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PREFACE 

The o b j e c t i v e  of t h i s  p r o j e c t  was t o  determine the  q u a l i t y  c h a r a c t e r i s t i c s  

of stormwater d ra in ing  from an urban land dra inage  bas in  i n  North Caro l ina  a s  

in f luenced  by t h e  n a t u r e  of land use  on t h e  b a s i n ,  A number of a r e a s  i n  North 

Caro l ina  and elsewhere a r e  confronted wi th  the  need t o  r e q u i r e  h igh  degrees of 

water  q u a l i t y  management, Urbanizat ion of a  reg ion  has  an e f f e c t  on the  q u a l i t y  

of i t s  stormwater, The purpose of t h i s  s tudy was t o  determine q u a n t i t a t i v e  

r e l a t i o n s h i p s  between d i f f e r e n t  land-use p a t t e r n s  and consequent d i f f e r e n c e s  i n  

the  water  q u a l i t y ,  

The drainage bas in  s e l e c t e d  has an a r e a  of 1,67 square mi l e s  and is  i n  t h e  

upper por t ion  of t h e  Cape River  Basin of North Caro l ina ,  Res iden t i a l ,  commercial 

and i n d u s t r i a l  a c t i v i t i e s  on t h e  s e l e c t e d  bas in  a r e  r e p r e s e n t a t i v e  of t h e  urban 

land-use p a t t e r n  i n  North Caro l ina  c i t i e s  and towns, The s p e c i f i c  o b j e c t i v e s  of 

t he  f i r s t  year  were t o  i n s t a l l  a gaging and sampling s t a t i o n  on t h e  o u t l e t  of t h e  

major bas in  and t o  i n i t i a t e  sampling and a n a l y t i c a l  procedures t o  c h a r a c t e r i z e  

t h e  q u a l i t y  05 water  d r a i n i n g  from t h e  bas in  and i t s  two major c o n s t i t u e n t  bas ins ,  

The s p e c i f i c  ob jec t ives  proposed f o r  t he  second year  included sqbd iv i s ion  of t h e  

major b a s i n  i n t o  a  number of subs id i a ry  b a s i n s ,  t h e  o b j e c t i v e  being t o  charac te r -  

i z e  t he  q u a l i t y  of water  d ra in ing  from each sub-basin and at tempt  c o r r e l a t i o n  of 

i t s  q u a l i t i e s  w i th  i t s  p a r t i c u l a r  land use ,  

The s u b j e c t  s tudy was approved on J u l y  2 9 ,  1968, and e f f o r t  was i n i t i a t e d  on 

August l, 1968, Although o r i g i n a l l y  conceived a s  a three-year  p r o j e c t ,  i t  was 

decided t o  end t h e  p r o j e c t  on June 30, 1970, by i ssuance  of t h i s  f i n a l  r e p o r t ,  

A pre l iminary  r e p o r t  of progress  on t h i s  p r o j e c t  w a s  presented a t  t h e  1 8 t h  

Southern Water Resources and P o l l u t i o n  Cont ro l  Conference, North Caro l ina  S t a t e  

Univers i ty  (lie The paper w a s  e n t i t l e d :  "Urban Hydrology, Wastewater Treatment 

and Stream Po l lu t ion , "  Much of the  d e s c r i p t i v e  m a t e r i a l  i n  t h i s  s e c t i o n  of t he  

r e p o r t  i s  e x t r a c t e d  from t h i s  paper,  





INTRODUCTION 

The Southeast  i s  proper ly  cha rac t e r i zed  a s  having been "blessed" wi th  adequate 

q u a n t i t i e s  of r a i n f a l l  provided t o  us almost uniformly throughout the  year ,  Our 

major water  problems have been and a r e  being so lved  by c o n t r o l  of s t reams t o  

a l l e v i a t e  f looding  and cons t ruc t ion  of r e l a t i v e l y  smal l  r e s e r v o i r s  f o r  water  s t o r a g e  

t o  balance minor i n e q u i t i e s  between supply and demand, Our cu r r en t  and f u t u r e  

problem w i l l  be t h e  p r o t e c t i o n  of t he  q u a l i t y  of t h e s e  waters  i n  t h e  f a c e  of urbani- 

z a t i o n  and i n d u s t r i a l  expansion, Urbanizat ion and i n d u s t r i a l i z a t i o n  of North 

Caro l ina  w i l l  take p l ace  a t  a  time i n  h i s t o r y  when we can b e n e f i t  from t h e  experi-  

ence and knowledge t h a t  reg ions  which urbanized and i n d u s t r i a l i z e d  e a r l i e r  were 

wi thout ,  

The Ci ty  of Durham i s  a r e p r e s e n t a t i v e  urban community i n  t h i s  reg ion ,  This  

s tudy t o  c h a r a c t e r i z e  i t s  s tomwate r  provides information gene ra l ly  a p p l i c a b l e  t o  

similar communities, Durham's p o s i t i o n  nea r  t h e  headwaters of i t s  water  supply 

s t ream, s t r a d l i n g  the  d i v i d e  between two major r i v e r  dra inage  b a s i n s ,  and i t s  favor- 

a b l e  topography f o r  n a t u r a l  d ra inage  have combined t o  n a t u r a l l y  f a v o r  a  high degree 

of s epa ra t ion  between storm and s a n i t a r y  wastewater c o l l e c t i o n  and t r a n s p o r t a t i o n  

systems and t o  r e q u i r e  excep t iona l ly  high degrees of s a n i t a r y  and i n d u s t r i a l  waste- 

water  t reatment  p r i o r  t o  d ischarge  of e f f l u e n t s  t o  r ece iv ing  s t reams,  Secondary 

t reatment  has  been p r a c t i c e d  f o r  many yea r s ,  and s t u d i e s  have been underway f o r  

yea r s  t o  provide the  design b a s i s  f o r  t e r t i a r y  methods i n  advance of t h e i r  probable 

need when cons t ruc t ion  has  been completed f o r  t he  Neuse and New Hope Reservoi r  

p r o j e c t s  e a s t  and south  of Durham, The amount and n a t u r e  of urban s t o m w a t e r  

inc luding  i t s  con t r ibu t ion  of p o l l u t a n t s  from urban a r e a s  t r i b u t a r y  t o  t h e s e  

r e s e r v o i r s  w i l l  b e  d e s i r a b l e  information p r i o r  t o  commitment of ex t ens ive  f inan-  

c i a l  resources f o r  cons t ruc t ion  and ope ra t ion  of t e r t i a r y  and o t h e r  s e p a r a t i o n  and 

t reatment  f a c i l i t i e s ,  

The hydro logic  c h a r a c t e r i s t i c s  of an a r e a  a r e  determined by i t s  c l ima te  and 

s t r u c t u r e ,  Consequently, any change i n  t h e s e  p r o p e r t i e s  of an a r e a  w i l l  a f f e c t  

i t s  hydrology, The term " s t ruc tu re"  inc ludes  phys i ca l ,  geo log ica l  and b o t a n i c a l  

f e a t u r e s  of the  a r e a  such as topography; s u r f a c e ,  shal low subsur face  and deep s o i l  

and rock types and formations;  t h e  amount and kind of vege ta t ion  covering the  

reg ion  and land development f e a t u r e s ,  



Usbanlzaition does no t  u sua l ly  a f f e c t  b a s i c  dra inage  topography m d  h y d r a u l i c  

c h a r a c t e r i s t i c s  of deep formations,  However, its e f f e c t  upon su r f aee ,  t o p s o i l ,  and 

land  cover f e a t u r e s  i s  usua l ly  cons iderable ,  Hydrologic p r o p e r t i e s  a f f e c t e d  by 

changes i n  l and  use  ine lude  volume and r a t e  s f  runof f ,  peak flow c h a r a c t e r i s t i e s  

and water  qua l f ry ,  The significsiaace o f  t h e  q u a n t i t a t i v e  changes must u sua l ly  be 

considered by t h e  engineer  and p lanner  in t h e  design of dra inage  s t r u c t u r e s  t o  

s e rve  t h e  a r e a  m d e r  develspment, Bc3wever, t he  e f f e c t  sf land  development on water  

q u a l i t y  i s  n o t  usua%ky considered dur ing  t h e  cons t ruc t ion  phases s fnee  t h e  e f f e c t  

h a s  l i t t l e ,  i f  any, d i r e c t  bea r ing  upon design and economy of f a c i l i t i e s  m d  

s t r u c t u r e s  of t he  a r e a  under deve%opment, Water degradat ion is  an 'kx t te rna l i tysB 

t h a t  i s  t r a n s f e r r e d  t o  and may adppersely a f f e c t  downstream Band owners and water  

u se r s ,  Stomwatese h a s  been t ~ o d i t f o m a l f y  considered t o  be only  a  q u a n t i t a t i v e  

problem, Its a v a i P a b f l f t y  has been d e l i b e r a t e l y  u t i l i z e d  t o  absorb ( d i l u t e )  san i -  

t a r y  and i n d u s t r i a l  wastewaters in desf gn of s a n i  t a r y  and combined wastewater 

co l l ec t f s f i  systems, 

A r ecen t  r e p o r t  (1967) of t h e  Federa l  Water P s l l u t i s n  Control  Administrat ion 

prepared by the  American Pub l i c  Works Assbefat ion (2) d i sc losed  t h e  e x t e n t  t o  

which t h f s  problem has gram, It w a s  egtimated t h a t  almost one - f i f t h  of our 

cu r r en t  popukatfon 2s s e  ed by combined sewers,  The accmuPated coa t  of separa- 

t i o n  was es t imated  as f a l l i n g  somewhere between 30 and 48 b i l l i o n  d o l l a r s  depend- 

i n g  upon the  degree t o  which s e p a r a t i o n  would be aehfeved, I n  t hose  systems 

served by treatmsnk: f a c i l i t i e s ,  an i n d i c a t i o n  was obtained t h a t  t rea tment  f a c f l f -  

t i e s  were bypassed about  ten  percent  of t he  time f o r  a number of reasons inc lud ing  

r 0 ~ Q b e  maintenance, inadequate  plane capac i ty ,  i n a b i l i t y  t o  operate because of 

h i ah  k ive r  scage and the  Judgment t h a t  " rece iv ing  s t ream flow (was) of such 

magnitude t h a t  t reatment  i s  n o t  deemed necessary  by l o c a l  o f f i c i a l s , ' '  The 

r e p o r t  f u r t h e r  concluded t h a t  Pew of t h e  j u r i s d i c t 5 o n s  surveyed have monitored 

the  quan t i t y  and q u a l i t y  sf combined sewer overflows, Of over 600 j u r i s d i c t i o n s  

surveyed, only 61 r epo f t ed  some measurements of t he  quan t i t y  of t h e i r  overflows, 

and 54 fmdfsated t h a t  some q u a l i t y  t e s t s  had been made, These gene ra l ly  were of  

l i m i t e d  dura t ion ,  

I n  a pre l iminary  appraisal of t h e  pollfut%ona% e f f e c t s  of s t o m w a t e r  and over- 

flows from combined sewer systems (31,  t he  P u b l i c  Heal th Serv ice  es t imated  i n  $964 

t h a r  59 mil%$on people occupy l and  served  by sewer systems which al low such over- 

flows, Ê1Pe volumetr ic  magnitude of t hese  overf%owe was es t imated  t o  be t h r e e  t o  

f i v e  percent  of t he  untreated s a n i t a r y  wastewater on an annual b a s i s o  During 

2 



storms t h e  overflow w a s  suggested a s  being composed of up t o  95 percent  un t r ea t ed  

wastewater,  Testimony of Howells during hea r ings  be fo re  t he  Natura l  Resources and 

Power Subcoma$ttee of the  House Committee on Government Operations i n  1963 sug- 

ges ted  the  problem was more s e r i o u s  than ind ica t ed  by s t r i e t l y  volumetr ic  da t a ,  

He c i t e d  d a t a  from Buffalo,  New York, which i n d i c a t e d  t h a t  f l u s h i n g  a c t i o n  of 

stormwater on deposi ted s o l i d s  i n  t h e  c o l l e c t i o n  system r e s u l t e d  i n  t h e  d i s -  

charge without  t reatment  of about one-third of t h e  c i t y ' s  annual  product ion of 

s o l i d s  i n  c o n t r a s t  t o  a volume of between two and t h r e e  percent  of t h e  annual  f low,  

I n  a d d i t i o n  t o  t h e  obvious and l a r g e  problem r e l a t i n g  t o  t h e  d i r e c t  d i s -  

charge of t r e a t e d  and un t r ea t ed  s a n i t a r y  and i n d u s t r i a l  wastes  t o  r ece iv ing  water  

v i a  s t o m ,  s a n i t a r y  and combined sewers,  t he  use  t o  which land  i s  placed i t s e l f  

has  a d i r e c t  e f f e c t  upon t h e  q u a l i t y  of water  d ra in ing  from t h e  l and ,  Changes i n  

land  use may, t h e r e f o r e ,  a f f e c t  no t  only t h e  quang i t a t i ve  y i e l d  c h a r a c t e r i s t i c s  

of a  dra inage  bas in  b u t  t h e  q u a l i t y  of i t s  stormwater, Considering t h e  b a s i n  a s  

a  t o t a l  system, the  s u r f a c e  s t ream and i t s  impoundments a r e  i n d i f f e r e n t  i n  t h e i r  

response t o  the  sources  of p o l l u t i o n ,  whether they  a r e  un t r ea t ed  wastewaters ,  

t rea tment  p l a n t  e f r ' luents  o r  washoff and seepage from urban and a g r i c u l t u r a l  l and ,  

We have f o r  many yea r s  ignored stormwater a s  a  source  of p o l l u t a n t s ,  We 

can, however, expect t h a t  i n  t ime t h e  q u a l i t y  of s t o m w a t e r  w i l l  d e t e r i o r a t e  suf -  

f i c i e n t l y  ts r e q u i r e  t reatment  t o  minimize o r  e l imina te  i t s  p o l l u t i o n a l  e f f e c t  

on our  l a k e s  and s t reams,  Only a genera t ion  ago i t  was suggested t h a t  " d i l u t i o n  

i s  the  s o l u t i o n  t o  p o l l u t i o n , "  The bypass of s a n i t a r y  wastewaters t o  s torm 

drainage channels was no t  only pe rmis s ib l e  dur ing  surcharge  of t h e  combined 

systems of our c n t i e s ,  it was good des ign  p r a c t i c e ,  Now we a r e  g iv ing  c a r e f u l  

thought t o  the e f f e c t  of t hese  bypass d ischarges  on t h e  s t ream, s t o r a g e  r e se r -  

v o i r s  between the  source and t h e  ocean and t h e  ocean i t s e l f ,  We have learned  t h a t  

even t h e  oceans do n o t  have an i n f i n i t e  capac i ty  t o  absorb every th ing  we can 

p l ace  i n   hem, It se rves  a  u s e f u l  purpose t o  keep making t h e  p o i n t  c l e a r  t h a t  

an unavoidable consequence of t h e  use  of water  f o r  any purpose is  d e t e r i o r a t i o n  

of i t s  q u a l i t y ,  

We have over  t h e  yea r s  become accustomed t o  recogniz ing  t h e  changes i n  water  

q u a l i t y  which occur when we d e l i b e r a t e l y  withdraw water  from a source ,  use  and 

r e t u r n  i t ,  We can no longer  Pee l  too comfortable even when our  r ece iv ing  environ- 

ment a s  t he  ocean i t s e l f ,  We have achieved t h e  perhaps f i n a l  d i s t i n c t i o n  of 

having t h e  c a p a b i l i t y  t o  o l l u t e  our f i n a l  p o l l u t i o n  s i n k ,  When t h e  wor ld ' s  

capac i ty  f o r  absorp t ion  of p o l l u t i o n  i s  exceeded, t h e  spec i e s  known as "man" 



will begin t o  move toward e x t i n c t i o n ,  E t  is  p o s s i b l e  t h a s  an equi l ibr fum l e v e l  

of populatfon and c a p a b i l i t y  t o  p o l l u t e  may be e s t a b l i s h e d  and t h e  spec i e s  may be  

saved from ex t inee ion ,  This  i s  the  most o p t i m i s t i c  p o i n t  of view p o s s i b l e  today, 

The problems of urban reg ions  and i n d u s t r y  i n  bogh i s o l a t e d  l o c a t i o n  wi th  

r e s p e c t  co water  supply and wastewater d i s p o s a l  and a s  p a r t  of a met ropol i tan  

complex are important  and deserve  our  a t t e n t i o n ,  Recent ly,  a t t e n t i o n  h a s  been 

focused upon two a d d i t i o n a l  sources  of p o l l u t i o n ,  v i z ,  a g r i c u l t u r a l  and urban 

land s t o m w a t e r  dra inage ,  It i s  understandable why these  two sources  were given 

r e l a t i v e l y  l i t t l e  a r t e n t i o n  i n  t h e  p a s t  and why they a r e  c u r r e n t l y  be ing  given 

so much, They shave t h e  common d f s t i n c t i o n  of being d i f f u s e  r a t h e r  than  po in t  

sources  of p o l l u t f s n ,  A s  such, they a r e  n o t  a s  r e a d i l y  i d e n t i f i e d ,  c h a ~ a e t e r i z e d ,  

and q u a n ~ i f i e d ,  

We can f o r e s e e  t h e  time when a l l  po in t  sources of p o l l u t i o n  w i l l  have been 

i d e n t i f i e d  and t echno log ica l ly  and economically f e a s i b l e  c o r r e c t i v e  measures 

wf91 have been appl ied  t o  t h e s e  wastewaters ,  Treatment beyond t h a t  commonly 

cha rac t e r i zed  as of secondary degree w i l l  b e  t h e  order-of-the-day and f u r t h e r  

improvement of our  s u r f a c e  waters  w i l l  r e q u i r e  t he  e o l f e c t f o n  and rreatment  of 

a%B waters  from sources  which c o n t r i b u t e  p o l l u t i o n a l  substances i n  concentra- 

t i o n s  and t o t a l  q u a n t i t i e s  above those  found t o  be accep tab le  t o  t h e  r e c e i v i n g  

environment, B e t t e r  knowledge of t h e  amount of d i f f u s e  p s l l u t f o n  from urban and 

a g r f e u l t u r s l  Band a r e a s  i s  a cu r r en t  need a s  a l o g i c a l  p r e r e q u i s i t e  t o  an under- 

s tanding  of ~ t s  p re sen t  r o l e  i n  s t ream p o l l u t i o n  and t o  s e rve  as a guide f o r  

poss ib l e  c o r r e c t i v e  measures when such measures become appropr i a t e  w i t h  r e s p e c t  

ro  time and p l ace ,  Such s t u d i e s  have the  a d d i t i o n a l  va lue  of p l ac ing  i n t o  

pe r spec t ive  t h e  immediate demands we p l ace  upon our p o i n t  sources w i th  r e s p e c t  

t o  regufremenr f o r  addftzfonal t rea tment ,  

Each drafnage b a s i n  can be  expected t o  p re sen t  a somewhar d i f f e r e n t  p a r t e r n  

of r a r e  of degrada t ion  w i t h  r e s p e c t  t o  i t s  s t o m w a t e r  dra inage ,  Urban a r e a s  a r e  

now the  p l ace  where t h e  v a s t  ma jo r i t y  of t h e  n a t i o n ' s  people l i v e ,  While the 

mfgra t ian  of t h e  popula t ion  frow farms t o  c i t i e s  appears t o  have reached i t s  

end f o r  t h e  United S t a t e s  i n  gene ra l ,  of p a r t i c u l a r  importance t o  North Caro l ina  

l o  t h e  s t i l l  expected " r e l a t i v e l y  smal l  surget0 of i t s  f a m  popula t ion  t o  t h e  

s f t i e s  ( 4 1 ,  Urban a r e a s  themselves a r e  changing with r e spec t  r o  popula t ion  

d e n s i t i e s  and other fndfces  of Band use ,  

Hr is f n r e r e s ~ i n g  t o  r e f l e s t  upon the  way we have responded t o  management 

of o x  water  resources  systems, The evo lu t ion  of dra inage  systems s t a r t e d  



e s s e n t i a l l y  wi th  the  n a t u r a l  s u r f a c e  dra inage  and s t o r a g e  elements i n  e x i s t e n c e  

when t h e  e a r t h  took i t s  f i n a l  form, Changes i n  form r e s u l t e d  from e ros ion ,  

s i l t a t i o n ,  land s h i f t ,  subsidence,  u p l i f t ,  g l a c i e r s ,  and o t h e r  n a t u r a l  phenomena, 

When man s e t t l e d  and popula t ion  c e n t e r s  grew, h igh  ground was a t  f i r s t  occupied 

and develaped, Gradual occupat ion of lower l e v e l s  and f i n a l l y  t h e  n a t u r a l  f l ood  

p l a i n s  of s t reams made cons t ruc t ion  of storm condui t s  e s s e n t i a l ,  s t a r t i n g  wi th  

t h e  fo rma l i za t ion  of open channels and progress ing  t o  t h e  combined and s e p a r a t e  

systems i n  ex i s t ence  today, 

The discovery of t h e  r o l e  of s a n i t a r y  wastewaters i n  t h e  spread of water- 

borne d i sease  and the  need f o r  i t s  s a f e  conduction t o  p o s i t i o n s  of d i s p o s a l  l e d  

t o  the  use of e x i s t i n g  s torm dra inage  channels and condui t s  f o r  t r a n s p o r t a t i o n  

of s a n i t a r y  and i n d u s t r i a l  was tes ,  Recognition of t h e  e f f e c t  of un t r ea t ed  com- 

bined wastewaters on the  r ece iv ing  environment l e d  t o  s epa ra t ion  of stormwater 

and t reatment  of s a n i t a r y  and i n d u s t r i a l  wastewaters p r i o r  t o  d i sposa l ,  It i s  

now recognized t h a t  i n t e n t i o n a l  and inadve r t en t  d i scharge  of combined waste- 

waters  can i n  many in s t ances  no longer  be permi t ted ,  Perhaps the  u l t ima te  s o l u t i o n  
r 

t o  t h i s  problem w i l l  b e  t h e  cons t ruc t ion  of p l a n t s  t o  t r e a t  e n t i r e  r i v e r s  t o  

i n s u r e  removal of r e s idues  from wastewater t reatment  p l a n t  e f f l u e n t s  and pol lu-  

t i o n a l  substances from d i f f u s e  sources  such a s  urban and a g r i c u l t u r a l  land 

dra inage ,  Such works may be e s s e n t i a l  t o  p r o t e c t  e x i s t i n g  and planned r e s e r v o i r s  

from l o s s  of capac i ty  and d e t e r i o r a t i o n  of q u a l i t y  a s  a  r e s u l t  of s i l t a t i o n  and 

eu t roph ica t ion ,  

A proposa l  be ing  considered by the  Ci ty  of Chicago f o r  so lv ing  i t s  combined 

wastewater problem i s  an i n t e r e s t i n g  approach ( 5 ) ,  The Chicagoland Deep Tunnel 

P r o j e c t  sugges ts  e o U e e t i o n  and s to rage  of p o t e n t i a l  overflow water  d ra in ing  from 

the  300-square-mile p o r t i o n  of t h e  c i t y  served by combined sewers dur ing  s torms 

which would otherwise r e s u l t  i n  overflows, The water  would be s t o r e d  i n  caverns 

30 f e e t  by 60 f e e t  i n  s e c t i o n ,  from 10 t o  20 mi l e s  i n  l eng th  and loca t ed  800 

f e e t  below ground l e v e l ,  One m i l l i o n  cubic  f e e t  of s t o r a g e  capac i ty  p e r  mi le  of 

length  would be  provided, Stormwater would be  p a r t i a l l y  t r e a t e d  be fo re  s t o r a g e  

and pumped from the  tunnels  f o r  f u r t h e r  t reatment  p r i o r  t o  s u r f a c e  d ischarge  

during pe r iods  between s torms,  P a r t i a l l y  o f f s e t t i n g  t h e  c o s t  of cons t ruc t ion  and 

opera t ion  of t h i s  one-b i l l ion-dol la r  p r o j e c t  would be  t h e  va lue  of reclaimed 

water ,  Addi t iona l  economy would r e s u l t  from des ign  of wastewater t rea tment  

p l a n t s  f o r  average r a t h e r  than peak flow t o  meet requi red  s tandards  of e f f l u e n t  

q u a l i t y ,  Rock produced dur ing  cons t ruc t ion  of t h i s  g i g a n t i c  pub l i c  works p r o j e c t  



would be a v a i l a b l e  t o  s a t i s f y  the  a r e a ' s  need inc luding  t h a t  of provid ing  s u f f i -  

c i e n t  f i l l  m a t e r i a l  t o  c o n s t r u c t  a l a r g e  a i r p o r t  i n  Lake Michigan, 

L i c e r a m r e  - Background - 

Ir is evident  from examination of l i t e r a t u r e  r e l a t i n g  t o  s t o m w a t e r  runoff  

t h a t  whi le  quantitative a s p e c t s  have rece ived  major a t t e n t i o n ,  t h e  q u a l i t y  

m p e c t s  have n o t  been e n t i r e l y  ignored,  I n  1961 the  United S t a t e s  Pub l i c  Heal th 

Serv ice  i n i t i a t e d  a program of r e sea rch  aimed s p e c i f i c a l l y  a t  the  cha rac t e r i za -  

t i o n  of s ~ r i c t l y  s t o m w a t e r  runoff  from urban a r e a s ,  As p a r t  of t h e i r  background 

work, an ex tensfve  annotated b ib l iography of a b s t r a c t s  was prepared and 

maintained (61, 

In  1964 WelbeE, Andeleon, and Woodward ( 7 )  summarized work conducted i n  

D e r m f t  by Palmer (8) on t h e  q u a l i t y  of s t o m  runoff  c o l l e c t e d  i n  ca tch  bas ins  

(19501, I n  rhese  s t u d i e s  BOD va lues  ranging from 96 t o  234 rng/E, t o t a l  s o l i d s  

from 310 t o  914 mg/L and m l i f o r m  counts  (MPN) from 25,000 t o  930,000/100 m l  

were repor ted ,  Also c i t e d  were s t u d i e s  i n  England ( l954) ,  Msscow (3.9361, 

S e a t t l e  (1959-601, Stockholm (1945-48) and P r e t o r i a  (P96l) ,  Wefbel concluded 

t h a t  ", , p o l l u t a n t  concent ra t ions  i n  urban l and  runoff  a r e  s i z e a b l e ,  Thei r  

s i g n f f f c m c e  i n  a p a r t i c u l a r  environment depends on t h e  s i z e  of t he  a r e a ,  t h e  

hydrology, and t h e  r ece iv ing  water  and i t s  use ,"  With r e spec t  t o  BOD and COD, 

t h e  runoff  water from an usban area s tud ied  i n  C inc inna t i  was "not what could 

be  c a l l e d  decent  d i l u t i o n  warer,  I n  f a c t ,  t h e r e  i s  not  much t o  recommend ( i t )  

as such on the  b a s i s  of any of t he  phys i ca l ,  b i o l o g i c a l  and biochemical  parameters ,  

The BOD and COD average out at 3.9 and 99 mg/L, r e s p e c t i v e l y ,  about t h e  l e v e l  of 

secondary sewage p l a n t  e f f l u e n t  q u a l i t y ;  suspended s o l i d s  average 210 mg/L, 

which i s  about  he concent ra t ion  i n  raw sewage," While t h e  v o l a t i l e  suspended 

s o l i d s  r e l a t i v e  t o  t o t a l  was "lower than  f o r  s a n i t a r y  sewage, t h e  concen t r a t ion  

i t s e l f  exceeds t h a t  of sewage p l a n t  e f f l u e n t , "  Thei r  work included obse rva t ions  

of n i t r a t e s ,  n f t r f t e s  and o rgan ic  n f t rogen  and t o t a l  phosphates a l l  of which were 

repor ted  a s  being " s i z e a b l e , ' Y n  comparison wi th  t y p i c a l  domestic wastewater  

i t  was suggested t h a t  suspended s o l i d s ,  v o l a t i l e  suspended s o l i d s ,  COD, BOD, 

phosphate and n f t rogen  i n  t h e  stormwater would be  140, 44, 25, 6 ,  9 ,  and 11 

percen t ,  r e s p e c t i v e l y ,  of t he  amounts i n  s a n i t a r y  wastewater,  I n  comparison 

wi th  t r e a t e d  e f f l u e n t ,  i t  w a s  es t imated  t h a t  annual stormwater runoff  might 

c o n t r i b u t e  a BOD load  averaging 60 percent  of t h a t  which would be  discharged 

from a secondary wastewater t rea tment  p l a n t  s e rv ing  a s i m i l a r  a r e a ,  It was 



suggested t h a t  information w a s  needed from a v a r i e t y  of environments i n  o rde r  t o  

o b t a i n  some measure of waste loadings  from urban a r e a s  a t t r i b u t a b l e  t o  stormwater 

runoff ,  
6' Addi t iona l  information r e l a t i n g  t o  p e s t i c i d e s  and o t h e r  contaminants i n  ra in-  

f a l l  and runoff  (9)  and t h e  p o s s i b i l i t i e s  of t rea tment  of urban stormwater and con- 

s i d e r a t i o n s  r e l a ~ i n g  t o  i t s  d i s p o s a l  (10)(11) r e s u l t e d  from t h i s  r e sea rch ,  An 

i n t e r e s t i n g  observation was made a s  t o  t h e  content  of both ino rgan ic  n i t r o g e n  and 

hgdro8yzable phosphate i n  ra inwater ,  Both c o n s t i t u e n t s  were found a t  concentra- 

t i o n s  i n  excess  of  "Sawyer's t h re sho ld  l e v e l s  f o r  a l g a l   bloom^^'^ 

En a very r ecen t  (1969) p u b l i  c a t i o n  (12) , Weidner and h i s  col leagues r epo r t ed  

r e s u l t s  of s t u d i e s  of r u r a l  land runoff  a s  a f a c t o r  i n  s t ream p o l l u t i o n ,  Thefr  

r e s u l c s  a r e  encouraging i n  t h a t  whi le  r u r a l  land runoff  was shown t o  be a s i g n i f i -  

can t  f a c t o r  i n  p o l l u t i o n  of r ece iv ing  bodies  i n  water ,  "desp i t e  an i n c r e a s e  i n  

t h e  amount of f e r t i l i z e r s  appl ied  under improved (farming) p r a c t i c e s ,  t h e r e  was a 

marked decrease i n  t h e  amount of p o l l u t i o n a l  load  as con t r a s t ed  t o  t h e  load  from 

watersheds us ing  p r e v a i l i n g  p r a c t i c e , "  





Basin Charac t e r i za t ion  and Ins t rumenta t ion  

The b a s h  s e l e c t e d  f o r  t h i s  s tudy i s  t h e  uppermost a r e a  d r a i n i n g  i n t o  what 

becomes known as Third Fork Creek, a  p a r t  of the  New Hope, Haw, and Cape Fear  River 

system, I t s  no r the rn  boundary i s  t h e  p r i n c i p a l  d i v i d e  s e p a r a t i n g  t h e  Neuse from 

ehe Cape Pear  River dra inage  b a s i n ,  East and west boundaries of t h e  bas in  enc lose  

an a r e a  of approximately l , 6 7  square mi les ,  Sur face  dra inage  from t h e  b a s i n  con- 

verges  v i a  a network of sma l l  channels j o i n i n g  e s s e n t i a l l y  w i th in  t h e  conf ines  of 

a  f lood-p la in  park  Fores t  H i l l s  Pa rk ) ,  

Included w i t h i n  t h e  b a s i n  i s  a po r t ion  of t h e  c e n t r a l  bus ines s  d i s t r i c t  of 

Durham, a tobacco process ing  and manufacturing p l a n t ,  a shopping c e n t e r ,  h igh  and 

low dens i ty  housing d i s t r i c t s  of vary ing  q u a l i t y ,  a cemetary, churches,  s c a t t e r e d  

commercial bus ines s  es tab l i shments ,  p u b l i c  schools  and ex tens ive  open space devoted 

p a r t l y  t o  r e c r e a t i o n a l  purposes,  An expressway under cons t ruc t ion  dur ing  t h i s  

p r o j e c t  per iod  through t h i s  a r e a  gave i t  a  t y p i c a l  c o l l e c t i o n  and mixture of what 

i s  going sn i n  many urban c e n t e r s ,  The storm dra inage  system on t h i s  b a s i n  i s  t o  

a  l a r g e  e x t e n t  exposed, 

This bas in  was s e l e c t e d  f o r  s tudy because of i t s  convenient l o c a t i o n  and a s  

being r e p r e s e n t a t i v e  of rhe  p a t t e r n  of land development i n  c i t i e s  and towns of 

t h e  Piedmont reg ion  of the  Southeas t ,  A l o c a t i o n a l  map of t h e  p r i n c i p a l  dra inage  

b a s i n  inc lud ing  i ~ s  f u r t h e r  subdiv is ion  i n t o  s m a l l  u n i t s  i s  suppl ied  a s  F igure  1, 

Aw. a e r i a l  photograph of t he  s e c t i o n  of Durham inc luding  t h e  bas in  s tud ied  i s  

suppl ied  as Figure  2 ,  Being r e p r e s e n t a t i v e  of t he  urban c e n t e r s  of North Caro l ina ,  

i t  was f e l t  t h a t  r e s u l t s  of s t o m w a t e r  c h a r a c t e r i z a t i o n  from s tudy  of t h i s  b a s i n  

would be a p p l i c a b l e  t o  o rhe r  urban a r e a s  i n  North Caro l ina ,  I n  a d d i t i o n ,  t he  

topography and p a t t e r n  of urban development seemed t o  o f f e r  t h e  p o t e n t i a l  of 

subd iv i s ion  of t h i s  bas in  i n t o  smal le r  u n i t s  each wi th  s u b s t a n t i a l  d i f f e r e n c e s  

i n  s p e c i f i c  land use  which i n  t u r n  would permit  c h a r a c t e r i z a t i o n  of t h e i r  r e l a t e d  

stormwaters as eons t i t u e n t s  of t h e  whole, 

Severa l  a l t e r n a t i v e  l o c a t i o n s  f o r  t h e  p r i n c i p a l  gaging s t a t i o n s  were con- 

s i d e r e d ,  The l o e a t i o n  and o t h e r  d e t a i l s  wi th  regard t o  t h i s  p r o j e c t  were d i scussed  

wi th  U,S, Geological  Survey personnel  i n  Raleigh; Ci ty  of Durham Departments of 

Water Resources, Recreat ion and Pub l i c  Works; and t h e  Ci ty  of Durham P u b l i c  Works 

Csmrdttee of t h e  Ci ty  Council ,  Approval f o r  cons t ruc t ion  of t h e  gaging s t a t i o n  

ao t h e  p re sen t  s i t e  was granted by a c t i o n  of t h e  Durham Ci ty  Council on 
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October 3 ,  1968, Construct ion of t h e  s t a t i o n  was i n i t i a t e d  dur ing  t h e  week of 

October 14 and was e s s e n t i a l l y  completed by November 8 ,  1968, 

The p r i n c i p a l  gaging s t a t i o n  was loca t ed  approximately s i x t y  f e e t  south of 

Fores t  H i l l s  Boulevard, The s t a t i o n  cons i s t ed  of s tandard  U , S , G , S ,  gage house 
P 

provid ing  p r o t e c t i o n  f o r  d i g i t a l  r eco rde r s  f o r  both r a i n f a l l  and s t a g e ,  An 

a r t i f i c i a l  c o n t r o l  was i n s t a l l e d  t o  provide a uniform channel s e c t i o n ,  I n  

a d d i t i o n  t o  t he  punch-tape r eco rde r s ,  a chart- type r eco rde r  was a l s o  i n s t a l l e d  

f o r  guidance during sampling a c t i v i t i e s  and t o  provide information dur ing  t h e  

period of cime requfred  f o r  process ing  of t h e  punched tape ,  

A p r e c i p i t a t i o n  measurement s t a t i o n  was loca t ed  approximately on t h e  c e n t r a l  

l o n g i t u d i n a l  a x i s  of t h e  b a s i n  about two-thirds of t h e  d i s t a n c e  from t h e  s t ream 

gaging s t a ~ i o n  t o  t h e  no r the rn  r idge ,  The s t ream gaging s t a t i o n  and p r e c i p i t a -  

t i o n  measurement s t a t i o n  were i n s t a l l e d  and maintained by the  U,S,G,S,  Raleigh 

Off ice  dur ing  the  course of t h i s  p r o j e c t ,  During t h e  per iod  the  s t a t i o n  w a s  

being i n s t a l l e d  and r a t e d ,  explora tory  sampling and a n a l y t i c a l  work was i n i t i a t e d  

f o r  guidance i n  s e l e c t i o n  of sampling procedures and parameters ,  

The p r i n c i p a l  s t ream and i t s  t r i b u t a r i e s  upstream from t h e  p r i n c i p a l  gage 

a r e  e s s e n t i a l l y  "wet-weather" sttreams, The base flow of t h e  s t ream d r a i n i n g  

t h e  e n t i r e  bas in  i s  Less than  one-tenth of a cubic  f o o t  p e r  secon.d, During a 

storm the  bas in  tended t o  become completely t r i b u t a r y  t o  t h e  p r i n c i p a l  gaging 

s t a t i o n  wi th in  approximately f o r t y - f i v e  minutes and peak d ischarge  r a t e  dur ing  

t h i s  p r o j e c t  was i n  excess  of 700 cubic f e e t  per  second, 

The channel f i l l s  f r e q u e n t l y  dur ing  t h e  course  of  a normal yea r  and overflows 

i t s  banks s e v e r a l  t imes each yea r ,  The channels w i th in  t h e  park a r e  maintained 

by t h e  Ci ty  of Durham and r e q u i r e  p e r i o d i c  removal of sand and s i l t  t o  main ta in  

t h e i r  ca r ry ing  capac i ty ,  Debris lodging i n  c u l v e r t s  must be removed p e r i o d i c a l l y ,  

A por t ion  of t h e  downtown expressway through Durham w a s  under some phase of 

c o n s t r u e t i ~ n  during t h e  per iod  of time covered by t h i s  p r o j e e t ,  The e x t e n t  t o  

which urban renewal and the  expressway cons t ruc t ion  p r o j e c t s  a f f e c t e d  land-use 

c h a r a c t e r i s t i c s  s f  sub-basins W-2B, N-2 and E-2 may be seen  i n  F igure  2,  

Approximately one-third of sub-basin N-2, one - f i f t h  of E-2 and one-twentieth of 

W-2B were a f f e c t e d  by t h i s  a c t i v i t y ,  

To b e t t e r  desc r ibe  t h e  dra inage  b a s i n  s tud ied  and i t s  c o n s t i t u e n t  sub-basins 

numerical ly  f o r  p o s s i b l e  e o r r e l a t i s n  wi th  stormwater q u a l i t i e s ,  a v a i l a b l e  maps 

were s tud ied  and f i e l d  i n v e s t i g a t i o n s  were conducted on t h e  bas in ,  The b a s i c  

bas in  was subdivided i n t o  seven c o n s t i t u e n t  bas ins  and each cha rac t e r i zed  

s e p a r a t e l y ,  



Parameters s e l e c t e d  f o r  bas in  c h a r a c t e r i z a t i o n  were t h e  fol lowing:  Land 

Area, Populat ion Density,  Length of t h e  Main Stream Channel, Average Slope s f  t he  

Main Scream Channelf, Average Slope of t h e  Land Areas, Land Use, Environmental 

B E ~ ~ a ~ i t y w  of t h e  Land Use, and Land Surface  C h a r a c t e r i s t i c s ,  Other c h a r a c t e r i s t i c s  

were considered for p o s s i b l e  eva lua t ion  such as s o i l  type  and amount and kind of 

vege ta ted  cover b u t  were judged t o  be beyond t h e  scope sf t h i s  p r o j e c t ,  While a 

few of t he  c h a r a c t e r i s t i c s  s tud ied  were r e l a t i v e l y  easy to esnceive and determine 

objectively, o t h e r s  were more d i f f i c u l t  and tended t o  be s u b j e c t i v e  i n  c h a r a c t e r ,  

The land  a r e a  of each sub-basin was obta ined  from topographic maps by use  of - 
a plan imeter ,  A l l  d ra inage  d i v i d e s  were v e r i f i e d  by f i e l d  observa t ions  and 

ad jus t ed  on t h e  p.seeliminary map accord ingly ,  Photographs of bas in  f e a t u r e s  and 

ins t rumenta t ion  a r e  p laced  on pages A- l  and A-2 of t he  Appendix t o  t h i s  r e p o r t ,  

Shown a r e  t h e  p r i n c i p a l  gaging s t a t i o n ,  b a s i n  p r e c i p i t a t i o n  measurement s t a t i o n  

and views r e p r e s e n t a t i v e  of t h e  v a r i e t y  of urban development, housing and 

environmental q u a l i t y  p re sen t  on t h i s  dra inage  b a s i n ,  

The popufa t ion  of each sub-basin was obta ined  from t h e  U, S o  Census of Hous- 

ing:  1960 (13) ,  Popula t ion  d a t a  were n o t  ad jus t ed  f o r  any changes between 1960 

and t h e  p r o j e c t  y e a r s ,  1968-70, Normal changes r e s u l t i n g  from b i r t h s ,  dea ths ,  

in-and-out migra t ion  along wi th  d i s l o c a t i o n s  r e s u l t i n g  from urban renewal and 

cons t ruc t ion  of t h e  expressway w i l l  b e  r e f l e c t e d  i n  d a t a  from t h e  1970 Census and 

can be  u t i l i z e d  t o  c o r r e c t  t h e s e  computations f o r  popula t ion  d e n s i t y  when r e s u l t s  

of t h e  I970 Censug become a v a i l a b l e ,  

The Jength o f  each sub-basin's and a e  were determined from 

measurements made on topographic maps, Where t h e  main s t ream branched s f g n i f i -  

e a n t l y ,  t h e  l eng th  s f  each branch and s l o p e  were used t o  compute a "weighteda' 

equ iva l en t  l eng th  and s l o p e  p ropor t iona l  t o  t h e  a r e a  dra ined  by each branch,  

To determine the mean s lope  of t h e  land  i n  each sub-basin, each b a s i n  w a s  - 
div ided  i n t o  s e c t i o n s  of c o n s i s t e n t  land s lope ,  The s lope  of each s e c t i o n  was 

determined and a mean va lue  computed f o r  t h e  b a s i n  by weight ing s e c t i o n s  i n  

aseord  wi th  t h e i r  a r e a ,  Sec t ions  through which t h e  expressway was under eon- 

s t r u c t i o n  were eva lua ted  both  cons ider ing  and no t  cons ider ing  grading  f o r  con- 

s t r u e t i o n  of t h e  expressway, Determinat ion 'of  t h i s  parameter requi red  e x e r c i s e  

OF eons i  de rab le  judgment and i s, thexef o r e ,  r epo r t ed  a s  an approximation, 

Land-use i n f o r m t i  on was s b ~ a i n e d  by f f e l  d i n spec t ion  of i n d i v i d u a l  b locks  

f n  each sub-basfn, The scope of t h e  p r o j e c t  dfd  not  permit development and 

a p p l i c a t i o n  of o b j e c t i v e  c r i t e r i a  f o r  eva lua t ion  of housing q u a l i t y ,  Judgment 



of r e s i d e n t i a l  q u a l i t y  was s u b j e c t i v e  and r e l a t i v e ,  Land-use c l a s s i f i c a t i o n s  

used were: r e e i d e n t i a P  (high,  medium, and low-qual i ty) ,  commercial and i n d u s t r i a l ,  

p u b l i c  and i n s t i t u t i o n a l ,  and unused, S t r e e t s  and roads were considered a s  

belonging t o  t he  l and  use  a s soc i a t ed  wi th  t h e i r  p o s i t i o n  wi th  except ion  of t h e  

expressway which was c l a s s i f i e d  as being p u b l i c  and i n s t i t u t i o n a l  i n  land-use 

cha rac re r  , 

During f i e l d  i n spec t ion  of t h e  bas in ,  a judgment: was made of - environmental - - 

q u a l i t y ,  C r i t e r i a  used i n  a r r i v i n g  a t  a dec i s ion  a s  t o  whether q u a l i t y  was good, 

f a i r  or poor were gene ra l  appearance of land su r f aces ,  presenee o r  absence of 

l a m e  and o t h e r  intended vege ta t ion ,  presence o r  absence of l i t t e r ,  judgment of 

@axe i n  land s u r f a c e  maintenance and such o t h e r  f a c t o r s  as would s u b j e c t i v e l y  

in f luence  t h e  observer  toward a r r i v i n g  a t  a conclusion as t o  t h e  environmental 

q u a f i r y  of t he  a r e a ,  

The a r e a  of each sub-basin was c l a s s i f i e d  i n t o  f o u r  c a t e g o r i e s  of - s u r f a c e  

cha rac t e r ,  These were: paved s t r e e t s ,  s idewalks and park ing  l o t s ;  unpaved 

s t r e e t s ;  roof su r f aces ;  and lawns, undeveloped land  and park a r e a s ,  The procedure 

used was t o  examine t h e  most r ecen t  Sanborn maps (14) of t h e  po r t ion  of Durham 

occupied by the  dra inage  bas in ,  s c a l i n g  dimensions of f e a t u r e s  i n  each of t h e  

f i r s t  three--categories  and c a l c u l a t i n g  t h e  a r ea ,  s u b t r a c t i n g  t h e  sum of t h e s e  

from t h e  t o t a l  a r e a  of each sub-basin t o  ob ta in  the  a r e a  c l a s s i f i e d  i n  t h e  f o u r t h  

category (lawns, undeveloped land and park a r e a s ) ,  

A summary of sub-basin c h a r a c t e r i s t i c s  i s  presented  i n  Table lo Popula t ion  

d e n s i t y  ranged from a h igh  of 15 p e r  a c r e  (E-1, E-2, and W-2) t o  a low of 2 ,6  

pe r  a c r e  f o r  b a s i n  W - l o  The sub-basins a r e  r e l a t i v e l y  s i m i l a r  wi th  r e s p e c t  t o  

channel and land s lope ,  

cons ider ing  t h e  bas in  a s  a whole, 60 percent  is devoted t o  r e s i d e n t i a l  u ses  

wi th  about ha l f  of t h i s  be ing  c l a s s i f i e d  a s  of low q u a l i t y ,  Approximately 20 

percent  is  devoted ts commercial and i n d u s t r i a l  a c t i v i t i e s  and about 20 percent  

t o  pub l i c ,  i n s t i t u t i o n a l  and non-use, Sub-basin E-l i s  e n t i r e l y  Pow q u a l i r y  

r e s i d e n t i a l  i n  d i r e c t  c o n t r a s t  t o  sub-basin W - l ,  which i s  e n t i r e l y  medium t o  

h igh  q u a l i t y  housing wfth cons iderable  park a r e a ,  Sub-basins E-2 and N-2 a r e  

strongPy commercfaP and/or  i n d u s t r i a l  i n  cha rac t e r ,  Sub-basins W-28 and W-2B 

have s t r o n g  components of medium t o  low q u a l i t y  housing, r e s p e c t i v e l y ,  Sub-basin 

N - l  i s  dominantly medium t o  h igh  q u a l i t y  housing i n  ba lance  wfth commercial/ 
i n d u s t r i a l ,  p u b l i c - i n s t i t u t i o n a k  and non-use e f a s s i f i e a t i o n s ,  



Sub-basin E-Y was judged 100 percent  poor,  wi th  r e spec t  t o  envfxonmental 

quaf icy  and i s  i n  d i r e c t  c o n t r a s t  w i th  W-B judged t o  be PO0 percent  good, Basins 

E-2 and W 2 B  r e f l e c t  almost i d e n t i c a l  components of poor q u a l i t y  (about one-half 

of each sub-basin),  Basin N - l  i s  s u b s t a n t i a l l y  good whi le  N-2 and W-2A were judged 

a s  be ing  domfnantly good t o  f a i r  and f a i r  t o  poor,  r e s p e c t i v e l y ,  

En a d d i t i o n  t o  n u n e ~ i c a l  c h a r a c t e r i z a t i o n  of sub-basins,  Table 1 a l s o  pre- 

s e n t s  comparable infomatPcm f o r  t h e  major d i v i s i o n  of t h e  b a s i n  a d  f o r  t h e  

major bas in  i t s e l f ,  During t h e  f i r s t  yea r  of t h i s  p r o j e c t ,  almost a81  sampling 

was conducted at pos ic fons  N,  W, and M ( s ee  Fig,  1 )  which p o s i t i o n s  correspond 

t o  t h i s  major d i v i s i o n ,  

Mag sr d i v i  s f  on " N U h n d  "BWnU have approximately equal  p o p u l a t i  on denaf t i  e s  and 

equa l  percentage of  t h e i r  a r e a s  was judged t o  be environmental ly  good, The wes t  

b a s h  ("Wuq) has  a subs t an t i a fPy  h ighe r  propor t ion  of i t s  a r e a  i n  high,  medium, 

and bow q u a l i t y  housing w i t h  almost no i n d u s t r i a l  usage, Tfbe two major d iv f s fone  

Rave an equal  propor t ion  of  t h e i r  t o t a l  a r e a  i n  p u b l i c / i n s t i t u t i s n a l  use ,  

With r e spec t  t o  land  su r f ace ,  t he  n o r t h  b a s i n  has almost double t h e  propor- 

t i o n  of i t s  a r e a  covered wi th  r e l a t i v e l y  impervious su r f aces  ( roofs  and paved 

Band) i n  eomparfson wfch t h e  west b a s i n  wh i l e  t h e  west b a s i n  h a s  a somewhat l a r g e r  

propor t ion  of f $ s  a r e a  i n  unpaved s t r e e t s ,  During a t y p i c a l  storm, t h e  n o r t h  

bas in  began t o  c o n t r i b u t e  f low t o  p o s i t i o n  I t ~ ' '  from f i v e  t o  t e n  minutes be fo re  

f law was noted from t h e  weet bas in ,  



Table 1 

Sumary of Basin Numexical Charac ter iza t ion  

C h a r a c t e r i s t i c  

Sub,-basin A r e a  - a c r e s  
Percent  of Major Basin 

Populat ion Density - per  a c r e  

Main Stream Length - f e e t  

Main Stream Slope - Percent  

Mean Land Slope - Percent  

Land Use - Percent  of Sub-Basin 
Res iden t i a l  - High Quali ty 
R e s i d e n t i a l  - Medium Quali ty 
Res iden t i a l  - Low Quali ty 

Res iden t i a l  - T o t a l  

Commercial & I n d u s t r i a l  

P u b l i c / I n s t i t u t i o n a l  

Unused 

Deta i led  Basin Sub-Division 

Environmental Qual i ty  - Percent  of Sub-basin 
Good 0 3 0 
F a i r  0 14 
Poor 100 5 6 

Land Surface C h a r a c t e r i s t i c s  - Percent of Sub-basin 

Paved S t r e e t s  & Parking l o t s  5,3 26,6 16,O 

Roof tops  7,2 13 ,5  4,6 

Unpaved S t r e e t s  12,O 3,O 2,5 

Undeveloped (Lawns, park, e t c , )  75,5 56,9 76,9 

Motes: *Basin "Nss cons i s t s  of E-1 ,  E-2, N-1, N-2 - 
**Basin 'QWss cons i s t s  of W-1, W-28, W-2B 

9 9  tP M i s  t h e  e n t i r e  bas in  





Pre l iminarv  S a m ~ l i n e  and Ana lv t i ca l  E f f o r t  

Sampling of t h e  s t ream a t  the p r i n c i p a l  gage and of t he  west and n o r t h  branches 

n e a r  t h e  gaging s t a t i o n  w a s  s t a r t e d  e a r l y  during t h e  f  irst p r o j e c t  yea r ,  Ana ly t i ca l  

e f f o r t  was i n i t i a l l y  d i r e c t e d  toward parameters t h a t  were w i t h i n  t h e  c a p a b i l i t y  of 

the  a v a i l a b l e  l abo ra to ry  f a c i l i t i e s  and gradual ly  expanded as c a p a b i l i t y  was 

increased ,  While on one hand i t  was d e s i r a b l e  t o  i nc lude  a n a l y s i s  f o r  a l l  param- 

e t e r s  f o r  a l l  samples taken, p r a c t i c a l  cons ide ra t ions  r equ i r ed  t h a t  bo th  sampling 

and a n a l y t i c a l  e f f o r t  b e  s e l e c t i v e l y  app l i ed  toward eva lua t ion  of t hose  parameters 

of g r e a t e s t  apparent  importance, Exploratory work inc luded  a n a l y s i s  f o r  t o t a l  

s o l i d s  and t h e i r  l o s s  i n  weight upqn i g n i t i o n  a s  i n d i c e s  of suspended s o l i d s  and an 

e s t ima te  of t h e i r  o rganic  f r a c t i o n ,  The importance of t h e s e  parameters  i n  judgment 

of t he  e f f e c t  of bas in  e r o s i o n  on s t o m w a t e r  q u a l i t y  suggested t h e  d e s i r a b i l i t y  of 

cont inuing t h e i r  d e t e m f n a t i o n ,  

The five-day BOD was explored dur ing  t h e  pre l iminary  phase, D e s ~ i t e  i t s  lid- 

t a t i o n s  and a number of problems t h a t  developed i n  making t h i s  de te rmina t ion ,  a 

dec i s ion  w a s  reached t o  cont inue making t h i s  d e t e m i n a r i o n  as o f t e n  a s  was poss ib l e ,  

R e  problems encounfered included t h e  u s u a l  one of u n p r e d i e t a b i l i t y  of s t r e n g t h  

over  a wide range thus  n e c e s s i t a t i n g  a  wide range of d i l u t i o n s ,  I n  a d d i t i o n ,  some 

evidence of  t o x i c i t y  i n  s e v e r a l  samples was noted,  I n  an at tempt  t o  d e f i n e  t h i s  

problem, a  number of samples were analyzed f o r  presence and concen t r a t ion  of l e a d  

and o t h e r  metal ions ,  While n o t  w i t h i n  t h e  proposed scope of t h i s  i n v e s t i g a t i o n ,  

j o i n t  i n t e r e s t s  i n  i ts i n v e s t i  g a t i  on and the  a v a i l  a b i l i  t y  of s u i  t a b l e  instrumenta- 

t i o n  Ln t h e  Ci ty  of Durham I n d u s t r i a l  Waste Laboratory r e s u l t e d  i n  cons iderable  

information on t h e  concent ra t ion  of l e a d  i n  many samples tgken dur ing  t h e  remainder 

of t h i s  p r o j e c t  per iod ,  

The ChemieaP Oxygen Demand procedure (dichromate r e f l u x )  w a s  i n v e s t i g a t e d ,  and 

pre l iminary  e f f o r t s  were made i n  determining whether t h e s e  r e s u l t s  might be  eor- 

r e l a t e d  wi th  five-day BOD, The usua l  wide v a r i a t i o n  was experienced,  Resul t s  sug- 

ges ted  the  d e s i r a b i l i  t y  of cont inuing both  procedures s o  i n d i  ces  of t h e  concentra- 

t i o n  of chemicaPly and biochemical ly ox id i zab le  ma t t e r  i n  samples analyzed,  

High ch lo r ide  concen t r a t ions  were occas iona l ly  observed dur ing  low flow i n  

the  s t ream and c h l o r i d e  measurements were i n i t i a l l y  adopted a s  r o u t i n e  b u t  d i s -  

continued a f t e r  s e v e r a l  months, High concent ra t ions  during Pow flow were a t t r i b u -  

t a b l e  t o  t h e  d ischarge  i n t o  storm dra inage  channels  of sof tener - regenera t ion  b r i n e s ,  

During s t o m s  t h e  c h l o r i d e  concent ra t ion  was very low and d i f f i c u l t  t o  determine 



because of  high concent ra t ions  of so lnds ,  Delayed a n a l y s i s  t o  al low f o r  c P a r i f i c a -  

t l o n  by aedimen~acion  and e e n t r f f n g a t i o n  proved to be u s e f u l  procedures ,  

ExpPoraEory e f f o r t  was a l s o  i n i t i a t e d  t o  d ~ t e m i n e  the  f e c a l  e o l i f o m  count i n  

samples taken f rm ehe i n f t f a l  saanplfng pos f t fons ,  Tkae membrane f i l t r a t i o n  procedure 

was used, Some Pab3ratory d i f f i c u l t % e s  were experienced i n  main ta in ing  wa te r - t i gh t  a 

s e a l s  f o r  pPas t f c  bags used L O  ene lose  P e t r i  d i shes  dar ing  %nc3bation i n  a  water  

'bath, &I air-Pneubator  was adapted f o r  routane  use ,  The incrnbaror was a forced  

c f r cu lae fon  type  and rapable  of being c i g h t l y  s ea l ed ,  Containers of water  were 

placed i n  t h e  ineubacor  t o  main ta in  a hfgh hasmfdfty durfng incubat fon ,  While t h i s  

procedure was n o t  s tandard ized ,  f c  was more s a t L s f a e t s r y  than  cont inued l o s s  of 

r e s u l t s  from l eak ing  p l a s t i c  bags, Temperature was maintained a t  44,5@C dur ing  

incubat ion  and was checked by a thsrmomecar n e a r  t h e  P e t r i  d i shes  i m e r a e d  i n  a 

f l a s k  conta in ing  water  t o  avoid r a p i d  change whi le  reading,  

Fecal  c o l i f s r w  numbers deCermined da r ing  two surveys of t he  bas in ,  one of which 

was aceompfished dur ing  a  normal, base-flow cond i t i on  and the  other durfng a stom 

which r e s u l t e d  i n  cons iderable  runof f ,  revealed unueuafly hfgh va lues ,  It was 

decided to inc lude  t h i s  de te rmina t ion  a s  o f t e n  as poss ib l e  i n  r o u t i n e  a n a l y s i s ,  A 

r e p e t i t i o n  o f  t h e  b a s i n  survey fol%swing an extended per iod  E£ dry weather r e s u l t e d  

i n  such h%gh numbem (up t o  2 , 4  m i l l i o n  per  100 ml) t h a t  f u r c h e r  f n v e s t f g a t i o n  of 

t h e i r  o r i g i n  was i n i t i a t e d ,  ne source  was e v e n ~ u a l f y  t raced  EQ a broken ten-inch 

sanfeary  sewer on Sub-basin N=H, which was %mmediateHy r epa i r ed  by Ci ty  of h r h m  

personnel ,  A l l  a n a l y t 5 e a l  d a t a  p r i o r  t o  t h e  d a t e  of r e p a i r  f o r  t h e  North and 

Mixed Sampling p o s i t i o n  must be judged wi th  eons ide ra t ion  given t o  t h e  in f luence  

of t he  presence of a  break i n  t h i s  Pine,  (See Mote below) 

Expioratory e f f o r t  was a l s o  d i r e c t e d  toward measurement of borh s o l u b l e  and 

t o t a l  phosphare, organic n i t r o g e n  and n i t r a t e  n f t m g e n ,  Of t h e s e  only s o l u b l e  

and t o t a l  phosphate w a s  adopted f o r  r o u t i n e  a n a l y s i s ,  

I n  summary, parameters s e l e c t e d  f o r  r o u t i n e  e x m i n a c i s n  as p o s s i b l e  from eon- 

s i d e r a t i o n  of t h e  number of samples taken from a n a l y s i s  and time a v a f l a b l e  included:  

T o t a l  So l id s ,  VolatfBs Praetiow of T o t a l  So l id s ,  Chemical Oxygen Demand, Biochemical 

Oxygen Demand, ChHoride, Soluble  Phosphate, T o t a l  Phosphate,  Feca l  C o l i f o m  Count 

and Lead coneen~raCf  onso 

More: The break was Poeated on Arnecte Avenue between Lakewood Avenue and Wells 
F 

S t r e e t ,  I t s  l o c a t i o n  was determined spec i f i ea%%g durfng the pe r iod  from 
A p r i l  I P - i 8  and repair w a s  accomplished before  Apri B 2% , 1969, 



Resul t s  of P e s t i c i d e  I n v e s t i s a t i o n  

To meet one of t h e  proposed ob jec t ives  of t h i s  p r o j e c t ,  runoff  from two s e l e c t e d  

storms was sampled f o r  t h e  purpose of determining a pre l iminary  i n d i c a t i o n  of t h e  

p e s t i c i d e  content  of t he  sbormwater from t h i s  urban dra inage  bas in ,  Samples were 

analyzed f o r  D ie ld r in ,  and s e v e r a l  o t h e r  ch lo r ina t ed  hydrocarbons by personnel  a t  

t h e  North Carol ina S t a t e  Univers i ty  P e s t i c i d e  Residue Ana ly t i ca l  Laboratory 

In a d d i t i o n  t o  t he  s torm samples, composites of r e f e rence  samples c o l l e c t e d  f o r  the  

preceding six-month per iod  were a l s o  analyzed f o r  t h e i r  p e s t i c i d e  con ten t ,  

Since one o b j e c t i v e  of t h e  i n i t i a l  s c r een ing  was t o  ob ta in  an i d e a  of t h e  

magnitude of va lues  t h a t  might be expected dur ing  a p o s s i b l e  more comprehensive 

program, two composite samples were prepared from a l l  r e f e rence  samples i n  s t o r a g e ,  

Sample 182 was a mixture of 28 samples from e i g h t  s t o m s  (October 18  through 

December 28, 1968) and Sample 3 / 4 / 5  was a mixture s f  seventy-one samples from 

f i f t e e n  s t o m s  (December 28, 1968, through A p r i l  6 ,  1969),  Because of t h e  l a r g e  

volume of each r e fe rence  sample, i t  was no t  poss ib l e  t o  p ropor t ion  t h e  sample i n  

accordance wi th  d ischarge  r a t e  during sampling, 

I n  a d d i t i o n  t o  t h e s e  somewhat r e p r e s e n t a t i v e  samples of b a s i n  output  during 

a six-month per iod  of t ime, seven s p e c i a l  samples were obta ined  dur ing  two storms 

i n  June 1969, Samples A, B, C, and D were a s soc i a t ed  wi th  a s t o m  on June 13  and 

Samples E, F, and G were a s soc i a t ed  w i t h  the  s t o m  on June 15 ,  1969, 

The s torm o f  dune 1 3  was preceded by a s e r i e s  of s i m i l a r  sma l l  storms on 

May 25, 2 3 ,  31, June 2, 9 ,  and 10 ,  Peak d ischarge  r a t e s  f o r  t hese  storms were 

30, 70, 86 ,  55, and 78 c f s ,  respec t ive%y,  The s t o m  of June 1 3  r e s u l t e d  i n  a 

peak d ischarge  r a t e  of 25,% c f s ,  Sample A was taken p r i o r  t o  t h e  storm and repre-  

sen ted  base  flow from the  bas in  a f t e r  a pe r iod  of reasonably f r equen t  and r e c e n t  

su r f ace  wash, Samples B ,  C, and D were taken during peak flow and were taken from 

p o s i t i o n s  N, W, and M, r e s p e c t i v e l y ,  

The storm of June 15 developed a peak d ischarge  r a t e  of 400 c f s ,  Sample E 

was taken a t  posf t i o n  "Ms-uring the  per iod  of " f i r s  t-f  3 u s h P k h e n  t h e  d i  sckrarge 

r a t e  was approximately equal t o  t he  peak f o r  t h e  preceding s t o m  sampled, Actua l ly ,  

che d ischarge  r a t e  corresponding t o  Sample E was 40,6 c f s  ( r i s i n g  limb) of t h e  

f i r s t  of t h r e e  c l o s e l y  spaced hydrographs wi th  peaks of 2-65, 100, and 400 cfs, 

r e s p e e t i v e l y ,  Visual  judgment made a t  t h e  time of sampling was t h a t  water  q u a l i t y  

was extremely bad , , , much worse than had been experienced dur ing  the  preceding 

s torm sampled, This was def i n i t e l y  a ' n f i r s t - f l u s h , n 9 a s i n - s c o u r i n g  condi t ion ,  



Visual  judgnenc of poor q u a l i t y  w a s  confirmed by r e s u l t s  af s o l i d s  and COD l a b ~ x a c a q  

d e t e r n i n a t i o n s  f o r  Sample E, FoB%owing t h e  400 e f s  peak, a  sample w a s  taken a t  

p o s i t r o n  "'M'hwhan flow had receded t o  about 1x4 c f s  (on t h e  f a l l i n g  Einb) ,  n f a  was 

Sample F, SampYa G was taken a t  p o s i t i o n  u u M B h n  June 1 6  when rhe  d i scha rge  raise 

had dropped t o  lo% c f s  and was intended t o  be i n  some eorrespondenee w i t h  r e specs  

60 discharge  r a t e  w i th  Sample A caken a t  the beginning of t h i s  s e r a e s  dur ing  base  

flow, Samples were taken us ing  con ta ine r s  furn ished  by t h e  P e s t i c i d e  Laborataxyo 

These g l a s s  con ta ine r s  had been spe@ia%ly  cleaned and were supp l i ed  wf th  T e f l m  seals 

t o  avoid Pose of pesticide by adsorp t ion  t o  convent ional  cap e e ~ P s ,  The samples 

were s t o r e d  i n  a  r e f r i g e r a f o r  a t  about %"C, and were t r anspor t ed  t o  the  Pesticide 

Laboratory wichin a  per iod  of a  few hours a f t e r  f i n a l  s m p l i n g ,  

I n  a d d i t i o n  t o  p e s t i c i d e  concent ra t ions ,  a  number of o t h e r  ana lyses  were per- 

formed on po r t ions  of samples caken, Analyses included t o t a l  s o l i d s ,  v o l a t i l e  

s o l i d s ,  chemical oxygen demand, s o l u b l e  and t o ~ a l  phosphare, chloride and l e a d  con- 

c e n t r a ~ i o n e ,  Par  samples eompssited from p r i o r  storms, i s  was p o s s i b l e  ta caleu- 

Pate  mean va lues  f o r  m o s ~  of t h e s e  parameters and i n  a d d i t i o n  the  five-day BOD, 

The r e p o r t  of r e s u l r s  obtained from the  P e s t i c i d e  Residue Laboratory i s  i n  

t he  Appendix t o  t h i s  r e p o r r ,  A complete summary of a l l  analyses  made f o r  chese 

samples i s  contained i n  Table 2 ,  Since t h e  s i g n i f i c a n c e  of t hese  pahameters i s  a 

func t f  on of both concent ra t ion  and c ~ r r e s p o n d i n g  d i  scharge r a t e ,  the  r a t e  of b a s i n  

y i e l d  sf each p a r m e t e r  was computed i n  Ybjhr a d  placed an Table 3 ,  

The d a t a  analyzed wfchin t h e i r  own context  do no t  y i e l d  s u r p r i s i n g  r e s u l t s ,  

Base f l o w  fol lowfng the  success ion  of  s t o m s  appears  b e t e e r  i n  quaif t y  wf th  r e s p e c t  

t o  a l l  parameters than base flow preceding rhe  s tormso It i s  cons iderably  b e t t e r  

wfth r e spec t  t o  p e s t i e f d e  content  be ing  only BkZO a s  hfgh, 

Resul rs  ob ta ined  i n  t h i s  s tudy are compared i n  Table LL wi th  those obta ined ,  by 

Weibel, Weidner, Cohen, and Chr ie r ianssn  ( 9 )  who s tud ied  p e s t i c i d e  eoneen t r a t fons  i n  

r a i n f a l l  over urban and r u r a l  a r e a s  i n  and n e a r  Cinefnnat i ,  Ohio, and p e s t i c i d e  

coneentrat9ons i n  urban and r u r a l  r u n o f f o  The va lues  they r epor t ed  f o r  o rgan ic  

c h l o r i n e  a r e  n o t  d i r e c t l y  comparable w i th  those  obtained i n  t h i s  i r v e s s f g a t i o n  

because only Die ld r in ,  p,pf-DDE, o,p-DDT, p,p '-DDD and p,pC-DDT were determined 

f o r  t hese  samples, 

With allowance 50s the fact chat  t h e  d a t a  a r e  no t  d a r e c t l y  o m p a r a b l e ,  t he  

range of va lues  obtained f o r  t h i s  urban bas in  durfng the  two storms f a l l s  w i th in  

t h e  range repor ted  f o r  the Cinc inna t i  bas in  wi th  t h e  lowest  va lue  be ing  comparable 

t o  t he  va lue  repor ted  f o r  r a i n f a l l  i n  the  Cincfnnatf s t u d i e s ,  The mean va lue  of 



t he  range, weighted f o r  flow s i g n i f i c a n c e  (1,16 ppb) i s  between the  mean va lue  

repor ted  by Weibel f o r  t h e  r u r a l  b a s i n  (0,43 ppb) and t h e  urban b a s i n  ( l , 7 0  ppb) , 

The weighted composite f o r  99 samples c o l l e c t e d  over a pe r iod  of sjlx months from 

t h i s  bas in  was 0 , 3 3  ppb, n o t  much h ighe r  than t h e  va lue  r epo r t ed  f o r  r a i n f a l l  over 

C inc inna t i ,  



- - ------ - 

Table 2 ,  Summary of Ana ly t i ca l  Resu l t s  f o r  Samples Examined f o r  P e s t i c i d e s  

Sanple I d e n t i f i c a t i o n  

Date s f  Sample 

Time of  Sampling 

Sampling Locat ion 

Stage a t  Gaging S t a s i o n  - f t  

Discharge Rate - c f  s 

T o t a l  So l id s  - mgBL 
V o l a t i l e  SoPfds - mglL 

V o l a t i l e  S o l i d s  - % T o t a l  

Chemical Oxygen Demand - mg/E 

5-Day BOD - mg/L 

Phosphate (Soluble)  - mg/L 

Phosphate (Tota l )  - mg/L 

Chloride as NaCl - m g / ~  

Lead - mgjL 

Dfe ld r in  - pa rks  p e r  bf ll ion  

Suan of  D ie ld r in ;  p,pQ-DDE: 
o,p-DDT; ~ , ~ ' D D D  and p,p8-DDT 
( p a r t s  p e r  b i l l i o n )  

Mix a t  wei r  - Base Flow b e f o r e  stolm 

North Basin - These samples were 
taken  i n  r a p i d  sucees- 

West B a s h  - s fon  a t  peak flow, N & 
Mix a t  w e i r  - W f low c a l c u l a t e d  - 

s o l i d s  base ,  

Mix a t  Bridge - F i r s t  Plush Rrs ing  
Limb 

Mix a t  B r f  dge - FaSlfng Lfmb 

Mix at  w e i r  - Base Flow a f t e r  storms 

Composite, December 9968 through 
April 1969 

------ ---, -- -- 

i s  a composite of 28 samples 
** 3 / 4 / 5  is a composite of  71 smp le s  

2 6 



Table 3 

Rate of Cons t i tuent  Release from Drainage Basin 

(Samples Examined f o r  P e s t i c i d e s )  

-- 
Parameter 

Discharge Rate - c f s  

T o t a l  So l id s  - l b / h r  

V o l a t i l e  So l id s  - l b / h r  

Chemical Oxygen Demand - I b / h r  

Soluble  Phosphate - 1 b I h r  

T o t a l  Phosphate - l b / h r  

C h h r f d e  a s  NaCl - l b a h r  

Lead - l b / h r  

D ie ld r in  - l b / h r  x 

Organic Chlorine (a )  o r  Sum 
of P e s t i c i d e s  Analyzed (b) 

Pb/hr x l o m 5  

(a )  Weibel, Weidner, Cohen and Chr is t ianson  ( 9 ) ,  

(b) Sum of c o n e e n t r a t i  ons of D ie ld r in ;  ~ , ~ " D D E ;  o,p-DDT; p ,P!-DDD 
and papp-DDT, 

( A )  Computed d ischarge  r a t e s  from T o t a l  So l id s  d a t a ,  



a 
m 
0 

m 
m 
0 

w 
u 
0 

0 
h 

0 
C 
0 
i-i 

8 
V 

0 

0 

R 

B 

B 

0 



During the  per iod  of t h i s  p r o j e c t ,  t he  sampling p o s i t i o n  a t  t h e  gaging s t a t i o n  

("MBV) provided t h e  l a r g e s t  amount of information u s e f u l  i n  computation of t o t a l  

po l lu t an t -y i e ld  of t he  b a s i n ,  Approximately t h i r t y  storm even t s  were sampled of 

somewhat i n  excess  of seventy t h a t  occurred dur ing  a pe r iod  of fou r t een  months, 

Some s t o m s  were s m p l e d  more thoroughly than o t h e r s ,  A summary of a n a l y t i c a l  

r e s u l t s  ob ta ined  a t  t h i s  sampling p o s i t i o n  is  contained i n  Table 5 below: 

Table 5 

Summary of Stormwater Qua l i t y  a t  P o s i t i o n  I'M'" 

( E n t i r e  Drainage Basin of 1,67 square mi l e s )  

Parameter 

BOD - mg/L 

COD - mg/L 

T o t a l  Sol ids  - mg/L 

V o l a t i l e  So l id s  - mg/L 

Lead - mg/L 

Chloride - mg/L a s  N a C l  

T o t a l  Phosphate - mg/L 

Feca l  Coliforms p e r  100 r n l  
( i n  thousands) 

Number of Samples 

96 

9 5 

129 

119 

82 

86 

2 3 

3 7 

Mini mum Maximum Weighted Mean* 

*Weighted i n  accordance wi th  d ischarge  r a t e  a t  t ime of  sampling, 

Of t he  s t o m s  s u m a r i z e d  i n  Table 5, seventeen were sampled more thoroughly 

than o t h e r s  w i th  b e t t e r  regard  f o r  spacing of samples during t h e  runoff  per iod ,  

These d a t a  a r e  presented  i n  Table 6, 
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