 780 0.54
11th Street 1,560 0. 64
Indian 206 0.68
Z..% Street 4,480 0.61
Crow 1,920 0.55
Cherry 6,500 0.55
Mooser 3,200 0.49
Joe ¢, 396 0.51
Flat Rock 8,721 0.42
Dirty Butter 6, 750 0.44
Coal West 1,920 0. 40
Coal East 8, 348 0.25
Ranch 19, 840 0.26
Elm 5, 440 0. 38
Mingo 35,795 0. 42

A second estimate considered only the street area with a
runoff coefficient of 0.90. Both estimates are presented in
Tables 27 and 28. These runoff volume estimates were used in
calculating the seasonal pollutional loads from the drainage basins

investigated in this study.



Drainage Basin

New Block
Indian

21st Street
Crow
Cherry
Mooser
Joc

IFlat Rock

Dirty Butter

Coal West
Coal East
Mingo

TABLE 27

CALCULATED RUNOFF FROM DRAINAGE BASINS BY SEASONS

Acres

1380
206
2560
1920
3840
3200
9390
7410
4840
6240
2400
35,800

AVERAGE 1967-1968

Fall

472
93
989
453
1113
826
2055
1887
1349
1643
411
9899

Runoff in Acre-Feet

Winter

329
65
690
389
876
650
1766
1355
941
1187
297
7148

Spring

846
166
1773
1151
2297
1705
5218
2827
2418
2815
704
16, 959

Summer

508
100
1064
867
1452
1078
3931
1900
1451
1914
478
11,528

Total

2155
424
4516
2860
5738
4259
12,970
7969
6159
7559
1890
45, 534

€1



Drainage Basin

New Block
Indian
21st Street
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East
Mingo

lAvcra.ge for 1967 and 1968.

Street Acres

252
104
1236
437
424
676
1650
192
983
1631
23
4580

TABLE 28

Fall

144
59
705
169
201
320
637
104
561
967
14
2714

100
41
491
145
158
252
547
76
391
698
10
1959

Runoff in Acre-Feect

Winter Spring

257
106
1263
428
415
662
1618
157
1004
1656
23
4649

CALCULATED RUNOFF FROM STREET AREA BY SEASONS!

Summer

155
64
758
323
2.62
419
1219
105
603
1125
16
3160

Total

656
270
3217
1065
1036
1653
4021
2
2559
4446
63
12,482

iz



APPENDIX B
ARKANSAS RIVER AND BIRD CREEK
WATER QUALITY DATA
This appendix givés the assembled water quality data for the
two major receiving streams in the Tulsa area. The data can
be referenced to three sources:
1. U. S. Department of Health, Education, and Welfare,
PHS, Divisions of Water Supply and Pollution Control,
"Arkansas River--Preliminary Studies Tulsa Metro-

politan Area,' September 1969.

2. U. S. Department of Health, Education, and Welfare, PHS,
Division of Water Supply and Pollution Control, '"Prelimi-
nary Studies--Arkansas River and Tributaries Tulsa to

Muskogee, Oklahoma, ' February 1966.

3. Environmental Engineering Section, Tulsa City County

Health Department, (unpublished data), December 1969.
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TABLE 29

LOCATION
CF
SAMPLING STATIONS
ON
RECEIVING STREAMS

Receiving Site No. Location
Streams
Arkansas Al Below Keystone Dam
A2 Sand Springs, Oklahoma
A3 21st Street--Storm sewer in
this vicinity.
A4 51st Street Bridge, Tulsa, Okla.
A5 Jenks, Oklahoma
Ab Bixby--at Bixby bridge
Bird Creek Bl 96th-Street North
B2 56th Street North--east of Turley
B3 56th Street North--northwest of

Catoosa, Oklahoma
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Sampling
Site

Al

A2

Date

12-26-69
2-17-69
3-20-69
4-14-69
8-26-69
9-29-69
10-9-69
11-18-69

12-7-67
1-10-68
2-8-68
3-5-68
3-19-68
3-26-68
4-.2-68
4-11-68
4-18-68
4-25-68
5-2-68
5-7-68
7-17-68
7-28-68

RECEIVING STREAM QUALITY DATA

Time

1500
2200
2230
2300
2245

- -1400

2200
2300

1000
1020
950
1415
935
1230
800

Do
14
12
14
11
11

12

TABLE 30

BOD

= O O WO hO -~
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24
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Concentration:
COD
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Sampling
Situ

A2

A3

Date

8-14-68
9-24-68
10-16-68
11-15-68
12-18-68
1-8-69
1-16-69
2-14-69
2-17-69
3-5-69
3-20-69
5-5-69
6-16-69
8-28-69
11-18-69

12-26-68
2-13-69
3-21-69
8-28-69
10-9-69
11-17-69

Time

1345
1045
2135
1130
1640
0230
1015
1945
1100
2110
0930
0930
1000
0830
1030

1400
2200
2300
2100
2200

TABLE 30--Coni nucd

DO

14

13

10

14
14
14

12

BOD
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TABLE 30--Con.inuc .

Sampling Concentration: mg/1

Site Date Time DO BOD CcOD ON POy CcL pH TS

Ad 1-14-64 11 3 997 8.3
1-27-64 11 4 1770 8.2
2-10-64 11 3 1360 8.3
8-18-64 5 11 922
9-1-64 7 7 145 7.7
9-15-64 7 4 850 8.4
10-8-64 8 4 727 7.7
10-22-64 5 4 537 7.8
11-10-64 9 64 8.0
12-10-64 11 480 7.8
3-3-65 14 6 550 8.1
3-30-65 12 4 925 8.6
4-13-65 10 3 556 8.1
4-27-65 9 2 625 8.2
6-3-65 10 5 310 8.7
6-24-65 8 2 394 8.0
8-4-65 10 4 39 0.2 1.6 210 8.3
8-5-65 10 3 43 0.3 1.5 230 8.3
8-6-65 9 5 39 0.5 1.2 276 8.4

A4 12-26-68 1330 14 1 0.8 0.9 435 8.1
2-13-69 0945 14 2 625 8.2
3-21-69 1030 14 3 0.8 0.8 400 8.6
5-9-69 0930 8 0 0.8 0.8 265 8.2

0¢



Sampling
Site

A4

A5

Date

6-5-69
8-28-69
10-9-69
11-17-69

1-14-64
1-27-64
2-10-64
8-18-64
9-1-64
9-15-64
10-8-64
10-22-64
11-10-64
12-10-64
12-31-64
3-3-65
3-30-65
4-13-65
4-27-65
6-3-65
6-24-65
3-5-68
3-19-68
4-2-68

Time

1000
1000
0930
0930

TABLE 30--Continued

w
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N W

NN RN Ww

NN NN N

COD
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116
110

ON POy CL

350
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1620
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TABLE 30~-Continued

Sampling Concentration; mg/1

Site Date Time DO BOD COD ON POy CL pH TS

Ab 4-11-68 1130 114 0.8 0.6
4-18-68 1330 116 1.4 0.8 1092
4-25-68 1110 111 1.4 0.5 1636
4-7-68 1040 48 0.6 0.5 1200
5-2-68 1515 133 0.8 1.1 1000 7.5 1276
6-5-68 1750 40 1.4 1.0 1608
6-25-68 1520 20 2.0 0.8 1184
7-17-68 1500 10 12 1.1 1.1 1652
7-28-68 1015 31 .3 8.2 1586
8-1-68 5 8.1
8-14-68 1605 7.9
9-24-68 0900 2 7.8
10-16-68 1920 1 3 2.8 2.0 8.0 1352
11-15-68 0935 9 22 2.1 1.9 743 1900
12-18-68 1500 12 1.3 1.6 460 920
1-16-69 2115 2 15 1.3 1.8 585 1520
2-14-69 2015 1 12 2.4 2.1 735 2032
3-5-69 2215 1 13 0.8 1.2 590 8.4

A7 1-9-68 0210 14 1 0.4 1.7 485 8.1
2-6-69 1010 13 3 8.2
3-2-69 1000 14 3 1.0 1.3 700 8.5

SI
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ST ABLE 30~ -Continued

Sampling Concentration: mg/1

Site Date Time DO BOD COD ON POy CL pH TS

A7 5-12-69 1000 8 0 250 8.0
6-10-69 1400 7 2 700 8.2
8-28-69 1045 7 5 400 7.2
9-29-69 1045 11 0 0.3 2.0 300 7.9
11-19-69 1000 12 3 1.0 2.0 125 8.0

Bl 11-1-68 1045 190 7.8
1-16-69 1000 14 1 1.0 138 7.9
2-19-69 1430 12 0
4-11-69 1100 11 0 1.0 1.0 160 8.0
5-26-69 1000 8 1 1.0 0.1 100 7.9
10-30-69 1400 8 1 100 7.5

B2 7-7-65 7 2 18 1.4 72
7-8-65 6 1 44 0.7 2.2 92
7-9-65 6 2 36 1.1 0.8 150
7-12-65 10 5 32 0.7 0.8 136
7-13-65 8 2 15 0.3 1.0 164
7-14-65 5 8 48 0.5 2.0 114
6-5-68 1850 0 32 2.1 3.5 213 1284
6-25-68 1625 8 17 0.6 1.1 138 8.1 708

€61



Sampling
Site

B2

B3

8-11-68
8-12-68
9-4-68
10-5-68
11-1-68
11-15-68
1-16-69
1-29-69

Time

0955
1500
1040
2130
2035
2320

1915
1650
0930
1400
1010
0930
0920
1350
1000
1945

DO

.
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TABLE 30--Continued -
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Sampling
Site

B3

Date

2-19-69

2-20-69
3-7-69
4-11-69
5-9-69

Time

1020
1915
2150
0930
1330

TABLE 30--Continued

Concentration: mg/1

DO BOD CcOD ON POy
14.0
22
1 20
11.0 0 5.0
8.0 0

CL

140
150

pH TS
8.1 536
7.2
8.0
5.0

§S1



TABLE 31

STREAM BACTERIOL.OGICAL DATA
Counts/ 100 ml,

Receiving Sampling Station Date Time Total Fecal
Stream Site Location Coliform Streptococcus

Arkansas Al Below Keystone Dam 8-26-69 2245 700 1,000
9-29-69 1400 3,000 500
A2 Sand Springs, Okla. 12-7-67 3,000 0
1-10-68 1,000 0
2-8-68 3,000 0
3-5-68 -0 0
3-19-68 38,000 5,800
3-26-68 24, 000 0
4-2-68 199, 000 0
4-11-68 1000 9, 000 0
4-18-68 1020 5,000 6,000
5-7-68 935 501, 000 18, 300
7-17-68 1230 2,000 900

7-28-68 800 530, 000
8-14-68 1345 590, 000 14, 000
9-24-68 1045 30, 000 1, 000

11-15-68 1130 300, 000
6-16-69 1000 15, 000 330,000
8-28-69 0830 2,000 6,000

A3 218t Street- Storm
Sewer in this vic-

inity 3-21-69 2300 60, 000 600, 000
8-28-69 2100 50, 000 175, 000
10-9-69 2200 500, 000 1,000

9sT



Receiving
Stream

Arkansas

Sampling
Site

A4

A5

Ab

TABLE 31--Continued

Station
Liocation

518t Street Bridge at

Skelly By-Pass

Jenks,

Bixby-.at Bixby Bridge

Oklahoma

Date

6-5-69
8-28-69
10-9-69
3-5-68
3-19-68
4-2-68
4-11-68
4-18-68
5-7-68
6-5-68
7-17-68
7-28-68
8-1-68
8-14-68
9-24-68
10-16-68
11-15-68
12-18-68
1-16-69
2-14-69
3-5-69
6-10-69
8-28-69

Time

1000
1000
0930

1130
1330
1040
1750
1500
1015

1605
0900
1920
0935
1500
2115
2015
2215
1400
1045

Total
Coliform

8,000
9,000
70, 000
218, 000
177,000
247,000
40, 000
TNTC
TNTC
97,000

660, 000
140, 000
8,930,000
5, 800, 000
2,400, 000
100, 000
500, 000
100, 000
500, N00
400, v0O
1, 000, 000
90, 000

Fecal

Strepiococcus

3,000
5,000
1,000

0

4, 000
22,000
4,200
TNTC
7, 300
5,000
600

0

0
378,000
310,000
20,000
110, 000

5,400
8,000

LST



Receiving Sampling
Stream Site

Bird Creek B2

B3

TABLE 31 --Continued

Station
Location

56th Street North--
East of Turley

56th Street North--
Northwest of Catoosa

Date

9-29-69
11-19-69

6-5-68
8-11-68
8-12-68
9-4-68
1-29-69
2-20-69
3-7-69

6-5-68
8-11-68
8-12-68
9-4-68
10-5-68
11-15-68
1-29-69
2-20-69
3-7-69

Time

1045
1000

1850
0955
1500
1040
2130
2035
2320

1915
0930

0930
1350
1945

Total
Coliform

10, 000
1,000

35,000
2,300, 000
100, 000
100, 000
20, 000
10, 000
30, 000

900, 000
2, 300, 000
1,100, 000
4, 600, 000

100, 000

100, 000
1, 660, 000
230, 000

Fecal
Streptococcus

2,000
2,000

6,000
0

30, 000
3,000
3,000
0

0

5, 000
10, 000
370, 000
3, 000
30, 000

891



APPENDIX C

This appendix gives the symbols and values of the dependent
and independent variables used in regression analysis. The Land
Use Code used for purposes of classification of the drainage areas
studied is given in Table 32. Table 33 lists the symbols for the
independent (X;) and dependent (Y;) variables used for regression
analysis; the actual vaiues for these variables are given in Tables
34 and 35. Seasonal loadings {in lbs./acre/season) for the drain-
age sheds were calculated on the basis of street area as well as
the total area of the sheds. The results of these calculations are
shown in Table 36 (based on total area of basin) and Table 37

(based on street area).
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TABLE 32

LAND USE GROUP CODE

Housing (Residential) 1

Single Family Housing

High Density (RS6)

Medium Density (RS9)

Low Density {RS13)
Two-Family Housing
Multi-Family Housing

High-Medium Density (RM]1)

Medium-Low Density (RM2)

Low Density (RM3)

High Density (RM5)

Mobile Home Housing

Single Mobile Home (Not in 2 Commercial Court)
Mobile Home Park

Group Living Structure
Rooming House and Boarding House
Fraternity, Sorority, and Dormitory

Other Group Living

Housing Not Elsewhere Classified

Commercial
Retail and Personal Service (Use Group 1)

Retail Commercial
Personal Service

IDoes not include hotel and motel which is included in Through
Highway Business, Use Group No. 242.
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TABLE 32--Continued

Intensive and Extensive Commercial Recreation (Use Group II)

Intensive Commercial Recreation
Extensive Ci mmercial Recreation

Business and Professional Service Offices (Use Group III)
Medical and Dental Office
Business and Professional Service Office
Vacant Office Space

Local and Through Highway Business (use Group IV)

Local Highway Business
Through Highway Business

Automotive and Allied Sales and Service (Use Group V)

Automotive and Allied Sales
Automotive and Allied Service

Business Service (Use Group VI)
Repair Business Service
Wholesale Representative without Stock and Other

Business Service

Vacant Commercial Structure

Industrial

Low or Limited Nuisance Activity (Use Group I)
Wholesale, Warehouse, and Trucking Activities (Use Group II)

Wholesaling, Warehousing, and Related Trucking
Trucking (Contract Haulers)

Substantial Nuisance Activity (Use Group III)

Hazardous or Noxious Nuisance Activity (Includes Extractive
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TABLE 32--Continued

Industries) (Use Group IV)
Non-Manufacturing Activity

Contractor

Greenhouse and/or Nursery

Metal Salvage Yard ,

Fishery and Fishery Service

Agriculture Service, Hunting, and Trapping

Vacant Industrial Structure (Use Group VI)

Institutional
Education

Senior High School

Junior High School

Elementary School

Junior College

College or University

Technical Trade, Business School, and College
Other Educational Facilities

Health and Welfare

Hospital or Clinic

Prison, Reformitory,or Detention Home

Orphanage

Mental Institutions, Sanitariums, Convalescent, and Other

Cultural or Social Center

Art Gallery

Museum

Library

Special Public Entertainment Structure

Governmental
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TABLE 32--Continued

Law Enforcement Agency

Fire Station

Federal, State, and Local Offices or Court
Postal Department

Philanthropic and Non-Profit Organization

Business and Professional
Civic, Social,or Fraternal
Labor

Political

Religions

Charitable

Church or Cemetery
Church
Cemetery
Other
Military
Military Base or Installation

Recruiting Station
Military School

Transportation, Communication, Utility, and Right-Of-Way

Transportation

Railroad
Transit
Trafficway
Water

Air
Parking
Pipeline

Communication

Telegraph
Radio and Television



164

TABLE 32--Continued

Wire; News Service
Utility

Water, Sewer, and Refuse
Natural Gas

Electric

Telephone

Other Utility Service

Rights-Of-Way and/or Utility Easements
Railroad Right-Of-Way
Traffic Right-Cf-Way
Utility Easements

Other Rights-Of-Way

Other Utilities, Communications, and Sanitary Services

Open Space and Recreation

Open Space
Recreation Outdoor Land
Recreation Outdoor Water

Recreation Indoor Public Facility

Asriculture

Cropland
Grazing and Improved Pasture
Timber Land

Special Farms
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TABLE 33
SYMBOLS AND UNITS FOR DEPENDENT

AND
INDEPENDENT VARIABLES

Symbol Item Unit
(X;)

Independent Variables (X;)

1 Population Number
2 Average Population Density #/Total Acre
3 Number of Household Units #
4 Residential Density Hous :hcids/Acre
5 Number of Commercial Establish. #
6 Avg. Commercial Est. /Total Acres #/Total Acres
7 Total Commercial Acres Acres
8 Commercial Est. /Com. Acres #/Com. Acre
9 Street Area Acres

10 % Streets %

11 EI (Environmental Index) (Dimensionless)

12 HI (Housing Index) (Dimensionless)

13 % Good Housing %

14 % Fair Housing %o

15 % Poor Housing To

16 % Single Family %

17 % Two Family %

18 % Multi Family %

19 % Group Living %

20 % Total Residential %

21 % Commercial Use Group 1 To

22 % Commercial Use Group 2 %

23 % Commercial Use Group 3 %

24 % Commercial Use Group 4 %

25 % Commercial Use Group 5 %

26 % Commercial Use Group 6 %

27 % Total Commercial Use Group 7 %

28 % Industrial Use Group 1 %

29 % Industrial Use Group 2 %

30 % Industrial Use Group 3 %

31 % Industrial Use Group 4 %

32 % Industrial Use Group 5 %

33 % Total Industrial Land %



Symbol
(x;)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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TABLE 33--Continued

Item

% Institutional

% Transportational

% Open Space

% Agriculture

% Unused Space

% Total Other Land
Refuse Deficiencies
Burners Deficiencies
Rubble Deficiencies
Lumber Deficiencies
Old Autos Deficiencies
Poor Sheds Deficiencies
Livestock Deficiencies
Poultry Deficiencies
Stray Dogs Deficiencies
Privy

Total Environmental Deficiencies

Dependent Variables (Y;)

O 00~ O Ul b W N

Total Coliform

Fecal Streptococcus

BOD

COD

Organic Kjeldahl Nitrogen
Soluble Orthophosphate
Total Solids

Fixed Solids

Volatile Solids

Unit

#/Acre
#/Acre
#/Acre
#/Acre
#/Acre
#/Acre
#/Acre
#/Acre

1000 counts/100 ml.
1000 counts/100 ml.

mg/l

mg/1

mg/1

mg/l

mg/:

mg/1

mg/1



TABLIE 34

INPUT INDEPENDENT VARIABLES

Drainage

Basin X1 X5 > X4 > Xe X Xg Xq
New Block 8372. 6.07 2823, 4.10 60. 0.04 28. 2. 14 252,
Indian 951. 4. 62 425, 12.88 250. 1.21 32, 7.81 104.
21st Street 20604. 8.05 8282. 11. 68 1205. 0. 47 189. 6.38 1236.
Crow 13300. 6.93 5068. 4, 14 337. 0.18 78. 4. 32 437.
Cherry 10744, 0.87 3409. 2.86 141. 0.04 76. 1.86 424,
Mooser 3328. 3. 36 1005, 1.28 74. 0.02 57. 1. 30 676.
Joe 42221. 4. 50 12770. 2,87 530. 0.06 498. 1. 06 1650.
Flat Rock 13805. 1.86 3717. 1.49 Loo. 0.01 141. 0.71 192.
Dirty Butter 40155, 8. 30 14411, 6.08 610. 0.13 122. 5. 00 983.
Coal West 40827. 6. 54 13798. 5.13 637. 0.10 164. 3.88 1631.
Coal East 676. 0.28 180. 0. 94 13. 0.01 34. 0.38 23,

Mingo 79078. 2.21 22943, 2,72 1055. 0.03 905. 1. 17 4580.
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Drainage
Basin

New Block
Indian
21st Strcet
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East

Mingo

18.

50.

48.

22.

1L,

21.

17.

20.

26.

12.

10
26

49

28

76

13

57

.59

31

14

. 96

79

X1

0. 42

0. 40

0.48

0. 65

0.11

0.56

0.83

0.81

0.43

TABLE 34--Continued

Xy2

0.

78

. 80
.84
- 99
.73
.68
.99
.88
.67
.85
. 84

.97

X13

75.
83.
83.
99.

71.

99.
87.

63.

82.

96.

X14
21.9

19.2

24.0

12.5
21.8
14, 2

14. 2

X

47.

12.

23.

60.

30.

23.

96.

32.

45,

40.

22,

16
83

33

31

63

28

05

67

61

70

. 59

75

X17

0.51
1. 46
2. 46
1.48
0.29

0.06

.19

. 00

1.86

1. 24

0. 00

0.21

X18

. 59

43

. 59

.49

v
%)

0. 62

. 89

. 26

.01

. 38

.53

891



Drainage
Basin

New Block
Indian
21st Strcet
Crow
Cherry
Moosecr
Joe

Flat Rock
Dirty Butter
Coal West
Coal East

Mingo

X19
.00

. 06

.42

.00

. 00

. 49

. 00

.01

.19

.00

.07

X20

49.

16.

27.

63.

31.

24,

47.

33.

23.

93

02

72

71

07

59

36

56

.74
.10

.96

56

TABLLE 34--Continued

X21

0. 764
4,820
2.236

1.652

1. 052
0.876
1.006
0.893
0. 035

0.698

X22

. 000

. 529

. 099

. 547

. 685

. 000

. 799

. 323

. 182

. 493

. 423

. 371

. 107

. 005

. 877

. 344

, 248

. 288

. 164

. 261

. 237

. 285

. 385

. 655

. 194

. 503

. 335

. 913

. 801

. 163

. 719

. 582

. 064

. 639

25

. 496
. 699
. 236
. 329
. 043
. 150
. 326
. 072
. 329
. 541

. 000

. 007
. 665
. 609
. 136
. 045
154
. 035
.010
. 047
. 190
. 000

. 170

691




Drainage
Basin

New Block
Indian
21st Strecet
Crow
Cherry
Mooser
Joe

Flat Rock
Dirty Butter
Coal West
Coal East

Mingo

. 022

. 476

. 379

. 044

. 973

L7173

. 300

. 910

. 517

. 624

. 403

. 528

. 197
. 000
. 583
. 003
. 182
. 031
. 104
. 000
. 096

. 271

. 417

. 062

TABLE 34--Continued

X29
1.118

0.000
2.174
0.056
2.943
0.531
0.258
0.075
0. 370
1.148
0. 166

0.726

X30

. 000

. 000

. 000

. 000

. 000

. 000

. 000

. 000

. 000

. 000

. 000

. 000

. 564

. 000

. 344

. 061

. 568

. 406

. 159

. 000

. 841

. 554

. 970

. 275

. 808
. 000
. 076
. 051
. 714
. 841
. 462
. 840
. 819
. 968
. 145

. 719

6.

724

. 000

. 177

. 170

. 406

. 984

. 919

. 126

. 940

. 698

. 782

4. 05

4,006

1. 90

0.85

3,18

2. 40

3.29

3.04

0L1



Drainage

Basin X35
New Block 1.02
Indian 0.00
2lst Street 3.11
Crow 1.20
Cherry 1.85
Mooser 0.19
Joe 0.82
Flat Rock 2. 45
Dirty Butter 0.56
Coal West 1.62
Coal East 29. 25

Mingo 2.

88

10.

26.

92

.00

.15

.08

.59

.21

.52

. 98

.32

.92

79

.31

TABLE 34--Continued

X37

1.

18.

37.

12.

26.

32.

12

.00

. 00

. 00

36

33

07

58

.52

.19

.79

06

X3g

5,

17,

20.

10.

19.

15,

16,

12.

20.

96

. 46

.82

83

10

. 90

65

31

50

58

37

23

17.

10.

44,

50.

27.

52,

23.

24,

83,

57.

39

.04

96

32

.17

51
68
78
06
99
25
96

34

. 151

. 543

. 0063

. 087

. 164

. 147

.628

. 027

. 078

41

. 724
. 053
. 096
. 145
. 358
. 060
. 033

. 061

. 354

.019

. 041

42

. 280

. 005

.014

.022

. 080

.018

. 008

. 044

. 223

. 193

. 008

. 023

r—




Drainage
Basin

New Block
Indian

21lst Street
Crow
Cherry
Moosecr
Joe

Flat Rock
Dirty Butter
Coal West
Coal East

Mingo

. 074

. 000

. 000

. 002

. 024

. 004

. 001

. 007

. 072

. 043

. 002

. 007

0.012
0.021
0.014
0.002
0.026
0.098
0.078
0.006

0.014

TABLE 34--Continued

45
0.083

0.000
0. 005
0.002
0.031
0.006
0.001
0.014
0.054
0.067
0.003

0.009

X46
0.013

0.000
0. 000
0.000
0.002
0.002
0.002
0.004
0.004
0.013
0.003

0.004

0.004

0.000

0.000

0.001

0.006

0.000

0.000

0.001

0.004

0.013

0.000

0.001

0.028

0.024

0.004

0.003

0.000

0.003

0.014

0.092

0.041

0.003

0.005

49

. 000

. 000

. 000

. 000

.019

. 049

. 000

. 001

. 006

. 026

. 001

. 003

50

. 046
. 194
. 396
. 336
. 092
. 216
0.138
. 335
.710
. 455
. 071

. 186

0




Drainage
Shed

New Block

Indian

21lst Street

Crow

TABLE 35

AVERAGE CONCENTRATIONS BY SEASON FOR YEARS 1967-1969

Season

Fall
Winter
Spring

Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Coliform!
#/100 ml.

76, 400
269, 000

N.D. 7

486, 000

79, 700
26,000
304, 000
7,504, 000

576, 000
569, 000
546, 000
20, 300, 000

192, 000
61, 600

N. D.
2, 900, 000

Fecal Strep
#/100 ml.

1,820
96

N. D.
12, 600

4, 940
1, 330
7,330
27, 100

2, 580

900
41, 100
93, 300

1, 740
6,930
N. D.
166, 000

1

BOD
mg/1

5

7
N. D,

8

8
14
8
1l

11
12
16
14

8

K
N. D.
20

COD
mg/1

30
35

N. D,

42

25
58
32
31

41
92
96
67

30
39

N. D,

45

ON?%
mg/1

L.
2,
N.
2

= DN~ N o= =~ N

OZ»—-.—-

18
41
D,

. 34

.01
.58
.20
.12

.79
. 86

.42
.61

.50
.09
. D.
. 89

P

o1

mg/1

vZoN

[\SIES L JEVVIN V) —O = N

t--Zv-»—-

3
1

" @

.42
.93

.27
. 30

. D.

Ts4%
mg/1

428
432
N. D.
346

305
467
539
321

463
406
899
330

423
645
N. D.
328

Fs® vsb
mg/l mg/l
329 98
320 112
N.D, N.D.
247 99
123 182
227 239
209 331
140 181
244 219
214 192
246 653
163 167
206 217
499 146
N.D. N.D,
162 166

W



Drainage
Shed

Cherry

Mooscr

Joe

Flat Rock

Scason

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Coliform1
#/100 ml.

38, 900
7,510

53, 400

1, 540, 000

313, 000
44, 300
N.D. ¢

2, 180, 000

35,100
2,120

27, 900

1, 490, 000

1, 390, 000
44, 500

5, 000, 000
411, 000

TABLE 35--Continued

Fecal Strep 1

#/100 ml.

62
20
10, 100
89, 300

74, 300
4, 310
N. D.

82,200

i, 800

18
1,910
16, 700

514, 000

289
416, 000
158, 000

BOD COD

mg/1

4

~

4

4
N, D.
16

— 0~ W0

[\UEE NI (Vo)

mg/1

99
53
57
20

27
24
N. D.
54

23
53
56
38

15
27
65
28

ON?
mg/1

3.63

1.98
1.70
1

91
12

-z
v

.97
.02

.58
0.67

— - O

70
35
23

2[\1»—-0

PO3
mg/1

2.92
.07
.70
. 66

= (1

N

. 48
.05
. D,
37

-z

1. 50
1.35
1.23
1.22

2,38

0.95
N. D.

Ts%
mg/1

3,104
1,134
678
774

799
706
N. D,
711

1,109

961
L, 042
1, 000

526
926
1, 787
1,001!

Fs5
mg/1

2,629
864
394
372

468
534

N. D.

429

738
595
643
508

344
628

N. D.

660

vsb
mg/l

477
270
284
402

331
172
N, D.
283

370
366
399
492

182
298

N. D,

341

15



Drainage
Shed

Dirty Butter

Coal West

Coal East

Mingo

Scason

Fall
Winter
Spring
Summer

Fall
Winter
Spring

Summer

Fall
Winter
Spring

Summer

Fall
Winter
Spring
Summenr

1 Geometric Mean

Coliform!
#/100 ml.

169, 000
39, 500
106, 000

4, 550, 000

145, 000
80, 700
190, 000
2,850, 000

1,270, 000
519, 000
32,100
2,100, 000

500, 000
48, 800
70, 400
42,700

ZON: Organic Kjeldahl Nitrogen

3p O4=Soluble Orthophosphate

TABLE 35--Continued

Fecal St.'rcp1 BOD

#/100 ml. mg/1
285 7
657 2

2,230 N. D.
82, 600 2
375 8
54 3

6 N, D,
974 3
346, 000 7
3, 840 5
2,890 13
35, 300 4
102, 000 5
1, 490 5
754 4
392 5

4

TS=Total Solids

SFS=Fixed Solids

COD
mg/1

22
94
101
74

32
43
95

N, D,

17
55
41

N. D.

20
50
43
35

6

1.

3
PO4
mg/l

1.83
1.96
1.44
N, D,

93
23
.97
. D,

Z—Nn—

2.50
1. 74
}.23
N, D,

2.81
1.61
0.72
1.13

7N. D, =No Data

TS4 rsb5
mg/l mg/l
564 304
556 324
1,210 N. D.
N, D. N.D.
430 278
644 406
773 403
840 300
348 198
431 205
964 N, D,
N. D, N.D,
748 468
1, 398 1,120
1,365 N. D,
1,048 450

VS=Volatile Solids

vsb
mg/1

260
232

N. D,
N. D,

152
238
370
540

150
226

N. D,
N. D.

280
278

N. D.

598



Drainage
Basin

New Block

{ndian

2lst Strecet

Crow

AVERAGE SEASONAL LOADINGS BASED ON BASIN AREA

Total
Acres

1380

206

2560

1920

Scason

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring

Summer

IFall
Winter
Spring
Summer

TABLE 36

AVERAGE 1967-1968

Lioading:
BODg COD
4.7 27.9
4.5 22.17
11.1 59.5
8.0 42.0
9.4 29. 4
11.5 47.7
16. 8 67.2
13.9 39.2
11.6 43.1
8.8 67. 4
30.1 180.9
15.8 75.8
5.1 19.3
3.9 21.5
19.0 62.0
24. 6 55.3

ON

—_— 00 N o—

—_ O O

N W= -

NN — N

.10
. 56

30

. 34

. 36

30
52

.68

. 88
. 10
.33
.82

. 96
. 60
. 89
.09

Ib/acre/scason

POy

—— = N

w O

- N O O

YW N

.63

57
13
69

.74
.58
.83
.48

L
.63
.21
.31

.82
.72
.14
. 67

T. Solids

398
280
670
346

359
384
1132
406

487
298
1694
373

272
355
759
403



TABLE 36--Continued

Drainage Total Scason Loading: lb/acre/secason
Basin Acres BOD COD ON PO4 T. Solids

Cherry 3840 Fall 3.2 78.0 2. 86 2.30 2446
Winter 2.5 32.9 1.23 3.14 703
Spring 11.4 92.7 2.77 2.77 1103
Summer 7.2 20. 6 1. 67 1.71 796

Mooser 3200 Fall 2.8 19.0 1. 34 1. 74 561
Winter 2.2 13.3 0.62 0.58 390
Spring 11.6 50.7 2,25 2. 37 1070
Summer 4.7 49.5 1.41 1.25 651

Joe 9390 Fall 3.0 13.7 0.58 0.89 660
Winter 3.6 27.1 0,52 0. 69 492
Spring 13.6 84.7 Z. 39 1. 86 i576
Summer 12.5 43.3 0.76 1. 39 1139

Flat Rock 7410 Fall 5.5 10. 4 0.48 1.65 365
Winter 1.0 13.4 0. 67 0.76 460
Spring 7.3 67.5 2.31 0.99 1855
Summer 1.4 19.5 0.99 1.13 698

Dirty Butter 4840 Fall 5.3 16.7 0.69 1. 39 428
Winter 1.1 49.7 0.76 1.04 294
Spring 5.0 137.3 1.94 1. 96 1644
Summer 1.6 60.3 1.03 1.42 633



Drainage
Basin

Coal West

Coal East

Mingo

Total
Acres

6240

2400

35, 800

TABLE 36--Continued

Scason

Fall
Winter
Spring
Summer

Fall
Winter
Spring

Summer

Fall
Winter
Spring
Summer

BOD5

w

NGO~ ]

[S;BEN B o RN |

~N w

LSRN SR N R e o]

Loading:

COD

22,
22.
116.
47.

7.
18.
32,
20.

15.
27.
55.
30.

o~ 01O W OV

NSO

lb/acre/scason

ON

O'_—'OO - N O O

OO O

.

.75
. 90
.23

28

.36
.72

31

.82

68
76
58

.86

PO,

— 0N b

o OO -

o OOy

. 38
. 15
.42
.70

17

.59
.98
. 99

11

. 87
.93
.99

T. Solids

308
333
948
701

162
145
769
315

562
759
1759
918

8L1



Drainage
Basin

New Block

Indian

21st Street

Crow

AVERAGE SEASONAL LOADINGS BASED ON STREET AREA

Street
Acres

252

104

1236

437

TABLE 37

AVERAGE 1967-1968

Season

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

BODg

7.
7.
18.
13.

12.
15.
22.
18.

17.
13.
44,
23.

8

6.
31.
40.

—_-——

BN = w oo~

WO -

Loading:

COD

46.
37.
99.
70.

38.
62.
88.
51.

63.
99.
266.
111.

31.
35.
101.
90.

® ® v, -~ O N ® S = O W\

W ;

lb/acre/season

ON

.83
.61
.49
.91

WO N -

.11
.71
.33
. 54

w W= W

2. 77
3.10
12. 28
2.68

1.58
0.98
3.10
1.79

PO

4

. 39
. 96
.22
.48

.61
.08
.42
.95

.59
. 89
. 06
. 89

33

.17
.49
.74

T. Solids

663
167
1117
577

473
505
1498
536

718
439
2498
550

445
581
1241
659

p—

~O



Drainage
Basin

Cherry

Mooser

Joe

Flat Rock

Dirty Butter

Streect
Acres

424

676

1650

192

983

Scason

Fall
Winter
Spring

Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summer

TABLE 37--Continued

BOD g

18.
11.

21.
26.

24.
22.

11.

15.

10.

10.

[« 3N er N She.] - O WN O W = 0 CN = =

W NN O

Loading:

CcCOD

127.
53.
151.
33.

34.
24,
93.
90.

24.
47.
149.
76.

22.
28.
144.
41.

34.
101.
280.
123.

ENEENEEN B o)

O W

[e I

4

o SV IRNo I g

e N

Ib/acre/scason

ON

N~ N

N A=

_— O

N W= -

. 68
.01
.53
.73

.47
.13
.13
.59

.02
.92

21

.35

. 04
.45
.95
.13

.41
. 56
. 97

10

PO,

W

N U W

N =W

NN~ W

N NN

.76
.14

53
80

20

.06
.35
. 30

.58
.22
.29

.45

52
64
11
42

84

.12
.01
.91

T. Solids

4001
1150
1805
1303

1030

716
1966
1197

1165

867
2779
2009

778
992
3965
1494

875
601
3362
1296

081



Drainage
Basin

Coal West

Coal East

Mingo

Strecet
Acrcs

1631

23

4580

Scason

Fall
Winter
Spring
Summer

Fall
Winter
Spring
Summenr

Fall
Winter
Spring
Summer

TABLE 37--Continucd

BODg

12.
3.
12.
5.

11.
5.
35.
7.

n ®

U0 O w ~N O 0D

™ =D -

Loading:

COD

51.
50.
262.
106.

27.
64.
113.
70.

32.
58.
118.
65.

~N N O »oh OO

~N NN

ON

Nty

b () et

[ N

.69
.03
.02
.88

.24
.50
.53

17

.47
.63
.93
.92

lb/acre/season

POy

W W N WU W

N,
i

N o=

.11
.59
.44
.83

.03
.03
. 39
.42

.53
. 87
.99
i

T. Solids

693
750
2135
1576

561
501
2662
1090

1206
1627
3769
1967

{81



APPENDIX D

Contained in this appendix are 2 majority of the seasonal multi-
ple regression equations for parameter concentrations obtained
through the course of this study. It should be noted that, of the
fifty independent variables used in other parts of this investigation,
only a limited number of the most significant such variables have
been chosen for regression analysis. Reference should be made to
Table 33 in Appendix C for a listing of the symbols for the indepen-
dent variables. Selected sample calculations using these equations

are presented in Appendix E.
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TABLE 38
SEASONAL MULTIPLE REGRESSION EQUATIONS

Fall (October, November, and December)

Std. Error
LEquation R2 F Value! of Estimate
Total Coliform (Y]) thousands/100 ml
Y| = 1402 + 135 (InX3) -436 (InXjq) 0. 66 8. 79 306
Y] = -531 + 1443 (InX[) -1551 (InX3) -11.8 (InXg)
2340 (InXp 1) 0.58 2. 44 386
v} = 821 - 52.8 (X)) -8.80 (X{q) 0.28 1. 74 447 ®
Fecal Streptococcus (Y;) thousands/100 ml
Y, = 466 + 55.2 (InX3) -167 (InX;g) 0.76 (4. 325 90
Y, = -592 + 841 (InX1) - 888 (InX3) + 40. 4 (InXg)
-153 (InX11) 0.82 7.73% 90
Y, = 274 - 21. 6 (X3) -4.33 (X]0) 0. 45 3. 74 136
BOD--5 Day (Y3) mg/l
Y3 = 4.8 + 0.0827 (X3) + 0. 489 (Xg) 0. 42 3.19 1.8

Y3 = 6.7 - 0.00026 (X]) + 0.00086 (X3) + 0.298
(Xg) -2.20 (X1]) 0. 50 1.78 1.9



TABLE 38--Continucd

Equation
Y3 = 6.0 - 0.230 (InXp) + 1.25 (InXg)
COD (Y,) mg/1
Yy = 35.1 - 0.00017 (X)) + 0.0306 (X}0)

Yy = 47.2 - 0.00173 (X]) + 0.00508 (X3) -1.35 (Xg)
-16.8 (X11)

Yy = 23.9 - 0. 114 (InX}) + 3. 37 (InX ) 0)
Organic Kjeldahl Nitrogen (Yg) mg/l

Y5 = 2.38 - 0.188 (InX)) + 0. 310 (InX ;)

Y5 = 1.46 - 0.00001 (X1) + 0.0127 (X0)

Y5 = 1.48 + 0.00003 (X)) - 0.00015 (X3) + 0.0998
(Xg) + 0.0183 (X1})

Soluble Orthophosphate (Y¢) mg/1

Yg = 2.90 + 0.00003 (X,) -0.00010 (X3) -0.0137
(Xg) -0. 741 (X))

2 Std. Error

R r Valuel of Estimate

0.23 1.33 2.0

0.03 0.16 24. 3

0. 07 0.13 27.0

0.03 0.13 24. 3 @
W

0.21 i.20 .51

0.19 1.07 0.82

0.19 0.41 0.93

0.17 0. 36 0. 64




TABLE 38--Continued

Equation

1

-0.07 +2.82 (InX;) -2.98 (InX3) + 0. 447 (InXg)
-0.291 (InXy})

Ye

Y = 2.30 +0.094 (X4) -0.0194 (X]0)
Total Solids (Y7) mg/1

Y, = 159 -820 (InXz) + 591 (InX|q)

Y, = 1293 - 120 (X,) + 0.465 (X10)

Yo = 1452 - 0.0204 (X)) + 0. 0607 (X3) - 113 (Xg)
-580 (Xll)

Fixed Solids (Yg) mg/1
Yg = 25 -725 (InX3) + 509 (InX])
Yg = 1003 - 106 (Xp) -0. 0962 (Xj9)

Yg = 1224 - 0.0235 (X)) + 0.0684 (X3) -106 (Xg) -620
(X11)

Winter {(January, February, and

RrRZ

0.

.16

. 05

. 35

L1l

. 35

. 19

12

March)

F Value!l

Std. Error
of Estimate

0. 65

0.61

682

769

910

605

679

800

€81



TABLE 38--Continued

Equation RZ F Valuel Std, Error
of Estimate
Total Coliform (Yj) thousands/100 ml
Y; = 125 - 0.00227 (Xl) + 15.8 (X4) 0.15 0.78 204
Y; = 531 - 46.3 (InX{) + 35.3 (InX,) 0.12 0.59 208
Y| = 222 - 0.0276 (X;) + 0.0830 (X3) -18.7 (Xg)
—12.4(X11) 0.17 0. 37 228
Fecal Streptococcus (YZ) thousands/100 ml
Y, =0.12 -0.00003 (X,) - 0.0128 (X10) +4.33 (X“) 0. 30 1. 14 2.18
Y, = 7.36 - 0.432 (InX}) - 0.219 (InXlO) +1.56 (lnXll) 0.28 1.02 2. 21
Y, = -0.82 + 0.00016 (X)) -0.00060 (X3) + 0. 166 (Xg)
+5.09 (X;1) 0.33 0. 86 2.28
BOD--5 Day (Y5) mg/1
Y3 =91.5 - 75.8 (InX,) + 76. 6 (InX3) -10.5 (lnXS)
-0.243 (lnXll) 0. 88 12. 535k 1.6
Y3 =22.2 + 4.78 (lnX6) -4, 77 (lnX8) - 0,493 (lnXll) 0.78 9. 205k 2.1
Yz =4.1+10.7 (X6) - 0.201 (X8) + 0. 846 (Xll) 0.70 6. 162 2.4

o
O~



TABLE 38--Continucd

Equation RZ' ¥ Valuel Std. Error
of Estimate

COD (Y4) mg/l

Y4 = 30.5 + 0.0255 (X5) + 3.60 (Xg) 0. 50 4. 56% 17. 2
Y4 = 42.6 - 0.00357 (X)) + 0.0127 (X3) + 1. 94 (Xg)

-15.2 (X)) 0.57 2.35 18. 1
Y4 = 20.4 + 4.86 (InXg) + 6.90 (InXg) 0. 28 1.78 20.7

Organic Kjeldahl Nitrogen (Yg) mg/l

Yg = 1.45 + 0.238 (X4) - 0.0399 {Xq) 0. 36 2. 58 0.50
Y5 = 1.85 + 0.695 (InXy) - 0. 384 (InX)q) 0. 30 1. 94 0.53
Y5 = 2.19 - 0.00009 (X,;) + 0.00026 (X3) - 0.0293

(Xg) - 0.717 (X})) 0.23 0.53 0.63
Soluble Orthophosphate (Y¢) mg/1

Y = 4,68 - 0.00021 (X]) + 0. 00065 (X3) - 0.174
(X8) -3.01 (X)) 0. 25 0. 59 1.62

1.37 - 0.615 (InXp) + 0. 662 (InX;g) 0.07 0. 36 1. 59

Y6

Yg = - 0.006 + 2. 16 (InX]) - 2. 26 (InX3) + 0. 736 (InXg)
- 0.474 (InX ;) 0.07 0.13 1.81

L81



TABLE 38--Continued

Equation

Total Solids (Y7) mg/l

Y7 = 825 + 0. 0458 (X1) - 0.126 (X3) - 27. 3 (Xg)
-227 (X31)
Y7 = -142 - 78.3 (InX)) + 204 (InX3) - 190 (InXg)

- 84,5 (InXy}})
Yo = 1009 - 41.7 (Xp) - 4. 71 (X;)
Fixed Solids (Yg} mg/!I

Yg = 579 + 0.0397 (X]) - 0. 110 (X3) - 24.5 {Xg)

- 179 (X))
Yg = 733 - 31.6 (Xp) - 4.68 (X))
Yg = - 606 + 273 (InX)) - 172 (InX3) - 98. 1 (InXg)

- 62. 4 (InX ;)
Spring (April, May, and
Total Coliform (Y)) thousands/100 ml

Y1 = - 8321 + 7228 (InX)) - 7409 (InX3) + 958 (InXg)
-2315 (InX| )

RZ

0.68

0. 26

0. 47

June)

F Value!

Std. Error
of Estimate

207

276

295

198

266

256

848

8871




TABLE 38--Continued

Equatior.

Y] = 4961 - 0.156 (X)) + 0.467 (X3) - 319 (Xg)
- 5902 (X1))

Yl = - 952 + 3055 (InX5) - 1651 (lan)) - 2084 (lnXlo)
Fecal Streptococcus (YZ) thousands/100 ml

Y, = - 690 + 589 (InX)) - 603 (InX3) + 72. 4 (InXg)
- 196 (InX;)

Y, = 428 - 0.0141 (X)) + 0.0422 (X3) - 29.8 (Xg)
- 508 (X))
Yo = - L0 + 154 (InXg) - 121 (InXg) - 115 (InXgq)

BOD--5 Day (Y3) mg/l

Y3 = 71.0 - 52.6 (InX,) + 52.9 (InX3) - 8. 76 (InXg)

Y3 = 9.0 - 0.00021 (X;) + 0.00040 (X3) - 0.0663
(Xg) +2.95 (X 1)

Y3 = 16.3 + 0.438 (InX5y) - 1.21 (lnX9) + 1,32
(lnX“)

RZ

0.

68

.41

. 88

.72

.22

.33

.20

F Valuel

Std. Error
of Estimate

1292

1580

69

681




TABLE 38-.-Continuecd

Equation
COD (Y4) mg/1

Y4 = 74.9 - 0.00848 (X)) + 0.0288 (X3) - 4. 21 (Xg)
- 33.8 (X))

Y4 = 41.2 + 9.82 (Xp) - 3.38 (Xy)

~
RS
)

=36.4 + 6.70 (X;) + 2.17 (X))
Organic Kjeldahl Nitrogen (Yg) mg/l
Yg = 1.33 - 0.0182 (X) + 0.00148 (X5}

0.34 - 0. 123 (InX,) + 0. 316 (InXg)

I

Yg

I

Yg = 2.73 - 0.00015 (X)) + 0.00050 (X3) - 0.0540

(Xg) - 1.67 (X11)
Soluble Orthophosphate (Yg) mg/l
Yg = 0.81 - 0.00003 (X)) - 5.89 (Xg) + 0. 148 (X )

1.89 - 0.00028 (X;) + 0.00090 (X3) - 0.00998
(Xg) - 0.940 (X11)

1

Y¢

Yg = 4.15 + 0. 773 (InX)) + 1. 84 (InXg) - 1. 94 (InX;()

.94
.72

.61

. 39

.13

.25

. 45

. 30

F Value!l

15,

41 %

L 76

.64

. 88

. 34

.07

.81

.71

Std. Error
of Estimate

15.9

18.9

06T




TABLE 38--Continued

Equation R? F Value!l Std. Error
of Estimate
Total Solids (Y7) mg/l

Y7 = - 609 + 629 (InX]) -541 (InX3) - 87. 1 (InXg)

- 345 (InX ;) 0.78 3.50 255
Y7 = 1794 - 0.0411 (X1) + 0. 151 (X3) - 109 (Xg)

- 1194 (X1) 0.73 2. 72 281
Yq =38 - 274 (InXg) + 119 (InXg) + 73.4 (InX ) 0.42 1.22 368

Fixed Solids (Yg) mg/1

Yg = - 1570 + 1464 (].nXI) - 1435 (InX3) + 82. 1

(1nX8) - 243 (lnxll) 0. 80 4, 09 181
Yg = 1163 - 0.0304 (X]) + 0.106 (X3) - 93.5 (Xg)

- 807 (Xy,) 0.72 2. 58 216
Yg = 104 + 166 (InX3) - 242 (InXg) + 86,7 (InXy) 0.57 2.17 241

Summer (July, August, and September)
Total Coliform (Y;) thousands/100 ml

Y| = -1368 + 632 (X,) + 5.75 (Xg) 0. 40 3.01 4693

161



TABLE 38--Continuecd

Equation R2 F Value!l Std. Error
of Estimate

Y| = 1030 - 0.540 (X) + 1.73 (X3) + 1099 (Xg)
- 1739 (X11) 0.55 2.15 1605

Y; = 41, 640 - 35, 360 (inX)) + 35,730 (InX3) - 2413
(InXg) - 160 (InXyy) 0. 41 1.23 5272

Fecal Streptococcus (Y5) thousands/100 ml

Y, = 165 - 0.0104 (X1) +0.0310 (X3} - 9.17 (Xg)

- 114 (X)) 0. 36 1.00 59
Y, = 81 + 0.00186 (X3) + 0.067L (Xq) - 0.0425 (Xg) 0. 20 0.68 61 ©
Y, = - 170 + 219 (InX)) - 228 (InX3) + 46. 4 (InXg)

-43.8 (InX7) 0.19 0. 41 66

BOD--5 Day (Y3) mg/1

Y3 = 99.0 - 80.6 (InX}) +81.8 (InX3) - 11.7 (InXg)
+3.23 (InXy ) 0. 44 1.40 5,5

Y3 = 1.5+ 0.00052 (X;) - 0.00194 (X3) + 1. 24 (Xg)
+10.3 (X11) 0. 32 0.81 6.1

Y3 = 20.1 - 0.668 (InX3) + 2.05 (InXy) - 0.566 (InXg) 0. 20 0. 66 6.2




TABLE 38--Continued

Equation RZ ¥ Valuel Std. IError
of Estimate
COD (Y,) mg/1
Y4 = 9.5 + 3,85 (Xp) + 0.00763 (Xg) + 25.4 (X)) 0.77 8. 70 9.2
Y4 = 25.5 - 0.00379 (X)) + 0. 0130 (X3) - 0.327 (Xg)
+ 17,4 (Xq11) 0.78 6. 30% 9.4
Yy =41.7+9. 21 (InX,) - 0. 109 (lnXS) +11.3 (lnxll) 0.53 2.95 13.0
Organic Kjeldahl Nitrogen (Yg) mg/1
Y5 = - 1.79 + 4.67 (InX]) - 5.05 (InX3) + 0.813 (InXg)
- 1.07 (InX,,) 0.77 2. 45 0.43
Yg = 3.68 - 0.290 (InX3) + 0. 0624 (InX ) 0. 46 2,10 0.51
Y5 = 1.59 - 0.00004 (X3) + 0. 00767 (XIO) 0. 42 1.82 0.53
Soluble Orthophosphate (Yg) mg/l
Y¢ = 3.27 - 0.00024 (X1) +0.00077 (X3) - 0. 171
(Xg) - 2.11 (Xq1) 0.72 1. 90 0. 58
Ye = 0.81 - 0.729 (1nX7) + 0. 668 (1nX9) 0.22 0.70 0.75

Yg = 1.81 - 0.00347 (X4) + 0. 00058 (Xg) 0. 20 0.63 0.75




TABLE 38--Continued

Equation

Total Solids (Y) mg/1

Y7 = 701 +0,0134 (X]) - 66.7 (Xg) - 0. 132 (Xg)
Y5 = =207 + 70. 4 (InX,) - 206 (InXg) + 60.3 (InXq)
Y7 = -2522 + 2257 (InX)) -2192 (InX3) + 178 (InXg)

-34.6 (InXy,)
Fixed Solids (Yg) mg/1

Yg = -1381 + 1324 (lnX|) - 1308 (InX3) + 107 (InXg)
-85.2 (InXy)

Yg = 161 + 71. 1 (InXy) -60. 3 (InXg) - 79.5 (InXg)

Yg = 585 - 0.00800 (X;) + 0.0317 (X3) -53. 1 (Xg)
-230 (X11)

1],evels of significance:
95 percent level
% 99 percent level

RZ

0.74

0.70

0.75

0.77

0. 56

0.63

F Valuel

Std. Error
of Estimate

171

181

178

e
Ha
95

123

121



APPENDIX E

EXAMPLE CALCULATIONS

This appendix gives selected example calculations using the best
regression equations. The first examplic proolem involves the use of
the ""concentration' equations whereas the second problem demon-
strates the use of the ''pollution load’ equations.

The use of the "concentration” equations will yield results in
pounds per acre per season. Season as used here refers to a three
month time period. (Fall: October, November, and December;
Winter: January, February, and March; Spring: April, May, and
June: Summer: July, August, and September.) It must be remem-
bered that the equations were developed using storm water volumes
calculated from precipitation records in the Tulsa, Oklahoma, area.
Therefore, if used in other areas, appropriate adjustments must be

made to account for an increase or decrease in seasonal precipitation.



Preblem No. 1 Seasonal Concentrations

BOD {mg/])

For winter, the best BOD equation is:
Y3 =91.5-75.8 (lnXl) 760t (inXs) - 1005 (l.nXS)
-0.243 (InX, ) F Value =12.53
The ranges of values for the indeperdent variables describing the

twelve test sites are:

Symbol Min. Max. Item
X, €76 79078 Population
X3 180 22943 Number of household units
Xg 0.38 7.81 Commercial estabiishments/

commercial acre
X11 0.11 .94 Environmental Index (EI)
Using the above limits, the minimum calculatcd BOD would be:
Y5 =91.5 -75.81in(79C78) + 70,6 In(180) - 10.5 In(7.81)
- 0.243 1n(0.94) = - 387.2 mg/l
The maximum BOD would be:
Y3 =91.5 - 75,8 1n(676) + 76,6 1n(22943) - 10.5 1n(0. 38)
- 0.2431n(0.11) = 377.4 mg/!
From these results, it would at first appear that the range between
possible minimum and maximum values is exceedingly large.
However, the variables X| and X3 are not entirely independent of
each cther (i.e., the ratio of populaticn to the number of housing

units is fairly constant), and the actual probable range of limiting



o)
~0
~)

values would be much smailer. To test the .2mits for the Tulsa

test sites, it is necessary 1o substitute pa:rs of values for Xy and
X3 (both values taken from the same 'est area) into the regression
equation. If this substitution is made. the ranges of values for the

second and third terms are as follows:

Limit -75.8 (inX 1) + 76.6 (InX3) Watershed
Minimum -%¢. 1 Coal East
Maximum -5¢6,2 Indian

The limits on the BOD values calcu’ated from the regression
equation now become:
Minimum:

Y5 =915 - 96.1 - 10.5In(7.81) - 0.243 In(0.94)

-26.2mg/i
Maximum:

Yy =915 - 56.2 - 10.51n(0.38) - 0.243 In(0.11)

46.0 mg/i
It can easily be seen that, aithough the equation may yield
erroreous negative valucs for the BOD, these new limits are far
more reasonabie than the ores origirally calculated.
The following results are g:ven for two of the test watersheds:
Mingo: \'3 =291.5.-75.81In(79078) + 76.¢ 1n(22943)
- 10.5 In(1.17) - 0.243 In(0.43) = 4.3 mg/1

{actual value: 5 mg/l)



Coal East: \'3 = 91.5 - 75,8 In{c76) + 76.6 In(180) - 10.3
In(0.38) - 0,243 1n(6.81) = 5,0 mg/1
(actual value: 5 mg/l)
The regression equation; thereforc. zcems to be a significantly
accurate predictor for the BOD cenceniration.

Total Coliform (thousands/100 ml)

The best total coliform equation for fall is:
Y, = 1402 + 135 (inX,) - 43¢ (;nXlo) F Value = 8.79

The limits for the dependent variabies are:

Symbol Min, Max. Item

X, 0.28 8.30 Population density (people/
total acre)

X

Ut

10 0.9% 0.4¢9 Percent streets
Corresponding limits on the dependent variable would be:
Minimum:
Y, = 1402 + 135 In(0.28) - 436 In(50.49) = - 480
(thousand/ 100 ml)
Maximum:
Y, = 1402 + 135 in(8. 30) - 436 In(0.96) = 1705
(thousand/100 mil) (maximum of 12 test sites
studied: 1,390,000/100 mi)

Examples for specific test arecas:

Indian: Yl = 1402 + 133 in(4.62) - 436 In(50.49) = - 101
thousand/ 100 ml {actual value: 79,700/100 ml)



iqc
Flat Rock: Y, s 1402 + 135 1nf1.86) - 43¢ 1n(2.59) =

1071 (thousand/ 100 ml) (actual value: 1,390,000/

100 mi
It appears that this regressicn equatien an be used to indicate
trends in the +otal cciiform concenirations, but resuits must be
interpreted with caution, especially near the iimits of the
independent variables.

Fecal Streptococcus (thousands, 100 m?;

The best multiple regression equa':cn fcr fecal streptococcus for
fail is:
Y, = dtc v 55,2 (rXy) - 1¢7 (inX1g) F Value = 14,32
The limits for the indeperdent variables are the same as in the
example for total coliform above. Corresponding limits on the
dependent variable are;
Minimum:
Y, = 4tr +55.2 'n(0.28) - 1£7 1n(50.49) = -259
(thousard/ 100 m:)
Maximum.
Y, = dc€ + 55,2 1n(8.30) - 1€7 1n(0.28) = 590
(thousara/100 m!} (max:mum of test areas
studied: 314, 000/100 m.)
Examples for the Tu’sa test areas:

Indiar: Y2 = 46€ + 55,2 in(4. 62) - 167 In(50.49) = -104



2CC
(thousarnd/100 mi) (actual value. ¢,940/100 ml)

2 1m(G.28) - 1e7 1n(0.Gt) = 403

tn

Ceal East: Y5 = dce = 3

(thousare 100 m’i (actua. value. 3+4c, 000/

100 mD

As inthe case of the rotal sciizorm eguatian, specia. cauticn must

be used wher irtcrpretirg rosults oo opariizular near the lower

fimit cf values precdioted by the rocressoon cquatien.

COD imz/%)
For spring, the b-st COD cauaier s

Y-l = 74,6 - 0,008:8 LXl\ - 0.0258 (X3 - +.21 (Xg) - 33.8

(Xll) F \'a',;x -
Limats fcr the variabios XS ard X“ arce 1n

probiem for BOD:

Svmbo. Mi-, Max, tem
Xg 0. 38 7.81 Commercia. estab.ishments/
sommer ~ial acre
i
X 0.1t 0.64 Ervironmental Index (ED

11
The minimum and max:mum va.wes of the secornd and third terms
in the cquation must be applivc criv -when pairs of values of X
B H 1
and X_ frcm the seme watershod are examired. The ranges of
3

va:iues for *hese two terms are fcund *¢ be:

Limi - 0.00848 (X1) - 0.0288 (X3) Watershed

Minimum - 1001 Fiat Rock

Dirty Butter

-1
N
i

)

Maximum
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The resulting }imits on the dependent variable are:
Mirimum:

Y, =749 -10.1 -

. .21 (7.81) - 33.8(0.94) =0 mg/l

ds

Maximum:

Y, = 749+ 74,

[$1}
'

4.21{0.38 - 33.8(0.11) =
144 mg/! (max:mum ¢! test areas studied:
101 mg/"
Examples for Tulsa dra:nage shecs.
Flat Rock: Y4 = 74,0 .0.00548 (13803) +0.0288 (3717)

- 4.21 0.7 - 33.8(0.11) = 58 mg/1 (actual

2lst Strect. Y, = 75,9 -0,00848 (2C6CH +0,0288 (8282)
- 4,21 (€.38) - 33.8(0.48) = 9¢ mg/:
(actua. vasue: %€ mg/l)
It appears that this equaticr can be used as a reliable predictor of
COD ctorncentrations. Urnitke the bacterial equations, this
regression equation does ret seem particularly restricted near
the minimum vaiues of the predi~tion range.

Organic Kseldah! Nitreger (mg/j)

The bes: regression equatiorn. for organic Kjeldahl rnitrogen for
Winter 1s:

Y5 = 1.45 - 0.238 (X4 - 0.0399 (Xq) F Value = 2.58
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Ranges for incependern: variables:

Symbol Min. Max., ltem
Xy 0.94 12.88 Residential density

{households/res. acre)

X 0.9¢t 50.4¢ PPercent streets

10

Correspondirg limits on the dependent variable:

Minimum:
Yg = 1.45 +0.238 (0.%4 - (.03%9 (50.49) =
-0.34mza/t
Maximum:

Yg=1.45+ ©.238 (12.88) - 0.0399(0.9¢) = 4,48 mg/l
(maximum of 12 test arcas in Tulsa: 2.8t mg/1)

Examples for Tulsa watersheds:

Joe: Y. = 1.45 +0.238 (2.87) - 0.0399 (17.57) = 1.43 mg/l

(actual value: 1.02 mg/l)
Zlst Street: Yo = 1,45+ 0.238 (11.08) - 0.0399 (48.28) =
2.30 mg/ (actual value: 2.8¢ mg/l)

Although special caution shouid be exercised in test areas having
a high percentage of streets, the regression equation seems to be
of some use in estimating trends in organic Kjeldahl nitrogen
concentrations.

Soluble Orthophosphate (mg/?)

The best soluble crthephesphate equation for spring is:

Y6 =0.81 - 0.00003 Xy - 5.8¢9 (Xé‘) +0.148 (X}4)

F Value = 9,07



v
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Ranges of values for irdeperncent variatics:

Symboi Min, Max. Item

X1 o7t 79,078 Population

X,L 0.01 1.21 Commerc:al ostablishments/

total acre
XlO 0.9 =C. =@ Percent sireets
Corresponding nimits on the dependert variable:
Minimum:

Y(_ = 0.81 - 0.00CC3 { ™% - 5,8% (1.21) ~0.148
(0,90 - - 8.3 mgy/t

Maximum.

Yé = 0.8:i - G.00003 (¢Tei - 2, 8% (0.0 - 0,148
030,49 = 8,20 mo/l (maximum of 12 test
drairage basins. 3,32 muil)

Examples for Tulsa xatcrsheds:

Indian. \'C =0.81 - 0.00003 (251 - 7.89 (1.2 ~ 0. 148
(20,29 = 1. 12 ma/7 tactual valve: 0.87 mg/d)

Mirgo: Yo =0.81 - 0.00603 (79078 - =.

I
oo
el
o
.
[e]
[95)
t

0.148 (12,74 - C.15 myg/? (acwual value: 0.72 mg/l)
21st Strect: Y,os .81 - 0.00003 (20¢G41 - 5.89 (0.47) +

0.148 (48.28) = 2.27 mg/. (ac*ual value:

Although the extremely iow value (-8.5% mg/l) obtained {or the

minimum soluble orthophosphate concertraricn would appear to



cast doubt on the equat:en s applicability. the aciual calculated
values for the Tulsa wati rsheds are sat.sfactoriiy accurate. The
reason for the apparcent dis repancy is that the variables Xg, and
XlO are not independent of vach oo s there 3s a high correlation
berween the density ¢f commeraal @ »tablishments and the
percentage of streets (corre.aticn cudtlficaent = 0,824, As a
ConsCQuEncu, vNiTeme VA Uvs Ior X oard XIO tend 1o cance! cach
cther, ard the regressien cquatier a0 e usced Jor valid
predicticns,

Total Sclids rmg/D)

For summe r, the best cquatzen for tcta’ so.ics 18:
Yo =700 - 0,005+ (X -~ ve. T (X - 0132 (X)
F Valee = 7040
Ranges of values fcr ircepordent varzabies,

Svmbo. \in, NMax. Item

X, c e 73,078 Pcpuiation

XS 0.38 "L 81 Commercial establishments/
commercial acre

Xaq 23 +, 580 Street area (acres)
Corresponding limits on the dependent variable:
Minimum:

Yo =2 701~ 0.0134 (e¥e) - cc.” (7,81) - 0.132
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Max:imum:

Y. = TCL -0.0154 (76078 - e, T (C.38) - 0.132(23) =
me/i (maximum of 12 rest areas: .{+8mgz/l)
Examples for the Tulsa watersheas.

Mirge: Yo = 701 -G, 0134 780 8, -~ vr 7 (L.17) - 0,132
{(4%8C) = 1078 mz, . (a7 ual value. 1048 mg/l)
2lst Streer. Yo = 704 - 000104 120004) - ee. 7 (€.38) -0.132

(1250 = 388 m,.. " »zcrual vatue: 330 mg/i)

The regression ¢GUal cr scems O

ke ar azcurate
precrcrer, The low value (-<ul

mu; i qa..tletec for the minimum

LIMIT Y N Tegressior equetnrolat beoeapl

‘ned i a3 manrer

aralogous 1o the unample Sorosciukle orthophosphate, Because of

the migh correlat v bevveor "o pepuls

st (X)) and the area of

streets o ) novalues or o
o

seceng 2t e fourrn o terms tend to
cancel each cther.

Fixed Sciids (me;o)

The be st cquatiorn for Dace soids (summer) Is;

Svmkbe. \r Max. Irem

1324 (’f‘nXl) - 1308 (irX3p 1165 1832 X, = Population® X3 =

No. of househe.d units
Xg C.38 T.81 Commerxcial est. /
commercial acre



Symbol Min, Max. Item
X1 0.11 0.94 Environmental Index
(ED)

Corresponding limits on the dependent variable:

Minimum:
Y8 = -1831 - 11€3 = 107 in (0. 38) - 85.21n(0.94) =
- 327 mg/t
Maximum:
\'8 = 21381 + 1835 + 1¢7 .n(7.81) - 85.2 In(0.1]) =

8¢2 mg/t (maximum of 12 Tulsa test areas:
€t0 mg. )
Examples for Tulsa dra:rage basins:
Indian: YS = - 1381 -+ 1324 In(931y - 1308 in(423) + 107
In{7.81) - 85.2 n(0.40) = 80 mg/i (actual value:
140 mg/1)
Flat Rock: Yg = - 1381 + 1324 In(13805) - 1308 In(3717)
+ 107 In(0.71) - 85.2 1n(0.11) = €40 mg/l
{actual vaiue: €t0 mg/1)
This regression equation, therefcre, compares favorably with the

others in its accuracy as a predictor.

Problem No. 2: Scasonal Loadings

BOD (1b/acre/season)

The best regression equation for BOD loadings (fall) is:



o
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Ly= 2.20 + C.732 (X,) - C.00017 (X) F Value = 30.29

The ranges of the independent var:zblies for the 12 Tulsa test

watersheds are:

Symbec. Mir., Max. Item
X 0.9+ 12.88 Residert:al density (peopie/

A

toral acre)
Xg 23 +,38C Stireet area (acres)
The corresponding (im:ts orn the dependent variable would be:
Minimum:

L3=2.20+0.752(0.%4 -0.00017 (4580) = 2.1 1b/
acre/season (mirimum cf test watersheds: 2.8
ib/azcreyseascrn)

Maximum:

L;=2.20 +0.752 (12.88) - 6.00C17 (23) = 11.6 1b/
acre/seascn (maximum cf test watersheds: 11,6
_b/acre/season)

Exampies for the Tu.sa arez;

Mooser: Ly =2.20 +0.732 (1.28) - 0.00017 (676) = 3.0 1b/

A\
b

acre/season (actual vaiue: 2.8 lb/acre/season)

21lst Street: L3 2.20 ~0.732 (11.€¢8) - 0.00017 (1236) =
10.% tb/acre/season (actual value: 11.6€1b/
acre/seasor.)

Of all the multiple regress:.on equations, this one was found to be

one of the most reliabic predictors of seasonal loadings.



COD (1b/acre/season)

The best seasonal regression equation for COD loadings (winter)

was found to be:

L4=9.6 +4.33 (X4) +0.00152 1}{?) F Value = 18,65
Ranges for the independent variables are¢ the same as in the
previous example for BOD lcadings. Corresponding limits on the
dependent variable are:

Mirimum:
Ly =9.6+4.35(0.94 - 0.00132 (23) = 13.7 1b/acre/
season (minimum of 12 tcst watersheds: 13.3
1b/acre/scason)
Maximum:
Lg= 9.6+4.35(12.88) +0.00132 (4580) = 71.6 Ib/
acre/season (maximum of test watersheds:
67.4 lb/acre/season)
Examples for specific drainage basins:
Indian: L, = 9.6 +4.35 (12.88) +0.00132 (104) = 65.7 1b/
acre/season (actual value: 47.7 lb/acre/season)
Mingo: L, = 9.6 +4.35(2.72) +0.00132 (4580) = 27.4 1b/
acre/season (actual value: 27.2 lb/acre/season)
Although this multiple regression equation proved to be of

significant value as a predictor, its accuracy was not quite as

great as for the BOD equation examined previously.
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Organic Kjeldahl Nitrcgen (Lb/acre/season)

For organic Kjeldah! nitrcger lcadings. the best regression
equation (summer) is:
Lg=-0.¢c3+0G,0938 (l::X-i) -1 0l (ZnXS) - 0.372 {(inXg) +

0.955 (lnXlO) - 132 (nXs g F Value = 53.72

11

As in several carlier sampl¢ cal-ulat:ons dealing with poliutant

concentrations it1s necessary ‘¢ consider the second and third
terms in the equation simultanecus v . orcer 1o achieve a
mearingful estzmate of the Iimu:ts for the dependent var:able. The

limiting vaiues for the seccnd and third terms are as follows:

Limit 0.938 (irXy - 1.01 (ixX3) Watershed
Minimum 0.20¢% 21st Street
Maximum 0.8¢68 Coal East

Ranges for thc other independernt variabies:

Symbel Mirn, Max. Item
X5 13 1205 No. of commercial

establishments
X 0.96 50.49 Percent streets
Xl 1 0.11 0.94 Environmental Index (EI)
Corresponding l1mits cn the d¢pendent variable:
Minimum:
Lg=-0.63+0.205-0.372 In (1205) +0.955 1n

(0.90) - 1.541n(0.94) = - 3.01 Ib/acre/season



Maximum:

Ls=-0.63+0.8u8 - 0.372 In(13) +0.955 In(530.49) - 1.54
In(0.11) = .43 lb/acre/scason (maximum of Tulsa
test watersheds: 2.¢8 lbricre/season)

Examples for wat:rireas v Tul:a:

Indian: L3 =-0.63 +0.9381n{951) - 1.01 In(425) - 0.372
:n(230) + 0.955 In(50.49) - 1.54 1In(0.40) = 2.79
Ib/acre/season (actua: vaiue: 2.68 lb/acre/season)

Joe: Ly =-0.63+0.938 42221 - 1.01 In(12770)

- 0.3723n(530) + 0.935 In(17.57) - 1.54 In(0.66) =
0.85 ib/acre/scasen (actual value: 0.76 ib/acre/
season)

Of all regression e¢quations derived for poliution loadings. this

equation had the highest level of statistical significance.

Soluble Orthophosphate (Ib/acre/scason)

For spring, the best equation for soluble orthophosphate loading is:
Lg =2.23 -0.00022 (X,) +0.00029 (X5) +0.0102 (X5)

F Value = 9,42

- 44 - 53
0.0440 (XlO) 0.538 (Xll)

Once again. the minimum and maximum values of the second and
third terms in the equation must be considered simultaneously.
The ranges of these terms are found to be:

Limit - 0.00022 (X4) +0.00029 (X3) Watershed

Minimum -10.74 Mingo

Maximum - 0.0¢ Indian
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Ranges of values for the other three variables are the same as in
the preceding problem for orgaric Kjeidahl nitrogen. Limits for
the dependent variable are:
Minimum:
Lb = 2.23 -10.74 +0.0102 (13) - 0.0440 (50.49)
- 0.538(0.94) = - 11,11 lb/acre/season
Maximum:
Lg=2.23-0.09+0.0102(1205) - 0.0440 (0. 96)
- 0.538 (0.11) = .4.33 Ib/acre/season
(maximum of test watersheds: 10.21 lb/acre/
season)
The limits on the dependent variable are actually somewhat
artificial, especially since the number of household units is
highly correlated with the number of commercial establishments
as well as the total population (see independent variable
correlation matrix on page 90). It is much more meaningful to
compare the calculated loadings with the actual loadings for
specific watersheds:
2lst Street: Ly =2.23 - 0.00022 (20604) +0.00029 (8282)
+0.0102 (1205) - 0.0440 (48.28) - 0.538
(0.48) = 10.01 1b/acre/season (actual value:

10.21 ib/acre/season)
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New Block: Lé 22,23 -0.00022 (8372y +0,00029 (282% +0.0102
(60) - 0.0420 (18.2¢) - 6.338 {0.42) = 0.79 lb/acre/
season (actua. vaiue: ¢.l13 ib/acre/season)

It can be seen that this c¢quation is soin. vhat less accurate than the

previous equations for BOD, COD. and organic Kjeldah! nitrogen

loadings.

Total Solids (lb/acre/seasorn)

The regression equations feor total »50 ¢s lcadings for all four
seasons are:

Fall: Lo = 1110 - %4.35 (X,) 26.5 (Xg) - 0.00148 (Xq) - 328
7 2 8 9

(X1 F Value = 0.35
Winter: L7 = - 322 - 16¢ (InX,) +£9.5 (]nXs) + 126 (lnX9)
- 130 (inXy ) F Value = 5.12

Spring: L7 = 190¢c - 11e (XZ) -92.2 (XS'I +0.0749 (XC))
- 1522 Xy F Value = 12,37
Summer: L_’_ = - 69 - 134 (lnX_Q + 141 (lnX9)
F Value = €.£9

Ranges of values for the independent variab:es:

Symbol Min. Max. Item
X, 0.28 8. 30 Population density (people/
total acre)
j Xy 0.94 12.88 Residential density

| (households/res. acre)

X8 0.38 7.81 Commercial est. /
commercial acre

X4 3 &, 8L 34yt area {acres)
)



Symbol Man, Max. Item

Xll 0.1i 0.94 Environmental Index (EI)
Corresponding _imitations cn the iota. sciids loadings for the four

seasons wou.d be:

Seascn Minimum ((b/a.re/scascni Maximum (ib/acre/season)
Fali 21 1254
Winter -353 385
Spring -21i 3009
Summer - 21 1129

Exampies {or two Tulsa watersheds:

Caiculated Lead Actual Load

Watershed Season ((b/acrc/season) (1b/acre/season)

Cherry Fa.. 93¢ 2446
Winter cle 703
Spring 1213 1103
Summer 622 796

Joe Fall 494 660
Winter 120 492
Spring 1449 1576
Summer 813 1139

With the exception of the equation for fail. the fcur seasonal
regression equations appear to be reiiab.e predictors of trends in

the total soiids loadings.



