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ABSTRACT

The objective of this study was to develop a technique of 

evaluating the d isp e rsed  pollutional loads from  u rban  runoff. The 

technique involved analytically  determining se v e ra l  pollutant p a r a 

m e te rs  f rom  twelve separa te  drainage basins , and then corre la ting  

the pollution levels to land use p ra c t ic e s .  The study used the 

s ta t is t ica l  tools of co rre la t ion  coefficients, component analysis , 

and multiple reg re ss io n  analysis  to develop p red ic to r  models for 

estimating u rban  d ispe rsed  pollutional concentrations and loads.

Separate  m athem atica l equations for estim ating  the expected 

seasonal bac te r ia l ,  organic, nutrient, and solid concentrations 

from  urban  runoff w ere developed. The p red ic to rs  used in the 

equations w ere common urban  a r e a  va r iab les ,  such as population, 

population density, com m erc ia l  estab lishm ent density, percentage ' 

of s t r e e ts ,  and environm ental index.

Twelve mixed land use drainage basins  located in the City of 

Tulsa, Oklahoma, w ere used  as the te s t  a r e a s .  Detailed land use 

information was provided by the Tulsa  M etropolitan Area Planning 

C om m ission 's  Land Activity File.
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EVALUATION OF DISPERSED POLLUTIONAL LOADS 
FROM URBAN AREAS

CHAPTER I 

INTRODUCTION 

General

The recen t  aw areness  of the serious condition of the env iron

ment in the United States today has prom pted a declara tion  of war 

on pollution. The United States is c; per lancing a population explo

sion which has a profound effect on the quality and usefulness of its 

environment and life style. The problem s of water  quality degrada

tion, for example, a re  caused mainly by the phenomenal growth of 

urban a rea s  and the expansion of industr ia l  operations which a re  

centered  in such a rea s  or in their genera l  environs. Since the 

volume of pollutants keeps expanding while w ater  supply stays b a s i 

cally  the same, m ore and m ore  intervention will be requ ired  just  

to keep things from  getting w orse. Within the next 35 yea rs ,  a c 

cording to some fo recas ts ,  the country 's  population will double, 

and the demand for water by cities , industr ies ,  and agr icu ltu re  will 

tend to grow even fa s te r  than the population.

1
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There i s  no doubt that urban existence is dependent on the p ro 

tection of the na tu ra l r e so u rc e s .  The urban environment m ust become 

a safe and livable place and, above all, rem ain  in this condition. The 

th ree  basic  essen tia ls  of a protec ted  environment a r e  clean a ir ,  clean 

land, and clean w ater . The p roblem s of maintaining urban a r e a s  in a 

san i ta ry  environment against the th ru s t  of the people 's  life style de

mands becomes increasingly  difficult as urbanization intensifies.

Even without human activity to pollute it, a s t ream  is never ab

solutely pure, because  na tu ra l  pollution is at work in the fo rm  of soil 

e rosion , deposition of leaves, animal wastes, solution of m ine ra ls ,  

and so forth. Over a long period  of time, a lake or s t re a m  can die 

a n a tu ra l  death because of such pollution. The natural p rocess  of 

eutrophication, or  enrichm ent with nutr ients , encourages the growth 

of algae and other plants, slowly turning a lake into a bog. Man's 

ac t iv it ies  enorm ously  acce le ra te  the p rocess .

S tream  pollution today is v e ry  complex in i ts  composition, and 

is getting m ore  so all  the time. The sources of the contaminants 

a re  not only the norm al ones, such as effluents from  municipal waste 

trea tm en t  plants and trade  waste, but also those that originate from  

combined and separa te  s to rm  sewer sys tem s. This source , r e 

fe r re d  to as d isp e rsed  as  opposed to the organized sources  for 

municipal and industr ia l  w astes ,  has been difficult to evaluate. In 

1965, "A P re l im in a ry  A ppraisa l of the Pollution Effects of Storm



Water and Overflows from  Conbined Sewer System s" was p rep a red  

by the U. S. Public Health Service (1)='=. The report  focused a t ten 

tion on the w idespread  use of combined sew ers  and resu ltan t  

overflow episodes that contribute to the pollution of receiving s t re a m s .  

Also, repo rts  f rom  thirty-nine m unicipalities  were examined, and 

p re l im ina ry  in te rp re ta tions were made that s to rm  water  and combined 

sewer overflows a r e  responsible  for m ajo r  amounts of polluting 

m ate r ia l  in the nation's receiving w aters  es t im ated  at roughly one- 

half the total pollution load. Increased  urbanization will inc rease  

d ischarges  which adverse ly  affect m ost  w ater  uses  in receiving 

w a te rco u rse s .  Thus, the Public Health Service recom m ended that 

a com prehensive study should be initiated to expand on the p re l im i

nary  study and to explore, in depth, causes and control of s to rm  

w ater  pollution.

Municipal and industr ia l  outfalls and combined sewer d ischarges 

a re  point sources  of pollution, w hereas  na tu ra l  pollution, r u ra l  ru n 

off, and d i re c t  urban runoff re p re se n t  d ispe rsed  sources  of 

pollution. Considerable technological capability exists  fo r  dealing 

with the point sources .  However, u rban pollutional lo ad s  demon

s tra ted  to r e su l t  f ro m  d isp e rsed  sources  (including s to rm  sew ers  as 

collectors of u rban  runoff), a re  not amendable to control by technolo 

ical m eans a s  is pollution from  point sources .  The few studies made

^Numbers in paren thes is  re fe r  to REFERENCES.



of the quality of d irec t  urban runoff dem onstra te  that this pollution 

potential is a p a r t  of the land pollution centra l  problem and that 

the m a jo r  factor that de te rm ines  the extent and nature of this p ro 

b lem  may well be public conscience and aw areness .

The A m erican  Public Works Association conducted a detailed 

investigation titled ' 'P roblem s of Combined Sewer F ac ili t ies  and 

Overflows" in 1967 for the F ed e ra l  Water Pollution Control Admini

s tra tion  (2). The study was designed mainly as  a national inventory 

of the effects and m eans of correc ting  combined sewer overflows 

and separa te  s to rm  and san ita ry  sewer d ischarges  in the United 

S tates. References to separa te  s torm  sew ers  as a source of pollu

tion in this study w ere  significant as p r e c u r s o r s  of mounting in te res t  

in the pollutional w astes  which have been d ischarged un trea ted  from  

these drainage fac ili t ies .

Weibel, et. al. pointed out in his paper (3) that, in 1962, th rough

out the contiguous United S ta te s , these were some 11,400 sewered 

communities of all sizes that had an a r e a  totaling 43, 100 square 

m iles .  This was about 1.2 percen t  of the a re a  of the country. The 

s ize  oi the individual community ranged from less  than 0. 5 square  

m ile s  to 454 square  m iles  for Los Angeles, the la rgest.  Most of 

the communities, 9,083 of them, had sepa ra te  sewer system s;

1, 305 had combined sewer sys tem s; and 618 had a m ixture  of both. 

Many of the older la rge  cities had combined sew ers , or a mixture



of combined and separa te  sew ers.

Therefore , it is quite apparent that to solve the total pollution 

problem, effluents f ro m  sanitary  sew ers ,  combined sew ers ,  and 

separa te  s to rm  sewers must be considered  in a total abatement 

program . The le ss  obvious pollution s o u r c e s  a re  recu r r in g  sep a 

ra te  s to rm  sew er d ischarges  during periods of precipita tion , thaw, 

or runoff, and drainage from  other sources .

However, it m ust not be assum ed  that a ll  runoff pollution re su lts  

f rom  m an 's  a c t  i V i t y ; neither is it  all u rban-based . Contamination 

of land runoff in ru ra l  a re a s  re su l ts  f rom  the en tra inm ent of land 

organics, an im al w astes ,  fe r t i l iz e r s ,  herb ic ides ,  rodentic ides, p e s 

tic ides , as well as eroded soils. The problem s of ru r a l  runoff 

probably a re  not as  significant as u rban  runoff due to the perv iousness  

of open land and natura l topographic conditions which tend to impede 

runoff.

P rob lem

The problem  of this study a r i s e s  f rom  the need of a method for 

estimating s to rm  w ater  pollutional loads f rom  u rban  a r e a s .  None of 

the studies of pollutional aspects  of u rban  runoff, pe rfo rm ed  by the 

various investiga tors ,  have attempted to "model" the s to rm  water  

pollution loads. Only two studies provided detailed inform ation as  to 

the type of land use within the drainage shed being sampled. Among
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the sev e ra l  extensive studies of s to rm  water  pollution, m ost failed 

to re la te  specific pollutants to conditions in the watershed, such as 

land use, industr ia l  and com m erc ia l wastes, and the c leanliness of 

the u rban  environment.

To dem onstra te  the varying range of values found in other studies, 

Table 1 is p resen ted . The table was developed from  sev e ra l  r e f e r 

ences and includes the observed concentration ranges found a t  a 

var ie ty  of locations throughout the world. It can be seen that many 

of the s to rm w ate r  contaminants vary  by over two o rd e rs  of magnitude.

Therefore , it is deemed n ecessa ry  to evaluate the effect of land 

use p rac t ices  on the quality of s to rm  water runoff from  urban a rea s ,  

and to de term ine  a predictive equation for the quality of runoff using 

land use p a ra m e te rs  as the controlled and uncontrolled var iab les .  

Once these principal land use fac tors  a re  identified, rem edia l  action 

can be instituted.

Objective

This purpose evolves to be one of developing a technique of 

evaluating d ispe rsed  pollutional loads from  urban a re a s .  The tech

nique involves analytically determining the d ispe rsed  pollutant loads 

from  an u rban  a rea  and then corre la ting  them  with land use p rac tices .  

The load can be identified in various ways as can the land use 

p rac t ices .  The study will use s ta t is t ica l  tools to estab lish  a model



TABLE 1

RANGE OF REPORTED STORM WATER 
POLLUTANT CONCENTRATIONS

Pollutant
P a ra m e te r

BOD

COD

DO

Total Nitrogen (NO2 , 
NO3 , Organic)

Total Phosphate

Dissolved Solids

Suspended Solids 

Volatile 

Nonvolatile 

Chlorides

Total Coliform. #/100 ml 

F eca l  Strep #/ 100 ml

Range of Concentrations 
(mg / 1  except bacterial)

7

18

6.4

2. 3 

0.47 

30 

154 

26 

38 

119 

11 

40

625 

3, 100

8 . 0

11.8

1,400

8 , 0 0 0

228

36, 250 

98 

292 

160

240,000

(median 20, 500)

Number of 
Locations

9

2

3 

2 

1 

1 

6 

1 

1 

2

4 

4

Source: "A System Study, Design, and Evaluation 
of the Local Storage, T reatm ent and Re
use  of Storm  Water, "Hittman A ssociates, 
Inc. , Columbia, Maryland, August, 1968.



for estimating the concentrations and loads oi severa l indices of water 

pollution in relation to certa in  la^d use p rac t ices .

By application of the data obtained from  sto rm  water runoff s a m 

pling and tabulation of extensive land use information,, a m athem atical 

model will be developed to provide means for estimating the bac te ria l ,  

organic, nutrient, and solids concentrations and loads f rom  urban ru n 

off as a function of several land activity var iab les ,  such as population, 

population density, com m ercia l es tablishm ent density, percentage of 

s t ree ts ,  percentage of industria l  land, and m easu re s  of the general 

san itary  condition of the land parce l .  The model is to be simple with 

readily  obtainable input prediction ■'•ariables. Separate m a th em a t

ical equations for estimating the concentrations and loads for different 

categories of pollution will be sought. The specific analytical tech

nique will be to identify the principa l components of land use as they 

re la te  to the d ispe rsed  pollutional load. The load will be c h a ra c te r 

ized in te rm s  of the following p a ram e te rs :

Pollution Identifier P a ra m e te r

Biodegradable Biochemical Oxygen Demand (BCD-)
Chemical Oxygen Demand (COD) 

Nutrient Organic KjeldaKl Nitrogen (ON)
Soluble Orthophosphate {PO4 )

Solids Total Solids (TS)
F ixed Solids (PS)

B acteria  Total Coliform (TC)
Fecal Streptococcus (F. Strep .)
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Once the principal components a re  identified, they will be r e 

lated to the pollutional load by re g re ss io n  analysis  in o rder to identify 

the land use p rac tices  o r  o ther land condition variables responsible 

for d ispe rsed  pollution. The methodology selected  is s ta tis t ica l  and 

requ ires  considerable data; that is, it is n ecessa ry  to know s im u l

taneously s t r e a m  conditions and land use p rac tice .  A basin can either 

be observed as its c h a ra c te r is t ic s  change over time, or it can be di

vided into sev e ra l  sub-basins, each having mixed use.

Need for Study

The m ain  th ru s t  of the efforts today is being d irec ted  toward the 

elimination of obvious and m ajor  sources  of pollution: the discharge 

of untreated  or inadequately trea ted  municipal sanitary  sewage, in

dustr ia l  w astes ,  and overflow of combined sew ers .  However, the 

ultimate control and abatem ent of the pollution from these sources  

will not adequately pro tec t the receiving s t r e a m s  and /o r  lakes. In 

the near future, attention m ust  be d irec ted  toward dealing with the less  

obvious d isp e rsed  land contaminants which have been rela tively  d i s r e 

garded. The rec lam ation  of the nation 's  receiving s t ream s  for their 

beneficial use dictates that other sources  of pollution must be exam in

ed and evaluated in te rm s  of the ir  re la tive  importance as  water 

contaminant fac to rs .  Ways of eliminating or  abating d ispersed  pollu

tants, the costs  involved, and the benefits to be derived must be
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asce rta ined .  The urban planner and the engineer a re  thus faced with 

a re la tively  new set of problem s in addition to the concern of meeting 

the ever increasing demand for municipal water supplies and the t r e a t 

ment of domestic sewage.

Therefore,, there  is a g rea t  need for  a technique for estimating the 

pollutional load imposed on a receiving s t re a m  by urban runoff for use 

by the urban planner and u rban  engineer. The d ispe rsed  pollutional 

load m ust be considered along with the municipal and industr ia l  waste 

loads norm ally  calculated for urban a re a s .  D ispersed  pollution 

models and intelligent in terpre ta tion , when used with caution, a re  

ve ry  useful tools for consulting engineers, municipal officials, 

developers, urban p lanners, and the agencies charged with the develop

ment and management of drainage sheds.



CHAPTER II

PREVIOUS WORK

The e a r l ie s t  repo rted  study of the pollutional level of urban s torm  

water runoff in the United States was made in 1950 by P a lm e r  (4; 

f rom  data  collected in 1949- P a lm e r  sampled urban s to rm  water ru n 

off from  land surfaces  at s t r e e t  catch basins in downtown Detroit. He 

also rep o r ted  additional samplings of severa l  s to rm s from  Detroit in 

I960 (5). In both studies, the repo rted  pollution concentrations show

ed considerable var ia t ion  from  the s ta r t  of the storm , the end of the 

s to rm , and also between s to rm s .  In some cases ,  the concentrations 

inc reased .  In many s to rm s, the pollution concentrations rem ained 

constant throughout the en tire  s to rm . The ranges of values he found 

in 1949 for  BOD, total solids, and total coliform were 96 to 234 mg/1, 

310 to 913 mg/1, and 25, 000 to 930, 000 MPN/ 100 ml, respectively . 

Suspended solids means for a number of samples from two s to rm s in 

the 1960 study were 213 and 102 mg/1, respectively; total coliform 

M PN 's/100  m l for four s to rm s  ranged from  2, 300 to 430, 000.

In 1962 and 1963 Weibel, et al. (6 ) made a study of s to rm  water 

runoff from  a 27 -ac re  res iden tia l  and l igh t-com m erc ia l  urban a rea  in

11
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Cincinnati, Ohio. The runoff had an average BOD of 19 mg/1, a COD 

of 99  m g /1, a suspended solids content of 2 1 0  m g / 1 , an organic 

nitrogen (as N) of 1.7 mg/1, and a total soluble phosphate (as P0_ '̂) of 

0 .8  m g/l .  The bac te r ia l  counts in the s to rm  w ater  runoff samples w er ' 

high and exceeded the- s tandard for  swimming w ater  quality in use in 

many places in the United States. The 50 percen t value for total 

coliform', fecal coliforms, and fecal s treptococci were, respectivi-ly:

58, 000- 1C,90C; and 20, 500 colonies/ 100 ml. Except for BOD, ther, 

was little evidence of seasonal varia tions  in the constituents. The 

highest concentrations of all contaminants occurred  within the f i r s t  15 

minutes of the s ta r t  of runoff.

The authors computed for seve ra l  pollutional constituents yearly 

loads from  s to rm  water  runoff, and com pared these to the es tim ates  

san itary  sewage loads from  the a re a .  The 27-acre  tes t  site had a 

population density of nine persons per ac re  with an im perm eable  a rea  

of about 37 percen t.  The s to rm  w ater  loadings for BOD, COD, 

suspended solids, total phosphate, and total nitrogen-svere, respectively: 

33; 240; 730; 2. 5; and 8 . 9 Ib /a c re /y e a r .

The conclusion, Weibel, e t stated that no meaningful 

relationships between the length of antecedent rainfall in terval and 

r-unoff loads were evident in the data collected. Also, in their 

comparisons of s to rm  w a te r  runoff loads and raw  sewage loads, the 

ratios of s to rm  w ater  to raw sewage constituents indicate that s to rm



■A-ai-rr rded soMds would br 140 pc-rc<w: cl 'vha: 'hr- aaz.i'ary

s,.-v.aci discharge would be for the ir  test are?.- volatile suspended 

- . 'h a s ,  44 pr rcerr.- COD; 25 percent; BOD, t  p e r t^ n "  phcspha'--,  ̂

p -rcerw  anc nitrogen, K percent.

F u r 'h e r  inves 'igaticns into the bacteriolcgical aspects  of sn-’-m 

wa-i r pollution 'were conducted in Oincinnati, Ohio, from  1962 thn  ugh 

19ct. The ir.vc stigar.icr.'was reported  by Gelareich, et (’’)■ 1'

tr.eir stucy, s to rm  water samples 'were collected at selected 

c .a 'ions  along suburban s t r e e t  gutters and from  a s torm  se'wer out- 

lali that drained a sm all portion of a wooded hillside bordering a city 

park. At these locations, s tandard manual sampling p rocedures  were 

used. At rwo other locations, where drainage from  a suburban 

business d is t r ic t  and agr icu ltu ra l land was studie ' , sampling'was 

program m ed by automatic equipment.

The bacterio logical composition from  city s t ree ts ,  a suburban 

business d is t r ic t  s to rm  drain, and a wooded hillside was s im ila r  ' r  

s tc rm  w ater  runoff collected from  cultivated fa rm  fields. Pronounced 

seasonal differences in the bac te r ia l  densities  fo r  total coliforms, 

fecal coliforms, and fecal s treptococci w ere  noted for the data from 

all fo'ur s to rm  w ater  land use source a r e a s .  Total coliform  peak 

densities for urban locations occurred  in autumn. This was also 

noted for fecal coliform and fecal streptococcus densities in urban 

s tree t  gutters and business d is t r ic t  s to rm  w a te r  runoff. T h e s e ’ "
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rwo ir.dicator sys tem s, however, reached an e a r l ie r  peak (summer 

period) for  s to rm  w ater  runoff collected from  the wooded hillside.

Feca l  streptococcus densities  w ere consistently  higher than 

fecal coliform  levels in  all four different sources of s to rm  water 

runoff. The highest median value for  fecal s treptococci (790, 000 p e r  

100 ml) occu rred  in the ru ra l  runoff during w in ter . A median value 

of 47,000 pe r  100 ml rep re sen ted  the highest fecal coliform den- :ty; 

this occu rred  in s to rm  w a te r  d ischarges  from  s tree t  gutters during 

autumn. F eca l  coliform to fecal streptccoc.us ra tios w ere  less  than 

0.71 in the four separa te  s to rm  sew er sys tem s.

The fecal coliform  segment of the total coliform population in all 

843 s to rm  w a te r  samples averaged  8 . 6  percen t;  a 21. 1 percent 

m aximum value was reached  for those samples collected in autumn 

f ro m  the suburban business d is t r ic t .  F eca l  coliform percentages for 

a ll  o ther seasons f ro m  that source and the other s to rm  w ater  sources 

w ere  le ss  than 16. 5 percent,  with ru ra l  spring and autumn sam ples 

containing only 1. 3 and 1. 2 percen t  fecal coliform s. The autumn 

sam ples f rom  the wooded hills ide contained the leas t  amount of fecal 

coliform s, only 0 . 2 p e rcen t  of the 180,000 total coliform s pe r  100  ml.

In 1959 and I960, Sylvester and Anderson (8) perform ed a study 

of Green Lake in Seattle, Washington. Their objectives were to find 

the causes underlying the lak e 's  heavy algae blooms and alleged 

condition of pollution so that its rec rea t iona l  potential might be realized.



15

Da-a 'A-as cbraired  or, urban runoff, lake shore runoff, subsurface 

ir.flo-.v, algae populations, v.-aterfowl, and composition of sediments.

It tvas determ ined that the nutrient additions from  the various inputs 

sustained the heavy algae blooms throughout most of the year, ard 

little could be done to reduce these additions. They also found that 

tne bac te r ia l  contamination was d irectly  re la ted  to the waterfowl 

populations.

The s to rm  w ater  samples from  Seattle s t re e t  gutters  contained 

;■ r Ttuent values as follows; tu rbidities , up to 1,290 units; color, 

to 350 units; BOD's, with ae ra ted  Green Lake w ater  as the diluent, 

about 10 mg/1; coliform s, to 16, 100 M PN 's/100  ml. Nutrient values 

were: organic nitrogen, up to 9 . 0  m g /1; n i tra te  nitrogen, to 2 . 80 

mg/1; and phosphorus, to 0 .78  mg/1 soluble, and to 1.40 mg/1 total, 

as P . The highest constituent concentrations usually were found when 

antecedent ra infall  had been low.

In 1965 the F ed e ra l  Water Pollution Control Administration in its 

D etroit R iver-L ake  E r ie  P ro je c t  sampled a  separa te  s to rm  sewer in 

Ann A rbor, Michigan. The resu lts  of his study were reported by 

Burm, _et aL (9). The 1965 study followed a 1963-1964 study which 

dealt only with the bacterio logical c h a rac te r is t ic s  of combined and 

s to rm  sew er d ischarges in two Michigan c i t ies .  The resu lts  of this 

study w ere reported  in 1966 by Burm, nlr (10).

In the 1963-1964 study the com parison of d ischarges from
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combined and separa te  sew er  system s showed that total coliform con

centra tions in runoff c a r r ie d  by separa te  s to rm  sys tem s are  about one 

tenth of those in combined sew ers .  Feca l  coliform densities in com 

bined sys tem s a re  about 2 0  pe rcen t  of total coliform densities, but are  

usually a l e s s e r  percentage in  separa te  sys tem s. Feca l  streptococcus 

densities in combined sys tem s a re  only about Pvice those in separate  

sy s tem s.

It was reported  by Benzie, _et ^  (11) that d ischarges from  a 

separa te  s to rm  sew er sy s tem  showed mean median bac te r ia l  counts per  

100 ml. of 1, 200, 000; 82, 000; and 140, 000 for total coliform s, fecal 

coliform s, and fecal streptococci,  respective ly . The ratio of fecal 

coliform s to fecal s trep tococci was 0 .6 .  They concluded that the ra tio  

indicated the origin of the b ac te r ia l  contamination was more than likely 

derived p r im a r i ly  from  w arm -blooded  anim als other than humans.

In the 1965 D etroit R iver-L ake  E r ie  P ro jec t ,  the separa te  system  

was located in Ann A rb o r ,  Michigan. The system  serves  approximately 

3, 800 a c re s ,  m ost  of which a re  within the City of Ann A rbor, but some 

ru ra l  drainage also en te rs  the system . The a re a  is developed largely  

as a res iden tia l  and co m m erc ia l  community with some light industry.

The repo rted  annual mean concentrations for  severa l  pollutional 

p a ra m e te rs  were: BOD (16 mg/1), organic N (1.0 mg/1), soluble PO,^ 

(0.8 mg/1), suspended solids (2,080 mg/1), and phenols (I6[jg/1). The 

es tim ated  pollutional loads fo r  a th ree  month period (June, July, and
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Auausî, 1965) -vvere: BOD (3 1 Ib /ac re ) ,  organic N (0. 4 lb/a:ri"),  

soluble PO^ (0 . 9  lb /ac re ) ,  suspended solids ( 1 , 0 1 0  lb /ac re ) ,  and 

phenols (0. 0C2 lb / a c r e ) .

In sum m ary , it  was reported  that the BOD concentrations in the 

separate  system  w ere fa irly  constant throughout the year, and the 

concentrations lessened  as the d ischarges p rog ressed ,  the la rg es t  

reduction occurring  after  the initial sampling period. The high 

suspended solids concentrations and loads w ere contributed to the 

erosion and scouring due to the high average land slopes in the 

Ann A rbor a rea .

The study of the quality of s to rm  water  runoff has been perfo rm ed  

in severa l  foreign countries . These countries include England, 

U .S .S .R . ,  Sweden, South Africa, and Germany.

In 1954 Wilkinson (12) studied the surface runoff from a 611 acre  

estate with separa te  sewers at Oxney, England. The housing estate 

had a housing density of five to six houses p e r  a c re ,  and an estim ated  

population of 12, 500. The percentage of im pervious cover was 40 p e r 

cent. In this study, he found BOD concentrations up to 100 m g / i  and 

suspended solid contents up to 2,045 mg/1. BOD's showed an increase  

with the length of the antecedent d ry -w eather  period up to eight to ten 

days; a f te r  that little  change developed. He noted that, the f i r s t  flushes 

of s to rm  w a te r  runoff w ere  not much more polluting than subsequent 

flows, except af te r  long antecedent d ry  per iods .  He concluded, after
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comparing a hypothetical combined sys tem  --vith the separate  system, 

that the separate  system  reduced the BOD loading on the s tream , but 

increased  the suspended solids loading by six o r  seven tim es.

In a sampling study (13) of s to rm  w ater  runoff in Moscow, U .S .S .R . ,  

in 1 9 6 3 , the concentrations of BOD w ere  from  186 to 283 m g /i ,  and 

suspended solids w ere  from  1, 000 to 3, 500 mg/1. The same repo r t  

gave resu lts  of samples collected from  s tree t  drainage in a d is t r ic t  of 

Deningrade. The runoff from  cobblestone paved s t ree ts  contained 

BOD s of 36 mg/1 and suspended solids of 14, 541 mg/1. Also, 

conclusions w ere  given from  data collected from  s t re e ts  washed with 

automatic sp r in k le rs .  It was stated that m arked  fluctuations in the 

concentrations of suspended solids can be a ttributed  to the differing 

degrees of d ir t iness  of different s t r e e t s .  Heavy rain  did not appear to 

reduce the pollution effect of la te r  runoff, probably because pollution 

intensities  a t the points of origin (road sweepings, products of 

breakdown of pavements, and a i r -b o rn e  contaminants) w ere relatively 

constant. Surface runoff f ro m  cobbled s t ree ts  with comparatively 

light traffic was much le ss  polluting than runoff f rom  asphalt-paved 

s t ree ts  with heavy traffic .

F ro m  1 9 4 5  to 1948, sum m er rainw ater  runoff samples were collected 

from  s tree ts  and parks in Stockholm, Sweden. In the study (14),

Akerlindh reported  median values for coliforms of 4,000/100 m l . ;

CC D  o f  1 8 8 m g  / 1; total solids of 300 mg/1; fixed residue of 210 mg/1:
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a:.d BOD ni 17 mg/1. The concentrations for  sepa ra te  samples ranged 

as high as 200,000/100 ml. for  coliform s; 3, 100 m g/1  COD; 3, 000 

mg/i total solids; 2,420 mg/1 fixed res idue: and 80 mg/1 BOD. His 

conclusions w ere  that the composition of s to rm  w a te r  runoff varies  

g reatly  and indefinitely, but a constant composition could be as tam ed.

In P re to r ia ,  South Africa, runoff samples w ere  collected from 

various types of land activity . It was reported  by Stander (15) that 

samples collected  from  res identia l ,  park , school, and sports ground 

type a re a s  had coliform  counts of 240,000/100 ml. ; to ta l organic 

nitrogen, 5 .4  mg/1; COD, 29 mg/1; dissolved solids, 228 mg/1; and 

BOD, 30 mg/1. F ro m  a business  and fla t  a re a ,  the concentrations 

were: co liform s, 230, 000/100 ml. ; to ta l organic nitrogen, 3. 5 mg/1: 

COD, 28 mg/1; d issolved solids, 154 mg/1; and BOD, 34 mg/1.

In a m ore  recen t  study (16) by Hittman A ssoc ia te s ,  Inc. on the 

beneficial use of s to rm  w ate r ,  three s to rm s  w ere  sampled from a 

drainage shed in Columbia, M aryland. The drainage shed sampled had 

an a re a  of 130 a c r e s .  It was located at the upper end of the Wilde Lake 

drainage basin  and was la rge ly  undeveloped during the sampling period 

with only a few completed roads,  giving the a r e a  an im perviousness of 

six pe rcen t .  The undeveloped portion  of the a r e a  consisted  of woods 

and a meadow with two main s t re a m  channels joining severa l hundred 

feet above the gage site .

The th ree  s to rm s  sampled occu rred  from  June 26, 1968 to Ju ly  15,
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1968. Samples w ere  collected throughout the duration of the s torm s 

with an automatic sam pler  at one hour in te rva ls .  The ranges of values 

of the pollution p a ra m e te rs  m easured  were: COD (5-40 mg/1), 

suspended solids (50-23, 8 00 mg/1), pH (6 . 3-8. 3), n i tra te  (0-0 .7  

mg/1 as nitrite), and phosphate (0. 1 -5 .3  mg/1 as PO4 ). The 

arithm etic  averages  of the concentrations of the two s to rm s were:

COD (24 mg/T), suspended solids (3, 500 mg/1), pH (7.4), n itrate 

(0.37 mg/1 as nitr i te) ,  and phosphate (0.9 mg/1 as PO^).

It was noted f ro m  the raw data, tha t all samples w ere excessively 

high in suspended solids, which was a 11 r  i buted to a high level of 

construction activity in  the w atershed  during the period under study. 

Also, the flood plain i tse lf  had been indurated  as a re su l t  of the 

construction of a san itary  sewer, and erosion  was severe .  F o r  this 

reason, the re su l ts  obtained in this study cannot be trea ted  as typical, 

but can be considered as a w atershed  under urban development.

In a study (17) perfo rm ed  for the F ed e ra l  Water Pollution Control 

Administration by the Am erican  Public Works Association in I'-". ", an 

attempt was made to co rre la te  the amount and strength  of polluting 

s t ree t  l i t te r  with the pollution in s to rm  w ater  runoff as it  reached  a 

catch basin . In the report ,  chemical analysis  data for only one 

s to rm  was presen ted . The BOD, COD, total nitrogen, total 

phosphate, and pH ranged respective ly  from: 40 to IBS mg/1, 59 to 

588 mg/1, 4. 6 to 10.0 mg/1 as N, 0. 1 to 4 .4  mg/1 as PO^, and
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ô. 8 to 7. 8 . The m aximum values occu rred  during the f i r s t  five 

minutes of the s to rm  for BOD and COD. The m axim a fo r  the other 

p a ra m e te r s  had varying tim es a f te r  the s t a r t  of the s to rm .

The m ain  objectives of the study w ere to provide data on the 

sources  of environmental w astes  of u rban a r e a s ,  the nature  and 

amounts of contaminants, and the ir  potentia l pollutional effects 

resulting  f ro m  the w a te r -w as te s  in te r fac ia l  contacts during 

prec ip ita tion .

Some of the findings of the study a re  l is ted  below:

(a.) By a study of eighteen te s t  a r e a s  of rep resen ta t ive

occupancy, land use, and other zoning c h a ra c te r is t ic s ,  

the amount of s t r e e t  l i t t e r  deposited from  various 

sources  was found to v a ry  f ro m  0. 5 to 8.0 pounds pe r  

100 fee t of curb pe r  day. The averages  for  single 

fam ily  res iden tia l  a r e a s ,  multiple family a re a s ,  and 

connmercial a re a s  w e re ,  respectively: 2 .4  pounds per 

day p e r  100 fee t  of curb; 3. 5 pounds p e r  day pe r  100 

fee t  of curb; and 4. 7 pounds p e r  day p e r  100 feet of 

curb.

(b.) The m o s t  significant component of s t r e e t  l i t te r ,  in

te rm s  of producing w a te r  pollution potential by runoff, 

was found to be the dust and d i r t  frac tion . The dust 

and d i r t  frac tion  v a r ied  f ro m  0 .4  to 5 .2  pounds p e r  day
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per 100 feet of curb. Three  percent of this fraction 

was found to be soluble and readily transpc  r table .

(c.) Catch basins w ere  found to be a probable source of

f ir s t - f lu sh  or shock pollution. The studies disclosed 

that the liquids remaining in a basin bett^’een runoff 

events tend to become septic and that the solids trapped 

in the basin  take on the general ch a ra c te r is t ic s  of sepr.c 

or an; erobic sludge. The catch basin liquid was found 

to have a BOD content of 60 ppm in a re s iden tia l  a re a .

It is quite obvious after  reviewing all of the published data on 

separa te  s to rm  w ater  sewer pollutant concentrations, that m o s t  failed 

to re la te  specific pollutants to conditions in  the drainage shed, such as 

land use, drainage c h a ra c te r is t ic s ,  san ita ry  conditions, and 

precip ita tion . Pollutant concentrations quoted seldom include any 

refe rence  to the intensity  of runoff at the time of sampling, o r  the 

hydrograph previous to the sampling tim e . Many of the parameT^rs 

v a ry  by two o r  m ore  o rd e rs  of magnitude from  city to city.

In sum m ary, the w ater  quality data reported  by other investigations 

w ere  no more than isolated, unre la ted  pieces of data. Also, it  should 

be noted that none of the studies reviewed contained any quantitative 

data on floating so lids. Inlet s t ru c tu re s  a re  norm ally  expected to 

exclude la rge  floating objects (boards, t ree  branches, toys, e tc .)  but 

the existence of open drainage channels downstream fro m  the closed
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STorm w a te r  coilectior. system  perm its  such objects to er.*er thr ilcw. 

In addition, leaves, sm all b ranches, paper or  cardboard  objects, 

e t c . , a re  commonly found in all s to rm  water  ccilecrie-^ system s.

This study will be the f i r s t  attempt to develop a m athem atical 

model which will re la te  various land use variab les  to expected s to rm  

w ater  pollution concentrations an d /o r  loads. Therefore, it is hoped 

that the study will provide better  insights into the actual sources  of 

d ispe rsed  pollution and will also provide good predictive models.



CHAPTER III

MODEL REQUIREMENTS

When an attem pt is undertaken to analyze data toward the 

objective of constructing a  "m odel” of something, ca re  m ust be 

taken to specify exactly what it is that is to be modeled. Thus 

the need a r i s e s  he re  to briefly  discuss  what is to be modeled 

and what data a re  needed as  input var iab les  for building the model.

As sta ted  in Chapter I, the objective of this study is to 

m athem atica lly  re la te  u rban  runoff pollutant concentrations and 

loads to p red ic to r  va r iab les  which r e p re se n t  land use  and environ

m enta l conditions of the drainage sheds. It is d e s irab le  to 

re p re se n t  the re la tionships adequately with a m inim um  number of 

significant explanatory v a r iab les .  Only those independent v a r i 

ab les  which a re  readily  m easu rab le  should be used. Also, the 

independent va r iab les  se lec ted  for use should not be interdependent 

of each other.

The s ta t is t ic a l  p rocedures  in the development of the models a re  

d iscussed  in Chapter VI. Details of the dependent var iab le  data 

collection a r e  given in Chapter V, while the p rocedures  used for

24
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calculating the independent va r iab les  a re  given in Chapter IV.

Dependent Variables 

The dependent var iab les  or  explanatory va r iab les  in all of the 

equations developed in Chapter VII a r e  noted as  the Yj's and a re  e ither  

pollutant p a ram e te r  concentrations or loads. The concentrations a r e  

expressed  in  units of m il l ig ram s pe r  l i te r  except the bac te r ia l  

p a ra m e te rs ,  which a re  expressed  in units of 1 0 0 0  counts per  1 0 0  

m ill i l i te rs .  The loads are  expressed  in pounds of pollutant per  a c r e  

of drainage shed.

The d ispe rsed  pollutional loads were calculated by two methods. 

The two methods involved the use of the ra tional form ula (Q=CIA) fo r

volume of runoff. The f i r s t  method can be expressed  as  follows;

(P L )^  = Y- C ^ A 21 (1)

where (PL)_^ is the d ispe rsed  pollutional load in pounds pe r  total 

a c re s  per season, Ŷ  is the seasonal pollutional p a ra m e te r  concen tra 

tion in pounds per a c re - in ch  of runoff, C ^  is the composite runoff 

coefficient for the total a rea ,  A is the a r e a  of the drainage basin  in 

ac re s ,  and 2 1  is  the summation of the ra infall  in inches.

The second method involved the sam e equation as  above except 

that the s t ree t  a r e a  was used instead of the total a rea ,  and the runoff 

coefficient for the s t r e e t  a r e a  was determ ined  to be 0. 90. The equa

tion is  as follows:

(P L )g  = Y. Cg Ag 21 (2)
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where (PL)g is  the d ispe rsed  pollutioital load i r  pounds pe r  acre ci 

s t r e e t  pe r  season, is the seasonal pollutional p a ra m e te r  co n cen tra - 

ti'-n in pounds p e r  a c re - in ch  of runoff, Cg is the runoff coeffi fc r 

s t r e e t s ,  Ag is  the a re a  of the s tree ts  in a c re s ,  and Z I is the 

summation of the seasonal ra infa lls .

The average seasonal concentrations w ere  calculated by la-'icc tht- 

a r i thm etic  average of all ra infall events sampled during each S'-ascr. 

fo r  the years 1967 through 1969.

Independent Variables 

The independent variab les  or p red ic to r  va r iab les  selected  for 

investigation were of three categories:  p rec ip ita tion , land use, and 

environm ent. P rec ip ita tion  variab les  (both c u r re n t  and antecedent) 

investigated were amount, intensity, and duration  of precipitaiio?: 

event. Land use variables w ere c lassif ied  as e i the r  residentia l,  

com m erc ia l ,  industr ia l ,  or  other. The ' 'o ther" c lass if ica tion  included 

such item s as  open space, s t ree ts ,  unused space, and public ar, a 

The category  of environment was composed of data items that 

rep re sen ted  the general san itary  conditions of the drainage sheds.

Selection of the independent variab les  was accom plished by the use 

of the s ta t is t ica l  tool of component analysis , which will be d iscussed  in 

detail in Chapter VI. Not a ll  of the possible independent var iab les  

which describe  the land w ere  used in the testing; only those variables 

which w ere easily  obtainable and common to m o s t  drainage sheds



w ere tested.

Several form s of the independent variab les  w ere tested . The. land 

use variab les  w ere calculated as  density functions and as percentapr.s 

of the total drainage a re a .  Environmental conditions were calculated 

as  deficiencies per  acre ; grouped together, they were used to 

determ ine 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 no rtheas t  pa r t  

of the State of Oklahoma, with an estim ated population of 335, Û00 in 

January  of 1969. This population is located on over 175 square  

m iles  of land a rea .  This compares with the total population if Tulsa 

County of 424, 000 located on 572 square m iles .

Tulsa County, outside of the urbanized a re a s ,  is for the most 

p a r t  pas tu re  land with beef and dairy cattle being the m ain  ag r ic u l 

ture  use. The fe r t i le  Arkansas River bottom lands around Bixoy, 

Oklahoma, in the south centra l  part  of the County, produce large 

quantities of f r e sh  vegetables which a re  shipped to the la rg e r  m a r 

kets and canneries, a s  well as serving the local communities.

Industrially , the metropolitan a r e a  has a predominantly "white 

co lla r"  labor force and is internationally recognized a s  one cf the 

im portant petro leum  marketing and office cen ters  of the world. Also, 

the aerospace  industries a r e  expanding rapidly in the Tulsa  a r e a  and 

rank ve ry  high in the overa ll  economy of the County.

28
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The Tulsa  M etropolitan A rea  has a re la tive ly  strong industry -m ix  

with manufacturing accounting for  o ne - th ird  of the total gain in em 

ployment in the 1960-1967 period. There a re  over 18,000 a c re s  of 

industr ia lly  zoned land in Tulsa. Approximately 60 percen t  of this 

land is used  for  industr ia l  purposes , 24 percent is vacant, and the r e 

mainder is used  for non-industr ia l  purposes .

Topographic ch a rac te r is t ic s

The highest elevation in the Tulsa  region lies at 1,017 feet above 

sea level in the hills a rea ,  and the lowest point at 550 feet above sea 

level in the flood plain of the A rkansas River. The e a s te rn  portion 

of the county has hill elevations of 800 and 850 feet above sea level 

with valley bottoms a t  600 and 650 feet elevation. In general,  a nor th -  

south line form ed by the O sage-Tulsa  County line and extending south 

along the A rkansas River separa tes  the w es te rn  a re a  of m ore  rugged 

topography from  the m ore  gently undulating land of the eas t .

Geology

Tulsa County l ies  in the n o r theas te rn  p a r t  of the State of Oklahoma. 

It contains an a r e a  of approximately 572 square  m iles .  The county is 

situated between the High P la ins  to the w est and the Ozarks uplift to the 

east.  Specifically, Tulsa County is in P r a i r i e  P la ins  and the Sandstone 

Hills physiographic provinces. The rocks a re  principally  sandstones 

and shales of Pennsylvanian age. Some lim estones occur in the n o r th 
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e rn  part  of the county. P re se n t  surface fea tu res  of the Tulsa  a re a  a re  

the re su lt  of two fac to rs ,  (a) s t ru c tu ra l  subsurface laye rs  of a north-  

east-sou thw est orientation  and (b) the e ros ion  of the original e a r th 's  

surface  by wind and water followed again by erosion fo rces .  Hence, 

the surface of Tulsa  County is generally  rough, with east-facing ra n g 

es of sandstone hills separa ted  by flats or valleys underlaid  by shale.

In addition, because of the differences in hardness  of rock and the 

tilting of these rocky a re a s  to the extent of 30 to 50 feet per mile, a 

number of cuestas have been fo rm ed  by e ros ion  p ro c e sse s .  The cu es- 

tas  p resen t  the ir  high slopes to eas t  and gentle slopes to the west. 

E sca rpm en ts  a r e  modified locally be g re a te r  eros ion  along the s tream s 

that lead into or  a c ro s s  them. Hence, many escarpm ents  may be 

se rved  by the s t re a m s .

Climate

The climate of Tulsa County is continental and subject to sudden 

wide changes in tem pera tu re .  The humidity is ra th e r  high in com 

parison  with that in w es te rn  Oklahoma.

About two-th irds of the average annual ra infall  occurs  during the 

planting and growing season, between A pril 1 and September 30. The 

precipita tion  rece ived  is genera lly  well d istributed  through the year 

for  the development of all vegetation. In the spring, which is the s e a 

son of m aximum rainfall, much of the precipita tion  occurs  in the fo rm  

of thunderstorm s, resulting in a high percentage of runoff.
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Table 2, ex trac ted  from  the re c o rd s  of the United States 

Weather Bureau Station at Tulsa, gives the norm al, maxim um , 

and m in im um  monthly p rec ip ita tions,  which a r e  rep resen ta t iv e  

for all of Urban Tulsa.

TABLE 2

NORMAL, MAXIMUM, MINIMUM PRECIPITATION
TULSA, OKLAHOMA

Month Normal Maximum Minimi

Jan. 1 . 6 8 6 . 65 T
Feb. 1.59 3.95 0.40
M ar. 2. 72 6 . 14 0.25
A pr. 4. 10 9.23 0.51
May 5. 16 18.00 1.33
June 4.58 11. 17 0.53
July 3. 27 1 0 . 8 8 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 . 0 1

Dec. 1 . 8 8 4.29 0.16
Total 37.25

F igu re  1 gives the cumulative frequency distr ibution of 465 r a in 

fall events for the years  1964-1968 at the Tulsa International A irport .  

It should be noted that over 50 percen t  of these events w ere le s s  than 

0 . 1 inch total ra infall.

G enera l drainage c h a ra c te r is t ic s

Approxim ately  half of the drainage of the county is effected 

through many sho r t  t r ib u ta r ie s  leading d irec t ly  into the A rkansas
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River. Among the la rg e r  s t ream s  a r e  Snake, Posey, Coal, Nichel, 

Polecat, Ha ike y , Duck, F ish e r ,  .A.nderson, Cherry, and Shell 

C reeks. The ea s t -c e n t ra l  pa r t  of the county is drained mainly by 

Mingo Creek, which flows northward about 12 m iles ,  emptying into 

Bird Creek. Bird Creek, a perm anent s t ream , enters  the north

w es te rn  corner of the county, flows southward about 12  m iles ,  

thence eastw ard  to the confluence of Mingo Creek, and thence into 

Rogers County, w here  it em pties into the V erdigris  River. Bird 

Creek is ra th e r  sluggish, a s  evidenced by the numerous m ean d e r- 

ings, and a large  p a r t  of the bottom land along this s t ream  has 

im perfec t surface . Drainage as  a whole is good, but underdrainage 

on many of the ve ry  smooth upland a re a s  is m ore  or le ss  im p e r 

fect because some of the soils have very  heavy, a lm ost impervious 

subsoils.

The native vegetation com prises  both fo re s t  and p ra i r ie  growth. 

The smooth p ra i r ie  land originally  supported a heavy growth of 

coarse  bunch g ra s s e s  with a less  abundant and m ore  var ied  growth 

of buffalo and g ram a  g ra s se s .  ■

Originally about one-th ird  of the county was forested . All the 

s t r e a m  bottoms w ere  covered with a m odera te  to r a th e r  thick tree  

growth, some of which s t i l l  rem ains.

The s to rm  sew er system  consis ts  of over 330 m iles of covered 

lines which vary  in size f rom  12 inch diam eter  to a 15 foot
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sem iellip tica l section, and over 500 m iles of open drainage ditches. 

Included in the system  at many inlet s truc tu res  a r e  22, 000 catch 

basins.

Flow of s to rm  water to the closed system is via approximately 

1100 m iles  of paved s t r e e t s .  Flow into the open drainage ditches is 

d irected  by 575 m iles of unpaved s t ree ts  and a lleys.

Study Drainage Sheds 

There a r e  eight m ajor drainage sheds that drain  m ost  of urban 

Tulsa. Each of these drainage sheds has varying amounts of d if fe r 

ent types of land activity, impervious cover, and slopes. The 

boundaries of these catchments, along with the locations of the sa m 

pling sites used in this study, a r e  shown in F ig u re  2.

F o r  this study, sev e ra l  of the m ajor  sheds w ere broken down 

into subsheds to inc rease  the number of definable mixed land-use  

study a re a s .  The total number of study a re a s  investigated on this p r o 

jec t was twelve. Below is a b r ie f  descrip tion  of the drainage 

ch a rac te r is t ic s  of the m a jo r  drainage sheds and a detailed descrip tion  

of the land use within each study a rea .

Blackboy drainage shed is located west of the  cen tra l  city and 

east of Sand Springs, Oklahoma. The flow is f rom  north to south with 

the upper portion  located in Osage County, which is sp a rse ly  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
No.

Name Location

A 4 New Block New Block P a rk

6 Indian Indian Avenue and R ivers ide  Dr.

7 21st S tree t 21st S tree t  and R iverside  Drive

8 Crow Creek 32nd S tree t  and R ivers ide  Drive

9 C herry  Creek West 48th Street and Elwood Dr.

10 Mooser Creek West 52nd Street and Elwood Dr.

11 Joe Creek 91st S tree t  and Lewis Avenue

B 2 F la t  Rock 4000 Block on North P eo ria

3 Dirty Butter 1800 Block on 36th S tree t  North

4 Coal Creek West 5700-Block on 36th S tree t North

5 Coal Creek E as t 8900 Block on Mohawk Blvd.

8 Mingo Creek 56th S tree t  North and Mingo Valley
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is located in Tulsa County with a h igher percentage of impervious 

cover, mainly f rom  industr ia l  a re a s .  The drainage is chiefly con

ducted to the A rkansas River by open channels and uncurbed s t ree t  

drainage ditches. Due to the ve ry  low flows at the mouth of Black

boy Creek, this shed was not sampled.

Central drainage basin  is composed of many sm all t r ib u ta r ie s  

which flow d irec tly  into the A rkansas R iver. These catchments are  

located adjacent to the bend in the A rkansas  River wltere the r iv e r  

changes from  an ea s te r ly  flow to a southerly  flow. The original 

townsite of Tulsa was located in this  basin. All of the drainage 

channels are  now closed sys tem s and a r e  the oldest in the city. The 

land activity in the upper portions is  mainly re ta il-off ice  buildings 

and parking a r e a s .  Also, many industr ies  a r e  located adjacent to the 

downtown a rea .  The lower portion of the shed is mainly old type r e s i 

dential a re a s .  Since the drainage shed is made up of many sm all 

sheds, it  was n ecessa ry  to se lec t four sheds to rep resen t  the entire  

drainage a rea .

Cherry drainage shed is actually  two separa te  runoff a r e a s .  These 

two a reas  a re  C herry  Creek and Mooser Creek. Cherry drainage shed 

is mainly industr ia l  with two oil re f in e r ie s .  The drainage from  the two 

re f iner ies  does not add to the runoff f ro m  the shed because they have 

their  own s to rm  dra in  lines which c a p tu r e  the runoff water  for  t r e a t 

ment before re lea se  to the A rkansas  River.
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The upper end of Mooser Creek is la rge ly  undeveloped with the low

e r end being sp a rse ly  occupied by com m erc ia l  a re a s .

Joe drainage shed is la rge ly  developed as  res iden tia l  and co m m er

cial a r e a s  except for the flood plain south of 71st Street.  It has a 

re la tively  high percentage of im pervious cover with many large r e s i 

dential lots. Approximately half of the t r ib u ta r ie s  and the main 

drainage channel a r e  covered. The lower half of the m ain  drainage 

channel is la rgely  unimproved, and the banks a re  subject to sewer 

e rosion  due to the runoff f rom  u ps tream  development.

F la t  Rock Creek and its t r ib u ta r ie s  d ra in  a total a r e a  of 15, 410 

a c re s .  The m ain  creek  channel flows genera lly  ea s te r ly  between 36th 

and 46th S tree t North f rom  Cincinnati Avenue to a junction with Bird 

Creek northeas t  of Lake Yahola. The c re e k  has i ts  headwaters in 

Osage County, and the a r e a  west of Cincinnati Avenue is divided into 

sm all  contributing drainage a re a s  that converge into a single channel 

just  w est  of the Tulsa-O sage County Line. In this a rea ,  the slopes, 

both overland and channel, a re  steep, resu lting  in fast  accumulation 

of u p s tream  runoff increasing the peak flows eas t of Cincinnati Avenue. 

Since the portion  of the shed located in Osage County is la rgely  unde

veloped, the shed was divided into two te s t  a re a s .  One te s t  a re a  

(Dirty Butter) is the tr ib u ta ry  which dra ins  a la rge  portion of com

pletely  developed land which is  now considered a v e ry  low 

socioeconomic c lass  a rea .
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Coal Creek drains an a re a  of 5, 489 a c re s  south of 36th S tree t  North. 

North of 36th Street North, the creek  flows through the B ird  Creek 

overflow a re a  within Mohawk P a r k  to a junction with B ird  Creek eas t  of 

Yahola Lake. South of Pine S tree t,  the creek  is r e f e r r e d  to as Walnut 

Creek. F ro m  Pine S tree t to 36th S treet North, the c reek  flows g e n e r 

ally northward between Yale and Sheridan Avenues in a well-defined 

meandering channel with gentle gradient and slow cu rren t .  This shed 

was divided into two subsheds noted as  Coal West and Coal E as t .  Coal 

West d ra ins  a par t ia l ly  developed a rea ,  w hereas  Coal E a s t  d rains 

mainly undeveloped land and a  portion of Mohawk P a rk  and Tulsa 

International A irport .

Mingo drainage shed was the la rg e s t  te s t  a r e a  investigated. The 

area dra ined  by Mingo Creek and its t r ib u ta r ie s  includes a total of 

over 38, 000 ac re s .  The drainage is genera lly  to the north, and the 

main c reek  channel extends from  51st S tree t to a junction with B ird  

Creek north  of 56th S tree t North. The channel is m eandering  and 

has a slow, sluggish cu rren t  due to a heavy growth of vegetation with

in the channel and flood plain a re a .  This re su l ts  in re ta rda tion  of flow 

and w idespread  flooding. In many cases ,  the flooding is caused, not 

by insufficient channel a re a  and excessive  runoff, but by u n d e r 

sized drainage s truc tu res  carry ing  the flow under roads and s t ree ts .  

The e a s te rn  half of the drainage shed is la rge ly  undeveloped with open 

drainage channels. The w est  half of the shed is developed with new 

residentia l ,  com m erica l,  and light industr ia l  a re a s .
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Detailed land-use  descrip tion

To sa tisfy  the basic requ irem ents  of model building, re l iab le  de

pendent and independent input variab les  must be assem bled . Since 

the m ain  objective of this study is to rela te , m athem atically , d ispersed  

land pollution from s to rm  water  runoff to p red ic to r  land activity  items, 

it was n ecessa ry  to know, in detail, exactly the various categories  of 

land use and other d e s c r ip n .^  Items that note people activ ities upon 

the drainage sheds along with the resu ltan t pollutional concentrations. 

To achieve the subobjective of num erica l land-use  data item s within 

each drainage shed investigated, use was made of the Tulsa M etropoli

tan A rea  Planning C om m ission 's  (TMAPC) Land Activity File . The 

Land Activity File consis ts  of over 150, 000 p a rce l  reco rd s  and de

sc r ibes  an a rea  of 577 square  m iles .

The reco rd s  a r e  coded with various code num bers and s to red  on 

magnetic tape. Data items a r e  grouped into physical, social, and 

economic data i tem s. This grouping makes possib le  the system atic  

collection and record ing  of the data i tem s. The pa rce l  num ber code 

is used  as  the common file re fe rence  code. This code se rv es  to 

p roperly  identify and locate land activity. The data file is organized 

in ascending sequential pa rce l  number o rd e r ,  and ca tegorizes  p lan

ning data of every pa rce l  in three basic  information levels: (1) 

pa rce l  information, (2 ) building and /o r  open space information, and 

(3) estab lishm ent c h a rac te r is t ic s .
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To aggregate  the pa rce ls  and sum m arize  the land activ ity  of each 

drainage shed, each b as in 's  boundary was delineated, and a drainage 

shed computer r e tr iev a l  p ro g ram  was w rit ten  with the a ss is tan ce  of 

T M A P C s staff and the City of T u lsa 's  Systems D epartm ent. The 

boundaries of the drainage sheds w ere  defined by the q u a r te r  section; 

that is , the re t r ie v a l  drainage boundaries co rresponded  to the true 

r idge lines by the c loses t  one qu a r te r  section. These boundaries 

a r e  logical since m ost of the basins  w ere re la t ive ly  la rge ,  and the 

a re a s  deleted or  added tended to balance out. The s to rm w ate r  d ra in 

age s ta t is t ica l  planning a re a s  as u sed  on this p ro jec t,  with the 

exception of the previously  d iscu ssed  divisions, a r e  shown on F igure  

3.

The re su lts  of this r e t r ie v a l  a r e  su m m arized  in Table 4 through 

Table 7. F u r th e r  insights into the ch a ra c te r  of the drainage sheds 

investigated a r e  p resen ted  in F ig u re  4 through F igu re  6. These 

f igu res  rep re sen t ,  by drainage shed, the population p e r  square  m ile ,  

dwelling units per  square  mile , and average household income per 

square  mile.

Detailed genera l san ita ry  conditions

The raw data input for the genera l  san itary  conditions of the d ra in 

age sheds was obtained from  the Tulsa  City-County Health Department. 

The data wore sum m arized  from  a community block survey  conducted 

in 1968. The purpose of the survey was to de te rm ine  general
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T A B L E  4 

R E S I D E N T I A L  L A N D  A C T I V I T Y

Sl i ed D r a i n a g e S i n g l e F a m . T w o  F a i n . M u l t i  F a m . G r o u p  D i v i n g T o t a l R e s . P o p .
N o . S h e d N u m b e r N u m b e  r N u m b e r N u m b e  r N u m b e r T o t a l

U n i t s A c . U n i t s A c . U n i t s A c . U n i t s A c . U n i t s A c .

A  4 N e w  B l o c k 2,  301 6 6 0 97 7 4 2 4 22 0 0 2,  8 2 3 6 8 9 8,  372
A  6 I n d i a n 182 25 48 3 193 5 2 0. 13 4 2 5 33 951
A  7 2 1 s t  S t r e e t 4,  144 5 9 7 8 98 63 3,  006 41 2 3 4 8.  74 8 ,  2 8 2 7 0 9 2 0 , 6 0 4
A  8 C r o w 4 ,  421 1 , 1 5 8 303 28 328 29 16 8.  06 5, 0 6 8 1, 2 23 13,  3 00
A 9 C h e r r y 3 , 2 6 8 1 , 1 7 6 75 1 1 66 6 0 0 3, 4 0 9 1, 193 1 0 , 7 4 4
A  10 M o o s e r 937 7 45 2 2 66 40 0 0 1, 0 0 5 787 3 , 3 2 8
A  1 I J o e 1 1 , 3 0 1 4 ,  3 24 100 18 1, 191 58 178 46 .  00 12,  7 7 0 4,  4 4 7 4 2 , 2 2 1
B 2 F l a t  R o c k 3,  7 0 3 2,  421 4 0 10 6 6 0 0 3 , 7 1 7 2,  48 7 13,  8 0 5
B  3 D i r t y  B u t t e r 1 1 , 7 2 5 2,  2 08 1 , 2 1 5 90 1, 468 61 5 0, 46 1 4 , 4 1 1 2, 359 4 0 , 1 5 5
B  4 C o a l  W e s t 1 1 , 7 9 1 2, 540 8 8 4 77 1. 047 63 23 I F  72 1 3 , 7 9 8 2 , 6 9 1 4 0 , 8 2 7
B  5 C o a l  E a s t 172 182 0 0 8 9 0 0 180 ! 91 6 7 6
B 8 M i n g o 21 ,  0 5 2 8 ,  143 499 76 1, 388 189 4 24.  00 2 2 , 9 4 3 8 , 4 3 4 7 9 , 0 7 8



T A B L E  5 

C O M M E R C I A L  L A N D  A C T I V I T Y

S h e d D r a i n a g e R e t a i l  & P e r s o n a l Int .  & E x t . C o m m . B u s .  P r o . S e  r v i c e  s
N o . S h e d A c r e s E s t . A c r e s E s t . A c  re  s E s t .

A  4 N e w  B l o c k 10.  54 27 5. 12 6
A  6 In d i an 9.  93 I I I I .  09 5 6.  40 4 9
A  7 2 I s t  S t r e e t 57 .  25 4 9 6 2.  53 18 30 .  56 2 1 9
A  8 C r o w 3 1 . 7 1 174 10 .  51 4 16.  84 73
A  9 C h e r r y 2 0 .  02 80 2 6 .  32 4 13.  20 14
AIO M o o s e  r 9.  85 20 2 7.  95 5
A l l Jo e 9 8 .  88 2 58 1 6 9 . 0 0 22 1 2 0 . 9 8 131
B  2 F l a t  R o c k 6 4 .  91 43 2 3 .  97 6 12.  12 10
B  3 D i r t y  B u t t e r 4 8 .  71 3 50 7 .  51 14 12.  64 52
B  4 C o a l  W e s t 55 .  73 2 85 11.  34 6 14.  77 81
B 5 C o a l  E a s t . 85 3 I I .  84 3 19.  4 4 2
B 8 M i n g o 2 4 9 .  72 4 0 4 1 5 1 . 5 4 33 102 .  12 176



T A B L E  5 -  -  C o n t i n u e d  

C O M M E R C I A L  L A N D  A C T I V I T Y

S h e d D r a i n a g e L o c a l  & T h r u H w y .  B u s . A u t o  S a l e s & S e r v . B u s  i n e s  s S e r v . T o t a l
N o . S h e d A c r e s E s t . A c r e s E s t . A c r e s E s t . A c r e s E s t .

A  4 N e w  B l o c k 5.  31 14 6 .  85 12 . 09 1 2 7 .  91 60
A  6 I n d i a n 3.  41 34 9 .  68 45 1. 37 6 31 .  88 2 5 0
A  7 2 1 s t  S t r e e t 25 .  7 4 169 57 .  24 2 4 4 15.  59 59 1 8 8 . 9 1 12 05
A  8 C r o w 9.  66 38 6 .  32 25 2.  61 23 7 7 .  65 3 37
A  9 Ch e r r y 12.  85 29 1. 67 8 1 . 7 1 6 7 5 .  77 141
AIO M o o s e r 29 .  21 39 4 .  79 7 4.  93 1 56 .  73 74
A l l J o e 75 .  2 5 90 30 .  61 14 3. 30 15 4 9 8 .  02 53 0
B  2 F l a t  R o c k 34 .  34 32 5.  34 6 . 76 3 1 4 1 . 4 4 100
B  3 D i r t y  B u t t e r 34 .  80 114 15.  91 61 2.  26 19 1 21 .  83 6 1 0
B  4 C o a l  W e s t 36 .  30 111 33 .  75 115 1 1 . 8 6 39 163 .  75 6 37
B  5 C o a l  E a s t 1. 53 5 33 .  66 13
B  8 M i n g o 2 2 8 . 5 9 25 7 1 1 1 . 96 119 6 0 . 88 66 9 0 4 . 8 1 105 5



T A B L E  6 

I N D U S T R I A L  L A N D  A C T I V I T Y

S h e d D r a i n a g e L o w  L i m i t W h o l e s a l e S u b s t a n t i a l H a z a r d  & N o x i o u s N o n  - M a n u  T o t a l *
No . S h e d N u i s a n c e W a r e h o u s i n g  

& T r u c k i n g
N u i s a n c e N u i s a n c e f a c t u r i n g

A  4 N e w  B l o c k 2. 72 15.  43 0 35 .  38 38 .  75 9 2  7 9
A  6 In d i an 0 0 0 0 0 0
A  7 2 1 s t  S t r e e t 14.  93 55.  65 0 34 .  41 53 .  14 1 5 8 . 1 3
A  8 C r o w 0.  05 1. 07 0 1. 17 0. 97 3. 26
A  9 C h e r r y 7.  00 1 1 3 . 0 0 0 1 3 7 . 0 0 181.  00 4 3 8 . 0 0
A  10 M o o s e r 1. 00 17. 00 0 13.  00 27 .  00 58 .  00
A  11 J o e 9. 81 24 .  20 0 14.  96 1 3 7 . 4 1 1 8 6 . 3 8
B 2 F l a t  R o c k 0 5. 56 0 0 7 2 9 . 1 6 7 3 5 .  00
B 3 D i r t y  B u t t e r 4.  63 1 7 . 9 1 0 89 .  1 1 88 .  05 1 99 .  70
B  4 C o a l  W e s t 16.  91 7 1 . 6 2 0 96 .  94 60 .  4 1 2 4 5 . 8 8
B 5 C o a l  E a s t 10.  GO 3 . 9 9 0 1 1 9 . 2 8 3 . 4 9 1 36.  74
B  8 M i n g o 22 .  19 2 5 9 . 8 4 0 4 5 6 . 0 3 6 1 5 . 3 6 1 35 3 .  42

1T o t a l  i n c l u d e s  l a n d  o c c u p i e d  b y  v a c a n t  i n d u s t r i a l  s t r u c t u r e s .
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P U B L I C ,  Q U A S I - P U B L I C ,  U T I L I T I E S .  O P E N  S P A C E ,  A G R I .  , S T R E E T S

S h e d D r a i n a g e In s t i t . T r a n s . O p e n  S p a c e A g r i . U n u s e d T o t a l S t r e e t s T o t a l  A c r e s
N o . S h e d &: R c c . S p a c e o f  B a s i n

A  4 N e w  B l o c k 56 14 151 15 82 3 18 2 5 2 1, 3 80
A  6 In d i an 0 0 0 0 37 37 104 20 6
A  7 2 1 s t  S t r e e t 77 80 19 0 88 26 4 1, 23 6 2,  5 6 0
A  8 C r o w 78 23 40 0 35 176 4 37 1, 920
A  9 C h e r r y 73 71 61 7 0 5 8 0 0 1 , 7 0 9 4 2 4 3,  8 4 0
A  10 M o o s e r 27 6 71 1, 195 32 3 1, 6 2 2 67 6 3,  2 0 0
A  11 J o e 327 77 51 8 1, 133 554 2,  6 0 9 1, 6 5 0 9, 3 9 0
B 2 F l a t  R o c k 178 182 72 1 . 9 70 1, 4 5 6 3,  85 8 192 7,  4 1 0
B  3 D i r t y  B u t t e r 159 27 112 122 741 1 , 1 6 1 983 4,  8 40
B  4 C o a l  W e s t 190 101 57 136 1, 0 3 0 1 , 5 1 3 1 , 631 6, 240
B  5 C o a l  E a s t 156 7 0 2 6 4 3 211 3 02 2 , 0 1 5 23 2, 4 0 0
B  8 M i n g o 6 1 9 1, 0 2 9 113 1 1 , 4 7 5 7 .  291 2 0 , 5 2 7 4, 580 35 ,  8 0 0
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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 a re a s  into socioeconomic 

c la sse s .  The environmental fac to rs  included in the survey  w ere 

land use; ex te r io r  housing quality; w ate r  supply; human waste d i s 

posal; refuse s torage; rubble accumulations; junked c a rs ;  dilapidated 

sheds; vacant lot sanitation; p resence  of livestock, poultry, and dogs; 

and poor drainage.

These environmental data items w ere  sum m arized  by drainage 

sheds by adding block to tals .  Table 8 through Table 10 p resen t  the 

accumulated block totals  for each drainage shed.

To indicate the genera l environm ental conditions of each d ra in 

age shed with one number, a procedure  developed by Cleveland, et al. 

was used. In a study of "Storm Water Pollution F ro m  Urban Land 

Activity" ( 18 ) a method was devised to weigh each of the genera l 

sanitary  data item s and calculate an index of the environment. The 

formula for calculating the index is as follows:

2 1  - 2A + B + 3C

Where:
E l  = Environm ental Index (dimensionless)

A _ Total Housing S tructures  
G + 2F + 3P
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Note: G = No. of good houses
F  = No. of fa i r  houses
P  = No. of poor houses

g  _ Total Vacant Lots 
G T 2F + 3P

Note: G = No. of good vacant lots
F = No. of fa i r  vacant lots
P  = No. of poor vacant lots

_ Total S tru c tu re s -T o ta l  Deficiencies 
Total S tructures

The total deficiencies include the sum  total of refuse, bu rners ,  

rubble, lum ber,  old autos, poor sheds, livestock, poultry, and 

p r iv ie s .  F a c to rs  A and B va ry  from  a low of 0. 33 to a high of 

1. 00; F ac to r  C v a r ie s  f rom  a negative number to 1. 00. The 

sm a l le r  E l 's  indicate poor environmental conditions, while the 

la rg e r  E l 's  indicate good or excellent environmental conditions.

Applying this p rocedure  to the data of Tables 8 through 10 

resu l ted  in the index p resen ted  in Table 11. The calculated E l 's  

ranged from  a low of 0.11 for F la t  Rock drainage shed to a high 

of 0 .94 for Mooser drainage shed.
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S T R U C T U R E  A N D  V A C A N T  L O T  C O N D I T I O N S  W I T I U N  E A C H  D R A I N A G E  S H E D

S t r u c t u r e s
H o u s i n g O t h e r  B u i l d i n g s

V a c a n t  L o t s

G o o d F a i r P o o r T o t a l U n i t s F  o o d O t h e r T o t a l G o o d F a i r P o o r T o t a l

N e w  B l o c k 2,  152 62 8 79 2 , 8 5 9 - 3, 123 17 83 100 247 88 24 3 5 9
I n d i a n 2 22 38 7 2 67 2,  103 26 191 2 17 168 6 0 174
2 1 s t  S t r e e t 3,  160 5 69 69 3,  7 9 8 9,  7 1 4 124 1 , 1 0 6 1, 230 393 177 6 57 6
C r o w 3,  81 2 1 1 1 3,  8 2 4 3,  278 22 32 54 43 2 0 45
Ch e r r y 3,  0 0 2 8 0 4 389 4,  195 4,  383 17 2 10 227 196 66 75 337
M o o s e r 4 3 0 160 79 6 6 9 8 6 5 3 32 35 126 107 10 243
J o e 1 1 , 8 7 2 57 9 1 1 , 9 3 8 1 4 , 6 4 3 77 29 5 372 1, 02 8 31 3 1, 0 6 2
F l a t  R o c k 3 , 9 2 6 56 6 23 4 , 5 1 5 4 ,  5 2 2 37 132 169 193 54 18 265
D i r t y  B u t t e r 7 ,  0 48 2,  4 0 8 1, 6 0 0 1 1 , 0 5 6 1 2 , 1 7 2 130 8 5 2 982 4 97 2 2 5 175 89 7
C o a l  W e s t 1 0 , 4 0 0 1, 763 2 32 1 2 . 3 9 5 1 2 , 9 1 3 124 6 7 8 802 466 526 334 1, 3 26
C o a l  E a s t 149 25 6 180 180 1 18 19 N, D. N.  D. N.  D. 19
M i n g o 1 9 . 9 8 2 7 57 50 2 0 , 7 8 9 2 2 , 2 6 4 176 9 1 5 1 , 0 9 1 3, 5 8 4 4 6 8 59 4,  111

Oi

^ S o u r c e ;  U n p u b l i s h e d  D a t a ,  T u l s a  C i t y - C o u n t y  H e a l t h  D e p a r t m e n t ,  1 9 6 8  C o m m u n i t y  B l o c k  S u r v e y ,
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L A N D  U S E  D E F I C I E N C I E S  W IT H I N  E A C H  D R A I N A G E  S H E D

R e f u s e B u r n e r s R u b b l e L u m b e r Ol d P o o r D r a i n a g e
E t c . A u t o s S h e d s V e s s e l s P r i v i e s

N e w  B lock . I ,  0 38 9 9 9 3 8 7 102 122 115 2 0 0
In d i an 23 I I I 0 0 0 0 0 0
21 S t  S t r e e t 6 8 3 2 4 6 37 I 24 12 0 I 0
C r o w 2 89 2 7 8 42 3 2 4 3 0 0 0
C h e r r y 2,  0 8 5 I ,  3 73 30 7 92 81 118 6 0 72
M o o s e r 201 191 57 13 45 19 0 0 157
J o e BIB 3 12 7 5 13 21 11 13 0 2
F l a t  R o c k I ,  2 1 3 4 5 4 3 2 3 54 189 104 39 0 9
D i r t y  B u t t e r 5,  5 5 0 4 ,  8 9 3 1 , 0 7 9 3 50 4 7 2 26 3 17 3 27
C o a l  W e s t 3,  9 1 6 2,  2 0 9 I ,  2 0 3 2 67 4 8 6 4 1 7 29 7 162
C o a l  E a s t 65 45 18 4 15 7 2 0 3
M i n g o 2,  7 7 9 I ,  4 8 0 8 2 6 2 6 8 4 9 3 327 102 0 112
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ANIM ALS W ITHIN E A C H  DRAINAGE SHED

L i v e s t o c k P o u l t r y D o g s
P r e m i s e s N u m b e r P r e m i s e s N u m b e r C o n t r o l l e d

N e w  B l o c k 18 71 5 123 0

Ind ia n 0 0 0 0 3

2 1 s t  S t r e e t 0 0 0 0 1 1

C r o w 0 0 1 2 0

C h e r r y 7 15 22 171 0

M o o s e  r 7 78 1 40 0

J o e 15 4 0 0 1 3

F l a t  R o c k 28 120 10 137 0

D i r t y  B u t t e r 17 21 19 311 40
C o a l  W e s t 79 3 4 9 83 1, 27 5 5

C o a l  E a s t 7 7 1 10 2

M i n g o 169 1, 5 8 4 36 8 2 9 0

S t r a y

38
5 

11
6 

37
0

26
1 0 0
447
2 57

6
179

UlUl
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TABLE 11

ENVIRONMENTAL INDEX OF DRAINAGE SHEDS

Drainage Environm ental Index
Shed (El)

New Block 0. 42

Indian 0.40

21st S tree t  0. 48

Crow 0.65

C herry  0.43

M ooser 0 .94

Joe 0 . 6 6

F la t  Rock 0.11

Dirty Butter 0.56

Coal West 0.83

Coal E a s t  0.81

Mingo 0.43



CHAPTER V

ANALYTICAL PROCEDURES 
AND

MEASURES OF WATER POLLUTION

L abora to ry  and 
Sampling P rocedure

Chemical and bac terio logical s to rm  w ater  runoff sam ples were 

co llec ted  f ro m  twelve drainage sheds draining the la rg e r  p a r t  of 

Urban Tulsa. The location of each sampling site  and the a re a  

d ra ined  is shown in F igure 2. Table 3 in Chapter IV is a listing of 

the drainage sheds and identification code num bers.

The p rocedures  used in collecting the runoff sam ples  w ere  as 

follows:

(a) Each drainage shed was put into one of two groups. The 

drainage sheds which d ra in  to the Arkansas River w ere 

p laced in Group A. The drainage sheds which d ra in  to 

B ird  C reek  were noted as  Group B. This division was 

n e c e s sa ry  due to the wide separation  of the sampling sites. 

Since the duration of m o s t  precip ita tion  events in the Tulsa 

a r e a  is re la tive ly  short, samples could not be taken at each

57
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of the twelve sites during the same event. T herefore ,  it 

was n ecessa ry  to collect sam ples  from  either  Group A or 

Group B during any specific event.

(b) Storm  w ater  runoff samples w ere  collected at sites in 

e ither  Group A or Group B som etim e a f te r  the ra infall  

event s ta r ted . Normally only one grab sample was co llec t

ed at each site  during an event.

(c) The samples were tran sp o r ted  to the Tulsa  City-County 

Health Department, w here the bacterio log ical and BOD 

sam ples w ere  p rep a red  for ana lysis ;  chem ical sam ples  

w ere  p re se rv e d  and iced for shipment to the U niversity  of 

Oklahoma a t  Norman, where the additional analyses w ere  

perfo rm ed .

All sampling storage  and labo ra to ry  analytical p rocedures  

followed "Standard Methods for  the Examination of Water and Waste 

Water, Twelfth Edition" ( 1 9 ) .  .

The p a ra m e te rs  tested  a t  the Tulsa  City-County Health D ep a r t

m ent 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 a t the University of 

Oklahoma, Norman, Oklahoma, analyzed the runoff samples for the 

following p a ra m e te rs .

(a) chemical oxygen demand (COD)

(b) organic Kjeldahl n itrogen (ON)

(c) soluble orthophosphate (PO4 )

(d) total solids (TS)

(e) fixed solids (FS)

(f) volatile  solids (VS)

(g) ch lorides (Cl)

M easures of Water Pollution

In water  pollution control terminology, severa l  c lassifications 

of the above p a ra m e te rs  a re  made for the specific pollutants. A 

b rief  d iscussion  of these ca lss ifications is in o rder  to fully u nder

stand the d ispe rsed  pollutional "m odels" developed in a la te r  chapter.

Organic

Biochemical oxygen demand (BOD5 ) is an index determ ined by 

a labora tory  procedure  for m easuring  the amount of oxygen con

sumed, in five days, by natura l agents in stabilizing the organic 

constituents in the w ater. It is an approximate es tim ate  of the 

oxygen that will be consumed in nature  as the various organic 

m a te r ia ls  decompose. Untreated domestic  sewage has a BOD5 on
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the o rd e r  of 200 to 250 mg/1, while the effluents from  good second

a ry  trea tm ent plants have values on the o rder  of 25-30 mg/1.

Chemical oxygen demand (COD) m e a su re s  the amount of oxygen 

consumed under specified conditions in the oxidation of organic and 

inorganic m a t te r  by d ichrom ate. Recent modifications of the tes t  

have resu l ted  in g re a te r  accuracy . Chloride ions a re  known to 

in te rfe re ,  and, without the use of s ilver  sulfate to remove them, 

will cause appreciable  e r r o r  in ana lys is .  Without the m e rcu ry  

catalyst, compounds such as ace tic  acid a re  not oxidized. Another 

c h a rac te r is t ic  of the d ichrom ate oxidizing agent is that, without the 

catalyst, a significant amount of cellulose is oxidized, although 

cellulose is one of the m ost  difficult compounds to biologically d e 

grade. F o r  the g rea t  m ajo r i ty  or o rganics, oxidation of over 95% 

is obtainable. On the other hand, it is well documented that com

pounds such as pyridine, benzene, and ammonia a re  not reco rd ed  

by the tes t .  S im ilarly , very  sm all  percen tages  of re la ted  straight- 

chain aliphatic and arom atic  hydrocarbons a r e  oxidized. Thus, 

even by using one of the s tronges t  oxdizing agents, a strong acid 

medium, heat, and catalysts , some organic and inorganic com 

pounds escape analysis .

Nutrients

Both nitrogen and phosphorus a re  effective nutrients  and a r e  common

ly found in w ater  as n i tra tes  and as  d issolved or organic nitrogen, due
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to the decomposition of organic m a te r ia l .  The p resence  of e ither 

of these m a te r ia ls  is usually indicative of decomposing organic 

m a te r ia l  in the s tream , channel, or w atershed , or of the d irec t 

application of chemical f e r t i l iz e r s  containing these m a te r ia ls  to 

land in the watershed, resu lting  in a high nutrient level of runoff. 

The p resence  of these substances in excessive concentrations con

tributes to algae blooms and to the d is tortion  of the ecological 

balance of the receiving body of w ater .

Solids

Suspended solids include a ll p a r t ic le s  so fine or  so buoyant 

that they a re  suspended in the s tream . They may include both 

p a r t ic le s  which will settle following loss of s t ream  velocity and 

those which a r e  either colloidal or a t neu tra l  buoyancy- These 

solids m ay or m ay not be volatile  in na ture .  The volatile  solids 

a re  genera lly  composed of various organic substances, both 

animal and vegetable in  orig i n  which a re  cha rac te r ized  by 

pu tresc ib ili ty  and eventual decomposition into s im pler ,  stable 

m a te r ia ls .  Volatile solids of vegetable origin, may include vege

tation such as leaves, g ra s s ,  humus, d isca rded  food, and organic 

growths within the drainage channel. Animals contribute offal 

and c a rc a s se s  of various s izes  and stages of decomposition. 

Suspended solids which a re  not volatile a r e  p r im a r i ly  soil, sand.
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s il t ,  dust, and genera l surface debris .  These solids p r im a r i ly  

a r e  stable and inorganic in nature.

D issolved solids may include var ious  soluble m in e ra ls  and 

sa l ts ,  as  well as sm a l le r  quantities of other organic and inorgan

ic m a te r ia ls  which might be slightly soluble. Decomposition of 

volatile  suspended solids often produces, soluble organic products . 

Some d isso lved  m a te r ia ls  a r e  prec ip i ta ted  from  the a tm osphere  

by ra in fa l l  and a re  dissolved before  str ik ing the ground.

As mentioned in Chapter II, none of the studies to date has made 

a deta iled  investigation of the quantitative amounts of floating 

so lids. The existence of open drainage channels and s to rm  water  

re ten tion  ponds downstream  fro m  the closed s to rm  w ater  collection 

sy s tem  p e rm i ts  such objects as  boards ,  t ree  b ranches ,  toys, paper, 

p la s t ic s ,  etc. to en ter  the flow and contaminate the w ater .  It may 

w ell  be that this source category m ay be the m ost  s ignificant solid 

pollutional p a ra m e te r .

B ac te r ia l

It is common prac tice  to te s t  fo r  p resence  of one of the fecal 

b a c te r ia  and to use that s t ra in  as an  indicator of fecal contam ina

tion. If such contamination is found to be p resen t ,  it is considered 

possib le  that pathogen might also be p resen t .  The type of fecal 

b a c te r ia  used  m ost  widely as  an indicator is the coliform  (total) 

group. Since coliform b ac te r ia  may be p resen t  in so il  as  well as
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humans and anim als, in te res t  has recently  been generated  in two 

other groups (fecal coliforms and fecal streptococci) a s  be tte r  in 

d ica tors  of pollution by warm -blooded an im als .  Traditionally, 

only the total coliform group has been used  in s t re a m  pollution 

investigations.

Miscellaneous

F rom  the many p a ra m e te rs  that could be considered  under this 

heading, the m o s t  significant, outside of toxic and p e rs is te n t  

chem icals , a re  chlorides, pH, oil, and g re a se .  The main source 

of chlorides f ro m  urban runoff is sa lt  used  to m elt  snow and ice 

in the winter; this is, there fo re ,  a seasonal p a ra m e te r .  High or 

low pH's a r e  caused by many things, but the m ost  likely sources  

which contribute to these conditions a re  varying soil types and 

point sources  of contaminants on industr ia l  and com m erc ia l  land.

Oil and g rease  m o re  than likely can be t ra c e d  to a u to m o b ile - re 

la ted  sources  on s t re e ts  and a lleys . Other poss ib i l i t ies  may be 

the ind iscrim ate  use of the s to rm  sewer sys tem  as a sink for 

used  oil f rom  auto se rv ice  cen ters  and for used g re a se  from  r e s ta u 

ran ts .



CHAPTER VI

METHODOLOGY

This chapter d iscusses  the selection, employment, and ju s t i f ic a 

tion of ce r ta in  p rocedures  and techniques used in the course  o: 

analyzing the collected raw data. Two sections a r e  presen ted , the 

f i r s t  containing the s ta t is t ica l  tools employed and the second the 

engineering procedures .  F o r  m ore  detailed discussions and examples 

of use  of methodology, re fe rence  should be made to the books, 

p er iod ica ls ,  and a r t ic le s  cited.

Corre la tion  Coefficients 

The techniques that have been developed to provide m e a su re s  of 

the degree of associa tion  between v ar iab les  a re  known as co rre la t ion  

methods (20). When an analysis is pe rfo rm ed  to determ ine the amount 

of corre la tion , it is r e f e r r e d  to as a co rre la t ion  analysis . The r e 

sulting m easu re  of corre la tion  is usually called a co rre la t ion  

coefficient (R). The concept of co rre la t ion  is closely re la ted  to the 

concept of reg ress io n .  Corre la tion  coefficients m easu re  how well 

a r e g re s s io n  equation fits the data; they a re  re la ted  to the standard  

e r r o r  of es tim ate , which m e a su re s  the d ispers ion  of the points about
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the re g re s s io n  curve.

C orre la tion  coefficients have seve ra l  des irab le  c h a rac te r is t ic s :

(a) They a re  la rge  when the degree of assoc ia t ion  is high 

and sm all when the degree of a ssoc ia t ion  is low.

(b) They a r e  independent of the units in which the variab les  

a re  m easured .

(c) Their num erica l  values always lie between -1 and -1.

If R = O, then there  is no l inea r  a ssoc ia t ion  between the 

v ar iab les .

One of the g rea te s t  potential trouble spots in co rre la t ion  analysis 

is the use of an inappropriate  m easu re  of co rre la t ion . F o r  example, 

som etim es one may have R=0 for a set of data, thus indicating no 

linear  associa tion , but if the true  re la tionship  was actually  log a r i th 

mic, there  would be p e rfec t  associa tion . Also, a s imple corre la tion  

coefficient m ay indicate a co rre la t ion  between two var iab les  because 

of the common relationships with another var iab le  but not because of 

a re la tionship  between each other.

If one is  dealing with m ore  than two var iab les  at a time, the p a r 

tial co rre la t io n  coefficient is used  as a m easu re  of l inear i ty  between 

observations of two va r iab les  with other va r iab les  held constant. The 

p a r t ia l  coefficient rem oves the influence of the other va r iab les .

The co rre la t ion  coefficient between two random  variab les  x  and y 

following some unknown b ivaria te  d istribution is defined as:
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R = ë ih ï   ̂ (3)

[(21x2) (2y2)]

2 xy = covariance (x, y)

2 x2 = variance  (x)

2 y2 = variance  (y)

A p a r t ia l  co rre la t ion  coefficient in te rm s  of simple co rre la t ion  

coeificients i s  exp ressed  as  follows:

RlZ.3 = R z i . 3  = — '.4;
[ ( l - R f s )  ( l - R l s f

where the subscrip ts  re fe r  to the th ree  p a r t ia l  corr-elation coefficients 

of Xĵ , %2  , an d .  X j .  Here R]_:2 ' ' 3  a ttempting to m easu re  the c o r r e 

lation coefficients determining the co rre la t ion  between x  ̂ and Xj.

C orrelation  coefficients w ere  used  as  one of the p rocedures  for 

selecting the m ost  im portant input independent va r iab les .  Only those 

var iab les  which significantly explained the varia tion  in the dependent 

var iab les  of pollutant concentrations and loads w ere  selected. C o rre 

lation coefficients a lso  w ere used  to indicate which independent 

variab les  had a  high co rre la t ion  between the ir  respective  values; 

there fo re ,  the inclusion of e ither  variab le  in the re g re ss io n  equation 

would give s im i la r  p a ra m e te r  values.
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In any attempt to estab lish  re la tionsh ips  between a dependent 

variab le  and sev e ra l  independent var iab les  by the use of multiple 

r e g re s s io n  analysis , it is des irab le  to reduce the number of in 

dependent variab les  to be used in the models to a m inim um . Thç 

usual method of accomplishing this feat is by choosing the m ost 

significant variab les  by co rre la t ion  ana lys is  or s tep -w ise  r e g r e s 

sion ana lys is .  N either method g u a r a n t e e  s to  give v a r ia b le s  

which a r e  independent of each other.

The p r inc ipa l component technique can be used specifically  tc 

examine the existing in te rre la t ionsh ips  and redundancies among 

many fac to rs  which theore t ica l ly  could be a ssoc ia ted  with var ia tions 

in the dependent va r iab les .  In genera l,  the principal component 

method of analysis  is a s ta t is t ic a l  fac tor  analysis  technique which 

aids in sum m arizing the genera l  pa t te rns  of assoc ia t ion  among 

va r iab les  on the bas is  of the ir  in ter  cor re la t ions .  While the a lg e 

b ra  of component analysis is somewhat complicated, the technique 

is genera lly  the extension into n dimensions of an examination of 

the extent to which vec to rs  rep resen ting  m easu rab le  c h a ra c te r is t ic s  

tend to c lu s te r  when examined for sev e ra l  observations. Highly 

in te r re la ted  c h a ra c te r is t ic s  will tend to c lu s te r  together while 

unre la ted  c h a ra c te r is t ic s  will be at right angles to one another. 

A lgebraically , these c lu s te rs  a r e  set fo r th  as fac to rs  or  l inea r  com-
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binations of the original va r iab les  which explain the m aximum 

possib le  amount of var ia tions p resen t ,  given that the va r iab les  

a r e  combined on a l inear bas is .

F ac to r  analysis  is a method that takes the information con

tained in the co rre la t ion  m a tr ix  and re a r ra n g es  the data  to 

p re sen t  it in a  m anner that be t te r  explains the s t ru c tu re  of the 

underlying sys tem  that produced the observations. As mentioned 

e a r l ie r ,  a co rre la t ion  coefficient is a m easu re  of explained var iance .

In re g re s s io n  analysis , it is a m easu re  of the p roportion  of var iance  

of one v a r iab le  that is explained by its  re la t ion  to another variab le .  

Therefore , the co rre la t io n  coefficient m a tr ix  is a m easu re  of how 

well the v ar iance  of each constituent can be explained by re la t ion 

ships with each of the o thers .

F a c to r  analysis  takes the explained var iance  in the co rre la t ion  

m a tr ix  and red is t r ib u tes  it  among a set of fac to rs  that revea l  the 

l inear  combinations of the original va r iab les .  Each factor is made 

up of various proportions of the individual constituents. The fac tors  

them self  a re  var iab les  that can only be es t im a ted  in te rm s  of the 

original va r iab les .

The f i r s t  step in fac tor  analysis  is to find the p rinc ipal components 

(eigenvectors) of the co rre la t ion  m atrix .  The p r inc ipa l components 

a re  s im ila r  to the fac tors  in that they a re  l inea r  combinations of the 

va r iab les .  The f i r s t  p rincipal component is defined as the combina-
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tion of the variab les  tha t  explains the g rea tes t  possib le  amount of 

the va r iances  and covariances in the co rre la t ion  m atr ix .  The 

second principal component is chosen as an independent combina

tion of the variab les  which then explains as much as possib le  of the 

remaining covariance, and so forth. By this method, as many 

principal components can be derived as there  a re  va r iab les ,  and 

the covariance explained by all the principal components is p r e 

cise ly  the covariance explained in the original co rre la t ion  m atr ix .  

Each principal component is by definition independent of a l l  other 

p r inc ipa l components. Therefore, if the principal components a re  

considered  as  new var iab les ,  they rep re sen t  a set of uncorre la ted  

(independent) var iab les .

F ac to r  analysis then derives  from  the principal components a 

se t  of fac to rs  of as s im ple s truc tu re  as possible to explain the 

in te r re la t ions  of the original variab les .  Thus, a genera l  factor 

either  does or does not include a p a r t icu la r  variable .

The m ost  recen t uses of factor analysis have been employed by 

the Tennessee Valley Authority (21) in the field of hydrology; Dawdy, 

e ^ ^  (22) in the field of water quality; and Saunders (23) in the field 

of water re sou rces .

The theoretical aspects  and algebraic  development of component 

analysis  and factor analysis  can be found in re fe rences  (24, 25). 

These aspects  a re  beyond the scope of this report .
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Multiple R egress ion  

An extensive amount of m athem atica l and s ta t is t ic a l  theory has 

been developed using multiple l inea r  equations. Numerous authors 

can be refe renced , but only two (26, 27) a re  cited h e re  to explain 

the theory and m athem atics .

The linear  model is an equation that involves dependent and in

dependent variab les ;  the equation is l inear in the random variab les .  

The problem  of developing the bes t  equation to a set of dependent 

and independent va r iab les  can be accom plished by the le a s t - sq u a re s  

principle (33). F o r  any multiple l inea r  model, le a s t - sq u a re s  m in i

m izes  the res idua l  sum of squares  and provides an unbiased, linear  

estim ate  with m inimum variance  of the p a ra m e te rs .

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

Yi  = B o  + E ^ X i T B 2 X 2  + ........................................ + e

where: = a constant (in simple re g re s s io n  analysis  it is the

in tercep t of x on the y axis).

Bj = (i = 1 . . . k) re g re s s io n  coefficients which weigh 

the independent variab les  as to the ir  im portance.

= dependent var iab les  of pollutant concentrations or 

pollutant loads.

Xj = (i = 1 . . . k) independent va r iab les  of land use or 

precipitation.
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e = the res idua l  te rm .

F o r  a review of the derivation of the d istribution of pertinent 

s ta t is t ic s  needed for estim ation of the p a ra m e te rs  in this model, 

for testing hypotheses about them, and for the n ecessa ry  a ssu m p 

tions, see Johnston (28).

In some instances in multiple reg re s s io n  analysis ,  it is in 

appropria te  to fit data to a l inear relationship. In such cases ,  the 

two possib ili t ies  a re  to try  an appropria te  nonlinear fit o r  else 

t ry  to make an  initial t ransfo rm ation  of the data such that the re la t ion 

ship between the transfo rm ed  data is a lm ost  l inear  and the principle 

of le a s t - sq u a re s  can be applied. The t ransfo rm ations  m ost commonly 

used  to reduce complex models to l inear  ones a re  the logarithmic and 

the rec ip roca l .  In this study, only logarithm ic transfo rm ations  were 

used.

Selection of Best Equations 

In multiple l inear re g re s s io n  ana lysis ,  the selection of the best 

equations f rom  a group of severa l  involves the use of s ta t is t ica l  tes ts  

of significance and rational judgement. S tr ic tly  following s ta t is t ica l  

r e su l ts  and te s ts ,  reg re s s io n  equations with the la rg e s t  coefficients 

of multiple co rre la t ion  should be chosen. However, due to e r r o r s  in 

some data and to unexplained effects, logical judgment should also be 

employed in selecting the bes t  usable equations. Equations which give
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the bes t  explanations a re  p re fe r red .  In this study, s ta t is t ic a l  re su lts  

■were used as much as  possib le  within the limitations of ra tional judg

ment.

The square  of the multiple co rre la t ion  coefficient o r  the coeffi

cient of multiple determ ination  (R^), the ratio  of the sum  of squares  

due to the re g re s s io n  to the total sum of squares ,  is one possible 

c r i te r io n  for selection of the best  equation. When one uses  the same 

da ta  to compute sev e ra l  fo rm s  of l inear equations, the p rocedure  for 

selecting the fo rm  that f i ts  "bes t"  is to choose the fo rm  which gives 

the highest coefficient of de term ination, R^, o r  the h ighest R, the 

coefficient of multiple co rre la t ion . However, the significance can be 

m islead ing . This is  possib le  p a r t icu la r ly  when only a sm all  number 

of observations a re  used in computing the p a ra m e te r s  of an equation. 

The inc rease  in the value of R^ may be influenced m ore  by the in

c re a s e  in the number of independent va r iab les  r a th e r  than the re la ted  

explanation contributed by the v a r iab le s .  The addition of another 

var iab le  to a r e g re s s io n  equation will e i the r  cause the sum of squares  

to inc rea se  or  rem ain  the same.

D raper and Smith (27) have indicated that, if a se t  of observations 

on a dependent var iab le  has only four different values, a  four p a r a 

m e te r  model will provide a p e rfec t  fit. Since this study only sam pled 

twelve separa te  drainage basins (this co rresponds  to twelve o b se rv a 

tions if annual average  values of pollutant concentrations a r e  used).
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large  values must not be overem phasized.

The standard  e r r o r  of es tim ate  is defined as  the square root 

of ihe residual mean square . It takes into consideration the degrees 

of freedom  of the res idua l  and, there fo re ,  is also used as an index 

for evaluating a lte rnative  reg re s s io n  equations. The standard  e r r o r  

of es tim ate  does not give a m easu re  of the proportion  of the v a r i a 

tion in the dependent variab le  which can be explained by, or is 

a ssoc ia ted  with, varia tion  in the independent fac tor .  The standard 

e r r o r  of es t im a te  is indicative of the c loseness  with which estim ated 

values of the dependent variab le  ag ree  with the original values which 

a r e  used to de term ine  reg re s s io n  coefficients.

E ither the s tandard  e r r o r  of es tim ate  or the multiple co rre la tion  

coefficient can be used as the te s t  c r i te r io n  for selecting the best 

equation if one has determ ined which set of independent variables 

provides the b es t  fit. Both c r i te r ia  provide a com parison of the 

re s idua l  var ia t ion  for each set of independent variab les  with the 

same s tandard  deviation.

A significant F -value , the ra tio  of the re g re s s io n  m ean square 

to the res idual mean square , indicates that the reg re s s io n  coeffi

cients explain m ore  of the varia tion  in the data than expected by 

chance alone, under identical conditions, a ce r ta in  percentage of 

time. A re fe rence  to the work of J. M. Wetz made by D raper and 

Smith (30) suggests that an equation should be regarded  as a
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sa tis fac to ry  p red ic to r  if the observed F -ra t io  should exceed by 

about four tim es the selected  percentage point of the F -d is t r ib u 

tion. It must be rem em bered  that a n ecessa ry  condition for the 

F - tes t  I S  that the residuals  be normally distributed. However, 

norm al distribution of the residuals  is not a necessa ry  condition 

for re g re s s io n  analysis . Although the square of the multiple c o r r e 

lation coefficient was the chief cr iter ion for the selection of the "best" 

equations in this study, the F - te s t  was used whenever a high value 

could be a ttributed  p r im a r i ly  to the inclusion of a la rge  number of 

var iab les  in a reg ress io n  equation.

P ro ced u res  for Estim ating Runoff Volumes 

Since no flow m easu rem en t was taken in this p roject,  an e s t im a 

tion of the volumes of s to rm w ater  runoff from  urban Tulsa had to be 

made to calculate the pollutional loads. The method se lec ted  for use 

was the tr iangu lar  hydrograph procedure  (31). The details of the p r o 

cedures and the calculated runoff volumes can be found in Appendix A.

The input prec ip ita tion  amounts for use in the calculations were 

obtained from  six rain gages located in the Tulsa urban a rea .  One 

is the official United States Weather Bureau 's  gage located at the 

Tulsa International A irp o r t  in the northeast pa r t  of the city. The 

other five a re  maintained by uhe City of Tulsa in various p a r ts  of 

the city. All a re  of the recording type. The locations of these
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gages w ere  utilized in calculating the runoff volumes from  the 

various te s t  basins. An a ttem pt was made to use the Thiessen  

Polygon Method (32) to determ ine the average  amount of p re c ip i ta 

tion over the basins, but in m ost cases each basin was completely 

within the Polygon a re a .  Therefo re ,  each te s t  basin  was assigned 

the gage a t  the cen ter  of the appropria te  polygon.

P ro ced u re s  for Estimating Pollutional Loads 

The pollutional loads from  the te s t  drainage basins w ere e s t im a 

ted by use  of the re la tionships (Equation No. 1 and 2) p resen ted  

in Chapter III. The re su l ts  of these estim ations give the expected 

average seasonal d isp e rsed  pollutional loads for 1967 and 1968.

These two y ea rs  of reco rd  re p re se n t  a lm o s t  norm al ra in fa l l  amounts. 

The norm al ra infall in the Tulsa a re a  is 37.08 inches, whereas  

1967 reco rded  36.91 inches and 1968 reco rded  35.78 inches. T h e re 

fore, it is felt by this author that the est im ated  loads a re  re p re s e n ta 

tive and can be considered a good approximation of the average yearly 

loads.

These seasonal loads provided two y e a rs  of input data for the 

development of the reg re s s io n  equations.



CHAPTER VII 

RESULTS OF THE ANALYSES OF THE DATA

In the préviens chapters , discussions w ere  presen ted  on me.del 

requ irem ents ,  available input p red ic to r  variab les ,  and the collection ci 

rhe n e c e s sa ry  output pollutional p a ra m e te rs .  This ■: lapter p resen ts  the 

re su l ts  of the analyses made on the data. The f i r s t  section is a sum m ary  

of the labora tory  analytical resu lts  of urban runoff w ater  quality ; ;-und 

f ro m  the twelve drainage basins. The second and th ird  sections 

p re se n t  the resu lts  of the corre la t ion  and component analyses, 

respectively . The la s t  two sections discuss  the d ispe rsed  pollutional 

re g re ss io n  equations developed from  the data collected on this p ro ie t t .

Average Concentrations and Loads 

Throughout the sampling and testing period, the labora tory  

analytical resu lts ,  a f te r  discarding the unreliable data, w ere  t r a n s 

fe r re d  to a m a s te r  log. P rep ara t io n  of the raw data into usable fo rm  

involved calculating seasonal means and standard  deviations for each 

te s t  drainage basin. These averages  provided two years  of input values 

for the dependent variab les  on a qua r te r ly  b as is .  These seasonal



averages for each te s t  basin a re  p r e s e n ' , d in Table 35 in Append!- C.

Thf : e f L nal bac te r ia l  counts definitely sn- 'vcd a seasonal 

varia tion . one would expect, the summ-?r and f ill -rnetr ic  in-an

concentrations w ere  the highest.  The ranges  of geometric m eans for 

each season f ro m  the twelve drainage basins  were:

Range (1000 c o u n ts /100 ml)
Season Total Coliform Fecal Strep.

Fa ll  35- 1,400 .06 -510
Winter 2- 570 .02 - ~
Spring 28- 5,000 .006-420
Sum m er 43-20,000 .39 -170

Except for F la t  Rock Basin, i t  is in te res t ing  to note f rom  Table 35 

that the h ighest bac te r ia l  densit ies  for each season did not orrgtrttL 

from  the same basin . The only logical explanation of this firutng is 

that the sou rces  of b ac te r ia l  contaminants within each basin  charge 

from  season  to season. This kind of happening fu r th e r  compounds the 

problem s of u rban pollutional modeling.

Also, another im portan t finding was tha t a lm ost a l l  avera;:- , a -, 

well as many individual sam ples, exceeded the State of Oklaiioma's 

bac te r ia l  s tandard  for w a te r  contact sp o r ts .  Therefore , the capture 

and use of u rban runoff as  a source of rec rea t iona l  ■water p re sen ts  

p roblem s which m ust be investigated very  closely.

The organic pollutional pa ram e' e: c did not exhibit the same 

seasonal 'v aiiations as did the bac te r ia l  p a ra m e te rs .  In fact, the 

biological oxygen demand of the constituents of urban s to rm  w ate r  did
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not show any significant seasonal variation. The range of concen tra 

tion from  a ll  basins and all seasons was from  a low of 2 m g / 1  to a 

high of 20 mg/1. The maximum average value of 20 mg/1 was found 

in the sum m er from  the Crow Creek watershed.

F ro m  the data it  appears  that a m ore meaningful and perhaps a 

m ore  accura te  m easu rem en t of organic constituents of urban runoff 

is the chemical oxygen demand (COD) test. M easurem ent of g rea te r  

quantities of the oxidizable compounds can be accomplished by this 

method. F o r  the g rea t  m ajority  or o rganics, oxidation of over 95 

percent is obtainable in the te s t  period of two hours.

Because compounds such as pyridine, benzene, and ammonia a re  

not reco rded  by the te s t  and because ve ry  sm all percentages  of re la ted  

s tra igh t-cha in  aliphatics and arom atic  hydrocarbons a re  oxidized, 

some problem s a r ise .

In this investigation, the seasonal range of COD concentrations 

varied  as below:

Season Range (mg/1)

Fa ll  15- 99
Winter 24- 94
Spring 32-101
Summer 20- 74

It m u s t  be rem em b ered  that the above values a r e  seasonal 

averages by drainage basin. They do not re p re se n t  the recorded  

maximum or minimum individual values found from  the twelve te s t  

sheds.



Th-: nu tr ien t p a ra m e te rs  ci organic Kjiildsh;. nitrogen and soluble 

orthophosphate shewed ve ry  little  i: any seasonal variation. The 

average basin concentrations did exhibit varying values. The highest 

average  value for organic Kjei hi n itrogen was 4. 4 mg/1. This 

average  was based on samples collected from the 21st S treet drair.ege 

shed in the spring months. The highest average soluble orthophcspn.at-; 

concentration (5.5 mg/1), on the other hand, was found from  th-. 

Ncwblock drainage shed in the w in ter  mc-nths. The ranges of th'- 

seasonal average concentrati'Ons were:

Range (mg/I)
Season ON PC

4

F a ll  0 .7 0 -3 .6 3  1 .27-2 . 96
Winter 1 .02-2 .86  1 .05-5 .51
S p r i n g  1 . 2 0 - 4 . 4 2  0 . 7 2 - 5 . 4 2
Summer 0 . 6 7 - 2 . 3 4  1.13-2 .93

One im portant finding a r is ing  f ro m  the review ci the average 

solids ccncentrati 'tns was the . ,c t  that the basins which w ere  under 

extensive land development had the h ighest values. This is what o::- 

wGuld expect, since soil e rosion from  the construction activities has 

long been a prob lem  in urban a re a s .  C herry  drainage basin had the 

h ighest average solids c.trt.centrati'sns for  nvc sea.sons. In both seasons 

(fall and winter) the value was 3, 100 mg/'I . These high values can be 

a ttr ibu ted  to soil e rosion i ro m  the m ain  channel banks . During the te s t  

period, the channel was being improved by the Corps of Engineer^ and 

the banks w ere very  unstable due tc the heavy cuts. The. ranges of the
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average total solids concentrations were:

Season Range (mg/1)

F a l l  300-3, 100
Winter 430-1,400
Spring 540-1,800
Sum m er 320-1,000

All of the minimum solid values w ere found f ro m  drainage sheds 

which w ere  fully developed.

The a r ithm etic  av e rag es  and standard  deviations of a l l  twelve 

drainage sheds taken together a re  p re se n t  in Table 12. It should be 

noted that many of the p a ra m e te rs  do not show significant var ia t ions  

between seasons of the year. Also, many of the p a ra m e te rs  have high 

s tandard  deviations, indicating the ex trem e v a r ia t ion  found between the 

te s t  drainage basins.

The calculated pollutional loadings by total a r e a  and by the s t ree t  

a r e a  a r e  p resen ted  in  Table 13 and Table 14, respective ly .  These 

tables sum m arize  the seasonal pollutional loadings by ca tegories  with 

the m axim um  and m inim um  values along with the a r i thm etic  average of 

a ll  te s t  basins taken together. These tables can be used to obtain a 

f i r s t  o rd e r  es tim ate  of an expected range in the various pollutional 

loadings. Included in the tab les  a re  the number of events and the 

to tal amount of p rec ip ita tion  tha t produced the calculated  loadings. The 

loadings, if used in a re a s  of completely different p rec ip i ta t ion  c h a ra c 

te r i s t ic s ,  can be adjusted accordingly. Table 13, which is  a  sum m ary  

of the pollutant loadings in pounds pe r  ac re  p e r  season, is  based  on the
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total a re a  of the drainage basins. Table 14 can be used likewise when 

only the s t re e t  a r e a  is known. It is fe lt  by the author that the "stre-^t. 

a re a "  method is the m ore  reliable of the two a lternate  methods.

Corre la tion  Coefficients

To find the bes t  possible independent variab les  to use in the 

reg re s s io n  equations for each pollutional p a ram e te r ,  co rre la tion  

analyses w ere  run  using severa l sets of data. The tables which fcllcw 

p re se n t  the re su lts  of these analyses.

The co rre la t ion  coefficients which resu lted  from  two sets of land 

use input data along with the dependent variab les  a re  tabulated in 

Table 15. Tihe f i r s t  run was made using six land use variab les  in 

ac re s ;  the second run used the same land use va r iab les ,  but with the 

unit cif input converted to percen tages .  It should be noted that seve ra l  

land use  ca tegories  w ere combined in a logical m anner to provide the 

six  va r iab les .

C o m m erc ia l  and institutional land w ere combined into one cate go ry 

because the land use c lassif ied  as institutional includes schools, 

churches, and o ther activ it ies  which a re  much akin to com m ercia l 

activity.

Transporta tiona l land activity was grouped with open space and 

agr icu ltu re  because the transporta tional category  included land devoted 

to easem ent for san itary  sew ers ,  s to rm  sew ers ,  power tran sm iss io n  

lines, etc.
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A V E R A G E ^  A N D  S T A N D A R D  D E V I A T I O N  O F  D R A I N A G E  B A S I N ' S  
P A R A M E T E R  M E A N S  B Y  S E A S O N

F a l l W in te  r Sp r i ng Su in m e  r
P o l l u t i o n
P a r a m e t e r M e a n

Stcl.
D e v . M e a n

Std.
D e v . M e a n

Std .  S td .  
D e v .  M e a n  D e v .

T .  C o l .  ( n u m b e r / l o o  ml ) 4 0 3 , 0 0 0 4 7 6 , 0 0 0 1 4 3 , 0 0 0 2 0 0 , 0 0 0 7 0 4 , 0 0 0 1, 6 2 0 , 0 0 0  3 , 8 5 0 , 0 0 0  5 , 4 9 0 , 0 0 0
F .  C o l .  ( n u m b e r / 100 ml ) 8 7 , 0 0 0 1 6 7 , 0 0 0 1, 660 2,  220 5 4 , 0 0 0 1 3 8 , 0 0 0  6 4 , 0 0 0  5 8 , 0 0 0
B O D 5 ( m g / l ) 6 . 7 2 . 1 6 . 0 3 . 7 8 . 1 4 . 1  8 . 6  5 . 9
C O D  ( m g / I ) 32 22 52 22 65 26  4 4  16
ON ( m g /1 ) 1. 4 4 0 . 82 1. 68 0 .  57 2 . 00 0 . 9 6  1 . 4 8  0 . 5 9
P O 4 ( m g / I ) 2.  31 0 .  56 2.  41 1. 50 1. 73 1 . 4 4  1 . 6 9  0 . 7 1
T S  ( m g /1 ) 770 768 72 5 3 16 1 , 0 2 9 3 82  671 28 3
F S  ( m g /1 ) 527 6 82 4 9 5 2 79 ■3 52 2 8 9  3 49  159
VS ( m g /1 ) 24 3 107 2 30 69 4 77 149 322  160

^Al l  p a r a m e t e r s  a r c  a r i t h m e t i c aVC r a g e  s o f  cxll t w e l v e  d r a i n a g e  b a s i n s  c a l c u l a t e d  f r o m  data
c o l l e c t e d  in  1967  t h r o u g h  1969  e x c e p t  t o t a l  c o l i f o r m  and  f e c a l  s t r e p t o c o c c u s ,  w h i c h  a r e  
a r i t h m e t i c  a v e r a g e s  o f  the  g e o m e t r i c  m e a n s .  T h e s e  m e a n s  w e r e  c a l c u l a t e d  f r o m  d a ta  
p r e s e n t e d  in  T a b l e  35 on p a g e  173,

oo
N
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S U M M A R Y  O F  A V E R A G E  S T O R M W A T E R  P O L L U T A N T  L O A D I N G S  B Y  S E A S O N  
( L O A D I N G  P E R  T O T A L  A R E A )  A V E R A G E  1 9 6 7 - 1 9 6 8

P a r a m e t e r S e a s o n
P o u n d s / A c  re  
Min .  A v g .

/ S e a s o n
M ax .

P r e c i p i t a t i o n
I n c h e s

No .  o f  E v e n t s  
O v e r  0.  1 Inch

B O D 5 F a l l 2 . 8 5. 3 1 1 . 6 7.  0 10
W i n t e r 1 . 0 3. 8 1 1 . 5 5. 2 9
S p r i n g 5. 0 12.  3 30 .  i 13.  2 19
S u m m e r 1. 4 9.  1 24 .  6 8 . 7 14

CO D F a l l 7.  9 25 .  3 78 .  0 7. 0 10
W i n t e r 13.  3 30 .  3 67 .  4 5. 2 9
S p r i n g 32.  7 83.  9 180 .  9 13.  2 19
S u m m e r 19.  5 42 .  0 75 .  8 8 . 7 14

ON F a l l 0.  36 1. 17 2 . 86 7. 0 10
W i n t e r 0. 52 0.  98 2 . 10 5. 2 9
S p r i n g 1 . 3 1 2 . 82 8 . 33 13.  2 19
S u m m e r 0.  76 1. 40 2 . 68 8 . 7 14

P O 4 F a l l 0 . 82 1. 83 3. 11 7.  0 10
W in t e r 0.  58 1 . 44 3. 57 5. 2 9
S p r i n g 0 . 93 2 . 88 1 0 . 21 13.  2 19
S u m m e r 0.  99 1. 64 3. 31 8 . 7 14

T o t a l  S o l i d s F a l l 162 5 8 4 2 4 4 6 7.  0 10
W in t e r 145 4 08 7 5 9 5. 2 9
S p r i n g 6 7 0 1248 1855 13.  2 19
S u m m e r 31 5 61 5 1 1 3 9 8 . 7 14
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S U M M A R Y  OF A V E R A G E  S T O R M  W A T E R  P O L L U T A N T  L O A D I N G S  B Y  
( L O A D I N G S  P E R  S T R E E T  A R E A )  A V E R A G E  1 9 6 7 - 1 9 6 8

S E A S O N

P a r a m e t e r

BODc

COD

ON

P O 4

T o t a l  S o l i d s

P o u n d s / A c r e / S e a s o n P r e c i p i t a t i o n No.  of  E v e n t s
S e a s o n Min . A v g . M a x . I n c h e  s O v e r  0.  1 Inch

F a l l 5.  1 9 . 7 17.  1 7. 0 10
W i n t e r 2, 2 6.  4 15.  1 5. 2 9
S p r i n g 10.  2 22 .  2 44 .  5 13.  2 19
S u m m e r 3. 0 15.  4 40 .  I 8.  7 14

F a l l 22.  1 44 .  5 1 27 .  6 7. 0 10
W in t e r 24 .  3 55 .  3 1 0 1 . 7 5. 2 9
S p r i n g 88 .  9 1 55.  8 2 8 0 . 6 13. 2 19
S u m m e r 33.  7 9 3 . 3 123 .  4 8.  7 14

F a l l 1. 02 2. 03 4.  68 '/ 0 1 0
W i n t e r 0 . 9 2 1. 80 3. 10 5. 2 9
S p r i n g 3. 10 5.  1 1 12.  28 1 3. 2 19
S u m m e r 1. 35 2. 57 3. 91 8.  7 14

F a l l 1. 33 3. 37 4.  59 7.  0 10
W i n t e r 1. 06 2. 56 5.  96 5. 2 9
S p r i n g 1. 99 5.  03 15.  06 13.  2 19
S u m m e r 1. 95 3. 03 4.  89 8.  7 14

F a l l 4 4 5 1051 4 0 0 1 7. 0 10
W i n t e r 4 3 9 76 6 1 150 5. 2 9
S p r i n g 1117 2 4 0 0 3 9 6 5 13.  2 19
S u m m e r 536 1 188 2 0 0 9 8.  7 14

00
4^
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None of the corre la tion  coefficients found as a re su lt  of the two 

analyses tabulated in Table 15 a re  extrem ely  high; neither a r e  most 

of them  significant. In some cases ,  in creases  were noted when the 

input data were changed to percentages,  w hereas, in other cases ,  

the values were lower.

The predominantly low corre la t ion  coefficients found in Table 

15 indicate that categories of land use a'-'i'-Uv are  not the m ain  u nder

lying fac tors  that cause the varying concentrations of s to rm  water  

pollutants. This conclusion seem s reasonable since, for example, 

res iden tia l  land in a high socioeconomic a rea  will have completely 

different environmental conditions than residentia l  land in a low 

socioeconomic a rea .

Some of the highest co rre la t ion  coefficients for the percen tages 

of land use are  exhibited by the BOD concentrations. The BOD is 

co rre la ted  with both the percentage of com m ercia l and institutional 

land and the percentage of s t r e e ts ,  but has a negative co rre la t ion  with 

the percentage of unused space. It is in teresting  to note that the 

signs of the corre la tion  coefficients for the solids param eter 's  a re . 

in a lm ost all cases ,  opposite to the signs for BOD and COD, an in

dication that different types of land use mav have quite opposite 

effects on different individual pollutants. In addition, sev e ra l  of the 

highest co rre la tion  coefficients a re  the ones between the solids 

p a ra m e te rs  and the industrial and unused space ca tegories. The
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C O R R E L A T I O N  C O E F F I C I E N T S - - L A N D  U S E  ( A C R E S  A N D  P E R C E N T )  
VS.  P A R A M E T E R  C O N C E N T R A T I O N

P a r a m e t e r Unit R e s i d e n t i a l
C o m m .  
& Ins t . I n d u s t r i a l

T r a n s . , O p en  
S p a c e ,  A g . U n u s e d S t r e e t s

T .  C o l i f o r m A c r e s - 0 . 3 5 1 - 0 . 2 5 1 - 0 .  159 - 0 . 2 4 9 - 0 . 2 5 8 - 0 . 1 7 3
% - 0 . 2 0 9 0.  265 0.  185 - 0 . 1 0 6 - 0  355 0.  4 1 0

F .  S t r e p . A c r e s - 0 . 1 7 4 - 0 . 2 0 6 0.  1 30 - 0 . 0 3 0 - 0 . 0 8 1 - 0 . 3 3 9
% - 0 . 2 2 8 - 0 , 2 6 5 0.  2 5 4 0.  4 2 6 0. 124 - 0 . 3 5 5

B O D  5 A c r e s - 0 . 4 3 4 - 0 . 3 1 0 - 0 . 5 1 1 - 0 . 3 4 8 - 0 . 4 2 8 - 0 . 2 5 2
% 0.  0 3 6 0 . 621 - 0 . 4 0 1 - 0 .  325 - 0 . 7 1 1 0 . 6 4 6

COD A c r e s - 0 . 0 9 0 - 0 . 0 9 8 - 0 . 1 4 2 - 0 . 2 8 8 - 0 .  174 0 . 0 6 6
% 0 . 160 0.  0 53 0 . 2 2 0 - 0 .  4 5 4 - 0 . 0 4 5 0.  363

ON A c r e  s - 0 . 4 4 2 - 0 . 3 6 1 - 0 . 1 3 9 - 0 . 2 6 5 - 0 . 2 4 1 - 0 . 2 1 2
% - 0 . 3 0 3 0 . 161 0.  5 00 - 0 . 1 8 2 - 0 . 0 6 5 0.  427

P O 4 A c r e s - 0 . 3 4 5 - 0 . 2 9 1 - 0 . 1 4 7 - 0 . .’61 - 0 . 2 3 1 - 0 . 1 6 1
% 0 . 0 0 2 0 . 0 0 0 0.  535 - 0 . 2  14 - 0 . 2 4 6 0.  256

T .  S o l i d s A c r e s 0.  551 0 . 491 0 . 66  2 0.  4 6 5 0.  4 9 2 0.  381
% - 0 . 0 8 4 - 0 . 5 6 6 0.  53 0 0. 2 92 0.  576 - 0 . 5 3 3

F .  S o l i d s A c r e s 0.  4 2 2 0.  345 0.  5 7 3 0.  3 6 3 0.  386 0.  236
% - 0 . 0 1 1 - 0 . 6 1 9 0 . 5 9 3 0.  2 8 2 0.  5 32 - 0 . 5 8 2

V.  S o l i d s A c r e s 0.  7 3 2 0 . 7 3 1 0.  7 0 6 0.  601 0.  6 29 0.  65 3
% - 0 . 2 5 2 - 0 . 2 6 8 0.  21 3 0.  2 3 3 0.  52 6 - 0 . 2 5 5

00
O'



unused space category is indicative of developing a re a s  which have 

la rge  amounts of construction activity  with i ts  a ssoc ia ted  land d i s 

tu rbance  and soil erosion.

The corre la tion  coefficients derived bi- co rre la ting  the pollutional 

p a ra m e te rs  with the environmental conditions have values s im ila r  to 

those of land use. Mar.v of the values .are ex trem ely  low. As would 

be expected, the coefficients for the bactv^.al and organic p a ra m e te rs  

against the number of good s t ru c tu re s  are  negative. Unexpectedly, 

negative values were found corre la t ing  the bac te r ia l  p a ra m e te rs  with 

the percentage  of poor housing and with each category  of p a rce l  

deficiencies. These co rre la t ion  coefficients can be found in Table 

16.

As previously d iscussed  in Chapter IV, a ll  of the independent 

environmental va r iab les  w ere weighted and combined in such a 

m anner as  to provide an environm ental index of each drainage shed. 

This one value was used in the re g re s s io n  equations developed and 

p re sen ted  in a la te r  section of this chapter. It was concluded af te r  

reviewing the re su l ts  of the co rre la t ion  coefficients of Tables 15 and 

16, that other land use va r iab les  would provide m o re  meaningful 

re la t io n sh ip s  than those describ ing environm ental conditions and 

ca tegories  of land activity. The m o re  common v a r iab les  and those 

m ore  easily  obtainable a re  p re sen ted  in Table 1~ in the fo rm  of an 

independent variable  co rre la t ion  m atr ix .  The m a tr ix  indicates which



independent var iab les  a re  highly corre la ted  among them selves.

The choice of either of two highly co rre la ted  independent variab les  

will resu lt  in a s im ila r  re lationship; there no need to include two 

var iab les  in a reg re ss io n  equation which arc  highlv co rre la ted  with 

each other. As can be noted from  Table H . the total population of a 

w atershed  is highly co rre la ted  with the number of household units and 

the s t ree t  a re a .  This is what one would expect, since the number of 

household units is a direct positive function ot the population. Another 

in teresting , and not unexpected finding, was the ex trem ely  high coeffi

cient between the stree t area  and the total com m erc ia l a rea .

The environmental index 1̂ exhibits the highest co rre la tion  

with residentia l  density (X^i. The value is negative, showing that as 

the density of people in c rea se s ,  there  is a degradation of the genera l 

san ita ry  conditions of the a rea .  Of course, this relationship does not 

always hold, since many expensive h igh -r ise  apartm ent house com 

plexes utilize the "c lus te r"  concept of land planning with a high popu

lation density and a correspondingly high environmental index. 

Associated  with residen tia l  density m ust be an additional variable  

that describes  the property  value o r  some other m easu re  of land parce l  

cleanness.

To investigate what possible re la tionships existed between the 

dependent var iab les ,  a corre la tion  analysis  was run using the 

m easured  values of the pollutional p a ra m e te rs  as the input. This
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C O R R E L A T I O N  C O E F F I C I E N T S - - E N V I R O N M E N T A L  C O N D I T I O N S  
VS.  P A R A M E T E R  C O N C E N T R A T I O N S

P a r a m e t e r
% G o o d  
H o u s i n g

% Fa i l -  
H o u s i n g

% P o o l -  
H o u s i n g

R e l u s e  
D e l .  /  
A c r e

B u r n e r  
D e l .  /  
A c r e

R u b b le  
D e l .  /  
A c r e

P o o r
S h e d s /
A c r e

L i v e s t o c k
p e r

A c r e

P o u l t r y
p e r

A c r e

T .  Col . - 0 . 0 1 2 0.  127 - 0 . 1 7 9 - 0 . 1 3 9 - 0.  21 4 - 0 . 2 2 8 - 0 . 2 2 8 - 0 . 2 4 4 - 0 . 2 4 7

F .  S t r e p . - 0 . 0 3 3 0.  0 8 7 - 0 . 061 - 0 .  4 0 4 - 0 . 3 8 5 - 0 . 3 4 7 - 0 .  350 - 0 . 2 0 9 - 0 . 3 7 0

B O D 5 0 . 307 - 0 . 2 6 1 - 0 . 3 2 9 - 0 . 4 3 7 - 0 , 4 2 0 - 0 . 4 8 3 • 0 . 5 0 4 - 0 . 5 3 0 0. 4 7 3

COD - 0 , 3 4 8 0.  28 0 0.  4 0 0 0.  6 1 4 0.  4 8 6 0.  3 0 4 0.  280 - 0 . 0 2 8 0. 365

ON - 0 .  352 0.  4 86 0.  0 7 0 0.  139 0.  0 4 8 0,  0 7 5 0 . 1 4 5 - 0 . 0 0 3 0.  0 85

P O 4 - 0 . 3 4 1 0.  48 8 0.  041 0.  38 2 0.  33 4 0 . 4 1 8 0. 4 67 0, 322 0 . 2 0 6

TS 0. 01 8 - 0 . 1 2 8 0.  165 - 0 . 0 2 3 - 0 , 0 9 3 - 0 . 1 6 3 - 0 . 1 0 5  ' - 0 . 1 3 1 0.  115

F S - 0 . 0 6 6 - 0 . 0 3 5 0.  221 0.  0 3 4 - 0 . 0 1 4 - 0 . 0 7 8 - 0 . 0 1 9 - 0 . 0 8 4 0.  137

VS 0.  23 3 - 0 . 3 3 2 - 0 . 0 2 9 - 0 .  164 - 0 . 2 7 1 - 0 . 3 3 7 - 0 . 2 9 7 - 0 . 2 1 4 0.  0 2 5



T A B L E  17

I N D E P E N D E N T  V A R I A B L E  C O R R E L A T I O N  M A T R I X  

No.

Sym . P o p .
P o p .

D e n s i ty

H o u s e 
hold
U nits

R es .
D e n s i ty

No.
C om m .

E s t .
C o m m .
D e n s i ty

T o ta l
C om m .
A c r e s

C o m m . E s t .
p e r  S t r e e t  

C o m m . A c r e  A r e a
%

S t r e e t s E l

(X^) (%2 ) ( X ^ ( X ^ (X 5 ) (%6 ) ( X ? ) ( X g )  ( X 9 ) (%io) ( X i i )

X l 1. 000 0 .  1 4 1 0 . 990 - 0 . 0 9 5 0 .  7 3 0 - 0 . 2 7 1 0 ,  8 9 1 - 0 . 1 2 3  0 , 9 3 2 - 0 . 1 0 2 - 0 . 0 5 0

Xg 1.  0 0 0 0 .  2 5 6 0 .  5 8 6 0 .  4 6 9 0 .  2 6 5 - 0 .  1 4 6 0 . 6 9 1  - 0 . 0 0 2 0 .  6 3 7 0 .  1 0 2

X 3 1.  0 0 0 - 0 . 0 2 3 0 .  7 7 9 - 0 , 2 4 7 0 . 8  3 2 - 0 . 0 3 2  0 . 8 9 9 - 0 . 0 3 3 - 0 . 0 1 9

X 4 1.  0 0 0 0 .  4 4 2 0 .  8 7 9 - 0 .  1 6 5 0  9 4 5  - 0 . 0 8 4 0 .  9 3 4 - 0 . 2 2 4

X 5 1.  0 0 0 0 .  1 2 3 0 .  6 3 7 0 .  3 6 9  0 . 7 3 7 0 .  4 39 - 0 . 0 5 8

1.  0 0 0 - 0 ,  2 1 2 0 .  8 2 8  - 0 .  2 0 5 0 .  8 2 4 - 0 . 2 1 8

X? 1.  0 0 0 - 0 .  2 8 4  0 . 9 4 4 - 0 . 1 4 5 - 0 . 1 2 8

Xg 1 . 0 0 0  - 0 . 1 5 7 0 .  9 0 2 - 0 . 1 0 4

X 9 1.  0 0 0 - 0 . 0 3 4 0 . 006

^ 1 0
1.  0 0 0 0 .  0 1 0

X i I 1.  0 0 0
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analysis  resu lted  in no im portan t findings. The highest re la tionships 

w ere  between total solids and fixed solids. To a l e s s e r  degree, a 

positive relationship was found betv^een the BODg and COD p a ra m e te rs .  

Table 18 p resen ts  the dependent variable  co rre la t ion  m a tr ix .

F ac to r  Analysis

It has been suggested by Wallis (33) that fac to r  analysis ,  if used 

in the c lass ica l  m anner,  will never be of g rea t  value for  hydrologie 

analysis . However, fac to r  analysis  can be used  as  a n um erica l  

p rocedure  for screening a la rge  num ber of va r iab les  and building 

effective re g re ss io n  equations. In general,  fac to r  analysis  can 

accomplish two purposes:

(a) reduce the num ber of va r iab les  by express ing  them  in te rm s 

of a re la tive ly  sm all  num ber of l in ea r ly  independent factors ;  

and

(b) identify the underlying fac to rs  that operate  to produc<; 

significant effects.

F ac to r  analysis  does not provide a functional fitting or  an 

equation, because there  is no dependent va r ia te  as  such. However, it 

does provide the bas is  on which to build a model using the b e s t  

combination of available va r iab les .

Wallis sta ted  in his paper  tha t because of the special na tu re  of 

hydrologie data, there  appears  to be little  justification  for  hydrologiste 

to use c lass ica l fac to r  analysis . He pointed out that hydrologie data



TABL.F 18

D1 P 1 . N D E : N T  V A R I A B F I '  C O R R  1:;B A ' l  I O N  M A T R I X

S y m b o l
T o t a l

C o l i f o r m

(Y l)

1 . 0 0 0

F  c c a 1 
S t r e p .

(Yz)

. 4 3 9  

1 . 0 0 0

B OD

( Y ^

. 149  

. 2 0 7  

1 . 000

C OD ON P O .1
V o l a t i l e  
S o l i d .4

F i x e d
S o l i d .4

T o t a l
S o l i d s

(Y 4 ) ( V (Y&) ( Y ? ) (Yg) ( Y ^

- . 0 2 8 - . 0 8 6 . 0 1 7 - . 0 6 9 - .  137 - .  147

. 0 8 8 - .  105 - . 0 0 8 . 0 3 2 - . 0 9 3 - . 0 6 3

. 6 0 2 . 280 . 0 2 2 . 0 7 3 - .  173 . 105

1. 0 0 0 . 4 20 . 149 . 161 . 130 . 178

1 . 0 0 0 . 40 1 . 351 . 0 7 1 . 2 2 4

1 . 0 0 0 . 1 1 5

1 . 0 0 0

. 1 6 1  

. 147  

1. 0 0 0

. 182  

. 6 0 9

. 8 6 7  

1 . 0 0 0
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a re  different f rom  psychological data in t%'0 im portan t re spec ts ,

•which are:

(a) in hydrology, the data at-.-, tar-,,!-, la r^-  . 

taken f ro m  a homogeneous population; and

(b) m easu rem en t  e r r o r s  on hydrologie variab les  tend to be 

much sm a lle r  than those in typical psychom etric  stud:.-.

To apply c la ss ic a l  fac tor  analysis to hydrologie data, it  i ; 

n ecessa ry  e i the r  to define the fac tors  in nonm etric  te rm s  or to ct-f-.r.'- 

the fac tors  in te rm s  of the var iab les ,and  accept the idea that 

fac toria l  invariance cannot be obtained.

Da'wdy and Fe th  (22) and the T. V. A. (21) suggested that ^i:-' o 

hydrologie data a re  so ra re ly  a random sample of a homogenecu-- 

population, c la s s ic a l  fac tor  analysis  of hydrologie data -will m ost 

likely be unproductive. They fu r ther  suggested that the m: s-. 

successful use of fac to r  analysis , if used  intelligently, might lead  to 

decision ru les that reduce inventory and survey costs fo r  specific 

a rea s  and prob lem s.

F ac to r  analysis , or the p rinc ipa l component technique, as i t  is 

som etim es r e fe r re d  to, ■was used specifically in  this p ro jec t  to 

examine the existing in te rre la t ionsh ips  and redundancies among the 

many variab les  which theore tica lly  could be associa ted  with varia tions 

in urban runoff pollutional concentrations and loads. T herefore ,  the 

object of the procedure  used was to obtain a subset of p red ic to r
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variab les  that had approximately the same apparent rank as the 'vry 1- 

se t  of p red ic to r  var iab les .

All computations n e c e s sa ry  for  calculating the, eigenvalues ?rd 

ro tated  fac tors ,  as well as the n e c e s sa ry  input co rre la t ion  m atrix , 

w ere  perfo rm ed  utilizing an IBM 360 Model 30 com puter. The 

scientific  subroutines used for  calculations can be re ferenced  te 

S y s te m /360 Scientific Subroutine Package (360A-CM-03X) Ver^he-. lA 

P ro g ra m m e rs  Manual.

The factor analysis p ro g ram  consisted  of the main routine ta m e d  

FACTO, a special input subroutine named DATA, and five s u b r o u t i n e s ;  

CORRE, EIGEN, TRACE. LOAD, and VARMX. The output of the 

p ro g ra m  included; m eans, s tandard  deviations, co rre la tion  

coefficients, eigenvalues, cumulative percentage of eigenvalues, 

eigenvectors, t h e  i;.ctor m utr .x , -•.re r t ia ttx .  to rs .

In general the p rog ram  resu lted  in a p rinc ipal component solution 

and the var im ax  rotation of the fac to r  m a tr ix .  As mentioned in 

Chapter VI, principal component analysis  is used to de term ine  the 

minimum num ber of independent dimensions needed to account for 

m ost of the variance  in the original set of va r iab les .  The varimax 

rotation is used to simplify fac to rs  ra th e r  than var iab les  of the facte: 

m atr ix .

P resen ted  in Table 19 a re  sum m ary  resu lts  of one of the 

pre l im ina ry  fac tor  analysis runs. The f i r s t  th ree  columns a re  the
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f i r s t  th ree  eigenvectors derived from the corre la tion  m atrix .  The 

second three  columns a re  the rotated far tors which were derived from  

the principal component.‘ (eigenvectors cr.n be observed, 24 land

use variab les  were analyzed The sample size for the run shown is 

12 observations itke twelve drainage basins tes ted  in this study'). Only 

the f irs t  th ree  principal components .and ro ' . 'cd  fac tors  are  shown, 

because only those th ree  had sizeable equivalents

The f i r s t  principal comp oner.' expl-.r.ed 36 percent of the 

covariance. The cumulative percen tages cf the second and third 

components were 5 5 percent and 69 percent respectively. The columns 

of f igures  l i s t .  2nd. and 3rdi p resen ted  in Table 19 a r e  called factor 

loadings. Technicallv. factor loadings a r e  the coetiicients of each 

variable  in a l inear combination of all '-ariables in the analysis. The 

coefficients re p re sen t  the degree of association  between the individual 

var iab les  and the total combination of variab les ,  and a re  a lso  so m e

tim es r e fe r re d  to as  fac to rs ,  ch a rac te r is t ic  vectors, e igenvectors, or 

components. Each c h a rac te r is t ic  vector or component re p re se n ts  an 

independent dimension of the total variation cf a ll var iab les  in the 

analysis . A factor loading may be in te rp re ted  as an ordinal m easu re  

of the degree to which each variable  is involved in each component, or 

c luster  of variab les

F o r  example, in Table 19. m ulti-fam ily  housing, com m erc ia l  

use groups 1, 4, 5, and 6 , and total com m ercia l  use have the highest
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CABLE 19

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

Variable P e rcen t 1st 2 nd 3 r d 1 S t 2 nd 3rd

Single Fam ily 0 . 003 0 . 475 - 0 . o i l - 0 . 3 2 4 0 . 9 0 4 0 . 183
Two Family 0 . 231 0 . 087 - 0 . 1 8 1 0 . 574 0 . 501 0 . 074
M ulti-Fam ily 0 . 290 0 . 0 0 1 - 0 . 0 3 9 0 . 746 0 . 301 0 . 187
Group Living 0 . 133 0 . 2 6 9 - 0 . 1 9 7 0 . 1 2 9 0 . 507 0 . 113
Total Residential 0 . 0 2 8 0 . 473 - 0 . o . ; - ; - 0 . 257 0 . 9 2 9 0 . 192
Comm. Use Group 1 0 . 318 - 0 . 118 - 0 . 006 0 . 9 6 6 0 . 080 0 . 197
Comm. Use Group 2 0 . 0 1 0 0 . 0 8 5 - 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 . 1 0 7 0 . 0 9 2 0 . 7 9 1 - 0 . 087 0 . 503
Comm. Use Group 5 0 . 2 9 9 - 0 . 215 - 0 . 0 3 2 0 . 9 8 0 - 0 . 1 0 2 0 . 124
Comm. Use Group 6 0 . 2 8 9 - 0 . 190 - 0 . 0 3 9 0 . 851 - 0 . 134 0 . 2 5 9
Total Com m ercial 0 . 3 0 9 - 0 . 161 - 0 . 032 0 . 9 6 6 - 0 . 043 0 . 157
Ind. Use Group 1 - 0 . 052 - 0 . 1 2 6 - 0 . 3 5 2 0 . 062 - 0 . 045 - 0 . 515
Ind. Use Group 2 - 0 . 051 - 0 . 018 0 . 007 - 0 . 0 9 8 0 . Oil 0 . 1 2 6
Ind. Use Group 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Ind. Use Group 4 - 0 . 219 - 0 . 1 8 4 - 0 . 248 - 0 . 273 - 0 . 243 - 0 . 7 4 1
Ind. Use Group 5 - 0 ., 123 0 . 0 3 3 0 . 2 9 4 - 0 . 2 6 9 0 . 015 0 . 2 1 2
Total Industr ia l - 0 .. 208 - 0 . 066 0 . 101 - 0 . 351 - 0 .. 0 9 4 - 0 . 158
Institutional - 0 . 182 0 . 0 9 8 - 0 . 405 - 0 . 362 0 ., 300 - 0 . 844
Transporta tional - 0 . , 179 - 0 . 255 - 0 . 310 - 0 . 142 - 0 .,431 - 0 . 8 5 8
Open Space - 0 .. 185 - 0 ., 158 - 0 . 3 4 6 - 0 . 203 - 0 ., 2 2 2 - 0 ., 9 1 8
Agricu ltura l - 0 .. 153 - 0 . 0 9 4 0 . 367 - 0 . 551 - 0 .,639 0 . 467
Unused - 0 , . 076 - 0 .. 2 4 3 0 . 317 - 0 . 0 1 0 - 0 ., 542 0 . 177
Total Other Use - 0 . 258 - 0 .. 271 0 . 060 - 0 . 4 8 6 - 0 ,.765 - 0 ., 348



loadings in the f i r s t  principle component This reflec ts  the fact that, 

in re la tive  re rm s ,  these variab les  are  much m ore  important in the 

independent dimension or c lu s ie r  of a ^ ' i, hf s p resen ted  bv the f i r s t  

p rincipal ccmponen' than are  ’he non-h ,gh ' loaded variab les  in 

cluded in the analysis Each of these h gh'.v loaded var iab les  is in 

effect m easuring  approximatelv the same general influence ac ro ss  the 

12  drainage basins examined For ins: the total com m erc ia l

land use- variab le  takes into account the .ni'lucnce of com m erc ia l  use 

groups 1, 4, 5, and 6 . In other words, anv one of the five co m m er

cial land use groups m e a su re s  approximatelv the same influence. The 

same is true for total industr ia l  acti 'nu- i .e .  , industria l use group 

4 dominates the inghlv loaded factor

Single family land use and 'c ta l residen tia l  percentage a re  the 

highest loaded var iab les  in the second principle component. This was 

to be expected, since the city of Tulsa is predominantly a single 

family residen tia l  community.

Rotated fac tors  2 and 3 show that single family land use and 

open space both \-ary independently of the other land use var iab les .

Several other factor analyses runs were made using some of the 

land use var iab les  as shown in Table 19. The additional runs in 

cluded the var iab les  which were not redundant, i .e .  , total residentia l,  

to ta l  com m ercia l,  and industria l use groups. The resu l ts  of these 

runs revealed  very  little  additional useful information.
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Therefore, it was des ired  at this point in the analyses that a 

more useful and meaningful set ot lend use p red ic to r  var iab les  be 

chosen. Also, the selection of the ne" e. : oi variables had to meet 

the c r i t e r ia  that they w ere  easily obiainabh and w ere not dependent 

on the specific use groups as defined bv the Tulsa Metropolitan Area 

Planning Commission. The p red ic to r  v.jriables selected  for testing 

a re  lis ted  in Table 20. which also inch.d.. - ;he f i r s t  three  e igen

vectors  and rotated factors.

The highest loaded variab les  in the f i r s t  principal component 

are  those of population, number of household units, number of co m m er

cial es tablishm ents , totul com m ercia l ac res ,  and s t re e t  a rea .  In 

this case, of course, the variab les  a re  reflecting differences in 

drainage basin  size. Basins with a large popuiaticn will have a la rge  

number of h.oushold units and s tree t area. Also, com m erc ia l  es tab

lishments tend to locate w^here the population is situated. In the 

second princ ipal component, onlv three density var iab les  dominate.

The residen tia l  density, the number of com m ercia l estab lishm ents  

per com m erc ia l ac re ,  and the percentage of s t ree ts  all have coeffic

ients g re a te r  than 0. 40.

The f i r s t  ch a rac te r is t ic  '-ector or component explains approxi

mately 39 percent of the total variance  among the 12 var iab les .  All 

th ree  fac to rs  explain 85 percent of the variation-



Roiaied laclor i shows liw, :l'.c Er.v:ror ir.ental index (El; varies  

independently of other p red ic to r  v c r iaok ’s in the system.

The principal components and rot k c to r s  p resen ted  in Table 

21 a re  in te rp re ted  exactly as those pre='. r.^cd :n Tables 19 and 20.

The magnitudes cf the loadings in the nine environmental var iab les  

for the f i r s t  principal component a rc  a';: approximately equal. This 

indicates that each environmental varia c.i . s equally important, and 

that they a re  highlv in te r re la ted  and tog,"Ter tend to re f lec t  the same 

condition. F ro m  the first, rotated factor leadings it is observed that 

the number of environmental deficiencies per  ac re  for refuse ,  b u rne rs  

(55-gallon d ru m s’, piles of lum ber, and s tray  dogs accounts for most 

of the varia tion  of the f i r s t  factor. .In the second ro tated  factor, only 

l ivestock is highly loaded, indicating that th i“ variable  acts  indepen

dently of the other environmental ■'variables.

To provide a further insight into the environmental variab les ,  

examination of components I and 2 was made by computing an index 

value for each te s t  drainage basin. The p rocedure  used to calculate 

these index values was as follows;

(a) The values for the nine environmental va r iab les  w ere

standardized, i. e. , the mean was sub trac ted  f ro m  each 

variab le , and the resu lt  was divided by its  corresponding 

standard  deviation. This step resu l ted  in  a set of values 

for  each v ariab le  which had a mean of 0 and a standard
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P R I N C I P A L  C O M P O N E N T S  ( E I G E N V E C T O R S )  A N D  R O T A T E D  F A C T O R  M A T R I X  
D E R I V E D  F R O M  T W E L V E  P R E D I C T O R  V A R I A B L E S

P r i n c i p a l  C o m p o n e n t R o t a t e d  F a c t o r

P r e d i c t o r  V a r i a b l e 1 S t 2nd 3rd I s t 2nd 3rd

P o p u l a t i o n 0.  4 54 0 , 1 1 7 0.  0 6 2 0.  9 75 - 0 . 0 7 1 0.  0 44

A v g .  P o p u l a t i o n  D e n s i t y - 0 .  0 36 0.  347 0.  4 0 6 0.  167 0.  704 0.  4 50

N o .  o f  H o u s e h o l d  U n i t s 0.  4 1 6 0.  1 54 0,  1 54 0. 96  5 0 . 0 1 5 0.  124

R e s i d e n t i a l  D e n s i t y - 0 . 1 5 1 0.  447 - 0 . 1 2 0 - 0 . 0 1 9 0,  98 0 - 0 , ] 3 5

N o .  C o m m e r c i a l  E s t . 0.  2 89 0.  536 0.  0 8 9 0 8 20 0.  4 57 0.  0 78

C o m m .  E s t .  / T o t a l  A c r e - 0 .  211 0.  3 54 - 0 ,  507 - 0 . 2  10 0. 8.58 - 0.  3 59

T o t a l  C o m m e r c i a l  A c r e s 0.  4 33 0.  0 5 9 - 0 . 1 7 8 0. 9 2 6 - 0 .  185 - 0 . 2 2 4

C o m m .  E s t .  /  C o m m .  A c r e - 0 . 1 7 8 0,  4 3 5 0.  027 - 0 . 7 7 7 0.  9 76 0.  031

S t r e e t  A r e a 0.  4 28 0 . 1 1 3 0 . 0 1 1 0.  95 7 - 0 . 0 7 6 - 0 . 0 1 3

P e r c e n t  S t r e e t s - 0 , 1 4 2 0.  4 4 0 0,  0 4 9 - 0 .  0 0 2 0.  9 60 0.  0 5 4

E l - 0 . 0 1 0 - 0 . 0 6 8 0.  74 0 - 0 . 0 4 4 - 0 . 1 2 5 0.  8 3 0

HI 0.  2 5 2 0.  0 3 0 - 0 . 3 3 7 0.  52 8 - 0 . 1 1 6 - 0 . 3 9 1



: 0 - 

TABLE 21

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

Variable Princ ipa l  Component Rr t£.-.■;d F sc '.  r
No. /A cre 1st 2nd 1st 2nd

Refuse . 3 3 9 - .309 . 901 . 3 4 5

Burners . 3 4 3 352 . 9 3 5 . 51 7

Rubble . 3 6 4 . 0 6 8 .725 . t?0

Lumber . 3 6 3 - .084 . 8 1 6 . 555

Old Autos . 3 6 0 - .018 . 7 6 9 . 6 0 0

Poor Sheds .357 . 222 . 6 1 7 . 775

Livestock .276 . 6 2 4 .201 . 9 3 8

Poultry- .272 .408 .325 . 7 6 9

Stray Dogs .309 -.404 . S'?6 . 2 2 2
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deviation of I. Tht-se. s tandarc iz -d  variab les  ; .r.

o rd e r  to eliminate d imensions, thus making the variables, 

uniform  in the index equation.

(b) The s tandardized va r iab les  f rom  (a) above for each site 'vere  

multiplied by the corresponding n um erica l  coefficients in the 

two eigenvectors and sum m ed to obtain a value for ea t r

te s t  drainage basin.

(c) Each value f ro m  (b) above for components I and 2 was 

multiplied by its  corresponding pe rcen t  contribution to th-t 

to ta l var iance . The f i r s t  p rinc ipal component and the 

second principal component explained 81.4  and 10.4 p ^ tc -n t  

of the total varia tion , respectively .

(d) The values f ro m  step (c) above w ere  then summed to obtain 

the index value fo r  each drainage basin.

Table 22 p re sen ts  the component fac tors  before multiplication by 

the ir  respec tive  percen tage  explained. In other w ords, the columns 

in Table 22 labeled "F ac to r"  w ere  m ultiplied by .814 fo r  component 1 

and by . 104 for component 2.

The index values for the sum  of the two components were ranked 

and com pared to ranks obtained f ro m  the environm ental index presen ted  

in Chapter IV. These re su l ts  a re  a lso  shewn in Table 22. It is 

in te resting  to note that the rankings compare favorably. The drainage 

basins wh-.-, r-: rhe - Irgs  do not compare can be explained by



T A B L E  Z2

B A S I N  l ' i N V l R O N M E N T A L  P R I N C I P A L  C O M P O N E N  1’ I N D E X  V A L U E S  
C A L C U L A T E D  F R O M  E I G E N V E C T O R S

P r i n c i p a l  C o m p o n e n t  In d e x  V a l u e s  
1s t  2nd

E n v i r o n m e n t a l  I n d e x  c a l c u l a t e d  a s  o u t l i n e d  in  C h a p t e r  IV.  

^ R a n k i n g  b a s e d  on b e s t  (1) t o  p o o r e s t  (12)  e n v i r o n m e n t a l  c o n d i t i o n .

E n v i r o n m e n t a l  I n de x  
2y - f  X C X X l i U ^ V ^

B a s i n F a c t o r V a lu e F  a c t o r V a l u e I n d ex Rank^ V a l u e Rank'

N e w  B l o c k 4 .  24 3.  45 0 .  76 0 . 0 8 3.  53 12 0 .  42 10
Ind ian - 2 .  2 4 -  1 . 82 - 0 .  32 - 0 .  03 - 1 . 8 5 I 0 .  40 1 1
2 1 s t  S t r e e t - 1 .  83 - 1. 49 - 0 . 5 1 - 0 . 0 5 - 1. 54 4 0 .  48 7
C r o w - I.  78 - 1 . 45 - 0 .  38 - 0 . 0 4 - 1 . 4 9 5 0 .  65 5
C h e r r y 2 . 0 4 1 . 66 - 0 . 10 - 0 . 0 1 1. 65 9 0 .  43 9 ,  8
M o o s e  r - I.  84 - 1. 49 0 . 0 3 0 . 00 I.  50 8 0 .  94 1
J o e - 2 . 0 7 - I.  68 0 .  0 4 0 . 00 - 1 . 6 9 2 0 . 66 4
F l a t  R o c k - 1 . 0 5 0 . 86 0 . 1 3 0 . 0 1 - 0 .  8 4 7 0 .  1 I 12
D i r t y  B u t t e r 4 .  58 3.  73 - 2 .  33 0 .  24 3.  49 1 1 0 .  56 6
C o a l  W e s t 3.  37 2.  75 1. 89 0 . 20 2 .  94 10 0 .  83 2
C o a l  E a s t - 2 . 00 - 1 . 6 3 0 .  17 0 . 0 2 - 1 . 6 1 3 0 . 8 1 3
M i n g o - 1 . 5 1 - 1 . 28 0 .  35 0 .  0 4 - 1 .  19 6 0 .  43 8 ,  9
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considering the fact that severa l of the drainage basins a re  not fally 

developed; therefore ,  the average environmental deficiencies per  s tr^  

over the entire w atershed  would be low. The average deficiencies pe: 

a c re  only apply to the so called "built-up" a re a s .  F o r  example, an 

index number would be very  misleading if it was calculated for . 

drainage basin that was half developed and half undeveloped, and in 

which the developed portion had many deficiencies. The résulta.n: 

calculated index would have a high value and indicate a good environ

m ental condition, but, if the index was calculated only for the

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

R egression  Equations 

R egression  equations using all reasonable  combinations cf the 

p red ic to r  variab les  selected  from  co rre la t ion  and principal componen 

analysis  were made to explain the observed pollutant p a ra m e te r  c rn -  

centrations and calculated loads originating from  the twelve tes t  

drainage basins for the 1967-69 period. P re d ic to r  v a r iab les  used in 

the re g re s s io n  equations were:

(a) Total population (Xi),

(b) Average population density (X?) in number per  a c re  of 

drainage shed,

(c) Number of household units (X3 ),

(d) Residential density (X4 ) in h.-.usehclds per res iden tia l

acre.



105

(e) Number cf com m erc ia l  es tab lishm ents  (X.),

(f) C om m erc ia l  density (X^) in num ber p e r  a c re  of drainage 

shed,

(g) Total com m erc ia l  land (Xy) in a c re s ,

(h) C om m erc ia l  es tablishm ent density (Xg) in num ber per

c o m m erc ia l  a c re ,

(i) S tree t  a re a  (Xg) in ac re s ,

(j) S tree t  amount (X^^) in percentage of drainage shed, and

(k) Environmental index (X^^), ; 'h i :h  is d im ension less .

The p rocedures  and c r i te r ia  d iscussed  in Chapter VI w ere  used to 

develop and evaluate the reg ress io n  equations. Typical resultar.t 

equations grouped by pollutant ca tegories  as well as season  of th« year 

a re  p resen ted  in Table 38 of Appendix D. All of the equations 

developed using the pollutional loadings as the input dependent 

variab les  a re  not p resen ted  in this rep o r t .  Only s e l e .  t i e n s  : f  tbe 

b es t  equations a re  included.

The pollutional p a ra m e te r  re g re ss io n  equations developed using 

the prec ip i ta t ion  variab les  (amount, intensity, duration, days since 

antecedent event, amount of antecedent event, and in tensity  of 

antecedent event) a re  not presented . Althc. gh many of these equations 

had high multiple co rre la t ion  coefficients (See Table 23) when a ll six 

of the above p rec ip ita tion  v ariab les  w ere  used in the reg re ss io n ,  i  

■V a s de te rm ined  by this author that they w ere  v e ry  difficult to use,



especia lly  for p rediction  pn rpcses .  The analyses that v e r e  perte rm -n  

dc indicate that these var iab les  'p rec ip ita tion ' sho'.'' definite nnderlving 

effects on the d ispersed  pcllnticnal p a ram e te r  concentrations a*- .any cat 

la r  t im e during an event.

The high multiple co rre la t ion  coefficients in Table 23 are m.ic- 

leading in that for many of the te s t  drainage basins, the number t f  

observations was small. With only six observations, a six pa: a- 

m s te r  model will re su l t  in a multiple o c rre la t icn  c ^efficient c: 1 . CÛ. 

Therefore ,  the coefficients p resen ted  in Table 22 sho’ild be v i e v - t  in 

light cf this fact.

C orre la tion  coefficients (not presented) for the p a ra m e te r  con

centra tions against the six prec ip ita tion  va r iab les  were ca lcu lâ t-.d 

using the observations f ro m  all of the te s t  drainage bas ins .  This 

procedure  provided many m ore  observations than those used  for the 

individual te s t  a rea s  as p re sen ted  in Table 23. The re su l ts  cf this 

ana lysis ,  as a v/hcle, w ere  not ve ry  rewarding. All cf the 

co rre la t icn  coefficients w ere inconsistent as to sign, and the m a 

jo r i ty  of the values w ere ex trem ely  low. In fact, the highest valur. 

found was C. 26, v/hich was the co rre la t ion  ccefiioient fo r  the con

centra tion  of volatile  solids against th-' intensity of the antecedent 

event.

The sign for the coefficients which co rre la ted  the p a ram e te r  

concentrations against the number of days since the antecedent event 

was nesative for all n a ra m e te rs  excent chlorides and fix-.d solids.
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M U I . T I P L E  C O R R E L A T I O N  C O E F F I C I E N T S  F O R  E A C H  D R A I N A G E  B A S I N  
P A R A M E T E R S  V S .  P R E C I P I T A T I O N  V A R I A B L E S

D r a i n a g e
B a s i n

T o t a l
C o l i f o r m

F  e c a l  
S t r e p . B O D 5 C O D ON P O 4 C l V . S . F .  S. T . S . pH

J o e . 46 . 4 4 . 4 2 . 45 . 42 . 63 . 6 9 . 88 . 66 . 70 . 62

M o o s e  r . 90 . 98 . 69 . 62 1 . 00 . 99 . 97 . 98 . 95 1 . 00 1 . 00

C ho  r ry . 94 . 87 1 . 0 0 . 93 . 73 . 9 9 . 66 . 51 . 62 . 61 . 61

M i n  go . 50 .  9 2 . 97 . 92 . 85 . 8 9 . 9 1 . 98 . 75 . 94 . 50

N c w b l o c k . 91 . 93 . 96 . 88 . 75 . 84 . 98 . 97 . 8 1 . 83 . 77

C r o w . 39 . 62 . 7 4 . 84 . 80 . 77 . 54 .  5 8 . 6 9 . 6 8 . 76

2 I s t  S t r e e t . 5 9 . 47 . 49 . 54 . 54 . 76 . 67 . 67 . 58 . 64 . 56

Ind i an . 51 . 58 . 57 . 69 . 53 . 42 . 58 . 64 . 79 . 76 . 4 4

D i r t y  B u t t e r . 93 . 9 2 . 55 . 53 . 72 . 78 . 44 . 2 9 . 48 . 6 3 . 76

C o a l  E a s t . 8 9 . 68 . 80 . 93 . 57 . 70 . 9 2 . 71 . 84 .  8 3 . 94

C o a l  W e s t . 91 . 99 1 . 0 0 . 80 . 95 . 85 . 94 1 . 00 . 53 . 9 1 . 94

A v e  r a g e . 72 . 76 . 7 4 . 74 . 71 . 78 . 75 . 75 . 70 . 78 . 67
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This was completely unexpected, since one would expect that the 

concentrations of the pollutional p a ra m e te rs  would inc rea se  as the 

length of time between events increased .

It was expected that the prec ip ita tion  var iab le ,  time of collection 

during the event, would be co r re la ted  well with the p a ra m e te r  concen

tra t ions .  This was not the case .  About half of the values were 

negative and the other half positive. The highest value found was 

-0. 16. After studying the data, it becam e apparent that the concen

tra t ion  of each p a ra m e te r  for any p a r t icu la r  time on the runoff 

hydrograph had its own ch a ra c te r is t ic  function. A d isp e rsed  pollu

tant concentration, a t any tim e, is  a function of the location of the 

drainage basin, the force  (intensity of event) req u ired  to dislodge 

the contaminants, and the drainage c h a ra c te r is t ic s  of the shed 

(slope, length of t rave l ,  type of drainage channel).

There is no doubt that the be t te r  d ispe rsed  pollutional models 

should have independent v a r iab les  that ch a rac te r ize  the effect of 

precip ita tion  on the concentrations and loads. In this study, due 

to the l imitation of w ater  quality data, the only possible way to 

account for the prec ip ita tion  va r iab les  was to divide the sampling 

data into categories  of seasons of the yea r .  After averaging the 

values for each season, re g re s s io n  equations for the pollutional 

p a ra m e te rs  w ere  developed for fall, w inter, spring, and sum m er.
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The best reg ress io n  equations for estiinatir.g d ispersed  pollutant 

concentrations from urban drainage sheas are p resented  in Table 24. 

Selection of the equations was based p r :-r-i on the c riter ion  of the 

highest coefficient of multiple deierrn ina 'ior  ■. R“'.. As pointed out in 

Chapter Vf. large R" values should no" be overemphasized when there 

a re  a small number of observations and a ’■•rge number of independent 

variab les .  Consequently, it was in some < i -e s  necessa ry  to use the 

F - te s t  as well as the coefficient of muh.pb-. determ ination in choosing 

the best reg ress ion  equations. should also be noted that none of the 

equations sa^isified the c r i te r ion  that a reg resvm n equation can be 

regarded  as a sa tisfactory  pred ic tor  if the obser"ed  F -ra t io  exceeds, 

by about four t im es, the selected percentage point or, the F -distribution. 

Only a few equations had observed F -ratios ’hat ever, met the F ' te s t  

at the 5 percent significance level- Table 38 in Appendix D p resen ts  

typical reg ress io n  equations using the pred ic tor  var iab les  presen ted  

e a r l ie r  in this chapter. Also included in the table a re  the standard 

e r r o r  of estim ate , F-:-alue, and coefficient of multiple determination 

for each equation.

Since almost all equation; had low multiple corre la tion  coefficients, 

it  can be concluded that the data used to  develop the equations do not 

support the hypothesis of a l inear model or even a logarithmic model.

It IS quite possib le  that other functions can be found that fit the data 

be tte r  than the functions tested. Exhaustive efforts were made in this
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res(=.arch effort to achieve the b es t  possib le  resu lt .

An a l te rn a te  set of re g re ss io n  equations w < developed from  the 

calculated seasonal loadings (pounds of pollutant per  unit a re a  per 

season). The input response va r iab les  used for the development of 

these equations can be found in Tables 36 and 37 in Appendix C.

Table 36 p re sen ts  the calculated loads f rom  the total a r e a  of the 

drainage bas ins ,  where a*  Table 37 p re sen ts  the calcu la ted  loads 

based  only on the s t r e e t  a re a .  It should be rem em b ered  that these 

loadings a re  based  on the precip ita tion  events in each season ever 

0. 1 inch reco rded  in the city of Tulsa, and the average  concentrations 

of the pollutional p a ra m e te rs  found during the four seasons .  Th- se 

loadings a r e  based on approxim ately  30 inches of precip ita tion . 

Therefore , the equations will be applicable only in urban a rea s  where 

the average yearly  recorded  precip ita tion  (deleting events le ss  than 

0. 1 inch) is approximately 30 inches. The selection of the bes t  

equations for estim ating d isp e rsed  pollutional loadings i s p resented  

in Table 25. A d iscussion of both the "concentration" equations and 

the "loading" equations using different combinations of var iab les  i s 

p resen ted  below.

The re g re s s io n  equations in Table s 24 and 25 a re  p resen ted  by 

pollutional p a ra m e te r  category  for  each season  of the year .  In this 

study,the four seasons of the year correspond  to the following months:
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E Q U A T I O N S  F O R  E S T I M A T I N G  D I S P E R S E D  
P O L L U T A N T  C O N C E N T R A T I O N S

P a r a m e t e r  U n i t s  S e a s o n

T o t a l  C o l i f o r m  ( Y ^) t h o u s a n d s /  100  m l  F a l l

W i n t e r

S p r i n g

F e c a l  S t r o p .  ( Y g) t h o u s a n d s /  1 GO m l  F a l l

W i n t e r

S p r i n g

E q u a t io n  R

Y l  = 1 4 0 2  I 135 ( I n X 2 ) - 436  ( I n X i p )  0. 66

Y l  = 125 - 0,  0 0 2 2 7  ( X i )  + 15.  8 (X 4 ) 0.  15

Y l  -  8 3 2 1  + 7 2 2 8  ( I n X i )  - 7 4 0 9

(I11X 3 ) + 9 5 8  ( InXg) - 2 3 1 5  ( I n X n )  0. 86  

S u m m e r  Y i  -  - 1 3 6 8  1 6 3 2  ( X g )  + 5 . 7 5  ( X 5 )

Y 2 = 4 6 6  + 55.  2 ( InX 167 (InX 1 g)

Y 2 = 0, 12 - 0 . 0 0 0 0 3  ( X i )  - 0 . 0 1 2 8  

( X i o )  + 4.  33  ( X u )

Y 2 = - 6 9 0  + 5 8 9  ( I n X i )  - 6 0 3  (111X 3 )

I 7 2 . 4  ( InXg)  - 196 ( I n X u )  0. 8 8  (12 )

S u m m e r  Y 2 = 165  - 0.  0 1 0 4  ( X i )  + 0.  3 10  ( X 3)

- 9 .  17  ( X g )  - 1 1 4  ( X u )  0.  3 6  ( 1 3 )

0 .  4 0  

0 .  7 6

0 .  3 0

( 6 )

(7)

( 8 )

(9)

( 1 0 )

( 1 1 )



T A B L E  2 4 - -  C o n t i n u e d

P a r a m e t e r  

B O D - 5  D a y  ( Y 3)

U n i t s

m g /1

C O D  ( Y 4 ) m g /1

S e a s o n

F a l l

W i n t e r

S p r i n g  

S u m m e  r 

F a l l

W i n t e r  

S p r i n g

E q u a t i o n  R

Y 3 = 4 .  8 + 0 .  0 8 2 7  ( X g )  + 0 .  4 8 9  ( X g )  0 .  4 2  ( 1 4 )

Y3 = 9 1 .  5 -  7 5 .  8 ( I n X ^ )  1 7 6 .  6 

( 111X 3 ) - 1 0 .  5 ( I n X g )  - 0 .  2 4 3

( I n X j i )  0 . 8 8  ( 1 5 )

Y 3 = 7 1 . 0 -  5 2 .  6 ( I n X j )  +  5 2 .  9  ( I 11X 3 )

- 8 . 7 6  ( I n X g )  + 0 .  6 4 9  ( I n X i  1) 0 . 4 0  ( 1 6 )

Y 3 = 9 9 .  0  -  8 0 .  6 ( I n X j )  1 - 8 1 . 8  ( I 11X 3 )

- 1 1 . 7 ( l n X g )  i 5 , 2 3  ( I n X j j )  0 . 4 4  (17)

Y , j  = 3 5 .  1 - 0 .  0 0 0 1 7  ( X j )  + 0 .  0 3 0 6

( X ^ o )  0 . 0 3  ( 1 8 )

Y 4 = 3 0 .  5  + 0 .  0 2 5 5  ( X g )  -1 3 .  6 0  ( X g )  0 .  5 0  ( 1 9 )

Y 4 = 7 4 .  9  -  0 . 0 0 8 4 8  ( X j )  + 0 .  0 2 8 8

( X 3 ) - 4 .  21  ( X g )  - 3 3 .  8  ( X j j )  0 . 9 4  ( 2 0 )



T A B L E  2 4 - -  C o n t i n u e d

P a r a m e t e r U n i t s

ON ( Y 5 ) i g /1

m g / I

S e a s o n

S u m m e r

F a l l

W i n t e r

S p r i n g

E q u a t i o n  R

= 9 .  5 + 3 .  8 5  ( X g )  + 0 .  0 0 7 6 3  ( X g )

+ 2 5 .  4  ( X i  1) 0 .  7 7  ( 2 1 )

Y g  = 2 .  3 8  -  0 .  1 8 8  ( I n X j )  + 0 .  3 1 0

( I n X j o )  0.  21 (22)

Y g  = 1. 4 5  I 0 .  2 3 8  ( X ^ )  - 0 .  0 3 9 9  ( X j q ) 0 .  3 6  ( 2 3 )

Y 5 = 1 . 3 3  - 0 . 0 1 8 2  ( X g )  + 0 . 0 0 1 4 8

(Xg) 0. 39 (24)

S u m m e r  Yg = -1. 79 t 4. 67 ( lu X j)  -5 ,  05 (InXg)

+ 0.  8 1 3  ( InXg)  - 1. 07  ( InXj  ^)

F a l l  Y ,  = 2. 90  + 0.  0 0 0 0 3  ( X j )  - 0 .  0 0 0 1 0

( X g )  -  0.  0 1 3 7  (Xg)  - 0 .  741  ( X i i )  0.  17

W i n t e r  Yg = 4.  6 8  - 0 .  0 0 0 2 1  ( X j )  + 0.  0 0 0 6 5

( X 3 ) -  0.  1 7 4  ( X g )  - 3 .  01  ( X j j )  0 . 2 5  ( 2 7 )

0 . 7 7  ( 2 5 )

(26)



T A BLE  2 4 - -  Continued

P a r a m e t e r Unit  s

T o t a l  S o l i d s  ( Y 7 ) i g / 1

F i x e d  S o l i d s  ( Yg) m g / I

S e a s o n  E q u a t i o n  R

S p r i n g  Y ,  = 0 . 8 1  - 0 . 0 0 0 0 3  ( X j )  - 5 . 8 9  (X^)

+ 0.  148 ( X j q )  0 . 8 4  (28)

S u m m e r  Y ^  = 3 . 2 7  - 0 . 0 0 0 2 4  ( X j )  I 0 . 0 0 0 7 7

( X  j )  - 0 .  171 ( X g )  - 2 .  1 1 ( X j  ^) 0 . 7 2  (29)

F a l l  Y 7 = 159  - 8 2 0  ( I n X g )  + 591 ( I n X j o )  0.  35  (30)

W i n t e r  Y  y  = 8 2 5  + 0.  0 4 5 8  ( X j )  - 0.  126 ( X g )

- 2 7 .  3 ( X g )  - 2 2 7  ( X ^ j )  0 . 7 3  ( 3 1 )

- 6 0 9  t 6 2 9  ( l n X [ )  - 5 4 1  ( I n X g )

- 8 7 .  1 ( InXg)  - 345 ( I n X j j )  0 . 7 8  (52)

701  I 0.  0 1 3 4  ( X j ) - 6 6 . 7 ( X g )

- 0 .  132  ( X g )  0. 74 (33)

25 - 7 2 5  ( InX^) I 5 0 9  (InX^^)  0 . 35 (34)

W i n t e r  Y„ = 5 7 9  I 0 . 0 3 9 7  ( X j )  - 0 .  110 (Xg)

- 2 4 .  5 ( X g )  - 1 7 9  ( X i i )  0 . 6 8  ( 3 5 )

S p r i n g  Y-

S u m m e r  Y-,

F a l l

8



T A B L E  2 4 - “ C o n t i n u e d

P a r a m e t e r  U n i t s  S e a s o n  E q u a t i o n  R

S p r i n g  Yg = - 1 5 7 0  + 1 4 6 4  (InX^)  - 1 4 3 5

(111X 3) +8 2 .  1 ( I n X g )  - 2 4 3  ( I n X j i )  0 . 8 0  ( 3 6 )

S u m m e r  Yg = - 1381 + 13 2 4  ( I n X j )  - 1 3 0 8  ( I 11X 3)

4 107 ( InXg)  - 8 5 . 2  ( I n X u )  0 . 7 7  (37)



T A BL E 2 5

E Q U A T I O N S  F O R  E S T I M A T I N G  D I S P E R S E D  
P O L L U T I O N A l .  l o a d i n g s '

P a r a m e t e r  S e a s o n

B O D  5 ( I b / a c  re  /  s e a  so n )  F a l l

W in te  r

S p r i n g

S n m m e  r

C O D  (1 b / a c r e / s e a s o n )  F a l l

W i n t e r

S p r i n g

S u m m e r

O r g a n i c  Kj e l c lah l  
N i t r o g e n  ( l b / a c r e /  
s e a s o n )

F a l l

Equat ion'^  R^

L 3 = 2 20  I 0.  7.52 ( X 4 ) - 0 .  0 0 0 1 7  (X g)  0. 87  (38)

L 3 = 1 . 95  I 0.  0 0 0 3 3  ( X , )  - 0 .  0 0 1 2 7  ( X 3)
+ 0.  0 0 1 7 9  (Xg)  + 0 199 ( X i o )  - 2 .  34 (Xj  1) 0 . 9 2  (39)

L 3 = 9 . 76  + 0 . 0 0 03 1  ( X j )  - 0 . 0 0 2 4 0  ( X 3)
+ 0 . 0 2 5 1  (Xg)  + 0 . 0 3 3 6  ( X i o )  l 2 . 5 5 ( X ] i )  0 . 9 0  (40)

L 3 .  1, 8 5  ( 0.  0 0 0 4 9  ( X j )  - 0 .  0 0 2 0 9  ( X 3)
+ 0.  0 0 5 4 6  (Xg)  +0.  2 4 3  ( X i o )  l 7 .  5 5 ( X | , )  0 . 4  3 ( 41)

L q  = . 5 4  - 2 1 . 8  ( I n X ^ )  +  2 3  I (InXg) 5 7 0  
(1 n X g )  - 5 , 1 8  (1 n X  j 1 I

Lq = 9 . 6 + 4. 35 (Xq)  t  0.  001 32 (Xg)

L q  = 87  I - 0 .  0 1 0 0  (Xq)  + 0.  0 3 2 2  ( X 3)
+ 0.  0 507  (Xg)  - 0 .  159 ( X q g )  - 4 8 .  8 ( X q i )

Lq  = 7. 0 +4.  96  (Xg) +0.  9 9 0  (Xg)  + 0.  001  15 (Xg)
+ 1 5 .  8  ( X i  1)

L g  = 0.  58 - 0.  7 8 9  ( InXg)  + I.  05  ( InXg)  1 0.  0 9 7 2
( InXg)  - 0 .  189 ( I n X i j )  0 . 5 8  (46 )

0.  5 0 

0 . 81

0 . 93

0.  87

(42)

( 4 3 )

( 44 )

(45 )



T A B L E  2 5 - -  C o n t i n u e d

P a r a m e t e r  S e a s o n

W i n t e r

S p r i n g

S u m m e  r

S o l u b l e  O r t h o p h o s p h a t e  F a l l  
( l b / a c r e / s e a s o n )

W i n t e r

S p r i n g

T o t a l  S o l i d s
( l b / a c r e / s e a s o n )

S u m m e r

F a l l

E q u a t i o n

L 5  = 0 .  56 + 0.  103  ( X 4 ) - 0 .  0 0 0 0 4  (Xg)

L 5  = 3 . 0 1  - 0.  0 0 0 0 6  ( X j )  - 0.  0 0 0 1 0  ( X 3 )
+0.  0 0 7 8 4  ( X 5 ) - 0 .  0 2 9 2  ( X i o )  - 1 . 4 8  ( X j  j )

L 5  = - 0 .  6 3  + 0.  9 3 8  ( I n X j )  - 1. 01 ( I 1-1X 3 ) - 0 .  3 72  
( I n X g )  + 0 . 9 5 5  ( I n X i o )  - 1 .  54  ( I n X ^ i )

L( ,  = 1. 21 + 0.  133  ( X 4 ) t o .  0 0 0 0 2  (Xg)

= I.  49  + 0. 6 7 8  ( I 11X 4 ) - 0 .  J 4 3  ( I n Xg )

L 5  = 2. 23  - 0.  0 0 0 2 2  ( X , )  + 0.  0 0 0 2 9  ( X 3 )
+ 0.  0 1 0 2  ( X 5 ) - 0 .  0 4 4 0  ( X j q )  - 0  538 (X, j )

L(,  = 1 . 3 8  + 0.  1 16 (Xg)  - 0.  0 0 0 1 2  (Xg)

L ?  = 1 1 1 0 -  94 .  5 ( X 2 ) t 26 .  5 ( X g )  - 0 .  0 0 1 4 8  (Xg)  
- 3 2 8  ( X ^ j )

W i n t e r  L i y  = - 3 2 2  - 166  ( InXg)  + 69 .  5 ( InXg)  + 126 ( InXg)  
- 1 3 0  ( I n X j^ )

R

0.  55

0 . 95

0.  99  

0 . 3 6

0 . 22

0 . 94

0 4 2 

0.  17 

0.  75

(47)

(48)

(49)

(50)

( 51)

(52 )  

(5 3)

(54)

(55)



T A B L E  2 5 - - C o n t i n u e d

P a r a m e t e r S e a s o n

S u m m e r

E q u a t i o n

S i r r i n g  L y  = 190 6  + 116 (Xg)  - 9 2 .  2 (Xg)  + 0.  0 7 4 9  (Xg)  
- 1 5 2 2  ( X | i )

- 6 9  - 1 5 4  ( I11X 4 ) + 141 (I11X 9)

0.  93 

0 . 60

^ E q u a t i o n s  d e v e l o p e d  f r o m  data  c o l l e c t e d  in  T u l s a ,  O k l a h o m a ,  f r o m  1967  t h r o u g h  196 9 .  
^ T h e  s y m b o l  Lj  r e p r e s e n t s  the  l o a d i n g  in  l b / a c r e / s e a s o n  f o r  e a c l i  o f  the  f i v e  p o l l u t i o n  p a r ;  

m e t e r s  g i v e n  in  the  t a b l e .

(56)

(57)
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Season ' Month

F a ll  October, November, and December

Winter January, F eb ruary , and March

Spring April, May, and June

Summer July, August, and September

In each case, the number of response variable observations (Y^) 

used as input data for the development of the seasonal reg ress ion  

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

for  each of the 12 basins. The seasonal averages w ere  calculated by 

averaging all the sam ples collected from  each tes t  basin during the 

months p resented  above in the y ea rs  1967 through 1969.

Several im portant facts about the equations should be noted. 

These a re :

(a) The independent var iab les  included in the equations for each 

pollutional p a ram e te r  change from  season to season.

(b) The independent va r iab les  used for each pollutional 

p a ra m e te r  change from  p a ram e te r  to pa ram ete r ,  i, e. , the 

best independent va r iab les  used to predict the BOD concen

tra tions often a re  not the same var iab les  used to pred ic t the 

bac te r ia l  density.

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

var iab les  used in the equations are :

( Xi )  Population 676 - 79,078
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(X?) Population Density
(People /to ta l  acre)  0. 28 - 8 . 30

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

(X4 ) Residential Density
(Households/res. acre)  0 . 9 4 -  12.88

(X5 ) Number of C om m er
cial Estab lishm ents  13 - 1205

(X^) Com m ercial Est. /
Total Acre 0.01 - 1.21

(Xy) Total Commercial
A cres  28 - 90S

(Xg) Com m ercial Est. /
Com m ercial Acre 0.38 - 7.81

(Xg) S tree t A rea  (Acres) 23 - 4,580

(X]g) P e rcen t  S tree ts  0 .96 - 50.49

(Xn'i El 0 . 1 1 -  0. 94

(c) There is some r is k  in extrapolating beyond the range 

of values  for the independent v a r iab les  given above.

The sam e re g re ss io n  function m ay not apply to values 

outside the range, and the e s t im ates  may be e i ther  too 

la rge  or  too small. Example P ro b lem  1, p resen ted  in 

Appendix E, points out the l im itations of the equations.

(d) Many of the independent var iab les  included in the equa

tions do not affect the response  va r iab les  in the m anner 

or-.e would expect. F o r  example, Equation 15, the BOD 

equation for winter, is;



12!

Y2 = 91.3-75. 8 (InXi) t  76. 6 'InX^I -10. 5 ar.Xg) -0. 243 

The coefficient for variable  Xj^j (Environmental Index) is negative, 

which means that as X^i inc reases  (good .sanitary conditions), the 5- 

day BOD d ec reases .  The same is true for the variables Xĵ  (Popu

lation) and Xg (Commercial estab lishm ents  per  com m erc ia l ac re ) .  

An opposite effect is shown by Xg (Xumber of household units).



CHAPTER VIII 

SUMMARY AND CONCLUSIONS 

Summary

This r e s e a rc h  activity  has c a r r ie d  out a searching inve s: v;

for  the techniques and possib le  underlying causes of d isp e rsed  s io rm -  

w ater  pollution. The m odels sought w ere  to re la te  s to rm  ware - 

pollutant concentrations and loads to urban land activity , thereby p r o 

viding engineers  with n e c e s sa ry  es tim ation  m ethods. This p ro jec t  

has developed m uch-needed models and techniques for estim ating the 

concentrations and amounts of sev e ra l  contaminants found in s to rm  

w ater  runoff. Thus, this p ro jec t  has  had two values; it  has provided 

p rocedures  for estim ating d isp e rsed  s to rm  w ater  pollution from  u r 

ban a re a s ;  and it  has d isc losed  that land use c lass if ica tions alone do 

not adequately explain the varab ili ty  of s to rm  w ater  contaminant con

centrations.

In o rd e r  to enable urban engineers and p lanners  to calculate the 

p re l im in a ry  es t im a tes  of the d ispe rsed  pollutional s to rm  v/ater loads 

to receiving s t r e a m s  from  urbanized  drainage basins ,  th ree  a lternate  

methods a re  p resen ted  which would provide a range of concentrations

122
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an d /o r  loads for the m ore  im portant pollutional p a ra m e te rs .  These 

three  methods are  based on knowledge of ca tegorical amounts of land 

use, im pervious cover, s t re e t  a re a ,  san ita ry  condition, and average 

seasonal precipita tion  within a drainage basin  in question. With use 

of the previously mentioned item s and proper  use of the tables ar.d 

re g re s s io n  equations p resen ted  in Chapter VII, d ispe rsed  pollution

al loads from  urban a r e a s  can be estimated. The utilization of any 

of the th ree  methods will provide only the p re l im in a ry  es tim ates  

p r io r  to detailed engineering studies and is not meant to replace  

such studies fo r  any given urban drainage basin  or a rea .

The th ree  estim ation techniques for u rban d isp e rsed  loadings

a re ;

Method 1

(a) E s t im a te  the amount of seasonal s to rm w ater  runoff 

by the Rational Method (Q = CIA) or other appro

p ria te  techniques for each drainage basin  in 

question.

(b) Multiply these seasonal volumes by the average 

seasonal pollutant concentrations shown in Table 12, 

using the p roper  conversion fac to rs ,  or match the 

drainage basin  in question with the te s t  basins used 

in the p ro jec t by land use ch a ra c te r is t ic s  shown on 

tables in Chapter IV, then use the average values



shown on Table 35 ;r. Appendix C.

(ci The above m u’.iipl-caiio:; will gj-,-e resu lts  :n pounds 

per season for each pch' ;i; nal param eter .  If d e 

s ired- these re su l ts  can be manipulated to obtain 

loadings, such as average ve-irly loads, average 

daily lead; average e - er^ load by season, etc.

This method is the sim plest procc.lm'-- to use, but yields only 

the average expected load per season Matching the drainage basin 

in question with the test drainage basins also p resen ts  problems- 

Realistically , each urban drainage shed wii! be unique in land use 

p rac tices  and en 'uronmenral conditions- Thus, matching the basins 

cannot be accomplished e a s i l y  

Method 2

(a; Determine the a rea  of the drainage basin in question.

(b) Multiply the a rea  of the basin by the average p a r a 

m ete r  values shown in Table 13. By use of the 

average values shown in Table 13 as the multiplying 

fac tors , the re su l ts  come out d irectly  in pounds of 

contaminant per  season. As p resen ted  in Method T 

an alternate  procedure is to use land use cha rac te r is t ic s  

to match the drainage basin in question with the tes t  

w atersneds used in this p ro jec t ,  then to use the 

average pounds p e r  acre  values shown in Table 36 in
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Appendix C

I'cl I: the average season:;! p recip ita tion  amount over the 

basin in question dif:er - significantly from  the average 

values p resen ted  in Ti/nie i i ,  adjust the loadings by a 

percentage increase or decrease-  Likewise, make 

adjustm ents for imper'-icus cover by using the ra tios  

of composite C-value -n This ratio  can be determined 

bv dnuding the calculated C-'-'alue for the basin in 

question bv the matched b as in 's  C-value found in 

Appendix A.

(d- Calculate des ired  average loadings bv dividing by 

the events pe r  season, or add the pounds per season 

to obtain the average pounds per vear, etc.

This method provides the most rapid es tim ate  of the three 

methods presented, but once again care  must be taken in matching 

the drainage basins. Also, certa in  assum ptions a re  made in ad jus t

ing for varying amounts of imperMous cover and precipitation. In the 

adjustments, l inear re la tionships were a ssum ed  but m ore  than likely 

this is not the case. For example, as pointed out in a previous 

chapter, the frequency and intensity of precip ita tion  probably signifi

cantly affect the pollutional p a ram e te r  concentrations.
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Method 3

(a) Use equations p resented  in Table 24 o r  Table 25 

with p roper  input independent var iab les  to obtain 

the average seasonal concentrations o r  loads.

Table 25 includes the best reg re ss io n  equation‘s 

for estimating the expected pollutional loads.

(b) If the equations included in Table 25 a r e  used, the 

loadings will have to be adjusted by the procedure 

presen ted  in Step (d), Method 2. Such adjustments 

a re  necessa ry  because these equations a r e  based 

on the seasonal p recipita tion  amounts in the Tulsa 

a re a  and on the calculated impervious cover of the 

te s t  drainage basins used in this project.

This method requ ires  detailed knowledge of severa l  land use p a r a 

m e te rs  and the san itary  conditions of a drainage shed. More than 

likely, in m ost u rban a re a s ,  these input p a ra m e te rs  will not be ob

tainable or known. Therefore, this method will have limited use, 

especially  in  u rban  a reas  that a re  not s im ila r  to Tulsa, Oklahoma.

To i l lu s tra te  the application of the th ree  methods p resen ted  

above, one of the te s t  drainage basins used in this p ro jec t  was se le c 

ted for dem onstration . It m ust be understood that in no way does 

this example ver ify  the methods; it is only included to dem onstrate  

com parison 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 o i  r e s i d e r . - . i a !  and com m erc ia l  activity. 

The basin  cha rac te r is t ic s  a re ;

Population (Xj) - 42, 221
(people)

Population Density (X2 ) - 4. 50
(people/total acre)

Households (X3 ) - 12,770

Residential Density (X4 I = 2. 87
'households/ res identia l  acre"'

Com m ercial E stab lishm ents  (X3 ) = 530

Comm. E s t . /Comm. A cre  (Xg) = i .0 6

Stree t Area (Xg) 1650

Percen t  S tree ts  (X^ «1 = 17,57

Environmental Inde.v (Xj^0  = 0.66

Total A rea  = 9, 390
(acres)

Impervious Cover (Composite C-value) = 0.51 

The average seasonal runoff f rom  Joe Basin was calculated  by 

assum ing  that the average p rec ip ita tion  amount which re su l te d  in ru n 

off was 30 inches pe r  year. This value is approxim ate ly  equal to the 

average  amount of all events above 0. 1 inch in Tulsa, Oklahoma. The 

seasonal volumes a re  shown below:

Season A c re -F t .

Fa ll  2055
Winter 1766
Spring 5218
Summer 3931
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Receiving s t re a m  d ispersed  loads w ere calculated for th re e  ca te 

gories  of pollution by applying the three  methods presen ted  above. The 

re su l ts  of these computations a re  preser . 'ed  :n Table 26. It should be 

noted that in some cases the three methods differ by a factor of three 

to four, while in other cases  the methods give comparable re su l ts .

In o rd e r  to calculate average loads per year, per  month, p e r  event, 

and so on, ce r ta in  simple conversions car. be used. If the COD load

ings calculated by Method 1 using Table 12 a re  used, the following 

average loads can be obtained:

Average y ea r ly  load:

Yearly  load = summation of seasonal loads

= (1. 79 + 2. 50 + 9. 23 + 4. 70) (10^ pounds)

= 18.22 X 1q5 pounds 
year

Average monthly load:

18. 2 2  X 1 0= pounds ^ year = 1 . 5 2  x 1 0 = pounds 
year  12 months month

Average daily load:

18. 2 2  X 1 0 = pounds ^ year = 4 . 9 9 x 10  ̂ pounds 
year  365 days day

Average event load by season (using only events above 0. I inch):



T A B L E  26

C O M P A R I S O N  O F  E S T I M A T E D  A V E R A G E  S E A S O N A L  D I S P E R S E D  
P O L L U T I O N A L  L O A D S  F R O M  J O E  C R E E K  D R A I N A G E  S H E D  

B Y  T H R E E  A L T E R N A T E  M E T H O D S

P o I I u t i  on 
Pai -a iTiet e  r

L o a d i n g  - - 1 p o u n d s  /  s e a s o n  
M e t h o d  I M e t h o d  2

T a b l e  12 T a b l e  3 5 T a b l e  13 T a b l e  36
M e t h o d  3 

T a b l e  2 5

C O D  
F a l l  
Wint e r 
S p r i n g  
S u m m e  i

18
2 5 
92
4  7

1 3 
25  
79  
4 1

24
28
79
39

1 3 
25  
79  
4 1

7 
2 3 
6 4  
4 0

P ° 4  
F a l l  
W1 nt e r 
S p r i n g  
S u m m e  r

1. 3 
1 , 2
2. 5 
1 . 8

0 . 8 
0 . 6 
1 . 7 
1 . 3

I . 7 
1 . 4 
2. 7 
1 . 3

0 . 8 
0 . 6 
I . 7 
1 . 3

I . 5 
1 . I 
0. 9 
1 . 4

T S
F a l l
W i n t e r
S p r i n g
S u m m e r

4 30 
348  

1460  
717

620
4 62  

147 9 
1069

548  
383  

1 1 72  
577

62 0
4 6 2

1479
1069

464
394  

1 361 
69 9
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1 7 9  X 1 n5 pounds ^ _ ia .U  = i  7 0 % , pounds
fall 10 events event

for the fa ll  season.

Conclusions

The author has developed techniques for estimating d ispersed  

pollutional concentrations and loads from, u rban  a rea s .  The tech

niques take into account seasonal differences, pollutant categories, 

and genera l land use variab les .  In genera l,  the techniques a re  lack

ing the degree of s ta t is t ic a l  significance one would d es ire ,  but they 

do provide a reasonable  estim ate of a less  obvious pollutional 

source which recen tly  has been dem onstra ted  to be a m ajo r  p roblem  

a rea .  To date, the techniques or "m odels" developed on this r e 

sea rch  pro jec t  a re  the only ones available for use to obtain an 

es tim ated  range of values for seve ra l  s to rm w ater  pollutional p a r a 

m ete rs .  Until the r e a l  underlying causes of the variab il i ty  of 

d ispe rsed  pollutants a re  determined, the technique can only be used 

as a general planning tool.

The models es tablished a re  l inear; they contain f rom  three to five 

var iab les  tha t  requ ire  projections; and they provide reasonable  re su lts  

when the complexity of the runoff phenomenon, in tegra ted  with many 

sources  and types of pollution, is considered.

Data w ere  not available for drainage sheds in other urban 

a re a s  to pe rm it  development of re g re s s io n  equations based on
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more d iversif ied  land use pa tte rns  or  to verify  the developed 

models.

The collection of additional s t o r m w a te r  quality data from  

the drainage sheds investigated  in this study would pe rm it  an 

evaluation of the effect of aging land uses  over time, and also 

would provide the n ec e ssa ry  information for developing bette r  

and m ore  accura te  d isp e rsed  pollutional equations.

The m easu rem en t  of s to rm  w ater  quality and quantity in 

addition to detailed land use tabulation in other a re a s  of the 

country would p e rm it  an evaluation along with the development 

of equations which would be m ore  applicable to a ll  u rban a re a s .

In m o s t  models that have been developed using re g re s s io n  tech 

niques, data w ere collected f ro m  many cities, which var ied  in 

size, population, topography, soil, economy, value added, and 

region location. These models lend them selves to d ifferen tia

tion as  to regions, s izes ,  etc. As additional data become 

available on s to rm  w ater  quality in conjunction with land use 

information, the new data should be used to verify  the es tablished 

re la tionsh ips  and develop m ore  accura te  and re liab le  models.

In the development of the equations and the testing of the ir  

respec tive  significance, it became quite apparent that additional 

p red ic to r  var iab les  a re  needed to adequately define the true  r e 

la tionships.
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It is recommended that, in future  d isp e rsed  pollutional model 

building, the following va r iab les  be acquired  for the drainage sheds 

under investigation. Poss ib le  im portan t v a r iab les  that should be 

te s ted  for the ir  usefulness are :

(a) drainage c h a ra c te r is t ic s ,  such as  slope of shed, length 

of main channel, average land slope, im perv iousness ,  

etc.

(b) s t re e t  type, such as pa'/ed, unpaved, asphalt ,  concrete , 

rock, etc.

(c) s to rm  water  t ra n sp o r t  sy s tem s,  such as  amount of 

closed or open channel, type of channel, etc.

(d) inlet s t ru c tu re s ,  such as open drainage ditches, s t ree t  

curb g ra te s ,  etc.

(e) s t re e t  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 va r iab les  can be c o rre la ted  to other m ore  

eas i ly  obtainable v a r iab les ,  such as  income, p ro p e r ty  value, 

average  establishm ent age, and many o thers .

Land use c lass ifications alone do not appear to be the best 

p red ic to r  va r iab les .  The m ore  im portan t va r iab les  a re  probably
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asso c ia ted  with the sanitation of the environment, especia lly  the 

c leanness of the a re a ,  and the drainage channel condition within 

the dra inage  shed.

Since precipita tion  events, and, there fo re ,  flows occur com 

ple te ly  at random  as  evidenced by the rainfa ll-runoff  phenomenon, 

the quality and quantity of the flows have extrem e varia tions .  

T herefo re ,  any type of co rrec tive  m easu re s ,  including trea tm en t  

and s to rage  facili t ies , m ust incorpora te  special fea tu res  to 

handle the wide varia tions and unpredictables of s to rm  w ater  

runoff flows and loads.
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APPENDIX A 

STORM RUNOFF VOLUME CALCULATIONS

In the design of sm all hydraulic s t ru c tu re s ,  the peak d ischarges  

from  sm all  w ate rsheds govern  the design. The sm all  watershed  con

tains sm all  s t ream s ,  m ost of which have not been gauged. As a 

resu lt ,  m ost of these s t ru c tu re s  a r e  designed without the benefit 

of the s tream -flow  reco rd s .

The problem  is to es tab lish  a re la tionship  between the various 

fac tors  affecting the peak runoff in such a  m anner as  to obtain, as  

fa r  as  possible, an exact m easu re  of it. A la rg e  number of e m 

p ir ica l  formulae have been developed.

The m ost widely used design equation for sm all  bas in s  is:

Q=C1A

Where: Q = flow in a c re  inches pe r  hour

1 = average flow intensity  in inches pe r  hour for a 

duration  equal to the time of concentrations 

of the basin

C = the ra t io  of peak runoff to average rainfall 

A = drainage a rea  in  a c re s  
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This equation s ta tes that the ra te  of runoff equals the ra te  of 

supply (ra infall excess) if the ra in  las ts  long enough to p e rm it  the 

entire  a rea  to contribute. This method p resu m es  that the m axi

mum flow occurs when the en tire  basin  is  contributing. In o rde r  

to determ ine the average  flow intensity (I),the time of concentration 

(t(,) must be de term ined. It is assum ed  that if uniform rainfall con

tinues af te r  this time of concentration, then runoff rem ains  at some 

fixed percentage, C, of the ra infall ra te .  Since the ra infall  r a r e ly  

occurs at a uniform ra te ,  the average  intensity during t^ is assum ed  

to be significant.

If the rainfall stopped at tim e t .̂, the runoff would soon begin to 

dec rease ,  but the peak discharge would still  be the same. The tim e 

flow re la tion  is described  by the following runoff hydrograph.

Mo
uC

ouu
< time

A method was developed by Kirpich and used  by the California 

Department of Public Works to calculate t^, relating it  to the length



and slope of the longest path trave led  by a drop of w a te r  falling in the 

w atershed. The form ula is;

t^ - 0. 0078 K°-

L (Maximum length of trave l  in fee t), 
where: K = -{S (Slope)

The intensity, I. can then be d e t e r m i n e d  from  in tensity -dura tion  

ra infa ll  curves for the locality, using t^ for the duration.

Homer and Flynt, in r e s e a rc h  in urban a reas  covering a period 

of twenty y ea rs ,  found that C v a r ied  widely between various s to rm s 

of a given drainage a rea

The rational fo rm ula  has been expressed  as  Q = 0. 90iAg. where 

Ag is  the s t ree t  a r e a  in urban sec to rs .  It is  in teresting  to note that 

the two form ulas  give a lm ost identical re su lts  for drainage sheds with 

a high percentage im pervious cover, but give values varying by a 

factor of th ree  or four in outlying low percentage im pervious a reas .

Generally, the value of C can be computed as  a composite num 

ber where it is expressed  as Ay G=CjAj^ t  C2A 2 +. • • C^^A^, where 

the re la ted  and A ^  are  aggregated  and divided by the total Ay.

F o r  pollution studies, it is desirab le  to know the total flow 

ra th e r  than the peak flow. The bes t  means of approximating the total 

flow was found to be the tr iangu lar  hvdrograph method as described  in 

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

estim ating the runoff hydrograph by a triangle with i t s  apex at the
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tim e of m axim um  flow. Since no recording gauge readings were 

available, this method was ex trem ely  useful for  approximations of 

the total volume of w ater.

By applying the above method to each precipita tion  event, 

seasonal s to rm w ater  runoff volumes were calculated for the years  

1967 and 1968 by two methods. The f i r s t  es tim ate  considered  the 

total a re a  of the drainage basin  using the composite C values shown 

below.

Drainage Total Composite
Shed A cres C-Value

New Block 780 0. 54
11th S tree t 1 , 5 6 0 0. 64
Indian 206 0 . 6 8

2-.:t S treet 4,480 0.61
Crow 1,920 0.55
C herry 6,500 0.55
Mooser 3,200 0.49
Joe 9 ,  3 9 6 0.51
F la t  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 estim ate  considered only the s t ree t  a r e a  with a 

runoff coefficient of 0 .90 . Both es t im ates  a re  p resen ted  in 

Tables 27 and 28. These runoff volume es t im ates  w ere  used in 

calculating the seasonal pollutional loads f ro m  the drainage basins 

investigated in this study.



T A B L E  27

C A L C U L A T E D R U N O F F  F R O M D R A I N A G E B A S I N S  B Y S E A S O N S
A V E R A G E 1 9 6 7 - 1 9 6 8

R u n o f f  in  A c r e - F e e t
D r a i n a g e  B a s i n A c r e s F a l l W i n t e r S p r i n g S u m m o  r T o t a l

N e w  B l o c k 1380 4 7 2 329 846 508 21 55
India n 2 06 93 65 166 100 4 24
2 1 st St r e e t 2 560 989 6 90 1773 1064 4 5 1 6
Crovv 1920 4 53 389 1151 867 2860
Che r r y 38 do 1113 87 6 2 2 9 7 1452 5 7 3 8
M o o s e  1 3 2 0 0 826 650 1705 1 0 78 4 2 5 9
Jo e 9 3 9 0 2 0 5 5 1766 52 1 8 3931 1 2 , 9 7 0
F 1.1 1 R o c  k 7 4 1 0 1887 1 35 5 2827 1900 7 9 6 9
D i r t y  Bvitter 4 8 4 0 1 349 941 2 4 1 8 1451 61 59
C o a l  W e s t 6 2 4 0 164 3 1187 2 8 1 5 1914 7559
Goal  E a s t 2 4 0 0 411 297 704 4 7 8 1890
M i n g o 3 5 , 8 0 0 9899 7 1 4 8 1 6 . 9 5 9 1 1 , 5 2 8 4 5 , 5 3 4
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C A L C U L A T E D  R U N O F F  F R O M  S T R E E T  A R E A  B Y  S E A S O N S 1

R u n o f f  in  A c r e - F e e t
D r a i n a g e  B a s i n S t r e e t  A c r e s F a l l W i n t e r S p r i n g S u m m e r T o t a l

N e w  B l o c k 2 52 144 100 257 155 6 56
Ind ia n 104 59 41 106 64 270
2 1 s t  S t r e e t 1236 70 5 491 12 63 758 32 17
Crovv 4 3 7 169 145 4 2 8 323 1065
C h e r r y 4 2 4 201 158 4 1 5 2 62 10 36
M o o s e r 6 76 3 2 0 252 6 6 2 4 1 9 1653
J o e 1650 63 7 547 1618 1219 40 21
F l a t  R o c k 192 104 76 157 105 44  2
D i r t y  B u t t e r 9 83 561 391 1004 6 0 3 2 5 59
C o a l  W e s t 1631 967 6 9 8 16 56 1 125 4 446
C o a l  E a s t 23 14 10 23 16 63
M i n g o 4 5 8 0 2 7 1 4 1 95 9 4 6 4 9 3 1 6 0 1 2 . 4 8 2

^ A v e r a g e  f o r  19 6 7  a n d  1968 .



APPENDIX B

ARKANSAS RIVER AND BIRD CREEK 
WATER QUALITY DATA

This appendix gives the a ssem bled  water quality data for  the 

two m ajo r  receiving s t re a m s  in the Tulsa a re a .  The data can 

be re fe renced  to three sources:

1. U .S .  Department of Health, Education, and Welfare,

PHS, Divisions of Water Supply and Pollu tion  Control, 

"A rkansas R iv e r - -P re l im in a ry  Studies Tulsa M etro 

politan Area, " September 1969.

2. U. S. Department of Health, Education, and Welfare, PHS, 

Division of Water Supply and Pollution Control, " P r e l im i 

nary  Studie s - - Arkansa s River and T r ib u ta r ie s  Tulsa  to 

Muskogee, Oklahom a," F eb ru a ry  1966.

3. Environm ental Engineering Section, Tu lsa  City County 

Health Department, (unpublished data), D ecem ber 1969.
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TABLE 29

LOCATION
OF

SAMPLING STATIONS 
ON

RECEIVING STREAMS

Receiving
S tream s

A rkansas

Bird Creek

Site No. Location

AI Below Keystone Dam
A2 Sand Springs, Oklahoma
A3 21st S tre e t - -S to rm  sew er in

this vicinity.
A4 51st S tree t Bridge, Tulsa, Okla.
A3 Jenks, Oklahoma
A6 B ixby--a t  Bixby bridge

B1 96th 'S treet North
B2 56th S tree t N o r th - -e a s t  of Turley
B3 56th S tree t N o r th --n o r th w es t  of

Catoosa, Oklahoma



F C U M  7

RECEIVING STREAMS WATER 
QUALITY SAMPLING STATIONS

AT -  S A M P L N G  S IT E  L O C A T IO N S
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BT

B2 83

AT

-A2:
A3

A5-

/

A6 - ..
- -  . ' \

A
Tulso TTTetropolitan oreo p lo n n in g  com m ission



T A B L E  30 

R E C E I V I N G  S T R E A M  Q U A L I T Y  D A T A

S a m p l i n g C o n c e n t  ra t i o n ; m g / i
S i t e D a t e T  i m e D O B O D CO D ON P O 4 C L

A1 1 2 - 2 6 - 6 9 15 00 14 1 0 . 6 0 . 8 50 0
2 - 1 7 - 6 9 2 2 0 0 12 0
3 - 2 0 - 6 9 2 2 3 0 14 4 0 . 6 0 . 8 9 2 5
4 - 1 4 - 6 9 2 3 0 0 11 0
8 - 2 6 - 6 9 2 2 4 5 7 3 0 . 2 5.  0 360
9 - 2 9 - 6 9 -140tf 11 0 0 . 2 4 .  0 300
1 0 - 9 - 6 9 2 2 0 0 9 0 0.  7 0 . 6 4 0 0
1 1 - 1 8 - 6 9 2 3 0 0 12 1 0 . 6 2 . 0 385

A 2 1 2 - 7 - 6 7
1 - 1 0 - 6 8
2 - 8 - 6 8

4 1 0
405

pH

8 . 2 
8 . 2 
8.  4 
7.  9 
7.  3 
7.  5 
7.  0
7.  8

8 . 5 
8 , 5 
8 . 2

TS

*■
oo

3 - 5 - 6 8 233 2 . 2 2 . 1 1788
3 - 1 9 - 6 8 193 2.  0 0.  6 7 6 5 8.  I 10 76
3 - 2 6 - 6 8 4 6 0 8.  2
4 - 2 - 6 8 150 1. 7 0 .  4 12 40
4 - 1 1 - 6 8 100 0 86 2.  0 0 .  6 43 9
4 - 1 8 - 6 8 10 2 0 107 2.  2 0.  4 9 5 0 8.  0
4 - 2 5 - 6 8 9 5 0 2.  2 0.  7 8.  1
5 - 2 - 6 8 1 4 1 5 133 1. 7 0.  6

5 - 7 - 6 8 9 3 5 57 0.  8 0.  4 90 0 8.  1
7 - 1 7 - 6 8 123 0 2 4  8 0.  8 0.  6
7 - 2 8 - 6 8 8 0 0 29 8.  1
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S a m p l i n g
S l t ^

A 2

D a t e

8 - 1 4 - 6 8
9 - 2 4 - 6 8
1 0 - 1 6 - 6 8
1 1 - 1 5 - 6 8
1 2 - 1 8 - 6 8
1 - 8 - 6 9
1 - 1 6 - 6 9
2 - 1 4 - 6 9
2 - 1 7 - 6 9
3 - 5 - 6 9  
3 - 2 0 - 6 9  
5 - 5 - 6 9  
6 - 1 6 - 6 9  
8 - 2 8 - 6 9  
1 1 - 1 8 - 6 9

T i m e

1345
1045
2 1 3 5
1130
1 6 4 0
0 2 3 0
1015
1945
1 1 0 0
2110
0 9 3 0
0 9 3 0
1000
0 8 3 0
10 30

DO

14

13
8

10
7
9

C o n c e n t r a t i o n : m g /1
B O D C O D ON P O 4 C L pH

0 2 1 . 8 2. 7
5 12 0 . 8 2 . 2 5 55

7 0.  3 1 . 0 4 2 5

2 0 . 2 1 . 1 6 3 5

0 9 0.  7 1. 7 8 2 0

1 1 1 1. 4 1. 3 8 2 0

10 8 . 2

3 10 1 . 0 0 .  9 6 7 0 8 . 3

3 1 . 0 0 . 8 8 5 0 8 . 2

0 0 . 8 2 5 0 8 . 2

2 0 . 1 4 .  0 26 5 7.  5

10 0 . 1 3. 0 6 0 0 7.  1

1 0 . 8 2 . 0 4 7 5 7.  8

TS

19 3 2

A 3 1 2 - 2 6 - 6 8 14 00 14 1 0 . 8 1 . 2 4 2 5 8 . 2
2 - 1 3 - 6 9 2 2 0 0 14 3 4 2 5 8 . 4
3 - 2 1 - 6 9 2 3 0 0 14 4 0.  7 1 . 0 6 5 0 8 . 7
8 - 2 8 - 6 9 2 1 0 0 9 6 0 . 8 1 . 2 3 5 0 7.  2
1 0 - 9 - 6 9 2 2 0 0 8 3 0 . 6 7.  0

1 1 - 1 7 - 6 9 12 0 2.  3 4 8 0 7.  5



T A B L E  30 - - Coii i  i n ' . K

S a m p l i n g
S i t e

A 4

C o n c e n t r a t i o n :  m g / 1

A 4

D a t e T i m e D O B C D COD ON P O 4 C L p H

1 - 1 4 - 6 4 1 1 3 997 8 . 3

1 - 2 7 - 6 4 1 1 4 17 70 8 . 2

2 - 1 0 - 6 4 1 1 3 13 60 8 . 3

8 - 1 8 - 6 4 5 11 9 22

9 - 1 - 6 4 7 7 145 7 .  7

9 - 1 5 - 6 4 7 4 8 50 8 . 4

1 0 - 8 - 6 4 8 4 727 7.  7

1 0 - 2 2 - 6 4 5 4 537 7 .  8

1 1 - 1 0 - 6 4 9 6 4 8 . 0

1 2 - 1 0 - 6 4 11 4 8 0 7.  8

3 - 3 - 6 5 14 6 55 0 8 . 1

3 - 3 0 - 6 5 12 4 92 5 8 . 6

4 - 1 3 - 6 5 10 3 55 6 8 . 1

4 - 2 7 - 6 5 9 2 6 2 5 8 . 2

6 - 3 - 6 5 10 5 310 8 . 7

6 - 2 4 - 6 5 8 2 394 8 . 0

8 - 4 - 6 5 10 4 39 0 . 2 1 . 6 2 10 8 . 3

8 - 5 - 6 5 10 3 43 0.  3 1. 5 2 30 8 . 3

8 - 6 - 6 5 9 5 39 0.  5 1 , 2 2 76 8 . 4

1 2 - 2 6 - 6 8 1 3 3 0 14 1 0 . 8 0.  9 4 3 5 8 . 1

2 - 1 3 - 6 9 0 9 4 5 14 2 6 2 5 8 . 2

3 - 2 1 - 6 9 1 0 3 0 14 3 0 . 8 0 . 8 4 0 0 8 . 6

5 - 9 - 6 9 0 9 3 0 8 0 0 . 8 0 . 8 265 8 . 2

TS



T A B L E  3 0 - -  C o n t i n u e d

Sampling
S i t e

A4

A S

Date Time DO BOD COD ON P O 4 CL pH

6 - 5 - 6 9 1 0 0 0 8 1 8 . 1

8 - 2 8 - 6 9 1 0 0 0 8 3 350 7. 2
1 0 - 9 - 6 9 0930 1 2 2

1 1 - 1 7 - 6 9 0930 6 0. 7 2. 3 500 7. 5

1 - 1 4 - 6 4 1 1 3 995 8 . 4
1 - 2 7 - 6 4 1 0 6 1 6 2 0 8 . 1

2 - 1 0 - 6 4 1 0 5 1345 8 . 2

8 - 1 8 - 6 4 1 0 5 960
9 - 1 - 6 4 6 7 126 7. 8

9 - 1 5 - 6 4 8 4 780 8 . 3
1 0 - 8 - 6 4 8 7 723 7. 9
1 0 - 2 2 - 6 4 9 2 536 7. 9
1 1 - 1 0 - 6 4 9 64 7. 9
1 2 - 1 0 - 6 4 1 0 254 7. 7
1 2 - 3 1 - 6 4 1 2 2 930 8 . 1

3 - 3 - 6 5 1 2 7 1250 8 . 1

3 - 3 0 - 6 5 1 1 7 9 0 0 8 . 4
4 - 1 3 - 6 5 1 0 2 572
4 - 2 7 - 6 5 7 2 632 8 . 1

6 - 3 - 6 5 1 2 6 307 8 . 6

6  - 2 4 - 6 5 7 2 3 9 4 7. 8

3 - 5 - 6 8 153 2 . 2 0. 3
3 - 1 9 - 6 8 116 1. 7 0 . 6

4 - 2 - 6 8 1 1 0 0 . 8 0 . 6 500 8 . 0

TS



T A B L E  3 0 --C o n t in u ed

Sampl ing
Site

A 6

Concentrat ion:  m g /1

A7

Date Tim e DO BOD COD ON P O 4 CL pH TS

4 - 1 1 - 6 8 1130 114 0 . 8 0 . 6

4 - 1 8 —68 1330 116 1 . 4 0 . 8 1 0 9 2

4 - 2 5 - 6 8 1 1 1 0 1 1 1 1. 4 0. 5 1636
4 - 7 - 6 8 1040 48 0 . 6 0. 5 1 2 0 0

5 - 2 - 6 8 1515 133 0 . 8 1 . 1 1 0 0 0 7. 5 1276
6 - 5 - 6 8 1750 40 1. 4 1 . 0 1608
6 - 2 5 - 6 8 1520 2 0 2 . 0 0 . 8 1184
7 - 1 7 - 6 8 1500 1 0 1 2 1 . 1 1 . 1 1652
7 - 2 8 - 6 8 1015 31 . 3 8 . 2 1586
8 - 1 - 6 8 5 8 . 1

8 - 1 4 - 6 8 1605 7. 9
9 - 2 4 - 6 8 0900 2 7. 8

1 0 - 1 6 - 6 8 1920 1 3 2 . 8 2 . 0 8 . 0 1352
1 1 - 1 5 - 6 8 0935 9 2 2 2 . 1 1. 9 743 1 9 0 0

1 2 - 1 8 - 6 8 1500 1 2 1. 3 1 . 6 460 9 2 0

1 - 1 6 - 6 9 2115 2 15 1. 3 1 . 8 585 1520
2 - 1 4 - 6 9 2015 1 1 2 2. 4 2 . 1 735 2032
3 - 5 - 6 9 2215 1 13 0 . 8 1 . 2 5 9 0 8 . 4

1 - 9 - 6 8 0 2 1 0 14 1 0. 4 1. 7 485 8 . 1

2 - 6 - 6 9 1 0 1 0 13 3 8 . 2

3 - 2 - 6 9 1 0 0 0 14 3 1 . 0 1. 3 700 8 . 5



T A B L E  3 0 -- C on t in u ed

Sampl ing
Site

A7

Concentrat ion:  m g / 1

B1

B2

Date T im e DO BOD COD ON P O 4 CL pH

5 - 1 2 - 6 9 1 0 0 0 8 0 250 8 . 0

6 - 1 0 - 6 9 1400 7 2 700 8 . 2

8 - 2 8 - 6 9 1045 7 5 400 7. 2
9 - 2 9 - 6 9 1045 1 1 0 0. 3 2 . 0 300 7. 9
1 1 - 1 9 - 6 9 1 0 0 0 1 2 3 1 . 0 2 . 0 125 8 . 0

1 1 - 1 - 6 8 1045 1 9 0 7. 8

1 - 1 6 - 6 9 1 0 0 0 14 1 1 . 0 138 7. 9
2 - 1 9 - 6 9 1430 1 2 0

4 - 1 1 - 6 9 1 1 0 0 1 1 0 1 . 0 1 . 0 160 8 . 0

5 - 2 6 - 6 9 1 0 0 0 8 1 1 . 0 0 , 1 1 0 0 7. 9
1 0 - 3 0 - 6 9 1400 8 1 1 0 0 7. 5

7 - 7 - 6 5 7 2 18 1. 4 72
7 - 8 - 6 5 6 1 44 0. 7 2 . 2 9 2

7 - 9 - 6 5 6 2 36 1 . 1 0 . 8 150
7 - 1 2 - 6 5 1 0 5 32 0. 7 0 . 8 136
7 - 1 3 - 6 5 8 2 15 0. 3 1 . 0 164
7 - 1 4 - 6 5 5 8 48 0. 5 2 . 0 114

6 - 5 - 6 8 1850 0 32 2 . 1 3. 5 213
6 - 2 5 - 6 8 1625 8 17 0 . 6 1 . 1 138 8 . 1

TS

O lw

1284
708



T A B L E  3 0 - - Continued •

Sampling
Site

B2

Concentrat ion;  m g /1

B3

Date Time DO BOD COD ON P O 4 CL p H

8 - 1 1 - 6 8 0955
8 - 1 2 - 6 8 1500 2

9 - 4 - 6 8 1040
1 - 2 9 - 6 9 2130 0 32 2 . 1 3. 5 213
2 - 2 - 6 9 2035 8 17 0 . 6 1 . 1 138 8 . 1

3 - 7 - 6 9 2320 1 19 0. 7 1. 5 125 8 . 0

6 - 3 - 6 5 3. 5 8 45 8 . 3 2 . 0 78 7. 5
7 - 7 - 6 5 2. 7 6 76 1. 3 84 7. 1
7 - 8 - 6 5 3. 0 3 36 1. 3 3. 6 1 2 0 7. 1
7 - 9 - 6 5 3, 1 2 33 2. 4 3. 4 96 7. 0
7 - 2 0 - 6 5 3. 0 3 0 1. 5 5. 0 98 7. 1
7 - 2 1 - 6 5 3. 5 3 7 2. 3 4. 6 98 7. 1
7 - 2 2 - 6 5 4. 0 4 7 1. 9 10. 5 7. 1
8 - 1 0 - 6 5 6 . 2 7 48 3, 6 3. 6 185 7. 8
6 - 5 - 6 8 1915 7 17 4.  0 1. 5
6 - 2 5 - 6 8 1650 70 2. 5
8 - 1 1 - 6 8 0930 340 7. 6
8 - 1 2 - 6 8 1400 3 350 7. 5
9 - 4 - 6 8 1010 3 9 0

1 0 - 5 - 6 8 0930 22 305 7. 0
1 1 - 1 - 6 8 0920 30. 0 125 7. 4
1 1 - 1 5 - 6 8 1350 9 35
1 - 1 6 - 6 9 1000 13. 0 7 4. 4 135 7. 4
1 - 2 9 - 6 9 1945 4 57

TS

1284
708

251
3276

392

1100

1760



T A B L E  3 0 - - C o n t i n u e d

S a m p l i n g C o n c e n t r a t i o n ;  m g / 1
S i t e D a t e T i m e D O B O D C D D  ON P O 4 C L pH T S

B 3 2 - 1 9 - 6 9 1 0 2 0 14.  0
2 - 2 0 - 6 9  ' 1 9 1 5 22 8 . 1 5 3 6

3 - 7 - 6 9 2 1 5 0 1 20 7.  2
4 - 1 1 - 6 9 0 9 3 0 1 1 . 0 0 5.  0 140 8 . 0
5 - 9 - 6 9 1 3 3 0 8 . 0 0 150 5.  0



T A B L E  31

R e c e i v i n g  S a m p l i n g  
S t r e a m  S i t e

A r k a n s a s  A1

A 2

S T R E A M  B A C T E R I O L O G I C A L  D A T A

S t a t i o n  
L o c a t i o n  

B e l o w  K e y s t o n e  D a m

S a n d  S p r i n g s ,  O k la .

A 3 2 1 s t  S t r e e t -  ^ t o r m  
S e w e r  i n  t h i s  v i c 
in i t y

/  100  m l .

D a t e T i m e T o t a l F e c a l
C o l i f o r m S t r e p t o c o c

8 - 2 6 - 6 9 2 2 4 5 7 00 1 , 0 0 0
9 - 2 9 - 6 9 1400 3,  0 0 0 5 0 0
1 2 - 7 - 6 7 3,  0 0 0 0
1 - 1 0 - 6 8 1. 0 0 0 0
2 - 8 - 6 8 3,  0 0 0 0
3 - 5 - 6 8 0 0
3 - 1 9 - 6 8 3 8 . 0 0 0 5,  8 0 0
3 - 2 6 - 6 8 2 4 , 0 0 0 0
4 - 2 - 6 8 1 9 9 , 0 0 0 0
4 - 1 1 - 6 8 10 0 0 9 ,  0 0 0 0
4 - 1 8 - 6 8 10 20 5,  0 0 0 6 ,  0 0 0
5 - 7 - 6 8 9 3 5 5 0 1 , 0 0 0 1 8 , 3 0 0
7 - 1 7 - 6 8 12 3 0 2,  0 0 0 9 0 0
7 - 2 8 - 6 8 8 00 5 3 0 , 0 0 0
8 - 1 4 - 6 8 13 45 5 9 0 , 0 0 0 1 4 , 0 0 0
9 - 2 4 - 6 8 1 0 4 5 3 0 , 0 0 0 1, 0 0 0
1 1 - 1 5 - 6 8 113 0 3 0 0 , 0 0 0
6 - 1 6 - 6 9 100 0 1 5 , 0 0 0 3 3 0 , 0 0 0
8 - 2 8 - 6 9 0 8 3 0 2,  0 0 0 6 ,  0 0 0

3 - 2 1 - 6 9 2 3 0 0 6 0 , 0 0 0 6 0 0 , 0 0 0
8 - 2 8 - 6 9 2 1 0 0 5 0 , 0 0 0 1 7 5 , 0 0 0
1 0 - 9 - 6 9 2 2 0 0 5 0 0 , 0 0 0 1 , 0 0 0

o i
O '



TABL.E 31 - - Continued

R e c e iv in g
S t r e a m

A r k a n s a s

Sampl ing
Site
A4

A5

Stat ion
Lo ca t ion

5 1 s t  S tre e t  B r id g e  at  
Skel ly  B y - P a s s

Jenk s ,  Oklahoma

A6 B ix by -^ t  Bixby Br id ge

Date T im e Total F e c a l
Co l i fo rm S trep tococc i

6 - 5 - 6 9 1000 8 , 000 3, 000
8 - 2 8 - 6 9 1000 9, 000 5, 000
1 0 - 9 - 6 9 0930 7 0 , 0 0 0 1 , 000
3 - 5 - 6 8 2 1 8 , 0 0 0 0
3 - 1 9 - 6 8 1 7 7 , 0 0 0 4, 000
4 - 2 - 6 8 2 4 7 , 0 0 0 2 2 ,0 0 0
4 - 1 1 - 6 8 1130 4 0 , 0 0 0 4, 200
4 - 1 8 - 6 8 1330 T NTC T NTC
5 - 7 - 6 8 1040 TN TC 7, 300
6 - 5 - 6 8 1750 9 7 , 0 0 0 5, 000
7 - 1 7 - 6 8 1500 600
7 - 2 8 - 6 8 1015 6 6 0 , 0 0 0 0
8 - 1 - 6 8 1 4 0 ,0 0 0 0
8 - 1 4 - 6 8 1605 8 , 9 3 0 , 0 0 0 3 7 8 , 0 0 0
9 - 2 4 - 6 8 0900 5 , 8 0 0 , 0 0 0 3 1 0 , 0 0 0
1 0 - 1 6 - 6 8 1920 2 , 4 0 0 , 0 0 0 2 0 ,0 0 0
1 1 - 1 5 - 6 8 0935 1 0 0 ,0 0 0 1 1 0 ,0 0 0
1 2 - 1 8 - 6 8 1500 5 0 0 , 0 0 0
1 - 1 6 - 6 9 2115 1 0 0 ,0 0 0
2 - 1 4 - 6 9 2015 5 0 0 , 0 0 0 0
3 - 5 - 6 9 2215 4 0 0 , uOO 0
6 - 1 0 - 6 9 1400 1 , 0 0 0 , 0 0 0 5, 400
8 - 2 8 - 6 9 1045 9 0 , 0 0 0 8 , 000

U1-j



T A B L E  3 1 - - C o n t i n u e d

R e c e i v i n g
S t r e a m

S a m p l i n g
S i t e

B i r d  C r e e k B 2

S t a t i o n
L o c a t i o n

5 6 t h  S t r e e t  N o r t h - -  
E a s t  o f  T u r l e y

B 3 56 th  S t r e e t  N o r t h - »  
N o r t h w e s t  o f  C a t o o s a

D a t e T i m e T o t a l F e c a l
C o l i f o r m S t r e p t o c o c c u s

9 - 2 9 - 6 9 104 5 1 0 , 0 0 0 2 , 0 0 0
1 1 - 1 9 - 6 9 10 00 1 , 0 0 0 2 , 0 00

6 - 5 - 6 8 1850 3 5 , 0 0 0 6 , 00 0
8 - 1 1 - 6 8 0 9 5 5 2 , 3 0 0 , 0 0 0 0
8 - 1 2 - 6 8 15 0 0 1 0 0 , 0 0 0 3 0 , 0 0 0
9 - 4 - 6 8 10 40 1 0 0 , 0 0 0 3,  0 0 0
1 - 2 9 - 6 9 2 1 3 0 2 0 , 0 0 0 3,  0 00
2 - 2 0 - 6 9 2 0 3 5 1 0 , 0 0 0 0
3 - 7 - 6 9 2 3 2 0 3 0 , 0 0 0 0

6 - 5 - 6 8 1 9 1 5 9 0 0 , 0 0 0
8 - 1 1 - 6 8 0 9 3 0 2 , 3 0 0 , 0 0 0
8 - 1 2 - 6 8 1 , 1 0 0 , 0 0 0
9 - 4 - 6 8 4 , 6 0 0 , 0 0 0 5,  0 0 0
1 0 - 5 - 6 8 0 9 3 0 1 0 0 , 0 0 0 1 0 , 0 0 0
1 1 - 1 5 - 6 8 1 3 5 0 3 7 0 , 0 0 0
1 - 2 9 - 6 9 1 9 4 5 1 0 0 , 0 0 0 3,  0 0 0
2 - 2 0 - 6 9 1 , 6 6 0 , 0 0 0 3 0 , 0 0 0
3 - 7 - 6 9 2 3 0 , 0 0 0 0



APPENDIX C

This appendix gives the symbols and values of the dependent 

and independent var iab les  used in reg re s s io n  analysis .  The Land 

Use Code used  for purposes  of c lassif ica tion  of the drainage a rea s  

studied is given in Table 32. Table 33 lis ts  the symbols for the 

independent (Xj) and dependent (YJ va r iab les  used for re g re ss io n  

analysis; the actual values for these var iab les  a re  given in Tables 

34 and 35. Seasonal loadings (in lbs. /a c r e / s e a s o n )  for the d ra in 

age sheds w ere  calculated on the basis  of s t ree t  a rea  as well as 

the total a re a  of the sheds. The re su l ts  of these calculations a re  

shown in Table 36 (based on total a re a  of basin) and Table 37 

(based on s t ree t  a rea) .

159
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TABLE 32 

LAND USE GROUP CODE

Housing (Residential)^

Single Fam ily  Housing

High Density (RS6 )
Medium Density (RS9)
Low Density (RS13)

T w o-Fam ily  Housing

M ulti-Fam ily  Housing

High-Medium Density (RMl)
Medium-Low Density (RM2)
Low Density (RM3)
High Density (RM5)

Mobile Home Housing

Single Mobile Home (Not in a C om m ercia l Court) 
Mobile Home P a rk

Group Living S tructure

Rooming House and Boarding House 
F ra te rn i ty ,  Sorority, and Dormitory 
O ther Group Living

Housing Not E lsew here Classified

Com m ercia l

Retail and P e rso n a l  Service (Use Group 1)

R etail  Com m ercia l 
P e rso n a l  Service

^Does not include hotel and motel which is  included in Through 
Highway B usiness, Use Group No. 242.



l o i

TABLE 32--Continued

Intensive and Extensive Commercial Recreation  (Use Group II)

Intensive Com m ercial R ecreation 
Extensive C; m m erc ia i  Recreation

B usiness  and P ro fess iona l  Service Offices (Use Group III)

Medical and Dental Office
Business and P ro fess iona l  Service Office
Vacant Office Space

Local and Through Highway B usiness (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 B usiness Service
Wholesale Represen ta tive  without Stock and Other 
Business Service

Vacant Commercial Structure

Industria l

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



162

TABLE 3 2 --Continued

Industries) (Use Group IV) 

Non-Manufacturing Activity 

Contractor
Greenhouse a n d /o r  N ursery  
Metal Salvage Yard 
F ish e ry  and F ish e ry  Service 
Agriculture  Service, Hunting, and Trapping

Vacant Industria l S tructure  (Use Group VI)

Institutional

Education

Senior High School 
Junior High School 
E lem en tary  School 
Junior College 
College or University
Technical Trade, Business School, and College 
Other Educational Fac il i t ies

Health and Welfare

Hospital or Clinic
P r iso n ,  Reformitory, o r  Detention Home 
Orphanage
Mental Institutions, Sanitarium s, Convalescent, and Other 

Cultural or  Social Center

A rt  Gallery
Museum
L ib ra ry
Special Public  E n terta inm ent Structure 

Governmental
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TABLE 32--Continued

Law Enforcem ent Agency 
F i r e  Station
F e d e ra l ,  State, and L ocal Offices o r  Court 
P o s ta l  Department

Philan thropic  and N on-Profit  Organization

Business  and P ro fess io n a l
Civic, Social,or F ra te rn a l
Labor
P o li t ica l
Religions
Charitable

Church or Cem etery

Church
C em etery
Other

M ilitary

M ili ta ry  Base or  Insta lla tion 
Recruiting Station 
M ilita ry  School

Transporta tion , Communication, Utility, and Right-Of-Way

T ransporta t ion

Railroad
T ran s i t
Trafficway
Water
Air
Park ing
Pipeline

Communication

Telegraph
Radio and Television
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TABLE 3 2 - - Continued

Wire; News Service 

Utility

Water, Sewer, and Refuse
Natural Gas
E lec tr ic
Telephone
Other Utility Service

Rights-Of-Way a n d /o r  Utility E asem ents

Railroad Right-Of-Way 
Traffic Right-Of-Way 
Utility E asem ents  
Other Rights-Of-Way

Other Utilities, Communications, and Sanitary Serv ices

Open Space and Recrea tion  

Open Space

R ecreation Outdoor Land 

R ecreation  Outdoor Water 

R ecreation Indoor Public Fac il i ty

A griculture

Cropland

Grazing and Improved P as tu re  

Timber Land 

Special F a rm s
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TABLE 33 

SYMBOLS AND UNITS FOR DEPENDENT 
AND 

INDEPENDENT VARIABLES

Symbol
(X^

Item Unit

Independent Variables (X-)

1 Population Number
2 Average Population Density # / Total Acre
3 Number of Household Units #
4 Residential Density Hous :hclds/Acre
5 Number of Com m ercia l Estab lish . #
6 Avg. C om m ercia l Est. /T o ta l  A cres # / Total Acres
7 Total Com m ercia l Acres A cres
8 Com m ercial E s t .  / Com. A cres #/ Com. Acre
9 Street A rea A cres

10 % Stree ts %
11 El (Environmental Index) (Dimensionless)
12 HI (Housing Index) (Dimensionless)
13 % Good Housing %
14 % F a i r  Housing %
15 % Poor  Housing %
16 % Single Fam ily %
17 % Two Fam ily %
18 % Multi Fam ily %
19 % Group Living %
20 % Total Residential %
21 % Com m ercia l Use Group 1 %
22 % Com m ercia l  Use Group 2 %
23 % C om m ercia l Use Group 3 %
24 % Com m ercia l Use Group 4 %
25 % C om m ercia l Use Group 5 %
26 % C om m ercia l  Use Group 6 %
27 % Total Com m ercial Use Group 7 %
28 % Industria l Use Group 1 %
29 % Industria l Use Group 2 %
30 % Industria l Use Group 3 %
31 % Industria l Use Group 4 %
32 % Industria l Use Group 5 %
33 % Total Industr ia l  Land %



1 6 6

TABLE 33—Continued

Symbol Item
(X^

34 % Institutional
35 % Transporta tional
36 % Open Space
37 % Agriculture
38 % Unused Space
39 % Total Other Land
40 Refuse Deficiencies
41 Burners  Deficiencies
42 Rubble Deficiencies
43 Lumber Deficiencies
44 Old Autos Deficiencies
45 Poor Sheds Deficiencies
46 Livestock Deficiencies
47 Pou ltry  Deficiencies
48 Stray Dogs Deficiencies
49 P rivy
50 Total Environm ental Deficiencies

Unit

10

ff/Acre
# /A cre
# /A cre
# /A cre
# /A cre
# /A cre
# /A cre
# /A cre
# /A cre
# /A cre
# /A cre

Dependent V ariables (Y^)

1 Total Coliform 1 0 0 0  counts / 1 0 0  ml.
2 F eca l  Streptococcus 1 0 0 0  counts / 1 0 0  ml.
3 BOD m g / 1

4 COD m g / 1

5 Organic Kjeldahl Nitrogen m g / 1

6 Soluble Orthophosphate m g / 1

7 Total Solids mg/!
8 Fixed Solids m g / i
9 Volatile Solids m g / 1



T A B L E  34  

I N P U T  I N D E P E N D E N T  V A R I A B L E S

D r a i n a g e
B a s i n ^ 2 %3 ^ 4 * 5 ^ 6 X 7 ^ 8 X 9

N e w  B l o c k 8 3 7 2 . 6 . 07 2 8 2 3 . 4.  10 6 0 . 0.  0 4 28. 2. 14 252 .

In d i a n 9 51 . 4.  62 4 2 5 . 1 2 . 88 250 . 1 . 21 32 . 7.  81 104.

2 1 s t  S t r e e t 2 0 6 0 4 . 8 . 05 8 2 8 2 . 1 1 . 6 8 1205 . 0.  47 189. 6 . 38 1236 .

C r o w 1 3 3 0 0 . 6 . 9 3 5 0 6 8 . 4.  14 337 . 0 . 18 78. 4 .  32 43 7 .

C h e r r y 1 0 7 4 4 , 0.  87 340 9 . 2 . 86 141. 0.  04 76 . 1 . 86 4 24.

M o o s e  r 3 3 2 8 . 3. 36 1005 . 1 . 28 7 4 . 0 . 02 57 . 1. 30 6 7 6 .

J o e 4 2 2 2 1 . 4.  50 1 2 7 7 0 . 2. 87 5 3 0 . 0 . 06 4 9 ^ 1 . 06 1650 .

F l a t  R o c k 1 3 8 0 5 . 1 . 86 3 7 1 7 . 1 . 49 1 0 0 . 0 . 01 141. 0.  71 1 9 2 .

D i r t y  B u t t e r 4 0 1 5 5 . 8 . 30 1 4 4 1 1 . 6 . 08 6 10 . 0. 13 1 2 2 . 5. 00 9 83 .

C o a l  W e s t 4 0 8 2 7 . 6 . 54 1 3 7 9 8 . 5.  13 6 3 7 . 0 . 10 164. 3. 88 1631 .

C o a l  E a s t 6 7 6 . 0 . 28 180. 0.  94 13. 0 . 01 34. 0 .  38 23.

M i n g o 7 9 0 7 8 . 2 . 21 2 2 9 4 3 . 2. 7 2 105 5 . 0.  03 9 05 . 1. 17 4 5 8 0 .



T AD L /E  3 4 - -  C o n t i n u e d

D r a i n a g e
B a s i n ^ 1 0 X i i ^ 1 2 ^ 1 3 X i 4 ^ 1 5 ^ 1 6 X i 7 ^ 1 8

N e w  B l o c k 18.  26 0.  42 0. 78 75 .  3 2 1 . 9 2 . 8 47 .  8 3 0 . 5 1 1. 59

I n d i a n 50.  49 0.  40 0 . 80 83 .  1 14.  2 2. 7 12. 14 1. 46 2. 43

2 1 s t  S t r e e t 48 .  28 0.  48 0.  8 4 83 .  2 15.  0 1 . 8 23 .  3.3 2. 46 1. 59

C r o w 22 .  76 0.  65 0.  99 99 .  7 0.  3 0 . 0 60 .  31 I. 48 1. 49

C h e r r y I I ,  04 0, 43 0.  73 7 1 . 6 19.  2 9. 2 30 .  63 0 . 29 0 . 16

M o o s e  r 21.  13 0. 94 0 . 68 64 .  3 24.  0 1 1 . 7 23 .  28 0 . 06 1. 25

J o e 17.  57 0 . 66 0 . 99 99 .  4 0. 5 0 . 1 ‘16. 0 5 0 .  19 0 • 62

F l a t  R o c k 2 . 59 0 . 11 0 . 88 87 .  0 12.  5 0.  5 32. 67 0 . 00 0 . 8 9

D i r t y  B u t t e r 20 .  31 0.  56 0.  67 63 .  7 2 1 . 8 14.  5 45 .  61 1 . 86 1 . 26

C o a l  W e s t 26 .  14 0.  83 0.  85 84 .  0 14.  2 1 . 8 40 .  70 1. 24 1 . 01

C o a l  E a s t 0 . 96 0 . 81 0.  8 4 8 2 .  9 14.  2 2. 9 7.  59 0 . 00 0. 38

M i n g o 1 2 . 79 0. 43 0.  97 96 .  1 3. 6 0.  3 22 .  75 0 . 21 0. 53

CT'
CO



TAD1_»E 3 4 - - C o n t i n u e d

D r a i n a g e
B a s i n X i 9 ^ 2 0 ^ 2 1 ^ 2 2 ^ 2 3 ^ 2 4 ^ 2 5 ^ 2 6

N e w  B l o c k 0 . 00 4 9 .  93 0 .  7 64 0 . 0 0 0 0 . 371 0.  385 0 .  4 9 6 0 .  0 0 7

In d i a n 0 . 06 1 6 . 02 4.  8 2 0 0 . 5 2 9 3. 107 1. 6 5 5 4.  6 9 9 0 .  6 6 5

2 1 s t  S t r e e t 0 . 34 27 .  72 2.  236 0 . 0 9 9 1. 0 0 5 1. 194 2. 236 0 . 6 0 9

C r o w 0.  42 63 .  7 1 1. 6 5 2 0 . 54 7 0.  8 7 7 0.  5 03 0 . 329 0.  136

C h e r r y 0 . 00 3 1 . 07 0.  521 0.  6 8 5 0.  344 0.  33 5 0.  0 4 3 0.  0 45

M o o  s c  r 0 . 00 24.  59 0.  308 0 . 0 0 0 0.  248 0 . 9 1 3 0.  150 0.  154

J o e 0 . 49 47 .  36 1. 0 5 2 1. 7 9 9 1 . 28 8 0 801 0 . 3 2 6 0. 0 35

F l a t  R o c k 0 . 00 33 .  56 0.  8 7 6 0.  3 2 3 0.  164 0.  46  3 0.  072 0 . 0 1 0

D i r t y  B u t t e r 0 . 01 48 .  74 1 . 0 06 0. 155 0 . 261 0 . 7 1 9 0 . 329 0.  047

C o a l  W e s t 0 . 19 4 3 .  10 0.  8 9 3 0 . 182 0. 237 0. 5 8 2 0. 541 0 . 190

C o a l  E a s t 0 . 00 7.  96 0.  0 35 0. 4 9 3 0 . 8 1 0 0. 0 6 4 0 . 00 0 0 . 0 0 0

M i n g o 0.  07 23.  56 0 . 6 9 8 0. 4 2 3 0. 2 85 0 . 6 3 9 0. 3 1 3 0.  170

O '
vX)



T A B L E  3 4 - -  C o n t i n u e d

D r a i n a g e
B a s i n ^ 2 7 ^ 2 8 ^ 2 9 ^ 3 0 ^ 3 1 ^ 3 2 ^ 3 3 ^ 3 4

N e w  B l o c k 2.  0 2 2 0.  197 1. 118 0.  0 0 0 2.  5 6 4 2.  8 0 8 6.  7 2 4 4.  05

I n d i a n 1 5 . 4 7 6 0.  00 0 0.  0 0 0 0.  00 0 0.  0 00 0.  00 0 0 .  0 0 0 0.  00

2 1 s t  S t r e e t 7.  3 79 0.  583 2. 174 0.  0 0 0 1. 3 4 4 2. 07 6 6.  177 2. 99

G ro w 4,  0 4 4 0.  0 0 3 0 . 0 5 6 0.  00 0 0.  061 0 . 0 5 1 0 .  170 4.  06

C h e r r y 1. 9 73 0.  182 2. 9 4 3 0.  0 0 0 3. 568 4.  71 4 1 1 . 4 0 6 1. 90

M o o  s e  r 1. 773 0.  031 0.  531 0.  0 0 0 0.  40 6 0.  844 1 . 8 1 3 0.  85

J o e 5, 3 0 0 0.  104 0.  2 5 8 0.  0 0 0 0.  159 1 . 462 1. 984 3. 48

F l a t  R o c k 1. 9 1 0 0.  0 00 0 .  07 5 0.  00 0 0.  00 0 9.  8 40 9 . 9 1 9 2. 40

D i r t y  B u t t e r 2.  517 0. 09 6 0.  37 0 0 .  0 0 0 1. 841 1. 8 1 9 4.  126 3 . 2 9

C o a l  W e s t 2. 6 2 4 0. 271 1. 148 0 .  0 00 1. 5 5 4 0.  968 3.  9 40 3. 04

C o a l  E a s t 1. 4 0 3 0, 4 1 7 0 .  166 0.  0 0 0 4.  9 70 0.  145 5.  6 9 8 6.  50

M i n g o 2. 52 8 0. 0 6 2 0 .  72 6 0.  0 00 1. 27 5 1. 71 9 3. 7 82 1. 73



T A B L E  3 4 - - C o n t i n u e d

D r a i n a g e
B a s i n ^ 3 5 ^ 3 6 X 37 ^ 3 8 ^ 3 9 ^ 4 0 ^ 4 1 ^ 4 2

N e w  B l o c k 1 . 02 10.  92 1 . 12 5. 9 4 23 .  0 4 0 .  7 5 2 0 .  7 2 4 0 . 28 0

Ind ia n 0 . 00 0 . 00 0 . 00 17.  96 17.  96 0 . 112 0 .  05 3 0 .  0 0 5

2 1 s t  S t r e e t 3. 11 0 .  75 0 . 00 3.  46 10.  32 0 .  267 0 . 0 96 0 . 0 1 4

C r o w 1 . 20 2 . 08 0 . 00 1 . 82 9 . 17 0 .  151 0.  145 0 .  0 2 2

C h e r r y 1. 85 1. 59 18.  36 20 .  83 44 .  51 0.  54 3 0 .  358 0.  0 8 0

M o o s e  r 0 .  19 2.  21 37.  33 10.  10 50 .  68 0 .  0 6 3 0.  06 0 0.  0 18

J o e 0 .  82 5.  52 12.  07 5. 90 27 .  78 0 0 87 0 .  0 33 0.  00 8

F l a t  R o c k 2.  45 0.  98 26 .  58 19.  65 52.  06 0.  164 0 .  061 0.  044

D i r t y  B u t t e r 0 . 5 6 2.  32 2.  52 1 5 . 3 1 23 .  99 1. 147 1 . 0 1 1 0.  223

C o a l  W e s t 1 . 6 2 0 .  92 2.  19 16.  50 24.  25 0.  6 2 8 0.  35 4 0 . 193

C o a l  E a s t 29 .  25 26 .  79 8.  79 12.  58 83 .  96 0 . 027 0.  0 19 0.  0 0 8

M i n g o 2. 8 8 0 .  31 32 .  06 20 .  37 57.  34 0.  0 7 8 0.  041 0.  0 23



TABJ-/E 3 4 - -  C o n t i n u e d

D r a i n a g e
B a s i n X 43 ^ 4 4 ^ 4 5 ^ 4 6 X 47 ^ 4 8 ^ 4 9 ^ 5 0

N e w  B l o c k 0.  0 7 4 0 .  08 8 0 .  0 8 3 0 . 0 1 3 0 .  0 0 4 0 .  0 2 8 0 .  0 0 0 2.  04 6

In d i a n 0.  0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  0 2 4 0 . 0 00 0 . 194

2 1 s t  S t r e e t 0 .  0 0 0 0 .  0 0 9 0 .  0 05 0 .  0 0 0 0 .  00 0 0 .  0 0 4 0 .  0 00 0 .  3 96

C r o w 0 .  0 0 2 0 . 0 1 2 0 .  0 0 2 0 .  0 0 0 0 .  001 0 .  0 0 3 0 .  0 0 0 0 . 3 3 6

C h e r r y 0 .  0 2 4 0.  021 0 .  031 0 .  0 0 2 0 .  0 0 6 0 . 0 1 0 0 . 0 1 9 1. 0 9 2

M o o s c r 0 .  0 0 4 0 0 1 4 0 .  0 0 6 0 .  0 0 2 0 . 0 0 0 0 . 0 0 0 0 . 0 4 9 0 . 2 1 6

J o e 0 .  001 0 .  0 0 2 0 . 0 0 1 0 .  0 0 2 0 . 00 0 0 . 0 0 3 0 . 0 0 0 0 . 138

F l a t  R o c k 0 .  0 07 0 .  0 2 6 0 . 0 1 4 0 .  0 0 4 0 . 0 0 1 0 . 0 1 4 0 . 0 0 1 0 . 335

D i r t y  B u t t e r 0 .  0 7 2 0 .  09 8 0 .  0 5 4 0 .  0 0 4 0 . 0 0 4 0 . 0 9 2 0 . 0 0 6 2. 7 1 0

C o a l  W e s t 0 .  0 4 3 0 .  0 7 8 0 .  0 6 7 0 .  0 1 3 0 . 0 1 3 0 . 0 4 1 0 . 0 2 6 1. 4 5 5

C o a l  E a s t 0 .  0 0 2 0 .  0 0 6 0 . 0 03 0 .  0 0 3 0 . 0 0 0 0 . 0 0 3 0 . 0 0 1 0 . 0 7 1

M i n g o 0 .  0 07 0 . 0 1 4 0 . 0 0 9 0 .  0 0 4 0 . 001 0 . 00 5 0 . 00 3 0 . 186



T A B L E  35

A V E R A G E  C O N C E N T R A T I O N S  B Y  S E A S O N  F O R  Y E A R S  1 9 6 7 - 19&9

D r a i n a g e S e a s o n C o l i f o r m  1 F c c a l  S t r e p ^ B O D CO D ON 2 P O 4 T s 4 F S ^ VS&
S h e d ff/ 1 0 0  m l . / / /  100  m l . m g / I m g /1 m g /1 m g /1 m g / I m g / I m g / I

N e w  B l o c k F a l l 7 6 . 4 0 0 1 , 8 2 0 5 30 1 . 18 2. 83 4 2 8 3 29 98
W i n t e r 2 6 9 , 0 0 0 96 7 35 2. 41 5. 51 4 3 2 3 2 0 112
S p r i n g N.  D.  7 N.  D. N.  D. N.  D, N.  D. N.  D. N.  D. N,  D, N.  D.
S u m m e r 4 8 6 , 0 0 0 1 2 , 6 0 0 8 42 2.  34 2.  69 346 247 99

I n d i a n F a l l 7 9 , 7 0 0 4 ,  94 0 8 25 2 . 01 2. 33 305 123 182
W i n t e r 2 6 , 0 0 0 1, 330 14 58 1. 58 1 . 92 4 67 227 2 39
S p r i n g 3 0 4 , 0 0 0 7,  3 30 8 32 1. 20 0.  87 53 9 2 09 331
S u m m e r 7 , 5 0 4 , 0 0 0 2 7 , 1 0 0 1 1 31 2. 12 1. 17 321 140 181

2 1 s t  S t r e e t F a l l 5 7 6 , 0 0 0 2,  5 8 0 1 1 41 1. 79 2 . 9 6 4 63 2 1 4 2 1 9
W in t e r 5 6 9 , 0 0 0 9 00 12 92 2. 86 3. 59 4 06 214 192
S p r i n g 5 4 6 , 0 0 0 4 1 ,  100 16 96 4.  4 2 5. 42 899 2 46 6 5 3
S u m m e r 2 0 , 3 0 0 , 0 0 0 9 3 , 3 0 0 14 67 1 . 6 1 2 . 9 3 3 30 163 167

C r o w F a l l 1 9 2 , 0 0 0 1, 740 8 30 1. 50 1. 27 4 23 20 6 217
W i n t e r 6 1 , 6 0 0 6 ,  9 30 7 39 1. 09 1. 30 6 45 4 9 9 146
S p r i n g N.  D. N .  D. N.  D. N .  D. N .  D. N. D. N .  D. N.  D. N.  D.
S u m m e r 2 , 9 0 0 , 0 0 0 1 6 6 , 0 0 0 20 45 0.  8 9 1. 36 328 162 166



T A B L E  3 5 - - C o n t i n u e d

D r a i n a g e S e a s o n C o l i f o r m ^ F e c a l  S t r op ^ B O D CO D ON  2 p o | T S 4 F s 5 VS&
S h e d / / / lOO m l . / / /  100 m l . m g / 1 m g / I m g / I m g / 1 m g / I m g / I m g / 1

C h e r r y F a l l 3 8 , 9 0 0 62 4 99 3 . 6 3 2. 92 3,  104 2,  6 2 9 4 7 7
W i n t e r 7,  5 1 0 20 4 53 1. 98 5.  07 1, 134 864 270
S p r i n g 5 3 , 4 0 0 1 0 , 1 0 0 7 57 1. 70 1. 70 6 7 8 3 94 28 4
S u m m e r 1, 5 4 0 ,  0 0 0 8 9 , 3 0 0 7 20 1. 62 1. 66 7 7 4 3 7 2 4 0 2

M o o s e r F a l l 3 1 3 , 0 0 0 7 4 , 3 0 0 4 27 1. 91 2.  48 79 9 4 6 8 331
W in to  r 4 4 , 3 0 0 4 ,  3 10 4 24 1. 12 1. 05 70 6 5 3 4 172
S p r i n g N. D.  ^ N. D. N.  D. N.  D. N.  D. N .  D. N.  D. N. D. N. D.
S u m m e r 2,  180 ,  0 0 0 8 2 , 2 0 0 16 54 1. 54 1. 37 711 4 2 9 28  3

J o e F a l l 3 5 , 1 0 0 1, 8 00 5 23 0. 97 1. 50 1, 109 7 38 370
W i n t e r 2,  120 18 7 53 1. 02 1 . 3 5 961 59 5 366
S p r i n g 2 7 , 9 0 0 1 , 9 1 0 9 56 1. 58 I. 23 I, 042 6 4 3 399
S u m m e r 1, 4 9 0 ,  0 0 0 1 6 , 7 0 0 1 1 38 0. 67 1 . 2 2 1 , 00 0 50 8 4 9 2

F l a t  R o c k F a l l 1 , 3 9 0 , 0 0 0 5 1 4 , 0 0 0 8 15 0.  70 2. 38 52 6 344 182
W i n t e r 44 ,  5 0 0 28 9 2 27 1. 35 1. 53 926 6 2 8 29 8
S p r i n g 5 , 0 0 0 , 0 0 0 4 1 6 , 0 0 0 7 65 2.  23 0.  95 1 , 7 8 7 N.  D. N.  D.
S u m m e r 4 1 1 ,  0 0 0 1 5 8 , 0 0 0 2 28 N.  D. N.  D. 1 , 0 0 1 6 6 0 341



T A B L E  3 5 - -  C o n t i n u e d

D r a i n a g e S e a s o n C o l i f o r m ^ F e c a l  S t r e p 1 B O D C O D ON 2 P O 4 T s 4 F S 5 VS^
S h e d U / l O O  m l . # / 1 0 0  m l . m g / I m g / I m g /1 m g /1 m g /1 m g / I m g  /1

D i r t y  B u t t e r F a l l 1 6 9 , 0 0 0 2 85 7 22 0 . 91 1. 83 5 6 4 30 4 2 60
W i n t e r 3 9 , 5 0 0 6 5 7 2 94 1. 4 4 1 . 96 556 324 2 32
S p r i n g 1 0 6 , 0 0 0 2,  2 3 0 N.  D.  ^ 101 1. 43 1. 4 4 1, 210 N. D. N.  D.
S u m m e r 4,  5 5 0 ,  0 00 8 2 , 6 0 0 2 74 N.  D. N.  D. N,  D. N.  D. N.  D.

C o a l  W e s t F a l l 1 4 5 , 0 0 0 37 5 8 3 2 1. 05 1. 9 3 4 3 0 278 152
W i n t e r 8 0 , 7 0 0 54 3 43 1. 7 4 2.  23 6 4 4 4 0 6 238
S p r i n g 1 9 0 , 0 0 0 6 N,  D. 95 1. 82 1. 97 7 73 40 3 370
S u m m e r 2 , 8 5 0 , 0 0 0 9 7 4 3 N.  D. N.  D. N.  D. 840 300 5 40

C o a l  E a s t F a l l 1 , 2 7 0 , 0 0 0 3 4 6 , 0 0 0 7 17 0.  77 2. 50 348 198 1 50
W i n t e r 5 1 9 , 0 0 0 3,  8 4 0 5 55 2. 15 1 . 74 431 205 22 6
S p r i n g 3 2 , 1 0 0 2,  8 9 0 13 41 1 . 64 J . 23 9 6 4 N. D. N.  D.
S u m m e r 2 , 1 0 0 , 0 0 0 3 5 , 3 0 0 4 N.  D. N, D. N,  D. N.  D. N.  D. N,  D.

M i n g o F a l l 5 0 0 , 0 0 0 1 0 2 , 0 0 0 5 20 0.  91 2. 81 748 46 8 28 0
W i n t e r 4 8 , 8 0 0 1 , 4 9 0 5 50 1. 40 1 . 6 1 1, 398 1 ,120 2 78
S p r i n g 7 0 , 4 0 0 7 5 4 4 43 2. 00 0.  72 1, 365 N.  D. N.  D.
S u m m e r 42 ,  7 00 3 9 2 5 35 1. 02 1 . 1 3 1, 0 48 4 5 0 5 98

1 G e o m e t r i c  M e a n ‘ T S = T o t a l  S o l i d s VS= V o l a t i l e  S o l i d s

O N = O r g a n i c  K j e l d a h l  N i t r o g e n  

^ P 0 4 = S o l u b l e  O r t h o p h o s p h a t e

’F S = F i x c d  S o l i d s N .  D.  =No  D a t a



T A B L E  36

A V E R A G E  S E A S O N A L  L O A D I N G S  B A S E D  ON B A S I N  A R E A  
AVE1LA.GE 1 9 6 7 - 1 9 6 8

D r a i n a g e
B a s i n

N e w  B l o c k

[nd ian

2 1 s t  S t r e e t

Crow

T o t a l
A c r e s

1 380

206

2560

19 20

S e a s o n L o a d i n g :  l b / a c r e / s e a s o n
B O D  5 COD ON P O 4 Ï .  S o l

F a l l 4. 7 27. 9 1 . 10 2 . 63 398
W i n t e r 4. 5 2 2 . 7 1 . 56 3. 57 2 80
S p r i n g 1 1 . 1 59. 5 3. 30 6 . 1 3 67 0
S u m m e  r 8 . 0 42 . 0 2 . 34 2 . 6 9 346

F a l l 9. 4 29. 4 2 . 36 2 . 74 359
W in t e r 1 1 . 5 47 . 7 1 . 30 1 . 58 384
Spr  ing 1 6 . 8 67 . 2 2 . 52 1 . 83 1 1 32
S u m m e r 13. 9 39. 2 2 . 68 1 . 48 4 0 6

F a l l 1 1 . 6 43 . 1 1 . 88 3. 1 I 18 7
W i n t e r 8 . 8 67 . 4 2 . 10 2 . 63 298
S p r i n g 30. 1 180. 9 8 . 33 1 0 . 21 1694
S u m m e r 1 5. 8 75. 8 1 . 82 3. 31 373

F a l l 5. 1 19. 3 0 . 96 0 . 82 272
W i n t e r 3. 9 2 1 . 5 0 . 60 0 . 72 355
S p r i n g 19. 0 62 . 0 1 . 89 2 . 14 75 9
S u m m e r 24 . 6 55. 3 1. 09 1. 67 4 0 3



T A B L E  3 6 - - C o n t i n u e d

D r a i n a g e
B a s i n

C h e r r y

M o o s c r

Jo e

F i a t  R o c k

D i r t y  B u t t e r

T o t a l S e a s o n L o a d i n g :  l b / a c r e / s e a s o n
A c r e s B O D ^ COD ON P ° 4 T.  So l i d i

3 8 4 0 F a l l 3. 2 78 .  0 2. 86 2. 30 2 4 4 6
W i n t e r 2. 5 3 2 . 9 1. 23 3. 14 70 3
S p r i n g 1 1 . 4 92 .  7 2. 77 2. 77 1 103
S u m m e r 7. 2 20 .  6 1. 67 1 . 7 1 796

3 2 0 0 F a l l 2.  8 19.  0 1. 34 1. 74 561
W i n t e r 2. 2 1 3 . 3 0.  62 0.  58 390
S p r i n g 1 1 . 6 50 .  7 2. 2 5 2. 37 1070
S u m m e r 14.  7 4 9 .  5 1 . 4 1 1. 25 651

9 3 9 0 F a l l 3. 0 13.  7 0.  58 0.  89 6 60
W i n t e r 3. 6 27 .  1 0.  52 0, 69 4 9 2
S p r i n g 13.  6 84 .  7 2.  39 I. 86 i 576
S u m m e r 12. 5 43 .  3 0.  76 1. 39 1 139

7 4 1 0 F a l l 5.  5 10.  4 0.  48 1. 65 365
W i n t e r 1. 0 13.  4 0.  67 0. 76 4 6 0
S p r i n g 7.  3 6 7 .  5 2. 31 0.  99 1855
S u m m e r 1. 4 19.  5 0.  99 1. 13 6 9 8

4 8 4 0 F a l l 5.  3 16.  7 0.  69 1. 39 42 8
W i n t e r 1. 1 4 9 .  7 0.  76 1. 04 29 4
S p r i n g 5.  0 137 .  3 1. 94 1. 96 16 44
S u m m e r 1. 6 60 .  3 1. 03 1. 4 2 6 3 3



T A B L E  3 6 - - C o n t i n u e d

D r a i n a g e
B a s i n

C o a l  W e s t

C o a l  E a s t

M i n g o

T o t a l
A c r e s

S e a s o n
B O D 3

L o a d i n g :  l b / a c r e / s e a s o n  
C O D  ON  P O 4 T.  So l i ,

6 2 4 0 F a l l 5. 7 2 2 . 9 0.  75 1. 38 308
W i n t e r 1 . 6 2 2 . 2 0.  90 1. 15 3 33
S p r i n g 5. 7 1 1 6 . 6 2. 23 2. 4 2 9 48
S u m m e  r 2. 5 47 .  3 1 . 28 1. 70 701

2 4 0 0 F a l l 3. 3 7.  9 0.  36 1. 17 162
W i n t e r 1. 7 18.  5 0.  72 0.  59 145
S p r i n g 10.  4 32 .  7 1. 31 0.  98 7 6 9
S u m m e r 2 . 2 20 .  4 0 . 82 0.  99 315

3 5 , 8 0 0 F a l l 3. 8 1 5. 0 0 . 68 2 . 11 5 62
W i n t e r 2. 7 27 .  2 0. 76 0.  87 7 5 9
S p r i n g 5. 2 55 .  4 2. 58 0 . 93 1759
S u m m e r 4.  4 30.  7 0.  89 0.  99 9 18



T A B L E  37

A V E R A G E  S E A S O N A L  L O A D I N G S  B A S E D  O N  S T R E E T  A R E A  
A V E R A G E  1 9 6 7 - 1 9 6 8

D r a i n a g e
B a s i n

N e w  B l o c k

I n d i a n

2 1 s t  S t r e e t

C r o w

S t r e e t S e a s o n L o a d i n g ; l b / a c r e / s e a s o n

A c r e s B O D 5 C O D O N P ° 4 T.  S o l i d s

2 5 2 F a l l 7.  7 4 6 .  5 1. 8 3 4 .  3 9 6 6 3
W i n t e r 7 .  6 3 7 .  9 2 . 61 5.  9 6 4 6 7
S p r i n g 18 .  5 9 9 .  1 5.  4 9 1 0 . 2 2 1 1 1 7

S u m m e r 1 3.  3 7 0 .  0 3.  91 4 .  4 8 5 7 7

1 0 4 F a l l 12 .  4 3 8 .  8 3.  1 1 3.  61 4 7 3
W i n t e r 15 .  1 6 2 .  7 1 . 7 1 2 . 0 8 5 0  5

S p r i n g 2 2 . 2 8 8 . 9 3.  3 3 2.  4 2 1 4 9 8
S u m m e r 18.  4 5 1 . 7 3. 5 4 1 . 9 5 5 3 6

1 2 3 6 F a l l 17 .  1 6 3 .  5 2.  ?7 4.  59 7 1 8

W i n t e r 13.  0 9 9 . 5 3.  10 3.  8 9 4 39

S p r i n g 4 4 .  5 2 6 6 . 8 1 2 . 2 8 15 .  0 6 2 4 9 8

S u m m e r 2 3 .  3 1 1 1 . 8 2 . 6 8 4 .  8 9 5 5 0

4 3 7 F a l l 8 . 4 3 1 . 5 1. 5 8 1. 3 3 4 4 5

W i n t e  r 6 . 3 3 5 .  2 0 . 9 8 1. 17 5 8 1
S p r i n g 3 1 .  1 1 0 1 . 3 3.  10 3.  4 9 1 2 4 1

S u m m e  r 4 0 .  1 9 0 .  4 1 . 7 9 2 .  7 4 6 5 9



TABLE 3 7 - -C ont inue d

D ra in a g e
B a s i n

C h e r r y

M o o s e r

Jo e

F i a t  R o c k

D ir ty  B u t t e r

S t r e e t S e a s o n L o a d i n g : l b / a c r e / s e a s o n

A. cr e  s B O D  5 C O D O N P O 4 T.  S o l i c

4 2 4 F a l l 5.  1 1 2 7 .  6 4 .  6 8 3.  7 6 4 0 0 1

W i n t e r 4 .  1 5 3 .  7 2 . 01 5.  14 1 1 5 0
S p r i n g 18 .  6 1 5 1 .  7 4 .  5 3 4.  5 3 1 8 0 5
S u m m e r 1 1 . 8 3 3 .  7 2.  7 3 2 . 8 0 1 3 0 3

6 7 6 F a l l 5 .  1 3 4 .  8 2.  4 7 3.  2 0 1 0 3 0
W i n t e r 4 .  1 2 4 .  3 1. 13 1 . 0 6 7 1 6

S p r i n g 2 1 .  3 9 3 .  2 4 .  13 4 .  3 5 1 9 6 6
S u m m e r 2 6 .  9 9 0 . 9 2 . 5 9 2.  3 0 1 1 9 7

1 6 5 0 F a l l 5.  2 2 4 .  1 1 . 0 2 1. 58 1 1 6 5

W i n t e r 6 . 3 4 7 .  8 0 . 9 2 1 . 2 2 8 6 7
S p r i n g 2 4 .  0 1 4 9 . 4 4.  21 3 . 2 9 2 7 7 9
S u m m e r 2 2 . 1 7 6 .  3 1. ,35 2.  4 5 2 0 0 9

1 9 2 F a l l 1 1 . 8 2 2 . 1 1. 0 4 3.  5 2 7 7 8

W i n t e r 2 . 2 2 8 .  9 1. 4 5 1. 6 4 9 9 2

S p r i n g 15 .  6 1 4 4 .  2 4 .  9 5 2 . 1 1 3 9 6 5

S u m m e  r 3 .  0 4 1 .  8 2.  13 2.  4 2 1 4 9 4

9 8 3 F a l l 1 0 . 9 3 4 .  1 1. 4 1 2.  8 4 8 7 5

W i n t e r 2 . 2 1 0 1 . 7 1. 5 6 2 . 12 6 0 1

S p r i n g 1 0 . 2 2 8 0 .  6 3.  9 7 4.  01 3 3 6 2

S u m m e  r 3.  3 1 2 3 .  4 2 . 10 2 . 91 1 2 9 6



T A B L E  3 7 - - C o n t i n u e d

D r a i n a g e
B a s i n

C o a l  W e s t

C o a l  E a s t

M i n g o

S t r e e t S e a s o n L o a d i n g : l b / a c r e / s e a s o n
A c r e s B O D 5 C O D O N P O 4 T .  S o l i d s

1 6 3 1 F a l l 1 2 . 9 5 1 .  6 1. 6 9 3.  11 6 9 3
W i n t e r 3 .  5 5 0 .  0 2 .  0 3 2.  5 9 7 5 0
S p r i n g 12 .  9 2 6 2 .  4 5 .  0 2 5.  4 4 2 1 3 5
S u m m e r 5.  7 1 0 6 .  4 2 . 8 8 3.  8 3 1 5 7 6

2 3 F a l l 1 1 . 3 2 7 .  4 1. 2 4 4.  0 3 5 6 1
W i n t e r 5.  9 6 4 .  0 2.  5 0 2.  0 3 5 0 1
S p r i n g 3 5 .  9 1 1 3 . 2 4 .  5 3 3 . 3 9 2 6 6 2
S u m m e r 7 .  5 7 0 .  7 3.  17 3.  4 2 1 0 9 0

4 5 8 0 F a l l 8 . 1 3 2 .  2 1 . 4 7 4.  5 3 1 2 0 6
W i n t e r 5.  9 5 8 .  2 1 . 6 3 1. 8 7 I 6 2 7
S p r i n g 1 1 . 1 1 18 .  7 5.  5 3 1. 9 9 3 7 6 9
S u m m e r 9.  4 6 5 .  7 1 . 9 2 2 . 12 1 9 6 7



APPENDIX D

Contained in this appendix a re  a m ajo ri ty  of the seasonal m u lt i

ple re g re s s io n  equations for p a ra m e te r  concentrations obtained 

through the course  of this study. It should be noted that, of the 

fifty independent va r iab les  used  in other p a r t s  of this investigation, 

only a l im ited  num ber of the m o s t  significant such va r iab les  have 

been chosen for reg re s s io n  ana lys is .  R eference should be made to 

Table 33 in Appendix C for a listing of the symbols for the indepen

dent va r iab les .  Selected sample calculations using these equations 

a r e  p resen ted  in Appendix E.
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T ABLE 38

S E A S O N A L  M U L T I P L E  R E G R E S S I O N  E Q U A T I O N S  

F a l l  ( O c t o b e r ,  N o v e m b e r ,  and  D e c e m b e r )

S t d .  E r r o r
E q u a t i o n  F  V a l u e *  o f  E s t i m a t e

T o t a l  C o l i f o r m  ( Y i )  t h o u s a n d s / 100 m l

= 1402  + 135 ( InXg) - 4 3 6  ( I n X i p )  0 . 6 6  8 . 7 9 -  - 306

Yj = - 5 3 1  + 14 43  ( I n X i )  - 1 5 5 1  (111X 3) - 1 1 . 8  ( I n X g )
- 3 4 0 ( l n X i i )  0 . 5 8  2 . 4 4  386

Y i  = 821 - 52.  8 (X^) - 8 . 8 0  ( X i o )  0 . 2 8  1 . 7 4  4 4 7

F e c a l  S t r e p t o c o c c u s  (Y^) t h o u s a n d s /  1 00  m l

Y 2 = 4 6 6  + 55.  2 ( InXg)  - 1 6 7  (InX^q)  0.  76 14. 3 2 - 90

y 2 = - 5 9 2  + 841  ( I n X i )  - 8 8 8  (I11X 3 ) + 4 0 .  4 ( InXg)
- 1 5 3  ( I n X i  1) 0 . 8 2  7 . 7 3 *  9 0

Y 2 = 2 7 4  - 21 .  6 ( X 2 ) - 4 .  33  ( X i o )  0 . 4 5  3 . 7 4  136

B O D - - 5  D a y  ( Y 3 ) m g / 1

Y 3 = 4 .  8 + 0 .  0 8 2 7  ( X 2 ) + 0 .  4 8 9  ( X g )  0 . 4 2  3 . 1 9  1 - 8

Y 3 = 6 . 7 - 0.  0 0 0 2 6  ( X i )  + 0.  0 0 0 8 6  ( X 3 ) + 0.  2 9 8
(Xg) - 2 .  2 0 ( X i i )  0 . 5 0  1 . 7 8  1 . 9



T A B L E  3 8 - - C o n t i n u e d

Std.  E r r o r
E q u a t i o n  R  F  V a l u e   ̂ o f  E s t i m a t e

Y 3 = 6 . 0  - 0 .  2 3 0  ( I n X g )  + 1. 2 5  ( I n X g )  0 .  2 3  1. ,33 2.  0

G O D  { Y 4 ) m g / 1

Y 4  = 3 5 .  1 - 0 ,  0 0 0 1 7  ( X j )  + 0 .  0 3 0 6  ( X j o )  0- 0 3  0.  1 6  2 4 .  3

Y 4 = 4 7 .  2 - 0 .  0 0 1 7 3  ( X i )  + 0 .  0 0 5 0 8  ( X 3 ) - 1 .  3 5  ( X g )
- 16,  8 ( X l i )  0 . 0 7  0 . 13  2 7 .  0

Y 4  = 2 3 .  9 - 0 .  1 1 4  ( I n X i )  1 3.  3 7  ( I n X i o )  0.  0 3  0 .  13  2 4 .  3

O r g a n i c  K j e l d a h l  N i t r o g e n  ( Y 5 ) m g / 1

Yg = 2. 38 - 0 .  1 8 8  ( I n X i )  + 0 .  3 1 0  ( I n X i q ) 0 . 21 i .  2 0  0 . 81

Yg = 1. 46  - 0.  0 0 0 0 1  ( X i )  + 0.  0 1 2 7  ( X i o )  0 . 1 9  1 . 0 7  0 . 8 2

Y 5 = 1. 48  I 0 .  0 0 0 0 3  (X4 ) - 0 .  0 0 0 1 5  (Xg)  + 0.  0 9 9 8
(Xg)  I 0.  0 1 8 3  ( X u )  0 . 1 9  0 . 4 1  0 . 9 3

S o l u b l e  O r t h o p h o s p h a t e  (Yg)  m g / 1

Yg = 2.  90  + 0.  0 0 0 0 3  (X^)  - 0 .  0 0 0 1 0  (Xg) - 0 .  0 1 3 7
(Xg) - 0 .  741  ( X i  2) 0 . 1 7  0 . 3 6  0 . 6 4

0 0



T A B LE  3 8 - - Continued

E q u a t i o n

Y 6 = - 0 . 0 7  + 2 . 8 2  ( I n X i )  - 2 .  9 8  ( I n X ^ )  + 0 .  4 4 7  ( I n X g )  
- 0 .  2 9 1  ( I n X i  i)

F  V a l u e   ̂ S td .  E r r o r
o f  E s t i m a t e

0 . 1 6  0 ,  3 5  0 .  6 5

= 2 .  3 0  + 0 .  0 9 4  ( X 4 ) - 0 .  0 1 9 4  ( X i o )  0 . 0 5  0 . 2 2  0 . 6 1

T o t a l  S o l i d s  (Yy)  m g / 1

Y y = 1 5 9  - 8 2 0  ( I n X g )  +  5 9 1  ( I n X ^ Q )  0 . 3 5  2 . 4 7  6 8 2

Y y = 1 2 9 3  -  1 2 0  (Xg) I 0 .  4 6 5  ( X ^ q )  0 .  1 8  0 .  9 9  7 6 9

0 . 1 1  0 . 2 1  910  

F i x e d  S o l i d s  (Yg) m g / 1

Yg = 25 - 7 2 5  ( I n X g )  +  509  ( I n X ^ o )  0 .  3 5  2. 4 7  6 0 5

Y g  = 1 0 0 3  -  106 ( X 2 ) - 0 . 0 9 6 2  ( X i q )  0 . 1 9  1 . 0 4  6 7 9

Y g  = 1 2 2 4  -  0 .  0 2 3 5  ( X i )  + 0 .  0 6 8 4  ( X 3 ) - I O 6 ( X g )  - 6 2 0
( X ^ i )  0 .  1 2  0 .  2 4  8 0 0

W i n t e r  ( J a n u a r y ,  F e b r u a r y ,  a n d  M a r c h )

Yy = 1 4 5 2  - 0 .  0 2 0 4  ( X q )  + 0 .  0 607  ( X 5 ) -  1 1 3  (Xg)  
- 5 8 0  ( X ^ i )



TABLE 3 8 Continued

E q u a t i o n

T o t a l  C o l i f o r m  ( Y%) t h o u s a n d s / 100 m l

Y |  = 1 2 5  -  0 .  0 0 2 2 7  ( X j )  + 1 5 .  8 ( X ^ )

Y' = 531  - 4 6 .  3 ( I n X i )  + 35 .  3 (I11X 4 )

Y j  = 2 2 2  -  0 .  0 2 7 6  ( X j )  + 0 .  0 8 3 0  ( X 3 ) - 1 8 .  7 ( X g )
- 1 2 .  4  ( X i i >

R

0 .  1 5  

0 . 12

0 .  1 7

F o c a l  S t r e p t o c o c c u s  ( Y g )  t h o u s a n d s / 1 0 0  m l

Y  g = 0 .  12  - 0 ,  0 0 0 0 3  ( X ^ )  - 0 . 0 1 2 8  ( X j q ) + 4 .  33 ( X^ j) 0 .  3 0

Y  g = 7 .  3 6  -  0 .  4 3 2  ( I n X i )  - 0 .  2 1 9  ( I n X ^ g )  + 1 . 5 6  ( I n X ^ j )  0 .  2 8

Y  g = - 0 .  8 2  + 0 .  0 0 0 1 6  ( X j )  - 0 .  0 0 0 6 0  ( X g )  + 0 .  1 6 6  ( X g )

+ 5.  0 9  ( X i i )  0 .  3 3

B O D - - 5  D a y  (Yg) mg /1

Y 3 = 9 1 . 5 -  75 .  8 ( I n X ^ )  + 76. 6  ( I n X g )  - 1 0 .  5 ( I n X g )
- 0 .  2 4 3  ( I n X i i )  0 . 8 8

Y 3 = 2 2 . 2  + 4 .  7 8  ( I n X g )  - 4 .  7 7  ( I n X g )  -  0 .  4 9 3  ( I n X j  j )  0 .  7 8

Y g = 4.  1 + 1 0 .  7 ( X 5 ) - 0.  2 0 1  ( X g )  + 0 .  8 4 6  ( X ^ )  0 .  7 0

F  V a l u e  

0 .  7 8

0 . 59

0 .  3 7

1. 14

J 0 2

0 . 86  

1 2 . 5 3 * *

9 . 2 0 * *  

6 . 16*

Std.  E r r o r  
o f  E s t i m a t e

204

208

2 2 8

2 , 18

2 21

2 . 2 8

1 . 6 

2 . 1

2 .  4

00
O '



T A B LE  3 8 - -C ont inued

E equation ^  V a l u e   ̂ S td.  E r r o r
o f  E s t i m a t e

C OD  ( Y 4 ) m g / 1

Y 4 = 30 .  5 + 0.  0 2 5 5  ( X 5 ) + 3. 6 0  (Xg)

Y 4 = 42 .  6 - 0.  0 0 3 5 7  (X4 ) + 0.  0 1 2 7  ( X g )  4 1 . 9 4  ( X g )  
- 1 5 .  2 ( X j  1)

0.  50  4. 5 6 *  17.  2

0.  57 2. 35 18.  1

Y 4 = 20 .  4 t 4 .  86  (I11X 5 ) I 6 . 90 ( InXg)  0.  28 1. 78 20.  7

O r g a n i c  K j e l d a h l  N i t r o g e n  (Yg)  m g / 1

Y g  = I .  4 5  + 0 .  2 1 8  ( X 4 ) - 0 .  0 3 9 9  ( X i q )  0  36  2 . 5 8  0 . 5 0

Y g  = 1 . 8 5  + 0 . 6 9 5  ( 111X 4 ) - 0 . 3 8 4  ( I n X ^ g )  0 .  30  1 . 9 4  0 .  5 3

Y g  = 2 .  1 9  - 0 .  0 0 0 0 9  ( X i )  + 0 .  0 0 0 2 6  ( X g )  - 0 .  0 2 9 3  
( X g )  -  0 .  7 1 7  ( X u )

S o l u b l e  O r t l i o p h o s p h a t e  ( Y ^ )  m g / 1

0 . 2 3  0 .  5 3  0 .  6 3

Y g  = 4 .  68  -  0 .  0 0 0 2 1  ( X4 ) + 0 .  0 0 0 6 5  ( X g )  - 0 .  1 7 4
(Xg)  - 3 . 0 1  ( X j j )  0 . 2 5  0 . 5 9  1 . 6 2

Y g  = 1 . 3 7  - 0 .  6 1 5  ( I n X g )  + 0 .  6 6 2  ( I n X ^ o )  0-  0 7  0 .  3 6  1. 5 9

Y g  = -  0 .  06  + 2 .  1 6  ( I n X j )  -  2 .  26 ( I n X g )  1 0 .  7 3 6  ( I n X g )
-  0 .  4 7 4  ( I n X j  1) 0 . 0 7  0 . 1 3  1 . 8 1



T A BLE  3 8 - - Continued

E q u a t i o n  

T o t a l  S o l i d s  (Yy)  m g / 1

Yy  = 8 2 5  + 0.  0 4 5 8  ( X i )  - 0,  126 ( X 3) - 27 .  3 ( X g )  
- 2 2 7  ( X i i )

Y y  = - 1 4 2  - 78 .  3 ( I n X i )  + 2 0 4  ( 1 0 X 3 ) - 190 ( I n X g )
- 8 4 .  5 ( I n X i  1 )

Y = 1 0 0 9  - 41 .  7 ( X 2 ) - 4 . 7 1  ( X j q )

E i x c d  S o l i d s  (Yg) m g / ]

Yg = 5 7 9  I 0.  0 3 9 7  ( X j )  - 0.  110  ( X , )  - 24 .  5 (Xg)

F  V a l u e   ̂ Std .  E r r o r
o f  E s t i m a t e

0.  73  4.  6 7 »  207

0.  52  1. 8 7  276

0 . 2 9  1 . 8 0  295

0 .  6 8  3.  7 2  1 9 8-  1 7 9  ( X j  1)

Y g  = 7 3 3  - 3 1 .  6 ( X 2 ) -  4 .  68  ( X j o )  0 . 2 6  1 . 5 8  2 6 6

Y g  = -  6 0 6  + 2 7 3  ( I n X i )  -  1 7 2  ( I 11X 3 ) -  9 8 .  1 ( I n X g )
62 .  4  ( I n X i  i )

S p r i n g  ( A p r i l ,  M a y ,  a n d  June )  

T o t a l  C o l i f o r m  (Yj)  t h o u s a n d s /  100  m l

Y i  = - 8 3 2 1  + 7 2 2 8  (InX^) - 7 4 0 9  ( InXg)  + 9 5 8  ( InXg)

0 . 4 7  1 . 5 2  2 56

- 2315  ( I n X n ) 0.  8 6  6 . 3 0  8 4 8



T A B L E 3 8 - - Continued

E q u a t i o i

Y i  = 4 9 6 1  -  0 .  1 5 6  ( X i )  +  0 .  4 6 7  ( X 3 ) -  3 1 9  ( X g )

- 5 9 0 2  ( X u )

Y j  = - 9 5 2  + 3 0 5 5  (InXg) - 1651 ( InXg)  - 2 0 8 4  (InXj^g)  

F e c a l  S t r e p t o c o c c u s  ( Y 2 ) t h o u s a n d s / 100  m l

Y 2 = -  6 9 0  1 5 8 9  ( I n X i )  -  6 0 3  ( 111X 3) +  4  ( I n X g )
-  1 9 6  ( I n X j i )

' Y 2 = 4 2 8  - 0 .  0 1 4 1  ( X i )  + 0.  0 4 2 2  ( X 3) - 29 .  8 (Xg)
- 5 0 8  ( X u )

Yg = - 1 0 + 1 5 4  (I11X 5 ) - 121 ( InXg)  - 115  (InXg)

B O D - - 5  D a y  ( Y 3 ) m g / 1

Y 3 = 7 1 . 0  - 5 2 . 6  ( I n X j )  + 52 .  9 (I11X 3 ) - 8 . 76  ( InXg)
+ 0 .  6 4 9  (InXj^j^)

Y 3 = 9.  0 - 0.  0 0 0 2 1  ( X j )  + 0.  0 0 0 4 0  ( X 3 ) - 0 .  0 6 6 3  
( X g )  + 2 .  9 5  ( X j j )

Y 3 = 1 6 .  3 +  0 .  4 3 8  ( I n X g )  -  1.  2 1  ( I n X g )  + 1.  3 2

( I n X u )

0 . 68  

0.  41

0 , 88

0,  72  

0 . 2 2

0.  40  

0.  33  

0 . 20

F  Va lue  ^

2. 15

1. 14

7. 04':'

2 . 5 6  

0.  4 7

0.  67

0 . 4 9

0. 41

Std. E r r o r  
o f  E s t i m a t e

12 92

15 80

6 9

103

I 3 4

4.  5 

4 .  7 

4.  6



TA BL E 31) - - Continued

F  V a l u e   ̂ Std ,  E r r o r
o f  E s t i m a t e

E q u a t i o n

COD (Y4 ) m g / I

Y 4 = 74 .  9 - 0 .  0 0 8 4 8  (X^) + 0.  0 2 8 8  ( X 3 ) - 4 .  21 (Xg)
- 3 3 . 8 ( X i j )  0 . 9 4  1 5 . 4 1 »  9 . 1

Y4 = 4 1 .  2 + 9.  8 2  ( X 2 ) - 3.  38 (X 4 ) 0 . 7 2  7 . 7 6 »  1 5 . 9

Y4  = 36 .  4  + 6 . 70  ( X 2 ) + 2.  17 (X], 1) 0 . 6 1  4 . 6 4  1 8 . 9

O r g a n i c  Kjelclahl  N i t r o g e n  {Y5 ) m g /1

Y 5 = 1. 33 - 0 .  0 1 8 2  ( X 2 ) + 0.  0 0 1 4 8  ( X 5 ) 0 . 3 9  1 . 8 8  0 . 8 7

Yg  = 0.  34  - 0.  123 ( l n X 2) + 0.  3 16  (InXg) 0 . 1 3  0 . 4 4  1 . 0 3

Y g = 2. 73  - 0 .  0 0 0 1 5  (X^)  + 0.  0 0 0 5 0  (Xg) - 0.  0 5 4 0  
(Xg)  -  1 . 6 7  ( X i i ) 0.  25  0.  3 4  1 . 1 7

S o l u b l e  O r t h o p h o s p h a t e  (Y&) m g / 1

Yg = 0.  81 - 0 .  0 0 0 0 3  ( X i )  - 5 .  8 9  (X&) + 0.  148 ( X ^ q) 0.  8 4  9. 0 7 »  0.  72

Yg = 1. 8 9  - 0 .  0 0 0 2 8  (X4 ) + 0.  0 0 0 9 0  (Xg) -  0 .  0 0 9 9 8  
( X g )  - 0.  9 40  ( X i i )

Yg = 4. 15 + 0. 773 (InXi) + 1. 84 (InXg) - 1. 94 (InXjo)

0 . 4 5  0 . 8 1  1 . 5 1

0 . 3 0  0 . 7 1  1 . 53



TABJ-iE 3 8 - - Continued

E q u a t i o n  

T o t a l  S o l i d s  (Y?)  rn g /1

Yy  = - 6 0 9  + 6 2 9  ( I n X i )  - 5 4 1  ( InXg)  - 87. 1 ( InXg)
- 3 4 5  ( I n X i i )

Y y  = 1 7 9 4  - 0 . 0 4 1 1  ( X i )  + 0.  151 ( X 3 ) - 109  (Xg)
- 1 1 9 4  ( X i i )

Y y = 38 - 2 7 4  (InX^) + 119 (InXg)  + 73.  4 ( InX^g)

F i x e d  So l id s  (Yg) mg /1

Yg = - 15 70  1 146 4  ( I n X i )  - 1435  ( InXg)  + 82 .  I 
( InXg)  - 2 43  ( I n X j i )

Y g = 11 63  - 0 .  0 3 0 4  ( X i )  + 0.  106 (Xg)  - 9 3 .  5 ( X g )

- 8 0 7  ( X i i )

0.  78

0.  73

0.  42

0 . 80

0.  72  

0.  57Yg = 1 0 4  + 166  (I11X 3 ) - 2 4 2  ( InXg)  + 8 6 . 7 ( InXy)

S u m m e r  ( J u l y ,  A u g u s t ,  a n d  S e p t e m b e r )  

T o t a l  C o l i f o r m  ( V j )  t h o u s a n d s / 100  m l

Y 2 = - 1 3 6 8  + 6 3 2  ( X g )  + 5 .  7 5  ( X g )  0 .  4 0

F  V a l u e  1

3. 50

2. 72  

1 . 2 2

4. 09

2. 58  

2. 17

Std.  E r r o r  
o f  E s t i m a t e

2 5 5

281

3 68

J81

2 1 6

241

3.  01 4 6 9 3



TABLE 3 8 - - Continued

E q u a t i o n

= 103 0  - 0.  5 4 0  ( X i )  + 1. 73 ( X 3 ) t 109 9  ( X g )

- 1739  ( X u )

Y i  = 4 1 , 6 4 0  - 3 5 . 3 6 0  ( InX^) + 3 5 , 7 3 0  (InX^) - 2 4 1 3  
( InXg)  - 160  ( I n X u )

F e c a l  S t r e p t o c o c c u s  (Y^) t h o u s a n d s  /  100  m l

Y 2 = 165 - 0.  0 1 0 4  (Xq)  + 0.  0 3 1 0  ( X 3 ) - 9.  1 7 (Xg)
- 114 ( X ^ j )

Y g  = 8 1  4  0.  0 0 1 8 6  ( X 3) +  0.  0 6 7 1  ( X ? )  -  0,  0 4 2 5  (Xg)

Y 2 = - 170 + 21 9  ( I n X i )  - 22 8  ( InXg)  + 46 .  4  ( InXg)
- 4 3 .  8 (I11X 1 3 )

B O D - - 5  D a y  ( Y 3 ) m g / I

Y 3 = 9 9 . 0 - 80 .  6 ( I n X j )  +81 .  8 (B1X 3 ) - 1 1 . 7  ( InXg)
+ 3.  23 ( I n X j  1)

Y 3 = 1 . 5  + 0.  0 0 0 5 2  ( X 3) - 0.  0 0 1 9 4  ( X 3 ) + 1. 2 4  ( X g )

+ 10.  3 ( X u )

Y 3 = 20 .  1 - 0 .  6 6 8  (1:1X 3) + 2. 05 ( InXg)  - 0.  5 6 6  ( InXg)

0.  55  

0.  41

0.  36 

0 . 20

0.  19

0.  4 4

0.  32  

0 . 20

F  V a l u e  

2.  15 

1. 23

1 . 0 0  

0 . 68

0 . 4 1

1. 40

0.  81 

0 . 66

Std.  E r r o r  
of  E s t i m a t e

4 6 0 5

5 2 7 2

59

61

66

5.  5

6 . 1 

6 . 2



T A B L E 3 8 - - Continued

E q u a t i o n  F  V a l u e   ̂ Std.  E r r o r
o f  E s t i m a t e

C O D  (Yq)  m g / 1

Y q  = 9 . 5  +  3 .  8 5  ( X g )  + 0 .  0 0 7 6 3  ( X 5 ) + 2 5 .  4  ( X j i )  0 . 7 7  8 . 7 0 * *  9 . 2

Y q  = 2 5 .  5  -  0 .  0 0 3 7 9  ( X j )  + 0 .  0 1 3 0  ( X 3 ) -  0 .  3 2 1  ( X g )
• l l 7 . 4 ( X i i )  0 . 7 8  6 . 3 0 *  9 . 4

Y 4 = 41 .  7 I 9 . 21 ( l n X 2) - 0 .  109  (10X 5 ) + 11.  3 ( I n X j ^ )  0 . 5 3  2 . 9 5  1 3 . 0

O r g a n i c  K j c l d a h l  N i t r o g e n  (Yg)  m g / 1

Y g  = - 1. 79 I 4 .  6 7  ( I n X i )  -  5 .  0 5  ( I n X g )  + 0 . 8 1 3  ( I n X g )
- 1 . 0 7 ( l n X i i )  0 . 7 7  2 . 4 5  0 . 4 3

Y g  = 3 .  68  -  0 .  2 9 0  ( I n X g )  + 0 .  0 6 2 4  ( I n X ^ g )  0 .  4 6  2 ,  1 0  0.  51

Y 5 = 1.  59  -  0 .  0 0 0 0 4  ( X g )  + 0 .  0 0 7 6 7  ( X ^ g )  0 ,  4 2  ! . 8 2  0 .  5 3

S o l u b l e  O r t h o p h o s p h a t e  (Y&) m g / 1

Y/  = 3.  27  - 0 .  0 0 0 2 4  (Xq) + 0.  0 0 0 7 7  ( X 3 ) - 0.  171
( X g )  -  2 .  1 1  ( X i i )  0 . 7 2  1 . 9 0  0 . 5 8

Y g  = 0 .  8 1  -  0 .  729  ( I n X y )  +  0 .  668  ( I n X g )  0 .  2 2  0 .  7 0  0 .  7 5

Yg = 1. 81 - 0. 00347 (Xy) + 0. 00058 (Xg) 0. 20 0. 63 0. 75



T A B L E  3 8 - -  C o n t i n u e d

F  V a l u e  1 Std.  E r r o r
o f  E s t i m a t e

E q u a t i o n  

T o t a l  S o l i d s  (Y?) m g / 1

Y Y = 701 + 0.  0 1 3 4  ( X i )  - 6 6 . 7 (Xg)  - 0.  132  (Xg)  0.  7 4  7.  40->

Y y = - 2 0 7  + 70 .  4  ( I n X j )  - 2 0 6  ( InXg)  + 60 .  3 ( InXg)  0.  70  6 . 28=:=

1 7 1  

1 8  1

0 . 7 5  5.20=:= 178
Y y  = - 2 5 2 2  + 2 2 5 7  ( I n X j )  - 2 1 9 2  ( I 11X 3 ) + 178 ( I n X g )

-34 .  6 ( InXi j)

F i x e d  S o l i d s  (Yg)  m g / 1

Yg  --= - 1 3 8 1  I 13 24  (InX^) - 1 3 0 8  (I11X 3 ) + 107 ( InXg)
~ 8 5 . 2 ( l n X n )  0 . 7 7  5.95=:= 95

Yg = 161 I 71. 1 (InXg) -60 .  3 ( InXg)  - 79 .  5 ( InXg)  0. 56  3. 42  123

Yg = 5 8 5  - 0.  0 0 8 0 0  ( X , )  1 0 .  0 3 1 7  ( X . )  - 5 3 .  1 (Xg)
- 2 3 0  ( X i i )  0.  63  2. 94  121

^ L e v e l s  o f  s i g n i f i c a n c e :
'i' 9 5  p e r c e n t  l e v e l

9 9  p e r c e n t  l e v e l

vO



APPENDIX E

EXAMPLE CALCULATIONS 

This appendix gives selected example calculations using the best  

re gres s io n  equations.  The f i r s t  example problem involves the use of 

the "concentrat ion" equations whereas  the second problem demon

s t r a te s  the use of the "pollution load" equations.

The use of the "concentrat ion" equations will yield resul ts  in 

pounds per  acre  per  season.  Season as used here  re fe rs  to a th ree  

month t ime period.  (Fall; October,  November,  and December;  

Winter:  January,  February ,  and March;  Spring; April ,  May, and 

June; Summer : July, August,  and September.  ) It mus t  be r e m e m 

bered  that the equations were developed using s to rm  water  volumes 

calculated f rom precipi tat ion records  in the Tulsa,  Oklahoma, a rea .  

Therefore,  if used in other a reas ,  appropr iate adjustments mus t  be 

made, to account for  an increase  or  decrease  in seasonal  precipi tat ion.
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P r r b l e m  No. I: Seasonal Concentrations

BOD (mg/1)

F o r  winter ,  the best  BOD equation is:

Yj  = 91.5 - 75.8 (Ir.X^) (ir.Xj) - 10.5 (InXg)

- 0.243 (InXjj) F Value =12.53

The ranges of values for the independent var iables  describing the 

twelve tes t  si tes are:

Symbol Min. Max. Item

^ 1 676 7 9 0 7 8 Population

^3 180 22943 Number of household units

Xg 0.38 7.81 Commercial  es tabl i shments/  
commerc ia l  ac re

^ 1 1 0 . 11 0 . 9 4 Environmental  Index (El)

Using the above l imi ts ,  the minimum calculated BOD would be;

Yj =  9 1 . 5 -  75.8 ln(79C"8) r  ?d . 6  ln(180) - 10.5 ln(7.81)

- 0.243 ln(0. 94) = - 387. 2 mg/1 

The maximum BOD would be:

Yj = 91.5 - 75.8 ln(676) + 76.6 ln(22943) - 10. 5 ln(0.38)

- 0. 243 ln{0. 11) = 377.4 mg/1

F r o m  these resul ts ,  i t  would at  f i r s t  appear that the range between 

possible min imum and maximum values is exceedingly la rge .  

However,  the variables X^ and Xg are  not entirely independent of 

each other ( i . e . ,  the ratio of population to the number  of housing 

units is fair ly constant),  and the actual, probable range of l imiting
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values would be much sma l le r .  To test  ' h e  -imits for the Tulsa 

tes t  si tes,  it is n e c e s sa ry  to subs', t i u l o  pairs of values for  and 

Xg (both values taken f rom t h e  same 'cs', areal into the regress ion  

equation. If this substitution is made, the ranges of values for the 

second and third te rms  a re as follows:

Limit  -75.8 (InXyi 1-76.6 (InXs) Watershed

Minimum -9c. I Coal East

Maximum -56.2 Indian

The l imits  on the BOD values calculated f rom the r egres s io n  

equation now become:

Minimum:

Yg = 9 1 . 5 -  96.1 - 10.5 ln(7.81) - 0.243 ln(0.94) =

- 2 6 . 2 m g / 1

Maximum:

Yg = 9 1 . 5 -  56.2 - 10. 5 ln(0. 38) - 0. 243 ln(0. 11) = 

46. 0 mg/1

It can easi ly be seen that,  although the equation may yield 

er roneous  negative values for the BOD, these new l imi ts  are fa r  

more  reasonable than the ones originally calculated.

The following results  a rc given for  two of the test  watersheds:  

Mingo: Y^ = 91. 5 - 75.8 ln(790?8) r  76.6 ln(22943)

- 10.5 ln( l .  17) - 0.243 ln(0.43) = 4.3 mg/1 

(actual value: 5 mg/1)
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Coal East: Y, = 91. 5 - 75. 8 ln(c7o] t  76. 6 ln( 180) - 1 0 . 5

In(O.lS) - 0.243 IniO. 81) = 5 . 6  mg / i

(actual value: 5 mg/1)

The regress ion  equation, therefore,  .-cems to be a significantly

accurate predictor  for the BOD concentrat ion.

Total Coliform (thousands / ICO ml)

The best  total coliform equation for fall is:

= 1402 4 135 (InXg) - 43l (..nXjg) F Value = 8.79

The l imit s for the dependent variables  are:

Symbol Min. Max. Item

%2  0.28 8 . 30 Population density (people/
total acre)

Xj^g 0. 96 50,49 Pe rcent  s t ree t s

Corresponding l imit s on the dependent var iable would be: 

Minimum:

Yj = 1402 4 135 ln(0.28) - 436 ln(50.49) = - 480 

(thousand / 100 ml)

Maximum:

Yj = 1402 4 135 ln(8 . 30) - 436 ln(0. 96) = 1705

(thousand / 100 ml) (maximum of 12 t es t  si tes

studied: I. 390, 000 /100 ml)

Examples for specific t es t  a reas :

Indian: Y'j = 1402 4 135 ln(4. 62) - 436 In(50. 49) = - 101 
tho usand /100 ml (actual value: 79, 700/ 100 ml)
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Fiat  Rock; = 1402 -  135 >,(1.86) - 436 ln(2. 59) =

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

100 mil

It appears that this regress ion  equatu tan  be used to indicate 

trends  in the total ccl iform concentrat ions,  but resul ts  mu s t  be 

inte rpre ted  with cautton, especial ly near  the l imits  of the 

independent var iables .

Feca l  Streptococcus (thousands / 100 ml)

The best  multiple regress ion  equaucn  for fecal s treptococcus  for 

fall is;

Y2 = 40: T 55., 2 (lnX2 l - I t '  (InXiQ) F  Value = 14.32

The l imits  for  the inaeper.dont var iab les  a re  the same as in the 

example for total col iform above. Corresponding l imi t s  on the 

dependent variable are;

Minimum;

Y2 = 46l n 55. 2 >.(0.28) - l b '  >(50 .49)  = -259 

(thousand/ICO ml)

.Maximum.

Y2 V 4ct T 55. 2 >.(8.30) - 167 îr.(0.28) = 590

(thousar.a / 100  ml) (maximum of test  a rea s  

studied; 5 14, 000/ 100 ml)

Examples for  the Tulsa test  a re a s ;

Indian; Y z 46b -  55. 2 lr.(4. 62) - 167 >(50.49) = -104
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( thousand/100 ml) (actual va lue. 4, 440/ 100 ml)

Coal East: Y, = 4t - 'E .2  28i - IcO lr.(0.9c) = 403

(thousarü 100 in'i (actual value. 34c 000/

1 0 0  m l )

As in the case of the ’otal 'olt torrn , qua' ter. , special cauttcr. must  

be u s e d 'v h t r  inte r p r c  : r p re .su.'e v  pa r t t . u la r  near  the' Iceve-r 

limit c; value s p re c i . ' e d  b\ tine r, ç r. -s.:.n equal ten.

COD imc/1)

For  sprtnc,  the b-s :  COD equa'te:

2 74.9 _ 0.0CS4b iXO - 0.0268 (X:;) - 4.21 i.Xg) - 33.8 

( X ^ l  F Value - 1 = ., 4 1

Limits  1er the variable s Xg arc Xj^ are the same as in the sample 

problem for BOD:

Svmbol Mi-.  Max. Item

Xg 0.38 ~.8I Commerc ia l  es tab l i shments /
co m m er ' l a l  acre

Xjj^ 0.11 0. "4 Environmental  Index (El)

The minimum and max:mum vale.es of the second and third t e rms

in the equation, must be appl :e c cr.lv -vhen. pairs of values of X ^

and X^ I rcm the same ’va'e-rshtd are examined. The ranges of

values for 'he sc two te rm s  are found 'o be:

Limit - 0.00848 (Xll - 0.0288 (X3) Watershed

Minimum - 10. I Flat  Rock

Maximum 74.5 Dirty Butter
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The result ing j imi ts  on the dtpender. '  variable are:

Minimum;

Y_̂  = 74. 9 - 10. 1 - 4.21 I ' .  81) - 33. 8 (0. 94) = 0 mg/1 

Maximum:

Y = 74. 9 + 74. 5 - 4.21 (0.38l - 33. 8 (0. 11) =

144 mg/1 (max:mum ci test  a reas studied:

10 I mg/1)

Examples lor  Tulsa drainage sheds.

Flat Rock: = '4 .  P - 0.0G843 (13805) + 0.0288 (3717)

- 4.21 tO. : I'l - 33.8 (0.11) = 58 mg/1 (actual 

value. ( 5 mu/1)

21st Strec i. Y^ = "̂ 4. Q - 0.0C848 (2C604) + 0.0288 (8282)

- 4. 21 ((.  38) - 33.6 (0.48) = 96 mg/1 

(actual value: 9t mg/1)

It appears  that this equatior can be used as a reliable predic tor  of 

COD concentrat ions.  Unlike "he bacte ria l  equations, this 

r egress ion  equation does not seem par t icular ly res t r ic ted  near  

the minimum values of the pred i ' t ion  range.

Organic Kjcldahl X:t rcger (mg/i)

The best  regression equation for organic Kjeldahl ni trogen for

winter  is:

Y5 = 1.45 - 0. 238 (X/| - 0.0399 (X^q) F  Value = 2.58
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Ranges for indepc-r.dt rr. va r: able s:

Symbol Min. Max. Iiem

0. 94 12.88 Residential  density
(households/ res.  acre)

XjQ 0.9c 50.49 Percent  s t reet s

Corresponding l imits  on the dependent variable;

Minimum;

= 1.45 + 0 .238 (0.94, - C.0399 (50.49) =

- 0. 34 mg / i

Maximum;

Y= = 1.45 0.238 (12. 8 8 ) - 0.0399 )0.96) = 4.48 mg/1

(maximum of 12 test  a rea s  in Tulsa; 2.86 mg/1) 

Examples for Tulsa watersheds;

Joe: Y- = 1.45 t  0. 238 (2.87) - 0.0399 (17.57) z 1.43 mg/1 

(actual value; 1.02 m g / 1)

21st Street:  Y_ = 1.45 0. 238 (11. o8) - 0.0399 (48.28) =

2.30 mg/1 (actual value; 2.8c mg/1)

Although special  caution should be exerc i sed  in tes t  a reas  having 

a high percentage of s t ree t s ,  the regre ss i on  equation seems to be 

of some use in est imating t rends in organic Kjeldahl nitrogen 

concentrat ions.

Soluble Orthophosphate (mg/i )

The bes t  soluble orthophosphate equation for  spring is:

Y^ = 0 .  81 - 0.00003 (X^) - 5. 89 (X^) 4 0. 148 (X^q)

F  V a l u e  - 9 . 0 7
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Ranges of values for  -.rdtacr.cc-nr variat!c-s:

Symbol

Xi

X.

X 10

Min.

67t

0 . 0 1

0 .

M a x . Item

10. 0"8 Population

Commerc:a;  es tab l i shments / 
total ac re

?C.4-- Per ren l  s tree ts

Corresponding limits on ; hi dipirri.  

•Minimum:

• a riablc :

Y z 0 . 8 1  - O . OOC C 3  ; - Ô . 8 9  t l . 2 i l  T Û .  1 4 8

(0. I - - b. mg/I

Maximum.

Y; - 0 .8 i  - C. 00003 ((.Tc - b .; (0.01) - 0 .  148

:50.49i - 8. 20 mg/1 (maximum of 12 test 

drainage basins.  5.42 mgCl 

Examples for Tulsa -vati rshi d s :

Indian. Y = 0.81 - 0.00003 (951) - 5.89 (1.21) -  0. 148 

I 50. 49l = 1. 12 mu /I I actual value: 0.8~ mg/i) 

Mingo: Y = 0.81 - 0.00003 |790:8) - 5.89 (0.03) 4 

0.148 (12 .74| - 0. M mg/1 (actual value. 0.72 mg/1) 

21st Street:  Ŷ  = 0. 81 - 0.00003 (20c04) - 5. 89 (0.47) +

0. 148 (48. 28) = 4. 5~ me/I  ( a f u a l  value:

5.42 mg/1)

Although the ext remely lo-v value ( - 8 . 53 mg/i) obtained for the 

minimum soluble orthophosphate concentration %-ouid appear to
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cast  doubt on the equaticr. s appiicabiit ty,  the actual  calculated 

values lor  the Tulsa wat. rshcds are sa- : sfactori ly accura te .  The 

reason for the aooarer.i  d;s ' re pane v is that the var iables  X, andr . q,

X|Q are  not irceper.cer.: of i a .. h e'n. r 'lie re is a high cor relat ion

bet 'veen the density cl i omme rc :ai . .'-ai)', : shmer.t s and the

percentage of s t ree t s  I cor relat ion -oiificier. t  = 0.8241. .-Is a

consequence,  e.xtreme va'.ues te r .X and X , .  tend to cancel each
! 10

e ther,  and the regress ion , qua tic' . -a : ;.h used lor  valid

predict ions .

Total Solids ' mg/11

Fo r  summe r, the best equation ic r tots'  so, tes is;

Y r  = TOI  ^  0 . 0 1 3 4  i X , i  - c c . -  ( X g ,  - 0 .  1 3 2  ( X ç )

F Value  ̂ ' . 4 0

Ranges of values 1er  irce pe rdent va n a b ' , s.

Svmbol Min. Max. It cm

Xj c ' c  TO, 0 '8  Pc pul at ion

X„ 0.38 ' . 8 1  Commerc ia l  es tabl i shments/
o . .commerc ia l  acre

Xg 23 4, 580 Street a r ea  (acres)

Corresponding l imits  on thi dependent variable;

Minimum;

V- = TOI - 0.0 134 (cTc) - r t.  '  ( ' .81) - 0. 132 

( 4580) - - 415 mg/',
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Maximum:

Y, -  "Cl -  G . 0154 |-ÇC"8, -  U . ~  iC. 38) - 0. 152 (23) % 

1"32 mc/1 (ma.x:m^m c: 12 rest a reas :  .C48mg/1) 

Examples lo r  the Tulsa -A-are r s h i c s .

M:r /c :  Y. - " 0 1 -  0,0134 ,-O0"8, - (1. 1") - 0, 132

(4-8C) = l O ' S m ; , !  (ar "..al value. i048 mg/ : |

2 1 s t  Srr, er. Y .  = "Gl  ̂ O.Cl.W i2Ct04| -  tO."  (6.38) -  0.132 

(12 3') - 388 m,: , 1 ai lual value: 330 mg/1)

The regr t  s.s;r.r t cuar: r.- s, , ms c - . , aua: r .  re bc ar accurate 

p re c ’.crcr .  The Ic-v valu, l - - 11. mu; ' i  .al.  ula'.ec :or the minimum 

l:m:r or rhv regr,  ss:t : , Q u a " :  r .a- ht expia.ned  :r a manner 

analocous ro Tnt ix ample :3 r s. l u h l o r r h e  pnc -phare. Because of 

rhe high cor  ri la:: r ber-.-e. : 'ht pc:p-. , l . t  : (X,) and the art-a of 

svreers i X ,1 , hruh valu. , r st er :.c a; c leur 'h r e r ms  tend to 

cancel each cther .

F i x e d  Sel  rds  ( m g ;  1)

The b' st equation 1er i:.\t c m 1 : d s (summer) is:

Y : - 1 381 -  1324 , lnX|l  - 1.-08 (InX;) -  10" (InXg) 

- 8 3 . 2 C r X , i )  F 2 5 . 0 5

Rang, s o; valu, s 1er th. ; r n .  p. - ■;.• rr variables:

Svmbol M m . .Max. Item

1324 (InX ) - 1308 (IrX;) l l f  3 183: X^ = Population" Xg =
No. of household units

Xg 0.38 ' . S i  Commerc ia l  es t .  /
commerc ia l  acre
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Symbol Min. Max.

0.11 0.94 Environmental Index
(El)

Corresponding l imit s on the dependent variable:

Minimum:

Yg = -1831 - llfc3 r  107  In (0. 38) - 85. 2 ln(0. 94) =

- 327 mg/1

Maximum:

Y = -1381 T 1835 T 10 ' 81) - 8 5 . 2  ln(0.  11) =

862 m g / ’ (maximum of 12 Tulsa test  a reas :

660 mg/ (  I 

Examples for Tulsa drainage basins;

Indian: Yg = - 1381 - 1324 ln(4511 - 1308 in(425) 4 107 

ln(7.8Ti - 85.2 1 n(0.401 = SO mg/1 (actual value:

140 mg/ i )

Flat  Rock: Y g  ̂ - 1381 r  1324 ln( 13805) - 1308 ln(3717)

4 107 l n ( 0 . 7 I )  - 85.2 ln(0. 11) = 640 mg/1 

(actual value: ctO mg/1)

This regress ion equation, therefore,  compares favorably with the 

others  in its accuracy as a predictor .

Problem No. 2: Seasonal  Loadings 

BOD ( I b /a c re / s ea so n )

The best  regress ion  equation for  BOD loadings (fall) is:
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L.  = 2.20  ̂ 0 . ' 32  ( X j  - C. 000 17 (XJ  F Value = 30.2.9

The ranges of the independent variables for r.he 12 Tulsa test

•watersheds are:

Symbol Min. Max. Item

X^ 0 .94 12.88 Residential  density (people/
to*al acre)

Xg 23 4,580 Street a rea  (acres)

The corresponding '.imits on the dependent var iable would be:

} l inimum :

L j  = 2.20 T 0.732 (0.94, - 0.00017 (4580) = 2. 1 lb/  

ac r e / season ^minimum cf test  watersheds :  2 . 8  

Ib/ac r<. / season)

Maximum:

L,  % 2.  20 -  0.732 (12. 8 8 ) - G.00C17 (23) = 11.6 lb/  

ac re / sea son (maximum cf test  watersheds:  1 1 . 6

Ib/ac re /season)

Examples for the Tulsa area:

Mooser:  L3  ̂ 2. 20 -  0.732 (1.28) - 0.00017 (676) = 3.0 lb/  

a c r e / s e a s o n  (actual value: 2 . 8  lb /ac re / se aso n)  

21st Street;  L ,  = 2.20 -  0. 732 (11. 6 8 ) - 0.00017 (1236) = 

10.5 lb/ac r e / season (actual value: 11.6 1b/ 

ac re / season)

Of all  the multiple re gre ss i on  equations,  this one was found to be 

one of the mos t  rel iable pred ictors  of seasonal  loadings.
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COD ( Ib /acre/ season)

The best  seasona l regression equation for COD loadings (winter) 

was found to be;

= 9 .6 + 4.35 (X ) T 0.00132 (X^) F Value = 18.65

Ranges for the independent variables are the same as in the 

previous example for BOD loadings. Corresponding l imit s on the 

dependent variable are:

Minimum:

= 9 . 0  T 4.35 (0.94) - 0.00132 (23) = 13.7 l b / a c r e /  

season (minimum of 12 test  watersheds:  13.3

l b / a c r e /  season)

Maximum:

L j ,  = 9.6 T 4. 35 ( 1 2 .  8 8 ) + 0. 00132 (4580) = 71.6 lb/  

a c r e / s e as o n  (maximum of tes t  watersheds:

67.4 Ib /acre / season)

Examples  for specific drainage basins:

Indian: = 9 .6 4 4.35 (12.88) + 0.00132 (104) = 65.7 lb/

a c re / s eas o n  (actual value: 47.7 Ib /acr e / sea son)  

Mingo: = 9 .6 + 4.35 (2.72) + 0.00132 (4580) = 27.4 lb/

a c r e / s e a s o n  (actual value: 27.2 Ib /acre / season)  

Although this multiple regres s io n  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 Nitrcgfr.  ( lb/ a c r e / seasoni

Fo r  organic Kjeidahl n i i r c g t r  leadings., the best regress ion  

equation (summer) is;

L 5 = - 0 . 6 3  f  0 . 9 3 8  (mX^) - i. 01 (inX^) - 0 . 3 ? 2  (inXg) t  

0. 955 (InX^g) - 1.54 ('-"-X-,;. F Value - 53.72

As in several  e a r l i e r  sample cal rulauor.s dealing with pollutant 

concentrat ions it  is n eces sa ry  te co n s i d er  the second and third 

te r m s  in the equation simultaneous 'v o r c e r  to achieve a 

meaningful est imate of the l imit s for the dependent variable.  The 

limiting values for the second and thi rd  te rm s  a re  as follows: 

Limit 0.938 (IrXi) - 1.. 01 (Ir.Xi;) Watershed

Minimum 0. 20 5 21st S t reet

Maximum 0.868 Coal East

Ranges for the other  independent var iables:

Symbol Min . Max. Item

X 5 13 1205 No. of commerc ia l
estab li shments

XjQ 0 . 9 6  50.49 P e r c e n t  s t ree t s

Xj ĵ  ̂ 0.11 0 . 9 4  Envi ronmental  Index (El)

Corresponding l imi t s on the dependent variable:

Minimum:

L -  - - 0. fc3 4 0. 205 - 0.  372 In (1205) 4 0. 955 In

(0.96) - 1. 54 in (0 . .94) - - 3.01 Ib / a c r e / s e a s o n
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Maximum:

L s  = - 0 . 6 3  4 0 . 8 c 8 - 0 . 3 7 2  iu(I3)  4 0 .  955 ln(50.49) - 1. 54 

ln.(0.1I) = 6.43 Ib/ac rc / s ca son  (maximum of Tulsa 

tes t  watersheds:  2 . c 8 lb / ic re / season)

Examples for w’at:r. 'h.-,ci Tul ; a :

Indian: = - 0.  63 4  0.938 jr.(051) - 1.01 ln(425) - 0. 372

:n(250) 4 0. 955 in(5ü. 49) - 1. 54 1n(0.40) =2 . 7 9  

I b / a c r e / s e a s o n  (actual value: 2. 68  l b / a c r e / season) 

Joe: L- = - 0 . 6 3  4  0 . 9 3 8  :n(42221) - 1.01 ln(12770)

- 0. 372 ln(530) = 0.955 in(I7.  57) - 1.54 1n(0.66) = 

0. 85 lb /a  e r e / s e a s o n  (actual value: 0.76 l b / a c r e /  

season)

Of all regress ion  equations der ived for pollution loadings, this 

equation had the highest  level  of s tat is t ical  significance.

Soluble Orthophosphate (Ib/ac re / season)

F o r  spring,  the bes t  equation for soluble orthophosphate loading is: 

= 2 . 2 3  - 0 . 0 0 0 2 2  (X^)  4  0.00029 ( X - )  4  0.0102 (Xj)

- 0.0440 ( X ) - 0. 538 (X^^) F Value = 9.42

Once again,  the minimum and maximum values of the second and 

third te rm s  in the equation mus t  be considered  simultaneously.

The ranges of these te rm s  a re  found to be:

Limit  - 0 . 0 0 0 2 2  (Xi) 4  0.00029 ( X i )  Watershed 

Minimum -10.74 Mingo

Maximum - 0.09 Indian
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Ranges of values for the other  three  variables a re  the same as in 

the preceding problem for organic Kjeldahl nitrogen. Limits for 

the dependent variable are:

Minimum:

= 2.23 - 10. 74 T 0.0102 (13) - 0.0440 (50.49)

- 0.538 (0. 94) = - 11. 11 Ib /a c re / s e a so n

Maximum:

Lè = 2 .2 3  - 0. 09 T 0.0102 (1205) - 0.0440 (0.96)

- 0. 538 (0.11) = .4 .33  Ib / a c re / s e a so n  

(maximum of test  watersheds : 10 . 21  lb / a c r e /

season)

The l imi ts  on the dependent variable a re  actually somewhat 

art i f icial ,  especial ly since the number  of household units is 

highly co r r e la ted  with the number  of commercia l  establishments 

as well  as the total  population (see independent variable 

cor relat ion mat r ix  on page 90). It is much more meaningful to 

compare  the calculated loadings with the actual loadings for 

specific watersheds :

21st Street: = 2 .2 3  - 0 . 0 0 0 2 2  (20604) + 0.00029 (8282)

+ 0 . 0 1 0 2  (1205) - 0.0440 (48.28) - 0. 538 

(0.48) = 10.01 I b / a c r e / s e a s o n  (actual value: 

10.21 Ib /acre / season)



New Block: L,  = 2. 23 - 0 . 0 0 0 2 2  (8372) + 0 .0 0 02 9  (2823) 4 0 . 0 1 0 2
0

(60) - 0.0440 (18.26) - 0. 538 (0 .42)   ̂ 0.7Q l b / a c r e /  

season (actual value: c . 13 ib /ac re / season)

It can be seen that this equation is sctr.' -vhat less  accurate than the 

previous equations for BOD, COD, and organic Kjeidahl ni trogen 

loadings.

Total Solids ( Ib /acre / season)

The regress ion  equations for iota! >o! c? leadings for all  four 

seasons are;

Fal l :  = 1110 - 9 4 . 5  (Xg) 2 6 . 5  (Xg) - 0 . 0 0 1 4 6  (Xg) - 328

( X l l )  F Value = 0 . 3 5

Winter: Ly = - 322 - 16c (InX,) + 6 9.5 (InXg) 4 126 (InX^)

- 130 (InXii) F Value = 5.12

Spring: L_ = 1906 t  116 (X^) - 9 2 . 2  (Xg) t  0.0749 (Xg)

.  1522 ( X ^ )  F  Value = 12.37

Summer : L_ = - 69 - 154 ( InXJ 4 141 (InXq)

F Value = 6.69 

Ranges of values for the independent variables:

Symbol Min. Max. Item

X, 0. 28 8 . 30 Population density (people/
total  acre)

X4. 0 . 9 4  12.88 Residential  density
(households/ res.  acre)

Xg 0. 38 7.81 Commerc ial  es t .  /
commerc ia l  ac re

X^ 23 4, 526 St'ec-t a r e a  (acres)
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Symbol M:n. Max. Item

O. l i  0 .94 Er.viro.nmenral Ir.dex (El)

Corresponding l imi tat ions en the total solids loadings for the four 

seasons would be:

Season Minimum (Ib/ae r e / s e a s c r j  Maximum ( Ib/acre /season)

Fall  21 1254

Winter -353 385

Spring -21 1 3009

Summer - 21 1129

Examples for  tr.vo Tulsa wat<. rsheds:

Ca; eu
Watershed Season (Ib/ac

lated Load Actual Load 
rc / sea son) ( ib/acre/ season)

Cherry Fai: 93c 2446

Winter c lc 703

Spring 1213 U03

Summe r 622 796

Joe Fall 494 660

Winter 420 492

Spring 1449 1576

Summe r 813 1139

With the exception of the equation for fall. the four seasonal

regress ion  equations appear to be reliable predictors of t rends :

the total solids loadings.


