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Environme ntal Mana gement for the Met ropolita n Area

Part II Urban Drainage
Appendix C Storm Water

Monitorin g Program

This appendix material related to urba n drainage prevention
and control in the Cedar and Green Rive r basins is part of an
integrated stud y of water and waste management sponsored
by the Munic ipality of Metro politan Seattle through the
River Basin Coordinating Committee.

The appendix was prepared by Glen Farris , Superintendent ,
Robert G. Swa rtz , Bacterio logist , and Norman R. Wells ,
Chemist , of the Water Quality Division of the Municipalit y
of Metro polita n Seattle. The full report on urban draina ge
was the responsibili ty of the U.S. Army Corps of Engineers
Seattle Dist rict , with fundin g from a Congressional appro-
priation to the Corps. Technica l studies for the full report
were performed for the Corps by the cons ulting firms of
Kramer , Chin & Mayo , Inc., and Yoder, Trotter, Orlob
& Associates , Walnut Creek , California , a joint venture
Known as KCM-WRE/YTO.

Octobe r, 1974 Seattle, Washin gto n

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



A B S T R A C T

The quantity and quality of stormwater runoff in the Metropolitan
Seattle , Washington area was measured over a seven—month period.
Survey sites were selected on the basis of land use and included
sing le and multip le family residential , commercial and industrial
areas. Quantity measurements involved continuous recording of
stormwater runoff and rainfall volume and intensity while quality
measurements were made for 29 parameters with samp les taken at
specified intervals during the course of six storms.

Rainfall intensity was light for the monitoring period , resulting
in a relatively low percentage of stormwater runoff factors , which
varied from 5 percent for low density residential areas to 64 per-
cent for commercial areas. Pollutant washoff loading varied with
land use pattern. The order of magnitude in an increasing pattern
was recorded as follows:

sing le family residential; new commercial; industrial;
multi p le residential; old commercial.

The pollutants of major concern were solids , BaD , COD and oil.
Nutrient and heavy metal loading values with some exceptions ,
were relativel y low. Coliform values were high but not of apparent
sanitary significance.
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P R E F A C E

This report is an appendix to the Urban Runoff and Basin Drainage
Stud y wh ich , in turn , is part of an overall environmental manage-
men t p lanning program for the Cedar and Green R iver Basin in King
Co un ty ,  Washing ton. The overall program includes four studies :
Wa ter Quality Managemen t , Wa ter Resources Management , Solid Waste
M a n a g e m e n t , and Land Use Alloca tion. All were conducted under the
supervision of the River Basin Coordinating C o m m i tt ee ( R I B C O )  wi th
policy guidance from the Municip ality of Metropolitan Seattle Council.

Th is appendix is also produced separatel y as a M et ro p u b l ica t ion
d ue to the current -~~d espread interest in urban runoff water quality
da ta.
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C H A P T E R  1

I N T R O D U C T I O N

T h e  U r b a n R un o f f  a n d  Bas in D r a in a g e S tu d y w a s  d e s ig n ed to pr ov i d e
a drainage management p lan for use in the development of the inte-
gr ated environmental management p la n for the Green and Cedar River
Basins which was formulated by the River Basin Coordinating Com-
mittee (RIBCO). The Water Quality and Qu antit y Monitorin g Program
was contributar y to the URBU Stud y .

O n e  o f  t h e  p r i n c i p l e  p r o d u c t s  ci the urban d r a i n a c e  stud y was a
com puter model c~~p a b l e  o f p lanning and anal y zin g urban draina ge
sys tems (EPA , 1971). The model was used to p r e d i c t  the impact of
urban draina ge on the reg ion ’ s water quantity and qua l it y . Alt ernate
land use concepts and alternate approaches to urban drainage control
were considered in the regional an al y sis. The i u l l  c a p a b i l i t y  of
the model was demonstrated hv anal y zing five sub— h as ns in detail
for present and potential p r o b l e m s .

I n the stud y ’s earl y st ages , local data to c a l i b r a t e  the model was
n c t  adequate. Such studie s as M etro ’ s combined sewer separation
st udy (Metro Staff , l9~~l) and freewa y runoff stud y (Farris , et al ,
1973) were designed for determination of average dail y pollutant
ioadin ~~s only . Flow , quality and rainf a ll measurements with respect
to time were not monitored precisel y enough for use in calibrating
a h y d r o l o g i c — q u a l i t y  model. These studies likewise w er e not de-
si gned to describe land use c h a r a c t e r i s t i c s , wh i c h  are an important
f a c t o r  in the compu t er model ’s p r e d i c t i v e  capabilit y .

The present monitoring pro g ram was developed to provide the necessary
c a libration data. The stud y was conducted o’ a seven—month p e r i od
f rom Februar y throug h September , 1973. Six storms •~re samp led and
a n a l y z e d .  T h e  m o n i t o r i n g  program was terminated a ft er the first
intense fill rainstorm follow ing one of the driest spring and sum-
mers on record. Although mor e wet—seaso n data was desired , it was
necessary to halt data collectio n an d p roceed wi th c a l i b r a t i o n  of
t h e  model in order to meet the date e s t a b l i s h e d  for comp letion of
the Urban R u r o t f  and Basin Drain a g e Stud y . In some cases the rain—
ta l l  intensity was probabl y not s u i f i c i e n t  to provide comp lete wash—
off of pollutants , leading to low w ashoff loading values. Due to
the number of factors a f f e c t i n g  p o l l u t a n t  loadin g (land use , ra in-
fall volume and intensit y , num ber ct p r e c e d i n g  dr y day s , maintenance ,
seasonal effects , e t c . ) ,  and t i e  n h i c r t  s~i r rp l i n e  p e r i o d , this stud y
does not provide a broad s t a t i s t i c - L i  i’asc. Howe~:er , si nce this is
the best data available to date , t h e  p res ent c o n c l u s i o n s  were drawn
in order to establish a t e n t a t i v e  b a sis for c a l i b r a t i o n  of the model.
M etro ’s Water Quality Division is d e v e l o p i n c  a c o n t i n u i n g  p r o g r a m
o f  m o n i t o r i n g  u r b a n  st or n w at er r u n o r t  q u a n t i t y  and qu a l i t y  as part
of the water qualit y m o n i t o r i n g  net w ork now spons ored by M etro.
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Thro u gh this continuing program , the data base will be expanded
and further data analyses will be accomp lished. This data will
be u sed to up da te and improve the accuracy of the models which
will be hot’sed and main tained by K i n g  Coun ty ,  and w h i c h  a r e  ex-
pec ted to be u sed  b y local planners and urban hyd r ol o g ists In the
developmen t of urban drainag~ sys tems after the RIBCO studies are
comp le ted.

The Urban Runoff and Basin Drainage Stud y was conduc ted by the U.
S. Army Corps of Eng ineers in cooperat ion with Metro. With the
assis tance of RIBCO , the Corps selected the joint venture con-
sulting firm KCM—WRE/YTO (Kramer , Chin and Mayo — Water Resource
Eng in e e r s , Inc./Yoder , Tro tter and Orlol and Associ~:tes) to be
responsible for model calibra tion and the principal study anal ysis.
The design of the monitoring program was developed jointly by the
three study participants. Sample collection and anal y s i s , p r i m a r y
da ta management and report preparation were performed b y Me tro Staff.
F un d i n g  for the monitoring project was provided by Me tro as desig—
na ted in a Memorandum of Agreement si gned wi th the U. S. Army C o r p s
of Eng i n e e r s , Seattle Distr ict.
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C H A P T E R  2

C A L I B R A T I O N  A R E A S

The development of the computer model for the urban runoff and
b a s i n  d r a i n a g e  s t u dy  r e c u i r e d  the desi gn and implementat ion of a
s t o r m w a t e r  r u n o f f  q u a n t i t y  a n d  q u a l i t y  m o n i t o r i n g  p r o g r a m  t o  f u r -
nish data for calibrating the model. The design of this program
i n v o l v e d  t h e  s e l e c t i o n  of s p e c i f i c  c a l i b r a t i o n  a r e a s  w h i c h  w e r e
r epresentative of the lard—u se categories being m odeled. The land—
use categories selected for stud y included the follow ing:

1. S i n g le  f a m i l y  r e s i d e n t i a l ;
2 .  M u l t i p le f a m i ly  r e s i d e n t i a l ;
3. Commercial (retail trade , wholesale , services);

~~. Industrial (manufactu ring, transportation , utilities , etc.)

Because of the close c o r r e l a t i o n  between the accurac y of model
simulation and the calibration d a t a , a fairl y ri g id set of criteria
ne e ded to be followed in selection of calibration sites for each
L a n d — u s e  c a t e g o r y .  [h e  p r i m a r y  c r i t e r ia  u s e d  in site selection were:

1. Size of cal i b r a t i o n  area
(a) s ing le famil y — 100 to 1000 acres
(b) multiple family — 

~O to ~OO a c r e s
(c) commercial — 2 5  t o  50 acres
( d )  industrial — 50 to 1 0 0  a c r e s

2. U n i f o r m  a n d  f u l l y  d e v e l o p e d  l a n d  u s e  t h r o u g h o u t .
3. Representative of the land—use category selected .
~~~ . A s e p a r a t e  s t o r m  d r a i n  sy stem , w ithout connection

t o  t h e  s a n i t a r y  s e w e r  s y s t e m , w h i c h  t r a n s p o r t s  a l l
s t o r m w a t e r  r u n o f f  w i t h i n  t h e  c a l i b r a t i o n  s i t e .

5 .  A l l  s t o r m  d r a i n s  w i t h i n  the system must be operating
correctl y w ith no f l o o d i n g ,  backwater effects or
significant pond ir.g .

6. The sites must have a l i m i t e d  number of outflow
l o c a t i o n s  w h i c h  a r e  p o s i t i o n e d  t o  e n a b l e  easy
access and i n s t a l l a t i o n  o~ t h e  m o n i t o r i n g  e q u i p -
m ent.

\fter extensive plan review and fie l d  investi gation , it became
r e a d i l y a p p a r e n t  t h a t  s e l e c t i o n  o f  i d e a l  c a l i b r a t i o n  sites could
not be achieved in ever~’ case. For examp le , the combined sewer
a r e a s  l o c a t e d  w i t h i n  ~i m a j o r  p o r t i c o  of the City of Seattle seriously
l i m i t e d  site selection. hyt s~~~t t was f i n a l l y  s e l e c t e d  within the
combined sewer area because it b e s t  represented a typical hi g h l y
developed commercial area with no  s u i t a b l e  s i t e  a v a i l a b l e  w i t h i n
t h e  s e p a r a t e d  s e w e r  a r e a s  of the re g ion. Uniform l a n d  use was also
a ver y d i f f i c u l t  r e q u i r e m e n t  t o  m e e t  w i t h  t h e  e x c e p t i o n  of the sing le
f a m i L y r e s i d e n t i a l  areas. In a d d i t i o n , w e l t — d e f i n e d  drainage areas
and isolated sewer sv~~te r rLL were d i f f i c u l t  to locat e . These diffi—
c~~1tie s r e s u l t e d  in d e v i a t i n g  from the c r i t e r i a  i n some cases; but

—3—



this did not affect the accuracy of the data collected since the
deviations were sufficientl y defined to allow for correction. Al-
thoug h some undefined inaccuracies do exist in these cases , they
were not considered to be of sufficient magnitude to seriously
hamper model calibration.

Seven calibration sites were finall y selected for monitoring which
represent the land—use categories selected and which , for the major
part , fulfill the criteria established for site selection (Figure
1). These areas are as follows:

1. Sing le family residential
Vie~iridge (VR1)
Lake Hills (LH5)
Hi ghlands (HL6)

2. Mul tip le f a m i l y r e s i d e n t ial
Viewridge (VR2)

3. Commer cial
Sou thcenter (SC4)
Cen tral Business District (CBD7)

4. Indus trial
South Seattle (SS3)

S I N G L E  F A M I L Y  R E S I D E N T I A L  L A N D  U S E

The Viewridge area is located in the Northeast section of the City
of Sea ttle and is primarily a hi gh dens ity single family residen-
tial area containing mostl y older homes. The calibra tion site (VR1)
wi thin this area comprises a total land area of 630 acres (Figure 2).
The lo t sizes are typically small and contain an average of 5000
s q u a r e  f e e t , wh ich equals about nine housing units per acre (Figure
3). The site lies within a shallow valley that drains south to Union
Bay d e s c e n d i n g  th r o u g h an elevat ion change of 100 feet.

Orig i n a l l y ,  th i s  a r e a  was s e rved  b y a combined sewer sys tem which
was separa ted in the late 1960’s. All ca tch basins in the area were
connec ted to the new storm drain system , but downspouts from the
residences are still tributary to the sanitary sewer system . The
es t ima ted a r e a  r e p r e s e n t ed b y roof drainage is approximately equiv-
alen t to 30 percen t of the total drainage area within the basin.
The sa m p l i n g  s ta t ion f o r  th i s s it e is loca ted in a hole at the corner
of N. E. 50th Avenue and 40th Avenue N. E. At this point the storm
drain line is 54 inches in diameter with a slope of 0.024 inch/foot.

The second  s ing le f a m ily res idential area selected as a calibration
si te is located in the Lake Hills area about five miles east of the
Ci ty of Bellevue and overlooks the Lake Sammamish Valley (Figure 4).
The si te is a 150—acre section of medium density housing with a
typ ical lo t size of 7200 to 10 ,000 square feet and from four to six
houses p er acre (Figure 5). A minor amo unt of multiple housing
exis ts on the lower end of the site. The homes in this area are
relativel y new and were constructed primarily in the 1960’s. The
storm sewers are on a separate system with both roof drains and
founda tion drains connected to it. The roads in the Lake Hills area
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are all paved and eq uipped with curbs and catch basins. Topograp h-
i c a l l y ,  a gentle slope ex ists in the upper portion of the drainage
basi n which changes to a relativel y steep slope at the lower end
before draining to the Lake Sammamish basin. The samp l i n g  s ta ti on
for this site is on N. E. 8th Avenue , 350 feet west of Northrup
Way. A 48— inch catch basin is located at the samp le  s t a t ion  si te
which is equipped with 24—inch inlet and exit lines.

The Hig hlands residen tial area is located north of the Seattle City
limits and was selected as a stud y site on the basis of its low
d e n s i t y s in g l e f a m i l y residentia l use (Figure 6). The range in
lot size in this area is from 1.5 to 7 acres , an  ex t r e m e l y l o w
dens ity (Figure 7). The drainage area sampled (HL6) covers 85 acres
bu t contains a total of only twenty homes. The site is a hi ghly
wooded park— type nei ghborhood w ith second growth t rees covering 80
percent of the area. This results in a major pe r c o l a t i o n  of rain-
fall in to the soil and subsequently very little runoff. This area
previously contained a combined sewer system which was separate - I
in 1972. The old combined sewer system in this case is now em-
ployed as the storm drain system. This area drains in a westerl y
d i rec ti on a n d  is r e l a ti ve l y steep. The samp le site is located 15
fee t west of Cherry Loop Road. Th e manhole at this location is
shallow wi th one 10—inch and two six—inch inlet lines and one 10—
inch outlet line. Several springs flow into the storm sewer systEm
p r o d u c i n g  a sma l l  b a c k ground fl ow.

M U L T I P L E  F A M I L Y  R E S I D E N T I A L  L A N D  U S E

Th e mul t i p l e  f am ily res idential study site (VR2) was selected in
an area tributary to the previous sing le family residential area
l o c a t e d  in t h e  V i e w r i d ge s e c t i o n  of Seattle (Fi gure 2). The storm-
water runoff from this site enters the storm drain system downstream
fr om the VR1 site and the samp le taken at th e VR2 samp le sta tion is
a c o m b i n e d  s a m p le of the two sy stems. The quantit y data and loading
factors for the downstream site is thus derived b y d ifference. The
t5’R2 calibration site contains a drainage area of 105 acres w i t h
approximately 50 percent sing le family residences and 40 percent
multi p le f a m i l y units (Figure 8). The remaining 10 percent is a
typ ical neighborhood shopping area which includes such businesses
as service stations , grocer y stores and a laundry as well as the
Ch i l d r e n ’s Or thopedic Hospital. Most of  t h e  a p a r t m e n t  c o m p l e x e s
in the area have been constructed recentl y a n d , as a res ult , the
roof and foundation drains are connected to the storm drain system.
All the streets are paved and contain curbs and catch basins. The
major portion of the drainage basin is located on a mo derate slope.
The  s a m p l i n g  m a n h o l e  is  l o c a t e d  on t h e  4 0 t h  A v e n u e  N .  E . ,  150 f e e t
south of N. E. 45th. The storm drain line is 72 inches in diamet er
at th is location. A sanitary sewer overflow is connected to the
storm drain system 360 feet upstream from the samp le station. How-
e v e r , no overflow of the sanit ary system into the storm drain system
occurred during the stud y period.
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C O M M E R C I A L  L A N D  U S E

The two sites selected for stud y as commercial land use types , the
Sou thcenter area and the Central Business District , d iffer con—
s i d e r a b l y in their characteristics. The Southcenter comp l ex  is a
typ ical suburban shopp i ng  ar ea l oca te d in Tuk w ila , seven miles
so uth of Seattle. It is a new development and was constructed in
t h e  l a t e  1960’ s .  Onl y a p o r t i o n  of  the total shopp in g a r e a  was
included in the calibration site (SC4) which covers an area of 24
a c r e s  ( F i g u r e  9 ) .  T h e  s i t e  is f u l l y d e v e l o p e d  with 97 percent of
the are a covered with an asp halt p arking lot and a small number
of commercial buildings including a restaurant—motel complex , a
postoffice and a service station (Figure 10). Most of the shopping
c o m p l e x , including roof drains , are not tributary to the samp le
site , but a major portion of the adjacent parking area is. The
bas in is relativel y f l a t , b ut drainage is very efficient with rapid
r unoff and little , if any, ponding. A separate storm drain system
exists which drains in an easterly direction. The sampling site
Is located 150 feet northeast of the Southcenter postoffice with
the storm drain line 24 inches in diameter at this point.

In contrast , the Central Business District is 40—60 years old and
contains a co mbined sanitary—storm sewer system . A ma jor  p o r ti on
of the area is covered with commercial buildings with only a small
p ortion covered by paved parking areas. The area selected for
samp l ing(CBD7) is located in downtown Seattle between Western and
Th i rd  A v e n ues a n d  be twe en B e l l  a n d  V i r g inia Streets (Figure 11).
Th is site contains an area of 27.8 acres and a total of approximately
80 businesses. This includes hotels , wholes ale and retail outlets
a n d  some  l i g h t  m a n u f a c t u r i n g  ( F i g u r e  1 2 ) .  A l l  t h e  s t r e e t s  a n d  a l l e y s
ar e paved with curbs and catch basins. The drainage from the area
is relativel y good w ith little pond ing. The samp ling station man-
hole is located at the intersection of Western Avenue and Bell Str2et ,
just under the Alaskan Way viaduct. The drain line at this site is
18 inches in diameter.

T h e  s a m p l i n g  of  t h e  c o m b i n e d  s e w e r  s y s t e m  in t h i s  area with devi-
at ion of results by difference was recognized as a possible source
o f error based on the much larger background pollutant levels in
th e sanitary sewer stream. However , a reasonable substitute re-
p resenting a typ ical downtown business di s t r i c t  could not be located
which satisfied the established criteria as well as the present site.
The error gener ated in use of data from the combined system was thus
dt-em ed to be less than that which would be incurred b y r e l a x in g o th e r
areas of site selection c r i t e r i a .

I N D U S T R I A L  L A N D  ~ SE

T h e  o n l y industrial area mon it. ’red in t h e  s t u d y  i s  l o c a t e d  in S o u t h
se a t t J e  (Figure 13). The site (SS3) is located west of 4th Avenue
S o u t h  a n d  n o r t h  o f  S o u t h  M i c h i ga n S t r e t - t , a n d  Is  c a l l e d  the B e n a r o va
Industrial Park. It is small in size , 27 .5 acres , and contains
approximately 30 to 35 m a n u f a c t u r i n g  ~sta.hli shm ents. These range
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from a large foundry to a clothing manufacturer and include several
freight handling companies (Figure 14). The park was built in the
late 1950’s, but did not become full y developed until well into the
1960’s. The storm drain system is separated and receives no known
industrial waste discharge. Most of the roads within the area are
paved and have catch basins , but onl y 50 percent of the roads have
curbs. The unpaved roads consist primarily of short alleys.

The general direction for drainage is to the south and southwest.
The drainage basin is quite flat which leads to some ponding in
this area. The samp ling manhole is located at the east side of
4th Avenue , 500 feet north of South Michigan Street. The storm
drain line is 24 inches in diameter at this point.
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CHAPTER 3

R A I N F A L L

A man ual samp ling proced ure was utilized in the stormwater quality
sampling program because of samp le size required and lack of time
to design an automatic sampler (see Chapter 5). In order to pro-
vide manning of the sample stations prior to any rainfall , an ad-
vance warning system was established in cooperation with the Auburn
Office of the National Weather Service. They were able to provide
c ontinuous surveilance of rainfall conditions utilizing the NWS—FAA
rada r unit located in Auburn t~ track the approaching storm fronts.
Con tac t w a s ma in ta ined b y t e l e p hone with the Weather Service on a
24—hour seven day a week basis for purposes of alerting the crew.
Besides notification of impending rainstorm s , th e National Weather
S erv ice w as able to f urnish Informa ti on on the a p p r o x ima t e ti me of
the arrival of the storm front in Seattle , the probability of rain-
f all and the probable intensity of rainfall.

As normal in weather predicting, 100 percent accura cy is hard to
achieve. Occasionall y,  a weak appea ring storm front would develop
into a heavy rainstorm , th e  s to r m  o f M a y  25 and 26 being a prime
examp le. More likel y was the prediction of a rainstorm which did
not develop into its full potent ial. This produced several false
st arts resulting in lost time and expense. Desp ite these diffi-
cul ti es , the warn ing system provided by the National Weather Service
g reatly facilitated the sampling program and was invaluable to the
s u c c e s s f u l  c o m p l e t i o n  of the stud y.

RAIN GAUGE LOCATIONS

A total of thirteen gauging stations were used to monitor the rain-
f all within the calibration areas (Figure 15). Six of the rain
gauges were part of a city—wide network maintained by the City of
Seat tle Eng ineering Department on a continuous basis. The other
seven gauges were either selected from Metro ’s exist ing network or
installed specifically for the stud y and were operated and main-
ta ined by Metro.

In setting up a gauging system , the ex isting network (City of Seattle
and Metro ’s) wi thin the proximity of the calibration areas were
utilized as much as possible. The pattern of rainfall deviated
somewhat within the calibration sites creating some problems with
u~~e of d ata from the existing stations; however , the t ime cons t rain t
f or comp let ion of the stud y pre cluded establishing a better network.
Th e se dev iat ions incl uded a ti me lag o f  ra in fa l l  peaks and a poor
correla tion of total rainfall to runoff volumes. The time difference
was corrected b y sele cting the rain gauge stations showing no phase
lag where multip le records ex isted or emp loying a phase sh ift in
the case of —a sing le record. The poor correlation problem was par-
t ially solved by es tabli shing additional on—site recording stations ,
but a comp l ete rain gauge network was not feasible within the scope
of the present study.

N ‘  TT~~~~~- - -  
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Three of the City of Seattle rain gauges are located within the
proximity of the Viewridge calibration area and thus were used to
monitor the rainfall for the Viewridge One monitoring site. These
gauges are located at Metro ’s Matthews Beach pump station , at the
University of Washington and at the City of Seattle ’s Map le Leaf
Reservoir. These gauges essentiall y surround the calibration site
and provide a more comp lete record of rainfall patterns than a
single on—site recorder would for such a large area. The multip le
record in this case provided a choice of selection of the record
best correlated with the runoff pattern.

In the downstream Viewridge calibration site (VR2), an on—site
gauging station was established. The rain gauge was equipped with
a 24—hour recorder which required daily checking to change charts
while maintenance was performed on demand .

Two City of Seattle rain gauges located at Metro ’s Diagonal Avenue
and East Marginal Way pump stations were used to measure rainfall
for the South Seattle stud y site. Only one record was used to
determine the rainfall characteristics based on the direction of
travel of the rainstorm. This was selected by noting the record
which preceded in time the flow in the drain system.

An existing rain gauge at Metro ’s Rentori Treatment Plant was selectee
for use in the Southcenter area. This location is onl y one mile
from the site , but the correlation of the rainfall volume to runoff
quantity was very low in most cases. For this reason , an on—site
gauge was installed immed ia tely adjacen t to the samp le station.
Considerable gaps in the data resulted from malfunction of the new
gauge which necessitated continued use of the Renton data until
August 28, 1973 , at which time the new gauge was functioning pro-
perly.

The Lake Hills gauging station was installed by Metro in the d r a in a g e
area being sampled , and good representative results of the rainfall
patterns within a relatively small drainage basin were assumed.

In the Highlands area , two City of Seattle gaug ing stations were
used initially as the source of rainfall data. These two stations
were located at Haller Lake and at the Rich Whitman school. The
data from these stations , however , correlated poorly with the runof f
characteristics at the calibration site. This necessitated in-
s talling an al terna te s ta t ion a t Me tr o ’s Hidden Lake pump s ta ti on
approxima tely 0 . 8  miles from the calibration site. The recorder
wa s installed at this location on April 4 , 1973 , and has been ma in-
tained by Me t ro personnel  on a da ily basi s since that date.

Rainfall da ta for the Central Business District study area was
obtained from the City of Seattle rain gauge at Metro ’s Denny Way
pump station. The pump station is located at the inters ection of
Denny Way and Elliott Avenue East , about one—half mile north of the
samp le area. No particular problems were associated with use of
the data from this station.
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In the selection of alternate sites for the rain fall gau ging s ta t ions ,
vario us criteria were used. The most critical of these was a close
prox imity to the calibration site in order to provide representative
ra infall data. The characteristics of the site were also of im-
po rtance since the location had to be an open area to permit maxi-
mum collection of rainfall. Such characteristics included the ab-
sence of tree limbs sheltering the gauge or nearb y buildings block ing
th e blowing rain. In some cases , these  f ac tors  we re  no t a lways
obtainable. For examp le , at the Hi ghlands ’ site , the rain gauge
had to be located a greater distance from the drainage area than
desirable. Another problem was encountered in obtaining permission
to install gauges at locations best suited for rainfall monitoring.
Since the strip charts for the Metro gauges had to be changed dail y,
som e inconvenience for propert y owners was possible , J u t  was held
to a minimum. Taking all factors into consideration , the present
locations of the rain gauges are the most reasonable under the cir-
cumstances. However , th e problems encountered point out the necessity
of establishin g the gaug ing stations as close to the monitoring sites -
as possible in order to obtain the most representative data.

E Q U I P M E N T

As note previously, two different data so urces were used in the
L’rban Storm Drainage Stud y — r a i n g a u g e s  own ed and o p e r a t ed b y the
C ity of Seattle , and those installed and maintained by Metro. The
rain gauges in both cases were the tipp ing bucket type manu factu i~ed
by Stevens and equipped with rainfall detector and event recorder
( F i g u r e  1 6 ) .  T h e  r a i n f a l l  v o l u m e s  w e r e  r e c o r d e d  in i n c r e m e n t s  o f
0.01 of an inch. T h e  r a i n  g a u g e s , i n  ge ne r a l , were fou nd to be very
rel iable and easily maintained. However , the dail y ch ang ing of the
strip charts on those gauges installed by Metro proved to be a very
ti~ .e cons uming job.

The M etro and the City of Seattle rain gauges differed onl y in the
t\- pe of mechanism used to record the time interval for events. The
C i t y  utilizes a recording dev ice that provides for a contiruous scan
at one minute intervals with each rainfall event being recorded within
the specific time of occurrence. The events are recorded on magnetic
tape wh ich is subsequentl y interpreted by an automatic data processing
sy stem . M etro uses the normal 2 4—hour strip chart recorders.

Tn e time interval in this case can be interpreted only to five—minute
increments and the data must be manuall y interpreted for processing.
Th ere is an obvious advantage to the City of Seattle system , how ever ,
the time constraint in the present stud y precl uded establishing such
an automatic recording sy stem at other locations. The cooperation
o f  t h e  C i t y  o f  S e a t t l e  E n g i n e e r i n g  D e p a r t m e n t  in s u p p l y i n g  r a i n f a l l
data to Metro , which often requ ired special handling, con t ribu ted
greatl y to the success of the program and saved considerable time
and expense.
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RESULT S

The ra infall data collected b y the C ity of Seattle was processed
by the City on a monthl y bas is , and was transmitted to Metro in
th e form of a computer printout sheet. This sheet contained infor-
mation on the day , hour and minute of each rainfall event as well
as the accumulated volume for each storm. A movin g accumulation
as well as hourly, dail y and monthly accumulated totals were re-
co r d e d , but not used , in the present stud y. Th is data was tabu-
la ted by extracting the accumulated volumes over each 15—minute
interval and grap hing the accumulated volumes against time along
with runoff volumes over the same time interval. Metro ’s rainfall
records were processed in the same manner with the exception that
the data had to be e x t r a c t e d  f r o m  t h e  stri p charts and summarized
manuall y before grap hing. Each individual stri p chart in this case
c o v e r e d  o n l y  a 2 4 — h o u r  i n t e r v a l  in c o n t r a s t  t o  t h e  m o n t h l y s u m m a r y
from the City. Although both records presented a continuous record
of rainfall , the advantage of the summary sheet is obvious.

The dail y r a i n t a l l  volumes for all gauging sites for the period
of Februar y to June , 1973 , are presented in A ppendix 1 with the
da\- s on which samp les were collected for qua lity measurement de-
noted. The rainfall totals fur the seven urban storm drainage
samp ling areas va ried considerabl y from site to site , not onl y w ith
respect to intensit y , but also with time and within a g iven period.
In some cases this d i f f e r e n c e  is noticeable between rain gauges
m o n i t o r i n g  a s i n g l e  c a l i b r a t i o n  s i t e  as  in the case of the V iew—
rid ge One area. For example , th e rainfall on February 25 and 26
p r o d u c e d  t o t a l s  o f  0 . 7 4  a n d  0 . 6 9  i n c h e s  a t  M a t t h e w s  B e a c h , w h i l e
the corresponding values at the U n i v e r s i t y  o f  W a s h i n g t o n  s t a t i o n
wor e 0.55 and 0.70 inches respectivel y . On the 25th , a substantial
d i f f e r e n c e  exists between the two stations while almost identical
t o t a l s  w e r e  r e c o r d e d  on  the 26th. On April 26 , it rained 0.42
inches at M atthews Beach , but only 0.13 at the University of Wash-
ington. On August 13 , 0.06 inches of rain was recorded at Matthews
Be ach , but none at all at the Uni versit y or the Maple Leaf Reservoir
stations.

Obviously the greater separation of distance bet ween stations , the
greate r the variation to be expected. This is borne out b y s o m e
of the striking diff erences exh ibited between the Southcenter and
H i d d e n  L a k e  g a u g i n g  s t a t i o n s .  B e t w e e n  F e b r u a r y  25  an d M a r c h  3 , a
much larger rainfall was recorded at the Hig hla nds than at South—
center totaling 2.12 inches and 1.46 inches , respec tively. On A pr il
15 , 0.19 inches of rain fell at Hi ghl ands and 0.64 inches were re-
corded at Sout h c c nter.

Such comparison can be drawn between all seven calibration areas ,
which demonstrates the wide variance in rainfall p atterns. This
variance was noted even for gaug ing stations within a radius of
two to three miles. This is a si g n i f i c a n t  factor in the presen t
stud y where gaug ing stations in some cases were l o c a t e d  at the outer
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ed ge of the calibration area , e.g., Viewridg e One. A large number
of rain gauges within the stud y area and in as close a proximity
as possible to each other is an important factor for providing rain-
fall data that is representative of the area being monitored.

Table 3. lists some relevant parameters that were calculated for
each of the six storms samp led for quality analysis. The areal
variation in rainfall intensity and volume as well as duration of
individ ual storms is demons tra ted by the summary fi gures. Varia tion~
up to 300 p e r c e n t a r e  no ted be tween the va ri o u s sa m p le sites fo r al)
three parameters listed.
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TABLE 1

SUMMARY OF R A I N F A L L  DATA

STO RM ~‘R 1 V52 SS3 SC4 LUS HL6 CR0 7

2/ 14 / 73
D u r a t i o n  ( h r s )  6 . 2 5  5. 75 — 6 . 2 5  — — —
Ra i n f a l l  ( i n )  0 . 0 7  0 . 0 7  — 0.12 — — —

In t e n s i t y ( i n / h r )  0 .01 1 0 . 0 12  — 0 .0 19 — — —
3/ 10/ 7 3

D u r a t i o n  (hrs) 4 5  5.25 7 0  5.75 5.25 4.00 4.25

R a i n f a l l  ( i n )  0 . 2 6  0 . 3 3  0 . 4 0  0 . 4 9  0 . 3 9  0 .3 8  0 . 2 9

I n t e n s i t y  ( x r . / L r )  0 . 0 5 8  0 . 0 6 3  0 . 0 5 7  0 .085  0 . 0 7 4  0 . 0 9 5  0 . 0 6 8

3 / 1 E. / 7 3
D u r a t i o n  ) h r s )  2 .  ~- 3 . 5  4 . 2 5  ‘.75 2.25 2.5 2.0

Rainfall (in) 0.05 0.06 0.08 0.04 0.06 0.07 0.06

Intensi~.y (in/hr) 0.720 0.017 0.019 0.014 0.027 0.028 0.030

€ ‘(, ,-_ 7

Duration (hrs) 4.5 5.0 6.0 5.0 5.0 2.25 4.0

Rainfall ( i f l )  0.11 0.09 0.18 0.28 0.27 0.06 0.08

intensity (in/t-r) 0.024 0.018 0.030 0.056 0.054 0.027 0.020

8/l(’/73

Duration (hrs) 4.75 3.00 5.00 4.25 4.5 — 2.8

Rainfall (in) 0.10 0.10 0.09 0.07 0.05 — 0.08

I nt e - - .~~i ty  (in - ’hr) 0.021 0.033 0.018 0.016 0.011 — 0.028

9/19/13

Duration (hrs) 7.25 9.00 9.25 10.8 9.25 4.25 7.47

Rainfall (in) 0.33 0.32 0.32 0.36 0.27 0.31 0.2~

Intensity (in/br) 0.046 0.036 0.034 0.033 0.029 0.073 0.039
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CHAPTER 4

RUNOFF Q UANTITY

The quant ity of urban stormwater runoff was monitored at each cali-
bra tion site on a continuous basis. The total flow was computed
in each case from flow dep th measurements and calculated flow veloc-
ities. This approach was selected over direct velocity measuremen t
because of the relativel y trouble—free operation with very little
loss in accuracy and reliability . As a result , quantity measure-
ments are continuous over the total study period with some exception.
Subsequent measurements have further extended this record to over
a full year ’s period , i.e., February , 1973 to March 1974.

Level recorders were used at all sampling stations to provide the
depth recording of stormwater flow . The recorders installed were
the Arkon Model 63 TN , a portable unit (Figure 17). The measuring -
system consisted of a gas bubbler tube for sensing water depth , a
transducer for converting the pressure dependent signal to a mill-i—
vol t signal and a 10—inch stri p chart fo r  logg ing the millivolt
signal. The char t for the recorder is powered by a hand—wound
seven—day clock wh ile the remainder of the equipment is powered -

by dry cell ba tteries. The nitrogen employed as the bubbler gas
was  su pp lied from a cy linder.

The units wi th two exceptions were housed in special fiberg lass
shells supported above ground on a steel pole to which the nitro-
gen cy linder was attached and through which the bubbler tubes were
run (Figure 18). The remaining two units were housed in steel
cab inets. Althoug h the  s t r i p char t s did no t require changing for
several mon ths , the reco rders were serviced on a twice—a—week basis
to perform other tasks , such as adding ink , winding the clocks , and
checking the nitrogen gas supp ly. Field technicians were able to
maintain the equipment in good working order while majo r repairs
required the services of specialized personnel.

CALIBRATION

An emp irical calibration was pe rformed to compute stormwater quantity
from depth of flow. This involved two field measurements , the slope
of the storm drain line and the velocity of the stormwater flow for
different flow depths in each system. In the latter measuremen t ,
two manholes were used which were located a known distance apart.
Dye was dropp ed into the upstream manhole and its time of travel
to the low er manhole was measured for each designated flow depth.
The veloc ity was then calculated from the collected information.

Manning ’s equation was used to relate the depth of water in a pipe
to the quantity of flow . With measurement of the slope and radius
of the drain line , and the depth to velocity relationsh ip, all but
one of the variables in Manning ’ s eq uation is known , i.e.,

Q = 1, 4 8 6  x (R 2
~
’
~~) x (S 1’’2 ) x A

N
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The quantity of water , Q , is e q u a l  t o VA , the prod uct of the velocit y
and the cross sectional area ; S is equal to the slope in feet per
foot ; and R , hydra ulic rad iu s , is known from the depth. The fric-
ti onal fac tor , N , is the only unknown var iable which can be solved
f o r b y use of the field data. A nom ograp h of depth vers us quantity
is then developed for each system ranging from zero to maximum depth
of the line.

LIMITATIONS

The ph ysical arrangemen t of the system was found to be a limiting
factor in accurate flow measurement with the bubbler system. The
major problems in this respect were encountered at three stations;
So uthcenter , Lake H ills and Highlands. The veloc ity of the storm—
water flow at these three sites were found to be unusuall y hi gh at
t imes creating a problem in depth measurement. The source of the
problem was rela ted to the stormwater rushing past the bubbler tube
cr eating a Venturi effect. To alleviate this problem , V—notched
wiers were insta llec at the Southcenter and Lake Hills stations
and a Ci poll etti wier was installed at the Hi ghlands Station on
A pr il 23 and 24 , 1973 . The wiers reduced the velocity of flow
althoug h some problems persisted in the calibration data and in
conversion of the depth data to flow. This necessitated revisions
of the data before final edition.

M alfunctions in the equi pment were minimal , usually being confined
to inoperat ive clocks or improperl y installed charts. If the system
is maintained adequatel y, the loss in flow data from breakdown is
kept to a minimum. In the presence of a large amount of floatab l2
material such as rags and p a p e r , a proble m can be encountered wit ’i
h angup of these materials on the bubbler tube , but this problem did
not arise.

Another l im i t i ng factor was the- time consumed in calculating f l o w
volumes. Processing the flow charts involved scarn ia~ the charts
for stormw ater events , c u t t i n g  out each storm record after marking
it with the date a n d  l o c a t i o n  ( F i g u r e  19) , and calculating the
volume of flow for each 1 5 — m i n u t e  interval using the table deve—
loped tor conversion of depth to volume. A continuous grap h of
storm runoff quantity versus time was constr ucted us 4 ng interpolated
v a lues betwee n each 15-minute point. In cases where a maximum or
minimum in the ori g inal chart occurred between Iwo 15—minute inter-
vals , these points were also included in t h e  c o n v e r s i o n .  An e x a m p le
of a finished h ydro grap h appears in Figure 20.

R E S U L T S

By integrating the d eveloped grap h , the vol ume of stormwater runoff

r e sulting from a s p e c i l i c  storm was calcul ated. These calculations
were performed for alL storms on record and the results appear in

Table 2. These figures were then compared to the total runoff pos-
s ible from the monitoring site for the purpose of calculating the

percentage of runoff. The to t a l volu e of run ofi possible was
derived from the inches of r a i n f a l l  times the total collection area.
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The pe rcen tage of runof f  ba se d on a sing le mea n for all storms is
rec orded in Table 3 for each calibration site. These values ranged
from 4.9 to 64.4 percen t , wh ich is lower than expected. T h i s  is
due in part to the unusually lig ht ra infal l  which oc cu r red  du ring
th is p e r i o d , al though type of s torm , ra infal l  volum e and int ens it y,
s e a s o n , ponding and other types of interception also affect the
percen tage of runoff.

There is a large variance in the perce ntage of runoff between the
var ious calibration sites which cprrelates well wita land use pat-
terns. The hi ghes t pe rcen tage o f s t ormwa ter r un o f f  ar e , as exp ected ,
from Sou thcenter and the Central Business flistrict as a result of
the h igh percen tage of impervious surfaces at these two sites. The
H ighlands and , to a l esse r  d egree , Lake Hills are  heav ily w o o d ed
and a major part of the rainfall percolates into the soil resulting
in the lowest percentage of runoff.

The differ ence In percentage of runoff (2.5 times) between the two
V i e w r id ge areas was unexpected since these two areas are adjoining
and similar in many respects. However , there a re  s eve ral r e a s o n s
for this d ifference. First , the VR 1 area is mostly a single famil y
res idential area. A larger percentage of each lot ’ s s u r f a c e  in the
VR1 area is covered by lawn or garden which diminishes the potential
fo r runoff. Further , many of th e downspouts In the VR 1 area are
connected to the sanitary sewer resulting in a lower apparent runeff.
A s noted p r ev i o us l y ,  the roof drains have been estimated to comprise
approx ima tely 30 percent of the runoff sur t ace , wh ich represents
a rela ti vel y substantial in fluence on runoff volumes. This con-
trasts with minimum vegetated areas within the apartment comp l e x e s
and roof drains which are connected to the storm drain system.

Similar factors app ly to the oth er stud y areas. Lake Hills , w ith
a lo w runoff potential , is mostl y sing le fa mil y dwell ings w ith re-
l atively large yards. South Seattle is largel y paved or covered
with large buildings and demon str ates a higher potential for runoff.
H ow e v e r , the presence of unp aved areas and ponding contributed to
a lower percent a ge of runoff th a n a n t i c i pated. This correlation
of runoff to area of im perv iou s surface demonstrates the close re-
lationship between land use p a t t e r n s  and pe rcentage of runoff.
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CHAPTER 5

QUALITY MEASUREMENTS

The de termination of the quality of the urban stormwater runoff
involved the analysis of 29 different parameters. The selection
of  parame ter s was based on the need to define such problem areas
as oxygen demand , nutrient loading, sani ta r y  si gn ificance , sol ids
l o a d i n g ,  h eavy metal contamination , etc. No t all the parameters
were capable of being modeled , bu t the information collected was
felt to be Important to the overall definition of stormwater quality.
The list of par ameters selected are presented in Table 4.

TABLE 4

Q U A L I T Y  P A R A M E T E R S

Ph ysical — temperature , pH , conductivity , turbidity

Oxygen Demand — d i s s o l v e d  o x y g e n , BOD , COD

Nutrients — ammonia , n itrate , nitrite , organ i c nit rogen ,
to tal h ydrol y zable pho sp hor u s , or tho phosp ha te

In organics — sulfate , chloride

Hexane Extractable — oil and grease

Heavy M etals — mercur y , copper , z in c , l e a d , chromium ,
cadmium , a r s e n i c  a nd ir o n

Sol i d s  — s u s p e n d e d , settleable , t otal dissolved

Colifor rn s , total , fecal

SAMPLING PROCEDURES

A manual sampling procedure was utilized for collecting the storm—
wate r runoff samp le s which consisted simply of taking a grab samp le
at each specified tine interval. Although this approach was less
des ireable than automatic sample collection , development of an au to—
m.i tic samp l ing system was not possible because of the time constra int
involved in completion of the stud y. The size of samp le r equired
( t v o  gallons) was also a serious constraint in development of an
a utomatic sampler because of the tremendousl y large storage area
required to handle the total volume generated during a storm.

A s noted p reviousl y ,  the use of manual samp l ing procedure required
th e development of a warning sy stem to allow the samp ling c r e w
su f f i c i e n t  t i m e  to reach the samp ling site prior to the beg inning
o f the storm. A stud y coordina tor was selected to maintain con—

t inuous co n tact with the National Weather Service and to make the

d ecision on c a l l i n g  out the samp l ing crew. His decision was based

on t h e  p r o b a b i l i t y  ot r ainfall , generally in excess of 50 per cent ,
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and the predicted rainfall intensit y. A seven—man crew was dis-
p atched on callout , one to each site , and a two—man crew was used
for coord ination and samp le p ickup. The samp ling c r e w s  w e r e , in
the major ity, field or labora tory technicians with prior training
and exper ience in water quality sampling. During the initial por-
t ion of the sampling program , Me tro crews handled this responsi-
bil ity. In Jul y,  1973 , a cons ulting firm , CH2M , (Cornell , l o w l and ,
hayes & Merry fi eld) was hired to handle the samp ling with Metro
maintainin g the responsibilit y for program coordination and anal yses.

All seven mon itoring sites were manned simultaneousl y d u r ing a
sto rm to facilitate correlation of the data. This approach dictated
th at only those storms producin g an areawide rainfall at each site
co u ld be s amp led. Th e large number of samp les reach ing the labor—
Itory at one t ime as a result required the p lacing of an equal number
of laborator y per s .anel on callout to provide immediate anal y s i s  of
the potentially degrad ing constituents. Such anal y s e s w e r e  no rm a l l y
comp le ted within a period of three hours after collection. Samples
not requiring immediate attention were stored.

The con ta iner use d fo r  sa m p le colle ction was a bucket fabricated
from a two—gallon Nal gene bo ttle with a sp igot at the bottom. The
sp igot was e~~uipped with a rubber hose and a pinch clamp to faci-
litate drawing a dissolved oxygen and a coliform samp le. The b ucket
was lowered throug h the manhole or  a length of rope and a samp le i-as
d ipped from the stormw ater flow (Figure 21). The coliform samp le
b ottle was filled first b y p u r g ing the samp le hose and then fill ir ’g
the bottle , taking care to avoid contact with the hose.

Th e d i s so lved  o x y g e n  samp le bottle was filled b y inserting the rubber
hose into the bottle and ge ntl y releasing the pinch clamp until a
stead y strea m resulted , carefull y avoiding any aeration. After
sufficient purg ing of the b o t t l e , the samp le tube was withdrawn and
t h e  s a m p le w a s  i m m e d i a t e ly  i n o c u l a t e d  w i t h  m a n g a n o u s  s u l f a t e  f o l l o w e d
b y  an  a l k a l i n e  i o d i d e  s o l u t i o n  i n  a c c o r d a n c e  w i t h  t h e  m o d i f i e d  W i n k l e r
method -

Th e l a s t sa m p les to be t aken were two bulk samp les which were store-I

in two—gallon pol yethy lene containers for use in making the remainder
of the laboratory analyses. Temperature measurements were made on
site with a mercury thermometer and recorded along with the samp l e
time.

when a background flow existed in the storm drain line , a samp le of
t~-e fl ow was taken prior to the beg inning of the storm. A samp le o f
th e stormwater was then collected at the. beg inning of the flow and
at 15— minute intervals thereafter. Althoug h a shorter time interval
was Jesireab l e , the 15— m inute interval was selected as a ma tter of

p racticality. Shorter samp l ing intervals , while providing a better
de scri ption of qual ity changes with tine , wo u ld h a v e  p r o d u ced  an
unm anageable number of samp les. This , in turn , tends to decrease

the reliab ility of resul ts because of the need for rap id samp le turn—

over. Lc’nger inter vals are not des ire ahI~e from a modeling standpoint
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s in c e  i n a d e q u a te  c o r r e l a t i o n  of  q u a l i t y  w i t h  t i m e  w o u l d  r e s u l t .

Whe n the flow dropped to zero or previous back gro und leve ls , sampl ing
was discontinued until the rainstorm commenced again or it was ap-
paren t that the end of the storm had been reached. All collected
samples were transported to the laboratory within a reasonable length
of t ime. The back ground and initial samp les were brough t to the lab-
oratory within one to three hours after collection while subsequent
sa m p les we re picked up at three—hour intervals. For the most part ,
the samp les were not refrigerated or preserved for transport to the
labo ratory. This was based on the fact that air temperatures during
a major portion of the stud y were sufficiently low to prevent any
substantial deterioration of the samp les. During the spring and
summer season , h o w e v e r , the coliform samp l e s  we r e c h i l l e d  w it h i ce
to prevent any change in bacterial count.

L A B O R A T O R Y  P R O C E D U R E S

A ll of the stormwater samp les collected during the stud y were ana-
lyzed in Metro ’s Water Quality Laboratory. The laboratory is equi p p e d
w ith the normal type of instrumentation required for water quality
a n a l yses. This includes a perkin Elmer 303 atomic absorption spec—
trophotometer for heavy metal anal y s is , and a Technicon Autoanal yzer
for automated nutrient anal yses. The st aff perfor ming the anal yses
consisting of chemists , b iologists , b acteriologists and technicians ,
are all qualified and experienced in performing the anal yses required
for the urban drainage stud y.

As n o t e d , i t  w a s  no t p o s s i b l e  t o  a n a l y z e  f o r  a l l  parameters immedi-
ately, w h i c h  n e c e s s i t a t e d  t h e  p r e s e r v a t i o n  of  c e r t a i n  s a m p les  b e f o r e
s t o r a g e .  T h e  m e t h o d s  u s e d  t o  p r e s e r v e  t h e  s a m p l e s  are listed in
Tabl e 5.

T h e  large number of samples Involved required a compromise on the
rumber of samp les to be anal y zed. This resulted in compositing
some of the samp les based on flow . The procedure for compositi n g
was designed around the two areas of major interest in regard to
qualit y changes with time , i . e . , the initial portion of the storm
and the period of maximum flow if this differed from the intial peak.
A s  the flow levels off and starts to decline , the conce ntration levels
b e com e more uniform and the importance of anal y z in g e v e r y sa m p le
in d i v i d u a l l y  declines. Samples were composited the refore after
the first hour of the storm , unless flow was still increasing and
a fter the second peak flow if one occurred. Compositing was not
c a rr i e d  out during the two periods of major interest. The aliquot
for each composite sample was assumed to be representative of the
to t a l  time period over which the samp les were collected.
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TABLE 5

SAMPLE STORAGE METHODS

Ammon ia , nit rite , nitrate , or th o p ho spha t e —
r e f r i g e r a t e d  a t  4° C , average leng th of
s to r a g e  2 to  10 h o u r s .

Kjeldahl nitrogen — preserved in s u l f u r i c
acid and refrigeration at 4°C , stor age 1
to 5 days.

Hydrol y z a b l e  p ho sp hor u s — p r e s e r v e d  w it h
chloroform and refr igeration at 4°C , storage
4 to 48 ho urs.

Heavy me tals — preserved in nitric acid ,
storage 1 to 5 days.

Solids — no preservation , 4 to 48 ho u rs
storag e.

BOD — p r e s e r v e d  b y refr igeration at 4°C , 2 to
10 ho urs storage.

COD — preserved in sulfuric acid , 1 to  2 d a y s
storage.

C o l i f o r m s  — preserved by refrigeration a t  4° C ,
2 to 10 ho urs storage.

Chloride — no preservation , 1 to 6 days sto rage.

Sulphate — no preservation , 1 to 4 days storage.
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The two—gallon bulk samp les were spl it into over twenty smaller
samp les wi th care having to be taken to insure that each aliquot-
was representative of the bulk s a m p l e .  V i g o r o u s  m i x i ng  of  t h e  bulk
s a m p les was car r ied o ut b e f o r e  ex t rac t ing an al iq uot in order to
provide ho mogeneity of the solids material. In cases where both
the r aw stormwa ter samp le and its supernatan t were anal y z e d , the
s a m p le was thor oughl y mixed before w ithdrawing the raw portion.
The re ma ining samp le was all owed to settle for an hour , a n d  the
superna tant was then decanted from the solids portion. The methods
used for the anal yses of the st ormwater runoff samp les a re lis t ed
in Table 6.

DATA CALCULATIONS

The mean concentration of each constituent for an individual storm
was calculated by dividing the mass contained in the runoff for the
ent ire storm b y the total volume of runoff (Equation 1). This In-
cl uded c o r r e c tion f o r  back ground contribution. Direct averaging
of concentration values was not considered to be valid in this case
beca use of the bias resulting from the different length samp le p eriods.
The mean concentration values over the total stud y period was then
calculated from the sum of the means for individual storms.

(1) Mean Concentration = CiViTi — B ( Ti)
(ViTi)

whe re Ci — Concentration , i th interval
Vi  — Vo l um e o f  f l ow , i th interval
Ti — T i m e  o f  i t h  i n t e r v a l

B = Ba ck g r o un d l o a d in g ,  mass per unit time
N = Number of samp le intervals after compositing

Th e w a s h o f f  load in g factor in pounds/acre/day for each constituent
was calculated by dividing the total mass generated in a particular
storm by the area of the drainage in acres and the number of dry d a y s
preceding each storm. A dr y day was considered to be one in which
less than 0.03 inches/hr or 0.1 inches/day of rain fall were recorded.
The washoff loading factor was then calculated on an annual basis
a n d  a l l  l o a d i n g  f i g u r e s  a v e r a g e d  o v e r  t h e  t o t a l  s t u d y  p e r i o d , t o
produce a mean annual washoff loading value. Calculations were not
done for arsenic since in all cases it was below the detection limit
of 0.05 mg/ i.

The unit back ground loading was based on the flow in the system
measured prior to the start of a storm and not attributable to the
stormwater runoff. In the Central Busine ss District , the back g r o u nd
values could not be calculated di r e c t l y  but had to be related to a
specific time interval because of the w ide fluctua t ion of concen-
tr ation values throug ho ut a 24—hour period. These fluctuations were
lar ges t fo r  BUD , COD , organic nitrogen , ammonia , p h o s p h ate and hexane
extr actables. A plot of unit loading vs. time was developed from dry
weather flow data , part icularly that of September 27 , and the re-
sulting grap hs used to determine back ground loading for a g iven time
interval (Figures 36 to 38 , A ppendIx 2). The oth er parameters were
found to vary only sli g htl y with time , therefore , onl y the mean con-
centration values were used to c a l c u l a t e  the back ground ‘ .ad ings.
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TABLE 6

ANALYTICAL METHODS

Dissolved Oxygen — Azide modification of iodometric method ,
(S tandard Me thods , 1971).

Biochemical Oxygen Demand — 5 day incubation , (Ibid).

A mmon ia — P h e n o l h y p o c h l o r i t e  m e t h o d , ( Z a d o r n y , e t  a l , 1 9 7 3 ) .

Nitrate — Cadmium reduction method , (Standard Methods , 1971).

Nitrite — Diazotization method , (Ib id).

Kjeldahl Nitrogen — Acid digestion , (Ib id).

Ortho Phospha te — Dissolved ascorbic acid method , (Ibid).

T ot al  H y d r o l y za b l e  Ph o sp hor us — Acid hy d r o l ys is  f o l l o w e d  by
ascorb ic acid color develo pment , (Ibid).

Hexane Extractable — Soxhlet extr action method , (Ib id).

Suspended Solids — Total suspended matter , (Ib id).

Settleable Sol ids — Filtrat i on after standing one hour (Ibid).

Tot al Dissolved Solids — F i l t r a b l e  residue , (Ibid).

Chloride — Chloride electrode , Or ion model 96—17. (Carlson ,
R.M. , and Kennev , D. R ., 1971).

Total Coli form - Membrane filter method usin g M Endo broth.
(Stand ard Methods , 1971).

Fecal Col i form - M embrane filter methods using M F C broth.
([bid).

Heavy metals except mercury and arsenic — Acidification with
nitric acid to O.4~i H N O

3 
and determination by atomic absorption ,

(Ib id)

M e r c u r y  — Acid digestion at 95°C f o r  2 h o u r  a n d  d e t e r m i n a t i o n
h v  flam eless atomic a b s o r p t i o n , ( E P A , 1971).

A r s e n i c  — P e r s u l f a t e  s u l f u r i c  acid digestion to SO
3 

f u m e s
followe d b- .- gen e r a t i o n  and atomic absorption analyses in
h ydr ogen—argon flame. (Ib id ; C h u  et al , 1972).
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Temperature — Mercury thermometer. (Standard Methods , 1971).

pH — Determined on a Beckman model 76 expand ed scale pH meter ,
(I bid).

Conductivity — Hydro lab Surveyor System control unit , (Ibid).

Turbidity — Hach turbidim eter , (Ibid).

Sulfa te — Hach turbidim eter , (Ibid).
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In later attempting to analyze the data for the Central Business
District , it was found that the back gro und information collected
was not sufficient to allow for precise calculations , althoug h
approximate values were obtained.

RESULTS

The comparison of the seven test areas as to overall quality of
runoff based on the mean concentration of pollutant s (Tables 7 &
9—15 , Append ix 3) produces a general ranking in order of descending
qual ity as follows :

1. Lake Hills
2. Hi ghlands
3. So uthcenter
4. Viewr id ge 1
5. Viewrid ge 2
6. South Seattle
7. Central Business District

Th is order was determined by cons idering all parameters (except
tempera tu re , pH and arsenic) with each being given eq ual we ight.
The areas were f irst ranked accordin g to concentration level by
parameter. Where equal values occurred , the areas were given eq ual
s t a n d i n g s .  T h e  o v e r a l l  o r d e r  w a s  t h e n  d e t e r m i n e d  by  w h i c h  p o s i t ion
each area fell into most frequentl y.

The first two sites , which are low density sing le fam ily residen-
t ial , yield the h ighest q ualit y runoff . The Lake Hills area repre-
sen ts the best overall picture , with the lowest or next to lowest
concentra tion levels In 90 percent of the cases. The major ex-
ception to this trend is the hig h coli f orm leve l s  p resen t in these
sa m p les. The total and fecal coliform concentrations of 37 ,000 and
1400/organ ismsfloo mis , resp ectively ranked among the hi ghest val ues
recorded in any of the areas. The total to fecal coliform ratio of
26 to 1 tends to indicate that most of the coli form contamination
is from a source other than sanitary sewage. Fecal streptococci
c o n c e n t r a t io n s  w e r e  n ot ru n , so f ur ther d i f f e r e n t ia t ion of the f e ca l
source is no t possible.

These co l i f o r m concen t ra ti o n s , as well as all other coliform con-
cen t ra t ions found In thi s s tudy ,  exce ed the water quality standards
for receiving waters (Dept. of Ecology , 1973).

The runof f  f r o m  the Highlands area is of hi gh q uali ty al tho ugh there
are a number of constituents which show mid—range values , including
heavy metals and solids.

The Sou theenter shopp i n g  co m p l e x , d e s p i t e the h i gh densi t y a ut omobile
traffic has relativel y go od water quality. This level of qual it y
undoubtedl y reflects the result of a well maintained cleaning pro-

gram fo r  the parking lots a t this location. A portion of the parking

-46—
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TASLE 1

URBAN RUNOFF POLLUTANT CONC&NTRA?IONS

SUMMARY

Mean Concentrat iOn
Parameter VR 1 VR2 

- H1,6 CD07’

Temp. C’ 13.1 12 .9 11.8 13.3 14.6 10.7 16.6

Cond. umho/cm 125 136 134 99 51 132 210

Turbi dity, JTU 30 37 47 18.7 15 22 43

DO . mg/i 8.6 8.9 8.5 9.5 9.6 9.4 7.0

SOD , mg/i 30 30 19 15 8.5 8.0 22

cOD. mg/i 95 9 7 95 70 68 57 66

Hexane Ext. • mg/i 12 16 14 11 7.3 8.5 6.8

Chloride . mg/i 7.7 12 12.2 6.6 5.3 7.5 24

Sulfate , mg/i 17 18 26.1 18 7 18 2S

Organic N , mg/i 2.6 3.5 1.7 1.4 1.1 1.4 3.1

Ammonia N , mg/i 0.32 0.48 0.32 0.32 0.19 0.09 0.88

Nitrite N , mg/i 0.11 0.12 0.06 0.04 0.03 0.02 0.l~

Nitrate N , mg/i 0.67 0.72 0.83 0.64 0.51 0.76

Hy drolyzable P . mg/i 0.45 0.40 0.24 0.17 0.24 0.35 0.71

Ortho P , mg/i 0.12 0.12 0.08 0.05 0.12 0.10 0.16

Copper . mg/i 0.040  0 . 0 5 6  0 .10 0 . 0 8 1  0 . 0 7 6  0. 12 0. 4 4

Lea d . mg/i 0 . 4 4  0 . 3 2  0 . 2 5  0 . 4 0  0.27 0.08 0.37

Iro n , mg/i .2.4 2.0 2.1 0.75 0.39 0.44 2.0

Mercury . mg/ i 0 .0003 0 .0 0 0 4 0 . 0 0 0 4  0 . 0 0 0 8  0 .0 0 0 3  0 . 0 0 0 8  0.0005

Chromium, mg/i 0.025 0.009 0 .OiO 0.074 0.010 0.OiO -0. 28

Cadmium , mg/i 0.005 0.004 0.005 0.004 0.004 0.004 0 .013

Zinc . mg/i 0.18 0.12 0.43 0.24 0.082 0.068

Sett . Solids , mg/i 51 84 60 40 40 68 213

Su&p. Solids . mg/i 85 112 80 73 54 98 190

?DS . mg/i 131 125 170 89 72 101 208

Total Co2iform~ 28000 26000 4200 1600 37000 3600 460000~
org./i00 mis

Fec~ 1 Coiifor~n’ 3600 1200 30 370 1400 3 7 0 4 4 0 0 0 0
orq/ 100 r,ls

*M.di lI T~
• Due to l imite d bac kgrc und d~~ta fro m th~~m ar ” .’~, t} c’ne v a lu e s  a r c  ep1~rox~ ra t r
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lo t is cl eaned b y vacuum on a weekl y b a s is w h i c h  a p p e a r s  to be an
efficient operation. The constituents of hig h est q uali t y incl ude
conductivity , turbidity and dissolved oxygen levels. Coliform levels
are low and very l ittle discharge of nutrients exist. Surprising ly,
oil and gr ease , wh ich were expected to be present in a hig h conce n-
tration , are lower here than at several other stations including
V iewridge One. The ma jor heavy metal contaminants from the South—
cen ter site are lead , chromium and zinc. The lead and zinc co n-
ta minants can be related to automobile em issions , while the chromium
was tr aced to a cooling water discharge from the shopping center.
Steps are being taken to eliminate the chromium source from the
s to rm wa t e r s y S ten.

The two Viewrid ge areas are nearl y comparable in qualit y of runoff
for most pollutants despite the difference in land use. A major
contributor to this similarity and to the hig h c oncentration levels
of constituents in the Viewrid ge One runoff could be the result of
the unseparated roof drains. The m aj or drainage from this site as
a result occurs from the resid e ntial streets which have been demon-
strated to be highly contaminated sources of p o l l u t a n t s  (Sartor ~
Bo yd , Nov ., 1972). Th e 50 perc ent composition of sing le family
residences in the Vi ewrid ge two area likewise adds to the similarity.

D i f f e r e n c e s  in r u n o f f  q u a l i t y  b e t w e e n  t i l e t w o  a r e a s  a r e  se e n  m a i n ] . v
in t h e  c o n c e n t r a t i o n  l e v e l s  f o r  h e~& v y  m e t a l s , w h e r e  t h e  v a l u e s  f o r
V i ewr i d ge One exceed those for Vie w ridge Two in most cases; and
settled and suspended solids~ where Viewrid ge Two yields the greater
values. The reason for the latter difference Is riot readil y apparent.
A major arterial does traverse the lower basin (VR2) which could
influence the solids loading. This factor correlates with the hic’,her
accumulation of oil and grease in the latter area , bu t the same is
not true of other general indicato rs of vehicular traffic such as
lead content.

The South Seattle area is quite similar to the Vlewrid ge a r e a s  in
the overall quality of runoff. The con centration level for TDS and
the turbidity are quite hi gh . However , th e values for the heavy
metals , wh ich might be expected , to be hi gh , are mainly mid—range ,
with the exception cf zinc.

In the Central Business D i s t r i c t , the concentration levels of many
contaminants are the hi ghest recorded in the stud y . This indicates
a condition of gross contamination. The data collect ed at this site ,
h owever , must be interpreted with caution since inaccuracies could
ve ry well exist. The data derived from the combined sewer system

b y d ifference can be affecte d by several factors. The first is the
hi gn back ground concentration levels of the ra~- sewage which , in
gener a l , exceed the stormwater levels by at least one order of mag-
nitude. The second is the wide fluctuation in concentration levels
with time wherein the change in concentration levels exceed the storm—

~ater concentrations b y a large fa ctor also. The development of good

re presentative back ground d a t i  in this situation is very difficult.
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An other problem associated with sampling at this site was the in-
termittent discharge of industrial wastes. Heavy metals concen-
tration , in particular , were apparentl y strong ly influenced by the
effl uent discharge from a sing le pla ting shop. The wide fluctuation
noted in metal concentrations between storms substantiates this
observation. The limited back gro und data from this area made it
imposs ible to calc u la te these val ues as precisel y as th o s e  f r o m
the other area s. While these values are therefore considered ap-
p r o x i m a t e , they do reflec t the general trend.

The washoff load ing intensities (pounds/acre /year) show a good
r e l a t i o n s h ip t o  p e r c e n t a g e  of  r u n o f f  aa  w e l l  as  to  q u a l i t y  of r u n o f f .
The washoff loading intensiti es calculated for the overall study
p e r i o d  a n d  f o r  e a c h  i n d i v i d u a l  s t o r m  a r e  p r e s e n t e d  in T a b l e  8 &
16 to 2 2 , A p p e n d ix 4. T h e  r i n k i n g  o f  t h e  c a l i b r a t i o n  s i t e s  b a s e d
on relative washoff loading intensities was determ ined by the sam e
method as outlined p revious l\’ and is presented below in order of
ascending quantity.

1. H ighlands
2 .  L a k e  H i l l s
3 .  V i e w r i d g e  O n e
4. South Seattle
5. Sou thcenter
6. V iewr id g e  Two
7. Central Business D i s t r i c t

T h i s  o r d e r  of r a n k i n g  i s  s i m i l a r  t o  t h a t  i l l u s t ra t e ~ f c r  q u a l i t y  of
r u n o f f  b a s e d  on  m e a n  c o n c e n t r a t i o n  a l t h o u g h  s-~:ue c h a n g e  in e m p h a s i s
has occurred. T h e  H i g h l a n d s  area is the be st in  t e r m s  of m e a n  a n n u a l
wa shoff loading althoug h th e Lake Hills area ranks very hi gh. The
V iewrid g e O n e , South Seattle , and Southcen t er areas yield similar
v a l u e s .  T h e  w a s h o f f  l o a d i n g  4 n t e n s i t y  f o r  t h e  V i e w r i d ge  Two a r e a
is s i g n i f i c a n t l y  g r e a t e r , a l t r i o u g h I t  is  s t i l l  e x c e e d e d  by t h a t  f o r
the Cent ral Business District.

T h e  l o w  w a s h o f f  l o a d i n g  i n t e n s i t i e s  a t  t i - e Hig hlands and Lake Hills
s i t e s  a r e  d i r e c t l y r e l a t e d  t o  b o t h  t h e  q u a l i t y  a n d  q u a n t i t y  o f  r u n o f f .
As  n o t e d  p r e v i o u s l y ,  t h e  q u a l i t y  o f  r u n o f f  f r o m  t h e s e  t w o  s i t e s  w a s
t h e  b e s t  a n d  t h e  p e r c e n t a g e s  o f  r u n o f f  w e r e  e x t r e m e l y  l o w , 4 . 9  a n d
7 . 4  p e r c e n t  r e s p e c t i v e ly .  T h e  d i f f e r e n c e s  in l e v e l  b e t w e e n  t h e
load ing intensities r e c o r d e d  a t  t h e s e  s i t e s  a n d  that at the Central
Business D istrict approaches at least one order of m agnitude. This
holds part icularly for biochemical oxygen demands , am m o n i a , iron and
chromium.

Th e mean washoff loading t i gures fron. V l . e w r i d ge O n e , South Seattle

and Southcenter are of the same general magnitu de. This relationship

e x i s t s  d e s p i t e  t h e  w i d e  v a r i a t i o n  in p e r c e n t a ge  o f  runoff from these

three s i t e s :  N a m e l y :  1 3. 6 , 3 4 . 9  a n d  5 3 . 9  p e r c c r t . The  l o a d i n g  f r o m
the V iewrid ge ~ne area co u ld be h igher tha n antic i p ated because of the

lo’ s of r u n o f f  d u e  t o  the un separ ated roof drainF . The magnit ude of
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TABLE 8

URIIAN kUNOrF POLLUTION LOADiNG

SUMMARY

Mean Load in9 !_ p i~~~!/ Li~!~LParam eter VR3. VR 2 ~j~ 3 
_______ 

SC4 LIlS HL6 CBD7 1

DOD 7.1 92 7.1 14 3.6 0.58 110

COD 54 340 39 68 33 i2 325

HeX.~ne Ext. 17 144 8.4 13 4.4 2.0 47

Chloride 1.8 20 3.0 3.7 2.3 2.1 113

Sulfate 3.6 44 14 ii 3.0 5.8 32

Organic N 0.8 1.5 1.0 i .5 0.47 0.27 8.0

Anunonia N 0.i4 0.14 0.19 0.26 0.071 0.02 6.2

Nitrite N 0.019 0.32 0.030 0.032 0.009 0.004 0.44

Nitrate N 0.22 3.1 0.44 0.58 0.22 0.28 3.6

Hydrolyzab le P 0.25 i.8 0.16 0.17 0.096 0.071 5.5

Ortho P 0.048 0.20 0.040 0 .052 0.034 0,017 1.2

Copper 0.037 0.23 0.085 0.09 0.026 0.028 i.9

Lead 0.iS 0.67 0.14 0.34 0.12 0.028 i.9

Iron 0.75 3.6 0.68 0.55 0.17 0.08 8.0

Chromium 0.009 0.04 0.009 0.062 0.005 0.003 1.6

Cadmium 0.004 0.019 0.004 0.004 0.002 0.002 0.079

Zinc 0.05 0.22 0.21 0.21 0.029 0.015 2.9

Sett. Solids 42.7 240 40 49 2i 9.2 511

Susp. Solids 107 760 56 87 29 21 964

TDS 36 610 153 52 35 22 1410

February i973 to September 1973.

**Due to iimited back ground data fr or~ ,m r e ~~, thp se v~ 1ues are approximate
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individual parameters within these three areas do differ si gnifi-
can tly in many cases , but without any apparent general trend. For
e x a m p le , solids di s c h a r g e  is h i g h e s t from the V i e w r i d ge One area ,
oxygen demand is h ighest from Southcenter , wh ile nutrients vary.
Ni tr ogen d ischa r ge is h ighest fr om the latter site while p hosp horus
loading is h ighes t from the Viewrid ge One are a. Overall , Sou thcen ter
a p p e a r s  to  p r o d u c e  t h e  h i g h e r  l o a d i n g s  a l t h o u g h  a l l  t h r e e  a r e  q u i t e
similar in magnitude.

Desp ite the similarity in quality of runoff between the two View—
rid ge sample sites , their washoff loading i n t e n s i t i e s  differ sub-
stantially. The percentage of stormwater runoff from the two sites
d iffers substantiall y with that at the latter site being three times
the former i.e., 13.6 vs. 33.8 percent. The parameters of major
si g n i f i c a n c e  d i s c h a r g e d  f r o m  t h e  V i e w r i d ge Two s i t e  a r e  s o l i d s , BOD ,
COD and oil. The nutrient c o n t en t  i s  a l s o  r e l a t i v e ly  h i g h in  com-
p a r i s o n  t o  t h e  u p s t r e a m  s i t e , b u t  t h e s e  l e v e l s  a r e  n o t  o f  m a j o r  im-
portance to the receiving waters.

As noted , the Central Business D i s t r i c t  runoff has the heaviest
w a s h o f f  c o n t a m i n a n t  l o a d i n g  w h i c h  i s  r e l a t e d  t c  low quality and to
a h ig h percen ta ge of r unoff . Sol ids , BUD , COD , o i l a n d  gre ase arid
n u t r i e n t s  a r e  a l l  b e i n g  d i s c h a r g e d  in s u b s t a n t i a l  q u a n t i t i e s .  T h e s e
val ues could be influenced by incomp lete compensation for background
contamination including raw sewage and industrial waste streams ir
the sy stems.

T h e  r a n k i n g  of  t h e  v a r i o u s  l a n d — u s e  a r e a s  b a s e d  ott r e l a t i v e  w a s h o f f
load in g intensities in an ascending order shows the following rela—
t i on s h l p:

1. L o w  d e n s i t y  s i n g le  f a m i l y  ru sident i al
2 .  M e d i u m  d e n s i t y  s i n g l e  t a m i t v  r e s i d e n t i a l
3.  H i g h d e n s i t y  s i n g le f a m i l y  r e s i d e n t i a l
4 . I n d u s t r i a l , l i g h t  m a n u f a c t u r i n g
5. Commercial , shopping area (new)
6 .  H i g h d e n s i t y  m u l t i p le  f a m i l y r e s i d e n t i a l
7. Commercial , business and shopp in g ( o l d )

T h i s  o r d e r  d i f f e r s  s o m e w h a t  f r o m  t h a t  o b s e r v e d  in  o t h e r  s t u d i e s
( S a r t o r  & Boy d , 1 9 7 2 ) .  T h e  r a n k i n g  of  t h e  i n d u s t r i a l  a r e a  d i s c h a r g e
is h i g her than antici pated w h i c h  ma y r e f l e c t  t h e  i n f l u e n c e  o f  a l o w
percen tage of runoff for this area. One of the commercial areas
(CBD7) is conversely ranked lower than would be predicte d. This could
be the result of a low frequenc y of Street maintenance in comparison
t o the other commercial area. It ‘nay also be due to inaccuracy in
the data resulting from the limited back ground in formation.

Several factor s not considered in this s t u d y  c o u l d  h a v e  a si g n i f i c a n t
t e a r i n g  on t h e  r e s u l t s  an d  c o n c l u s i o n s .  T h e  f i r s t  is t h a t  r a in f a l l
int ensit y ma y not have been sufficient to pro vide comp le te washoff
in most cases. Thi s is indicated by the values of the March 10 storm ,
wh i c h  was the storm of hi ghe st inten sit y . The washoff values recorded
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on this date exceed the mean loadings in over 90 percent of the
cases , indicating a below average washoff for some of the less
Intense storms. A more complete cross—section of storm intensities
needs to be samp led before a good relationship between washoff loading
and rainfall intensity can be established. Likewise , the storms
sampled for quality are all relativel y low volume storms in terms
of total rainfall volumes. At least one large volume storm needs
to be samp led to establish a good overall relationshi p between wash—
off loading and total volume . The stud y period did not cover an
entire year , so no indications of seasonal variation are available.
Records of sweep ing schedules are poorl y maintained which essentiall y
eliminates consideration of this factor in calculating the period of
contaminant accumulation. This information needs to be developed
more completely to provide precise information on periods of accu-
mulation and on the effectiveness of the cleaning procedures employed.

A preliminary anal ysis of pollutant loading vs. time for BOD , total
hydrolyzable phosp horus and suspended solids was carried out. Graphs
of the da ta reveal that in almost all cases washoff loading is de-
creasing rela tive to the runoff flow. A rap id removal of mos t of
the pollutan t early in the s torm fo l l owed  by a low sus tained level
of vashoff , the first flush effect , was the pattern observed in 17
percen t of the cases (Figure 22). In another 21 percen t of the
cases the pattern was similar but not as clear cut , i.e. ,an ex tended
first flush (Figure 23). The largest number of cases revealed a
loading pa ttern that corresponded to the runoff flow but was de-
creasing rela tive to it (Figure 24).

The load ing patterns varied between parameters for a given location
and s torm , be tween locations and between storms. There are a numbar
of factors influencing this var ia t ion including runof f  f l ow  pa tt ern
and volume ; ra infall intensity, vol ume and duration; area , and the
k ind and amou nt of poll utant. Althoug h thoroug h unders tandin .. of
the relationships involved would require a more extensive stud y,
some of the correlations are apparent in the data.

The pollu tant loading pattern coincides most closel y with the runoff
flow pa ttern. A sudden initial peak in flow followed by a fluctuati -i g
period or a gradual decline is most often associated with the first
flush loading pa tterns. A runoff flow pattern of separated peaks
corresponds to the fluctu ating but declining loading pattern.

The loading pattern is also related to storm intensity with the first
flush effect occurring most often for hig h intensity storms.
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SUMMARY

A survey to measure the quant ity and quality of urban stormwater
r un o f f  in the me t ropol it an area  of  Sea tt le , Washing ton was initiated
to provide da ta for calibrating the RIBCO Urban Runoff and Basin
Dra inage Computer Simulation Model. Seven calibration areas were
selected based on land use patterns as follows: single famil y
res iden t ial , multip le f a m i l y r e s id e n ti al , commercial and ind ustrial.
The study was conducted over a seven—month period , February to
September , 1973 an d included mea su remen t of ra infal l  volume and
intensity, and stormwater runoff volume , intensity, and qual ity.

The quantity data , incl ud ing ra in f all and ru no f f , was c o l l e c ted on
a c o n t i n u o u s  b a s i s  a t  a l l  c a l i b r a t i o n  s i t e s .  T h e  r a i n f a l l  d u r i n g
the period was unusuall y li gh t aver aging 1. 3 9  i n / m o n t h  w h i c h  r e —
presents an average deviation of  0 . 8  i n c h e s  b e l o w  t h e  n o r m a l  r a i n -
fall for this area. The li gh t rainfall contributed to below average
ru n o f f  fo r the va ri o u s land u se a r e a s . The p e r c e n tages  of runof f
are as f~~llows : single family residential — 5 t o  14% , m u l t i p le
f a m i l y  r e s i d ep t i a l  — 34~~, i n d u s t r i a l  — 35~~, and co mm erc ia l  — 54
to 6 4 ’ .

T h e  runo ff quality measurements were conducted over a total of si~
storm s which ranged in volume from li gh t (less than 0.1 in.) to
m o d e r a t e  ( 0 . 5  i n . ) .  T e c h n i c a l  d i f f i c u l t i e s  p r e v e n t e d  s a m p l i n g  of
the heavier storms providing a n  i n c o m p l e t e  r a n g e  ~‘f val ues for
deter mination of the washoff l o a d i n g  f u n c t i o n .  T h e  p o l l u t a n t s
hig hest in concen tration were suspended and settleable solids , BOD ,
C O D  a n d  o i l .  N u t r i e n t s  c o n c e n t r a t i o n s , in general , we r e l o w  w h i l e
heavy me tal values varied with influence from industrial waste dis-
charge and/or veh icular traffic volumes.

The wa shoff loadin g factors for the various pollutants correlated
c l o s e l y with land use pa tt ern within the calibration sites. The
ranking, based on mean annual wa shoff loading, of the designated
land uses acc ording to increasing pollution potential produc ed the
f o l l o w i n g  o r d e r :  l o w  d e n s i t y  residential , hi gh density residential ,
new commerci al , ind u s t rial , multi p le residential , old commercial.
This ranking deviates somewhat from that recorded in other areas
of th e country particularl y in regard to the industrial area and
the old commercial area. This may be related to the low percentage
of runoff for the industrial area and the limited background data
from the old commercial area.

T h e  f a c t o r s  n o t  s u f f i c i e nt l y  a c c o u n t e d  f o r  in this stud y ,  including

a representat ive range of rainfal l volume and intensity , s e a s o n ,

b a c k gr ound loading and street maintenance , may have some affec t

an  t h e  r e s u l t s .  F u r t h e r  d a t a  c o l l e c t i o n  i s rec omm end ed in order
to p rovide the no cessar data base to substantiate the results and

conclusions dr awn from this stud y.
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CONCLUS IONS

1. The varia tion of rainfall with geograp hic loca tion during
individual storms creates a problem in precise determination
of rainfall volume and in tensity particularly for large—area
survey sites.

2. The percentages of runoff , ranging from 5 to 64 percent , cor-
related well with the percentage of impervious surface assoc-
ia ted with a particular land use.

3. An incomp le te range of storms was sampled both in relationship
to season and to tal volume and intensity. This may produce
inacc uracies in the simulation of the total spectrum of storms.

4. The ligh t ra in f a l l  m a y  h a v e  p r o v i d e d  i n c o m p lete washoff of
accum u la ted poll utants as well as low percentages of runoff.
The po tential contribution in subsequent storms would produc~
some va r i a b i l it y in res ults.

5. F i v e  m a j o r  c o n s t i t u e n t s  f o u n d  in t h e  u rban r un o f f  we re  sol ids ,
BOD , COD , oil and grease and total col iforms.

6. Heavy metal concen trations in some areas were not typ ical of
urban runoff and represented input from other sources.

7. The conc entration l~~v els of contaminants in the Central
Bus iness District samp l e s  g e n e r a l ly e x c e e d e d  th o s e  f o r  a l l
othe r areas. This may reflect incomplete compensation for
back gro und levels of contaminants in the combined sewer system .

8. The washoff lo ading factors were related to the number of dry
days prece eding a given storm with no consideration of street
mai ntenance schedules. This could contribute to low values
if any maintenance was performed during the designated accu-
mulation period.

9. The washoff poll utant loading fa ctors calculated for the
S e a t t l e  a r e a  a r e , in g e n e r a l , l e s s  t h a n  t h o s e  l i s t e d  f o r
many o ther cities in this country. This is particularl y
true in comparison to street surface contaminants , includ ing
so l i d s , oil , nutrients and heavy metals.

10. Wa shoff poll utant loading f a c to r s  a r e  c l o s e ly co r re la ted wi th
land use pattern. The ranking of land use categories according
to poll ution potential corresponds to a normal pattern wi th the
excep tion of the industrial site which is better than anticipated ,
and the old commercial site which is worse.

—57—



11. The low washoff loading factor for the industrial site can
be attributed , in part at least , to unpaved areas and possible
ponding on the flat surface. This is indicated by a low per-
centage of runoff , i.e., 35%.

12 . Was hof f  pollutant loading (fo r  BOD , total phosp hor u s and
suspended solids) was found to be decreasing relative to
flow during the course of the storm in almost all cases.
The firs t flush effect was observed in about one-third of
cases.
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REC OMMENDAT IONS

1. The presen t urban stormwater sampling program should be
ex tended over a longer period of time to include at least
a full ann ual cycle of rainfall. This would prov ide the
necessary seasonal data f o r  m o d e l  c a l i b r a t i o n  a n d  f o r  cor-
r e l a ti on a n a l ysis.

2 .  A m o r e  c o m p l e t e  r a i n  g a u g e  n e t w o r k  s h o u l d  be e s t a b l i s h e d
to provide a more precise definition of rainfall volume
and intensity particularly in large survey areas.

3. Storms of greater v o l u m e  a n d  i n t e n s i t y  n e e d  to  be  s a m p l e d .
Th is would produce a more complete washoff of p ollutants
and provide th e necessary statistical data base for the
model calibration.

4. The poll utant buildu p on streets should be studied and a
correla tion between antecedent dry d a y s  and p ollutant
loading establ ished. Concurrentl y more comp let e records
of Stree t maintenance p :ograms should be obtained at~d the
type and frequency of maintenance correlated with a re-
duction in loading levels. This would eliminate errors
in the calculation of washoff loading factors based on
antecedent dry days where pollutant accumulation has been
affected by street cleaning.

5. A n alternate means of gaug ing stormwat er runoff flow should
be devel oped to allow calibration of pres ent methods.

6. Automatic samp ling equipment should be utilized in subsequent
studies. This will insure better samp ling coverage and lower
manpower requirements.

7. A more complete anal ysis of the data is desireab le whenever
sufficient data has been accumulated for this purpose. Such
factors as correlation of stormwater quality and washoff
pollutant loading with rainfall volume and intensity, wi th
time during the storm .with season , with per iod of accumu-
lation , with maintenance practices , etc., should be con-
sidered. The definition of washoff loading in relationship
to the  s o l i d  a n d  l i q uid portions of the runoff also needs
to be determined.
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T1\flLE 9
UaBzIN nuNorr CI ’PI 0.A CT F R ISTI C S

VI E W R 1TX~F. ONE !IRETI

M ean Cr ,ne c ,ntr ation

par am et e r  Feb 14 Mar 10 Mar 16 June 6 )\ug 16 sent 19 “ean

Temp. C0 7 .3 9.1 9.4 15.8 19.0 18.0 13.1

p 11 7 .3 7.5 7.3 6.8 6.9 6.5 —

Cond . .r-~hu/cri 157 34 94 160 228 76 125

Tur~’i ~ii ty  - JTU 65 8 33 23 23 30 30

DO , r~~/ 1 9.8 11.5 10.5 6.2 5.9 7.6 8.~

1100, n.j /i 34 4.9 10 49 58 22 30

COO , no /i 88 55 59 126 176 64 95

I l e x an c  Ext. , ng/ 1 10 20 7 .4 8.1 17 12 12

C h l o r i d e , rig/i 8.8 1.1 5.2 13 16 1.9 7.7

~u1fate , rig/I 24 2.4 13 26 29 7.0 17

Organic ~~. rig/i 1.3 0 . 6 4  1.5 3.5 6.5 1.9 2.6

Aiflmon i i  N , rig/1 0 .17 0.11 0 . 2 0  0.18 1.1 0.13 7.32

Nitrite ~, r~;/1 0 . 2 2  0 .08  0.10 0.04 0.15 0.08 7.11

rio/i 0.72 0.18 0.70 0.38 1.7 0.35

II~- r 1 y z~~~1e P , r i j ’l 0.33 0.24 2.31 0.33 1.10 0 . 3 7  7 . 4 5

Ortho 1’, r,g/l 0 . 0 8  0.04 0 . 0 6  0 .08  0 .31  0. 12 7 .1 2

Copper , r—~;/1 0.030 0.042 0 .0 12  0.054 0 . 0 7 5  0.032

Lead , r.7/1 0.42 0.10 0.45 0 . 2 2  1.3 0 .13  0 . ’4

iron , nu/ l 4.7 0.54 2.8 0.92 5.2 0.28 2.4

M e r c u r y ,  rig/I 0.0006 0.0003 0.0002 0.0002 0 . 0 0 0 2  0.0002 C.0~~0 3

Chroniuri , n j / i  0.016 0.010 0.012 0.09 0.012 0 .0 1 0  0 . 0 2 5

— 7  0.006 0 .005  0 . 0 0 4  0. 0 7 4  0 .006  0 . 0 04

rig/i 0.080 0.029 0.13 0. 27  0 . 4 3 0 . 0 5 1  L18

0’tt. Solidc , nj/I 107 49 29 38 50 32 51

~~~~~ ~
‘u i i d r , i i  144 127 88 48 69 34 95

1:17 , n j / i  l i t  25 24 1 185 1(8 ~ P, 13 4

T o t i i  C o l i f c r ’  37~~7 12~~C/ 7800 45000 140000 4 7~~3 70 28000
or~ 100 i—la

rec~~1 Co1~. f u i  4 2 0  2 6 0 0  550 4 500  6 3 0 0  t 2 ~~00 3600
oru,’100 m l ,

—78—
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T/1131J 3 0
URRAN Pt ‘~.1~t ’ I ’  C I I%I i ’ Ti’ ’ I  1 7 ( 7 0

V I L W I 1 I 021 3 i-h) 7,/l.A

Mea n ( ‘ “1~1e r .~r i t : ’ /
Para— ..-- tor Feb 14 Mar 10 Pir I ~- ,‘tI r i ’  I 11 10 11 lie-nt 19 M e a n

Te”np . C° 7.9 9.0 9.4 16 .4 17 .7 17.1 12.9

p11 7.2 7.5 7 ,3 6. 7 7 .0 6.5 —

(‘ 17113. unl-io ‘c m  184 61 103 165 192 102 136

Turbidity , 3T7 63 25 4 2  29 33 37 37

01’, r~~,’1 10.0 11.5 10 .5 (- .4 (.1 8 .2 8 .9

077 , nj / i  20 ii 9 47 75 18 30

‘1 65 63 61 170 157 63 97

‘in ’  E x t .  n / / i  13 26 72 11 15 9. 16

‘1 cr i.Ii , i- ,t 1 24 1.5 3 .4 17 23 3.0 12

1; 1 1 ! , t ~~, : - .j ’l 27 5.0 9 .0 28 28 10 18

r 1 n ’ . c  7 , nq /I — — — 2 .8 6.0 1. 7

— — 0 . 2 0  0 . 7 2  0 . 8 1  0 . 1 8  0 . 4 9

7 , r i g / i  0.2(1 0.04 0.11 0 . 1 3  0.15 0.0’ 0.12

7 , ritg/ 1 0.~~4 0 . 3 5  0 . 2 1  0 . 8 4  1 . 4 1  0 . 5 9  0, 2 2

ifydrolyc It P i 7 ’ i / i  0 . 2 9  0.28 0.22 0.38 0 . 9 3  0 . 3 4

. r t i i~ 1- , i - i  0.05 0.04 0 .14 0.14 “ .21 1 .13 0.12

Copper, n il  0 . 0 3 2  0 . 0 4 0  0 . 0 3 5  0 .051  ( ‘ . 748  0.13 0.05(-

i e ,,,I , r-,7 / I  0.43 0.10 0.47 0.28 — 0 . 3 °  0.32

iron , i --~~’i 4.0 0.52 3.9 0.~~7 — 0.98 2 . 0

“ernl ,r ,’ , r i ’ t / i  0.0071 0.0003 0.0003 0 .0 0 10  0 . 0 0 0 5  0. ”C- l 0 . 7 0 7 4

c hr c ’n i ~ tr - , n q/ i  0 .0 0 5  0 . 0 1 0  0 . 0 10  0 . 0 10  0 . 0 0 9  0 . 0 11  0 . 0 0 9

C a d n iu i - , n’,,/ l  0 . 0 0 4  0 . 0 0 4  0 . 0 0 4  0 , 0 05  0 . 0 0 5  0 . 0 7 4  0 . 2 ° -I

O i r . , r’i / l 0 , 7 1 ’  0 . 0 2 8  0 . 0 9 1  0 .71 — 0 . 17  0 . 12

( t e l l  - Solids , nu ’l 118 43  47 (1 188 47 84

, p o lj . l o , r~~’1 175 127 40  (6  212 55 112

TI’S , m g )  131 64  117 191 1 4 7° 17°

‘- 1 , 1  7~~1 : f r 1 * 72~~” 11000 0 7 7 0  4 1 1 / 7 7  42000 2 2 2 ’ ~ 2(000
1 1 1 i 0 0  r- 1~

lec.* l .1’l if clI . 4°2 2000 490 360 6000 13000 1200
t - 10 0 — 1 3

— 7 q—
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TFIIILE ii
URBAN RUNOFF CIIAR .ACTF-1USTICS

SOUTH SEA TTL E AREA

Mean Co ncentr a tin n s
Parameter Mar 10 Mar 16 June (, Auo il i’eet 19 Mean

Tamp. C0 8.1 9.4 18.0 20.1 18.2 14.8

pH 7.2 7.7 6.7 6.7 6.2 —

Cond . umho/crt 20 89 169 243 15(3 - 134

T u r b i d i t y ,  JTU 35 42 40 81 36 47

DO , mg/i 11.7 11.0 6 . 4  5 .6  7 .6 8.5

SOD , mg/i 2.9 5.1 38 36 14 19

COD . mg/i 7 .0  56 147 156 111 95

I lexane  E x t .  mg/i 8.0 12 12 27 11 14

Chlor ide , mg/i 1.2 5 . 3  28 24 2 .5  12 .2

Su l f a t e , mq ’i 3 .6  12 30 41 44  2 ( . 1

Or g a n i c  0 , mg / i  0 .55  0 . 9 0  1.6 2 . 9 2 . 5  1, 7

An9nonia 0, mg/i 0.12 0.24 0.2~ 0.~~’ 0.42 0.92

N i t r i t e  N , mg/i 0.07 0.07 0.06 0.07 0.~~’ 0.” ’

N i t r at e  7, —4/’- 0.04 0.29 0.90 1.6 1.: 0.93

Hy d r o l y z a b l e  0 , n/ ’i 0. 18 0 . 1 9  0 . 2 8  0 . 4 3  0 . 1 7  0 . 2 4

O r t h o  1’ , n~j / l  0 . 0 3  0 . 05  0 .10  0 . 1 4  0 . 0 8  0 . 0 8

Copper , rig/i 0 . 0 4 3  0 . 0 52  0 . 0 7 6  0 . 1 0  0 . 2 4  0 . 17

Lead , mg/i 0.10 0.27 0.13 0.50 0.27 0 . 2 5

Iron , mg/i 0.39 2.7 0.90 5.6 1.1 2 .1

Mercury , mg/i 0.0004 0.0002 0.0006 0.0001 0.0003 7.0004

Chromium , rig/i 0 .010  0.010 0. 009 0 .0 0 9  0 . 0 1 2  0.010

(‘adniun, nj/i 0.005 0 . 0 0 5  0 . 0 0 4  0 . 0 0 6  0.004 3.007

Z i n c , nj / i  0 . 0 8  0 . 3 0  0 . 5 3  0 . 7 0  0 . 7 3  0 . 4 3

Set t .  So i i d o , n; ’i 41 52 89 78 33

Susj ’ . So lid , , n / i  63 91 10( 1 109 3’ 9’

rig /i 179 181 150 233 138 171

T17~ -ii Cn) if -  ri 1000 360 5 3 0 0  4 2 7 /  1 4 0 00  4 2 ( 3 0
o r g / i O O

Fc ’c a i  ( ‘u h f/ r n. 360 20 20 30 180 30
org iCO n1 ,~

M ed i a n s

— 8 0 —

—- 
‘- -- --- ._ ~~~~~~~~~~~~~~ —- ~~~~ ~~~~~~ 
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TABLE 12
URBAN RUNOFF C)I1¼J(ACTLI3IST ICS

SOUTHCENTEI4

Mean Concen tr- ,~~,rir ,

Parameter Feb 14 Mar 10 Mar 16 June 8 Au g 14 2ept 19 M~ 1n

Temp. C0 6.2 8.6 9.9 18 .4 19.~ 18.2 13.3

pH 6 . 4  6.9 7.6 7.0 6.3 (- .2 —

Cond. umho/cm 148 9.4 127 146 118 42 99

Turbidity , JTU 15 21 8.6 17.9 33 .5 16 18. 7

DO, mg/i 10.7 11.2 10.2 8 .4 7.8 8. 8 9 ,5

SOD , mg/i 4.7 4.4 11.6 10.6 36 21 15

COD , mg/ i  78 48 59 79 107 4 ( -  77

Nexane Ext., mg/i 17 14 7.9 6.2 11 9.2 ii

Chl orid e , mg/i  7 . 2  1.3 13.7 3 . 5  12 .4  1.2 6. 1

Sulfate , mg/i 33 3.8 24 16 20 10 18

Or g a n i c  N , mq/ i  0. 12 0 . 8 6  1.1 1 .3  3.7 1 . 3  1 .4

Ammonia N , ng/l  0 . 3 4  0 . 0 9  0.22 0.21 0.61 0.27 0.’2

N i t r i t e N , m g / i  0.05 0.02 0.04 0.03 0.05 0.04 0.04

Nitrate 11 , mg/i 0.48 0.31 0.58 0.54 1.57 0 ,39 0 . 14

Hy drol yzab le 0, mg/i 0.20 0.13 0.09 0.19 0.29 0.10 0.17

Ortho 0, mg/i 0.03 0 . 0 3  0.01 0.07 0.11 0.04 0.05

Copper , mg/i  0 .0 16 0 .0 15 0 . 0 8 5  0 . 0 3 2  0 . 0 8 0  0 . 2 6  0 . 0 8 1

Lead , mg/i 0.05 0.12 0.61 0.30 1.01 0.30 0.40

I ron , mgJ l 0 .38  0 . 0 8  1.14 0 . 8 5  1.65  0 . 4 1  0 . 7 5

M e r c u r y ,  mg/ i  0 .0001 — 0 .00 19  0 .0 0 0 6  — 0 . 0 0 0 f ,  0 . 0 0 0 8

Chro m ium , mg / i  0.0 15 0 .010  0 .0 10  0 . 0 9 2  0 .31 0 . 0 0 5  0 . 0 7 4

Cad m i um , rig/ i  0 .0 0 0  0 . 0 0 4  0 . 0 0 5  0.004 0 . 0 0 5  ‘ 3 . 0 0 4  0. 2 2 4

Z inc , mg/ l  0 . 0 0 0  0 . 0 4 2  0 . 3 7  0 . 2 0  0 . 5 8  0 . 2 7  0 . 2 4

Sett .  Sol ids , mg/i  31 40 18 64 66 22 40

Suap . Solids , rig/i 87 78 33 133 80 25 73

TOS, mg/i 118 12 170 64 130 41 89

T o t a l  Coli !orm — 1200 490 1900 — 3 2 0 0 0  h l . ( 1 t
Org/l00 ml ,

Focal Co itf orm — — 110 370 — 10000 3 7 ( 1
Org /h O m i s

Medians

—8 1- 
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TA D LE  13
U N 1 1 A N  570°F! CIIARSC TI:I!1STICS

LAKE l u lL s

Mean Co nc ,- ,itr a tin n

Par,anc’ter Mar 10 M.or 16 , lune 6 A u g  1 6 7 ’n l 19 ‘~~ a r

Temp. C° 8.5 9.7 18. 2 18.4 18.0 14.6

p0 7 .6 7.7 6.6 6 .3 5 . 9  —
C~-c~1 . Uri~ i - - - / - 30 66 51 57 52 51

Turbidi ty, 317 5 .5  20 14 18 19 15

0-’) , rig/I 11.2 1 0 . 7  8. 7 8 . 6  8 .8  9 .6

0)7, mo,/l 4.5 6.7 7.8 16’ 7 .3 8.5

COD , ri~, 11 68 41 82 96 54 ((1

I l ex a n e  1 / 7 .  • n 7 ’ l  12 1 . 9  6 . 4 8. 6 7.8 7. 4

Clt l c ’r i d . - , r: ,~ / 1 1.8 5.8 4.0 13 2.0 5.3

Su l f /t- - - r i— ‘1 4 4 10 13 4 7

C ’r o/I r i c c  0 , ru t/ I 0.44 0.76 2.5 2.3 1.0 1.4

7, i —- i  ‘1 0.07 0.11 0.2’- 0.38 3.’ 2 2.19

‘1 , t - ; ’ I 0 .01  0 . 0 3  0 .0 3  0 , 7 - 1  ‘( . 0 2  3.13

- , rij ’I J .2 ~ (‘ . 4 3  J . 5 -  2 . 7 )  0. ” -!

.~-~~-o .- /  In ‘ , v / i  7.1 7 .13 0~~/7  0.2 7 0.24 .. 4

F oi- ’ .. . p . :- . ‘i 0.03 0.04 0.22 0.1 1 0.13 7 .12

( o ; - : . - i , rig/I 0.023 0.072 0.023 0.014 0.25 ‘.7 7’

Lead , -i 0.15 0.21 0.18 0.49 0.27 . 0 . 2 ”

I r o n , rig /I 0.17 0.69 0.15 0.57 0.38 0.39

!‘~-r~~u i- , n 1 11 0 .0 00 3  0 . 00 0 3  0 . 0 0 0 2  0 . 0 3 0 2  0 . 0 0 0 4  2 .0 0 0 3

Chrer,iun , r-~~/1 0.01 0.010 0.010 0.008 0.010 0.010

( t a / n i - , - - , n ’ I  0.006 0,7(14 0.004 0,774 0.031 “ (lI

Z i n c , r i / I  0 . 0 2 3  0 , 0 4 1  0 . 0 7 5  0 . 1 3  (1 . 1 4  7 . 0 8 2

Se - t i .  1 —l i d s , n - , ’l 44  20 23  50 41 3 4 7

Sui t 1-  , 11ol1i- ~, n : ‘1 64 41 35 61 69 54

T I ; , ~- -~‘1 7 2  4 7  74  90 75 72

1 - -~ : . 1  C o i i l - -i  2 6 0 0  1800 37000 110000 1 1 0 7 2 0  3 7 0 0 0
(JIg ’)02 m i s

F, - n a i  C~~i~~! - r i  5 2 0  700  14 ° 3  7100 8 2 0 0  1403
C r - I l l -. I -

-- 
~ 2— 

-~~~
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TABLE 14
URBAN RUNOFF CHARACTERISTICS

HIGHL A NDS

Me an Concentrations
Parameter Mir 10 Mar 16 .tune 6 Sept 19 Mean

Temp . C0 8.0 8.0 12.2 14 .!, 10. 7

pH 6.9 7.6 7.0 6.2 -

Cond . umho/cm 73 173 173 109 132

Turbidity, J TU 50 2.4 11 25 22

DO , mg/i 10.3 10.5 8.3 8.7 9.4

BOD , mg/i 3.2 1.0 11 17 8.0

COD , mg/i 87 20 75 46 5’

Hexane Ext. mg/i 18 2.0 8 5.9 8.5

Chloride , mg/i 3.7 11 13 2.2 7 .5

Sulfate , mg/i 18 26 19 s 18

Organic N , mg/i  2.0 0.41 1.4 1 .6 1.4

Ammonia N , mg/i 0.11 0.05 0.04 0.16 0.09

Nitrite 11 , r i g/ i  0.02 0.01 0.04 0.02 0.02

Nitrate N , rig/i 0.92 1.25 0.53 0.36 0.76

Hydrolyzable 5, mg/i 0.52 0.12 0.22 0.53 0.35

Ortho F , mg/i 0.08 0.05 0.08 0.19 0.10

Copper , mg/i 0.032 0.150 0.016 0.280 0.120

Lead , mg/i 0.10 0.12 0.01 0.11 0.08

Iron , mg/h 0.41 0.25 0.12 0.97 0.44

Mercury, mg/i 0.0002 0.0019 0.0006 0.0005 0.0009

Chromium , mg/i 0.010 0.010 0.009 0.010 0.0_ 0

Cadmium , rig/i 0.005 0.005 0.004 0.004 0.C7- (

Zinc , mg/i 0.032 0.050 0.042 0.15 0.068

Sett . Solids , r i g/ i  90 0.1 (-1 120 ft

Suep. Soiids , mg/i 173 22 65 130 98

TDS, mg/i 104 77 148 74 101

Tctai Collfcirri 1200 490 1900 32000 1600
Org/iOO mh q

Fecal Coliforrt — 110 370 10000 370
Org/i00 nils

Med jam s

L -~~~~~~ 
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URBAN RUNOFF POLLUTANT LOADING

I N D I V I D U A L  S T O R M S

— 6 4 —

~ 

. . 
‘
....: ~~~~~~~~



r 

:::~ ~~~~~~~~~~~~~~~~~~~~ 

‘

~~~~~~~

‘

URBAN kUNOF ? CHARACTERISTICS

C)NTRAI, IIUSINESS DISTRICT 
-

Mean Concentration
Parameter Mar 10 Mar 16 Juno ~~ Au0 16 &apt 19 Mean

Temp. C — 12 .5 17 .9  15 .1  17 . 5  16 .6

pH 7 . 1  7 . 7  6 . 4  6 .5  5 .4  6 .6

Cond. uiitho/cm 74 271 234 256 214 210

Turbidity, 313) 45 53 38 34 44 43

DO . mg/i 10.8 7.4 4.7 5.3 6.6 7.0

SOD , mg/i 18 24 15 37 15 22

COD , mg/i 85 94 32 100 22 66

Hexano Ext., mg/i 5.1 1.4 — 16 5.1 6.8

Chimride , mg/i 13 — 4i 31 10 24

Sulfate . mg/i 7 22 35 40 20 25

Organic N , mg/i — 1.3 — 2.0 0.16 1.1

Antmonia N , mg/ i  0 .08  1.1 — 2.1 0.27 0.88

N itrite N , mg/i 0.04 0.12 0.19 0.14 0.14 0.12

Nitr ate N , mg/ i  0.63 0.39 0.71 1.12 0.70 0.72

Hydrolyzable F , mg / i  0.26 0.61 — 1.82 0.15 0.71

Ortho F , mg/i 0.010 0.046 0.17 0.40 — 0.16

Copper, mg/i 0.03 0.70 0.27 0.67 0.51 0.44

Lead , mg/i 0.11 0.28 0.37 0.72 0.36 0.37

Iron , mg/i 0.44 3.6 1.5 2.6 2.1 2.0 -

Mercury, mg/i — 0.0006 — — 0.0004 0.0005

Chromium , mq/1 0.010 0.52 0.32 0.40 0.16 0.28

Cadm ium , mg/i 0.0040 0.0089 0.0060 0.030 0.018 0.01.3

Zinc, mg/i 0.18 0.37 0.71 0.83 2.2 - 0.86

Sett . Solids , mg/i 79 47 15i 172 116 113

Susp. Solids, rig/i 126 145 194 339 147 190

TDS, mg/i Bi 135 157 570 96.’! 208

Tot. Coliform * 37000 6500000 4100000 5200000 — 4600000
org./iOO ml,

F. Coliform * - 440000 - — - 440000
org./l00 ml,

Median s

Note , Due to limited background data fr, t . this area , th.-se values are approximate
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TABLE 16
URBAN RUNOFF POLLUTANT LOADING

VIEWRIDGE ONE

Loading. p~undR/acre/year

Parameter Feb 14 Her 10 Mar 16 June 6 Aug 16 $~~pt 19

BOO 2.5 23 1.7 1.9. 12 1.7 7.1

COD 6.5 260 10 4 . 8  35 4 . 9  54

Hexane Ext. 0.70 96 1.3 0.31 3.5 0.92 17

Chloride 0.64 5.1 0.90 0.49 3.3 0.15 1.8

Sulfate 1.8 11 2.2 0.10 5.9 0.51 3.6

Organic N 0.094 3.0 .26 .13 1.3 .14 0.8

Aiwnonia N 0.012 0.52 0.036 0.007 0.23 0.01 0.14

Nitrite N 0.016 0.039 0.018 0.002 0.031 0.006 0.019

Nitrate N 0.053 0.86 0.055 0.014 0.34 0.026 0.22

Hydrolyzable P 0.024 1.15 0.054 0.012 0.22 0.028 0.25

Ortho p 0.006 0.20 0.010 0.003 0.062 0.009 0.048

Copper 0.002 0.20 0.002 0.002 0.014 0.002 0.037

Lead 0.031 0.49 0.078 0.008 0.27 0.01 0.15

Iron 0.34 2.56 0.49 0.035 1.05 0.022 0.75

Chromiun 0.001 0.047 0.002 0.003 0.003 0.001 0.009

Cadmium 0.000 0.020 0.001 0.000 0.001 0.000 0.004

Zinc 0.006 0.14 0.022 0.010 0.10 0.004 0.05

Sett. Solids 7.8 230 5.0 1.5 9.7 2.5 42.7

Susp. Solids 11 600 15 1.8 14 2.6 107

TOS 8.1 120 43 7.0 34 5.2 36

— 8 6 —
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ThBZ.E 17
UP3AN RUNOFF POLLUThNT LO?~DIN G

VIEWRIDGE NO

Loadt~q, pounda/acre/ycar
_~~ aram’~tcr_ Fob 14 Mar 10 Mar 16 June 6 M~~ 16 sept 19 Mean

soD 3 . 5  462 2 .9  6 ,1 71 3 . 2  12

COD 22 1850 26 34 92 19 340

Hexane Ext. 7 .0  820 24 2 . 2  8. 8  1.6 144

Chlorid. 18 50 — 3 . 5  25 1 .4  20

Sulfate 15 177 — 4 . 5  19 4 . 7  44

Organic N - — — 0.23 3.8 0.48 1.5

Ammonia N — — 0.071 0.22 0.20 0.080 0.14

Nitrite N 0.092 1.6 0.057 0.039 0.10 0.018 0.32

Nitrate N 0.54 14 — 0.22 0.67 0.28 3.1

Hydrolyzable p 0 .095 8.0 — 0.066 0.47 0.084 1.0

Ortho p 0.016 0 .93  0.02 1 0.032 0.16 0 .042  0.20

Copper 0.016 0.99 0.038 0.007 — 0.086 0 . 2 3

Lead 0.21 2 .7  0.2 1 0 .052  — 0.17 0.67

Iron 1.6 13 2.5 0.15 — 0.55 3.6

Chromium 0.002 0.21 0.004 — 0.004 0.004 0.04

Cadmium 0.002 0.103 0.003 0.001 0.002 0.002 0.019

Zinc 0.025 0.70 — 0.035 — 0.10 0.22

Sett. Solids 64 1000 37 14 310 20 240

Suep. Solids 99 3310 — 13 320 27 760

TOS 74 2770 — 29 130 22 610

— 8 7 —



TABLE 10
URBMI RUNOFF POLtUT7~NT 1..O~DlNG

SOUTH SEATTLE

Loading, pounds/acre/yoar
Parameter Mar 10 Mar 16 June 6 Aug 16 sept 19 Mean

SOD 8.6 1.2 9.1 1.1 16 7.1

COD 21 13 35 4.9 122 39

Hexana Ext. 24 2.8 2.9 0.05 12 8.4

Chloride 3.6 1.2 6.8 0.75 2.8 3.0

Sulfate 11 2.8 7.2 1.3 48 11

Organic N 1.6 0.21 0.43 0.09 2.8 1.0

Ammonia N 0.36 0.055 0.059 0.018 0.46 o.iq

Nitrite N 0.048 0.016 0.015 0.002 0.068 0.030

Nitrate N 0.70 0.067 0.21 0.049 1.19 0.44

Hydrolyzable P 0.54 0.044 0.066 0.013 0.13 0 16

Ortho P 0.080 0.011 0.023 0.004 0.083 0.340

Copper 0.127 0.012 ~~~~~ 0.003 0.26 0.085

Lead 0.28 0.062 C 0.016 0.30 0.14

Iron 1.2 0.64 0.21 0.17 1.2 0.68

Chromium 0.030 0.002 ‘0.002 0.000 0.01! 0.009

Cadmium 0.013 0.001 0.001 0.000 0.004 0.004

Zinc 0.26 0.71 0.13 0.022 0.58 0.21

Sett. Solids 121 12 21 2.4 42 40

Susp. Solids 188 21 24 3.4 42 56

TOS 531 43 36 7 ,3 151 153

- 88 —
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TABLE 19
URBAN 1WNOFF POLL,IJThN T LOAD ING

SOUTHC ENTER

Loading , pounds/acre/year
Parameter  Feb 14 Mar 10 Mar 16 June  6 Aug 16 Sept 19 Mean

SOD .30 15 2 .7 12 26 29 3 4

COO 4 . 6  158 14 93 78 63 68

Ho xa ne Ext . 1 .0  45 1 .8  7 . 3  8 . 0 13 13

Chloride .42 4 .3  3 . 2  4 . 2  8 .9  1 .4  3 . 7

Sulfate 2.0 13 5.4 19 14 14 11

Organic N 0.007 2.9 0.24 1.5 2.6 1.7 1.5

Ammonia N 0.020 0.28 0.050 0 .25  0.58 0 .37 0 .26

N i t r i t e  N 0 .003  0 .0 5 2  0 . 00 9  0 .0 4 0  0 .037 0 .051 0 .032

Ni t ra te  N 0.028 1.02 0.13 0. 64 1.14 0.53 0 .58

Hydrolyzable  P 0.011 0 . 4 4  0 .020  0 . 2 2  0.2 1 0.14 0.17

Ortho P 0 .002  0 . 106 0 .003  0 .0 7 7  0 .0 7 7  0 .0 47 0 .0 52

Copper 0.001 0.051 0.020 0.036 0.06 0.36 0.09

Lead 0.003 0.40 0.14 0.35 0.73 0.41 0 .34

Iron 0 .022  0 .2 5  0 .2 6  1.00 1.19 0 .56  0 .55

Chromium 0.001 0.033 0.002 0.11 0.22 0 .007 0 .06 2

Cadmium 0.000 0.013 0 .001 0 .0 0 4  0 .0 0 4  0 .0 0 5  0 .0 0 4

Zinc 0.000 0.14 0.085 0 . 2 3  0 . 4 2  0 . 3 7  0 .2 1

Sett. Solids 1.8 133 4.0 , 76 47 30 19

Susp. Solids 5.0 259 7.5 157 58 34 87

TDS 6 .9  39 39 75 94 56 52
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TABLE 20
URBAN RUNOFF POLLUTANT LOADING

LAKI~ I I IL L.S

Load ing ,  po u nd s/ a cr e /y e ar
Pararioter Mar 30 Mar 16 June 6 Aug 16 Sept 19 Mean

SOD 5.8 2 .6  0 .56  7 . 3  1.7 3. 6

COD 87 16 5.8  45 12 33

Hexane Ext. 15 0.75 0.45 4.1 1.8 4.4

Ch 1oridc 2 . 4  2 . 2  0 . 2 6  6 .0  0 . 4 5  2 . 3

S u l f a te  5.0 1.6 0.74 6.5 1.0 3.0

Organ ic  N 0 . 56  0 .29  0.17 1.1 0 . 2 4  0 . 4 7

Ammonia N 0.089 0.044 0.018 0.177 0.027 0.071

Nitrite N 0.013 0.008 0.002 0.016 0.005 0.009

Ni t ra te  N 0.38 0.17 0.040 0.44 0.078 0.22

Hy dr ol y z a b l e  P 0 . 2 2  0 .0 5 0  0 .0 2 6  0.13 0 .055  0 .0 9 6

Ortho P 0 .0 3 6  0 .0 15 0 .016 0 . 0 7 3  0 .0 2 9  0 . 0 3 4

Copper 0 .0 3 5  0 . 0 2 8  0 .0 0 2  0 .0 0 7  0 .0 5 7  0 .  ~~~

Lead 0.19 0.10 0 .0 1 4  0 . 2 3  0 . 0 6 2  0 . 1 2

I ron  0. 22 0 . 2 7  ‘0 .012 0 . 2 7  0 .087  0 . 17

Chr oniuo 0.0 13 0 . 004 0 .001  0 .0 0 4  0 .0 0 2  0.~~~5

Cadmium 0 .006  0 . 002 0 .0 0 0  0 . 0 0 2  0.001 0 .0 0 2

Zinc  0 .0 2 9  0.017 0 . 0 0 5  0 . 0 6  0 .0 3 3  0 .0 2 9

Set t.  Solids 56 7 . 6  1. 7 23 15 21

Susp .  Solids 82 16 2 . 5  29 16 29

TOS 92 18 5 . 2  43 17 35

—90-
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TABLE 21
URBAN RUNOFF POLLUTANT LOADING

HIGHLANDS

Loading, pounds/acre/year

Parameter Mar 10 Mar 16 June 6 Sept 19 Mean

BOO 1.2 0 . 6 4  0 . 0 82  0 . 3 8  0 . 5 8

COO 33 13 0.56 1.0 12

Hexana Ext.  6 . 5  1 . 2  0 . 0 6 1  0 . 1 3  2 . 0

Chloride 1.4 6.8 0.095 0.049 2.1

Sulfate 6.6 16.1 0.14 0.19 5.8

Organic N 0.76 0.26 0.01 0.036 0.27

?~emonia N 0.04 0.03 0.000 0.004 0.02

Nitrite N 0.008 0.006 0.000 0.000 0.004

Nitrate N 0.34 0.78 0.004 0.008 0.28

Hydrolyzable P 0.20 0.072 0.002 0.012 0.071

Ortho P 0.029 0.033 0.001 0.004 0.017

Copper 0.012 0.094 0.000 0.006 0.028

Lead 0.037 0.072 0.000 0.002 0.028

Iron 0.15 0.16 0.001 0.022 0.08

Chromium 0.004 0.006 — 0.000 0.003

Cadmium 0.001 0.003 — 0.000 0.002

Zinc 0.012 0.029 — 0.003 0.015

Sett. Solids 33.6 0.062 0.46 2.7 9.2

Susp. Solids 65 14 0.49 2.9 21

TDS 39 48 1.1 1.6 22
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TABLE 22

URMN RUNOFF POLLUTAN T LOA.DING

CENTRAL BUSINE SS DISTRICT

Loadin~i, pounds/acre/year
Parameter Mar 10 Mar 16 uné 6 ‘ 

~~~~X~ q ’TV Sept. 19 Mean

BOo 73 34 12 402 21 110

cOD 339 135 27 1100 31 325

Hexane Ext .  20 2 . 0  — 157 7 . 3  47

Chloride 55 — 35 344 14 113

Sul fa te 28 32 30 44 28 32

Organic N — 1.9 — 22 0.3  8 .0

Ammonia N 0.34 1.6 — 23 0 .36  6 . 2

Ni trite N 0.14 0.17 0.16 1.55 0.20 0.44

Nitrate N 2.6 0.55 0.62 12.4 0.99 3.6

Hydrolyzable p 1.0 0.88 — 20.1 0.21 5.5

Ortho P 0.036 0.066 0.14 4.4 — 1.2

Copper 0.13 1.0 0.23 7.4 0.72 1.9

Lead 0.45 0.40 0.31 7.9 0.51 1.9

Iron 1.8 5.3 3.3 29 2.9 8.0

Chromium 0.04 0.17 0.27 414 2 . 2  1.6

Cadmium 0.016 0.013 0.005 0.33 0.026 0.079

Zinc 0. 71 0 .54  0.6 0  9 . 1  3 . 1  2 .9

Sett. Solids 318 68 128 1890 164 511

Susp. Solid. 507 212 164 3720 208 964

TOS 326 197 132 6280 136 1410

N~~te DUC to 1i~ jt.d background 
data from this area , these values are approximate
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APPENDIX E

The quality data for the Water Quality and Quantity
Monitoring project for the RIBCO Urban Runoff and
Basin Drainage Study is on file at the Metro Office.
The data may be obtained by writing to the following
address:

Municipality of Metropolitan Seattle
410 W . Harrison Street
Seattle , Washington 98119

An example of the computer list—out of quality data
follows.

— 9 3 —

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ‘- ~~~~~~~~~ - ~~~~~~~ - ‘ .  ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



-~~~~~ 
V V ~~~~~~~~~~~~~~~~~~ -~~ --- ‘

— 0 0 00 0 00 0 0 o 00 00 0  O’~ ~~3 j  0 0 0 0 0 00 0 0 0 0 0 0 0 0  ‘.0 0 0
0...~ 0 I I I I I I I I I I I I  I I I I
U~~~ 0 0~~~~~~~~~~~~~~~~~~~~~~~~~ — ’ -~ ’0 .O ‘0 0 F-

~~~~~~ .1

4.
— . 0 0 0 0 03 0 0 0 0 0 0 0 3 0  F- N 4.

0 ~ ‘ 000 0000 — 
• N 00 0 hr’.

0”.. I I I I I • • I I • I I I I I I S S

~~~~~ o~~r’~~N - N - c~~~~~~~~~m ~~ 0 N
Z 0” lf~ N N -~~ -~~ — -~~ -.4

L) 00 0 00 3 3 0 00 3 0 0 0 0
0 -.. 0 3 0 0 0 0 00 0 0 0 0 0 0 0
ZI S I I I I I I I I I I I I
0 0  0 03 0 0 0  m 4 . 4 . Wtu% r- N
~~~t ~~~~~~~~~~ 0 -r-~~~~0P- r -.o~ OC N N N N ~ N —

0
‘I,
LU

u.J~~~ I..)
4

~~~~ 0 0 00 0 00 0 0 0000 0 3
0 ~~~0 00000000000000o
• ~~~~~~~ • a ~ I • • • • • • I • • • •

C I- -) N N~~~~~~~~~~~ N’0’04.4.00S. —. —.

0 ‘.0
(5 _4

z-
—

C
4.-

0 0 00 0 0 03 0 00 00 0 0
...~ ~ o .LJ i 4. fVI ..~. ~~ N ~~Z ~.h... .—. 0 0.. . I • • I I • • • • a • I S e
4)-  ~~. ~~ — N- N- r- N.- N.. ~- 5~~ p... N- N.- ~ - P- F- F- p-

4-

0 4
Z 0 ~.i. ~~~~)-

0 3 0
—

.4 _a 0 00 03 0 0 00 3003 30
~~~ D ’ - ~~~P - ’0 ’0 N - (%

S I I I I S I I I S I I I I I

~~
= _J — -~~ -I .-I .-.4 ..4 . 4  —

‘3

—
‘1,

‘I L) 003000000000030
~: 000 ~~ N N ~ S~’U ’ .4.4.Lt~~fI t4 Lt’.
u. • . . . • . . . . . . • . . a
4- ~J ~~ F— ‘~— N.. N.. N.. F— N.. ~— F— N-

—

-~~~~— 03 3 3 —.Q O N 4 ’Q . GO - Q
0v1 000 ZN 0 O~~~~~-~~~~C 4w
_j LL. .~d — — -d 4. ‘~~ 

.0 J’~ ir~ ,o ~ ‘..a c~ — ~~
• • . . . . . a . . • . • . . ,,~~jj ~~
003000C00033000 C~~I <L U

Z t ,  ~~~~ 0~~~ <
0 I~ _ JL) .-~~L)3
O w
0. 4.- .h. ’~ .. “.... )-

Z 4 .4. t.’~ U. i,1~~~
4J- 00 P-F-  4. 4lF - 4.~~~~~~~0 . JZ  00  3 3 3
T Z  ~~~‘t - .t N ’$  N~~~~~~~~~~ I’ 4 12  1 2
— ~4. 4/1 3 4/13
h-~~~ ~~~~~~~~~ t ” 4 L~~~ .~5 . 0 P - P -m~~~~~~~0 Du. 4 0  < C O
I — -. — — — — — — — — — — — N ~- 3 0.. ~ 0. Z

— 94—

- - . - -~~~~~~ ‘ -- - -- - ---~~~~
V - -- - -



-~~~~~~

-J

I I I I S  a I S S • I S  S I I
<0 ~~~Ui000U ’ 4A0000L(~~~~00
U0 ~~~~~~~~~~~~~ t ”0 ’0 4 . N-P- - ’- 4~ 4.

U.’.5 —
2’
0.

411

• • • I I S ~ 0 5 5 S I I S I

4 0 0 0 0 0 0 0 0 00 0 0 0 0 00
4.- U. 0000’!i Lr4 00000~~~~~~00C ’  ~~~m ’ 0 0u1f~ O C 00 0 ’ O’
4.- ._J — — — — ~1 N N N N

O — N — -d .-d

U

— N- ‘0 .0
-J 0 0 0 0’ . O OO O o CC r l C C O  — 0 UI

~~~~ 0 O 0 0 4 . 0 Q 0 0 0 0 0~~)00 0’ 0 F-
I S S S 5 5 I I I S • I I S S I 5 5

1 N4.4.’0~~~~~
S..N- ,~~~~i~~~~ m m t - N-  ~~ 0 0

>-

0
4.- 41’

w

F- .0 N
_J 00 OC 0 OC 0C 0~~~~03OC  0’ 0 F-

C i’ . NNC’ .0’N ’0’ .00_ . 4C O N - P - P - F -  0’ 0 N-
• ‘.J (3 S I S I I S I I S S I S I S • I • I

o ~ 101 0 0
• —

0 4. .0
ç3 -.4 —

N -d

0 3 0 000C000 000 0 0  ~ r’.~ ~3.~i .1)1 000003003300000 .0 —
— 0 .  0 1  5 I 1 5 5 5 I I S S • 5 S I I S I

4- $ 000003 00330C000 ‘0 0 4.
I N N N N ~ l -~~ 4. ‘41 N N N -.

— — S I n~ N NJ N - ....d -d ..4 — - 4 - 4 . . d

U. 5J
0 <  — I

> >-  —

...i _.i
— — 5,~

4. 0’
.4 ~ 0 0 0 0 0 C’ O 3 O N r 3 3 3 3  ..t1 ~0 0

< — 0  ~ -fl -. (j03C03C~~~~ ,)N N-Q 000  4. 0 ~~-

x c —  1J) • • a a • • . . . a • • • • • s a
~~ .O . C 4 . 4 . N’0’0 C ) 4 . 0 - 4 . 4 .03  U~ C 0

,..d ..d ._4 ~~ ‘4~
. N- ~(1 .0 f’ 4. 4. —.

—

0 _j
— 0

-
~ I

4.
i 0 0 0  3 3 3 0 0 0  3 0 3 3 0  .0 ..3 ‘

$ N N J N  0~~~~~~~~~0Z.~~jO33 ti 0 ~
4 . — ,  I S I • I • 5 I S I I I S I S I I S

LU I .-~ -~ N N -10 0 N- 4. F- N- ~ i 
~
‘. 0 0 F-

-~~ N 0’ -‘ NJ NJ — -. .
~~ 

. 4  4.
N 4.

-.~- — 0 0 0 0 -” O C N 4 . C -~~.C 0~~~~0
0./i 0 0 0 i t \~~~~~~~N N J ’ 0 O . 0r~~ -~~~~0 <LU
...~~~~~. - 4 .’ 0 ’ 0 0 ’ 0 4 . 0 1 N N -d  ~~~ LU >”- .
.. ~~~~~~ S • • S 5 • • S S I S I S I I L/i LU 3 > “.Vl

— 0 3 3 0 3 0 0 - 3 3 0 0 0 0 0 3  ~~~~~~~ 4 W  “.‘IJ )-

~~~~ c~~~3~~~ ...i U ..j Ll 3
4 .4

U.”. U.”.)-
.4 u.. J~ U.~~I1X

.a J —  0 3 4 /’ . t I 1 N - N- ’ 0 ’ 0 4 .F - 4 .~~~~~~~0 _ J Z  0 3  3 0 0
2 .t-~~4. N .?  N - r 4 1~~~~ UI .4 I ?  17
— 4.— U.. s.Jl 3 113
— 

.
~~ “ ~~ 4. 4. i~ ~(‘ ~I1 ‘.0 .0 N. N- ~~ X 0 0 U. .4 C 4 C 0
T ~~~ ~~~~~~~~~~~~~~~~~ — .-4 N 4— 3 3. 0. 2’

—9 5—

~~ —~~~~~-~~~~~~~~
- 

~~~~i~~
’ - 

_____



_S -- - . - - - S—

N L
— 00 00 . 3 N 0  N-4 .3J~~00 0 0 C

‘ t j  0 0 0 0 0’ m N- 0 4 . 0’ - d t i . o o o
I” .. I S I • S • I S • I S I S S S LU U.. 44.
0 L5 0 0 0 0  ~~ F- F- ‘O UI 4. l’.I -I — — ~‘ 4t’ N
‘I, I 0101 N N N N NJ N N NJ N N N 0. 0

— N ‘0
S I S

— NJ

-, I

0 1  - ‘ —
-S $ 0 0 0 0 0 0 0 0 0 0 0o oC o  .0 0

I 0 1 N N 4 . N J 01~~~~~~~ -~~- C ~~ ” I 1

+ I S S S S • I I I S S 5 S I S S .LJ ...) .4.
I - N - N N N— 0 0 — 0 0 — ’ O O  —‘

‘0
C i  I 1 5

‘0 -‘ -~

— N - ,
‘N 

~~.. ‘N ‘N N ‘N 0 0’ N- ‘N 0 .0 V.1~ .t” I-f’ 0
-. 00  0) 0 C~~~~~ — ‘N NJ ‘N — 

~~~~~~~~~~~~ 
I

S I 5 I I I • 5 I S S S S I I LU U.._ I  0 0 0 0 0 0 0 0 0 0 0 C I 0 0 0  4. .f’ 5-
— 5- 4. —

4. -‘

LU —
LU

C
- — U

— ‘.j

~ ‘ 0 ’ 0 r~~~~4 . 0 0 N J N’ 0 ’ 0 ’ 0 . C0 .J” 0) (
_

~ C’
0 I C 0 0 0 N’ ’ N N~~~~0 0 00 0 C
• 0 I • • • I • S ‘ I ‘ ~ I I _U U.
o C ’ I  C OC 0 0 0 0 0 0C 0 0 0 00  r ~-

-~‘ .3 I 4.

S I 5— —4 —

-5 <
I — 4. —

~~~~~ 4 . I  ‘ 0 . 3 -~~~~~0 0 C 0 0C 0 ” ’ . ’ C 0  0 0 0
0 -‘

~ 0. ..~ — I -0 .3 .3 ‘0 fi N 4. ~~ 0 I! ~ tr’ 0’ 0’ 5- I
— Z I • • I S I I S S • I I I S S I ‘4.) ..L U..

— -
~ — I I 0) 00  0 0 — —‘ — —~ —d C C 0) 0 —~~ ‘N

— -_,) ~~~~$ ... 4.
0 -~~

-V .— — 0 -~
>) -

-V

-‘N ~- . 
- 

., .- .41 ~ .41 f~ ‘0 0) N .C .3 4. 4. 41 1..~ 41 .0
— Z~~j  0 0 C 0 0) 0 D — -~~~~ C 0 Q 0 0 o  I

S I I I I 5 I 5 5 4 5 5 5 I I LU U..
~~~0 (..) 0 0 0 0 0 0 0 0 0 0 0 UO C “ .l

_J 
~~~~~~. ~~ 4.

0 5-

— ./i ~~ ‘5

C
—

L$~ 4 1 N N J 4 .. Q. . j -’ N — C 4 1 1 1  ? 4~ 
‘0 “0 - -

)- 5~
_
~ — -~ -4 4 N 01 ‘N -N — ‘ ‘  I I

0 . 0  4 • I S S S I S I • S S I I •

I C . 00~~C o 0 0 0 0 C C~~~~0 .0 .— ‘.4

~ . ‘ 3 U 0 0 ..~~~~~. 4 . -.~~~~~0 5 - ’ 0
4 1 4 1~ 0 0 0 0~~~~~~~N J N ’ 0 C ’ 0~~~~’ .-”0.-i ..4. ~~~~ d 4.’0’04$% Ji ’0 4 .~~~~ N J N J 4 ‘U ’.. .-.

4.4. .) I S I I S S I I I I S I S • S _t) _... .... > — —

— 0 0 0 0 0 0 0 0 30 c 0 0 3  ~~~~
‘_S

~~~J, . LN  __
~

L 

0”r~ 
_
~~-J —

CT
C —  .. “..

O C U It4 15 - 5 - G ’ 0 4 . -d F - 4 . ’0 10  .45
‘~~4. N—— ..’ o— — — ~.1 0 VI’ 0

— 0’ ‘ — ‘ 4. .. If’ VI~ .41 .0 .0 N- 5- 1 ~~. 0 CT - -

— —~ — . d  — — (N ~ - ~ ~~ t 1’

—9 6—

_______  
- 

- 
—

~~~~~~~~~~~~~~~~
-- -

~~~~
- - - -— -  - —



- V VV V V~~ — V.

N UI 01 N.
0 0 0

00 000 000 00 0 0 0 0 0  I I I F-
I I S I I  S S I I  I I S  I I  S I LU UJ LU I

~•~~~I ‘ 0 0 a 3m ’ t i~~~~~~~~~~~ N J 0 1 4 4 . N J N J F- F -  N .o 0’
I N UI N
I — 0” 0
I • S

(41 4. ~0 U.
I U.
I C

I 0 - 0 00 03 00 0 0 0 0 0 0 0  3
II~~~ S I S S S S S S S I S S I I S

< I  000000000003000
I 4-
I 0 0 0 Z
I S S LU
I 0 0 0 U

I LU
I .0 4. 3.
I 0 0 0
I 0 0 0 0 0 0’ 0 0 0’ C ’ 0’ 0 ’  I I I

C I • S • I 5 I 5 5 I I S S S I S U.. U.~ LU
U t 4. 4. 0 1 0 1  01 . ‘S’. 01 01 -, (N

I —

I C) “ 0 4-
• I I .4.

I -N ‘4.’ 4.
C

— IC’

‘0 -, C 0 0 0’
4.- LI’ ‘-.. 0 0 0 0 0 0 0 0 0 0 0 0 0) 0 0  I $ I

U. ~~~ I41 S • I S I S S I I S 5 • S I S U.i -a. U.) fl.e
Li 0 0 0 0 0 0 C) 0 0 0 C ’ 0 0 3C  -4 .-

.3 . 4  .~ 4 - —d - 4. — -.4 01 —t -~~ — .0 0 -0 0
N 4’ 0

.11 . • ‘0
0 .0 -

~~ C) ...J F- —.. .
~~ —

• .4
C 4-

— .U 4.’ 5- -C’ II
0) . -C 0 C C

— ‘0.~~~4.4 . N —~~( N N J 4~~4 .ti t f l 0’0  I I I —

• S S S S S S I I • 5 ~ S I I I .4.4 ~U U.. 2
- 5 — >  0.3 I~~~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  C 141 (N —

.0 0) 5- 0
— 0 ‘-4 ~~~ N.

I 5 -3
‘0 0’ ~..:: -0’ I N 01 -5’~ I

41 .4 . .  S C)

I 0 -~ -J
4- -~~ I 0 0 0

I 0 0 0 0) 0 0 0 0 0 0 4 1 Z C0 0  I I 4
U 0’ U.. I I S 5 I I I I I 5 I • • I I U. LU LU U.

— ..~. I C C  0 0 4 1 4 1 00 0 - 4 1 00 0 0 0  141 - C’ 7
> >  I . 3 0 4 . 4 .0 1 4 1 0 1.00 0 00 0  — 0 —

V - 
~J I ‘N ‘N N N ‘N 4. 4’ 4. -~~ — ‘0 - —4 ‘4. .4

I ‘N N- N — ~~~ N Ir ~ I NJ 0. S S

I — N
C)

—~~— 2  .. I
— 4. “4 4-

~~~~~~~~~~~~ — 0 0 0 C
0 3 0 ) 0 0 0C 0 0 0 0 0 0 0 0  I I I

I S I I S I I • 5 5 4 I 5 5 5 I .J.j Ii.) .i.i
a l  0 0 0 0 0 0 0 0 0 0 0 0 Z C C C  4. 0 N

— I 3 0 0 0 0 0 0 0 c 4 1 . 3’ 0 ’ N 4 1 0 0  -0 0 0
- I — — ..4 01 4. 4. 4. 01 N.-

— I S S S —
— NJ 01 5-

I LU

I N If” C
$ 0 0 0 U
I ~~~C ) 0 C 0 D 4 1 0 D~~~~~~~~D 0 0 0  I
I S S S S I S S S I 5 I I I • S ..U .4.4 U.. 0
I 0 ) 0 0 ) 0 0 0 0  41~~~~ o 0 4 1’ 4 1 0  ~) LII .1’ S

— -4 -4 .-s -d ‘N ‘N~~~~~~~~~~~’ .0 5- N NJ
.41 4/I -~~

• I I 0
— N ..i -0

.4 U.)
.~~~~— 0 0 4 10 . 0 ON J4 . 0 —’- O C O .3 L U >. — II
4 1 -~ 3 0 01 ’~~~~- ’~~~~ ( N ’ N V C 0 ) . 0~~~r ’ 5 0  ~/)LU C)
.3  4. C ~C .41 41 ‘0 4. N ‘N — C) 1 .4 LU .4. -

-~~ ...) • 5 5 5 5 ~ • ~ S S S I S 5 5 7 .11 0 “~~ 3 < LU
— 0 00 0 0 03 4 1 0 0 0 0 0 03  41~~~ _J L) J L.) C 0)

.4 .
~~ 2

, L~~ .4~~~.. .4. ”.. >  41
‘0 .4. 1.41 ~~~~~~~~~~ ~~

— 41 ~~ 0 41 
5- 5- ....~ -C 4. .-s ~— 4. 01 0 ..j ~ 3 3 0 0

‘. .i 4’ — 4. ‘V. 4. 0.) —4 01 ~~‘ .4 I ..~~ 1 -. 
—~

— 5— U... 4./I C .11 41 • 
01 -.? 4. f ’  .4” .  0 .3 5- 5- i’.- “0 C) . U. .4 .4 0 0

= —d -.S — — (N ~- 3. 5 3. 7 C
4-

_ crl

- 
. . .~~~~~ 

- . 5- .  . — -V 
_ _ _ _ _ _ _  -


