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FOREWORD

The 11,S. Favironmental Protection Agency is charged by Congress witn
pratecting the Nation's land, air, and water systems. Under a mandaie of
national environmental laws, the ggency strives to formulate and i-ple-
ment actions leeding to a conpatible balance hetween human activities and
the ahility of natural systems ta suppnrft and nurture 1ife, The Clean
Water Act, the Safe Drainking Water Act, uand the Toxics Substarces Control
Act are three of the major congressional iaws that provide the frameworx
for restoring and maintaining tre integrity of cur Nation's water, for
preserving and enhancing the water we drink, and for protecting the
environnent frgm toxic substances. These laws direct the EPA 1o perform
research to define our environmental problems, measure the impacts, and
search for solutions,

The Water Engineering Research Lahordtory is that component of EPA's
Research and Development program concerned with preventing, treating, and
managing municipal and industrial wastewater discharges; establishing
practices to control and remove contaminants from drinking water and to
prevent i1ts deterioration during storage and distribution; and assessing
*he nature and controllability of releases of toxic suhstances to the
air, water, and land from manufacturing processes and subsequent product
uses. This publication is one of the products of that research and
provides a vital communication link between the researcher and the user
community,

A comprehensive evaluation of the sources and control of urban runoff
was conducted during a ~wo-year study in Bellevue, Washington. This project
was one of several cooperating studies that examined the effects of urban
runoff on receiving water beneficial uses, the sources of problem pollutants
and flows, and the control of urban runoff 1n Bellevue, The unique Bel'levue
rain conditions enabled another urban runoff perspective tc be chtained.
Much data w~as also obtained on urban runoff characteristics and the washoff
of street surface particulates during rains. These data allowed simple re-
lationships between rain conditions and contributing source areas to be
developed.

Francis T. Mayo
Director
Water Engineering Research Laboratory



ABSTRACT

A series of projects were conducted from 1978 through 1983 in Bellevue,
Washington, to investigate Bellevue's urban runoff sources, effects, and
potential conirols. These projects were conducted by the City of Be]]evue,.
the U.S. Geological Survey, the University of Washington, and the Municipality
of Meiropolitan Seattle, This report presents results of the project conducted
by the City of Bellevue that was sponsored by the Storm and Combined Sewer
Section of the U.S. EPA., This project lasted from 1980 to 1983 and was mostly
concerned with urban runoff characterization and control by street and seweraje
cleaning, This project completely monitored more than 300 urban runoff events
in two residential areas during the project period. Flow-weighted composite
samples were analysed for a core list of imgnrtant constituents. Complete flow
monitoring results allowed detailed descriptions of urban runoff quality and
quantity, and allowed estimates to be made concerning the contributions of flows
aad pollutants from different source areas. Street surface and sewerage parti-
culates were also collected and analysed to determine the effectiveness of
street and sewerage cleaning. Most of the heavy metals were determined to
originate from street dirt, but street rleaning was found to only control urban
runoff by a maximum of about ten percent, A special modified street cleaner
was tested and found to be much more effective in removing the smaller sized
street dirt that is washed off these streets by rains. Catchbasin cleaning
twice a year was estimated to be about 25 percent effective, at the most.

This report was submitted in fulfillment of Cooperative Agreement No.
CR-805929 by the Storm and Surface Water Utility, Bellevue, Washington, under
the sponsorship of the U,S. Environmental Protection Agency. This report
covers a period from September 1980 to September 1983, and work was completed
as of September 1983.
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SECTION 1
INTRODUCT " OXN

The Bellevue urban runoff program is one of about 30 urban runoff
projects being conducted throughout the country as part of the Nationwide
Urban Runoff Program (NURP) for the U.S. Environmental Protection Agency
(LPA). The Bellevue program is made up of four different coordinated
projects. These include projects conducted by the U.S. Geological Survey
(USGS) (funded by the USGS aru NURP - the Water Planning Division of the
EPA), the University of Washingron (funded by the Corvallis Lab of the EPA),
Seattle METR), and the City of Bellevue (funded by the Storm and Combined
Sewer Section of th2 DPA and the City of Bellevue). The project described in
this report was conducted by the City of Be levue.

A major task in Bellevue's project included nonitoring the qualit;” and
quantity of stormwater runoff from two urban basins in the City of Bellevue.
Street surface particulate samples were collected in these two basins, along
with selected storm drainage sediment samples. The City of Bellevue conducted
various street cleaning operations in the two test basins. The USGS (Ebbert,
Poole, and Payne, 1983, and Prych and Ebbert, undated) also monitored storm
runoff quality and quantity in these two test basins; they used different
sampling techniques to monitor fewer storms, but Iin more detail. The USGS
monitored rainfall and dvstfall quality and quantity along with the
performance of a series of detention basins at a third Bellevue test site
(148th Avenue SE). The USGS and the City of Bellevue projects were carefully
coordinated to enable all objectives to be met with minimum interference. The
Seattle METRO project (Galvin and Moore, 1982) involved collecting urban
runcff and other urban water and dirt samples for priority pollutant
analyses. The City of Believue project was also coordinated with the METRO
project to supply the urban runoff and street surface particulate samples for
the priority pollutant analyses. The University of Washington's projects
(Pedersen, 1981; Richey, 1982; and Scott, Steward, and Stober, 1982)
investigated receiving water conditions near the Bellevue test basins and in
other locations unaffected by urban runoff. The University of Wachington
project studied physical, chemical, and biological qualities of various
receiving waters to identify impacts assoclated with urban developments on
receiving water quality. Theretore, a substantial amount of information
concerning Bellevue's urban runoff conditions and effects 1s available from
these four associated projects. A summary report prepared by Pitt and
Bissonnette (1983) reviews all these separate project reports and presents
overall Bellevue urban runoff conclusions.
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the project conducted by the City of Bellevue included objectives to
satistv the Natlonwide Urban Runott Fropran, the EPA's Storm aad Combined
Sewer Section, Kepion Xoof the EPA, and objectives specific tor the City of

rellevoe's Storm Drainage Utility . The project objectives are described
v
below:

1) The principal project objective was to determine the etffectiveness of
street cleaninrg in controlling urban runoft pollutants in Bellevue. Several
other projects have been conducted in other parts of the country previous to
tnis project. Several of the other NURP prujects are also currently
evaluating street cleaning under a variety of climatic and geographical
conditions. The Bellevue climatic conditions are uniquz in that the moderate
arount of rainfall occurs relatively evenly throughout the year, with no long
reriods without any rain. The erosion potential of undisturbed areas is low.
From previous studies, it is known that the street surface particulate
loadings in (ne Pacific Northwest are naturallv low and the urban runoff is
of relatively hugh quality. These conditions contrast with the conditione for
most of the comprchensive street cleanii, management projects conducted
elsewhere, especially in the San Francisco Bay Area where the rainfall is
much less and is concentrated in fewer months of the year. The street
ioadings in other test cities carn be quite high and the urban runoff quality
can be quite poor. These Bellevue tests will therefore be useful in defining
the applicability of street cleaning as an urban runoff best management
practice under significantly different environmental conditions.

2) Stormwater quality and quantity characterization information
obtained during this study is a significant contribution to the urban
stormwater data base. Many urban runoff events were monifored during this
project and the information obtained has been added to the STORET Natinnal
Water Quality Data Base. The other NURP projects also have their runoff water
quality And quantity data included in this data base. Site specific
runoff/rainfall reiationships for Bellevue have been obtained which will
allow predictions of runof{ changes due to urban development to be made.

3) Sources of urban runoff pollutants, especially street surface
parviculates, were also cousidered in this project. The effects of source
area pollutant loadinge on runcif water quality were examined.

4) The runoff water quality ana qua: .iry data and the street surface
particulate loading data obtained can be us.d by the City of Bellevue as the
beginnings of a more comprehensive data bas2 for the whole city. This can
support a water quality management p’'an as part of the City of Bellevue's
Storm Drainage Utility.

METHODOLOGY

All elements of Bellevue's urban runoif project were cnordinated with
the three other local projects being conducted by the USGS, Seattle METRO,
and the University of Washington. Early in the project planning phase, it was



doctded Lol two study arcas should be selected. These areas, which are
Gescribed 1 section 3, are quite similar and tairly close. Thev drvlh”th
Cotally Lebindced with mostly simgle tamily nonsing. Their storm drainde
svsteas were thorouphly mapped and investigated to ensure Lo
Cluss—counectinng or illewal discharyes. kach of the two basins drain ot 4
sinole outtall and are each about 100 acres (40 ha) in size. A sinvle
Stormwater wonitorion station was located at the outtall of cach of these
basing for stormwater sampling. The sampling equipment sclected for this
Project was capable of automatically sampling total storm flow=weliphted
Lomposite samples tor a broad variety of storm conditions. Appendix b
descripes the sampling equipment and procedures in detail. The information
obtained trom “hese automatic samplers and flow meters vere supplemented by
tihe sampling and monitoring equipment operated by the ULSGS at the same
locations. As many storms as possible were sampled during the fwo-year study
pragram at each of these two locations. Almost all storms having more than
.l 1nch (2.5 mm) of total rain and many of the smaller rains were completely
sampled.

buriny the two-year project period, extensive street cleaning was
conducted in either one or the other test basin, except for a several month
r.viod of time for basin calibration when no street cleaning operations wereg
conducted. Intensive street cleaning was condurted during both wet and dry
veasons in each basin. This allowed comparing the observed runcft water
quality in each basin with and without street cleaning.

street -urface particulate samples were also obtained immediately before
and atter -1ch street cleaning operation and intermittently during periods of
no street cleaning. This resulted in a much more detailed description of the
ettects of the street cleaning operations on this potentially important urban
runoft pollutant source area. Periodic samples of sediments from the storm
drainage system were also obtained and analyzed to estimate the potential
benefits of sewerage cleaning on improving urban runoff quality.



SECTION 2
SUMMARY AND CONCLUSTONS

IMere are three separate phases in desiyning an urban runoft control
1 ovtas. These anclude identification of the probolem pollutants, d-termining
the sources o, the problem pollutants, ard sclecting the most appr .riate
contiol neasures. The four Bellevue uiban runoff prvojects addressec these

issues,

IDENTLFICATION OF PROBLEM PCOLIUTANTS

The University of Washington study examined existing effects that urban
tunnff mav be having on aguatic organisms. The other three Bellevue urban
runoff projecrts all have important characterization aspects. These projects
identify potential problem pollutants by comparing the observed runoff water
quality with beneficial use water quality criteria and with concentrations
found in other waste streams ard receiving waters. This information can be
used to identify which, if any, pollutants need to be contrclled and to what
extent. The unique assimilative capacities of the Bellevu: receiving waters
needs te be considered. Pollutants that are causing potential problems can be
identitied and appropriate control goals can be estimated.

The meteorvlogical cenditions at Bellevue are discussed in Section 4 and
Bo.levue urban hydrology conditions are discussed in Section 5 of this
repor:. These two sections point out some of the special circumstances
associated with Bellevue's urban runoff. Bellevue receives a moderately large
anount of rain everv year (about 35 inches, nr 890 mm) with several summer
months drier than the other mounchs. However, the dry periods between rain
events are Jquite small, even during the dry season. Dry periods of more than
a week are quite rare, but may occur. Rains come on the average about once
every two or three days throughout the year. Slightly more than 100 rains may
cccur per yeai, with each rain being quite small. Most of the rains are less
than 0U.25 inch (6.4 mm) in volume, although the largest rains monitore-
duting this study were several inches. This is in sharp contrast to most
other locations in the country. In the San Francisco Bay Area, where previous
comprehensive street cleaning and urban runoff studies have been recently
completed, the aunual rainfalls are much less than in Bellevue, but the raias
are typically largetr in size. The interevent period in thke San Francisco Bay
Area is several days during the wet winter season, but can be several months
during the summer. The total annual rainfall at Bellevue is similar to the
total rainfall at some of the other NMNRP project sites in the country that
are currently investigating the effects of street cleaning on urban runoff;
however, the average vairs in these other areas are much larger than the



. : ; ) i event riods
Averave tains in Bellevue, with significantly longer intersve pe

(specitically Milwaukee and winston-Salem)

The amount of rain that drains off an urban area as urban runoff is
dependent upon many factors. These factors are discussed in Section 5 and
include such things as soil molsture conditions, soil infiltration capacity,
rain intensitv. and rain duration. The moist soil conditions in Bellevue (due
to the high tfequency of rains) tends to increase the fraction of rain that
occurs as runotf. However, the small volumes and the small intensities of
cach individual rain allows much of the water to infiltrate into the soil.
For buth study years and test basins, only about 25 percent of the rain that
fell in the test basins left the basins as runoff. There was a substantial
amount of scatter in this value, but the smaller rains typically had the
smallest Rv (the ratio of unit area runoff to rainfall) values (rains of
about U.l inch, or 2.5 mm, had Rv values of about 0.1 for the dry season and
about U.Z for the wet season), while the largest rains had larger Rv values
(rains of about 2.5 inches, or 64 mm, had Rv values of about 0.2 to 0.3
during the drr season and about 0.3 to U.4 during the wet season).

Base fluws were also monitored and sampled during this project. An
important amount of the total urban water flows 1in both of the test basins
occurred between rains, as baseflow. The base flow in the Surrey Downs basin
accounted for about 25 percent of the total urban flow, while the base flow
in Lake Hills was only about 12 percent of the total urban flcw. Observed
urban flow and quality variations were much less than found in more arid
areas. This has a major influence on the effects of urban runoff. Immediate
urban runoff effects (during storm flows) are mostly related to fast and
major changes in receiving water quality and cquantity (as in a slug flow
situation). 1f the flows and quality do not change radically., the receiving
water aquatic organisms do not experience as much stress because the existing
organisms have already adjusted to a long-term degraded condition.

The runoff water quality data presented in Section 6 shows that the
observed Bellevue rtunoff water quality was much better than observed in many
other locations. The baseflow quality, on the other hand, was much worse than
expected. This was probably because the study basins were completely
urbanized and the baseflows were mostly polluted percolated urban sheet flows
from previous storms that were draining out of the surface soils. In basins
with undeveloped upstream areas, the baseflow would originate mostly from
nonurbanized upper reaches and would have much better quality. The urban
hydraulic conditions in Bellevue allow the observed runoff water quality to
be compared to beneficial water quality criteria. Typically, urban runoff
should not be compared to water quality criteria because the published
criteria were established for continuous discharges, while urban runcff is
usually considered e slug discharge. However, as previously noted, _he
baseflow ard urban runoff qualities in Bellevue do not differ greatly.
Therefore, as an approximation to identify potential problem pollutants, the
beneficial use water quality criteria for aquatic life, published by EPA
(197b), was compared with the observed Bellevue urban runoff quality. It was
found that direct receiving water effects from urban runoff may not be
significant for most rain eveats (except possibly for ammonium and nitrate
nitregen). Most of the Bellevue urban runoff water quality problems are

5



exnperbed toobe assoctatc !t wath long-term effects caused by settled oryanic

ana inorvanice debias and partieculates. This material can silt up spawning
heds {n the Pellevae urhan streams and po.sibly introduce high concentrations
ot toxte materials dircctly to the sediments. Identified potential lonyg-term
probiem pollutants are settleable solids, lead, and zlnc. The University of
Washington studies (Pedorsen, 1981 Kichey, 19825 and Scett, Steward, and

Stober, 1980) and the Seattle METRO study (Galvin and Moore, 1982) will
address this issue in more detail.

SOURCES OF PROBLEM POLLUTANTS

The second phise in designing an urban runoff control program is to
determine the sources of the problem pellutants in the watershed. An
understanding of where the problem pollutants accumulate in the catchment is
necded before appropriate controls may be selected. Sections 5 and 6 discuss
the sources of urban runoff flows and pollutants in the test basins., In
section 5, which deals with urban runotf flows, it was found that the
impervious surfaces (including street surfaces, driveways, parking lots, aund
rooftops) can account for almost three—-fourths of the runoff flows in both
basins during any season. There are few vacant lots or parks in the test
basins, so the remainder of the urban runoff flows originates from landscaped
front or back yards. For very small rains (<0.l1 inch, or <2.5 wm), however,
street surfaces alone contribulz from one-half to three-fourths of the total
runoff flows. Driveways and parking lots make up the remainder for the
smallest rains. During these very small rains, rainwater infiltrates into the
soil in the pervious areas, with runoff primarily originating from the
impervious areas. The contribution from street surfaces decreases with larger
rains and remains fairly constant for rains larger than about 0.1 inch. The
observed variation of runoff sources from different arees as a function of
rain quantity is smaller than for locations previously studied (Ottawa,
Ontario; Pitt, 1982 and Castro Valley, California; Pitt and Shawley, 1981).

Because of variations in sheetflow quality from the source areas during
runoff events, the contributicns of pollutants from each source differs f{rom
the contributions of runoff flows. Using some sheetflow runoff quality data
obtained previously in other locations, and with an understanding of the
local Bellevue conditions, estimates of pollutant contributions from these
different source areas were made 1n Section 6. It is estimated that total
solids (for most rain events) originate mostly from the back and front yards
in the test basins and that street surfaces contribute only a small fraction
of the urban runoff total solids discharge. Street surfaces, however, are
expected tce make up most of the lead, zinc, and COD contributiouns to the
urban runoff. Phosphates and total Kjeldahl nitrogen are mostly contributed
from street surfaces, driveways, aud parking lots combined. Back and front
yards make up slightly less than half of these nutrient contributions to the
outfall. Therefore, street cleaning operations cannot be expected to
significantly improve the urban runoff total solids loadings or
concentrations. If the available street surface particulate loadings could be
reduced by one-half, then many of the other pollutants may be reduced by
about 25 percent at the outfall.
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section 7 discusses in detail the observed strect surface pafti;:iat
includiny accumulation and deposition 1 ites. |
included in the tests were relative y clean when

this is mostly due to .he frequent
e equal to the

contaminant loadings,
Boellevae strect surlaces
compared to other locations. However,
Belleviue rains. The initial accumulation rates (assumed to b J
deposition rates) in the test areas was estimated to va.y between thr§e7an

JU (with an averaye ot aboul ten) ibs/cur.-mile/day (between 0.9 ana 5.7,
with an averapge of about 2.8, g/curb-meter/day). This is comparahle to the
accumulation rates observed in other locations for smooth streets in good
condition. The aciamulation rates may be several times these values for
streets in poor condition. The Bellevue streets never have &n opportunity to
becom¢ extremely dirty. due to the moderately low accumulation rates and the
frequent rains. The frequent rains do neot remove all of this material from
the streets. From 200 to 400 lbs/curb-mile (57 to 1i0 g/curb-meter) of street
surface particulates remain on the streets after storms of about 0.25 inchgs
(b.4 mm) or greater. This initial loading value is similar to initial loading
values observed in other locations. These initiel loading values would be
much greater for streets in poor condition than for very smooth streets in

good condition.

The observed chemical concentrations associated with the Bellevue street
surface particulates are also not that unusual when compared to osther
locations throughout the U.S. Again, the main difference for Bellevue is that
the frequent rains do not allow the street surface particulate and
contaminant loadings to reach extremely high values. The amount of street
surface particulates that can be removed from Bellevue streets bv rains is
limited to a fairly narrow range. Infrequent large rains can remnve much more
of the street surface particulates than the more common, saaller rains. The
texture of the street itself has a tendency to trap a certain amount of the
particulates. As noted in the following paragraphs on the selection of
control measures, typical street cleaning equipment also cannot remove the
particulates that are “protected” by the street texture. Rains and street
cleaning equipment are effective in removing the street surface particulates
only above this base level value (of between 200 and 400 1lbs/curb-mile, or 57
to 110 g/curb-meter).

Perivdic samples of Bellevue storm drainage particulates were also
collected from the two test basins during the project. There were about twice
as much polluted sediments in the storm drainage systems at any one time as
there were on the streets., However, the flushing of most of the sewerage
sediments out of the drainage systems and into the receiving waters would
probably not occur except for large storm events. Smaller storms pcrobably
remove a small fraction of the sewerage sediments. The collected data was too
sparse to estimate the removal of sewerage sediments by storms.

SELECTION OF CONTROL MEASURES

The last phese in devasloping an urban runoff control program is to
examine the different measures that can be used to control the identified
problem pollutants in the different scurce areas. The control measures that
are appropriate for the source, accunmulation areas, or outfall must be



fdentitiec. Street cleaning can only operate un streets and parking lots (and
possibly sidewalks and driveways); construction erosion control only affects
constyuciion arevas; runoff storage and subsequent uticatment can affect all
sourcy and dccumu’aticn areas. The effectiveness of the applicable control
measures in reducing problem pollitant concentrations and yields at the
outfall must be evaluated. when pollutants are removed from a watershed (such
as by erovsion control or by street cleaning), much more needs to be removed
than the amount necussary to meet the discharge goair at the outfall., As an
example, about ten pounds of a poliutant may be needed to be removed by
street cleaning to prevent one pound of the pollutant from entering the
receiving water., After the control measures’ applicability and effectiveness
values are known, the urban runoff contrel program can be designed. In order
to meet water quality objectives, a combination of several different control
measures may be needed. Complex decision analyses procedures may be necessary
if multiple objectives are important.

Secticn 9 of this report evaluates the urban runoff data, dividing it
into periocds of intensive street c(leaning and no street cleaning. Very
little, if any, difference can be detected at the outfall based upon these
two street cleaning programs. The most important reason why any potential
changes were not detected are based on the variations in rainfall and
subsequent runoff quality and quantity observed at the two basins. As noted
in Sections 4 and 5, the rainfall variation at the two test basins can be
greater than 25 percent most of the time. This 25 percent difference in
rainfall corresponds to a much greater difference than 25 percent in runoff
yield. This is because larger rains result in a larger percentage of the rain
occurring as runoff. Therefore, runoff improvements measured at the outfall
at a level substantially greater than 25 percent would be necessary to detect
an improvement under most of the rain conditions during this study period.
Sampling, laboratory, and analyses errors also contribute to masking any
effect that may have occurred. The analyses included in Section 9 attempted
to eliminate wost of these flow differences using appropriate transformation
and analytical techniques. The dara was separated by season and street
tleanirg program. The intensive street cleaning program was rctated between
the test and control basins on a seasonal basis tc eliminate some of the
differences associated with rain conditioms.

Section 10 describes the effectiveness of the street cleaning equipment
in removing street surface particulates. Street cleaning equipment cannot
remove particulates {rom the street surface unless the loadings are greater
than a rertain residual amount. This value was about 500 1lbs/curb-mile (140
g/curb—meter) in the test basins. If the initial street surface loading
values are smaller than this value, some of the street surface material can
be "loosened”, but not removed. The street surface particulate loadings after
the street cleaning operation may then be greater than the initial values.

The frequent rains may be more effective than street cleaning in keeping
Bellevue streets clean. The street surface loadings after rains were between
200 and 4UU lbs/curb-mile (57 and 110 g/curb-meter), but the street cleaning
equipment could only remove street surface particulates down to about 500
1bs/curb-mile (140 g/curb-meter). 1f the street cleaning was conducted more
frequently than the rain intervals, then street cleaning may result in

8



cleaner streets.

The intensive street cleaning program that was conducted during th?se
tests can result in about a 25 percent reduction in street surface loadinus
when compared to ro street cleaning. If the street surface contributes about
half of the total source for a specific pollutant, intensive street cleaning
mav ouly remove about ten percent of the pollutant yield at the outfall,
Tvpical runoff reductions by street cleaning are estimated to be about five
to ten percent. &s noted previcusly, it would requive a fairly substantial
reduction in discharge yield vo be statistically significant based upon
outfall measurements. The effectiveness of street cleaning equipment in
cortrolling urban runoff is very site specific. If the street surface
loadings were much greater than the breakeven street cleaning point, and
there were less frequent rains, street cleaning might control important
tractions of the total urban runoff flow. Street cleaning in Bellevue may not
be an appropriate urban runoff control measure, especlally at a cost of about
$20/curb-mile {$12.50/km). With such small potential improvements in urban
runoff quality, other street cleaning benefits are more important.

Speclial tests were conducted using a modified regenerative-air street
cleaner. It was demonstrated that this equipment was much more effective in
removing the finer street dirt material than the regular mechanical street
cleaner tested. This finer material can be washed from the streets by rains
more easlly than larger material. Therefore, urban runoff quality can be
imprcved slightly more with the use of this modified equipment (to about ten
percent reductions).

Sections 8 and 11 discuss the notential effects that sewerage cleaning
may have on urban runoff control. The sewage inlet and catchbasin sediments
had relatively constant accuamulation rates after cleaning for about one vear.
After a year, the sediment volumes remained quite constant, with little
effect on the runoff yield. A major rain event during the second year after
cleaning did not result in any net average or total sedimert loading change.
Sewage inlet and catchbasin cleaning is therefore recommended on about an
annual basis. This should result in annual total solids and lead storm runoff
yield reductions of between ten and 25 percent. The other constituents
studied (Cub, TKN, TP, and Zn) may be controlled by between five and ten
percent. More frequent cleaning would not increase these reductions, as the
observed sediment accumulation rates appeared to be constant, until the
constant volume value was obtained. Only about 60 percent of the available
sump volumes were used for detention. Large sumps had less of their volumes
utilized. Catchbasins with large sump volumes could be cleaned less
frequently because th-y held larger volumes of sediments. Allowing pollutants
to remain in a sump for long periods of time, however, may increase their

solubilities, enhancing their washout potentials and making them more
available to receiving weter organisms.



SECTION 3
STUDY AREA DESCRIPTION

Figute 3-1 shows where the City of Bellevue is located in the Pacific
Northvest  Bellevue is located on the other side of Lake Washington from
Scattle, Jashington, and is within commuting distance. Lake 3ammanish borders
Believue on the cast. Bellevue i zeives about 35 inches (890 mm) of rain per
vear, while substantially greater amounts of rain occur on the Clympic
Peninsu'a to the west and much smaller amounts of rain occur in eastern
Washiny con te the east.

Vi{gure 3-2 shows the locations of the Surrey Downs and Lake Hills
catcbuents in the City of Bellevue. These two sites are located about three
w!les (5 km) apart and are each about 1JU acres (40 ha) in size. They are
bott fully develaped as mestly single-family residential areas.

The Surrey Downs bacin is 95.1 acres (38.5 ha) in size and includes the
B¢sllevue Senior High School in addition to single-family homes. Most of the
siopes in the basin are moderate, with some steeper slopes on the west side
vf the basin. Table 3-. shows that about 60 percent of the Surrey Downs basin
is pervious. Back and tront yards make up most of the land surface area in
the basin, with streets making up a typical ften percent. The streets are
generally in good condition with smocth to intermediate textures. There are a
few locations where the curb needs repair. Westwood Homes Road and 108th
Street do not have curbs. There is relatively little automobile traffic in
the Surrey Downs basin and the on-street uvsrking density is low. The storm
drainage system discharges into an artificial pond located in an adjacent
development. This pond discharges into !ercer Slough which eventually drains
to Lake Washiagton and Puget Sound.

The Lake Hills catchment is 101.7 acres (41.2 ha) in size and contains
the St. Loulse Parish Church and School in addition to single-family homes.
Lake Hills has 4 slightly larger percentage of pervious areas than Surrey
Downs, but a slightly smaller typical lot size. The slopes in Lake Hills are
also more moderate (with a few exceptions) than those found in Surrey Downs.
Tne street surface and gutter systems are also similar to those in Surrey
Decwns. Most of the streets in Lake Hills also carry low volumes of traffic
and have low parking densities, except for two busy roads that cross through
the area. The lLake Hills storm drainage system outfalls into a short open
channel which joins Kelsey Creek just downstream from Larsen Lake. Kelsey
Creek also discharges into Mercer Slough and finally to Lake Washington and
Puget Sound.

10
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Table 3-1. SITE CHARACTERISTICS

Surrey Downs Lake 4i11s
106 £t? % N 106 ft? %
Vacant 0.06 1.6 0 0
Parks 0.08 2.0 0.14 3.4
Back yards 1.45 37.1 1.52 36.5
Frontyards 0.89 22.8 1.01 24.4
Rooftops 0.67 17.1 0.79 18.9
Driveways 0.20 5.2 0.20 4.9
Parking Lots 0.15 3.9 0.01 0.2
Sidewalks 0 0 0 0
Streets 0.40 10.3 0.48 11.7
Total 3.90 100% 4,15 100%
Area (acres) 95.1 101.7
Fraction €.40 0.35
Impervious
Fraction 0.60 0.65
Pervious
# o Homes: 274 355
Lot Size: 0.3 acre 0.25 acre
Frac. Resid. 0.91 0.90
Frac. Indus. 0 0
Frac. Commer. 0.06 0.07
& Inst.
Frac. Open 0.03 0.03
area
Curb-miles 5.5(1) 7.0
of Streets

(I)Westwood Homes Road = 0.5 miles
108th Ave. = 1.5 miles

Cleaning Area

= 3.5 miles
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A demoprapbic survey was conducted in the Lake Hills and Surrev Downs
catcimwnts at the bewinning of the project. Slightly more than three people
per houschold were reported in both bhasins, while the population dunsity per
acrte was about 12 an Lake Hills and about 9 in Surrey bowns (29 and 22 per
heetare, respectively). Almost 25 percent of the households in Lake #1ills had
aore than 5 people, while onlv about 14 percent of the Surrey Downs houses
had that many people per bouschold. Moce than half of Lhe households in both
bisins did not have any dops or cats, but the temaindzr of the households had
one ot each, or more. On the average, there was about one dog or cat per
houschold. Slightly more than two cars per household were reported, with
about ten percent of the households in each basin reporting four or more
cars. About one-third of the households used unleaded gasoline while the
remainder used lcaded regular or leaded premium grades of gas. Most of the
automovile oil was dispcsed properly in the household garbage, o recycled,
but betwe=n five and ten per.ent of the householus used oil to treat
tenceposts, dumped it onto the ground uor into the storm sewers., Most »f the
people carried their grass and lecaves to the dump or put them in the garbage,
and about one-third composted the organic debris on their lots. It was not
possible to cbtain adequate data on the quancity of fertilizers or pesticides
that werc used in the basins.

14



SECTION 4
BELLEVUE RAIN CONDITIONS

One important prerequisite of any urbuen runolf control program is an
understanding of the local rain conditions. Ir otder to gain this
understanding, the rain conditions during the period of study should be
representative of long term cenditions. The “ellevue monitoring program
lasted for two years, during which fairly t,.ical rains occurred. The
probability of unusual rain conditions lasticg for a long period of time is
reduced compared to lasting for a short pe-iod of time.

Differences in rainfall quantities resalt in differences in runoff
quantities. The differences in runoff quantities in tura produce differences
in runoff yields. Therefure, abnormal rain conditions during an urban runoff
study period will result in abnormal runoff quantity and quality data.
Similarly, short term fluctvations or differences in rainfall conditions, of
time or area (unusually dry or wet months, or areal rainfall variatioms), can
result in unrepresentative runoff yleld predictions.

The most important task of this project was to monitor the effectiveness
of street cleaning operations. One element of this analysis involved the
comparison of observed runoff quality conditions in study sites with and
withcut street cleaning. 1f the rainfall conditions varied between test and
control sites during a test period then the observed runoff yields might not
be indicative of the control measures' effectiveness. This report section
describes the rainfall conditions (including variations and differences)} that
occurred at the two Bellevue test areas during the two-year study period.

Rainfall monitoring equipment was located at each runoff monitoring
station at Surrey Downs and Lake Hills. During parts of the study, additional
rainfall mounitoring gauges were located at other locations in and adjacent to
these monitored basins. Rainfall monitoring began at the Lake Hills station
in the midele of February, 1980, and about iwo weeks later at the Surrey
Downs station. Rainfall monitoring wus completed at the end of Janvary, 1982,
at both basins. Tables A-1 and A-2 in Appendix A summarize the monitored
rains at both of these locatloms throughout the two year study period. More
than 200 rains were monitored at each of these basins. Table 4-~1 summarizes
the rain conditions on an average monthly basis for both basins ccambined.

The total annual rainfall averaged about 37 inches (940 mm) with about
108 rain events per year. The year can be separated into dry and wet seasons
with the dry season lasting from the first of March to the end of September.
This dry season has monthly rain totals of less than about three inches (76
um), while the wet season, lasting from the first cf October to the end of

15
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Table 4-1. AVERAGE LAKE HILLS AND SURREY DOWNS RAIN COHNITINYS DHEING
PERIND OF STUDY (FEBRUARY 1980 THRNUGY JANUARY 1982)

Rain Numhey Rain  Duration Averaqe Peak 31

per of rain per of each  Preceeding rain min. rain  Season

month  events per  stom storm dry oerind int. int,

(in.) mon th (in.) {(hours) (hours) (in/hr) (in/hr)
January 3.6 11 0.33 12 53 0.03 1).N9 wet
February 3.3 6 0.54 22 70 n.n2 N.14 wet
March 2.6 9 0.0 1 e .02 0l dry
April 2.8 11 0.29 10 59 0.04 0.1 dry
May 1.6 9 n.19 8 72 0.03 n.10 dry
June 2.4 10 0.27 8 79 0.05 6.13 drv
July 1.2 3 0.39 8 115 0.05 n.14 Ary
August 0.8 4 0.21 9 650 0.04 N.12 qrv
September 3.0 8 0.38 11 81 0.05 n.19 Ary
October 3.7 7 049 11 110 0.0 04wt
November 5.6 14 0.40 12 37 0.04 n.15 wat
December 6.4 16 0.41 12 34 0.03 0.14 wet
Annual 37.0 108 0.34 11 120 0.04 0.13 ——-

(tot) (tot) (avg) (avg) avq) (ava) (ava)




tebruary, has monthly tain torils between three and 6.5 inches (76 and 165
mm). Each storm durihg the wet season had about twice as much rain as each '
~totm during the dry scason. The wet season rains also lasted abo?t one and a
half to two times as long as dry season rains. The maximum preceding ]
interevent dry periocs during the dry season were substantially greater thun
during the wet season, especially for July and August. The average a?d peak
ie-minute rain intensities for both wet and dry seasons were quite s?m%lar.
The average r .in intensities were about one third of the peak intensities.
Wheo Tables A-1 and A-2 are examined, the overall ranges in observed
conditions tor any month are seen to have been quite large. The maximum
storms during the wet season were typically about 1.5 inches (38 mm) while
they were about U.5 inches (13 mm), or less, during the dry scason. These
conditions compare relatively well with the rain period of April, 1975,
through January, 197/, which was analyzed as part cof the first Bellevug
report. That previous period had an annual average rainfall of about 34
inches (870 mm‘, with about 60 storms per year, This earlier period included
less than typical rain guantities., The wet and dry season divisions, however ;
were still the same as observed during this more recent study period.

The variation in monthly rain totals, as shown in Figure 4-1, shcws that
the first months of the two wet seasons studied (October and November) have
more rain than the following months of the wet season. The latter months in
the dry season (July and August) have less rain than the earlier dry season
months. This results in a general caw—tooth pattern, where the rain total
starts out low at the end of the dry season and then rises radically at the
beginning of the wet season. The monthly rain totals then decrease with each
succeeding month to a low point at the end of the dry season. During the
first year, November was the wettest month, while during the second year,
October was the wettest month. These wide variations in monihly rain
characteristics, and the possibly repeating pattern of rains may be important
in designing a street cleaning program that is much more intensive before
these initial large rains of the wet season.

Most of the rain events that occurred during the study period were
completely monitored at both the Lake Hills and Surrey Downs sites. Appendix
Tables A-3 through A-5 summarize the observed rainfall characteristics for
these two basins on a storm by storm basis. These tables present the observed
total rainfalls, rain durations, and average and peak 30-minute rain
intensitizs for both basins. Ratios of the rain totals observed at each basin
were calculated. Duration ratios and differences in the start times for each
rain event are also shown on these tables. A total of 165 paired storm events
were monitored during this two-year study period. Lake Hills rain totals
averaged 12 percent more than the Surrey Downs rains. The average duration of
the Lake Hills rains was about 11 percent longer than for the Surrey Downs
rains. The Lake Hills rains also started about 1/2 hour before the Surrey
Downs rains. The ranges of the individual storm values, however, varied
greatly. The total rain and duration ratios range from less than cne—tenth to
more than three times, while the time differences are as great as 16 hours.
The following paragraphs discuss the major variations in rain characteristics
at the two sites on a seasonal basis.
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Fiyure a-. shows the discribution of rain events a

runoft volumes for both study sites and all study periods combined. Moit of
the rain events had lest than 0.25 inches (6.4 mm) of rain and less thunw;en
percent ot the rain events had volumes greater than one inch (25.4 mm); tesn
‘he raintall quantities are considered, most of the rainfall fis assocl?
with rain events yreater than about 0.6 inches (15 mm). The common sma -
rains do not add up to much rain volume. Rains smaller tban 0.25 inches (6.
mm) accounted tor less than 25 percent of the total rairfall volume, while

about 30 percent of the total rainfall volume was associated with rains
greater than one inch (25.4 mm).

The distribution of the runoff volume is also shown on Figure 4-2. Most
of the runoff is associated with rains greater than 0.75 inches (19 mm) while
the most common rainfalls of less than 0,25 inches (6.4 mm) produced less
than ten percent of the total runoff. The relationships between runoff and
rainfall are discussed in detail in Section >. The weighted avercge Rv values
(runoff/rain) for both of the study sites was about 0.25. This value means
that about 25 percent of the rainfall left the watershed as surface runoff.
Three-fourths of the rainfall either evaporated or ¢ntered the soil. Much of
the rainfall entering the soil later left the study areas in the form of
baseflow between runoff events. The rest of th2 infiltrated rainwater either
recharged the underlying groundwater or was lost through evapotranspiration

by plants.

Differences in observed rain quantities for the same storm periods for
Lake Hills and Surrey Downs are shown on Figures 4-3 and 4-4. About half of
the rains that were observed simultaneously at both basins had a differenne
in rain quantity greater than plus or minus 20 percent. This difference was
much greater for the small rain events than for the larger rain events. As an
example, several rain events measured about 0.3 inch (7.6 mm) in one basin
while only measuring O.l inch (2.5 =a) in the cther basin. This can result in
much more than a three to one difference in the observed runoff yielcs. As
described in Section 5, the smaller eavents result in a smaller fraction of
runoff than larger events due to infiltration and surface detention/storage.
When the resultant runoff yields from the two basins are compared for a
specific storm, differences in observed rains may be much more important than
differences in control measure applications. This is important for the
discussions in Part 4 on control measure effectivenesses.

Figures A-l through A~6 show the average monthly rainfall parameters for
two different basins. In most cases, the two basins have very similar
patterns in parameter trends, but the individual values for a specific rain
event may vary significantly.

Figures A-7 through A~9 present scatter plots of Lake Hills and Surrey
Downs rain totals, durations, and peak intensities transforumed by natural
logarithms. This transformation allows certain statistical vests to be made
if the resulting distribution of data points is normal (having a “"bell"
shape). It also reduces the apparent importance of extreme values (helps to
identify real “outliers"). Figure A-7 plots the natural log of the Lake Hills
rain quantities against the uatural log of the Surrey Downs rain quantitieg
for 211 observed rains. This figur: shows the much greater variaticn in
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observed rain quantities for the smaller rains than for the larger rvains.
Rains having a total rain quantity of 0.05 inches (1.3 mm) (corresponding to
a natuyral log, or Im, value of about minus three) can have corresponding
rains in the other bas.a :anging from 0.03 to 0.15 inches (0.8 to 3.8 mm).
However, rains of 1.5 inches (38 mm) in quantity have a wmuch smaller
variation, ranging from about 1.25 to 1.75 inches (32 to 44 mm) in the other
basin., The duration variation pattern, as shown on Fipure A-8, is similar to
the variation pattern shown for total rain quantities. Short duration rains
in one hasin can occur simultaneously with a wide range of possible duration
values in the other basin, while the longer duration rains have more equal
values in both basins. Figure A-Y compares the observed peak rain intensities
at the two basins. This figure is plotted upside down, with negative natural
log values. The data pcints in the upper right hand ccrner of the figure
correspond to low rain intensitles in both basins, while the data points in
the lower left hand corner correspond to the higher values. Again, the
pattern of variations is similar as for the duration and the quantity plots,
in that the small intensities have a much greater variation than the large
intensities. All of the intensities vary by much greater values than for the
other two vain parameters.
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SECTION 5
RUNOFF QUANTITY

O35ERVED RAINFALL AND RUNOFF VCLUMES

As noted iu Section 4, there is a major difference in the production of
runoff associated with rains naving different volumes. This difference 1s due
to a changing runoff coefficlent value for storms of different sizes and for
dijferent initial soil moisture conditions. The runoff coefficiert monitored
in this studv was the ratio of runoff volume to total rainfall volume, both
beirg expressed in inches over the test hasins. This coefficient (Rv)
considers evaporation, transpiration, detention/storage, and soil
infiltration. When soil moisture conditions are low and/or if the total
rainfall volume 1s small, then the observed Rv value is small. If the ground
is wet at the beginning of the rain and/or if the total rainfall volume is
large, then the Rv valtre 1is larger. The soil can accept rain that is falling

irectly on it a4t a rate equal to 1ts infiltration capacity. If this
infiltration capacity is exceeded, the excess rainfall will run off the soil.
Therefore, runoff production on pervious surfaces is dependent upon the soil
infiltration capacity for the specific soil moisture conditions, vegetation,
the rainfall intensity, the rainfall duratior, and the total rainfall amount.

When rain falls on an impervious surface, much of the rain will flow off
the surface. The heat of the surface will result in some evaporation of the
water upon contact with the surface (flash evaporation), but this 1is more
important in areas having very hot days and sudden thunderstorms. Rain may
infiltrate through cracks or holes in the otherwise impervious surface and
enter the subsoil beneath, or it may be directed off of the impervious
surface to pervious areas for infiltration. Also, much concrete is slightly
pervious. If the runoff water is directed towards a lined (with impervious
materials) channel or to the street and gutter system, it can be called a
directly cornected impervious w~:ea. These areas may include rooftops,
sidewalks, and parking areas. Even for these areas, however, some of the rain
does not reach the urban runoff system. If the surface is in poor condition,
rain can infiltrate through the system, as noted previously; or 1if the
surface is not graded appropriately, water may pond on the surface for future
evaporation and "leakage”. If the rain is very small, most of the sheet flow
could be gone before it has a chance to leave the impervious avea. For large
rains, however, much more of the rainfall results in runoff from impervious

areas.

About 200 rain events were monitored for rainfall quantity and runoff
parameters in Surrey Downs and Lake Hills during the two-year study period.
Some of the smallest rain events (<0.1 inch or 2.5 mm) were not monltored
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because they did wot produce significant runoft. AF other times, sowte riin
events were not monitored because of equipment malfunction or becau?etﬁ erain
equipment was being modified and not available. Almost 99 percent ok Hill.
events that occurred at Surrey Downs and about 91 percent of the Lake s ;
svents w<ere monitored. Tables A-6 and A-7 in Appendix 1 Jist the rainfall an
associated discharge characteristics for each of the monitored rains in both
Surrey Downs and Lake Hills. These tables also show the total rain (in
inche;) and the total discharge (in inches) and calculates the runoff
coefficient {Rv) ratio (runoff/rain) for each rain event, The rain durations
and the runoff durations are also compared. Typically, the runoff duration
can be expected to be grnater than the rain duraion, depending upon the lag
rain between the start of rain and the start of
to rain duration ratio in Surrey Downs was 1.l14
Lake Hills. For the smaller raius, this duration
one because of the proportionately larger amount
the soil. The data presented in these two tables
elsewhere in this report for rainfall and runoff

time at the beginning of the
runoff. The asverage rainfall
while this value was 1.24 at
ratio was actually less than
of infiltration of rain into
are used in this section and
quantity and quality calculations.

Relationships between runoff volume and rain volume are dependent on
many condizions. However, these conditions mav be simplified by dividing the
study period into appropriate seascns and censidering each area separately.
The antecedent soil conditions are usuwally satisfactorily considered in the
seasonal treakdown, while the different study areas consider the different
land-use configurations. Table 5-1 separates the rainfall and runoff
characteristics by season and study area. The total rain volume was slightly
greater in the wet seasoun rfor boich areas; there were not as many of the
larger rain events during the dry periods of the study, and although there
were many more of the smaller rain events, most of the rain quantity occurred
during the larger events. During the wet seasons, most of the rainfall volume
was associated with rains yreater than about 0.4 inctas (10 mm). The median
rain volumes associated with the runoff were greater than for the raianfall
because of the increasing Kv values for increasing rain volumes.

Fiqures A-10 through A-13 in Appendix A show the distribution of these
rainfall and runnff parameters for both study areas and wet and dry seasons
separately. These are similar to Figure 4-2 in the previous section which
combined all of this data. The average Rv value in Lake Hills during the wet
season was about 0.3, and about 0.. during the dry season. The Rv values in
Surrey Downs were less.

In order to separate the study period into seasons, characteristics of
the rainrall and runoff for each month were examined. Table 5-2 shows
equation coeffirients corresponding to stra:ght—line relationsh ps between
rainfall and runoff (both expressed in inches). The resultant r° values
(vhich is an indication of how well the calcylated curve fits the data
points) were very good. In most cases, the r‘ value was greater than 0,95
with a value of 1.0 being a perfect fit. These equations are only good for
the larger raine and do not produce appropriate values for rains that are
smaller than about 0.l inches (2.5 mm). {The predicted runoff volumes were
negative for these swaller rains). The observed runoff volumes for the smaljl
rains were very small, but could obviously not be negative. The bottom of
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Table 5-1. RAIN AND RUNOFF VOLUMES

Total rain Total runoff
Number Median rain durina study durina study  Overall
of events  volume (in.) (in.) {in.) Rv
Lake Hills
wet 113 0.23 44,96 14 .36 0.32
dry 107 0.17 30.55 65.08 N.20
total 220 0.20 75.51 20.44 0.27
Surray Downs
wet 98 0.23 42.79 10.56 0.25
dry 102 0.20 28.15 4.91 0.17
total 200 0.21 70.91 15.47 0.22
A1l Combined 420 0.21 146.42 35.91 0.25




Table 5-2. STRAIGHT-LINE EQUATION COEFFICIENTS TO PRENICT

RUNOFF FROM RAIN VOLUMES
V MINIMUM VAL6

FOR RAINS
"7 SHCWN)

(%§EATER THAN THE

Lake Hills Surrev Downs
Min. X Min.
intercept slope RZ N Value |interceptslope R N Value
Month (rain) -
anuary -0.017 0.41 0.95 20 0.07 -0.0047 0.26 0.98 19 0.C9
February -0.0028 0.29 06.94 12 0.16 -0.7080 0.35 0.79 6 0.16
March | -0.048  0.40 0.9¢ ¢  0.19 -3.010 0.25 0.93 20  0.11
April -0.020 0.30 0.98 21 0.18 -0.014 0.21 0.95 21 0.11
May -0.011 0.21 0.95 16 0.10 -0.011 0.23 0.97 17 0.14
June -0.0090 0.22 0.96 21 0.08 -0.011 0.20 0.94 17 0.1]
July -0.031 0.30 0.98 6 0.15 -0.0096 0.19 0.99 7 0.15
August -0.013 0.26 0.95 8 0.08 -0.0056 0.17 0.94 7 0.08
Septembery -0.024 0.30 0.96 16 0.12 -0.012 0.20 0.98 4 0.14
October -0.046 0.39 0.98 11 0.16 -0.026 — 0.29 0.9 13 0.16
November -0.018 0.39 0.98 30 G.09 -0.0017 0.24 0.98 25 0.05
December | -0.029 0.45 0.97 31 0.16 -0.0098 0.31 0.95 31 0.08
Total Wel] -U.UJU U.39  J.95 99 0.10 -0.0077 0.28 0.96 94 0.07
Total Dryl -0.023 0.30 0.95 97 0.12 -0.010 0.21 0.93 98 0.11
Rain Lake Hills Surrey Downs
(inches) wet dry wet dry
calc. calc cale. calec. calc, cale. calc. calc.
Runoff Rv Runoff Rv Runoff Ry Runof f Rv
0.01 -0.01f ---- | -0.020 _—— -0.0049 ———— -0.0079 ————
0.1 0.019 0.1 0.007 0.07 0.020 0.20 0.011 0.11
0.2 0.053 0.29 0.037 0.19 0.048 0.24 0.032 0.16
0.4 0.14 0.34 0.097 0.24 0.10 0.26 0.074 0.19
0.8 0.29 Q.37 0.22 0.27 0.22 0.27 0.16 0.20
1.6 0.60 0.38 0.46 0.29 0.44 0.28 0.33 0.20
2.5 0.96 0.38 0.73 0.29 0.69 0.28 0.52 0.21
(1) runoff = intercept + slope (rainfall)

example for 0.5 inch rain in Lake Hi1ls during April:

runoff - -0.02 + 0.03 (0.5} = 0.13 dinches

and the Rv = runoff raiy = 0.13/0.5 = 0.26
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Table 5-: shows how the Kv value increases with increasing rain volumes. This
table also shows that the wet seasan Rv values can be as much as two times
the dry seasca Rv values for rains smaller than about (.25 inches (6.4 um).
The Lakc Hills site also had generally larger Rv values than the Surrey Downs
site for rains greater thaa 0.1 inch (2.5 mm).

Figures 5-1 through 5-4 are nlots of observed rainfall versus runoff
volumes for both Loke Hills and Surrey Downs and separated for dry and wer
seasons. These figures show how the smaller rain events have very low Rv
values, which then increase with the size of rain. The variations in observed
runoff for the smaller rains were quite large. This percentage error
decreases as the rain volume increases. The wet seasons included z single
rainstorm that was about twice as large as the next largest rain. This very
large rain event (sbout four inches, or 100 mm) accounted for much of the
total annual runoff. That single event rain volume is infrequent in Bellevue,
wich a return interval of once every several years. Even for this large rain,
the resultant Rv value was only about 0.4 in Lake Hills and about 0.3 in
Surrey Downs.

A detailed analysis of rain and runoff characteristics wac carried out
for most of the Lake Hills data. A multiple regression analysis relating Rv
to total rain, average rain intensiLy, peak rain intensity, and days since
last rain was made for each month. These analyses showed that the rainfall
volume alone accounted for about 95 percent of the calculated Rv value. The
peak tain intensity values accounted for between five and ten percent of the
total Rv value. Increases in Rv values were caused by increases in peak
intensity values. As the number of days since the last rain increased, the Rv
value recreased. This antecedent factor can reduce the Rv value by about five
percent. These decreases in Rv with increase in antecedent dry periods was
probably due to the soils drying. It was found that average rain intensities
affected the Rv values by less than about five percent. The season of the
year was extrenely important in determining the runoff and rainfall
relationships. The Rv values for the winter (wet) months of MNcvember through
February were about 35 percent larger than the Rv values for the drier summer
months of March through October for the same rain characteristics. It was
concluded that there 1is no real need to adjust the calculated Rv values based
on rain intensity or preceding length of dry period: it is only unecessary to
consider total rainfall and season.

THE EFFECTS OF LAND-USE ON RUNOFF QUAKRTITY

4 runoff model speciiic for Surc-ey Downs and Lake Hills was constructed.
This model ccnsidered the specific land covers in each of the two basins and
the distribucion of observed rains during the two year period of study. Table
3-1 in Section 3 listed the land covers in the Surrey Downs and Lake Hills
basins. This breakdown includes the percentage of the area and the total
square footage for vacant land, parks, back yards, front yards, rooftops,
driveways, parking lots, and streets. The resultant impervious and pervious
fractions were also calculated. It 1is important to separate the pervious
areas into these several classifications. These classifications are mostly
based upon theilr distance from the drainage system, size, and the amcunt of
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areas that are far from the dralnage area, much
fore reaching the drainage systzm. Large
may have more infi’tration
drainage syster. Rooftops,
have most of their

surtace aisruption. For those
of the rainfall could infiltrate be
pervious arcas, such as vacant lots and parks,
than front yards that are located adjacent to the

cven though they are usually considered impervious, ¢
two basins directed towards the surrounding back or front

iownspouts in these
smepe soils

yards. This allowed much of the rooftop runoff to infiltrate into the
;round the house. A portion nf the driveways and parking lots are also
directed towards surrounding pervious areas. However, all of the street
surtaces are directly connected to the drainage system.

As previously discussed, the overall Rv value for the drainage basins
were very small for small rains, but then increased rapidly to a fairly
constant value for the larger rains. When this is considered in conjunction
with the runoff characteristics from the different land covers, the amount of
runoff originating from each of the land-use covers ia the test basins can be
determined for each type of rain. This is very important when considering the
effectiveness of various control measures. 1f a contvol measure can
thoroughly clean a sub-area in the drainage basin, the observed effect on the
overall basin runoff quality is highly dependent upon the runoff and
associated poliutant contributions from that sub-area. This discussion will
consider the runoff quantity that originates from each of these land covers
for different rain types, study basins, and seasons of the year. Section 6
will discuss runoff quality and estimate the runoff pollutant contritutions
from each of these land-use covers.

Table 5-3 shows how the composite Rv value is made up of different
land-use configuraticn runoft :refticients (k). These individual land-use
coefficients are multiplied by the traction of the total area that each of
these land covers occupy (as shown p~eviously in Table 3-1). Thene individual
land cover runoff coeft.cients a’l irc:-esse with increasing rain volumes and
as the distance to the drainage system docreases. These runoff coefficient
values are much greater for the fmpervious areas than for the pervious areas
for the same rains. Fcr very swall rains, no runoff is expected to occur from
the pervious areas and from the impervious areas that drain to these pervious
areas. Starting at about 0.l inci (2.5 mm), however, the coefficients are
about 0.3 to 0.5 times the maximum values that they are likely to.have. The
dry season runoff coefficient values are less than the wet season values, due
to lower soil moisture conditions. .

The runoff coefficient values for the impervious areas are lower than
most people would expect, especially for the smaller rain events. Especially
during the dry summer season, rainfall falling on these impervious areas can
be flash evaporated and/or ponded for future evaporation. These two factors
are extremely important for the smaller rain events. Even for -the largest
rain events, the impervious component runoff coefficient values may be as low
as U.b for the dry season and 0.7 for the wet season. Runoff coefficient
values for paved areas are usually expected to range from about 0.7 to 0.95,
Values within this range are expected for large rains. Runoff coefficient
values thut are usually used in runoff modeling are also shown on this table.
These values from Claycomb, 1970, are usually within the values found for the
pervious areas and for moderate to large rain events. When a storm drainage
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Table S-3, FUNOFF COEFFICTIENT RELATINNSHIPS
SURREY DOWNS NRY SEASON
k values for each land cover and rain total {inches)

Rainfall (inches) Literatura values
Land Cover Q.01 0.1 0.2 0.4 0.8 1.6 2.5 (Claycemb, 1970)

Vacant 0 n.0s C¢.0% 0.05 0.05 0.05 0.1 6.1 to 0.2
Paris 0 0.05 0.05 Q.05 0.05 0.05 0.1 0.1 to 0.2
Raclvard Q Q.05 0,05 0.05 0.05 0.05 0.1 N.1 to 0.2
Frontvards 0 Q.05 0.1 0.15 0.15 0.15 0.2 0.1 to 0.2
Rooftoos 0 Q.1 0.15 0.15 Q.15 0.15 0.2 0.75to  0.95
Driveways 0.1 0.2 0.3 0.6 0.6 0.6 0.6 0.75 to 0.85%
farling Lots Q.1 0,2 n.3 0.6 0.6 0.0 0.6 0.7 to 0,95
Streets 0.1 0.35 0.5 Q.6 Q.6 0.6 0.6 0.7 o0 0.95
Composite v

value: 0.02 0.10 0.15 0.20 Q.20 0.20 0.24
SCS (197¢%)

values: too small for SCS method 0.1 0.3 n.4

LAXE HILLS - DRY SEASON
k values for each land cover and rain total (inches)
Rainfall (inches) Literature values

Land Cover 0.01 0.1 0.2 0.4 0.3 1.6 2.5 (Claycomb, 1970)
Yacant 0 0.05 0.05 0.05 0.05 0.05 0.1 0.1 to 0.2
Parks 0 0.05 0.05 0.05 0.05 0.05 0.1 0.1 to 0.2
Saclyard 0 0.05 0.05 0.05 0.1 0.1 0.15 0.1 to 0.2
Trontyards 0 0.05 0.1 0.15  0.15 0.2 0.3 0.1 to 0.2
Rooftoos 0 0.1 0.15 0.25 Q.3 0.4 0.4 0.75 to 0.95
Driveways 0.1 0.2 0.3 0.4 Q.65 0.7 0.7 0.75 to 0.85
Parking Lots 0.1 0.2 0.3 0.4 0.6% 0.7 0.7 0.7 to 0.95
Streets 0.1 0.35 0.5 0.6 0.7 0.75 0.8 0.7 to 0.95
Composite

Rv value: 0.02 0.10 0.5 0.20 C.25 0.29 0.34
SCS (1975)

values: too small for SCS method 0.1 0.3 0.4
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Land Cover

Vacant

Parks
Backyard
Frontyards
Rooftops
Driveways
Parking Lots
Streets

Camposite
Rv value:

SCS (1975)
values:

Land Cover

Vacant
Parks
Backyard
Frontyards
Rooftops
Driveways
Parking Lots
Streets

Composite Rv
vaiue:

SCS (1975)
values:

Table 5-3. RUNOFF COEFFICIENT RELATIONSHIPS (cont.)
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sUsler 1x desiyned, the dewipn storm s a large storm in order to reduce the
tiocding potential in the grainage basin. Verv little research has been
“irected towards (he much more numercus smaller events.

These cornonent runoft coefficient values were estimated based upon the
@ritored composite Rv values, the rain totals, and the land cover
confisurdations. A trial and error procedure was used to fit the corresponding
tunoll coetficient values. Data from other locatjons and other land-use types
were alse used 1 this analysis (especilally Ottawa, Ontario; Pitt, 1982, and
Castro Valley, California; Pitt and Shawley, 1981). Unfortunately, the Surrey
Downs and Lake Hills sites were quite similar. When the Bellevue 148th Avenue
runott/rainfall ‘nformation becomes available from the USGS, then these
runctt covefticients can be confirmed for a different local land-use.

The calculated cumposite Rv values are within ten percent of the
observed vilues. They are also compared to values obtained using the SCS
(1975} curve number method on Table 5-3. The SCS method was also developed
tor the larger storm events and is not useful for those rains smaller than
about one inch (25 mm). Unfortunately, almost all of the Bellevue rains are
smaller than one inch (25 mm). However, the SCS calculated Rv values were
high in all categories, except for the very largest rain events during the
Lake Hills wet season. There are modifications tnat can be made to these
inizial SCS estimates that consider antecedent dry periods and wmore specific
soil information.

The portion of the total urbam runoff flow (as measured at the outfall)
that originates from each of the land covers within the basin can be
calculated. Each individual runoff ccefficlent value (as shown in Table 5-3)
can be multiplied by the corresponding land cover fractions (from Table 3-1)
to obtain the relative contribution of runoff that originates from each of
these land covers for different rains. Figures 5-5 through 5-8 show these
calculated estimates for different seasons and different size rain events.
Street surraces are seen to contribute most of the urban runoff flows only
for the very smallest rain events (less than about 0.03 inch, or 0.8 mm, of
rain). The cecntributions of street surface flows to Lake Hills urban runoff
flows is greater than for Surrey Downs. For rains greater than about 0.1 inch
(2.5 mm), the contributions of street surface flow to the urban runoff yield
is estimated to be about 25 percent for both basins during the dry season.
These percentage contributions may decrease even more for the very large
events when more runoff comes from the pervious areas. For the very smallest
events, the only land covers that contribute any runoff at all are the street
surfaces, driveways, and parking lots. The rooftops and pervious areas start
to contribute runoff in important quantities after about 0.1 inch (2.5 mm) of
rair. When driveways and parking lots are added to the street surfaces, these
areas can contribute more than 50 percent of the runoff in Surrey Downs and
more than about 40 percert in Lake Hills for most rains. Because of the small
number of vacant lots and parks in these basins, runoff in these areas
typically contribute only a few percent of the total runoff reaching the
outfall.

The resultant hydrograph frem e typical urban basian is made up of
various components from each of the land cover areas. Figure 5~9 shows how
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FIGURE 5-8

RUNOFF SOURCES Lake Hills - Wet Season
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FIGURE s5-7

RUNOFF SOURCES Surrey Downs - Dry Season
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FIGURE 5-8

RUNGOFF SOURCES Leke Hills - Dry Season
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the dndtial tlows duriag an urban runoft event will originate mostlv from
strect surtfaces. Other {mpet {ous areas located further from the dralnage
system start centributing flows at later times and finally, after the ground
becomes saturited and it the rain lasts for a long enough period of time,
pervious surtaces start contributing flows. Flows from the directly connected

Impervious areas (street svr’ .ces and some sidewalk or parking lots and
pessibly roottops) stop souvn after the raintall stops. The runoft from the
pervious areas, however, may ¢ ~tinue long after the rainfall has stopred.
Therefore, even though street sur®icc contribute a small fraction of the

total runoff volume for the larger rain events, they contritute most of the
tflows at the beginning o1 the events. Small rain events in Bellevue are much
more coamon than large rain events. Therefore, street cleaning may have a
much greater effect throughcut the year because of the number of small events
than 1f only the total mass flow [s considered which stresses the larger
events.

SEASONAL TRENDS IN RUNOFF AND BASEFLOW QUANTITY

The distribution of total flows throughout the study period are shown in
Figures 5-10 and 5-11. These figures dramatically point out the seasonal
aspects of urban runoff in Bellevue. The variation by season in urban runoff
flow 1s much greater than the variation in the number of rain events or the
total rainfall volume. These figures also show the baseflow contributions
that were observed during the study period. These trends are important when
considering the period of time that the small raln events are most
influential and during which street cleaning mav be most effective. It is
obvicus that street cleaning would have very iittle effect during periods of
very large flows (from September or October through December). Street
cleaning may be most effective during the drier months, especially form April
or May through July.

Figures 5-12 and 5-13 show the distribution of base flows and runoff
flows by month for Lake Hills. Similar figures for Surrey Downs are Figures
A-14 and A-15 in Appendix A. These figures dramatically show that the winter
months contribute most of the urban runoff flows. Average October, November,
and December fiows for the study period contributed about half of the total
annual runoff flows observed. December through March contributed more than
half of the base flcows. Generally, the base flows were highest in those
months also having high storm runoff flows. About 2.6 million cubic feet (74
million liters) of storm runoff and about 780,000 cubic feet (22 million
liters) of base flow per year were monitored in Surrey Downs. The storm
runoff flows in Lake Hills were greater, being about 4.2 million cubic feet
(120 mi1llion liters) while the base flows were less, at about 500,000 cubic
feet (14 million liters) per year. August was the driest month, with less
thau two percent of the annual urban runoff flow. Table 5-4 shows the actual
monitored base and urtan runoff flows that occurred in both of the study
areas during each month of the study.
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FIGURE 5§-13
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Table 5-4. SU- 7Y NOWNS AND LAKE_HILLS
BASE FLO~ AND RUNOFF FLOWS

Surrey Downs Lake Hills

Base Total Base Total

flow runof f Flow runoff

Month (£t3) (ft3) (Ft3) (ft3)
2/80 —_— 35,050 293,940
3/80 127,455 < 233,662 69,870 315,440
4/80 62,728 178,230 51,720 285,240
5/80 50,410 84,137 23,632 73,165
6/80 48,040 165,870 22,610 204,500
7/80 47,830 18,950 21,850 17,530
8/80 50,130 68,960 27,780 91,550
9/80 50, 660 97,150 30, 900 145,200
10/80 47,120 47,830 22,830 56,210
11/80 89,880 553,920 44,730 817,790
12/80 110,350 625,215 87,235 879,800
Tota) 684,603 ?367KTU§I 433,207 3,175,365
1/81 98,510 161,200 78,720 205,799
2/61 108,980 349,880 43,410 340,5¢)
3/81 74,880 121,840 77,310 157,420
4781 15,640 73,880 38,890 185,360
5/81 44,120 90, 340 20,980 118,840
6/81 41,180 90,000 13,640 128,610
7/81 36,850 102,430 23,310 175,390
8/81 39,600 6,340 21,820 3,860
9/81 27,750 195,260 20,530 416,880
10/81 44,040 551,500 27,790 684,010
11/81 52,600 317,310 60,330 539,030
12/81 120,160 541,370 93,140 801, 280
To*al 704,310 2,601,350 525, 880 3,756,990
1/62 66,780 216,100 82,150 357,600
Grand Total 1,455,693 4,891,484 1,046,237 7,289,955
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SFCTION b
URBAN RUNOFF QUALITY

TNTRODUCT LON

Ore of the principal tasks of the Bellevue urban runoff project was to
collect samples representing as many runoft events as possible from the two
test basins. About 200 rains occurrc¢ in each basin during the two year study
period. Samples were collected for analyses from as many as 160 of these
rains 1n each basin using automatic samplers and flow meters. Appendix E
describee the sampling equipment and how it was used. The sampling equipment
wis set to initiate sampling at a predetermined runofi flow rate and to
obtain flow weighted samples throughout the duration of the runoff event.

The sampling equipment was modified to discharge thbe samples into a
single 50-gallon (190-liter) Nalgene container with plastic bottles
containing ice as a preservative. Because of the large sample container, the
sampling equipment was capable of collecting samples from small to very large
rain events. The smallest rain event that was monitored was about 0.04 inches
(1 mm) of rain., The largest rain events were more than four inches (100 mm).
The large events did require some sampler servicing during the rain events.
The smallest rains were represented by about six subsampla2s collected
+hroughout the runoff period, while the large events contained several
thousand runoff subsamples. The samples vere removed from the sampling
equipment within several hours of the end of the event. The chilled samples
were theu brought to the City of Bellevue's water quality laboratory where
they were separated into different containers that had appropriate
preservatives for the different chemical analyses. The Bellevue laboratory
analyzed the samples for nH, turbidity, and specific conductanre. The
preserved samples were sent to a commerclal laboratory in Seattle for
analyses (Am Test, Inc.). The commercial laboratory anrlyzed the runoff
samples for total solids, total Kjehldahl nitrogen (TKN), chemical oxygen
demand (COn), lead (Pb), zinc (Zn), and total phospherus (P).

Tae rinoff monitoring equipment was installed in mid-March in Surrey
Downs and in mid-April in Lake Hills in 198C. Because of som2 eyuipment*
problems at the beginning uf the study peried (due to the lack of event
markers on the trlow recorders) each station was temporarily deactivated for
equipment moditications. Some small runoff events (less than 0.l inch, or 2.5
mn) were not monitcred because the automatic stage activator (which turned on
the sampling equipment) could not detect small increases in tunoff volumes,
above the existing base flows, without mary falsz starts. Therefore, only
about three-fourths of al' of the rain events were sampled. Because the
larger runoff events were uwuch more effectively sampled, a much larger
percentage of the total runoff volume was sampled.
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puring the period of tunoff monitoring, streeF surfacg partlcy%at;h
samples were also collected ond analyzed (as described in Section . e
he runoff sampling program. The

street cleaning program was varied during t
e ps corresponding

urban runoft data was theretore separated into different gt?u
to the study ¢veas, seasons, and street cleaning programs. Section‘10
describes the street cleaning program and measurements in detail. Gemnerally,
extensive street cleaning was used in one basin for a period of time, without
any cleaning in the other basin. After several months, this was reversed so
that extensive street cleening was conducted in the opposite basin. Ovef the
two~vear pericd of time, extensive street cleaning was conducted in eacl
basiu during both the wet and dry seasons. Periods of no street cleaning also
occurred during the wet and dry periods in each basin. Runoff during a period
of time was also monitored corresponding to no street cleaning in either
basin at the same time. This schedule enabled the urban runoff quality and
yield data to be compared on the basis of street cleaning effort and by
season. Two extreme levels of street cleaning were used to simplify the
analyses and to present extreme cases for comparison. The extensive street
cleaning effort involved clean.ng all streets in the drainage basin three
times a week. This has been shown in previous studies (Pitt, 1979; and Pitt
and Yhawley, 1981) to result in streets nearly ¢35 clean as possible using
conventional street cleaning equipment. More frequent street cleaning (every
day or even multiple passes in a single day) may result in slightly cleaner
streets, but at a much greater cost.

This section presents the urban runoff quality data by these study
period divisions. This data is also compared to the preliminary Nationwide
Urban Runoff Program (NURP) urban runoff quality data. The statistical
distributions of the concentration data is examined and variations in runoff
quality as a function of season are also shown. Baseflow sample; are also
discussed. The observed urban runoff quality data is compared to beneficial
use water quality criteria. Calculated mass yields [u. the different storm
events and estimated seasonal and annual discharges are also shown. The
section finishes with a discussion of the potential source areas of the
different urban runoff pollutants.

OBSERVED URBAN RUNOFF AND BASEFLOW QUALITY

Much urban runoff quality data was collected during this project. Tables
A-8 through A-15 in Appendix A present the urban runoff quality data
collected during this study representing completely monitored runcff events.
Additional data was also collected for partial runoff events, but was not
considered in the analyses because it could be misleadidg.‘Table 6-1
summarizes this observed data. Average, minimum, and maximum values for the
water quality parameters, along with the flow and rain volumes, are shown for
eight project periods. Most of the periods have from 20 to 30 monitored rain
eventz. The Surrey Downs dry weather category unfortunately includes 51 datas
sets without street cleaning and only four data sets with street cleaning.
Therefore, these two periods cannot be efficiently compared.

Table 6-2 compares this observed Bellevue runoff water quality with
preliminary Nationwide Urban Runcff Program (NURP) data. The preliminary NURP

49



labie 6-1. "BSCRVED URSAN RUNOFF QUALITY (COMPLETE
COMPOSITE CTCRM EVENT MEASUREMENTS ONLY)(mg/1)

Like Hills vy Weather
Without Street Cleaning

Spec.
Runoff Cond.
Yolume Rain  Total TKN CcoD Total {(pmhos /Y Tyrd
(ft3) (in) Solids Phos. Lead Zine  pH { onm {(NTU)
average 28,400 0.36 110 1.4 54 0.42 0.25 0.14 §.1 42 15
minimum 1,210 0.04 24 <0.5 13 0.015 <0.1 0.067 5.3 22 6
maximym 132,000 1.33 270 5.9 120 3.6 0.56 0.29 6.6 140 35
number of events: 23
With Street Cleaning
average 16,800 0.27 110 1.1 a4 0.28 0.17 0.12 6.1 30 24
minimym 2,830 0.08 27 <0.5 20 0.1 <0.1 0.061 5.2 17 b
maximum 36,900 0.53 240 4 120 1.2 0.5 0.26 7 61 67
number of events: 24
Lake Hills Wet Weather:
Without Street Cleaning
average 61,400 0.50 78 0.66 32 0.14 0.11 0.0%34 6.6 40 16
minimum 3,060 0.07 33 <0.5 17 0.071 <0.1 0.03 5.5 22 6
.maximum 209,000 1.58 230 1.4 77 0.34 0.4 0.22 7., 85 82
number of events: 32
With Street Cleaning
average 45,200 0.15 130 1.0 43 0.30 0.18 0.11 6.0 31 38
min imum 2,590 0.11 27 <0.5 13 0.02¢ «<0.1 0.093 55 19 17
maximum 223,000 1.55 440 3.8 83 0.92 0.31 0.2 o.8 55 150
number of events: 20
Surrey Downs Dry Weather
Without Street Cleaning
average 18,600 0.34 130 1.3 6l 0.32 0.18 0.14 6.2 38 16
minimum 1,260 0.05 31 <0.5 21 0.068 <0,1 0.07 5.2 16 4
maximum 108,000 1.65 520 4.3 150 1.2 0.82 0.37 7.4 95 41
number of events: 51 _
With Street Cleaning
average 39,700 0.65 120 1.2 40 0.29 0.85 0.13  -- -- --
minimum 8,590 0.18 43 0.5 15 0.097 0.21 0.093 -- -- -
max imum 78,800 1.18 200 2.7 54 0.59 <0.1 0.2 -- -- --

numter of events: 4
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Table 6-1. OBSERVED URBAN RUNOFF QUALITY (cont.)

Surrey Downs Wet Weather
- Without Street Cleaning

Spec.
Runoff Cond.
Volume Rain Total TKN COD Total {umhos/) Turh
(ft3)  (in) Solids Phos.  Lead  Zinc oH ( cm ) (NTU)
average 50,100 0.57 95 0.84 43 0.17 0.12 0.13 6.3 45p 16
minimum 2,460 0.04 29 <0.5 19 0.002 <0.1 0.047 5.7 23 5
max imum 250,000 2.2 270 2.0 110 0.38 0.4 0.31 7.0 110 67
number of events: 34
- With Street Cleaning
average 56,300 0.69 100 0.77 34 0.15 0.11 0.10 6.9 64 16
minimum 3,980 0.08 64 0.48 17 0.075 <0.1 0.059 6.3 29 5
maximum 401,000 4.38 190 1.8 69 0.28 0.2 0.16 7.3 300 4?

number of events: 20




Table 6-2. BELLEVUE RUNOFF WATER QUALITY COMPARER TO NATIONWINE {NURP) DATA

A1l NIRP Data

Lake Hills Surrey Downs (as of 10/81)
# of £ of f of

Constituents min 73y _redian obser| min mix ~edian aobser [ min max medfan obser

pH 5.2 7.1 6.2 34 5.2 7.4 6.2 98 2.8 w1 7.0 1608

turpidity 6 150 17 96 4 67 14 102 0.2 4900 51 1153
{NTU)

Soec. cond. 17 140 32 93 16 300 38 100 1.0 4400 330 4335
(mhas /em)

tatal solids 24 440 87 98 29 620 95 107 21 23,700 240 2411
(ng/3)

Chemical Gxyeen |13 120 36 99 15 150 42 106 0.3 1430 52 675
Demand (mg/i)

Total Kjeldaht [<0.% 5.9 0.78 99 <0.5 4.3 0.84 105 0.01 520 2.0 4521
Nitrogen {mg/1)}

Total Phosphorouq 0.015 5.6 0.19 9¢ 0.003 1.2 0.17 106 | <0.01 85 0.43 4909
{ma/1)

Lead <0, 1 0.56 0.10 99 <0.10 0.8z 0.10 106 | <0.01 30 0.23 4574
{mg/1}

Zinc 0.030 0.29 60.11 99 0.047 0.37 0.11 106 | <0.01 26 0.23 3510
{mq/1)
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1981, and included data from many urban

2 as ave tR: October
da.a was available as of October, T ellevue urban rumoff

runcft monitoring locations throughout the country.
is of much better quality than typically found elsewhere. The median Bellevue

ruroff water quality constituent concentrations are about half of the average
MURP concentration values reported. The Bellevue specific conductance values
are about one-tenth of the NURP average values. The amount and type of rain
at Bellevue, along with the urban land-use development practices were
probably responsible for these lover observed concentrations. The annual
rainfall at Bellevue (about 34 inches, or 86C mm) is not that much different
from the annual rainfalls at many of the NURF project sites. However, the
typical Bellevue rains are much emaller than elsewhere, with many more rains
occurring in a year, and with resultant shorter interevent periods. With a
short interevent period, pollutants have a shorter time to accumulate. In
addition, the smaller rains at Bellevue co not possess enough energy to
remove much of the deposited pollutants in the urban areas. The ranges of the
NURP event mean concentration values are quite large and the Bellevue median
values are closer to the minimum than the maximum values. The mich larger
range in reported NURP concentrations, compared to Bellevue concentrations,
is due to the wuch broader range of conditions and the larger number of
observations included in the NUR)’ data base.

The distritbutions of the oh)served concentrations for total solids is
shown in Figure 6-1. Distributions for the other constituents are shown in
Figures A-16 through A-23 in Appendix A. Those distributions show that the
most commnonly observed concentrations for each constituent are much closer to
the low stide of the observed range than for the higher values. This is quite
common in many physical measirements that cannot have negatilve values.
Minimum values are bounded t; the zero value, while there 1is no absolute
limit to the upper values. ?eriodically, very large values may be observed
due to unusual circumstancr.s. The distribution for pH values in Figure A-21,
however, shows a more "normal” distribution with the most common value
centered in the observed cange. This is because pH is a measure of the
hydrogen ion concentraticrns in the water expressed as a negative log to the
base ten. This implies tanat the distribution of concentration observations
may be expressed as a lsg-normal distribution. The actual form of the
distribution 1s import:nt because it defines and restricts the use of certain
statistical tests that can be used to indicate differences and similarities
in the data. Many of :he common statistical analyses (including least squares
linear regression anslyses to determine an equation that fits the data
points, and Student': "T" test which indicates significant differences in
paired or urpaired .ata sets) require normally distributed values and equal
variances along the range of observations. If the data can be transformed to
fit a normal patte.n, then these basic and powerful statistical analyses
procedures can be legitimately used.

Figure 6-2 shows a log~probability plot of total solids concentration
values. Figures A-24 through A-30 in Appendix A shows the log—probability
plots for the other constituents (except pH). A straight line on normal
probability charts indicate a normal distribution of the observed data. When
the logarithmic transformation is made, nearly straight iines resulr for all
of the constituents, especially between the probability ranges of five and 95
percent on the log-nmormal charts. In some cases, a straight line occurs from
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the one to YY perceut probat*lity valves. In manv cases, however, the extreme
low or high values do not tall on the straight line. This can be expected
because or the relatively small number of observations in cach data set.
However, these small deviotions in the extreme taills of tne observations do
not siynificantly alter the conclusions associated with the statistical
tests.

The previous bar graph non—transformed distribution plots and these log
nrobability plots show the observations for Surrey Downs and Lake Hills
separately. For total solids, COD, zinc, and specific conductance, the Surrey
Downs concentrations are greater than the Lake Hills concentrations. No
noticeable diftference appears for the other constituents over the entire
range of constituent concentrations observed.

Concentrations also varied by month. Table 6-3 shows the average monthly
runoff concentrations observed for both the Lake Hills and Surrey Downs
sites. A general cycling of the concentrations was observed: thc
concentrations were typically greater during the dry months than during the
wet months. These variations may have been caused by differences in the rain
characteristics (especially rain totals and frequencies) during the seasons.
1f the pollutants are source limited in the drainage basin, then the lurger
rain events would result in lower runofr concentrations. This, of course,
requires that the small rain events have sufficient energy to remove the
contaminants from the drainage basin. Some of the pollutants, such as lead on
street surfaces, may be considered source limited, but other pollutants,
especially total solids, could not be considered source limited because
erosion potential usually increases with increasing raims.

Figures A-31 through A-38 in Appendix A are plots of observed runoff
councentrations as a function of rain megnitude for each of the two basins and
for the wet and dry seasons. The most common feature of all of these scatter
plots (with the exception of the pH plets) is that the maximum observed
concentrations occur for rains smaller than about 0.5 or 0.75 inch (13 or 19
mm). The concentrations of the runoff assoclated with rains greater than
these volumes fall into a much narrower band. The small rain events, however,
also contain many low mean event concentration values. These relationships
signify a dilution effect by the larger rains and an uneven amount of energy
to remove pollutants by the smallest rains, caused by varying rain
intensities. Even though the large rains observed include the largest rains
that are likely to occur in the area, increases in total solids or other
contaminants assoclated with pervious areas did not occur. In other areas
that experience much larger rains, increases in total solids concentrations
may be evideuntr for the very largest rains. These scatter plots also
differentiate «bservations obtained during dry and wet periods. Generally,
the highest concentrations for almost all of the rain volumes are associated
with the dry seasons. However, many wet season observations are also
relatively high. Again, the dry season rains would have long periods of
pollutant accumulations between then.

Baseflow samples were collected about once a month during the second

year of the project. These baseflow samples were collected using the
automatic samplers on a time sampling mode. The samples represent average
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Table 6-3. AVERAGE MONTHLY RUNOFF CONCENTRATIONS (ma/71)

Total

Solids con TKN Lead 7inc

LH SD| tH SD LY SD I_H SN LH SN LH 50
Jan 120 126 | 39 50 | 0.67 0.8l 0.24 0.16]0.18 0.16} 0.095 0.11
Feb 112 93 38 46 | 0.86 0.75} 0.26 0.1810.20 0.12]0.089 0.099
Mar 69 9> 36 48 | 0.83 0.75§ 0.14 0.19}0.10 0.13] 0.094 0.1l
Apr 89 110 | 37 43 | 0.88 1.0 | 0.26 0.27}0.16 0.17¢7.095 0.11
May 130 1iC ! 46 67 1 0.97 1.2 | 0.21 0.26}0.21 0.13{0.12 0.17
June 115 170 | 51 74 | 1.4 1.7 | 0.34 0.46]| 0.24 0.22}0.13 0.16
July 98 120 | 45 60 | .0 1.1 } 0.26 0.,23]| 0.16 0.14] 0.11 0.14
Aug 130 270 | 86 10C}{ 3.7 2.4 | 1.5 0.75]|0.37 0.44] 0.23 0.25
Sept 130 130 | 54 56 | 1.3 1.3 | 0.30 0.28}0.23 0.17| 0.15 0.15
Oct 90 100 [ 42 39 (1.2 1.0 | 0.20 0Q.,19]0.16 0.11] 0.11 0.11
Nov 100 386 37 40 | 0.79 0.94; 0.25 0.17( 0.12 0.11} 0.11 0.13
Dec 81 94 32 36 | 0.68 0.63| 0.14 0.14]} 0.11 0.11] 0.094 0.11




bascet low concentrations over about 24 hours of time. Table t-4 summarizes the
baseflow water quality obscervations at the two sampling sites. The ob-erved
hasetlow concentraticns ot Cob, TKN, total phosphorus, lead, and zinc were
about the same as tfor the storm runoft concentrations. However, the baseflow
total solids and specitic conductance values were much greater than observed
v the storm runoft, The total solids material during storm tunoff events {s
mostly suspended solids, while the total solids during baseflow conditions is
mostly dissolved solids (based on ratilos of specific conductance to total
solids). The siwmilarities in baseflow and storm runcff nutrient and heavy
metal concentrations is surprising. In other areas (especially at the Castro
Valley MIKP site; Pitt and Shawley, 1981) the baseflow and nutrient
concentrations were much less thau the storm runoff concentrations. However,
the Castro Valley basetflow dissolved solids, specific conductance, and major
ion coucentrations were all much greater than observed in the storm runoff.
In Castro Valley this implied that the baseflow wuas mostly associated with
discharging proundwater that originated in non-urban areas above the study
area. At the two Bellevue sites, however, the complete basins are urbanized
and the groundwater that discharges to the storm drainage systems between
rain eveuts was much more contaminated than the rural groundwater discharges
obscrved at Castro Valley.

The nutrient and heavy metal urban runoff concentrations at Bellevue are
.uch less than observed at other NURP project sites. The Bellevue baseflow
concentrations are also much less than the average NURP runoff data, except
for total solids and specific conductance. In a later subsection, the
contribution of baseflow discharges will be compared to the annual storm
runoff discharges.

Additiconal Bellevue urban runoff information 1s included in the USGS
report on their portion of the Bellevue urban runoff project (Prych and
Ebbert, undated). The USGS used elaborate samplers that collected many runoff
samples at different time intervals during rain events. They analyzed many
samples for their monitored rain events for many more constituents than were
included in this program phase. However, the USGS sampled many fewer rain
events than included in this project.

Seattle METRO (Galvin and Moore, 1982) is also conducting a project
associated with the Bellevue urban runoff program. METRO's study is directed
towards monitoring prioricy pollutants is urban runoff, urban runoff source
areas, and receiving waters. These priority pollutants include many
pesticides and industrial chemicals that have been shown to be carcinogenic.
Several heavy metals are also included as priority pollutants.

COMPARISON OF OBSERVED URBAN RUNOFF CONSTITUENT CONCENTRATICNS WITH WATER
QUALITY CRITERIA

Published water quality criteria are not really appropriate for urban
runoff problem identification. These criteria, even when cxpressed in terms
of safety factors ror organisms present in the receiving vaters, are designed
for continuous discharges and relatively constant concentrations. In most
locations, receiving water pollutant concentrations during periods of runoff
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Constituent
Total Solids
coo

TKN

TP

Lead

Zinc

Spec. Cond
( pmhos/cm)

Min.
mg/1

108

9.1

0.03
138

Tahle 6-4. Base Flow Nuality

Lake Hills
Max. Average
mq/1 ma/1
326 210

67 27
1.9 0.56
0.72  0.11
0.1 <0.1
0.14  0.073
430 <70

# of
Samples

13
13
13
13
13
13

59

Min.
maq/1

130
6.8
0.34
0.034
< 0.1
0.026
146

Surrey Nowns

Max.
ma/1

226
45
2.4
1.2
0.1
0.47
300

Averane
ma/1

195
19

1.0

0.20

<0.1

0.10

240

# of
Samples

13
13
13
13
13
13

9



vary dranatically trom the basctlow concentrations, In most cascs, the

shunticw aatule ot storm ranol! cannot be compared to the water quality
Clluertia that ave associated with continucus discharyges. However, as was
noted o the last subsection, the baseflow and -torm runot{ concentrations in
nellevaue are por that dissimilar, except tor total solids. The published
criter o wav, theretore, be applicable when evaluatirg the storm runoff

dischas, e conditions at bellevae, especially fou "totally developed”
vatersheds,. Ancother important project associated with the Bellevue urban
tunott program was condacted by the University of Washington (Pedersen, 1981;
Rivrev, T9n0 and Scott, Steward, and Stober, 1982) through tae Corvallis Lab
ot thie BrA and addressed reccaving water measurements and eftects from urban
runott. lhe University of wWashinpgton study included actual beneficial use
impitrment measurements by sampling the aguatic organisms most directly
artected by urban runoct, The observed biological conditions in selected
bellevue urban runott receiving waters were compared to the biological
conditions in similar bodies ot water unaffected by urban runoff. This
subsection wiel compare published water quality criteria with urban runoff
conlcentrations observed during this study. Refer tc the University of
hashiugton study tor a more detailed discussion of probable urban runoff
vltects at Beilevue.

Dissolved Oxygen

o dissolved oxygen measurements of urban runoff were obtained during
this study. Previous studies show that the DO of urban runoff is near
saturdation due to the turbulence and thin sheet flow nature of most urban
runoff{ source waters. However, urban runoff contains various chemicals and
orgaric matter that can consume oxygen in the receiving water over a period
of time, Urpvan runoff can be characterized as a wastowater having low levels
ot urganic matter and nutrients and high levels of heavy metals and possibly
other directly toxic materials. Urban ru»if has been found to exert small
immediate oxygen demands on receiving w. rs due to the low residence time of
the wastes in the receiving waters and « non—-blodegradability of the oxygen
consuming material. A previous study (F. -, 1979) found that the long-term
oxyyen demand of urban runoff can be many “imes greater than the short-term
cxvygen deme. d usually measured. This long- =rm increase in oxygen demand is
probably associated vith initial toxic effccts of the urbau runoff heavy
metals affecting the microorganisms that break down the organic material and
consume oxygen. This long-term oxygen demand is important when deposition of
urban runoff sediments occur in the receiving waters. These sediments can
exert significant oxygen demands associated with urban runoff materials long
after the storm runoff event has ended. Therefore, instream dissolved oxygen
concentration and sediment oxygen demand analyses are much more significant
in evaluating the oxygen demanding effects associated with urban runoff than
urban runoff oxygen demand measurements. Urban runoff CUD measurements were
wade as part of this study to supplement the instrear measurements of oxygen
demanding material included in the University of Washington study.

Dissolved oxrygen has always been an important indicator of water

quality. Insutficient dissolved oxygen can cause aaaerobic decomposition of
organic materials which can in turn cruse the formation of noxious gases,
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i h me thane
sueh as hvdrogpen sulfide, and the uevelopment of carbon dioxide and

bissolved oxvegen in the water column can also cause

in the sediments.
{ron and manganese from

chemical oxidation and subsequent leaching of ! .
sediments. The eftects of dissolved oxvyen on freshwater fish 1s complicated

because fish vary in their oxygeu requirements accord®ng to the specif}c ,
species, theit age, activity, water temperature, and by the amourt o oo1
present. Fish are capable of surviving for short periods of time at very low
oxvroen couditiona, tlost researchers, however; report a dissolved oxygen
coﬁ&entration of at least four mg/l needed to support a --aried fish
population. However, greater concentrations will usually result in a greater
variety of species present. Fish embryonic and larval stages are'especially
vulnercble to low oxygen conditions because of their lack of mobility. In
addition, low dissolved oxygen levels can adversely affect aquatic insects
and other animals upon which fish feed. As long as dissolved oxygen
concentrations remain sufficient for fish, no sigrificant impairment of the
fish s resources, due to dissolved oxygen, are likely to occur-

Solids

Observed total solids concentysativns in the storm runoff during this
study varied from about 20 to more than 500 mg/l. The average event mean
concentration value was slightly less than 100 mg/l. The total solids
concentrations during baseflow conditions averaged about twice these
woncentrations. The total solids during storm runoff events are mostly made
up of suspended solids while the total solids during baseflow conditions are
mostly made up of dissolved sclids. Much of the so-called suspended solids
during urban runoff events may settle out in the receiving water as
sediments.

The criteria for suspendea solids and aquatic life beneficial uses is
usually considered about 80 mg/l. This is about equal to the observed total
solids concentrations during most of the urban runoff events in Bellevue. The
total dissolved solids criteria varies appreciably depending upon the
resistance of the aquatic species and other uces. Th's total dissolved solids
criteria is usually associated with restricting the salinity of the water and
would usually be much greater than observed during the storm runoff events or
during baseflow. Therefore, the most important effects of solids is
associated with the suspended solids during storm runoff events and the
accumula.ion of settleable solids on the stream beds.

Susi..aded sollids can affect fish life in several ways; by directly
killing tne fish, or by reducing their growth rate or their resistance to
disease, for example. Suspended solids also affect fish by limiting
successful development in fish eggs and larvae. Suspended solids can also
modify natural movement and migration of fish and can reduce the abundance of
fish food available. The most direct effects of suspended solids are the
reduction of light penetration into the water column and the heating of the
surface waters. Settleable materials associated with urban runoff solids
blanket the bottom of waterbodies and damage the invertebrate populations,
ruin gravel spawning beds, and, if they are organic, can remove substantial
quantities of dissolved oxygen from overlying water. The wost important
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cticct of urban runott scis's in Bellevue receiving waters 1s probably the

contiibution of settleable silts and clays covering the pravel spawning beds.
The ohrasion ot fish gills by the solids may also be important.

Nitrn&vn

The only form of unitroygen monitored by this urban runoff project was
total Kjeluahl nitroyen, which is a combination of the organic nitrogen forms
and ammonia. The most common forms of nitrogen not included in this analysis
are nitrates and nitrites. Organic nitrogen may make up most of the total
Kjeldahl ritrogen in some cases, and ammonia may be more prevalent in other
cases. lhe un—ionized ammonia (ammonium) form of nitrogen ammonia 1s toxic to
aquatic organisms. This un-ionized ammoniuw is usually less thar about 25
percent of the total ammonia concentrations in the urban runoff. Average
ammonia councentrations in Bellevue storm runoff and baseflow would be much
less than seveiral hundred micrograms per liter. However, the maximum observed
total Kjeldahl nitrogen concentrations, as high as about six mg/l, signify
the potential for high ammonia concentrations. At these very high total
Kjeldahl nitrogen concentrations, the va-ionized ammenium concentrations may
be several hundied micrograms/liter.

Rainbow trout have been reported to be the most sensitive fish to
un—-ionized ammonium (the most toxic form of ammonia). Concentrations of 0.2
wy/1 ammonium are lethal to rainbow trout, while values less than this can
exert adverse physiological or histopathological effects. At concentrations
or thrve mg/l total ammwnia, trout have been reported to become
hyperexcitable and, at eight mg/l total ammonia, 50 percent of the trout died
within 20 hours. Carp are usually the least seasitive fish to ammonium.
Sublethal exposures to ammonium can cause extensive mnecrotic changes and
tissue degradatlion in various organs. Concentrations of 2 mg/l un-ionized
ammonium can be lethal to carp (EPA, 1976). The observed total Kjeldahl
nitrogen concentrations indicate the potential for some adverse ammonium
concentracions, but this would likely be restricted to rare runoff events.
The typical stovm runoff concentrations do not indicate recurring ammonia
toxicity problems. -

Nitrate concentrations in storm runoff may also be important. Even
though not included in the total Kjeldahl nitrogen analvses, the presence of
large amounts of organic nitrogen and ammonia may indicate high nitrate
concentrations. liitrate is a common major ion and was monitured as part of
the USGS monitoring program. Prelimirary results from the USGS (Ebbert,
Poole, and Payne, 1983) show nitrate concentrations of about 0.025 mg/1.
Maximum concentrations of several mg/l were also observed.

The 96-hour concent.ation of nitrates capable of killing half of the
bluegills in a test (96—hr LC-50) was two mg/l, while a value of 0.09 mg/l
nitrate plus nitrite had no significant effect on growth or feeding habits of
largemouth bass and channel catfish (EPA, 1976). Hewever, rainbow trout are
much more suscnptible to nitrate concentrations. Trout weighing 200 grams
experienced no mortalities after ten days with nitrate plus nitrite
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concLntrations ot U.06 myi/l. Smaller two—pram rainbow trout did n:t Lue
exjerience any mortalities after belng cxpused to U.lf my/ 1 ? t;id:-plethal
nitrite ifor ten davs, but ll-gram rainbow trout experienced an ?1 .
concentration of abour .15 mg/l. In another study, four sizes of rain ? .19
trout had LU-5u toxicity values after Sbo—hour exposures in hard Yate?do 5&
to V.3 meg/l nitrate plus nitrite. Fingerling rainbow trout experlenji it e
pereent mortality atter 24 hours exposure (24 hour-LC 50) to.l.6 mg ?1i€
plus nitrite. and yoarling rainbow trout experienced a 55 percent morta.ity
after .4 hours at concentrations at U.55 mg/l. Carp are more tolerént and
survived 4&-hour exposures to 4U mg/l. Mosqnito fish experienced 96-hour
LC-50 toxicity values of about 1.5 mg/l (EPA, 1976). Therefvre, there is some
potential for nitrate concentrations affccting the receiving water trout

populations.

Phosphorus

Total phosphorus concentrations were about 0.2 mg/l during storm runoff
events and could be as high as several mg/l. The EPA (1976) recommends a
maximum value of U.l mg/l total phosphorus for streams to prevent plant
nuisance growths (eutrophication). They also note that most uncontaminated
lakes have surface water phosphorus concentrations of less than 0.03 mg/1l.
Therefore, almost all of the observed phosphorus concentraticns are capable
of creating nuisance algae growths in calm waters.

Lead

Most of the lead concentrations were about 0.l mg/1 in the stcrm runoff
while they were undetectable (less than 0.l mg/l) during basetlow.
Unfcrtunately, the detection limit for the lead analysis procedure used was
U.! mg/'. During the early parts of the urban runoff program, almost all of
the icad ~oncentrations reported were greater than this detection limit.
However, near the cni of the program, during pericds of larger rain volumes,
the reported lead concentrations were frequently below the detection limits.
The highest lead concentrations observed approached one mg/l.

Fathead minnow 24~ to 96-hour LC~50 values of 480 mg/l have been
reported, using lead chloride and from one to two gram, 38 to 64 millimeter,
fathead minnow specimens. A 96-hour LC-50 value for rainbow trout in very
hard water was also about 470 mg/l. However, V.12 to 0.36 mg/l lead nitrate
was the higheet concentration not having adverse e{fects on survival, grow.h,
and reproduction of rainbow trout. Concentratious of free lead of 1.4 mg/1
and total lead of 470 mg/l are LC-50, 96-hour values for rainbow trout.
Organic methylated forms of lead can be much more toxic to fish. The LC-50,
24-hour and 48~hour values for bluegills in hard water ranged from 1.4 to 2.0
mg/l organic lead for one- and two—gram fish. Similar exposure times of lead
chloride produced much greater LC-50 values of about 450 to 500 mg/l (EPA,
1976). ‘ '
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Ihe dissolved tead cone ntration values that have been shown to be
lethal te tish are much preater than the dissolved lead conceatrations
expected in the Bellevue urban runoft or receiving waters. A small fraction
of total lead that was obscrved in the Bellevue urban runoff is expected to
occur as eitler organic lead forms or other soluble lead forms. However, the
accumilation of particulate lead torms in sediments receiving urban runoff
has been shown to potentially cause adverse effects on the benthic organisms
(titt and Bozeman, 1982).

Zinc

The obscrved total zinc concentration {in the Bellevue urban runoff was
about U.l mg/l and maximum values were about 0.4 mg/l. The baseflow
concentrations were slightly less.

Rainbow trout have been reported to be the most sensitive fish to zinc
in hard waters, with lethal concentrations for coarse fish being three to
tour times the rainbow trout values. Immature insects seem to be less
sensitive than many of the test fish. For fathead minnows, 96—hour LC-50
values in hard water were reported to be 33 mg/l. However, at the
much-reduced zinc concentration of 0.18 mg/l, an 83 percent reduction in egg
production was found, as compared to a zinc concentration of 0.03 mg/l. One
to two gram fathead minnows had 96-hour LC-50 valu~. of 8.2 to 21 mg/l
anhydrous zinc sulfate. Fathead minnow eggs experiunced 24- to 96-hour LC-50
values of 1.8 to 4.0 mg/l, also with anhtydrous zinc sulfate. Fathead minnow
fry 24— to 96-hour LC-50 values were less, at 0,87 to 0.95 mg/l anhydrous
zinc sulfate. Two to three gram fathead minnows 96-hour LC-50 values were
greater, at about nine to 13 wg/l anhydrous zinc sulfate. Juvenile rainbow
trout 96-hour LC-50 vaiues in hard water were about 7.2 mg/l zinc sulfate and
were reduced to 3.2 mg/l for 48-hour exposures to elemental zinc. One to two
gram bluegills experienced 24— to 96-hour values of about 41 mg/l anhydrous
zinc sulfate (EPA, 197b6)

The observed total zinc urban runoff concentrations in Bellevue are less
than most of the reported dissolved zinc concentrations that may cause
potential problems. As for most heavy metals, EPA recommends a water quality
criteria value of U.0l of the critical LC-50 values for the aquatic organisms
present. Again, since most of this total zinc is in a particulate formw, the
dissolved zinc levels in the urban runoff and baseflows are still likely to
be less than these more critical valves. However, settleable particulates may
contain these relatively high zinc concentrations and may cause long-term
adverse effects for the benthic organisms in the sediments.

ummary

It is evident from the preceding discussion that the forms of many of
the water quality constituents determine their toxicities. During a previous
urban runoff study in San Jose, California (Pitt, 1979), typical urban runoff
constituent concentrations for a broad list of common ions and heavy metals
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hemistry computer program. This

were analyzced using an equilibrium water ¢
. X . chemical compounds that

provram wis used to estimete the specifin inorganic
t e urban runoff and to estimate which pollutants

wote prohahly present In
g’ Iy probably accumulate

would protably remain soluble and which pollutants would

in urban cunotftf sediments.

Most of the urban runoff pollutants were predicted to be in soluble
forms and would, theretore, be carried in the water column. However, this was
not tae case for some pollutants. For example, 95 percent of the inorganic
lead was predicted to be insoluble. Depending upon the size ?f these
pai:icles (or the particles to which they may become attached), the lead
could temain in suspension or could settle out in the storm drainage system
and/or the receiving waters. Chromium and phosphate may also settle out. The
settling of lead particles co the sediments was substantiated in field
studies in San Jose, as relatively high concentrations of lead were found in
urban Coyote Creek sedimants (Pitt and Bozeman, 1982).

The soluble fractions of other inorganic constituen:is monitored were
primarily insoluble ionic forms, including calcium, magnesium, so.linm,
potassiua, sulfate, chloride, and nitrates. Most of the carbon dioxide 1s
expected to be in bicarbcnate forms. Most of the phosphate is expected as
soluble phosphoric acid, but import.nt fractions »f phosphate may occur as
insoluble calcium phosphate and lead phosphate forms. Almost all of the lead
is expected to be in particulate lead carbonate or lead phosphate forms, with
only a few percent of the lead occurring as soluble lead ions or soluble lead
carbonate forms. Almost all of the zinc and copper are expected to occur as
soluble ionic forms, while the chromium is expected to occur as soluble
chromium hydroxide.

This computer analysis considered equilibrium conditions and only
inorganic forms. Urban runoff is definitely not at chemical equilibrium and
many organics are also present. However, long-term sediment conditions are in
equilibrium and many organic complexities have small effects on solubility.
These expected chemical forms can be used as guidelines when estimating the
potential for toxic materials to accumulate in sediments.

In summary, direct urban runoff receiving water effects during rvnoff
events may not be significant. Potential immediate dissolved oxygen demand is
balanced by the supersaturated oxygen conditions in urban runoff. In special
conditions, dissolved oxygen during runoff events may be important.

Suspended solids concentrations during runoff events may not be
important, except for infrequent very high suspended solids concentrations.
Ammonium and nitrate nitrogen concentrations may periodically be in adverse
concentrations during storm events. Most of the Bellevue urban runoff water
quality problems are expected to be associated with long-term problems caused
by settled organic and inorganic debrils and particulates. This material can
silt up salmon spawning beds in the Pellevue streams and introduce high
concentrations of toxic materials directly to the sediments. Oxygen depletion
caused by organic sediuwents and the lead and zinc concentrations in the
sediments may all affect the benthic organisms. These benthic organisms are
important food for the fish in the receiving waters and they may be adversely
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aftvcted over Jonpy pertods 4 timo. Drastic clhanges in benthic oryganism
Popuiatioos and the abscence ot desirable tish have been noted in other urban
runat Lt receliving water studies (Pitt and Bozeman , 1982).

MASS O YTRLDS OF POLLUTANTS FROM URBAN AREAS

The urban runoff quality data and the runotf volume data presented
carlicr were used to calculate the uarban runoff pollutant mass yields for
cach rain event monitored. Tables A-16 through A-23 in Appendix A list these
calculated values tor the different drainage basins, seasons of the year, and
periods of dittferent strecet cleaning practices. These yield values occurred
over wide ranges because of the wide ranges of runoff volumes and
concentrations observed. Table 6-5 summarizes the estimated annual mass
yields for baseflow and runoff in both basins. The observed runoff yields
trom the mouitored storms were used to predict the expected runoff yields
{rom the storms that were not monitored. The urban runoff annual discharges
shown on this table are based on about 75 percent direct measurements and
about 25 percent estimates. The baseflow values are based on the two-year
bascflow volumes between all storm events but only on the year two baseflow
quality concentrations.

There is an apparent difference between the runoff discharges in Lake
Hills and Surrey Downs when expressed on a pounds per acre basis. However,
the total annual runoff plus baseflow discharges from the two basins are
quite similar. This implies that a much larger fraction of the total urban
runoff in Surrey Downs occurs as baseflow between rain events. The runoft
events in Lake Hills are more sharply defined and the Lake Hills baseflow is
a much smaller fraction of the total urban mass yields.

The estimated annual mass yields of the urban pollutants expressed in
pounds per acre ver year are similar to those reported in San Jose,
California (Pitt, 1979), and in Castro Valley, California (Pitt and Shawley,
1952). The much smaller urban runoff pollutant concentrations observed in
Bellevue when compared to these other two locations 1s compensated for by the
much larger amount of runoff that occurred.

Figures 6-3 and 6-4 show the variations of the annual runoff and
baseflow mass ylelds by month for total solids im the two basins. May through
August only contributed about five percent of these annual macss yields in
each month. November and December each contributed between 15 and 20 percent
of the annual mass yields. The contributions of runoff and baseflow volumes
were grealer in those months that had high runoff volumes. The runoff and
baseflow concentrations for many pollutants were similar. The effects of
different flow volumes on total runoff yields for each event was also
studied.

Figures 6-5 through 6-8 show variations for total solids and lead for
both Lake Hills and Surrey Downs. These scatter plots show log transformed
values of flow versus log transformed values of storm yields. These log
transformations were necessary to even ou: the observed data distribution.
These transformed distributions were analyzed using curve fitting routines
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Table 6-5. Annual Urban Runoff Mass Yields (lbs/acre/year)

Constitutent

Total Solids
cao

TKN

TP

Lead

Zinc

base
flow

67
8.7
0.18
0.035
0.02
0.024

Lake Hills

storm total

runoff

250 320
100 110
2.4 2.6
0.61 0.65
0.40 0.42
0.27 0.29

67

Surrey Downs

base
flow

100
10
0.53
0.10
0.03
0.033

storm

runoff

180
79
1.6
0.35
0.23
0.21

total

280
89
2.1
N.45
0.26
0.26



FIGURE 8-3

- Tota

1d by Month

lds Tle

So)

1

LAKE HILLS

20

i
|
i
]
:
1
k-
DEC

=
3
-
E

:
O

T

[ —
| 11 * L1 WQW _,w1!mmwmﬂMz.,g

- ©

Wuoy fiq sp| oS |930] (ONUUY JO JUBO R

68




69

Percert of Rnnual Total Sollds by Month

%URRET DOWNS

FIGURE 6-4

- Total Solids Yleld by Month

—
(2]
|

[ 3
N
|

o
r—
=
p—
r

»
!

%?MMWF

FEB | MAR

% 5

RPR | MAY
E}NBHUM

S

oCcT

A .7
g
o
= %)
‘:'A‘v A
i )

{"i
I

NOV

| DEC



0L

(lbs,/acre,/strom)

TOTAL SOLIDS

FIGURE 6-5

LAKE

HILLS - Total Solids by Season

N
3\ (_“.‘S‘
<5 - O N}
’ B‘K’ ~A OV
20.0 | oQ% 1 G
. N
° % .
7.39 | C)\J
A O A o ® hY
o} o 2 © éag o] 15
2.72 | A“'ﬂ s A8 o ®
: 3 @
A’ A O 0
- - R o &
~ PN o] A A
3,7 A A e
1.00 | > s o & © e
7 ap ot $o b
7 / A
- A A Aé?) 4oA ©
O 37 . //A A AA o A [o]
1;/ A ;, e
,//// s, , © A o
0 lﬂ_;:// e L -
- /0/
y ’ A 0 .
0.05 4 _ | a | | | | ]
1100 | | | | |
2980 8100 22,000 59,900 163,000 442
@ WET A DPRY FLOW (cubic feet)




TOTAL SOLIuS {lbs acre ‘storm)

FIGURE 6-6

SURREY DOWNS - Total Solids by Season
54.6 I T — 7
S T T o
Q- O L .
20._1_1___ /% | > | Fiof( .
g ",/’ T 4»@) "/
A X
7 /'/ 000 B ‘\y/
008 oa I - e e
o ~
: FO- ) GOA‘_;DQ” .
For”
1. P
0.
0.
0 l I i
1o 29[80 81[00 22,000 59,900 163,000 442,000
4 DRY FLOW (cubic feet)



stopad

(ll» SCL e

LEAD

FIGURE 86-7

LAKE HILLS - Lead by Season

G0
L - )
.07 o]
aep
A %}
6.0067) o © i )
S A o AQ P o
A e &
2 22
. 4 123 o
6.0025 & o @
=S A A % OM o
40 ° A‘.H A
A4 f
0.00091 P 5 £ o &
Pl S, /’/ A A o dU
,// i w e~ @
P L, @ &
o .
0.000341 /OA e?
A 4
4 P 4 ®
Pl // .
— &
0.00012)7 - &
/ a
e . 4
. -
0.090045 _ | | | | |
1100 ‘ | oL
1 1940 8100 22,000 99,100 163,660 i
o WL s DRV FLOW (cuhic foet)



(1b acre ztorm)

LEAD

FIGURE 8-8

SURREY DOWNS - Lead by Season

u. 050 o
N | o]
R
| : . |
0.61#[
A e
0.0067 °° -
o/ A o fo‘
(=4 A A @
o
C.0025) s 4 o o
N ot
A -4 OA
o a o o
& nﬂfm
C.UOO%LF_ P A "Q' >
o) A
- > A
4% 4 @
0.00034) ' e
,"
b o '
- - ‘
0.00012¢ » X
i & 1
0.000045 : ] i J| l l
1100 '
2980 8100 22,000 39,900 163, w00 Aty
o WET a DRY 'LOW (cubic foct)



that required evenly distributed data. The data shown on these {igures are
serardatod vy oscason, and bands of egqual concentration values are drawrn on
these trgures to indicate significant concentration shifts for diffcrent flow

velatnes.s The total solids concentrations associated with the small events (of
abors 1RO0 to 10 0t cubic feet, or 28,000 to 280,000 liters of flow) had
concentrations ot about 10 my,/1 of total solids. When the runoff volumes

v reased substantially te aboul 100,000 cutic feet (2.8 million liters), the

toCil solids concentiotions decreosed to about 75 mg/l. Again, these fipgnres
show the appreciable spread in observed concentrations for events in all flow
catevories. The leaa dat1 are much more grouped because of the high detection
limit ot the lead analvsis procedure useu. These data transformations are
used in Section Y to idencity ciianges in rtunvff mass vields for the difrerent
pollutants as a function ot season, runoff flow, and street cleaning program.

SOUKCE ARLA CONIRTBLIIONS OF URBAN RUNOFF POLLUTANTS

Determining the relative importance of different urban areas in
contributing mtbar rwmoft pollutants must Ye based on an understanding of the
natut 1l and mai-related processes and suppacmented by limited data. It is
very ditticult to monitor individual source area components and attempt to
me.ke an urban runeoft mass balance. This would require a very substantial
monitoring etfort over a tairly long period of time. Several types of each
conirinuting source area must be monitored because ot seemingly minor
difterences thot can result In major differences in sh=2et flow runoff
quaiities. The previous discussion on urban runoff water sources from
different source areas 1is extremely important in trying to determine sources
of urban pollutants. Mest of these source areas, however, are expected to
have dirterent poilutant strengths. Some urban sheet flow grab samples brave
been collected and analvzed for important urbau runnff pollutants in San
Jose, California (Pitt and Bonzesan, 1982), Castro Valley, California (Pitt
and Shawley, 1981), and in Ottawa, Ontario (Pirt, 1982). The site-specific
urban runoff flow information previously described cen also be used with
local measurements c¢f urban runcff partlculate strengt.us and source area
particulate strengths.,

Urban runoff particulate st-engths can be estimated by dividing the
runoff ccnst.tuent concentration by the associated total solids
concentration. This results in a unit of milligrams of constituents -per
kilogram of total sclide, or parts per million (when multiplied by 1000).
These runoft relative ¢ -~entrations can be compareld to the councentrations
found for source area particulates (such as street dirt, soils, drainage
sediments, etc.). If the urban runoff relative ctrengch is greater than for a
sgpecific source area particulate strength, thenm that source area is not an
impovtant contributor for that specific constituent. In other words,
particulates from other source areas have stronger relative concentrations
and’or are wmcre effective 1n reaching the outfall. Hewever, if a specific
source area relative strength ic greater than the urban runoff relative
strength, then that source area is probably an important urtan runoff
pollutant source for that constituent.
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o ~ 3 -y - P ?
The pelative concentration of the urban runoff constituients gai T; .
N . i ‘ i 2 -8 through A- o
caleulated trom the concentration data shown in Tables A } £

o “
The resultant relative concentirations can be expressed a
or parts per million,

Yppendix Al

@millipracss ot constituent per kilogram of total solids, 1y hish
N = s ¥ ah
lative concentration values for Bellevue are surprisingly hiph,

The runott re wly }
elv low concentrations cf total solids in the

possibly because ot the relativ - !
runott. Much of the chemical oxvyen demand and the nutrients are expected to

be as soluble torms. These dissolved strenmgths are higher than thelstreet
dirt pellutant solids stremgths discussed in Section 7. The total quldahl
nitropgen and zinc tunoft pollutaut strengths are five to ten times greater
than the observed street dirt poliutant strengths while the total phosphorus
pollutani strengths in the runoff are about three to five times the street
dirt strengths. The chemical oxygen demand and iead strengths are about twice
the street dirt strengths. The runoff concentrations and loadings observed
for Bellevue are relatively low, but the street dirt strengths were about the
same as compared to other locations studied. The higher particulate strengths
in the runoff wlei compared with the street dirt pollutant strengths may
indicate an accumulation of the larger, less polluted street dirt
particulates in the storm drainage system.

important sources of problem pollutants ar. related to various uses and
processes. These include natural sources, such as rock weathering to produce
soil, groundwater infiltration, volcanoes, and forest fires. Automobile use
usually affects the road dust and dirt more than other particulate sources of
street runoff. The road dust and dirt quality is affected by vehicle fluid
drips and spills (such as gasoline and oils), gasoline combustion, and
vehicle wear products. Local soil erosion and pavement wear products can also
significantly contribute to street surface particulate loadings. Urban
landscaping practices potentially affecting urban runoff include vegetation
debris disposal and fertilizer and pesticide uses. Animal wastes also affect
urban runoff quality. Other sources of urban runoff pollutants that may be
important in specific cases include fireworks debris, wildlife, and sanitary
wastewater infiltration. The quality of rain, snow, and atmospheric dust
fallout are all affected by urban particulate resuspension after initial
deposition. Msny manufacturing and industrial activities also affect urban
runoff quality, especially settleable air pollutants. Therefore, it 1is
extremely difficult to identify a small numbe:r of activities that contribute
wost of the significant urban runoff pollutants.

Some relationships between sources and specific pollutants are evident.
Natural weathering anc erosion products of rocks probably contribute the
majority of the hardness and iron in urban runoff. Road dust and associated
autorobile use activities contribute most of the lead in urban runoff. In
certain situations, paint chips can also be a major source of lead. Urban
landscaping activities can be a major source of cadmiuw. Electroplating and
vre-processing activities may zlso contribute cadmium.

Many pollutant sources are vlso specific to a particular area and
ongoing activities. Iron oxides, for example, are associated with welding
operations and strontium, used in the production of flarzs and fireworks,
would probably be found un the streets in greater quantities around holidays,
and/or at the scenes of traffic accidents. The relative contribution of each
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ol these potential urban runott jpellutant seurces is ther-tore highly
variable., depeaading on specitic rite conditions and secasons,

Tables b6=b and 6-7 are gqualitative summaries that show the types of
urban runott pollutants yerorally associated with ditterent source areas.
They indicate that no sinple area should be vivwed as contritutiey the
mrjority of anv yiven tvpe ot pollutant, desp’te the fact that certain areas
Aare consistently important sources of certain pollutants. For example, street
surtaces ate consistently shown o be vesponsible tor significant
contributions of many heavy metals. Similarly, oxvyen demanding materials and
nutriecnts are shown to oviginate rnstly from landscaped and vacant arcas.
Table t~6 detines the urban runoff pollutants in terms of general classes of
water quality jparameters (e.g., nutrients, bacteria, and heavy metals). Table
b-7 is similar out defines the urban runoff pollutants in terms of various
common materials (e.g., auto exhaust, litter, and feces).

An important information need for urban runoff soucces studies 1s
tnowing the telative contributions frem different pollutant sources in the
watershed to the outfall vield. Sources that are far from the storm drainage
svstem and require considerable overland flow have a very low yileld of mest
pollutants when compared with patking lots or street surfaces which are
impervious and located adjacent to the drainage system (hydraulically
connected). Those areas that are further away from the drainage system may
require directed or sheet flows of the runoff to pass over pervious areas.
This increases the infiltration of the polluted waters into the soils and
enhances thelr uptaske by vegetation along the drainage routes. Rarriers can
also cause ponding and settling of polluted sediments from the runoff. All of
these factors signiticantly act to prevent the contaminated particulates from
reaching the receiving wvaters. However, during large storms, especially when
the greund 1s saturated, the erosion of these now contaminated soils wmay
significantly degrade urban ounoff quality. In addition, the resuspended
contaminated street surface particulates (by wind and automobile induced
turbulence) can be redeposited in adjacent non-paved areas. These street
surface particulates that contaminate the nearby soills reduce the quantity of
street surface particulates directly affecting the receiving waters. These
redeposited street surface particulates can then be washed into the receiving
waters during periods of high erosion.

As mentioned previously, some urban runoff sheet flow samples have been
collected and analyzed in other arcas. Shect flow samples during several rain
events were collected from small watershed areas such as building roofs,
parking lots, vacant lots, and gutters. Rainfall samples were also collected
in many cases. Table 6-8 shows the relative concentrations of pollutants in
source area runoff in San Jose as summarized by Pitt and Bozeman (1982).
Rainwater was found in most cases to have the lowest pollutant ccncentrations
while parking lot and gutter flow samples had the highest concentrations.
Puddles in a park area were also sampled and found to have higher specific
conductance values and concentrations of total solids and nitrates than other
samples.

More recent sampling in Ottawa, Ontario (Pitt, 1982), indicated that
almost all of the lead in ucban runoff originated from parking lots and
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Table 6-Hh SONRCES OF URTAM RUMNOFF POLL'ITANT

Street Parking Landscaped Vacan* Canatriactinn

Ronftops Surfaces Lots Areas Land Tten
Sediment X X X ¥ Vﬁﬁﬂ;““‘~-_—
Oxygen Demunding Matter X
Nutrients X X
Bacteria X X
Heavy Metals X X X
Pesticides & Herbicides X
0ils and grease X X M
Floating matter X
Other toxic materials X X X X

Source: from Pitt and Bozeman, 1982



Table 6-7.

SOURCES OF MATERTALS WHMICH LEAN T0 "0OAH opner

awn and

poLtyrios

Landacaped  Vacant Parking Ttreot
Arnas, Lnts  Ronflops  Sidewalks [ate " irfara:
Dustfall X X X i y b
Precipitation X X X X be b4
Tire Wear X Y i y
Auto Fxhanst,

Particulates Y X i y
Nther Autn tee

(Flujd Drins,

Weear Prod,) v b
Verqotation Litter X X X x X
Con.truction

frosion X
Other Litter X X X X
Bird Feces X X X h
Nog Feces X X X X X
Cal Feces X X
Fertilizer lse X
Posticide Use X

Source:  fram Pitt and Borseman, 1987



Table 6-8. Relative Concentrations of Pollutants in Rurnff
fran Major Areas

Parkina Lots, Residential Landscaped
Drivewavs, Roofs Areas
and Streets

Constituent

pH 1.1 1.0 1.1
Spec. Cond. 4.0 1.0 220
Turbidity 300 <1 23
Total Solids 21 1.0 130
£oD 9.0 1.0 3.5
Total Phosphate 4.7 1.0 4.0
TKN 2.0 1.0 1.8
Lead 70 1.0 2.0
Zinc 19 15 1.0

(1)_The lowest reported concentsation of a spmecific constituent is
arbitrarily assigned 1.0. The other source values are multinles of this
lowest value.

Source: from Pitt and Bozeman, 1932.
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street suttaces with very Jittle lead tound in runott froem rooficps, vacant
and landsecaped ateas, and wepaved parkine lots. The relative pollutant
concentiations shown in Table 6-8 were combined with the relative flow
contridbutions as shown in Figures 5=5% tarousth 5=8 in Section §. Estimates of
the impotlance ot various source arcas wers made and are shown as Figures 6-9
tarowth v=14, These tigures are only vstimates due to the lack ~f site
specttic source conceantration data. However, they are accurate enough to
imdicate the relative importance ot the aitterent source arzas and hew thelr
telative dmportance chanyes tor ditferent rain conditions, Figure b-9 shows
that street surfaces contribute very small amounts of the rvnoti total solids
particulates tor rains gpreater than U.] inch (2.5 mr ). The major sources o.
tetal solids for almost all rains in Bellevae ave expected to be the
landscaped tront and back yards. Figure &£-10 shows that street surfaces
contribute lmportant fractions of the urdan runoff Q0D for almost all rains.
Urivewass and parking lots also mav contribute isaportant quaniities of COD.
The previous areas surprisingly contritute relstively small fractions of the
expected urban runoff CUD. Tane relative contributions of phosphates and total
Njeldihl nitrogen as shown in Figures 6-11 and ©-12 are, as expected,
similar. However, streets mav contribute important amounts of these
nutrieats, especially for the smailler rains, becavse during the smalletr
rains, street surfaces contribute slwmost all of the runoff flows. Pervious
snd iapervious source areas contribute about equal aacunts of the nutcients
for most of the rains. As expecteq, lead, as shown in Figure 6-13, is mostly
conrributed by street surfaces for all rains. Urivewsays and parking lots
supply almost all of the rest cf the lead in urban ruroff. Zinc is also
coutributed mostly by street surfaces, driveways, and parking lots; but, for
some reascen, high rocoftop zinc concentrations hsve been noted.

Rainfall is typically less effective in rewmoving nalerials from rough
pavement (e.y., streets surfaced with oil snd screens o: streets in poor
condition) than from smootn pavement (e.g., asphalt sTreets in good
condition). It is thought that the jincreased roughness machanically traps
particulate matter and also reduces sccur velocities at the pavement/water
interface. These mechanisms have the effect of preventing some of the
wmaterials which have eroded from surrounding areas from reaching the storm
drainage system.

The awmount and character of runoff pollutants from a given site depend
on factors such as the intensity and duratior of the storm event and the
length oi the antecedent dry period (i.e., the period of pollutant
accumulation). Large storms {ones with high intensities and/ar large rainfalil
volumes) result in swmall cortriputions of the street surface particulates,
relative wo the total runoff particulate yield. This pattern is more
pronounced when the antecedeant dry periods are short. During such conditious,
the street surfaces stay relatively clean {because of the treguent rains). A
large vain will resuit in significent erosion from the surrousding saturated
pervious areas, so that eroded materials become deposited on the streers
after the stotm's end. It is expected that areas with moderate raiafall
intensities and long periods of accumulation (i.e., dirty street surfaces and
dry surrounding soil conditions) would have most of their urbar runoff output
asscciated with street surface washeff.
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FIGURE 8-10

URBHN RUNOFF SQURCES FOR COD
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URBAN RUNOFF SOURCES FOR PHOSPHATES

FIGURE 6-11
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FIGURE 6-12

URBHEN RUNOFF SOURCES FOR TKN
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riGURE 68-14

URBAN RUNOFF SOURCES FOR ZINC
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: . af 4~ .,
Duting storws of moderate to low inteusity, the -ovount ol traf*ic has

teen tound to have an lmportant influence on 1 -erree to which pollacants
will be transported into the storm scwers o vvo'em. Tioillc can supply some
af the encrgy needed at the street surtface to lousen particulates by
increasing the scour and snear velocities at the water/strect {nteria.

When Light srorms occur at night (or at orher tiues of low traffic), very
Ietle street dirt sould be loosened, aud there would be little epportanity
for it to be transported along the street and gutter system, In summary,
estimated vields frowm different source areas in a wat-rshed are very site and
time dependent (it is necesuzary to ceasider pavemew: characteristics,
antecedent weather conditions, current storm characteristics, and trafflic
counditionsg).

Appendix G includes a more detailed discussion of the sources of urbdn
runofr pollutants, based upon studies conducted from many location:
throupghout the country. Apperdix C also describes the chemical quality, of
soils in urban areas, the mechanisms of automobile use that contribute heavy
metals, the role of landscaping activities in urban areas that contribute
runoff poliutants, and the internal cycling of various pollutants ir an urban
area due to atmospheric resuspension of urban dusts with subsequent
particulate redeposition. Appendix H reviews the reactions and fates of
important urban runoff pollutants, also based upon literature *.formation.
This appendix discusses the chemical reactions of urban runoff pollutants
after they enter receiving waters, especially the redox reactious. Absorption
and ion exchansge are also discussed.



SECTLeN T
SIREED DIXT CHARACTERISTICS

This section discusses chdaracteristics ot street surtace particulates.
The tupics coustdered are tdactors dttecting street rleanliness, street
suttace particulate accumulation and deposition rates, the distribution of
street Jdirt in driving and parking lanes, and the chemical strenpths of
street surtace particulates. The Bellevue street particulate characterization
intormation was also compared to similar characteristics determined for other
areas. The unique Bellevue climatic conditions, as described previously in
section 4 artect certaln street surtace particalate characteristics.

FACTURS AFFECTING STRERT CLEANLINESS

Appendix L describes the experimental design sampling that wes ronducted
as part of the Bellevue tests. The experimental design street surface
particulate samples were collected from about 20 to 50U locations throughout
each of the three Surrey Downs sub-areas and the Lake Hills and 148th Avenue
areas. These samples were collected about every six months and were designed
to measure the street surface particulate loading variabilities that occurred
in each of these areas as a function of season. Appendix E also describes how
the street surface sampling effort was modified periodically to reflect the
changes in variabilities that were noted.

Each of the manv samples in each test area were accompanied by complete
sampling area descriptions. The most important information noted related to
strest condition, traffic density, topography, and land-use. The season of
the year was also noted. This data was used to identify the characteristics
most important to determining street surface loading values. Each series of
experimental design samples were collected within one or two days and had
similar accumulation periods. In some cases, data were not used in this
analysis because the erperimental design sample collection effort was
interrupted by rains. Because each experimental design sample location was
the cime for each of the sampling periods, a paired Student's "T" test was
used to identity sigrificant difterences in observed loadings due to season
only. A paired "T" test was used because the street condition, street
density, topography, and land-use would not change for the same loca ion at
diftferent times during the two years. There were three sample sets in Surrey
Downs: April and November of 1980 and July of 1981. The April and July
sampling times were conducted during dry seascns while the November sampling
effort was conducted during a wet season When the April and July samples
were compared using a paired "T" test, no significant difference in sample
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loadines were observed. iowever, when the November samp%e data were compared
bott the April and July data independently, the loadings were :
at sreater than a 95 percent level. The average
bout 400 lbs/curb-mile (110

[N
sizsniticantly diftferent
Surrev Dewns loadings in April and July were a
p/curb-meter) in November.

Similar analvses were conducted during two sampling periods for Lake
Hills. An OcLobcr; 1980, sample series was compared with a July, 1981, sample
serivs using a paired Student's "T" teect. For these Lake Hills tests, no
signiticant difference was found betwesn these wet and dry season dates. The
averave street surface loading values were about 220 lbs/curb-mile (62

g/ curb-meter).

Samples from two test dates (April, 1980, and July, 1981) were available
for the 108th Street sub—area in Surrey Downs. The paired "T" tests far these
two drv.season samples again showed no significant difference. The average
loadings in this sub—area were about 400 lbs/curb-mile (110 g/curb-meter).
Unly one set of experimental design samples were available for the Westwood
Homes Road sub-area in Surrey Downs (April, 1980). The average loading values
were about 2,000 lbs/curb-mile (570 g/curb-meter). There was also a single
set of experimental design samples available for i48th Avenue (March, 1981).
These samples resulted in an average street surface loading value of about
1,000 i1bs/curb-mile (280 g/curb-meter). These experimental design data
pointed out the need to separate the Surrey Downs area into subsections,
especially considering that Westwood Home Road and 108th Street did not have
curbs and could not be cleaned by the city street cleaning equipment.

Using a nonpaired Student’'s "T" test, dry season samples collected in
Surrey Downs were compared with dry season samples collected at 108th’ Avenue,
for Westwood Homes Road and in Lake Hills. There was no significant
differences found for the Surrey Downs and 108th Street samples. However,
very significant differences were detected between the Surrey Downs and The
Westwood Homes Road samples and the 108th Street and the Westwood Homes Road
samples. The July 1981 samples for Surrey Downs and 108th Street were also
compared and were not significantly different.

Additional Student's "T" tests were conducted by grouping the
experimental design data into categories corresponding to different street
conditions, topography, and season. In some cases, there was disagreement in
the street condition and topography at the same sites during the different
sampling periods. This data was therefore eliminated from the analyées. The
major difference observed in Lake Hills was for topography, where levels of
significance greater than 95 percent were observed in both the July and
October sampling periods. Flat areas during both sampling periods had average
loads of about 240 lbs/curb-mile (68 g/curb-meter) while the area in Lake
Hiils with some slope averaged about 140 lbs/curb-mile (40 g/curb-meter). As
noted previously, there were major seasonal differences observed in Surrey
Downs, but not in Lake Hills. There were no significant differences observed
in Lake Hills based upon the differences in street conditions, probably
because of the narrow range in street surface conditions that existed within
the study areas.
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Dittereacos i street loadi-ss on J48th Avenue due to street slepe were

maryLnally o sivorticait at the b0 percont level. Flat stretches of l4¥th
Svenue bad ostroet sutiasce toadings ot about 1,000 ibs/curb-mile (280
gloutone ter ). 1t would be expected that steeper siopes would result in lower

street surtace loadings, such as occurred in lLake Hills.

Hocause of the rtesults of the Studernt's “T" tests, further statistical
tests uning tactorial analyses were conducted on the experimental design
¢its. A two—level, tiree-way tactorial analysis was conducted on both the
Lawe Hills and bSurrey Downs experimental desiyn data. The three factors
coasiderrd were street condition, topogranhy, and season. The two levels were
coded tor fair or poor versus good street surface conditions; flat streets
versus slroets with greater slopes; and dry versus wet seasons. The data was
coded using plus one values for thuse conditijons expected to increase street
surface loadings (tair or poor street surface conditions, flat topography,
and dry sedasons). The other level for each condition was assigned a minus one
coding value cotresponding to expected decreases in resultant loading values.
Apaln, data with contlicting coding values on the data sheets were eliminated
from this analysis. A total of eight different possibilities can occur for
these three factors. From two to seventeen observations were available for
each of these eight factors for the Lake Hills data. Many more data were
available for the Surrey bowns test site.

Figures 7-1 and 7-2 show the results of these factorial analyses. Figure
7-1 shows the resultant calculated efrects on probability paper for these
three main factors and their interactions. Those main effects and
interactiens corresponding to a straight line on the probability paper wmay
occur randomly and are, therefore, nct important effects. Major effects or
interactions that do not fall on the straight lines are significantly
different and are not likely to occur due to random conditions. In Lake
Hills, the only significant effect observed was associated with season. The
resultant model shows that loadings during the wet seasons are expected to be
about 145 lbs/curb—mile (41 g/curb-meter), while the loadings could increase
to about 235 lbs/curb-mile (67 g/curb—meter) during the dry season. This
confirms the Student's "1" test observations by indicating the overall
importance of seasonal effects on the Lake Hills data.

The Surrey Downs data 1s also shown on Figure 7-1 and does not indf.ate
a single overriding effect. The diffzrences in lcadings observed in furrey
Downs were associated with the interactions between all threc effects. The
expected Surrey Downs loadings could range from a low of about 170
lbs/curb-mile (48 g/curb-meter) for a negative three-way interaciion code
value to a high of about 460 lbs/curb-mile (130 g/curb-meter) for a resultant
positive three-way interaction code value. A negative three-way coding value
would occur when any one of the effects are negative and the other is
positive, ocr if all three effects are negative. The three-way interaction
would be positive if any one of the three conditions is positive, with the
other two being aegative, or if all three are positive. This is obviously a
confusing interaction and shows che importance of obtaining as much
information as possible during a set of field studies.
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Tigure 7-2 is a prcbability plot of the residual values using these

models. The calculated residuals for each of the eight possible combinétions
of main effeccs and interactions can be fitted to straight lines, within
reason. The residuals (deviations from the calculated results using the
model) are therefore random and are not expected to be asroclated with any
other effects, except those shown to be important using the factorial

analysis.

These results are site specific and are probably different mnot only for
other cities but also for other locations in the same city. As noted, street
surface conditions did not appear to be a major consideration in determining
the street surface loadings in any one of the Bellevue sites, because the
range in street sutface conditions was not very great. A similar factorial
analysis was conducted using the Castro Valley. California, street surface :
loading particulate data collected in 1978 and 1979 (Pitt and Shawley, 1981).
The Castro Valley study area had a much greater range in street surface .
conditions than the Bellevue study sites. A five-way, two-level interaction ,
examined with the Castro Valley data included street condition (fair or poor’
versus good), traffic density (moderate or heavy versus light), land-use )
(residential or vacant lots versus ccmmercial or school), topography (flat
versus moderate or steep slopes), and season (summer versus winter). Again,
the dats was coded with positive values for variable levels probably
associated with increasing street dirt loadings. Instead of the eight
possibilities associated with the tests conducted with the Bellevue data, 32
possibilities were associated with the Castro Valley data. Each of the 32
data sets had one to twenty-two data points. The seasonal effect was found to
be very large in relationship to the other effects. The next most important
effect was street condition, followed by a random occurrence of the other
effects. The data was then separazted into the two different seasons and ‘
further factorial analyses were conducted. During the winter conditions, the
three—factor interaction of street condition, traffic density, and topography
was the only important factor. During the summer, however, street condition
was the only important factor. During the winter season, the expected street
surface loadings would vary from about 600 to about 700 lbs/curb-mile (170 to
200 g/curb-meter) depending upon the three-way interaction described. During
the summer, however, the street surface particulate loadings could be much
greater, ranging from a low of about 1,400 1bs/curb-mile (400 g/curb-meter)
to a high of about 2,800 1lbs/curb-mile (800 g/curb-meter), depending upon the
street surface condition. The three-factor interaction during the winter
caused a relatively small change in the expected loading value, while the
street condition contributed a much greater change in the expected loading
value during the summer months. @ .

STREET SURFACE PARTICULATE ACCUMULATION AND DEPOSITION RATES

A major element of the Bellevue urban runoff project involved collecting
street surface samples to compare with the monitored storm runoff yields and
to determine street cleaner performance. Another important use of this
information was to estimate the deposition and accumulaticn rates for the
vaiious strecet surface contaminants.
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By the midd'e ot january, 1982, about 60U good street surface
accunulation samples were collected from five test areas (198 in the Surrey
Downs cleanimy area, 104 on 10Hth Ave, 52 cn Westwood Home Road, 28 on 148th
Avenue S.E., and 220 in the Lake Hills area).

In Appendix B, Tables B-1 through B-13 present the loading values for
these b6UU street surface particulate samples. These tables show the date of
sample collection, the sample identification numbzcr, the days from the last
significant rainfall and the number of days from the last street cleaning.
The observed rutal solids street surface loading values are shown along with
the calculated median particle sizes using procedures described in Appendices
E and F. The data from these particle size analyses were used to calculate
the median por.icle size, These tables also include the street cleaning
effectiveness data (lcadings on the street before and after street cleaning)
that will be discussed in Section 10. These tables divide the data into the
five test areas and by season. The Surrey Downs and Lake Hills data -re also
divided nto categories associated with periods of intensive street cleaning
and periods of no street cleaning.

Each street surface sample is identified with a specific accumulation
pericd. This accumulation period is the time since that test area was last
cleaned with mechanical street cleaning equipment or the time since a
signific 't rain washed the area. A significant rain is defined as a rain
capable of washing most of the available street dirt from the street
surfaces. Based on the rainfa'l and washoff analyses from this and past
street dirt collection projects, a significant rair is estimated to be one
with a total of about 0,2 inches (5 mm) or more of rain falling within
several hours (irrespective of traffic conditions), rain with a peak
instantaneous five-minute intensity of at least 0.5 inches (13 mm) per hour
(also irrespective of traffic conditions), or a rain with an averzge
intensity of 0.1 inches (2.5 mm) or greater per hour with moderate to heavy
traffic. Rains and treffic conditions which meet one of these criteria are
capable of imparting enough energy to the street surface to loosen the
available contaminants and to supply sufficient water to flush them along the
street surface and gutters and on to the storm sewerage inlets. If sufficient
runcoff is not available to carry the particulates through the storm sewerage
to the outfall, material will be deposited in the sewerage system.

The observed street surface particulate loading values for each sample
were plotted to observe changes in lcadings with time and to determine the
initial deposition and long-term accumulation rates. The deposition rate is
the initial accumulation rate which occurs over the first several days. The
two factors which affect the accumulation rate ar- the deposition rate and
the removal rate. The accumulation rate equals the deposition rate minus the
removal rate., The deposition rate is a function of various characteristics of
the area, specifically climate, land-use, traffic, and street surface
conditions. The removal of pollutants can be accomplished either by street
cleaning, traffic—induced turbulence, or naturally by winds or rains. The
difference between the accumulation and deposition rates at any time is
assumed to be cavsed by material tlown from the street surface by wind or
traffic-induced turbulence. This material can remain suspended in the air,
but most of it settles to the ground within about 30 feet (10 meters) of the
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roadway.

7-4 are plots showing the observed street surface

Figures 7-3 and ‘
0 for the Surrey Downs bcsin,

loading values as a fanction of accumulation time !
Plots for the other scudy areas are shown in Appendix B as Figures B-1l
through B-5. The data has been separated by test area, season, and Jf Fhe
test ba'in vas undergoing intencive street cleaning or no streev cleaning.
Figute 7-3 shows that for periods of no street cleaning in the dry season,
accumuiat.on periods of up to about 45 days were observed in some cases.
However, during periods of intensive street cleaning, the accumulation
periods were much shorter and did not exceed five days.

There is appreciable scatter in this data, especially for the low
accumulation periods. Much of this scatter is because of the relatively low
street surface loadings observed. The accumulation curves shown on these
figures were determined using a combination of least squares multiple
regressi.n curve fitting techniques and Student's "T" analyses. The curve
fitting procedures used require that the variations be evenly distributed
throughout the range of conditions and that the observatlons are evenly
spread over the range of the iandependent variable (accumulation peried in
this case). Therefore, the accumulation data was log transformed before the
curve fitting techniques were used. Even so, the resultant curves had very
poor regression coefficients. The accumulation information was also analyzed
by stratifying the data into relatively short accumulation periods. These
periods corresponded to a tenth of a day or less, a tenth to two days, two to
five days, five to ten days, ten to fifteen days, fifteen to twenty-five
days, and greater than twenty-five days. The data was also separated for the
dry and wet seascus.

Significant differences were identified by Student's “I" analyses
conducted on accumulation data for the different seasons. The median values
for each of several accumulation period groupings were used to comnstruct the
accumulation trend shown on these figures. If two adjacent accumulation
periods did not show significant differences, then they were combined and the
trend was flat over that range of accumulation. The dry season samples were
also separated for data collected during 1980 and for data collected during
1981. In almost all cases, the 1981 dry period had street surface loading
values significantly greater than the 1980 dry period during the time of no
street cleaning. The wet season data is not separated for analyses by year
because mcst of that data was collected during continuous months during the
fall and winter of 1980 and 1981. The 1980 and 198i dry seasons, however,
were separated by the five month wet season. It is not known why the 1981
loadings were significantly greater than the dry period 1980 loadings. During
a previous study in Reno ard Sparks, Nevada (Pitt and Sutherland, 1982),
street surface loading values were cbtained from a variety of street surface
conditions throughout the Truckee Meadows area during two adjacent six-week
periods during the summer of 1981. The observed loading values were
significantly different during the two adjacent periods possibly because one
of the periods was associated with much greater winds. In most cases, the
windy period had wmuch larger street surface loading values and larger
deposition and accumulation rates. This was probably due to the nature of the
sources of street surface particulates in the Reno and Sparks area (probably
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Ltanspoutted sands Trom the surrounding dry areas or from nearby unlandscaped
or coasteouction areas). [t is not known if the wind conditions during these
«wo dry periods In Bellevue were significantly different.

Table 7-1 summarizes the estimated accumulation and deposition rates
along with the street surface loading values associated with different times
ot accunmulation. Also shown un this rable are the calculated standard
deviations associated with the observed loadings during each time period. The
standard deviations range from about 50 to 2CJ lbs/curb-mile (14 to 57
g/curb~meter) per day, while the loading values range from about 200 to 1,000
Ibs/curb-mile (57 to 280 g/curb-meter) per day. In many cases (especially for
very clean street surfice conditions) the observed loading variations can be
quite large when compared with the loading values. The expected variations in
loadings decrease for the larger loading values associated with the longer
accumulation periods. The standard deviation values can be used to construct
the approximate confidence intervals. The band that is one standard deviation
wide on both sides of the mean value would contain about two-thirds of the
data points. A band three standard deviations wide would contain about 95
percent of the data points. When all of these calculated curves with their
confidence intervals are plotted together, most of the bands .verlap, but
three separate calegories are evident. The lowest loadings were found on
l48th Avenue S.E. throughout a long accumulaticn period, even though the
initial loading values were not the lowest. Lake Hills and 108th Street
(during the dry 1980 season and during periods without street cleaning) had
higher accumulation rates than most of the other areas and always had higher
loadings than the other areas. The rest of the categories all seem to fall
together, with initial loading values ranging from about 150 to 350
lbs/curb-mile (42 to 10U g/curb-meter) per day and loadings of about 350 to
550 lbs/curb-mile (1U0UU to 160 g/curb—meter) per day after about a maximum
of 40 days accumulation. The 148th Avenue site had observed loadings between
about 200 te 250 lbs/curb—mile (57 to 70 g/curb-met=r) per day throughout a
long accumulation period. The 10U8th Street and Lake Hills dry 1980 periods
had much higher loading values, ranging from initial values of 450 to 500
lbs/curb-mile (13U to 140 g/curb-meter) increasing to high values of between
80U to 1,0U0C lbs/curb-mile (230 to 280 g/curb-meter). The Lake Hills periods
with street cleaning also had very low accumulation rates, conparable to the
low rates observed in 148th Avenue. The Surrey Downs (with street cleaning)
accumulation rates, however, were quite large and were comparable to the dry
1980, Lake Hills and 198th Street rates.

These Bellevue loading values and accumulation rates are compatved with
values obtained in other locations on Table 7-2. The initial loading rates
for Bellevue, which range from 200 to 500 1lbs/curb-mile (57 to 140
g/curb-meter), are within the low range of values reported elsewhere, and
generally correspond to other locations having smooth streets in good to fair
condition. Rough streets in other locations had loadings wore than five times
the Bellevue loadings. Similarly, the observed Bellevue deposition rates alvo
appear to be on the low end of the rates observed elsewhere, and also
generally correspond to smooth streets in good to fair condition or in
residential areas.
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Table 7-1. Approx. Total Solids Street Qirt Loadings
and Accumulation Rates

Days of Accumulation

Surrey Downs 0 2 5 10 15 25 40
- without wet A1) 340 345 360 330 390 410
cleaning s€ason ={(2) 90 170 190 140 50 50
rate(3) - 4 4 4 2 2 -
dry . 285 300 320 340 350 370 390
(1980) o 60 70 80 90 70 160 50
rate - 8 7 4 2 2 1
dry X 360 375 400 430 450 490 525
{1981) o 80 9 100 110 90 210 80
rate - 8 8 6 4 4 2
with wet X 130 170 200 - - - -
cleaning season o 30 80 110 - - - -
rate - 20 10 - - - -
dry X 315 350 365 - - - -
season g 70 80 90 - - - -
rate - 18 5 - - - -
Westwood
Homes Road wet X 270 290 310 350 280 420 -
- without season o 140 1506 220 90 230 260 -
cleaning rate - 10 8 7 6 4 -
dry X 350 370 410 460 500 550 570
(1980) o 110 60 270 170 130 80 80
rate - 13 10 10 8 5 1
dry X 160 180 210 250 290 350 390
(1951) o 60 70 90 120 40 90 130
rate - 10 10 8 8 6 3
108th Street wet X 245 260 290 320 330 360 -
- without season o 130 140 140 100 40 130 -
cleaning rate - 10 8 6 3 2 -
dry X 460 490 540 620 680 82y 920
(1980) o 2000 220 240 320 430 390 430
rate - 17 16 15 14 12 7

élg average loading value (1b  urb-mile)
approx. standard deviation of the loading value
(3) ayprox. accumulation rate (1b/curb-mile/day)
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Table 7-1. Loadings and Accum. Rates (Con't)

Navs of Accumulation

Surrey Dawns 0 ? 5 10 15 25 4G
17940 Street  dry . 300 320 340 360 38N 420 440
{Con') (1931) - 170 110 100 190 190 150 210
withoaut rate - 10 7 4 4 4 1
cleaning
Lake Hills y 170 200 270 290 30% -
- without wet ¢ 60 60 230 80 130 -
cleanring rate - 15 20 4 3 - -
% 500 540 600 660 710 750 770
dry 3 160 190 350 310 330 270 420
(1980) rate - 20 20 12 10 4 1
dry \ 170 200 270 290 305 310 320
(1981) 7 50 70 160 140 140 110 170
rate - 20 15 4 3 1 1
Lake Hills ) 170 1R85 195 - - - -
- with wet g 60 60 170 - - - -
cleaning rate - 3 3 - - - -
X 170 185 195 - - -
dry c 50 65 120 - - - -
rate - 8 3 - - - -
143th Ave. SE X 200 205 210 215 2?20 225 230
- without dry o 60 60 80 100 70 30 10
¢leaning rate - 3 2 1 1 1 1
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Table 7-2. B-LLEVUE STREET NIRT DEPOSITION RATES COMPARED
“ WITH DATA FROM OTHER AREAS

Devositinn

Initial (Initial
Lrading AccumiTation)
Value Rate
Locatinn { 1b/curb-mi) (1b/curh-mi/day)
Bellevue, Washinagton
Lake H11ls and 108th St., Dry perind 1980 500 20
148th Ave., S.E. (heavy traffic) 200 3
A11 other studv sites and periods 250 12
Reno/Sparks, Nevada(l)
Smooth streets and qutters in aood 270 2.6
condition
Other smnoth streets and intermediate
streets 710 h.1
Rough streets 2,200 36
New residential areas 2,500 61
Smooth and intermediate streets with
smooth qutters (windy) 880 24
Smooth and intermediate streets with
lipped autters (windy) 1,300 53
Rough streets (windy) 1,900 120
San Jose, Calif(2)
Smooth asphalt, good condition 130 15
Smonth asphalt, fair to poor condition 290 15
Rough asphalt, poor condition 780 20
0i1 and screens 1,800 20
Castro Valley, Calif(3)
Smooth asphalt 300 an
Ottawa, Ontario(4)
Smooth and moderate textured streets 140 70
Rough streets 700 70
Very rough streets 1,100 70
Nationwide(5)
Residential (smooth asphalt/good to fair) 400 20
Industrial {rough asphalt/poor) 670 40
Commercial (smooth asphalt/good) 300 15
Sources:
1) Pitt and Sutherland, 1982
2) Pitt, 1979
(3) Pitt and Shawley, 1981
égg Pitt, 1982

Sartor and Boyd, 1972; and Pitt and Amy, 1973
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vt OISTREBUTION OF STREET DIRT IN DRIVING AND PAKKING LANES

The amcunt of material present in the parking lanes is aveilable for
removal by soreet cleaning equiprent operating next to the curb. The street
surtuce particulates in the driving lanes, however, czannot bhe removed by
normal street cleaning operations. Tables 7-3 and 7-4 show the results of a
series of tests conducted in the Lake Hills and Surrey Downs areas to measure
the distribution of street dirt across the street. The test procedures are
described in Appendix E and involve taking a second set of subsamples in a
test area irwmediately atter a normal full street width sample is obtained.
The second set of samples could either be taken from the center of the street
to the edge of the parking lane (for driving lane loadings) or from the edge
of the parking lane to the curb (for parking lane loadings). These samples
were divided into eight different particle sizes for analyses. The full
street width loadings for each particle size were compared with the
corresponding particle size loadings in the driving lane and parking lane.

The values shown in Table 7-3 for Lake Hills were all obtained during a
period of intensive street cleaning, while the values shown in Table 7-4 for
Surrey Downs were obtained during a period of no street cleaning. In both
cases, about 55 to 65 percent of the total street surface loadings were found
in the parking lanes. The actual loading values varied substantially,
depending upon the street cleaning operations. For the Lake Hills studies,
about 50 to 10U lbsg/curb-mile (14 to 28 g/curb-meter) of total solids were
found in the parking lane, while 200 to 300 lbs/curb-mile (57 to 85
g/curb-meter) were found in the parking lane in Surrey Downs with no street
cleaning. The observed differences in loadings in the driving lanes were much
less. The driving lane loadings in Lake Hills ranged from about 50 to 75
lbs/curb-mile (l4 to 21 g/curb-meter), while they ranged from about 125 to
150 1bs/curb-mile (35 toc 42 g/curb-meter) in Surrey Downs with no street
clearing. This indicates that driving lane loadings are probably increased
when the parking lane loadings are also high, due to winds transporting
particulates out into the street. High parking lane loadings have been found
to be associated with high winds or traffic—induced turbulence blowing the
particulates from the center of the street towards the curb (Pitt, .979). It
appears that this process can work both ways and that the percentage
distribution of the loadings may remain constant over the relatively narrow
range of loadings observed in Bellevue.

The percentage of the larger particulates (between 500 and 6350 microns;
in the parking lanes in Lake Hills during street cleaning were quite low due
to the street cleaning equipment being much more effective in removing these
particulates. Only about 30 to 40 percent of the particles in these particle
sizes were found in the parking lanes, while abont 60 to 70 percent of the
smaller particles were found in the parking lune. The percentage of the
largest particle sizes (greater than 6350 microns) in the parking lane in
Lake Hills with street cleaning was surprisingly high (about 90 percent) but
the actual loadings were very low. The distribution of particulate sizes near
the curb was much more even in Surrey Dcwns durirg the petriod of no street
cleaning. Generally there were smaller fractions of the finer particulates in
the parking lane than for the larger particulates. Again, aimost all of the
largest sized particles (greater than 6350 microns) were found in the parking
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Table 7-1. LAKE HILLS: DISTRIBUTION OF STREET NIRRT
IN PARKING AND DRIVING LANES .
(During a veriod with street cleaning)

Part.cle Size (Micr~ns)
63~ 125 250~ 500~ 1000- 2000~
<63 125 250 500 1000 2000 6350 >6350 Tota)

3777781
wWhole % in
;treet: size 16.7 13.6 18.8 21.9 15.2 6.8 5.5 1.5 100.0%
loadinag ]
(1b/curb-mi) 27.9 22,7 31.3 36.8 25.4 11.3 9.2 2.4 1r7
Driving RN
lane: size 10.3% 6.4 11.1 20.6  25.5 14.0 12.1 0.0 100.0%
loading .
(1b/curb-mi) 5.7 3.5 6.1 11.4 i4.2 7.8 6.8 0.0 56
% of whole
street load 20.4% 15.4 19.5 31.0 55.9 71.7 73.9 0.0 33.7%
Parking % in
lane: size 19.9% 17.2 22.7 22.9 1%9.0 2.9 2.2 2.2 105.0%
loading
(1b/curb-mi) 22.2 19.2 25.2 25.4 11.2 3.2 2.4 2.4 i1l
% of whole
street load 79.6% 84.6 80.5 69.0 44,1 28.3 26.1 1C0.C 66.8%
4/17/81
Whole % in
street: size 15.8% 13.3 19.9 26 15.1 6.7 5.4 2.2 100.0%
Tnadinn
(1b/curb-mi) 28.8 24.3 36.3 39.3 ?27.6 12.3 9.9 4.1 183
Oriving £ in
lane: size 11.0¢ 8.6 13.9 21.8 23,7 12.2 7.1 1.7 100.0%
loading
(Yb/curb-mi) 7.9 6.2 10.0 15.7 17.1 8.7 5.1 1.2 72
% of whole
street load 27.4% 25.5 27.5 39.9 62.0 70.7 51.5 29.3 39.3%
Parking % n
lane: size 18.9% 16.4 23.7 21.3 9.5 3.3 4.3 2.6 100.0%
Tnading
{1b/curb-mi) 20.9 18.1 2.3 23.6 10.5 3.5 4.8 2.9 111
% of whole
street lpad 72.6% 74,5 72,5 60.1 38.0 29.3 48.5 70.7 60.7%
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(Continued)

Table 7-3. LAKE YTLLS:

DISTRIBUTION (F STREET DIRT

[N PARKING AND DRIVING LANES

(During a period with street cleanina)

Particle Size (Microns)
63- 125- 250~ 500- 1000- 2000~
<63 125 250 500 1000 2000 6350 >6350 Total
5738781
Whole % in
street: size 10.6% 9.5 15.7 24,3 21.4 9.1 6.9 2.5 100.0%
loading
{1t/curb-mi) 12.1 10.8 17.9 27.8 24.4 10.4 7.9 2.9 114
Driving % in
lane: size 8.3 8.0 13.3 23.0 26.2 13.3 7.7 0.2 100.0%
10ading
(1b/curb-mi) 4.8 4.7 7.8 13.5 15.4 7.8 4.5 0.1 59
% of whole
street load 39.7% 43.5 43.6 41,1 63.1 75.0 57.0 3.4 51.4%
Parking % in
lane: size 13.1% 11.0 18.2 25.7 16.2 4.7 6.1 5.0 100.0%
loading
(1b/curb-mi) 7.3 6.1 10.1 14.3 9.0 2.6 3.4 2.8 55
% of whole
street load 60.3% 56.5 56.4 58.9 36.9 25.0 43.0 96.6 44.6%
Average: % of
Whole street
load in:
Driving Lane: 29.2% 28.1 30.2 37.3 60.3 72.5 60.8 10.9 42.6%
Parking Lane: 70.8% 71.9 69.8 62.7 39.7 27.5 39.2 89.1 57.4%
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Table 7-4. SURREY NOWNS: DISTRIBUTION OF STREET DIRT
IN PARKING AND DRIVING LANES ]
(During a perind of no street ~leaninag)

Particle Size (Microns)

63- 1z5- 250- 500~ 10n0— 2000
<63 125 250 500 1000 2000 6350 >6350 Total

3; S/JI
Whole % in
street: size 4.0¢ 5.2 1..3 19.6 22.9 15.4 15.1 3.5 100.0%
loading
(1h/curb-mi) 14.9  19.5 42,1 73.2 385.7 68.9 56.3 12.9 374
Driving ¥ in )
1one: size 4.06 4.5 9.6 17.6 25.1 21.9 15.9 1.4 100.0%
Toading
(1b/curb-mi) 5.8 6.5 13.8 25.3 36.0 31.4 22.9 2.1 144
% of whole
street load 38.9% 33.3 32.8 34.6 42.0 45.6 40.7 16.3 38.5%
Parking % in
lane; size 4,09 5.7 12.3 20.9 2?21.6 16.3 14.5 4.7 100.0%
loading
(1b/curb-mi) 9.1 13.0 28.3 47.9 49.7 37.5 33.4 10.8 230
% of whole
street load 61.1% 66.7 67.2 65.4 58.0 54.4 59.3 83,7 61.5%
4/17 /81
Who e % in
ctreet: size 4,5 5.0 3.6 16.5 20.9 17.1 17.4 9.0 100.0%
loading
{1b/curb-mi) 14.2  15.9 30.3 51.9 65.8 53.6 54.5 28.1 2314
Driving % in
lane: size 8.1% 5.7 8.8 16.4 25.0 20.0 15.6 0.4 100.0%
Joading
(1b/curb-mi) 9.8 6.9 10.7 19.8 30.3 24.2 18.9 0.5 121
% of whole
street load 69.0% 43,4 35.3 38.2 46,0 45.1 34.7 1.8 38.5%
Parking % in
lane: size 2.3% 4.7 10.1 16.6 18.4 15.2 18.4 14.3 100.0%
loading
(1b/curb-mi) 4.4 9.0 19.6 32.1 35.5 ?29.4 35,6 27.6 193
% of whole
street Joad 31.0% 56.6 54.7 61.8 54,0 54.9 65.3 9R.2 61.5%
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Table 7-4. SURREY DOWNS: DISTRIBUTION OF STREET DIRT
IN PARKING AND DRIVING LANES (cont.)
(During a period of no street cleaning)

Particle Size (Microns)
63- 125- 250- 500~ 1000~ 2000-
<63 125 250 500 1000 2000 6350 »6350 Total

5/06/31
Whole % in
street: size 8.4% 6.6 10.8 15.3 17.5 14.6 15.6 11.2 100.0%
loading
(1b/curb-mi) 36.0 28.5 46.6 65.6 75.C 62.9 66.9 48.3 430
Driving % in
lane: size 8.4% 6.0 8.9 15.5 25.3 19.z 15.1 1.6 100.0%
ioating
(1b/curb-mi) 10.7 7.6 11.2  19.6 31.8 24,3 19.1 2.1 126
% rf whole
street load 29.7 26.7 24.0 29.9 42.4 38.6 28.5 4.3 29.4%
Parking % in ——
lane; size 8.2% 6.9 11.7 15.2 14.2  12.7 15.8 15.2 100.0%
loading
(1b/curb-mi) 25.% 20.9 35.4 46.0 43.2 38.6 47.8 46.2 303
% of whole
<treet load 70.3 73.3 76.0 70.1 57.6 61.4 71.5 95,7 70.5%

Averaqge: % of
Whole street

Inad in:
Oriving Lane: 45.9% 34.5 30.7 34,2 43,5 43.1 34.6 7.5 35.5%
Parking Lane: 54.1% 55.5 69.3 65.8 56.5 56.9 65.4 92.5 64.5%




lane in both test areas.

CHEMICAL STRENGTHS GF STREET SURFACE PARTICULATES

All of the street particulate samples collected during this study~were
divided into eight separate particle sizes as described in Appendices E and
F. Composites of the different samples were made to represent each test area,
specific particle size ranges, and time periods. They were then sent to a
commercial laboratory (Am Test, Inc., in Seattle) for chemical analyses. The
chemical composition information was then used to calculate total sample
pollutant values for each sample collected. Tables B-14 through B-18 in
Appendix B present the chemical test results. These tables are separated for
each test area, and show the observed chemical concentrations of the street
dirt for eight particle sizes {or up to ten composite periods. Each composite
is associated with a specific time period of about two months. The means,
standard deviations, and relative standard deviations (standard deviation
divided by the mean) of the particle concentrations for each size range and
test area are also shown.

The Sur .ey Downs and Lake Hills street dirt chemical characteristics
were separated into wet and dry seasons and were compared using Student's "T"
analysis. ln most cases, there were no significant differences observed
between the wet and dry seascns. However, many of the very largest particle
sizes did show significant differences between the wet and dry seasons. In
addition, about half of the particle sizes for lead showed significant
differences batween the wet and dry seasons.

Figures 7-5 through 7-7 show the particle size distributions for dry
season particulates, COD, and lead for eight particle sizes and five test
areas. Figures B-6 through B-9 in Appendix B show the particle size
distributions for wet season particulates, total Kjeldahl nitrogen, total
phosphorus and zinc. The solids particle size distributions show that the
smallest particle sizes account for a very small fraction of the total
material, especially during the wet season when rains are most effective in
removing the smallest particles (see Section 9 for a discussion of storm
washoff of particulates). During the dry season, the larger particle sizes
account for relatively small fractions of the total solids weight. In all
cases, 148th Avenue had most of its total solids weight in the particle size
range of 250 to 1,000 microms.

The chemical oxygen demand, Kjeldahl nitrogen, and phosphorus
coucentrations all show high concentrations assoclated with the smallest
particle sizes, small concentrations with the intermediate sizes, and then
large concentrations with the larger sizes. This is probably because of the
presenc2 of leaves and cther organic material associated with the largest
particle sizes. The lead and zinc distributions showed typical particle size
distributions for heavy metals with the highest concentrations associated
with the smallest particle sizes. The lead particle size distributions are
also interesting when comparing the different test areas. Westwood Homes Road
in the Surrey Downs basin usually had the smallest lead concentrations for
all particle sizes, probably because of the small amount of traffic on that
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FIGURE 7-5
DRY SEASON PARTICLE SIZE DISTRIBUTION
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road. however, 148th Avenue 1s a well travelled street and showed very high
lead concentrations, especially in the smallest particle sizes.

Table 7-5 summarizes the size-weighted total particle chealcal
strengths, along with the median particle sizes. The largest dizference in
chemical characteristics is shown for lead, espe.lally when comparing
Westwood Homes Road with 148th Avenue. The Lake Hills lead concentrations are
also greater than the Surrey Downs basin lead ccncentrations. This may be
because of the smaller median particle sizes associated with the Lake Hills
samples. Because of the much greater concentrations of lead with the smaller
particle sizes, a smaller median particle size would result in a much greater
total solid lead concentratfon. The total solids median particle size for
lu8th Street street dirt is much greater than the total solids particle sizes
for the other test areas, and indicate the presence of many more larger
particles on that road than in the other test basircs,

Table 7-6 compares these street dirt constituent concentrations with
data from other locations. In all cases, the observed 3ellevue chemical
concentrations are well within the range of values fcund in the other
locations. There is a much smaller difference for these Bellevue street dirt
chemical concentrations when compared to other areas than there is for the
observed urban runoff conceatrations or for the street dirt loadings.
Therefore, the street dirt in Bellevue is very similar to the street dirt in
other locations studied, but the frequent rains prevent the street dirt from
accumulating to large loading .alues. The total annual rainfall in Bellevue,
however; 1s also similar to many other locations studied. Because of the
swaller but more frequent rains in Bellevuz, each rain can remove fewer
street surface particulates, and the additional runoff volume per rainfall
(because of the moist soils) dilutes the pollutants more than for other
areas.



Table 7-5. TOTAL STUDY PERIOD STREET DIRT CHARACTERISTICS (ma/ka)

Size-Weighted Median Particle
Test Area Constituent Strength Size {microns)

Surrey Duwns

4ain Basin Total Solids - 520
cno 145,000 819
TKN 1603 420
Total Phosphorus 575 670
lLead 745 299
Zirc 170 350

Surrey Downs

108th St. Total Solids -—-- 1370
con 51,300 1680
TKN A55 780
Tota Phssphorus 510 1860
Lead 460 44n
Zinc 130 1180

Surrey Downs

Westwood Homes Road Total Solids - 840
£on 239,000 1960
TKN 2195 780
Total Phosohorus 590 890
Lead 190 420
Zinc 90 640

Lake Hills
Total Solids -— 420
CoD 192,000 730
TKN 231C 400
Total Phosphnrus 640 430
Lead 1170 225
Zinc 230 260

148th Avenue S.E.
Total Solids -—- 610
con 104,000 1080
TKN 850 765
Total Phosphorus 460 260
Lead 1540 320
Zinc 190 360




cll

Constituent
Cadmium
Chromium
Lead

Zinc

coo
Phospharus
Nitrate-N
Nitrite-N

Kjeldahl-N

Table 7-6. BELLEVUE STREET DIRT CONSTITUENT CONCENTRATIONS
COMPARED WITH DATA FROM OTHER LOCATIONS (mg/kg)

Castro

Bellevue Reno/Sparks(ll San Jose(z) _Valley

Surrey Westwood  Lake 148th Smooth Poor 0i1 and Smonth

Dowrs  108th St. Homes Rd Hills Ave S.E. Asphalt Asphalt Screens ﬁsohalt(E)

- -—- - --- - <3 2 3 1 ——-
- —— - - ——— 30 450 450 350 200
745 460 190 1200 15G0 100 to 2,500 5,500 2,000 1,000 1,600
170 130 90 230 190 200 750 500 250 200

145,000 51,000 240,000 190,000 100,000 100,000 120,000 110,000 80,000 90,000
575 510 590 640 460 800 --- -—- -—- 500
—_— - —— .- - 25 -— — - -
— - - — _— 5 — —— — -

1600 460 2200 2300 850 150 2,000 2,300 1,000 1,600

1) Pitt and Sutherland, 1982

(
gz) Pitt, 1979

3)  Pitt and Shawley, 1982
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Teble 7-6. BELLEVUE STREET O[%7 STRENATHS
COMPARED TO OTHER LOCATIONS {Cont.)

[ {
Milwaukee ) Bucyrus, ohin )

—

{
Ottava, Ontario(a) P*\oenix(S Baltimore(s) AtTanty

Smooth & Very
Moderate Rough Rough
LConstituent Asphalt  Aspha!t Asphalt

Cadmium -- -- -- 4 3 3 3 1
Chromium -- -- -- 200 150 200 300 209
Lead 1,000 400 250 1,000 8n0 900 2,000 799
Zinc - - -- 300 300 250 600 300
Coo -- -- - 50,000 20,000 20,000 20,000 30,000

Phosphorus -- -- -- -- - -- - --
Nitrate-N -- -- - -- -- -- -- -~
Nitrite-N -- -- -- -- -- -- -~ --

Kjeldah1-N -- -- -- 2,800 500 300 2,000 1,000

(4) pitt, 1982
) Sartor end Boyd, 1972, and Pitt and Amy, 1973




SECTICN 8
SEWER SYSTEM PARTICULATE ACCUMULATION STUDILLS

An important element of the Bellevue urban runoft project Yas the study
of storm drainase particulates. The objective of this portion of the program
was to describe the quantities and characteristics of storm drainage
particulates in the study areas. The storm drainage particulate studies
involved both observation and sampling of catchbasin particulates and
particulates accumulated in the pipes throughout the Lake Hills and Surrey
Downs studv areas. bata obtained from these studies were compared to
monitored street surface loadings and total runoff yields measured at the
outfells of the two study areas. These mass relationships help define the
importance of storm drainage to the total runoff yield. This section of the
report provides a summary of the storm drainage particulate data collected
during the study.

CATCHBASIN OBSERVATIUNS

As part of the experimental design task, random sampling and chemical
analyvses ot about ten catchbasin sediments and water supernatants were
collected in both Lake Hills and Surrey Downs. This initial sampling was
conducted on December 27 and 28, 1979. The chemical analysis results for the
catchbasin samples taker from the Lzke Hills study area are presented in
Tables 8-1 and 8-2.

Catchbasin sampling and analyses were conducted two times during the
first year. The sediment portion of the samples were dried and sieved after
their specific gravities were measured, and then composited for chemical
analyses. lhe supernatant portion of the samples were then chemically
analyzea. The 'chemical analysis results for the sediment portion of
catchbasin samples collected March 19 and 2U, 1980, are presented in Table
8-3. The average wet specific gravity was approximately 1.3 grams per cubic
centimeter, or 80 lbs/cubic foor. This average value wis lower than expectad.
The procedures used to obtain these initial catchbasin sediment samples may
not have provided representative undisturbed cores. Since the freezing core
sarpler did not work adequately for the shallow sediment depths encountered,
the sediment samples were obtained by hand scooping. The specific gravities
and total solids perceutages may be low because of the extra water obtained
in the scooping procedure. This problem was corrected for the future samples.

Additional samples were collected from January througu June of 1981 in

selected catchbasins throughout Lake Hills and Surrey Downs. About ten
catchbasins were sampled during each of these three sampling efforts. Each
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Table 8-1. CATCHBASIN SUPFRNATANT OUALITY (Laka Hills, 12/27-28/1979

catch- total chemical total total Lead Zinc
basin solids oxyagen Kielaahl Phasohorus {ma/1) (ma/1)
numher (ma/1) demand nitrogen (ma/1 as P)
(ma/1) (ng/1 as NJ
( 91, T1)
592 91. 24, <.50 .325 .08 1.19
616 88. o7, .90 137 07 048
626 174, 4. T.2¢ .218 07 079
.22
524 85. 24, 4.73 .638 .05 .018
578 I11. 8. .20 L322 .14 . 105
[ 6.90
535 272. 244, 5.04 6.75 A1 .218
[.98
549 34. 22. 1.49 .082 .03 .033
f29.
564 49, 36. .50 .078 .08 .088
[5.60
578 158. 90. 5.50 .690 .45 126
150.
582 150. 20. .70 .135 12 .037

(1) data shown with brackets are replicates
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Table 8-2. CATCHBASIN SEDIMENT NUALITY (LAKE HILLS, 12/27-28/1979)

catch- total total Lead 7inc
basin solids Kieldahl (p9/a) (pa/9
number % nitrogen
(pa/g as N)

592 27.0 794, ECTHIN TA5.
616 6.82 342, 23k, T5a.
626 20.3 [-7'47. 778. 145

1010,
524 4,37 1020. 262. 93.0
528 887 778. 149. 53.5
535 26.4 56.0 13.0° 7.0
549 - 2.49 353. 107. 1773.
563 64.8 1470. 507. 211.
578 6.22 2010. 465, 104,
582 52.9 560. 479. 120.




Table 8-3. CATCHBASIN SEDIMENT QUALITY (3/19-20/1980)f1)

Test catch- Specific Total Chemical Total Total Lead Zinc
Basin basin Gravitx Solids oxygan Kjeldanl phosphorus  {pg/g9)  {pj/g)
aumber (gn/cmé) (%) demand nitrogen {pg/g-P)
’, (%-N° .
Surrey Downs 510 1.108 9.29 26.9 .971 2020. 5070. 540.
Surrey Downs 548 1.048 19.2 12.1 .396 411. 806. 137.
9.95
Surrey Downs 559 1.660 56.6 8.59 .791 168. 1325. 245
[5.98 1.41 5937. [1010.
Surrey Downs 531 1.041 5.51 48.9 1.03 2124 4370. 1380.
5.88
Surrey Downs 534 1.055 5.11 44.5 2.75 3720 2890, 1000.
Lake Hills 524 1.738 19.1 4,24 .144 199. 880. 318,
71.5 [16.8 36.1
Lake Hills 535 1.932 69.5 1.57 55.6 pa/g 28.4 14.2 39.8
Lake Hills 578 1.026 5.31 26.7 1.12 2170. 2930, 595.
78.
Lake Hills 626 1.088 13.8 3.41 .463 833. 1880. 906.
Lake Hills 616 1.014 26.2 1.45 212 282. 604 . 226.

(1) results on a dry weight basis, except for specific gravity and total solids.
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catelibar in sample was dried, mecnanically sieved, and then welrhed. Fqual
Iractions of each size catuwory were combhined for eaca sampling perioé, and
were chemically analyzed. lables 8-4 and B-5 show the chemica% analysis
results tor Ln;se three sampling periods and eight particle sizes for’both
lare Hills and Surrey Lown=. The catchbasin cedirent samples hed particle
size concentrations very similar to the concentrations found in the street
dirt in the respective areas. This indicates tnat the catchhasin sediment
material was mostly made up of street dirt. Tabies 8-4 and 8-5 also shgw
calculated total sémple chemical concentrations Juring the early experimental
design sampling. These total samples concentrations are reasonable whe?
compared with the particle size breakdowns, but do show very large variations
{especially when compared to the small variations in the composited éize
data). This implies that the particle size distributions changed radically
from catchbasin to catchbasin, even though the particles making up the total

sediment are quite similar ina preperties,

Tables D-1 through D-6 in Appendix D show the measurcd sediment volumes
for all structures ecxamined. Most of the catchhssins were aboul 28 by 22
inches (700 by 560 mm), but some catchments with manholes were as large as
four feet (l.2 meters) in diameter. During the first survey, the sediment
depths ranged fron zero to about 15 inches (0 to 380 mm) in Lake Hills (0 to
6.3 cubic feet, or 0 to 0.2 cubic meter) and zero to 27 inches (0 to 690 mm)
in Surrey Downs (0 to 15 cubic feet, or 0 to 0.4 cubic meter). Tables D-7 and
D-3 chow the relative sediment and supernatant quality observed in the
catchbasins during the early sampling periods. The extreme ranges of
strengths (mg constitvent/kg total solids, or ppm) observed, implies that the
particle size varies substantially, by location in the test areas and by
time. These values also demonstrate the importance of chemical transfer
between the sediments and supevrnatant, especially since a much smaller storm
can flush out all of the supernatant whereas a larger storm would be needed
to remove a substantial quantity of sediment. This appears to be more
important for (OD which is shown to be more soluble than the other
constituents observed.

Nine complete catchbasin sediment accumulation inventories were
conducted during the project. The first survey was conducted in December,
1979, and the last survey was conducted in January, 1982. The depth of
sediment was measured for each catchbasin in which access could be obtained.
A summary of the results are presented in Table 8-6. Figures 8-1 through 8-4
are plots of the observed loading conditions for each sampling period.

The sewage systems in Lake Hills and Surrey Downs were cleaned btefore
the beginning of this sampling program. Private streets in Surrey Downs
(specifically Westwood Homes Road) did not have their associated drainage
systcems cleaned. Figures 8-1 through 8-4 (corcected for missing data) show
that it required about one year for the sewerage system inlet structures
(catchbasins, inlets, and manholes) to reach a steady state loading
condition. During the second project year (1981). more frequent (about
monthly) observations were made and indicate very little net removal or
increase in loadings between the observations. Table &-7 summarizes the
typical stable period loadings and the accumulation rates after cleaning
tefore these stable loading values are obtained. The Lake Hills steady state
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Table 8-4. SURRELY DOWMS CATCHBASIN SEDIMENT CHEMICAL QUALITY (mg/kg) BY PARTICLE SIZE

particie size: microns

63~ 125- 250~ 500 - 1000- 2000-
B ‘63 125 250 _500 10G0 2000 6350 >6350
Chemical xvgen lemand:
1/12/81 158,00C 145,000 90,406 116,006 177,000 210,000 242,000 176,000
1726 2/4/81 158,000 127,000 89,200 78,800 115,000 205,000 248,000 237,000
2/26 6/17/81 156,000 118,000 95,200 103,000 137,000 320,000 327,000 320,000
average 157,000 130,000 91,60C 100,000 143,000 245,000 272,000 244 (000
standard deviation 1,200 14,000 3,200 19,000 31,000 €5,000 47,000 72,000
Total Kjeldahl ‘itrogen
1/13/81 3190 z110 1640 1800 1300 2760 2740 1650
1726  2/4/81 2570 1930 1290 1430 1450 2000 1960 2100
2/26  6/17/81 290 2160 1560 1569 1390 3050 2700 2390
average 2910 ¢070 1500 1660 1580 2600 2450 2050
standard deviation 320 120 180 190 280 540 470 370
Total Phosphorus
1/13/81 340 450 626 694 366 570 1€30 830
1/26 2/4/81 1130 793 635 578 642 1030 1050 844
2/26  6/17/81 1180 840 630 570 652 791 1039 620
average 330 690 630 610 550 930 1060 760
standard deviation 470 210 5 70 160 i20 30 120
Lead
1/13/81 1100 910 670 550 540 550 530 250
1726 2/4/81 1200 840 650 570 520 500 370 360
2/26  6/17/81 1200 870 530 550 570 570 540 250
average 1170 870 620 56C 540 540 480 290
standard deviation 60 35 76 12 25 36 95 54
Zinc
1/13/81 332 370 166 185 180 214 171 107
1/26 2/4/81 456 303 222 217 2.6 246 198 173
2/26  6/17/81 397 300 196 196 208 223 207 170
average 335 320 195 200 200 230 190 130
standard deviation 62 40 28 16 19 17 19 37
Total sample analyses (3/1¢ 2 /80) (mg/kg):
CoD TXN TP Pb In
mean 20,000 1225 1690 3400 720
standard deviation 10,000 820 1450 2080 490
number of catchbasins 5 5 5 5 5

120



Table 8-5. LAKE HILLS CATCHBASIN SEDIMENT CHEMICAL QUALITY (mg/kg) CY PARTICLE SIZE

particle size: microns

£3- 125- 250- 500- 1060~ 2000-
63 125 250 500 1000 2000 6250 >6350
ical 0 n Demand:
RV E 218,000 159,000 157,000 173,000 278,000 300,000 231,000 71,500
1/26 2/5/81 225,000 162,000 101,000 114,0& 191,000 240,000 }‘33,000 205,000
3/17  6/17/81 243,000 197,000 165,000 143,000 251,060 295,000 333,000 201,000
average 229,000 173,000 141,000 143,000 240,000 278,000 752,000 1?3,000
standard deviation 12,900 21,100 34,900 29,500 44,500 33,300 72,400 115,000
Total Kjeldah! Nitrogen
1/13/81 3360 2330 1870 2100 3090 3780 2100 379
1726 - 2/5/81 3820 2540 1950 1930 2620 3260 1900 1200
3/17  6/17/81 3610 3160 2170 2170 3360 3220 3020 4840
average 3600 2680 2000 2070 3020 3420 2340 2140
standard deviation 230 432 155 120 370 310 600 2370
Total Phosphorus
1/13/81 231 398 574 574 742 2160 1550 865
1726 2/5/81 1030 744 589 567 645 957 1280 894
3/17  6/17/81 1440 1050 941 623 1095 15€0 1750 3652
average 900 730 700 510 830 1570 1530 1800
standard deviation 610 330 210 71 240 600 240 1600
Lead
1/13/81 2800 2400 200C 1200 950 1000 500 160
1726 2/5/81 1300 1107 830 650 670 430 410 260
3717 6/17/81 1800 1400 1200 920 1100 970 940 890
average 1970 1630 1340 920 910 820 620 440
standard deviaticn 760 680 £§00 780 220 290 280 400
Zinc .
1413/81 621 453 278 210 235 282 171 92
1/26  2/5/81 413 321 232 223 236 203 284 599
3/17  6/17/81 532 404 359 332 437 372 440 367
average 520 390 290 260 300 286 300 350
standard deviation 100 67 64 67 120 85 135 250
Total sample analyses (early samples only):
C0D TXN TP Pb In
mean {mg/Kg) 74,700 700 750 610 210
standard deviation 108,000 540 790 770 230
number of zatchbasins 5 15 5 15 15
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Table 8-6. SUMMARY OF OBSERVED CATCHBASIN, INLET AND
MAN-HOLE SEDIMENT VOLUMES, D=C. 1979 THROUGH JAN. 1982 (ft3)

Surrey Downs B Lake Hilis
fraction fraction
max avg total of total number of max avg total of total numper of
loading structures loading structures
Catchbasins 11.2 1.9 80 56% 43 8.3 0.8 55 43% 71
Inlets 19.2 1.7 45 31 27 5.5 0.6 28 22 45
Man-~holes 25.9 3.1 19 13 6 15.8 3.0 45 35 15
Total 25.9 1.9 144 100% 76 15.8 1.0 128 100% 131
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Average Volume of Sediment In Each Structure (cublc feet)

FIGURE 8-1
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Average Volume of Sediment In Each Structure (cublc feet)

Lake Hills—-Ave. Sediment in Structures
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FIGURE 8-4
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Table 8-7. TYPICAL SEWERAGE INLET STRUCTURD
SEDIMENT VOLUMES AND ACCUMULATION RATES

Surrey Downs:

Catchbasins

Inlets

Man-holes
Average

Lake Hills:

Catchbasins

Inlets

Man-holes
Average

stable volume
(ft3

NN ™
e & v
NN ~~NO ™

WO O
=P N WO

)

accum.,

rate

(ft3/month)

QOO O

OOO O

17
.10
.14
.15

.05
.05
.14
.06

approx. months
to stable volume

13
20

15

18
14
23
18



vodume s were about one=halt of the Surrey Downs volurmes (except tor

ranhrocen ) The approxisate time period of particulate accumulation betore the
stabie volume ds obtained is also shown on Table =7, These perinds are
betw. en one and two vears, with the more common catchbhasins ~equiting about
LY ieniis an Sarrey Downs (where the inlet density is about 0.8 inlets/acre,
or L. dnlets/ha) and 18 months in Lake Hills (with a greater inlet density
ot about 1.3 inlets/acre, or 3.2 inletss/ha). A conservative estimate, based
on the available data, would be about one vear., (Ubservations were not

started imuediately after the initial cleaning.) Catchbasin, inlet, and
manhole cleaning should therefore be performed on about an annual basis to be
most cost-ctfective. Slightly more frequent cleaning may be necessary for
smaller inle. strucicres, less dense spacing of inlets, or during periods of
sreater than uwaual riin. Cleaning every six months can probably be considered
the maximum effore warranted. A city-wide survey of inlet sizes, inlet
densities, and close-by scdiwent sources (as discussed in the following parts
of this section) can be used to effectively determine the optimum cleaning
frequency. The additional inlet sediment surveys, carried cut by the Bellevue
Storm Drainage Utility, will be an effective tool in designing the most
appropriate inlet cleaning program.

The total umount of runoff particulates that may accumulate in the inlet
structures are shown on Table 8-8. These quantities are about what would be
accumulated before the “"stable volumes™ are obtained. These quantities could
be continuously removed, if the inlets are cleaned before the stable volumes
are obtained. After the stable volumes are obtained, urban runoff is little
aftected by the structure. The constant stable volumes experience very li:tle
washout and reaccumulations (as shown by the second year loading dataz).
During October, 1981, a very large storm occurred (about four inches).
However, no significant difference between the average or total August, 1981,
and January, 1982, observations was noted.

An analysis of inlet structure size (volume and depth below outlet) and
performance was conducted for the Surrey Downs data. Table 8-9 summarizes
these dimensions for catchbasins, iniets, and manholes. The catchbasins and
inlets had about one foot (300 mm) available for storage below their outlets,
while most of the manhole outlets were on the bottom. Between tnree and four
cubic feet (0.08 and 0.1l cubic meter) of storage were available in the
catchbasins and inlets. Table 8-10 shows the observed average volumes and
depths of secinent in the inlet structures. Also shown are the portions of
the available storage containing the sediment. The stable sediment volumes
during the second year were about 60 percent of the available sump volumes
for the catchbasins and inlets. Only about one-half inch (13 mm) of sediment
was found in the manholes, with outlets on the structure bottoms, while about
six inchos (150 mm) of sediment were in the inlet and catchbasin sumps. When
analyses were conducted for individual structures, wide variations were
observed. The depth below the cutlet appeared to be the most important
factor, but the larger capacity sumps did not always contain the largest
amount of sediment. Larger sump volumes would allow less frequent cleaning,
while smaller outlet tc sump bottom distances were associated with more
scour. Manhole #577 (a grease trap with a storage volume of about 48 cubic
feet, or 1.4 cubic meters) had the largest sump volume of all inlet
structures observed, and usually contained the largest sediment volume. Its
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Table 8-8. ANNUAL ACCUMULATION OF SEDIMZNTS IN STORM SEWER INLET STRUCTUKES

Annual Total Detention{1)
““humber  avg detention total  totarl T
of rate solids solids CoD TKN TP Pb N percent
structures (ft3/month)  (ft3) (1bs) (Ibs) (Ibs) (Ibs) (Ibs) (1lbs) aof total

Surrey Downs:

Catchbasins 43 0.17 88 8300 2100 10 14 28 6 67%
Iniets 27 0.10 32 3000 750 3.6 5 10 2 25
Man-holes 6 0.14 10 940 240 1.2 1.6 3 1 8
Total/average 76 0.15 130 12,200 3100 15 21 4?2 9 100%
Annual detention (1b/acre/year): 130 33 0.16 0.22 0.44 0.10
Lake Hills:
Catchbasins 71 0.05 43 4000 300 2.8 3.0 2.4 0.8 46%
Inlets 45 0.05 27 2500 19C 1.8 1.9 1.5 0.5 28
Man-holes 15 0.14 25 2400 180 1.7 1.8 1.5 0.5 26
Total/average 131 0.06 95 8900 670 6.2 6.7 5.4 1.8 100%
Annual detention (1b/acre/year): 88 6.6 0.06 0.07 0.05 0.02

(1)Assuming l.Sg/cm3, or 94 1b/ft3 and typical pollutant concentrations



Table 8-9. SURREY DOWNS INLET STRUCTURE SIZES

Man-hales .
Catchbasins Inlets (excluding #577)""
Diameter of outlet (inches):
Average 12 10 all 24
Minimum 8 6
Maximum 18 36
Depth below outlet to bottom (feet):
Average 1.1 0.9 0.02
Minimum 0 0 0
Max imum 2.8 3.4 0.1
Cross-sectional area {square feet):
Average 3.4 3.0 65.7 (partiall
Minimum 2.5 1.4 52.8
Maximum 6.0 17.4 73.9
Volume below outlet to bottom {cubic feet):
Average 3.9 3.3 1.3

(1) Man-hole #577 is ar. oil separator that is 4.1 feet in diameter, with a
depth b§1ow the 12 inch outlet of 3.7 feet. The total storage volume is
48.3 ft>. This "man-hole" contained almost all of the debris found in
ail of the man-holes combined; the other man-holes were empty for most
observations.
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Table 8-10.

Catchbasins

Average
Average
Percent

Inlets
Average
Average
Percent

Man-Holes
Average
Average
Percent

volume (ft3)
depth (ft)

of available storage

volume (ft3)
depth (ft)
of available storage

volume (ft3)
depth (ft)
of available storage

Jan Feb Acril
1981 1981 1681

SURREY DOWNS INLET STRUCTURE NORMALIZED VOLUMES COMPAREN TN AVAILARLE STN2447

Stahle
Ann Jan Farind
1981 1997 Averane

QO
. .
oM
NN

2.86 2.77 1.81
0.84 0.81 0.53
73.7% 71.1% 46.5%

1.89 2.04 2.07
0.49 0.53 0.54
57.6% 62.4% 63.5%

2.78 1.78 1.67

0.05 0.03 9.03
not applicable

1.8 2.47 2.78
0.55 0.72  0.h7
8.2% 63.7% 58,87

1.2  2.11  2.n"
0.47  0.55 0.5
55.3% 64,74 A1.7%

2.00 3.1t 2.1V
0.04 0.05 0.04



staple sediment volume was only about 35 percent of its tull capacity,
hovever.,

An analvsis of the sediment data for the first twn sampling periods
sicldea some interesting observations. Nine of the ten most bheavily loaded
catchbasine in the first summer inventory for Surrey Downs are located on, or
just upstream trom, the only two streets in the study area that do not have
curbs, Both of the streets (lUtth Avenue and Westwood Homes Road) have
vxtensive ott-stree. sedimeat sources located along thiem and were ot cleaned
during the study. These nine catchbasince accounted for about 40 cubic feet
(1.l cubic meters) of sediment, or 58 percent cf the sediment observed in
Surrey Downs catchbasins during that summer inventory. They alsc accounted
for 73 percent of the iuncrease in sedimenz loadings observed between the
first winter and summer inventories.

Table 8-11 shows the hezviest sediment -loaded catchbasins in Surrey
Downs during the first two inventories. Eight out of the twelve heaviest
loaded catchbasins in ihe summer inventory were also part of the ten most
heavily loaded catchbasins during the winter inventory. Many of these
catchbasins were located in the headwaters of the Surrey Downs study area and
they may not receive the high runoff rates needed to flush them. However,
some flushing was observed farther down in the pipe system (i.e., #566 and
#572). A significant portion of the sediment observed in the Surrey Downs
catchbasins may not be easily available for runoff transport.

Table 8-12 presents data for the most heavily loaded catchbasins
observed in the Lake Hills test area during the first two inventories. Six of
the eleven heaviest loaded catchbasins in the summer inventory were also part
of the most heavily loaded catchbasins observed in the winter inventory.
However, the sediment accumulations in Lake Hills were more evenly
distributed among the catchbasins tnan those in Surrey Downs. The top ten
catchbasins in Lake Hills accounted for only about 30 percent of the observed
sediment in the summer, whereas the top ten catchbasins in Surrey Downs
accounted for about 60 percent of the total summer loading.

PIPE SURVEY AND OBSERVATIONS

A survey of pipe lengths, diameters, slopes, and directions throughout
each of the study areas was made during the early months of the project.
Frequent observations of sediment accumulations in pipes throughout the two
study areas were also made. Very few pipes in either Surrey Downs or Lake
Hills had slopes less than 0.01 ft/ft (one percent slope), the slope assumed
to be critical for sediment accumulation. In Lake Hills, the average slope of
tne 118 pipes surveyed was 0.04 ft/ft (4 percent slope). Only nine pipes, or
7.6 percent of those surveyed, had slopes less than 0.01 ft/ft. In Surrey
Downs, the average slope of the 75 pipes surveyed was 0.05 ft/ft (five
percent). Nine pipes or 2 percent of those surveyed had slopes less than
.01 ft/ft.

The pipe system data indicates that the two study areas are drained by
steeply sloping pipe systems. The chances of finding significant
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Table 8-11. SURREY DOWNS CATCHBASIN INVENTORIES - HIGHEST SENTMENT LODARTINGS

Catchbasin Description SUMMER WINTER fhanae in 1nading
Sediment loading Sediment loading Winter to Summer
Type Tocation
Number CB (1) Longest run of Rank Sediment | ~ Rank Sediment Sediment ~ Percantaae

MH (2) upstreem pipe | (out of all Volume [(out of all Veolume Volume channe

(ft) catchbasins)  (Ft3) [catchbasing) (£l e t )

577 (B - oil Sep. 220 1 15.182 1 10.024 +5.148 +51
569 Injet 0 2 3.640 6 1.040 +3.500 +335h
562 c8 370 3 3.563 13 0.712 +2.851 +400

583 Detention 0 3 2.700 2 2.70 0 N

nipe

579 Inlet 0 5 2.695 4 1.617 +1.078 +67
580 CB 500 6 2.475 - N0.165 +2.310 +1400
573 CB 1000 7 2.464 - 0.493 +1.971 Hann
575 C8 340 8 2.341 - 0.195 +2.145 +110n
534 c8 335 9 2.203 10 0.801 +..402 +175
578 c8 160 10 2.147 3 2.362 -0.215 -9
548 Inlet 0 11 2.016 8 1.008 +1.008 +100
552 Inlet 0 12 1.870 7 1.020 +1.833 +180
566 c8 2000 - 0.332 5 1.102 -0.770 -70
572 CB 1120 - 0.167 9 0.836 -0.669 -30
559 c8 340 - 1.059 11 0.792 - #0.257 +34

(1) catchbasin
(2) Manhole with catchment
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Table 8-12. LAKE HILLS CATCHBASIN INVENTGRIES - HIGHEST SEDIMENT LONADINGS

Catchbasin DPoscription SUMMER WINTER Change in loading
Sediment loading Sediment loading Winter to Summer
Typ. Location -
Number CB (1) Longest run of Rank Sediment Rank Sediment Sediment  Percentage
MH (2) upstream pipe | (out of all Volume [ (out of all Volume Volume change
(ft) catchbasins) (fgf) catchbasins) (ft3) f(ft3) : ()
394 Inlet 0 1 1.766 - G.784 +0.932 +125
564 8 30 2 1.584 - n.079 +1.505 +1900
530 MH 3400 3 1.418 1 5.674 -4.256 -75
622 Inlet 0 4 1.392 - 0.119 +1.273 +1000
521 c8 g5 5 1.350 10 1.157 +0.193 +17
547 (8 1730 6 1.282 - 0 +1.282 -
539 Inlet-&ﬁ 0 7 1.255 9 1.257 -0.001 0
523 MH 3630 8 1.256 4 2.513 -1.257 -50
602 Inlet 0 9 1.191 - 0.278 +0.913 +328
587 Inlet 0 10 1.157 7 1.543 -0.386 -25
528 c8 30 11 1.140 6 1.596 -0.456 -29
533 MH 3350 13 1.005 5 1.885 -0.880 -47
535 MH 195 - 0.706 2 5.655 -4.949 -88
581 MH 2360 - 0.707 3 5.650 -4.943 -88
579 MH 2450 - 0.353 8 1.410 1.057 75

El) Catchbasin

(2) Manhole with catchment



acenmulations of sediment in the pipe system are low since scour velocities
can lLe m .ntained in aboul 9U percent of the Lake Hills and Surrey Downs
storm drainage systems.

During the collection of catchbasin sediment data, routine observations
ware not made on the amount of sediment in the pipes. However, a special
survev was conducted on October 30, 1980. The objective of that survey was to
observe the magnitude and characteristics of sediment in the pipes of the two
study areas. The following general observations were made:

1. The wnumber of pipes throughout the sewerage systems
of both Lake Hills and Surrey Downs that had
sediment in their inverts appeared to be minimal.

2. As expected, the pipes that contained significant
amounts of sediment were either: mildly sloped
(1.5 percent cr less); located close to aun
off-street source of sediment such as steep,
sparsely vegetated, unprotected soil slopes; or
both mildly sloped and located near a sediment
source.

3. The physical characteristics of the sediment in the
pipes appeared to correlate well with those of the
sediments depcsited in the nearest downstream
catchbasin or mauhole.

Based on the observations made during the October, 1980, field survey,
the volume of sediment accumulated in the pipes throughout Lake Hills was
approximately 50 cubic feet (l.4 cubic meter). Assuming a specific gravity of
2.0 grams per cubic centimeter, sediment in Lake Hills totaled about 6200
pounds (2800 kg). In Surrey Downs, the pipe sediment volume was estimated at
over 700 cubic feet (20 cubic meters) or 87,000 pounds (39,000 kg). Most of
this sediment was observed in silted-up pipes along 108th Avenue and Westwood
Homes Road. (These streets are nct being swept.) The pipe sediment volume
estimated to be available for runoff transport in Surrey Downs was about ten
cubic feet (0.3 cubic meter) or 1250 pounds (570 kg), and was observed in the
pipes connecting catchbasins 506, 507 and 509.
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SIFCTION 9
STREET CLEANING EFFECTS ON OBSERVED RUNOFF QUALITY

The coordination of street surface sampling, street cleaning operations,
ard runoff monitoring allowed many different data analyses procedures to be
used to investigate possible effects of street cleaning on runoff water
quality. The use of two test basins and the rotation of the street cleaning
overations also allowed one basin to be compared against the other basin,
along with internal basin comparisons. This section 1s divided into two
subsections. The first discusses the washoff of street dirt while the second
discusses the observed water quality conditions at the different sites under
varicus street cleaning operations.

WASHOFF OF STREET DIRT

Studernt's "T" Tests to Compare Before and After Rain Loadings

The first method used to determine the amount of streec dirt that was
washed off by rain events used data given in Tables B-1 through B-13. The
total solids street dirt loadings having less than two days of accumulation
were separated into two groups. One group contained loading values that had
been affecced by a significant rain within two days of sample collection
while the other group of data contained total solids loadings that were
affected by street cleaning within two days. In addition, these groups were
subdivided into dry and wet seasons for each of the five study areas. Paired
Student's "T" tests were then conducted to identify significant differences
between the loadings before and after street cleaning or rains. Student's "T"
tests were also used to compare before and after loadings during wet and dry
seasons in each of the five basins.

In about half of the cases, the loadings on the street after the rains
were significantly different for the dry versus the wet seasons. Much of this
difference may be due to the characteristics cf the rains during the two
seasons. During the dry season in Lake Hills, the before storm loadings were
about 320 to 400 lbs/curb-mile (90 to 110 g/curb-meter) and there was a
significant difference between the residual loadings after street cleaning
versus after rains. The streets after street cleaning were about 50
lbs/curb-mile (14 g/curb-meter) cleaner than after the rains. During the wet
season, the difference was reduced tc about 20 1lbs/curb-mile (6
g/curb—meter), but the difference was not significant. During the wet season
in Lake Hills, the s-reet loadings after street cleaning were about 15 to 20
1lbs/curb-mile (4 t> 6 g/curb—meter) less than after the rains, but these
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aot sivnificant. The Lake Hills wet season af;er street
229 1bs/curb-miie (50 to 64

A1t eTrenc2s wore also
. . 5
cicaning or rain loadings were all about 175 and

S/curb-meter).

Paired "T" test were used to examine the lcadings on the streets betfore
the rains and the losdings on the streets after rains in the Surrey Lo . and
Lake Hills main basins. This data was also separated into three major
categories corresponding to runoff volumes of less than 0.1 inch (2.? wm) ,
betweer 0.1 and 0.4 inch (2.5 and 10 mm), and greater thar 0.4 inch (10 mm).
For both the Surrey Downs and Lake Hills data, the small runoff volumes
resulted in a street loading difference between 35 and 50 1bs/curb-mile (10
and 14 g/curb-meter) at very significant levels. The removals during runoff
events of 0.] to 0.4 inch (2.5 to 10 mm) were much smaller (between 10 and 20
1%s/curb-mile, or 3 and 6 g/curb-meter) and were not significant. For runoff
events greater than 0.4 inch (10 mm), however, the removals were between 75
and 125 1bs/curb-mile (21 and 35 g/carb-meter), also at significant levels.
These results were quite surprising as 1t was thought that the very smallest
runoff events would not result in any removal of street surface particulates.
It was found in Castro Vailasy, California (Pitt and Shawley, 1981), that
rains having more than 0.4 inch (10 mm) in runoff volume usually corresponded
to increases in street surface loadings due to erosion material being left on
the streets after these larger rain events. Most of the street dirt removal
in Cas:iro Valley was fcund to cccur during rains of between 0.1 and 0.4 inch
(2.5 and 10 mm) in runoif. When all of the Bellevue data were considered
together, betwcea 35 and 45 1lbs/curb-mile (10 aud 13 g/curb-meter) were
removed by the rains. The typical loadings on the streets before rains in
Lake Hills was about 210 lbs/curb-mile (59 g/curb-meter), with about 36
lbs/curb-mile (1U g/curb-meter) removed. In Surrey Downs, the loadings on the
streets before rains were larger (330 1bs/curb-mile, or 93 g/curb-meter) and
the removals were about 46 1bs/curb-mile (13 g/curb-meter).

The median particle sizes shown »n Tables B-1 through B-13 were also
compared using paired "T" tests. In all cases the median particle sizes were
found to increase by about 100 microns (at significaat levels) in Surrey
Downs and (at marginclly significantly levels) in Laie Hills. When the Surrey
Downs data were separated into these three runoff size groupings, the
particle size changes associated with the smallest and the largest rains were
significant, while the medium rains did not result in any significant changes
in median particle sizes. The intermediate runoff volume range had median
particle size values tnat decreased after the rains (but at insignificant
values). Large incr:ases in median particle sizes occurred for the largest
runoff events (an increase of about 500 microns in Surrey Downs, from initial
particle sizes of 570 microns to residual sizes of about !,100 microms). This
very large change could be caused by large removals of smali particle sizes
and/or increased loadings of the larger particle sizes. "his would be
expected during the larger rain events which carry substantial erosion
material from surrounding areas, some of which may be deposited onto the
street's gutters. Table 9-1 summarizes these paired Student's "T" test

results for total solids and median particle sizes for both Surrey Downs and
Lake Hills.
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Table 9-1. STREET DIRT LOADING CHANGES DUE TO DIFFERENT STORM VOLUMES

Surrey Downs

Total Solids - all
<Q.1“ runoff
0.1 - 0.4" runoff
>0.4" runoff
Median Size - all
<0.1" runoff
0.1 - 0.4" runoff
>0.4" runoff

Lake Hills

Total Snlids - all
<0.1" runoff
0.1 - 0.4" runoff
>0.4" runoff
Median Size - all

Initial

330 1b/curb mi
370

270

310

680 microns
650

780

570

210 1b/curb mi
190

210

280

570 microns

Residual

280
320
250
190
770
730
740
1110

170
150
200
200
680

Change

-46
-47
-20
=120
90
83
=37
540

=35
~36
-12

110

% Reduction

1%
18.
.77
27.
19.

9%

9%
3%

9
.7
4
7

increase
increase
reduction

increase

reduction
rednction
reduction
reduction

increase

Siqnificancn

nf channe

99.5%
97.5%
£5%
95%
85%



Because of these consistent (but unexpected) results in loadings ?nd
particle size changes for different runoff volumes, street dift washofl was
turther analyzed to determine effects associated with rain volumes and peak
rain intensities. The street surface loadings fur total solids and for each
of the chemical constituents were plotted on log~log papet. The initial
loadings were plotted aga.nst the residual loadings and the assoclated runoff
volume; were marked at esch peint on the graph. The results showed that the
residual loadings were spparently unaffected by heavy runof £ vrnlumes, but
somewhat affected by the initial loadings. About 65 percent of the cases

resulted in actual street dirt removals, while the other 35 percent had
‘ncreases in strect loadings due to rain. The average runcff volumes were

about 0.1 inch (2.5 mm).

Other plets were made on log-log paper comparing the initial street
surface lcadings against the runoff volumes, The event mean concentration
(emc) values for che runoff events were plotted at each corresponding poilat.
Table 9-2 summar’zes the minimum initial street surface loadings for each
colstituent that cor.esponded to a fairly small region of maximum runoff
concentrations. In almost all cases, the runoff volumes associated with this
region of maxirum concentrations ranged from about 0.04 to 0.08 inch (1.0 to
2.0 mm). Tha vegion for COD was much greater and less defined. There were
several exceptions on each plot, but the street lcading values shown may
indicate a reasonable street cleaning goal to minimize maximum runoff
conceutrations. The cause and ¢ffect relationship on these diagrams, however,
was not clear and the presence of the few maximum observed runoff events in
this smdall region may only be coincidental.

Regression Analysis of Street Dirt Washofr

The previous discussion showed that washoff was most likely dependent
only on the street loadings before the rain for the rain conditious observed.
Figures 9-1 and 9-2 plot the observed initial and residual street surface
loadings for each of the three Surrey Downs areas and the Lake Hills and
148th Avenue areas. These plots were ln-transformed in order to obtain a more
even spread of the data, so regression analysis could be performed. Again, it
is seen that some data points occurred in the region of loading increases,
while some also occurred in the region of loading decreases. Table 9-3
summarizes the linear regression equations for each of the study sites and
some corresponding washoff values. The regression equations did not have very
geod regression coefficients. The main Surrey Downs basin had the best
regression coefficient of about 0.8. Tha other regression coefficients were
about 0.5. Additional regression relationships were determined for residual
load as a function of the peak rain intensity, the residual load as a
function of runoff volume, and the initial median particle size versus the
residual particle size.

Figures 9-3 and 9-4 show the changes in median particle size for the
Surrey Downs, Lake Hills, and 148th Avenue test areas. Again, a large amount
of data scatter was observed. ?un *he Surrey Downs basins, 108th Street had
the largest initial and residuz. sizes for most of the data points observed.
Westwood Homes Road had some very !igh umedian particle sizes restricted to
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constituent

Total Solids
Lead

Zinc
Phosphorus
TKN

Coo

Table 9-2.

LOADINCS CORRESPONDING TO A REGION OF

STREET SURFACE

MAXIMUM RUNOFF CONCENTRATIONS (LAKE HILLS)

street
load {1b/curb-mi)

150

0.16
0.035
0.08
0.25
15

runoff

depth (n)
0.045 - 0.075
0.045 - 0.08
0.C4 - 0.075
0.0645 - 0.075
0.045 - 0.07
0.02 - 0.3

max.
runaff conc. (mg/1)

> 200
>0.3
>0.15
>0.5
>1

>50



1v1

RESIDURL LDFRD (Yn 1b/curb-mile)

FIGURE 98-1

SURREY DOWNS WHSHOFF CF STREET

DIRT

2
R -
Bl o
by INCREASED LOADINGS _// ,
L o A
t ° G"./ A
| A o
o 29 ////e
1 A AA (o] ) 006 A
s o g8 rTe
B A¢43 PAGO Oeo &P
—— /A‘/ s A
p 8 o
B G%/E/// A 8
2.4 \e\?$/' o]
° o s
o O «
a8 o 4o e DECREASED LOADINGS
- _ 3}
5—”—'0
L P P Pt Py P PP P P P
4.4 I4.6 4.8 ' 5 5.2 5.4 5.6 5.8 6 6.2 6.4 K.6 6.8 7

® SURREY DOWNS
4 108th St.
m WESTWOOD HOMES RD.

INITIARL LORD (Y n Yb/curb-mlle)

7.2



2vl

RESIDUARL LOAD (1n Yb/curb-mile)

FIGURE 9-2

E?KE HILLS & 148+th AVE STREET UIRT &

M

HSHCFF

L INCREASED LOADINGS

A

ol ol B

/// o DLECREASLD LOADINGE

Al o
\

D A R R R S R
[ IR R B PO P

4 4.2 4.4 4.6 4.8 IE 5.2 5.4 5.6 5.8 6 £.2

© LAKE HILLS INITIAL LORD (1n 1b/curb-mile)
» 148th Ave. S.E.



Evl

Table 9-3. MODELED WASHOFF OF STREET SHRFACE PARTICULATES BY RAINS

(1)

Lake H1115(3)

Al AreaG,a)

Surrey Downs Surrey Downs 2 Combined®
main bhasin 108th St.
initial resid. wash- recid. wash- resid. wash-  resid, wash-
load™ load™  off***  load off 1nad off 1oad off
100 103 -3 141 -41 95 5 108 -8
200 185 15 220 =20 162 38 135 14
400 332 68 344 56 278 122 322 78
600 463 137 444 156 377 223 440 160
800 595 205 537 263 475 325 557 243
1000 702 298 610 390 554 446 651 349
1200 830 370 693 507 h46 554 761 439
(1) 1n (resid. load) = 0.83[tn {initial load]) + 0.80 r2=10.77 N = 33
(2) 1n (resid. Toad) = 0.64[In (initial Toad)} + 2.02 r2=0.50 N = 23
(3) 1n (resid. Toad) = 0.76fin (initial 1oadD) + 1.02 r2 = 0.45 N = 27
(4) 1n (resid. load) = 0.78[1n (initial Toad)] + 1.08 r2 = 0.55 N = 108
Includes all 3 Surrey Downs sites, Lake Hi)ls and 148th Avenue combined.

* initial loads before rain
** residual loads after rain

**+& washoff = initial load - residual load
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the rarye ot gloat 3w to 1,000 microns. The 14¥th Avenue test arez and the
Lok Hills are: had median particle sizes that were quite similar and ranyed
trom about 5! to bUO microns in most cases.

Plots of washefr as a function of runoff volume are shown as Tables B-10
and B=11 {n Appendix B. These plots show a fairly random distribution of
washoft when conpared against tunoff volume. These plots indicate that runcff
vnlume had very little effect on the washoff for the range of conditions
stucdied. In most cases, tho washoff was about 40 lbs/curb-miie (11
p/eurb-meter) for each storm event, irrespective of the runoff volume. There
was, however, quite # suostantial amourt of scatter, especially in the Surrey
Downs basins. Figures B-12 and B-13 are similar and compare the loadings on
the streets after the 1ains with the runoff volumes. Again, there is a large
amount of scatter in the data with no apparent trend observed. Figures b-14
and B-15 plot ail of the data points showing the residual street surface
total solids leoauings against the peak 3U-minute rain intensities. These last
two plots also display a large amount of variation with no apparent trend.

Multiple Linear Analysis of Street Dirt Washoff Data

Even though no appareat trends were observed in the precedirg simple
regression relationships, a more detailed study using stepwise multipla
linear regression was used to determine if these parameters may affect
residual load*ngs when considered together. The residual loading values were
compared to a combination of initial loads, runoff volumes, peak 30-minute
intensities, raii rotals, and average rain intensities. Various exponential
and straight-line relationships between these parameters were tested with no
apparent satisfactory conclusion. These analvses were also conducted for
individual particle sizes in order to isolate the majer parameters. After
many tries and many transformations of the differeat parameters, the best
regression coefficient obtained was a very poor 0.3.

Earlier studies (Sactor and Boyd, 1972) found an exponential washoff
relationship relating the residual load to the initial load times a natural
exponent of a rain parameter. This model form was also attempted with the
Pellevue data, but with disappointing results. The Sartor and Boyd
relationship is as follows:

N =N e-krt
o

Where N = Residual load
N = Initial load
= Rain intensity (in inches per hour)
Duration of rain (in minutes)
= proportionality constant depending on particle size and street
surface roughness.

L i ale]
]

The factor of rt, or rate :imes time, is equal to the total amount of
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iainfall. This can be expressed in inches if the k value is multiplied by 60,
This equation then simplifies to the following form:

The k constant is equal to about 0.6 inch (15 um) for the particle sizes of
concern, and R is the total rain expressed in in-hes.

This equation was determined from many controlled tests in Bakersfield,
California. An artificial rainfall apparatus was used on typical street
surfaces. This portable rain simulator applied water uniformly over a section
of the street at various controlled "raintall" rates. The water was supplied
from nearby fires hydrants and was sprayed vertically, about four to six feet
(1.2 to ].8 meters) high through hundreds of small jets. The water broke into
discrete droplets abtout the size of common raindrops before they fell to the
street surface. The device produced a water flow pattern on the street
surface which had the appearance of a moderate to heavy rainfall. Sartor ind
Boyd found that the soluble street dirt contaminant fractions go into
solution with the impacting raindrops and the horizontal sheetflow provided
good mixing turbulence and a constant supply of clean water to remove the
materials to the gutters, The particulate matter was moved by the impact cf
falling drops which were then bounced along the street surface by repeating
impacts of other drops and carried by sheetflow. They noted that a
substantial amount of the particulater were found in small pits, cracks, and
other irregularities in the street surface and were not easily removed.

These field tests were conducted on street surfaces having moderate to
heavy loadings of total solids in all particle sizes. One concrete and two
asphalt streets were flushed by the simulated rainfall for a period of 2.25
hours. Samples of the runoff and the particulates in the gutters were taken
every 15 minutes. At the end of the test, the streets were flushed thoroughly
with firehoses to wash off any remaining particulates and soluble material.
Only two rainfall rates, corresponding to 0.2 and 0.8 inch (5.1 and 20.3 mm)
per hour, were used in these tests. Unfortunately, even the smallest rainfall
rate was many times greater than any sustained rainfall rate observed in
Bellevue. The maximum rainfall rate was much greater than what could ever be
expected in Bellevue under most conditions. These very high intensities may
only occur for very short periods of time.

Sartor and Boyd found that the initial flows from the streets were quite
dirty, but they then became cleaner and cleaner during the period of the
test. The pattern of contaminant concentrations in the runoff water followed
very similar patterns for each of the test areas and the two rain
intensities. The washoff patterns were also similar for all particle sizes.
Again, they found that the transport of the particles across the strest
surfaces fitted the exponential function given previously. The curve fits for
these tests were quite good, and total accumulative washoffs for most
particle sizes reaching constant values after about 30 minutes of rain. They
found that the proportionality comstant (k) in the runoff equation was
dependent upon the street surface properties, but was not dependent upon the
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Cooy radatatl Antensities that were monitored, Thev also found that this
censtane 9l not vary greataes for ditferent pasticle sizes.

These verv interesting field tests contributed much to the knowledge of
strect surtace particulate washoff, but thev were conducted in very
controlled situvations using rainfall intensities that were not typical of at
least Bellevue cordicions, and ere probably much greater than are likely
tound in most parte of the country. These tests also did not consicer the
eltects of trattric oo the street surfaces cduring railns. Traffic would have a
tendency to remove more of the ~treet dirt particulates during rainfall
events (Pitt, 1979). The tests were also conducted on very hot streets during
very hot summer days. This 1is far different than is likely to occur in
Be_levue during rain events where the street surfaces and air temperatures
are much cooler, The drier and hotter conditions are thought to help retain
the soluble materials on the street surfaces and could result in substantial
flash evaporation of the rain upon contact with the street surfaces.

Observed Washoff as a Function of Particle Size

Figures B-16 through B-23 are plots of the initial street surface
loadings versus the residual surface loadings for each of th= eight different
particle sizes. Also shown on these figures 1s the percent washoft, ot
increase, for each of the rains studied. The smallest particle sizes have
most of the data points falling in the washoff category, but some rair events
dia produce increases in loadings. For particle sizes greater than 2,000
microns, more storm events produced street surface loadings increases than
decreases. The befcre and after street surface loadings for the Lake Hills
site were compared using Student's "T" tests to identify significant
differences in loadings. There were no differences observed for wet versus
dry season washoff quantities, but the initial loadings were significantly
greater than the residual loadings for particle sizes smaller than about 500
microus. The smuilest particle sizes have the greatest significant washoffs,
while particle sizes greater tian about 500 microns had lower significant
washoff valuer. When the washoff conditions are averaged, removals show a
distinct pattern. Figure 9-5 shows the average percent washoff for each of
these particle size ranges. In the smallest particle sizes, the washoff
varied from about 40 to 50 percent, while increases were found in the larger
particle sizes. The overall washoff averaged about 16 percent. Figure 9-6
shows the size distribution of the washoff material. This size di.tribution
is very similar to the pattern shown in Figure 9-5. Most of the material thac
washes off the street surfaces occurs in particle sizes less than about 125
microns. Only about ten percent of the washoff material ie greater ttan about
500 microus in size. Again, the largest particle sizes are notably absent
from washoff material. Figure 9-7 shows the quantity of material that is
washed off of Lake Hills streets by particle sizes. A total of about 30 to 35
lbs/curb-mile (8 to 10 g/curb-meter) is removed from the street surfaces,
with about 15 to 20 pounds (7 to 9 kg) of this material in particle sizes
smaller than 125 microans.

Table 9-4 shows the estimated washoff percentages for the street surface
pollutants. For all sites, about 14 percent of the total solids would be

148



6v1

WASHOFF OF ORIGINAL LOAD (percent)

FIGURE 9-5

PERCENT WASHOF: BY PARTICLE SI/ZE

63 | 63- 1125- |250- |so0- |1go0- | 2000- | »6350 | T9TAL
[JHET SERSON

o
>
=



FIGURE 8-8
WHSHOFF ST/ZE DISTRIBUTION

...... g
o POV

[REREERRE

o
~

B

n [ 1] ) [Sp) () ()
m m N N — — n B N —

(yuedsad) YI¥3LUW 44CHSGM 40 NOILNEINLISIQ 3ZIS

150

125- 253~ | 500- | 1000- | 2060- | »6350
[JHET SERSCN

63~

<63

Eg—DRT



161

WASHOFF (1b/curb-mlle)

—
G

N W e U DD W

LAKE

FIGURE ¢-7

HILLS STREET DIRT WARSHOFF

l I | I

<63

E—DRT

| 125- | 250- | soo- |1o00- |2000- | 56350

D—NET SERSON



24l

Table 9-4. ESTIMATED WASHOFF OF STREET SURFACE POLLUTANTS (PERCENT)

Median
Particle
Size of Washoff Total

(Microns) Solids r£on TKN TP Ph In
Surrey Downs 180 16% 15 19 16 27 21
108th Street 380 9 10 15 7 18 11
Westwood Homes Rd. 180 13 10 15 13 20 16
Lake Hills 160 18 16 20 19 25 23
148th Avenue, S.E. 220 15 12 15 15 21 21
Average: 230 14 13 17 14 21 18



removed tor the rains that wer observed during these tests. The percentage
is chout the samc, or slishily less, for COD and total phosphorus, while it
is slightly more for total Kjeldahl nitregen and zinc. The washoff percentage
is substan&ially greater for lead because of the greater sbundance of lead in
the smaller particle size rauges. The lUSth Street area had much smaller
wasnofts than any of the other sites, probably because of the greater
abundance of larger sized particles on that street, Westwood Homes Road also
had smaller washoffs, again because of the larger particle sizes found there.

RUNOFEF WATER CQUALITY CONCENTRATIONS AND YIELDS DURING FERIODS OF DIFFERENT
STREET CLEANINC ACTIVITIES

Figures B~24 through B-31 are simple plots relating observed storm

runoff concentrations as a function of
this Information for the two different
seasons separately. The two symbols on
when streets were not cleaned and when
These are similar to the figures shown

the total rain. These figures show
study sites and for the wet and dry
the pleots represent periods of time
the sireets were intensively cleaned.
in Section 6, except that these plots

are separated by periods of different street cleanliiness. Again, the highest
concentrations are generally associated with rhe small rain volumes. However,
many wore data polnts are available for the smaller rain events and if
additional data were available for the larger events, then a greater spread
in data may have occurred.

S i ete
. e

ey

The lowest concentrations for any rain event are wany times associated
with periods of time when the streets were not being cleaned. Increased
concentrations during periods of intensive street cleaning may be associated
with loss of armoring. Sutherland (1982) states that bed armoring cccurs when
large stable particles rest upon and pin cmaller unstable particles that
would otherwise have been lifted and transported. Since the street cleaner is
removing or disturbing a significant portion of these larger particles, the
runvff 1s more efficient in removing the smaller particles that remain. Other
activities such as wind, traffic, and local ercsion may have the same effect
as street cleaning, since they disturb the particle size distribution and
magnitude of the accumulation. These other activities will also have the
tendency to increase cie effectiveness of runoff in removing the smaller
particles chat remain on the street or were added to the accumulatiou.

Figures B~32 through B-35 show this same data, but transformed. The
total solids and lead loads for each storm are plotted against the observed
flows. These plots have their scale on a log basis to more evenly spread out
the data. Again, the data is separated by season, study area, and street
cleanliness. The even distribution of the data for these plots indicate that
regression analyses are possible. Figures 9-10 through 9-14 show the results
of these regression analyses. A 95 percent confidence interval is shown
representing “concentrations” for periods of street cleaning and pericds of
no street cleaning. These confidence bands contain 95 percent of the
observationc for each of these cleaning situations. The tctal solids figures
for Lake Hills and Surrey Downs for the wet and dry seasons (the Surrey Downs
dry season 1s missing due to very few data collected during that period of
time) show that the confidence intervals for the two street cleaning
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situations are not distioct - cverlap through mch of the aata rarges.
Fleures Y=12 and 9-la are tor lead 1iu also <rhow sabstant{al overiap of the
cortidence hands toar clean ao i ditty street conditions. Thera is a sonewhat
wicatetr Cervaration in the contfidence bands for lead than there is for total
sulids. However, they are not completely separated and signitficant
ditterences (at the 95 percent confiderce level) cannct *» - asidered for the
two different street cleaning periods crer the complete range of flow
conuitions. The estimated confidence intervals that may correspond to
separste countidence bands for the lead analyses are at about the 60 percent
level, which is very low. Durinyg the Lake Hills wet season, the dirty street
surtace conditions sometimes resulted in a lower runof{ yield for constant
flows than during clean street surface conditions (possibly due to bed
armoring efrects discussed previously). During the Lake Hills dry season and
during the Surrey Downs wet season, however, the cleaned street surface
conditions resulted in typically lower conceantrations. Again, the confidence
ievel of these conclusions is very noor.

RELATIONSHIPS BETWEEN STREET LOAD, RUNOFF YIZLD, AND RUNOFF VOLUMES

Preliminary analyses of the Bellevue runoff yield and street surface
loading data were performed in the first annual report (Pitt, et al, 1981).
This early data analysis effort included plotting the ratio of street surface
load to runoff yield as a function of runoff volume. These early efforts were
successful as the regression coefficients were quite high (approaching 0.95).
The ratios were high (several hundred) for low runoff volumes (less than 0.1l
inch, or 2.5 mm of runoff) and then decreased rapidly with increasing runoff
volumes. 1t was thought that these plots showed the sensitivity of runoff
yields to street surface loadings. During low runoff volumes, the amount of
material on the street before the rain was many times greater than the total
runoff yield observed. For large runoif, however, “he initial street surface
loading values were fairly close to the total runoff yield for such
constituents as lead, zinc, and COD, but was much smaller than the runoff
yield for mutrients. This conclusion made sense when recognizing the washoff
processes in an urban area. The smzll rain volumes are only capable of
removing the material from the directly connz2cted impervious areas, as the
rain intensity is only large enough tc dislodge the materials and flush them
along the street surface. As the rain and runoff volumes increase, all of the
street surface material may have been removed, but additional materials from
adjacent areas were washed onto the streets and drainage systems through
erosion processes. During very large rains, the erosion materials would be
much greater than the quantity of street surface locadings removed.

Similar observations relating the street load to runoff yield ratio
versus runoff volume were obtained previouslv in Castro Valley, California
(Pitt and Shawley, 1981). In Castro Valley, more coustituents were analyzed,
but for fewer rains (a total of about 25 complete data sets were available).
In Castro Valley, the regression coefficients were mostly 0.95 or greater,
showing very good agreement of the deta with this conceptual model, In
addition, the relative placement of the curves for the different constituents
also satisfied these washoff hypoiheses. As expected, lead maintained the
highest ratio of initial street surface loads to runoff ylelds over the
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complete ranpe of runoff volumes when compared to the o-her constituents. In
other words, the lead street 'oads were quite important when compared to the
lead runotf yields for most rains. Followiny lead in order of decreacing
sensitivity were total solids, arsenic, COD, total phesphate, zinc, total
“jeldahl nitrogen, and orthophosphate. This order is probably a fairly
accurate order of the impor!ance of street dirt constituents te runoff
vields.

Jpon reviewing this data analysis procedure, it was determined that
spur‘ous self-correlations may be responsible for a large portion of these
high regression coefficients. Spurious self-correlations may occur when the
depnndent parameter concains the independent parameter as part of its
definition. An example of this would be relating a parameter having very
lavge values against these same values minus a relatively small, but random,
variable value. If the large values were in the range of 1,000 to 10,000, and
iv the other parameter values were these same large values minus a smaller
independent value (say in the range of about 10U), then the linear regressiomn
coefficient between these two values would be very high. Fven if the large
and tne small parameters were completely independent and random, the
regression coefficient could be 0.9 or greater (a very good straight line
fit) for this example. The dependent jarameter would vary between 90 and 100
percent of the independent parameter. Tiiis same problem may occcur through
other normalization procedures, such as multivlicatio: or division of the
independent parameter.

The relationship between the street surface load and runoff yield ratio
versus runoff volume was thought to possibly be seli-corralated. The runoff
yield is the concentration times the runoff volume. Therefore, these
relationships are really street surface load divided by concentration times
runoff volume, while the independent variable was runoff volume. In order to
determine the importance of self-correlation (because the runorf volumes were
included as both the independent and as part of the dependent variable)
variovus random nuwber distributions were used as raw data testing these
different relationships. Random log-normal distributions representing the
typical range of street surface loading values for total solids, runoff
concentrations and runoff volumes were selected using a simple computer
program. These random distributions were completely independent and
uncorrelated. The runoff yieid for these random values was calculated by
multiplying the concentration times the volume times the appropriate
conversion factor. The initial street surface load was multiplied by the
total number of curb-miles in the basin to obtain a dimensionless ratio of
initial street surface load to runoff total solids yield. This ratio was
plotted against the runoff volume, expressed in inches. Figure 9-15 shows
this random log-normal distribution. The data scatter pattern is similar to
the forms r~btained using the real data, but the random data has much more
scatter. The upper boundary at the data plots gernarally represents the shape
of the curve determined using real data. The regression coefficients using
these random values ranged from about 0.2 for a straight line to a high of
about (.4 for a hyperbolic curve. Other curve forms attempted had regression
coefficient values intermediate to these two values.
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Figure 9-16 shows the ratio of the log-normal randow injtial street
surface lcads to the random runoff concentrations plotted cgainst ranaom
tunoft flows. These value are not self-corrclated because the concentration
values were directly measured and are not highly correlated with the runoff
flows (as Jiscussed in Sectiou 6). The largest regression coefficient using
this type of procedure was about 0.18 for a typerbolic curve. All of the
other curve forms had extremely low regressioa coefficients.

The regression coefticients for these types of data analyses can be
assumed to be the minimum values possible without getting into significant
spurious self-correlation problems. If the regression coefficients for the
real data were substantially greater than the regression coefficients for
these randor number values, then the calculated values using the real data
can be important. As noted earlier, the regression coefficients for the
preliminary Bellevue data analyses were somewhat higher than these log normal
random number vaiues, while the values using the Castro Valley data were much
larger than these values. Therefore, this analysis procedure can be
important, but care must be taken in its use and interpretation.

Lake Hills data were used in these analyses because the whole basin was
cleaned by the street cleaning equipment. In Surrey Downs, only 3.5 miles
(5.6 ¥m) of the 5.5 miles (8.8 km) of street were cleaned and, therefore,
street cleaning would have less potential beneficial effects on runoff water
quality. Figure 9-17 shows a plot relating the ratio of initial total solids
street surface loads to the runoff yield versus the runo:if volume. The
pattern of the data scatter shown is very similar to the relationships found
in the preliminary analyses. The location of the knee of the curve indicates
the importance of street surface lcadings to runoff yield and occurs at about
0.1 inch (2.5 mm) of runoff. If the knee of the curve is located at a high
runoff volume, the street loadings ard street contaminant washoffs would be
more important over a wider range of rain and runoff conditions than for a
contaminant whose curve knee occurs at a lower runoff volume. There is quite
a bit of scatter beneath the upper boundary of the data points, but the
scatter 1s much less thana was shown on the random data plot of Figure 9-15,

Figure 9-18 relates the ratio of the observed total solids street
wastioff to the runoff yleld against the runoff volume. The pattern of the
data scatter is quite similar to Figure 9-17, with the knee of the zurve
somewhat less than 0.1 inch (2.5 mm) of runoff. Figure 9-19 relates the ratio
of street surface washoff of leau to runoff yield against the runoff volumes.
Figure 9-20 relates the ratio of total solids street load to runoff
concentration against the runoff volume. In this case, the only relationship
observed is a constant value for the ratio of about one to twc lbs/curb-mile
(0.3 to 0.6 g/curb-meter) per mg/l. This ratio is somewhat constant over the
complete range of runoff volumes, but some very high values intermittently
occurred. This constant relationship was further investigated in Figure 9-21
which relates the initial *otal s=olids “oad on the street to the observed
runoff concentrations. No apparent relationship was observed for this case.

Figures B-36 through B-39 relate the ratio of street surface washoff to

runoff yield values for total Kjeldahl nitrogen, COD, phosphorus, and zinc
against the runoff volumes. The patterns of all of these scatterplots are
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A el wivartase of using test o ana control basins is the abilits to
Comeare the tunatt o qualiry docing dlifterent test conditions in the diftorent
ttensive street cleaning operations were rotated, so that strect
clemine occurred in both hasins duving wet and dry seasons, while the oth ¢
basin did not have any street cleaning. In addition, about two months during
poth the dry and the wet seasons did not have anv street cleaning in either
basin. The periad of time with no street cleaning was used to "ralidrate” the
basi1as. Urtan runott corditions at the wwo <jtus during these no cleaning
peticds wer2 compared to determine "natural” diftcrences and variations.

hising. i

Table 9-5 identif:es the stotms tor the period of time when strect
civaning wars not conducted in either basin. Also shown on this table are the
rain totals thit occurred in each basin for these calibration storms, al'ng
with the ratin >f rain totals for the two basins. Several other rains also
veccurred durirng this time peviod that were completely monitored, but the
ditrerences in rain volumes at the two sites were very large. This was quite
common with the smallest rain events as described previously in Section 4.
“hose storns wich quite ditterent rain volumes for the same rain period were
climinated tvom these analyses. This table shows that 20 storms were
completely monitered during periods of no street cleanin in either hasin.
The average rain in beth basins was about 0.45 inch (11 mm), or about twice
the volunme ot the werase rains during the complete study period. The range
of rains during this calitration period were from about 0.04 inch (1 mn) toc a
high of about 1.25 inches (32 mm). These calibration rains, however, were
weighed more towards the larger rain events than the typical dictribution of
raing. The smiller rain events experienced much greater variations in
observed rainfall and rinnff volumes and more of the smaller events were
eliminated from the analrses.

Table 9-t summarizes the storm information during periods when intensive
street cleaning was conducted in Lake dills, while no street cleaning
occurred in sSurrey Downs. The 27 monitored storms were divided about evenly
between the wet and dry seasons. Again, the average rain volume during this
period was guite a bit larger than the average rain volume over the complete
period of testing. Table 9-7 is a siriler listing, showing raein data when
intensive street cleaning was conducted in Surrey Downs, but no street
cleaning was conductad in Lake Hills. Almost all of these storms occurred
during the vet season because of early sampling equipment problems in Surrey
Lowins as described in Sections 5 and 6.



Tanle G,5. COMPLETE STORM DATA DURING PERICAS OF NO STREET
CLEANING IN EITHER BASIN (CALIBRATION DATA)

Lake Hills Surge){ Nowns Ratn Ratdo
. 1 in b
R v (in) (in) (LH/5D)
7/11/80 dry 21 0.28 0.22 1.27
7/1% dry 22 0.15 0.15 1.00
3/:6 dry 25 0.04 0.08 0.50
8/27 dry 26/26+27(1)  0.43 0.55 0.78
9/1 dry 28+29/28 0.52 6.50 1.04
9/6 dry 30 0.23 0.27 0.85
9/12 dry 31 0.12 0.08 1.50
9/13 dry 32 0.16 0.14 1.14
11/28 wet 51 0.83 0.86 0.97
12/14 wet 55 0.17 0.11 1.55
12/20 wet 56 0.43 0.43 1.00
12/24 wet 58 0.726 0.26 1.00
12/24 wet 59 0.44 0.51 0.86
12,26 wet 61 0.32 0.34 0.94
12/29 wet 62 1.11 1.14 0.97
7/6/81 dry 114 0.64 0.53 1.21
7/13 dry 116 1.25 1.17 1.07
1/10/82 wet 156 0.35 -,0.30 1.17
1/15 wet 158 0.98 '1.10 0.89
1/17 wet 159 0.18 0.16 1.13
average: 0.45 0.45 1.04
minimum: 0.04 0.08 0.50
max imums 1.25 1.17 1.55
N =20

(1) 1H/SD stom numbers. if different
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Table 9-6. 0 PLETE STARM NATA NHRTNS FIRINNS OF
STREET CLEANINS IN LAKE HILLS OMLY

Lake Hills Surrey Downs
Storm Seasan Starm Rain Rain Rain Ratio
0t Niymher {in) {in) {LH/5n)
9/29/80 dry 34 N.25 0.38 0.66
17/8 wey 37 0.11 n.19 n.58
/- wet 38 0.15 0.12 1.33
2524 wet 39 0.17 0.16 1.06
10/31 wet a0+41/740(1)  9.74 0.74 1.90
11/1 wet 42 0.36 n.29 1.24
11/3 wet 43 0.52 0.60 0.87
11/8 wet 45 0.41 0.43 0.95
11/14 wet 16 0.15 0.12 1.25
11719 wet a7 0.19 .21 n.91
11/20 wet 48 1.55 1.U6 0.93
1/17/31 wet h3 0.15 0.2 n.68
1/28 wet 69 0.60 0.63 0.95
2/11 wet 70+71/70 1.00 0.91 1.10
2/13 et 72 0.24 0.20 1.20
3/24 dry 85 0.21 0.26 n.81
3/28 dry 86 0.14 0.18 0.78
4/5 dry 89 n.18 0.16 1.13
4/5 dry 90 0.34 0.38 0.90
477 dry 91 0.28 0.22 1.27
4/10 dry 32 0.36 0.30 1.20
4/12 dry 93 0.12 0.13 n.92
4727 dry 97 0.53 0.47 1.13
5/24 dry 105 0.36 0.31 1.16
6/12 dry 109 0.28 0.23 1.22
6/12 dry i10 0.21 0.33 0.54
6/30 dry 113 0.33 0.25 1.32
average: 0.37 0.37 1.01
minimum: 0.11 n0.12 0.58
maximums; 1.55 1.66 1.33
N 27

(1) LH/SD storm numbers, if different
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Table 9-7. COMPLETE STORM DATA DHRING PERINDSG OF
STREET CLEANING I[N SURREY NOWNS OMLY

Lake Hills Surrey Downs

Storm Season Storm Rain Rain Rain Da%in
Date ___Number (in) (n) (14757}
4/18/80 dry 8 1.33 1.18 1.23
10/8/81 wet 127 0.77 0.24 1.13
10/28 wet 129 0.20 n.17 1.18
10/30 wet 131 G.07 0.09 n.7%
11/11 wet 132 1.58 1.50 1.05
11/13 wet 133 0.14 0.11 1.27
11/30 wet 137 0.12 0.14 1.85
12/3 wet 14C 0.15 0.19 .84
12/4 wet 141 1.43 1.27 1.13
12/9 wet 148 0.84 0.7% 1.08
12/13 wet 149 n.30 0.36 n.93
12/14 wet 150 0.95 0.87 1.10
12/17 wet 151 0.21 . 2¢ n.72
12/18 wet 152 0.69 0.79 n.87
12/23 wet 154 0.26 0.27 0.9h
average: 0.57 .35 1.09
minimum: 0.07 0.09 n.72
maximum: 1.58 1.50 1 27

N =15



Fivares B-w thrensh B-wd qre scatter paots showiog totsal solids vields

ad cencentration dittetences dn bake Hills and Surrey oo for both the dry
aind e U searors . g dny the Iy season, only the calibracion data and the
data vhen dintersive cleaning weoconreod dn Lake Hills are shown. There 1s a
Lty v amonnt o soatter and statistical tests did not shhw sinificant
dirtevences In calibration conditions for dry and wet seasons. The
observatfons were taitly evenly distribuced over a larye rauge of
concentrations and rvepression analvses were conducted tor ail of the seasons

corvined. Fryures 9-22 throuyh 9-34 show the results of thece regression
analvses by plotting Y5 percent contidence intervals for the calibratior data
points; tor cleaniny: in Surrey Downs only, and for cleaning in Lake Hills
only. There were no sipnificant ditferences noted in concentrations over the
ranpes of data that were common to &ll three data sets. Tae confidence
intervals overlapped over most of the concentration ranges. Therefore, the
confidence that street cleaning in either basin resulted in a significant
ditterence (at the 25 percent level of significance or greater) in runoff
coacentrations did not occur. In fact, the only constituents where a
ditterence might have occurred are for pH and turbidity. The pH differences
ave not very meaningful, while the turbidity differences were probably caused
by the unusually narrow range ir observed turbidity values that occurred
curing the period when cleaning was conducted in Surrey Downs.

SUMMARY

A large amount of the data analysis effort 'in this project was directed
towards attempting to identify differences in runoff concentrations and
ylelds caused by street cleaning operations. The many statistical procedures
described in this section could not identify any significant differences in
observed runoff yields or concentrations during periods of intensive street
cleaning versus no street cleaning. Verv few exceptions were observed, and
were probably due to other factors. As noted in Sections 4, 5, and 6, the
rainfall characteristics and the resultant runoff volumes create substantial
differences in observed conditions. If the runoff volumes varied by large
amounts (a difference of at least 25 percent was quite common, especially for
the smaller rains), then resultant runoff conditions could vary by much mure
than the differences caused by street cleaning.

Section 6 estimated the contributions of street surface particulates to
runoff yields. In almost all cases, street dirt was expected to contribute
less than about 25 percent of the runoff yields over the rain conditioms
observed in Bellevue. The one exception was lead, where street surfaces could
centribute about half of the total runoff lead yield. If st eet cleaning
operations could control a substantial fraction of the street surface
particulates that could be washed off the street surfaces, then a difference
in observed runoff conditions may have occurred. However, as described in an
early part of this section, rains are most effective in removing particles
smaller than several hundred microus in size. These particle sizes contain
the largest concentrations of the heavy metals and quite large concentratious
of many of the nutrients. As described in the following Section 10, normal
street cleaning equipment 1is not efiective in removing the small particle
sizes and can only effectively remove the particle sizes greater tnan several
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SURREY DOWNS TOTARL SOLIDS CONCENTRATIONS

FIGURE 9-22

TOTAL SOLICS CONCENTRATION COMPARISTONS
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TKN CONCENTRATION COMPHRISIONS
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SURREY DOKWNS COD CONCENTRRTIONS (mg/1)
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FIGURE 9-24
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SURREY DOWNS LEAD CONCENTRATIONS fmg/1)

FIGURE 98-286
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SURREY DOWNS ZINC CONCENTRATIGONS (mg/1)
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SURREY GOWNS pH

FIGURE 9-28

pH COMPHRISTONS
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FIGURE 9-29

SPECIFIC CONDUCTANCE COMPARISIONS
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SURREY DUWNS TURBIDITY (NTU)

FIGURE 8-30

TURBIDITY COMPHRISIONS
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b rve mdodonse Theveto e strect cledaniny equiptent can remove a fafrly
Vo T taen et The atal o streel surtace partilouiates, but they are aot the
paTsacualateos el can o be Cemoved by storms under the conuitions observed n

bellevac,s The reeonvad ot tlese Jarger particulates by street

cleaning may
AClud. iy anvTease Sstorm weshett because ot the

inss of the armoring erfects.
conclustons are very si1te specitic and depend upoan specitic ralnrsll
concitions Lespecially antensitivs, interevent times,

ihewe

and total raintail
quaniilies) and street surtace conditions (especially texture and state of
repalr). In Castro Valley, Calitornia (Pitt and Shawlev, 19%1), the quite
ditterent raintall and street surface conditions permitted street cleaning to
improve ruroft water guality by a maximum ot about 15 to 40 percent for lead,
total wolids, and Cob. kven under those more appropriate conditions .or
street cleaning, street cleaning had very little eftect in controlling
nutrient runott concentrativns and vields.

Une of the main reasons Bellevue was selected as a test site by the
bnvironmental Protection Agency, was because of {ts significantly different
rain condition. wh:n compared to other street cleaning test cities. The large
number ot rain events occurring evenly throughout the year (with each having
small rain volumes and intensities) and the smooth street surfaces resulted
in the frequent rains being capable of maintaining the street surface
loadings at low levels, especially for the smaller particle sizes. Intensive
street cleaning operations did significantly decrease the street surface
loading conditions, but only for the larger particle sizes. The benefits of
street cleening in controlling nuisance and safety related street surface
particulates are described in the following Section 10.
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'SECTION 10
STREET CLEANER PERFORMANCE

The design of an effective street cleaning program requires not only a
determination of accumulation rates but also an assessment of the specific
street cleaning equipment performance for the actual conditions encountered.
Service goals which consider efrects on water quality, air quality, public
safetyv, esthetics, and public relations are the driving forces in
establishing a street cleaning program. The major objective addressed in this
section of the report is to determine the effectiveness of street cleaning
equipment in reducing street particulate loadings. The previous Section 9
addressed the effects that reducing the street loads have on improving runoff
water quality. It was seen that the measured runoff yilelds during periods of
intensive street cleaning did not differ significantly from the runoff yields
that were measured during periods of no street cleaning. However, Section 6
earlier had shown that street surface runoff contributes significantly to
runoff vields for several pollutants. It was also shown in Section 9 that
rain is most effective in removing the smallest street particulates. This
section will Aiscuss the effectiveness of street cleaning equipuent in
removing particulates of different sizes. It will be shown that conventional
strect cleaning equipment is most effective in removing the largest particle
sizes: those that are not effectively removed by rains during storms. A
series of special tests were also conducted and described using a modified
regenerative alr street cleaner that shows promise i{n eff@ctively removing
the smaller particle sizes. This section, therefore, describes the results of
the full-scale street cleaning tests that were conducted during the runoff
monitoring activities, the special tests using the modified street cleaner,
special tests conducted to examine street cleaning effectiveness in other
Bellevue areas, and tests conducted to examine the redistribution of street
dirt during street cleaning. The effects of street cleaning on reducing
runoff pollutants are alsv estimated, based on typical street dirt loading
values observed for the different street cleaning programs and the washoff
potentials for the different particle sizes. Finally, the Bellevue street
cleaning program, equipment operating characteristics, and costs are
presented.

Street cleaning performance depends on many conditions, including the
character of the street surface (texture, condition, and type), street cirt
characteristics (loadings and particle sizes), and other environmental
factors. Street cleaning variables that most affect cleaning performance
include the cleaning frequency and equipment adjustments. The most important
measure of sctreet cleaning effectiveness is "pounds per curb-mile"™ for a
specific program condition. This removal value, in conjunction with the unit
curb-mile costs, allows the cost for removing a pound of pollutant for a
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s itie o street o cleantn, program to be calonlated. The "percent of the before

Toadiny removed” 1. couwoonly used, but can be misleading. The percentage
tecoved Is ot a measure ol the mavnitude of material removed. A street
cleanaae proviam may have a very low percentaye removal, but a larve amount
ol material mav be removed it the initial loadinyg is larye. The percentaye

removal values can be usetul when normalized values are neveded, such as when
cotpatim two ditterent programs under similar loading conditions.

STREET CLEANING TLST SCHEDULE

An important aspect of the project was to conduct street cleaning
dctivities in monitored watersheds. The runoff from many storms was analyzed
tor a variety of constituents during periods of intensiv:: street cleaning
tthree passes per week) aund during periods of no street cleaning. This runoff
data was presented in Section 9. The two test watersheds (Surrey Downs and
Lake 1ills) were cleaned during alternate periods. This cleaning schedule
allowed periods ot ditfevent climatic conditions in both watersheds to be
affected by street cleaning. Several periods of no street cleaning also
occurred simultaneously In both basins to calibrate their runoff responses.
Table 1U-1 shows the street cleaning schedule for these full-scale tests in
the monitured watersheds. The first street cleaning tests were conducted in
the Surrey bowns basin, starting on April 2, 1980. These streets were cleaned
about thrce times a week (except when rains forced the cancellation of the
street cleaning) until July 9, 1980. No cleaning occurred in either basin
until September 15, when street cleaning started in the Lake Hills basin,
again at three times per week. Street cleaning in Lake Hills lasted until
July 1, 1981, except for a period f-om the end of November to the beginning
of January during a period of consistent rains. During this one year period,
no street cleaning occurred in Surrey Downs. Cleaning again started in Surrey
Downs on September 29, 1981 (after a period of no cleaning in either basin),
and ended on December 23, 1981. A total of 44 street cleaning tests were
conducted in Surrey Downs, and 77 tests were conducted in Lake Hills for a
total of 121 full-scale tests during this 2U-month period. Three calibration
periods also occurred, during August of both years and during December of
1980. This schedule therefcre included intensive street cleaning and
calibration periods having no cleaning in both basins during both ihe wet and
dry seasons. The climatic conditions varied somewhat during both years,
however, as described in Section 4. The special modified street cieaner tests
were conducted during the summer of 1982.

Each street cleaning test included measurements of the street
particulate loading conditions before and after each street cleaning pass.
The sawpling procedures used were identical to those used when collecting
accumulation samples (street loading measurements in the basin not being
cleaned). These sampling procedures are described in Appendix E. Therefore,
complete loading histories were obtained for each basin during the period of
the project. These samples were collected from six times a week (in basins
with three street cleanings per week) to once a week (for basins not being
cleaned). Section 7 described the street dirt accumulation characterietics
duriag the project period. Complete precipitation histories =zie also
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Table 10-1. FULL-SCALE STREET CLEANING TEST SCHEDULE

fleaning dates for:(1)

Season Month Surrey Downs Lake Hills
dry April, 1980 2,7,11,16,18,21,23,25,30 none

dry Hay 5,7,9,12,14 ,16 19 30 none

dry .une 4,11,13,16,18,20,30 none

dry July 2,7,9 none

dry Aiqust none none

dry September none 15,17,22,24,25,2¢

wet October none 1,2,6,10,13,17,22,27,29
wet No/ember none 5,10,12,17,19,24,26

wet December none 15

wet _Jaruary, 1981 none 5,9,12,19,21,30

wet February none 2,4,13,17,20,23

dry Mar:h none 2,4,6,9,11,13,16,29,24,725,27
dry Apr- 1 none 2,3,6,8,10,13,15,17,2 1,23,24 29
dry May none 1,4,6,8,12,13,15 21,;?
dry June none 1,5.11,17,23, 24,26,29
dry July none 1

dry Augu;t none none

dry September 29,30 none

wet Octoter 12 16,20,21 nona

wet Noverber 2 5,16 24 none

wet December 7,11,14,16,21,23 none

(1) appro:.imately three times a week street clieaning, except for holidays
and deys of rain



collectea docing the project.

Firure tu=1 is aun example ot this data ploztec for a 65-day period for
Surtrey downs frem Aupust 24 to October 28, 1981, At the beginning of this
periovd, surrey Downs was not beiny cleaned. Street clearing statteo on
septemoer SIth. The street cleaning days are shown oa the plot, along with
the rain vezivds. The street loadiigs ranged from about 300 to 500
Ibs,curb-mile (&5 to 164U g/curb-meter) (with ar extreme value of about 900
Ibs/curb-mile, ot 20" g/curb-meter) during the period of no street clearing.
The loadings reduced te values from about 150 to 250 1lbs/curb-mile (40 to 70
g/curb-meter) shortly af:ier the start of street cleaning. Median particle
sizes are shown on this figure dand are also seen to decrease with the start
of cleaning., The signiticaut eftects that rairs had on the street dirt
loalings aud particle sizes is evident. The rain periods shown all reduced
the street loadings appreciably (except for the lavgest rain observed during
the study which nccurred during this period) and increased the median
patticle size values. This inaicates that the rains washed off the fine
material more efficiently than the larger material (as discussed in Section
9). The largest rain had little effect on the net loading change, probably
because of substantial 2rosion material carried to the street during this
major storm.

This trigure indicates that the street loadings responded rapidly to
otreet cleaning. The loading data collected can therefore be considered
responsive to the street cleaning conditions, with little lag time between
changes in the street cleaning program. Changes from periods of street
cleaning to no street cleaning were not as rapid. However, the street
cleaning accumulation rates, as described in Section 7, were shown to be
largely controlled by the frequent rains during periods of no street
cleaning. Therefore, loading values are expected to be stabilized 2fter about
three street cleanirgs or rains.

PERFORMANCE TESTS

Several types of street cleaning performance tests were conducted during
this project. The large scale tests described above required the most effort
and resulted in the most data. Selected tests were also conducted at a
variety of other land-use sites in Bellevue to check the transferability of
the full-scale test results. Two tests were also conducted to measure the
redistribution of street dirt across the road caused by street cleaning. An
intensive series of tests were also conducted to examine the effectiveness of
4 modified regenmerative air street cleaner. These test resuits are presented
and discussed in the following subsections.

Full-Scale Tests

The street loading data presented in Appendix B contains the total
solids initial and residual loading values and median particle sizes for the
full-scale tests. Complete data lists for all particle sizes are too bulky to
present in this report, but are contained in the STORET data bzse operated by
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Totel Sollds Load (1b/curb-mlle) and Medlen Size (microns)

FIGURE 10-1

Surrey Downs Street Loads (8/24-10/28/€81)
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PPAL ahe Lake BLILL STORDT station number is COERELLOSKE? and the station

nanher for Surrey Dowe s JUSKEELLOSH 3L These are special NORP STORET files
and only contaan strevte dirt loading information. The STORET data can be used
i comjunction with the Jata presented in Appendix B tor a complete
deseription ot the street Joading history at the two main Bellevue street
cleaning test sites,

The most usetul way to present street cleaning effectiveness data is on
o praph relating residual loadings to initial loadings. Such figures are
shown as Figures 1U-2 and 10-3 for totat solids and median particle size.
Appendix € contains figures for particle sizes ranging from greater than 6370
microns (about 1/4 Inch) to less than 63 microns (Figures C-1 to C-8). The
relatively large number of street cleaning tests (121) enabled the
effectiveness relationships to be Jescribed in detail. It was found that both
Lake Hills and Surrey bDowns data could be combined for statistical analyses.
The Surrey Downs data represented loadings over a wider range of initrial
loading conditions (tfrom about 80 to 700 lbs/curb-mile, or 23 to 200
g/curb-meter) than the Lake Hills data (from about 90 to 390 lbs/curb-mile,
or 25 to 11U g/curb-meter), The lower Surrey Downs data is shown to overlay
the Lake Hills data on these figures.

In earlier studies (Pitt, 1979, and Pitt and Shawley, 1981), the fewer
data available indicated "straight-line” relationships between the initial
and res‘dual ioads, with "negative” removals associated with the lowest
loadings. The greater number of data available during this project, however,
has refined this model. The effectiveness figures presented in this section
and in Appendix C indicate no effective removal by street cleaning until a
minimum initial loading value is obtained. Above this wminimum value, street
cleaving can be quite effective. The scattered data before this minimum value
is obtained include many cases wherc the residual loadings were greater than
the initial lcadings. These negative removal values may be associated with
street wear (as was noted in Pitt's 1979 San Jose study, especially for
multiple stteet cleaning passes every day on streets in poor condition). This
data scatter may also be due to sampling error, as the street dirt sampling
procedures were designed to result 1n errors of about 25 percent.

The minimum value before street cleaning 1s eff. -*ive varies for each
particle size, street surface texture and condition, and equipment operating
characteristic. Table 10-2 summarizes these minimum values for the Surrey
Downs, Lake Hills, and S.E. 30th study areas. Also shown are the maximum
values under which the loadings are usually wmaintained for these street
cleaning operations. It can be seen how referring to percent removals can be
misleading. For Lhe same arez, cleaning frequency, and equipment type, the
percent removal varies from nothing until the minimum value 1s obtained, then
slowly increases to valw.es approachiang about 30 percent for total solids. In
sorie cases, the maximum percent removal values may be as large as 80 percent.
If the street loading values must be maintained below a certain maximum
loading value, then each cleaning event required would have very low percent
removal values,

These figures show how ineffective typical mechanicul street cleaning
can be for removing small particle sizes. For the conditions observed, there
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Resldual Loed (1b/curb-w]le)

FIGURE 10-2

Street (leaner Performance: Total Sclids
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Residual Stze (mlcrons)

FIGURE 10-3

SEreeT Cleaner Performance: Particle Size
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TARLE 10-2. TYPICAL MINIMUM LOADS FOR EFFECTIVE CLEANING
AND MAXIMUM LDADS AFTER CLEANING (L BS/CIRB-MILE).

MOBIL
Minimum Maximum Minimum Maximum
initial expected load expected
Size (nlcrens)  Toad before residual before residual
SO and LH: removal 1nad removal Ynad
TS 350 459 100 300
>6350 5 15 -- 3
2000 - 6359 15 30 3 10
1060 - 2000 25 50 20
500 - 1000 60 80 + 10 50
250 - 500 70 90 + 10 60
125 - 250 /0 90 + 10 50
63 - 125 -- -- 10 30
<63 -- -- 20 40
<37 - - 5 -
<2 -~ -- 0.1 -
SE-30th
TS insufficient data 200 500
>6350 5 10
2000 - 6350 20 40
1000 - 2000 50 -
500 - 1000 50 _—
250 - 500 50 .
125 - 250 25 200
63 - 125 15 -
<€3 25 -
<37 20 60
<2 0.2 --
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was noocttecrive removal ot particles smaller than about 125 microns. Verw
substantial removils were weoasured tor larye particles, however. Fijyure 10-3
indicates the dranatic decrzase in median particle size as the street
cleaners prelerentially removed the larser particles.

street Cleaning bEffectiveness at Other Bellevue Locations

During the secoud year of the project (April and May, 1981), street
cleaning tests were conducted at eight other land-use sites in Bellevue. The
land-uses included downtown Bellevue, shopping centers, high density
residential areas, low density residential areas, and industrial areas. Table
C-1 shows these data for all particle sizes. Unfortunately, cnly one or two
tests were conducted at each site, so individual analyses of the land-uses
were not possible. Figure 1U-4 1s a plot of the initial versus residual
values for all of this data combined. These data appear to fall on the total
solids curve presented earlier (as Figure 10-2) for the large-scale tests.
The S.t. 30th and 2nd Avenue industrial sites had much greater initial loads
than elsewhere, but the street cleaners . re quite effective in substantially
reducing the loadings. The minimum initial loadings before effective removal
was abcut 3UU to 40U lbs/curb-mile (85 tp llU g/curb-meter), quite similar to
the values shown in Table 10-2 for the Surrey Downs and Lake Hills sites.

Figure 10-5 shows the strong relationship between percent removals and
initial loadings. The clean streets had very low removal percentagee, while
the very dirty streets had high removal percentages, even though the Figure
i0-4 data seem to fit the general model. Such different percentage removal
values imply different removal models.

Redistribution of Street Dirt Across the Street During Street Cleaning

Two special tests were conducted in and near the Surrey Downs test area
to examine the loading gradient across the streets, before and after street
cleaning. This data, for all particle sizes, is shown ir Appendix Table C-2.
Figures 1U-6 and 10~7 show the total solids unit area loading data plotted.
The unit area loadings in the ten inches (254 mm) next to the curb were
reduced substantially in both tests. The other street segments experienced
variable loading changes. These changes indicate substantlal movement of the
near curb dust and dirt away from the curb by the gutter brooms. The main
pick-up brooms were not able to remove all of this moved material. These
results are similar to tests conducted on a variety of different street
cleaners in the past (Sartor and Boyd, 1972, and pPitt, 1979).

Effectiveness of Modified Street Cleaners

A series of special tests were conducted during September and October,
1982, to compare the effectiveness of a modified street cleaner to standard
street cleaners. Air Pollution Technology. Inc. (APT), of San Diego,
California, designed and installed many modifications to a standard
regenerative air street cleaner while under contract to EPA (William
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huykendal, Project Ofiicer, Research Triangle Park, Horth C. ~clina). The
purpose ot the modifications was to reduce respirable fugit:ive Jdust emissions
during street cleaning activities. The moditications included partial hoods
around the gutter brooms, a pressure controller to better regulate the air
flows, and a venturi scrubber with a settling chamber in the street cleaner
hopper. The water spray bar was also disconnec' ed. These modificaiions were
described in the first phase report prepared by APT for EPA (EPA Contract No.
68-U2~3148). APT was awarded a seccnd contract phase to refine the
modifications and conduct extemsive field trials of street cleaner
effectiveness. An arrangement was made to test the modified street cleaner in
Bellevue, in order to take advantage of the preexisting information relating
street cleaning and runctfi water quality. The modified street cleaner was
compared both to a standard broom street cleaner that was used during the
previous Bellevue tests, and to itself, with the modifications disconnected.
The purpose of these special Bellevue tests was to estimate any effect the
modifications may have on improving urban runoff water quality. APT has
conducted additional tests in San Diego to study air quality effects during
street cleaning.

Surrey Downs and $.E. 3Uth Avenue (an industrial street that was
previously determined to be one of the dirtiest streets in Bellevue) were
used for most of the tests. Each area was divided into six subsampling
sections., The three equipment types were rotated through these sub-~areas at
various cleaning frequencies. This allowed the street loadings to vary over a
relatively wide range of values for each equipment type. Table C-3 shows the
results of these tests for all particle sizes. Four or five cleaning tests
were conducted for each equlpment type. In addition, several test
measurements were made separating the cleaning width loadings from the full
street width loadings. Figures 1U-8 and 10-9 are the usual initial 1load
versus residual load effectiveness diagrams for Surrey Downs and S.E. 30th,
respectively. Appendix Figures C-9 through C-30 show the effectiveness
relationships for each particle size. These figures represent full street
width loadings, and are therefore comparable with the earlier full-scale test
figures. The broom cleaner results are very similar to the previously
reported results, but the regenerative air cleaner (modified and not
modified) shows substantially better performance. This is especially true
when the finer particle sizes are considered. The broom cleaner shows very
little removal (the loadings are too low) for particle sizes less than 1000
microns. The regenerative air cleaners appear much more suited for these
lower loadings for the smaller particle sizes. The data for the smallest
particle sizes (less than 125 micrcas} ave inconsistent, implying little
consistent removal effectiveness by any of the street cleaners. Similar
results are shown for both the study sites. The smallest particle size (less
than two microns) showed better removal effectivenesses for the regenerative
air street cleaners than for the broom street cleanmer, in most cases.

To differentiate the modified and standard regenerative air street
cleaners, data are presented in Figures 10-10 and 10-11 for total solids
loadings in the cleaning width only. The modified street cleaner is seen to
have almost a constant residual loading value in the cleaning width after
cleaning, irrespective of the initial loading. This indicates a very
important advantage in cleaning effectiveness for the modified regenerative
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AT street cleaner, Thie difference is not apparent with the full street
1At data.

Tapteal dnltial wnd residuval loadings for these tests are shown in the
bat chorts, Vogures 10U-12 and 10-13, The modified regenerative air street
cleanecr is slown to have been more effective than the other street cleaners
tor almost aul particle sizes, and for either area. The largest differences
were observed in the smaller particle sizes (less taan 125 microns) in the
S.k. 3Uth area.

Figures 10-2 and 10-4 (and Appeudix Figures C-1 through C-8) have the
surrey Downs regenerative air data plotted along with the full-scale broom
cleaner data. 1t is seen that the regenerative air street cleaners are more
etfective, especlally at the lower initial loading values. Table 10-2 shows
the minimum effective loading values for each type of street cleaner. The
modified street cleaner data are not shown on this table because they had
perforuwance characteristics close to the standard regenerative air cleaner
(when considering the daca variations on these figures),

These darta results are similar to the results found by Pitt and Shawley
in Castro Valley, California (1981), where they compared a vegererative air
street cleaner with a standard broom street cleaner. They found that the air
cleaner performed better with lighter iocads, especially for the finer
material. However, the broom cleaner was found to perform better for heavier
loads, especially for heavy litter eid leaf loads. Pitt also compared vacuum
street cleaners to brcom street cleaners in San Jose, California (1979). lle
found no significant difference in performance of the several types of street
cleaners tested under a wide variety of street conditions and cleaning
frequencies. One model of a iLroom street cleaner did result in substantial'y
more residual loading values that were larger than the initial values for
very intensive cleaning on oil and screens streets (it appeared to be
loosening the street pavement material).

Effects of Intens:: - Street Cleaning on Washoff Pntential

Typical ‘loading values fcr the different particle sizes are shown op
Table 10U-3 for periods of no cleaning and for periods of intensive cleaning.
These valnes are averaged Lake Hills and Surrey Downs loadings during the
complete project period. Total solids loadings averaged about 390
1lbs/curb-mile (110 g/curb-meter) with no street cleaning. The frequent
Bellevue rains were capable of keeping these cmooth asphalt streets quite
clean (when compared to typical loadings elsewhere on the West Coast for no
cleaning periods). Intensive, three times a week, street cleaning reduced
these loadings to about 290 lbs/curb-mile (80 g/curb-meter). The most
significant loadinf reductions were in the large particle sizes. No loading
reductions were noted for particle sizes less than 250 microms in size. The
washeff estimates given in Section 9 were used to estimate the washoff
potential asscciated with these loadings. These values are also shown on
Table 1U-3. The washoff potential changes between the no cleaning and
intensive cleaning periods was from about 70 to 63 lbs/curb-mile (20 to 18
g/curb-meter), or a reduction of about seven lbs/curb-mile (two
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TABLE 10-3.

AND WASHOFF LOADS (LAKE HILLS AND SURREY DOWNS)

No Cleaning

EFFECTS OF STREET CLEANING ON TOTAL STREET LDADS

Intensive Cleaning

Typical Total

Available for

Typical Total

Available four

Particle Load Washoff Load Washoff
Size 1b/curb %of total | %of load 1b/curb J|1b/curb %of totai| %of load 16 /curb
(Microns) mile in size for washoff mil-» mile in size | for Washoff mile ]
> 6350 23.8 6.1% 10% 0 2.5 0.9% 0% 0
2000 - 6370 36.9 9.5 0 0 10 3.5 0 0
1000 - 2000 38.9 10.0 6 2.3 20 7.0 6 1.2
500 - 1000 68.3 17.5 10.5 7.2 56 19.5 10.5 5.9
250 - 500 81.1 20.7 17 13.8 60 20.9 17 10.2
125 - 250 64.8 16.6 24 15.6 Z 21.6 24 14.9
63 - 125 38.4 9 38 14.6 38 13.3 38 14.4
<63 37.9 7 44 16.7 38 13.3 44 16.7
Total solids |} 390 100.0% 18% 70.2 290 100.0% 22% 63.3




p/eurb-meter ). Apain, if e umall particles were reduced more by street
cleaning, the washoff potentiul would be reduced more.

Fipure 10-14 graphically shows these lnad and runoff potential
reauctions. The percentage reductions are the same for both loads and runoff
potential for sizes less than 2000 microns. Rain washes off very few of these
larger particles. Street cleaning reduces the runoff potential for more
narticles in the size range of 250 to 500 microns than for any other size
rgrge. This figure shows that street cleaning has very little effect in
removirg the smail particles that are most effectively washed off the street
by rain.

Table 10-4 shows estimates of the cffectiveness of street cleaning in
reducing runoff ylelds of various pollutants. For very small rains, streets
contribute about 60 to 65 percent of the total runoff yield for these
pollutants. For larger storms, other source areas are more important than
streets and the street contributions are reduced (except for lead which
mostly originates from streets during all rains). The runoff yieid reduction
estimates are abcut six percent for the smallest storms, and about one to six
percent for the larger storms. The modified regenerative ai~ street cleaner
may have removals ahout 1.25 times these values, or uo to about eight
percent. With such small potential benefits, it is ob.ilous why the runoff
monitoring activities did not result in any monitored reductions. It is
expected that other areas, with less frequent rains, would have greater
runoff potential reductions. Pitt and Shawley found runoff reductions
associated with street cleaning as great as 40 percent in Castro Valley,
California (19381). Castro Valley has less rain than Bellevue, but more
importantly, it has long dry summers that result in very dirty streets if
there js no street cleaning. These dirty streets can be effectively cleaned
in late summer before the beginning of the rain season in Castro Valley. The
different rain seasnns in Bellevue are not as dramatic, and the streets never
become so dirty without street cleaning.

BELLEVUE STREET CLEANING ROUTES, OPERATING CHARACTERISTICS, AND COSTS

There are no frimal street cleaning routes in Bellevue. The city is
usually divided at 3th Avenue NE, with one street cleaner operatling north and
the other street cleaner operating south of this street. The operators clean
in areas that they feel require cleaning. They estimate that the downtown
area is cleaned about once z week, arterials are cleaned about once a month,
and residential areas are cleaned once every two months. The operators are
radio dispatched to trouble areas, as needed. An interim storage area for the
debris is located about two blocks from the municipal service center (where
the street cleaners are stored). About nine cubic yards (seven cublc meters)
per day per street cleaner is handled during the winter (about double this
amount if the streets are sanded). During the spring and summer months, the
debris quantity 1s reduced to about six cubic yards (4.5 cublc meters) per
day per street cleaner. The fall 1s the heaviest debris period, with about 20
to 25 cubic yards (15 to 19 cubicli meters) per day per street cleaner
handled. About ten to fifteen percent of the city sireets are rough, or have
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Table 10-4. EFFECTS OF STREET CLEANTNG 0N RUNNFF 1nans(i)

Approximate
percent of total Percent runoff
runoff load from 1nad redyctinn for
street washoff intensive street clearing
Runoff
Pollutant 0.01 in. rain .0.1 in. rain 0.01 in. rain ;N1 dn,
Total Solids 6 5% 10% 6.4% 17
CoD 52 40 6 4
Phosphates 61 31 6 3
Jotal Kjeldahl Nitrogen 61 31 6 3
Lead 60 60 6 h
Zinc 61 45 6 4.5

(1) The values shown dre based on the 4-wheel mechanical street cleaner tegts,
The reqgenerative air street cleaners are estimated to he ahout 1.25 times
as effective as the above values, due to their hetter perfnrmance an
removing the more washable fine particles.



ne curbs, or both.

The city of Bellevue has two street cleaners that are described on Tabh
10~5. They are both four~wheel mechanical broom cleaners, with dual gasoline
engines, and 3.5 cubic yard (2.7 cubic meter) hoppers. Tney clean between 15
and 18 miles (24 and 29 km) each day, while cleaning at seven miles (11 km)
per hour. Luring special tests in Reno and Sparks, Nevada, Pitt and
Sutherland (1952) found that seven wiles (1l km) per hour cleaning specds
vere much less effective than the usually recommended four miles (6.5 km) per
nour cleaning speeds. This was especially important at heavy loadings
igreater than 1500 lbs/curb-mile, or 430 g/curb-meter). The current Bellevue
street cleaning program productivity may therefore be improved by reducing
the vehicle speeds, but at an increase in cosc (if the cleaning frequency
remains the same). The speed effects may no: be as important in Bellevue
because of the lower street dirt loadings, bowever. Reducing the speeds on
the dirtier industrial streets may be worthwhile.

The street cleaners are maintained on a daily schedule, with appropriate
inspections and lubrications. The main pick-up broom is changed about every
1400 to 1500 miles (400 to 425 km). Jil changes and other maintenance
operations are also conuucted during btroom changes. The street cleaners are
in the repair shop about 25 to 50 percent of the time. This downtime is about
average for street cleaners elsewhere,

Bellevue street cleaning costs are shown on Table 10-6. Street cleaning
is a labo: intensive activity, with about 73 percent of the total street
cleaning costs associated with labor and labor overhead. The total cost is
about $20 per curb-mile ($12.50/curb-meter). Most of this cost is associated
with operation activities, and about one~fifth is associated withk both
maintenance and debris disposal operations. Table 10~7 compares these
Bellevue street clearing costs with street cleaning costs for other western
U.S. cities. The Bellevue costs are quite close to the total costs at these
other cities.
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Table 10-5. LELLEVUE STREET CLEANER NPERATING CHARACTERISTICS

Make of Equipment: Mobil Athey

Models:  2TE3, d-wheel mechanical broam sweeper (1971)
20F3, 4-wheel mechanical bro 1 sweeper (1973)

Engine type. dual gasoline enaines, with hydraulic controls
Hopper capacity: 3% yds3
Fuel Efficiency: 35-40 miles/day (including t-avel)
17-20 qal (bnth engines ooerating)
= 2.1 miles/qal

Sweeping miles: 15-18 miies/day

Debris disposal practices: interim storage area with separate transfar tn
land-fill as required

Speed during cleaning: 7 moh
Type of qutter broaom: steel
Type of main pick-up broom: rcolyethylene

Broon replacement intervals: main broom 1400 sweeping miles
gutter broom 300 sweening miles

Broom rotation speeds: unknown
Strike pressure of main pick-up broam: 4" pattern

Maintenance schedules:

1. "A" service - when main broom is changed, aporoximately every
1400-1500 sweening miles, engina nil change, chassis
Tube

2. Vaily - refuel, inspection lube conveyor chains and bearings

3. As needed, esovecially at broom chanc2s
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Table 1C-6. BELLEVUE STREET CLEANING COSTS (1980 - 1982)

Typical Percentane IInit
Ttem Cost per year of total Cnst
{$/year) costs (%) ($/curb-mile)
Labor:
Repair labor $10,780 8.3% $1.68
Disoosal labor 9,130 7.0 1.42
Operator labor 61,280 46.8 9.49
Labor overhead 14,210 10.9 2.21
Equipment operation, maintenace, disposa?l, etc.:
Depreciation 5,300 4.1 0.83
Disposal equipment 12,400 9.5 1.93
Outside services 675 0.5 Nn.1n
Repair parts (includes brooms) 10,240 7.8 1.58
Tires 710 0.5 0.10
041 120 0.1 0.02
Gasoline 5,890 4.5 0.91
Total $130,735 100% $20.27
per year per curb mile

Sub-totals:

A1l labor and overhead: 73.0%

A11 maintenance (labor, outside services, and repair parts):

A1l disposal (labor and equipment): 17.7%

A11 operaton (labor, depreciation, tires, oil and aasoline):

18.1%

64.2%
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Table 10-7 STREET CLEANING COSTS AT VARIOUS CIT{ES (198271983 ADJUSTED CNSTS)

Bellevue, WA San Jose CA(I) CglzT;?arA(z) Renn, NV(J) T0arks ey
$/Cleaned Percent | $/Cleaned Percent |$/Cleaned  Percent | $/Cleaned  Percent | $/f1earae:  Parnert
Mile of total Mile of totg! Mile of total Mile of tatal Mila 9t ot
Labor
Operators $ 9.49 47% $9.53 41% - - $3.25-$5.50  13-19% $ 3.29 1A%
Maintenance and repair 1.68 8 5.35 23 - 0.94- 1.58 5 n.22 1
Supervisors -(1n overhead)- 2.32 10 - - 0.59- 1.90 3 1.1 5
Debris transfer 1.42 7 -(Under disposal)- - - 0.20- 0.34 1 0.20 ]
Overhead (secretary,
dispatcher, etc.) 2.21 1 -{Included above)- - _ - 0.20- 0.34 1 0.45 2
Subtotal 14.80 73 17.20 74 $13.47 71% 5.18- 8.76  28-30 5.26 25
Street cleaning equipment
Depreciation 0.82 4 0.7C 3 0.64 3 - - - -
Maintanance and repair 1.68 8 2.79 12 .52 19 - - - -
Operation (fuel, etc.) 1.03 _5 _0.70 3 ) _ - - - -
Subtotal 3.54 17 4.19 18 4.16 22 11.12-18.80 61-64 13.32 65
Disposal (includes labor)
Transfarring and hauling
equipment 1.93 10 - - - - 2.00 11 2.00 10
(est.) (est.)
Landfilling fees - - - = - - (4) - - -
Subtotal 1.93 10 1.86 8 1.35 7 2.00 11-7 2.00 10
Total $20.00 100% $23.00 100% $19.00 100X {$18.00-$30.00 100X £21.00 100%
Sources:
L) pytt, 1979
23 Pitt and Shawley, 1981
3)  Pitt and Sutherland, 1982
(4} Alameda County reported a landfilling fee of $8.50 per cubic yara of street dirt to be disposed. If 0.13 cubic yards/curb

mile are removed (as reported by Reno for the core area), this would be about $1.10 per mile cleaned.

For 0.48 cubic

yards /curb mile removed (Reno residential area), this would be about $4.00 per curb mile for landfill fees.
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SECTION 1!
EFFECTS OF STORM DRALNAGE PARTICULATES ON RUNOFF QUALITY

The role of storm drainage particulates in urban runoff discharge and
control was investigpated during this Bellevue project. As described in
Section 8, samples were periodically obtained from catchbasin sumps and storm
drainage sewerage during the course of the two—year project. An irdication of
quantity and quality of stcrm drainage particulates was, therefore, obtained.
Increases in catchbasin sump contents from the initial cleaning through the
project period werc used to estimate both the quantity of material that can
be accumulated in thz sumps and the best catchbasin cleaning frequency. The
data obtained were also useful in estimating the role of catchbasin and
storm drainage particulates in centributing to urban runoff pollutants end
how catchbasin cleaning or storm sewerage cleaning practices may improve
urban runoff quality. )

Catchbasin sediment is mostly made up of street surface particulates
that have been removed from the street surface during rain events and were
accumulated in the sumps instead of being discharged at the outfall. Table
11-1 compares the chemical characteristics of eight different particle sizes
for the street surface samples and the catchbasin samples. The data for the
street surface samples represent the full two-year project period during both
wet and dry seascns. The catchbasin samples, however, represent fewer samples
and may be biased for the wet season. Even with gccsible differences in
sampling times, it is seen that the catchbasin sediment chemical
characteristics agree well with the chemical characteristics of the street
dirt. These common chemical characteristics imply a strong association
between the catchbasin sediments and street surface particulates. Because the
average 1nterevent time between rains in Bellevue 1s only five days, major
chemical changes in catchbasin sediment quality may not be as important as in
other locations having long dry periods between rains.

When the total sediment chemical characteristics are compared with the
total street surface chemical characteristics, differences are much more
pronounced. Table 11-2 compares relative constituent concentrations (mg
constituent/kg total solids) for street dirt, catchbasin sediment, catchbasin
supernatent, and runoff. The large differences in catchbasin sediment and
street dirt are associated with the differences in particle size
distributions. Even though the individual particle sizes have very similar
chemical characteristics, the different particle size distributions are quite

different, so that the overall mass characteristics are different, as shown
on Table 11-2.
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Tabhle 11-1%,

CHEMTDAL DUALTTY 8Y PARTIALE 4177 (ma/vg!

COMPAR[MOH F GTOTET G12T &% rATrHBAC Y

Particle Size (Micrnr.)

63~ 125- 240 500~ 1009~ 2000~
_ -h3 175 759 €00 1100 7000 A350 635N
“urrey Orang -
i basin 189,000 150,000 100,000 94,000 130,000 190,000 170,000 280, 00N
W2 153,70 190,00 150,000 15,040 177,m0 285 000 3n0,000 380,000
177th 150,00 100,900 54,N03 3F,,000 37,000 37,000 55,100 70,000
__ratchbasing 157,000 130,000 91,600 100,000 143,010 245,900 272,000 244 NN
TN
Miin basin 2900 2600 1700 1300 1400 16100 1200 1500
WHR 3300 3300 zang 1700 1900 2500 2400 1200
1034 1600 12C0 979 410 460 346 290 350
- catchbasinsg 2910 2070 1500 1600 1580 2A00 2450 2150
P
Main basin 830 610 47n 429 480 690 750 740
WHR 810 630 470 520 530 €8n 640 A20
108th 690 510 330 300 380 620 640 h2N
catchbasing 880 6990 630 610 550 939 1060 760
Lead:
Main basin 1409 1200 1100 840 680 420 240 780
WHR 440 330 250 180 160 370 50 BO
106th 1600 1400 1450 910 570 240 130 90
catchbasing 1170 879 620 560 540 540 430 290
g
Main basin 320 260 210 170 160 120 110 190
WHR 180 140 100 80 75 100 75 35
108th 270 210 160 120 130 130 100 150
catchbasins 395 320 195 200 200 230 190 150
ake HiTTs
CoD:
street dirt 230,000 180,000 110,000 100,000 210,000 249,000 270,700 429,000
catchbasing 230,000 170,000 140,000 140,000 240,000 280,700 250,M0 190,000
TKN:
street dirt 3500 3200 1500 1600 2300 2100 2000 3200
catchbasins 3600 2700 2000 2100 3000 3400 2300 2100
1P
street dirt 940 740 550 440 570 760 740 750
catchbasins 900 730 700 610 330 1600 1500 1800
Lead:
street dirt 1900 19300 1760 1200 900 630 350 210
catchbasing 2000 1600 1300 920 910 820 6520 440
nec:
street dirt 370 330 270 220 180 180 130 140
catchhasins 520 390 290 260 300 290 300 350
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Table 11-2. COMPARISUON OF RELATIVE CONCENTRATIONS

(mg constituent/kg total solids)

Surrey Downs

runoff

catchbasin supernatant
catchbasin sediments
street dirt

Lake Hills

runof f

catchbasin supernatant
catchbasin sediments
street dirt

coD TKN P Pb In
405,000 9300 2100 2900 1100
190,000 8200 8400 1290  8K0
250,000 1230 1690 3400 720
145,000 1600 575 745 170
3¢J),000 9500 2600 1600 1060
470,000 20,000 5200 1300 2000
75,000 700 750 610 210
190,000 2300 640 1170 230

Total
Solids
conc.

(mq/1)



Table 11-2 can also be used to indicate the importance of different
sources to the cotal urban tunoff yield, Uifortunately, it is not possible to
obtain « good particle size distribution of the urban runoff particulates
and, especilally, associated chemical cheracteristics for each urban runoff
particle size. The urban runoff relative cuncentrations (mg constituent/kg
total solids) for the complete runoff samples are quite different from most
ot the ciher samples. This, however, implies preferential washoff of the
tiner particulates; the less pollutad larger particulates do not wash off of
the street surfaces or other potential pollutant source areas as well as the
finer partic lates {as discr~sead in Section 9). The larger particulates are
also more effectively accumutated in catchbasin sumps or in the storm
drainage than the finer particulates.

It is clear that most of the catchbasin sediments are street suiface
particulates that have been washed off the street during rain events but have
not been discharged to the outfall. Table 11-3 compares the estimated
catchbasin sediment accumulations of different urban runoff pollutants with
the street dirt accumulations and total urban runoff{ flow discharges. It Is
interesting to note that the total urban flow unit area discharges are in the
same order of magnitude as the totai street dirt and catchbasin sediment
accumulations. The catchbasin sediment accumulation values are the rates
obscrved after initial cleaning, before the stable volumes were obtained. A
larger catchbasin sediment accumulation rate may be expected because of the
possible flushing effects of rains during this period of time. The catchbesin
cediment discharge values shown on this table are therefore minimum values
and could casily be greater.

Street dirt accumulation values do not totally contribute to the urbdan
runoff discharges. It has been shown in previous sections that not all of the
street dirt is washed off the streer. Some washed off street dirt is also
accumulated in sewerage or catchbasins for indefinite periods of time. In
addition, some of the street surface particulates are lost to the air due to
fugitive dust emissions caused by winds or traffic-induced turbulence. Those
particulates settle out on adjacent areas, or the finer particulates can
remain suspended tor some time. The amount of street dirt particulates that
are lost to the air as fugitive emissions are quite small for the Bellevue
area when compared to more arid areas. The short interevent periods do not
allow the street surface particulate loadings to become very large and mere
exposed to the winds. The amount of materiail lost tn the air is calculated
based on the deposition rate minus the accumulation rate. As the interevent
period increases (to greater than four cr five days, or the typical
interevent period) the amount of material lost to the air becomes important.
These losses do not become very large until after about ten to twenty days of
accumulation, which would be quite rare and would only occur several times a
year during the dry season.

If a very large storm occurred that was capable of removing "all” of the
particulates from the street surface and totally flushing the catchbasin
sediments and sewerage sediments, the resultant urban runoff discharge may be
very large. The erosion yield during a storm of this size would also be
extremely la-ge. Table ll1-4 shows typical loadings that can occur at any one
time in the Surrey Downs and Lake Hills areas that would potentially wash off
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Table 11-3. DISCHARGES AND ACCUMULATIONS IN URBAN AREAS

Annual Discharae or Accumulation (1b/acre/yr)

Total
Solids conp TKN TP Pb In
Surrey Downs
storm runoff 180 79 1.6 0.35 0.23 9.71
baseflow 100 10 0.53 0.10 0.03 0.053
total urban flow 280 89 2.1 0.45 0.26 0.76
street dirt (accumulation)(l) 170 2?2 0.2 0.1 0.1 0.03
street dirt (washoff)(2) 27 3 0.04  0.02 0.02 0.005
street dirt {fugitive losses(3) 15 2 0.02 0.01 0.01  0.003
catchbasin sed. (accumulation)(4) 130 33 n.16 N.22 0.44 0.10
Lake Hills
storm runoff 250 100 2.4 0.61 0.4 0.27
basef low 67 8.7 0.18 0.035 0.0? n.n024
total urban flow 320 110 2.6 0.65 0.42 0.29
street dirt (accumu]ati?n)(l) 310 60 0.7 0.2 0.4 0.07
street dirt {washoff) (2 56 10 0.14  0.08 0.1 0.02
street dirt (fugitive losses (3) 17 3 0.04 0.01  0.02 0.004
catchbasin sed. (accumulation)(4) g8 6.6 0.06 0.07 0.05 0.02

(1) Using average 2-5 day accumulation periods and appropriate rates

2)  See Table S-4

3) Calculated based on deposition rate minus accumulation rate times
average interevent period, by month (fugitive dust loses to the air).

(4)  see Table 8-8
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Table 11-4 TYPICAL LOADINGS AT ANY ONE TIME, POSSIBLY AVAILABLE
FOR WASHOFF DURING MAJOR EVENTS (1b/acre)

Total
Solids con TKN TP Lead Zinc

Surrey Downs

street dirt (5 days) 20 3 0.02 0.01 C.0l 0.004
catchbaz’n cediments 100 25 0.13 N.13 0.4 0.NR
sewerage sediments 13 3 0.02 0.02 0.05 0.01
average runoff event observed 2.7 1.0 0.022 ~0.005 0.00& 0.003
maximum runoff event observed 38 8.9 0.27 0.06 0.04 0.03
Lake Hills
street dirt (5 days) 21 4 0.05 0.01 0.03 0.005
catchbasin sediments 140 12 0.1 0.1 01 n.02
sewcrage sediments 61 5 0.04 0.05 0.04 0.01
average runoff event observed 2.2 0.8 0.07 0.006 0.003 0.007
maximum runoff event observed 15 4.4 0.14 0.07 0.02 0.015



during a very large event. Typical loadings ave shown for street dirt,
catchbasin sediment, and sewerage sediment. In addition, the mazimum and
average event runoff yleld loadings that were observed are shown for
comparison. The maximum runoff event that was monitored during the two-year
study period was very large and would only occur several times in a decade in
Bellevue. The maximum observed runoff event discharge 1s still only about ten
to twenty-five percent of the total pollutants that are residing on the
street surfaces, in the catchbasins, and in the sewerage. Therefore, urban
runoff pollutants are definitely not source limited in Bellevue. Of course,
the more available finer particle sizes which are also more heavily polluted
are more limited in availability and may affect the potential storm ylelds
for the large events. As noted in Section 6, only about ten percent of the
total solids urban runoff discharge is expected to be assoclated with sireet
surface particulates. This value increases to about 50 percent for lead for
most storms. Section 9 estimates that only about 15 percent of the street
surface particulates may wash off the street. The average urban runoff event
in Lake Hills and Surrey Downs only discharges between two and three pounds
ot dirt per acre (2.3 and 3.4 kg/ha). The total solids street dirt loadings
were about ten times this value. About half of the total annual urban runoff
discharge may be residing on the street surfaces and tied up in catchbasin
and storm drainage sediments at any one time. If the Bellevue rain events
were capable of removing much of this material, then the urban runoff
discharge yields would be much greater than monitored.

It 1s obvious that it is most important to preferentially remove the
finer, more heavily polluted and more available materials before the rain
events occur. As shown in Section 10, normal street cleaning equipment 1s not
capable of effectively removing these finer, more polluted particles. The
sedimeatis in the catchbasins and the sewerage are mostly made up of the
larger particles that do get washed off the street. These sediments have a
much smaller median perticle size than the street surface particulates.
Catchbasin or sewerage cleaning can remove large quantities of these more
potentially poilutirg particulates than the normal street cleaning
operations. Catchbasin and storm drainage sediments, however, mav not
contribute large quantities of pollutants to the total urban i off
discharge, except for very rare events. If the catchbasins are "full", they
will have little effect on the runoff yields. Catchbagsin sump sediments can
be relatively conveniently removed to eliminate a major potential source of
urban runoff pollutants. Because the cactchbasin sediment accumulation rate is
quite low, frequent cleaning of catchbasins would not be necessary. It is
expected that cleaning catchbasins twice a year at the most would be
sufficient.

The City of Bellevue is currently conducting a more compreheusive
city-wide sampling program of catchbasin sediments and that information can
be very useful iIn designing a catchbasin cleaning program.

It is not possible to currently estimate the effectiveness of catchbasin
cleaning in controlling Bellevue's urban runoff. Because of its low
frequency and because it has the ability to remove more of the potentially
polluting sediments, it is probably more cost effective than street cleaning
in improving urban runoff quality in Bellevue, Because of the varying amounts
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ot reee Sfal that oare in the catclbasins at any time, certain catchbasians and

strotohes o seweraye are moach more important potential scour sources than
oliicts. Lhe drainave <vstem Jocated near the unynttered scections of Westwood
bomes Road ana Lusth Street in the Surrey Downs basins were much more heavily
leadea than Jhe seweraye and catchbasins observed elsewhere in the study

areds. e contributions of these local erosion sources to the storm drainage
svstem, and probably to the outfall, may be signitficantly reduced by
inetalling curbs andg gutters.

Table 11-3 showed that catchbasin sediments that may accumulate in clean
sumps may be a significant fraction of the urban storm runoff yield. Annual,
or twice a year, cieaning may be capable of reducing these storm discharges
by ten to 25 percent ifor lead and total solids, and between five and ten
percent tor the other pollutants studied (COD, TKN, TP, and Zn). Cleaning
less frequently than about once a year would reduce these expected
improvements. These removals would occur tor about the first year after
cleaning, then the counstant-volume values would be obtained with little
etfect on the tuncff yjelds until the next cleaning. Leaving the catchbasin
"full ", however, increases the chances of increasing the runoff yield during
very large scouring everts. Some pollutants wmay also be chemically charged by
oxidation-reduction reactions in the catchbasins, and could be connected to
more available, scluble, toxic forms before discharge. Therefore, it is
recommended that the storm sewer inlets be cleaned at least annually.
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Table A-1. LAKE HILLS - RAIN DATA FOR STUDY PERIND

# of total rain per storm duration per storm preceding dry period avqg rain intensity peic 0 min ryin

storm frain (in) (hrs) (hrs) (in/hr) 1prang iy Tangre
Month periods | (in) avg min  max avg min max avq min max av1 min max avy men My
Feb/19801 6+ 13.03+ |0.51 0.10 1.44 | 18.6 3.7 49.5 39.5 9.0 130.4 {1 0.027 C.020 0.033{0.99 0.22 7.4
March 8 3.13 0.39 0.12 1.05] 19.1 6.0 43.1 35.9 6.0 61.4 0.023  0.0M 0.053[9.18  2.04 5.1
April 7 3.22 0.46 0.07 1.32 | 12.7 0.4 33.7 85.9 7.7 187.5 | 0.052  (0.024 O0.if3 1 0.4 204 50072
May 8 1.21 0.15 0.04 0.50 | 6.6 0.07 16.0 78.4 7.1 383.9 | N.023  0.008 Nn.343) 0.0 0,27 .12
June 8 2.32 0.29 0.04 0.72 | 8.7 0.8 31.4 82.7 7.7 218.8 | ©.0A2 0.005 0.133]0.13 5.0 6,74
July 3 0.52 0.17 0.09 0.28 ] 9.0 3.4 17.3 140.1  55.0 198.8 | 0.022 0.216 0.3°510.973 0.%4 72.1%
August 7 1.3 0.19 0.04 0.63 ] 4.7 0.5 12.4 156.7 12.5 436.4 | 0.064 0.006 0.14219.13  9.02 0.52
September 7 1.92 0.27 0.10 0.57 | 8.7 3.5  17.7 92.5 18.8 201.3 1 0.038  0.014 0.085] 0,13 0.04 0.74
October 5 1.18 0.24 0.04 0.74 1 10.0 2.3 24.4 114.9 6.3 280.3 | 0.020 0.012 0.025)0.083 002 612
November 17 6.52 0.38 0.03 1.551] 9.7 1.2 23.4 32.0 5.9 116.1 { 0.042 0.015 G.095| 0.16 0.27 0.47
December 14 6.51 0.47 0.03 1.28} 12.9 0.1 30.0 39.6 5.6 136.7 | 0.936 0.c08 0.074) 0.14 0.04 0.9
Tt1 19802 90(+)| 30.9(+)| 0.34 0.03 1.55| il.0 0.07 49.5 34.4 5.6 436.4 | 0.037 0.706 0.153§ 0.12 0.02 0.53
Jan/1981 10 2.08 0.21 0.03 0.48 ] 9.4 1.0 32.2 55.3 10.9 209.0 | 0.0< 0,013 6G.0531 0.07  D.02 .16
Febhruary 7 3.34 0.48 0.16 1.0 19.5 8.0 38.8 71.2 7.3 315.3 | 0.025 0.014 0.0344] 0.16 0.06 0.36
March g 2.08 0.26 (.07 0.62 | 12.9 4.8 26.5 93.8 2.4 242.4 | 0.021 G.0ll ©0.033) N0.C3  0.04 0,14
April 14 2.78 0.20 0.04 0.42 | 8.4 0.9 31.5 39.6 6.1 182.5 | 0.041 0.013 0.12 } 0.1l 0.24 0.22
May 10 2.17 0.21 0.03 0.43 | 6.1 0.8 16.6 58.3 8.3 124.3 1 0.040 0.720 0.043) 0.15 0.02 0.25
June 13 2.42 0.19 0.0z 0.431{ 5.6 0.1 21.2 63.9 7.8 244.5 | 0.036 0.015 0.069) 0.11 0.04 .73
July 3 1.93 0.64 0.04 1.251{ 6.9 1.7 10.1 94.3 53.3 141.4 | 0.074 0.024 0.124: 0.20 0.06 0.34
August 1 0.18 0.18 --- - 12.4 .- 12.4 1150.8 1150. 0.015 | --- - 0.03 | --- - -
Sep tember 10 4.71 0.47 0.03 1.20 | 9.7 1.0 32.0 59.5 6.6 434.8 | 0.054 0.010 0.150 0.24 0.02 0.5)
October 9 5.96 0.66 0.07 3.69 ) 11.9 1.3 35.8 72.3 11.1 433.1 } 0.045 0.013 0.133) 0.13 0.01 1.5
Novenber 13 4.59 0.35 0.03 1.8} 10.9 0.5 30.1 53.9 5.8 186.8 | 0.033 0.079 0.n0/6] 0.3  0.02 0.33
December 19 6.32 0.33 0.03 1.21 11.9 0.7 30.3 27.3 5.8 70.2 0.629 0.010 0.075{ 0.14 0.0t 0.33
Tt1 1981 TI7 138.56 [0.33 0.02 3.69] 10.5 0.1 38.8 153.4 5.8 1150.871 0.037  0.910 0.13 | 0. DDA NS
Jan/1982 13 4.65 0.36 0.04 0.96 | 8.2 29 27.9 45.5 7.8 114.8 | 0.029 0.010 0.073) 0.10 0.02 0.13
Tt1 perfod 220 174.11 ]0.34 0.02 3.69} 10.6 0.07 49.5 117.3 5.6 1150.84 0.037 0.096 0.13 | 6.1> 0,92 0.58

(1)

(2) partial year

partial: start 2/15/80
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Table A-2,

SURREY DOWNS - RAIN DATA FOR

STHDY PERIND

# of Jtotal rain per storm duration per storm preceding dry period avqg rain intensity peak 30 min ratn

storm |rain (in) (hrs) (hrs) (in/nr) intengity (in/vrr)

Month periodq (in) avg  min max avg min max avg min max avg min max 349 min a4
Mar /1980 11 3.19 0.29 0.04 1.117 11.5 4.3 29.4 54.8 5.9 157.1 | 0.027 0.009 0n.n6210.12 002 0.24
April 10 | 3.00 0.30 0.02 0.28 | 8.9 1.2 30.8 60.2 5.6 189.2 | 0.037  0.003 0.239 | 9.1  10.92 4.3
May 6 1.35 0.23 0.04 0.60 { 13.5 0.7 30.3 98.3 9.9 372.3 | 0.024 0.008 0.057 |1 0.0% n0.94 19.15
June 7 | 2.85 J.41 N.098 0.72 11.2 1.7 31.4 8f.2 7.2 194.7 | 0.049 0.008 0.083|0.1S 0.02 0.72
July 4 |0.48 0.12 w3 0.22 1 7.6 2.2 13.5 132.8  34.0 196.8 | 0.016 0.0l0 0.02210.05 0.02 0.08
August 6 |1.39 0.23 0.06 0.63 | 5.7 1.5 17.2 160.C 14.2 354.9 | 0.051 0.0n9 0.078(0.13 0.02 0,5)
Sep tember 7 1.89 0.27 0.08 0.50 | 9.4 3.3 17.5 95.3 18.8 199.5 | 0.033 0.010 0.4 0.15 0.u4 0.20
October 5 11.24 0.25 0.03 0.74 | 11.7 2.3 25.1 143.1 94.5 184.4 | 0.019  0.n708 0.02910.C9 0.04 0.138
November 13 [6.79 0.52 0.05 1.66 16.4 3.2 56.5 37.4 5.8 111.9 | 0.036 0.009 0.103(N.17 0.04 0.46
December 13 | 6.44 0.50 0.03 1.28 | 14.8 1.1 31.4 41.5 6.9 137.1 ) 0.032 0.008 1.07110.13 0.02 0.33
Tt1 19801 82+ | 28.62+| 0.35 0.02 1.66 | 11.1 0.7 56.5 91.2 5.6 354.9 | 0.032 0.008 0.103]0.13 0.02 9.50
Jan/1981 10 |2.26 0.23 0.04 0.63 ] 9.5 1.5  32.2 57.9 9.1 208.7 | 0.025 0.013 0.041]0.07 0.92 0.14
February 5 13.21 0.64 0.16 1.05 | 28.3 6.3 71.8 99.1 13.3 317.1 1 0.026 0.015 0.040'0.18 0.06 0.42
March 8 1.96 0.25 0.07 0.62 1z.3 3.4 26.5 87.7 19.4 266.4 1 0.022 0.0l 0.0I3({0.08 0.04 0.14
April 11 | 2.20 0.20 0.08 0.38 } 9.9 2.3  26.2 50.1 10.0 180.8 | 0.034 0.011 0.119) 0.11 0.04 0.32
May 11 1.81 0.17 0.04 0.33 ] 5.4 1.8 8.9 53.3 5.3 125.0 | 0.033 0.008 D2.091¢0.11 0.N2 0.26
June 10 |1.90 0.19 0.03 0.33 | £.4 0.6 18.3 82.4 9.3 287.3 { 0.048 0.C13 0.09210.13 06.04 0.22
July 3 1.86 0.62 0.1 1.17 | 7.3 2.6 10.2 94,3 53.4 141.8 | 0.078 0.058 0.11510.23 0.16 0.30
August 1 10.24 0.28 --v- --- 13.4 --- -—- 1150.1 --- 1150.11 0.018  --- -—-- 0.08 -—-- ---
Sep tember 7 13.47 0.50 0.05 1.22 1.2 0.4 39.8 77.8 6.8 386.8 | 0.053 0.022 0.055]0.23 0.04 0.40
October 8 |6.57 0.82 0.07 4.38 | 12.0 1.2 34.1 82.8 8.3 432.6 ) 0.052 0.013 0.128] 0.20 G.n4 Q.04
November 14 14.62 0.33 0.03 1.50 | 10.1 1.0 28.5 26.5 5.9 167.0 | 0.037 0.009 0.089; 0.13 0.04 (.26
December 19 {6.26 0.33 0.03 1.10 | 10.0 0.8 30.6 27.7 5.6 59.6 0.036 0.007 0.062| G.13 0.04 0.34
Tt1 1381 107136.36 | 0.34 0.03 4.3 [ I1.6 0.4 71.8 157.8 5.3 TI50.T] 0.039 ~ 0.007 O0.1728[ 0.14 0.07 0.%5%
Jan/1982 11 5.5 0.50 0.04 1.17 | 20.2 3.4 74.7 53.6 7.8 182.0 | 0.023 0.008 0.0%8] 0.13 ,.02 0.34
Tt1 period 200170.48 [0 0.02 4.38 | 11.8 0.4 74.7 1241 5.3 1150.1] 0.035 0.007 0.128| 0.14 0.02 0.64

(1) (partial year)
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Tarle A=3. funin Tata for Lake iills anl Jurrey Lowns for 1320

Late o L LH Ave. L Peun oo I D Ave. L R -
Taostnl Duration Hain Int. ML Tatal  Luratlion Rain Int., Trow T ot T Lt
Rain {hra; in/ar) intensity Aain {hray vin/nr inser { S
{in) {in/nr, {in} s
T/r/e0 19 2.0 .02 0h 22 1a. s LG TE 3
/10 .16 31.6 .02 L0 .49 19.8 .G3 Lt 1,98 toRs
/12 1.05 431 .c2 .14 [PRE! 29.4 LG4 L1 .t LT
AL .27 16.7 .C2 .06 .24 1C.7 Lo2 ) U E —
1S .21 2G. 5 o} .22 L9 5. .n4 .14 o T :
529 2 £.5 .02 .6 .04 4.5 .01 Lo T o .
4/5 .52 28.% .02 L6 .40 31.2 | e [ .7 -
4/3 92 z1.0 .C4 .22 .57 8.0 .0 05 1ot A
4/14 3z 10.6 .03 .18 13 2.7 .08 ot} 2.4 T T
4/13 1.32 33.7 .C4 .20 1.18 30.8 L L4 1.2 ton
4/28 07 2.2 .03 L4 .25 2.8 .9 2% L g -
4/29 .07 .4 .18 .14 .03 1.2 Ll LA 2.27 T i
5/20 .29 35,7 .01 .12 .31 30.3 g A g = I
5/22 06 2.6 .02 L .06 7.5 e 1,70 B
S/24 .15 5.4 .03 L0R .23 20.6 Nol L6 -
5/26 50 16.0 .03 12 60 16.3 .Ca ) .
5721 10 6.2 .02 .04 R 5.3 .02 ! t
6/1 .6y 7.8 .09 13 67 7.6 L0y .22 1.° !
6/1 .06 .9 .07 10 .72 14.2 .05 .20 . s '
6/5 A7 22.2 Lol 02 .24 31,4 .01 .C2 L7 [
6/8 a7 g.8 .02 14 173 8.5 .c2 0 1.7 1,7
6/16 .32 2.4 13 25 36 5.2 .07 .20 PR L4
6/24 72 9.7 .07 2 .65 10.0 07 .22 1.1 .
6/25 .06 .8 10 10 ce 1.7 05 12 V.00 L7 -
7/4 09 3.4 .03 .04 .C8 7.8 01 L4 1.13 L1 [
T/11 28 17.3 .02 08 22 13.5 02 .06 tL2 1.0 *,
7/14 .15 6.4 .02 10 15 6.8 02 .08 1.00 H - s
8/2 .09 2.0 .05 04 07 1.7 04 .04 1.29 1.9
8/17 .63 9.2 .07 53 <3 17.2 04 .50 1.20 52 —1%.4
8/26 .04 .5 .08 08 .09 1.5 a5 12 L8 T L
a/27 A7 1.2 .14 28 L8 2.3 08 .24 .94 ©2 - -
8/z8 .26 2.6 .10 22 .37 4.3 09 .13 .70 ) oo
8/30 .04 5.1 .01 04 .06 6.9 01 .02 .67 74
9/1 .57 17.7 .03 14 .50 17.5 03 .C3 1,14 B
9/6 .23 4.2 .05 .22 .27 4.2 Gn .30 fs [ )
9/12 12 4.6 .03 .0 .08 3.8 02 .04 1.50 1.0 -
9/13 16 1.3 .01 .04 4 13.4 ot .C4 t.14 21 s
9/19 10 3.9 .03 .04 .09 3.3 .03 [oF:} T 1.0k
9/20 25 14.0 .02 15 .38 15.9 2 20 £ B} -
9/23 49 5.5 .09 .28 .47 7.4 06 24 1.14 7 oL
10/8 .1 9.1 .01 2 .19 10.2 02 19 53 R T
10/12 16 15.7 .01 .08 .12 14.6 o1 ng 133 1.7°8
10/24 A7 7.3 .02 .10 A 6.2 03 10 1.6 1.1R -
10/31 .74 24.4 .03 .10 .74 25.1 G3 10 1.00 a7 :
111 .36 10.9 .03 14 .29 13.5 a2 14 1.24 a
11/2 .52 22.3 .02 .14 .60 24 .1 2 12 B Vo _2
11/5 .35 3.7 .09 .24 .33 3.2 10 .26 [T t 1A
11/6 1.45 55.8 .03 .24 1.59 56.5 03 .30 I 3




6d¢

Tatle A-3. Rain Data for Laxe iills and Surrey Downs for 1920 {cont.)

Cate pod il LH Ave. L Peax -0 SD SD Ave.
Total Duration Rain Int. T0-oin Total Duratiorn Rain Int.
Rain (hra) (in/nr) intensit Rain (hrs) (in/hr)
(in) (1n/hr¥ (in)

W1,/9 17 11.7 .C1 12 .22 12.3 .G2 .Y_J PR - , -
11/14 15 4.9 .C3 .08 L2 2.9 .C1 4 ] : -
11,17 C3 1.2 .03 o2 .C5 5.9 Z‘ i _ - -;H
11/19 1o 2.7 .C7 .13 .21 2.2 T Sz Lk -7
11/2¢C 1.55 27.4 .7 .42 1.66 22.3 .07 LAE ; ',7 -
11/25 16 2.7 .Ch L12 .15 5.2 .C3 A0 r.n” -7 =
11/27 .7 13.6 .05 .24 el 17.9 .04 .22 %3 75
11/28 .61 7.7 .03 .18 L) 2t.C .20 1A 32
11/30 .24 14.9 . .C .20 12.1 .Ol‘ .?6 1.7’: ?g 5
12/2 1.C2 14.9 7 .23 .97 15.2 .On Lon 1.0= .;4;1 -2
12/3 .66 31.0 .c2 .13 .51 31.4 Hal RS 1.2 "," -
12/10 .06 7.2 .C1 .C4 .C4 5.1 .1 G2 150 ;.:1 22
12/14 17 5.8 .03 2 1 5.8 9] LCh 1.25 ‘.;'VJ -':;,
12/20 .43 1.4 .04 14 L4 1.3 04 .18 1.:2 1eat .5
12/21 .68 31.4 .02 .14 73 24.1 C3 .16 ':f ,‘:’, -
12/24 13 30.0 .02 .20 17 30.0 .03 .22 .95 velo --n3
.2/25 1.28 17.3 .07 .30 1.28 18.0 .07 .30 1.96 e B
12/26 .32 5.9 .C5 .16 .34 6.6 .05 L6 .24 -23 -2
12/29 .30 1.4 .03 .04 .30 12.0 .03 .Ch 1.C0o .45 23
12/30 .83 28.1 .03 .12 .84 23.9 .04 14 .39 .13 .25

sun 26.94 884.9 2.84 9.94 27.06 9C4.7 2.37 9.72 73,-;@ £a 11 1 32

averaxe .40 13.0 .04 .15 .40 13.3 .03 .'.4:. !.: 1,55 e
minimum .03 .4 .01 .Ce .03 1.2 .01 .02 -8 [91% —li'f,
maximoum 1.55 55.8 .18 .58 1.66 £6.5 .10 .50 3.00 3.53 150
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Table A-4. Rain Data for Lake H{illas and Surrey Downs for 1981{cont.)

Date LH L1 L4 Ave. Ll Peak 3D SD S2 Ave. 3D Peak
Total CDuration Rain Int. 20-min Total Duration Rain Int. 3C-ain
Rain (hrg) {in/hr) intensity Rain (hrs) {(i1/khr)} intensity
(ir) (1n/hr§ (in) {in/hr)
3419 10 1.8 .0t L4 .CS 1.7 2z - T
9/2C 1.95 32.5 .C3 .26 LER 3.4 2 H - -
a/25 1.086 9.1 12 .64 LER 1G5 ne wi v - F
3/26 1.48 43.0 .04 .50 1.22 9.8 i3 .z : b
3/23 42 1.7 .04 .24 .43 3.1 oc L33 e R
10/ .76 8.5 .09 .36 .81 9.7 ) .47 Tl -7
10/5 3.49 35.8 .10 .52 4.2 4.0 L1z Lh1 i . K
1847 10 6.0 .c2 .10 14 5.4 oy L1d - v -7
10/9 .27 9.5 .07 16 .24 9.7 .C2 Iio] §.13 e - %7
10/27 LT3 27.2 .03 .14 .74 27.5 .G3 .14 ke -7
16/28 R 1.3 .08 10 .10 1.2 .03 10 1.0 L iy
10/29 .16 16.8 .01 .10 L7 5.2 .01 .C4 2.7% 2 2.7
10/30 .07 2.8 .03 .06 .09 3.2 .03 .Gk 73 .G
11/11 1.58 20.7 .08 .38 1.50 20.2 07 .26 1.78 1 s
11/13 .14 9.0 .C2 .10 M 8.3 01 oL} 1.27 1 5
11/14 .05 .5 .10 .10 .10 2.5 .04 e o -2.a7
11/14 .45 32.4 .01 Lid .26 25.4 .01 12 1.2¢ !
11/16 .53 18.0 .03 .16 .51 16.2 03 .14 1.%4 e
11/19 18 17.7 el .CE .20 16.4 .01 .03 D ! P
11/20 03 1.8 .02 .02 .03 1.4 a2 .04 1.0 1. -
11/20 .88 30.1 .03 .20 €6 28.5 L0% .26 1.%52 [ -4z
11/22 .35 573 .07 .14 .49 5.5 .09 .02 71 LGF -.z2s
11/23 .21 4.8 .04 .22 .18 4.8 .04 13 1.17 Rols
11/30 .09 10.5 .0t .04 .14 16.2 01 L0 £d JEE
12/1 .57 18.6 .03 .30 .55 18.6 03 .24 1Ll LG
12/3 .16 14.1 .01 .08 .19 13.32 01 12 34 fon
12/4 1.21 21.8 .04 .38 1.10 17.6 06 29 1.117 1,24
12/5 .22 15.5 .01 .06 7 9.6 02 o6 1.29 1,61
12/6 .05 2.7 .02 .06 .05 5.2 o1 ch 1.79 .52
12/9 .84 30.3 .03 .20 .78 30.6 .02 16 1.08 .00
12/13 .30 8.9 .03 16 .36 6.1 .06 18 a3 1.45%
12/17 .21 15.2 .01 .06 .29 15.2 02 08 72 1.0
12/18 .69 19.3% .04 .20 .79 19.5 N4 .14 .87 el
12/21 .09 1.2 .08 .10 .08 .8 10 12 1.13 1.€0
12/23 .26 11.0 .02 .10 .27 8.8 03 A2 .96 1.25
12/24 .07 1.7 Q4 .12 .09 1.7 05 .12 .78 1,00
12726 .40 23.5 .02 .26 .45 22.2 c2 L34 .89 1.05
12/27 .07 6.7 .0t .04 .06 1.2 05 .C6 117 5.53
12/28 10 8.0 .01 .08 .04 5.3 01 .04 2.50 1.51
12/30 06 2.4 .03 .04 .03 4.5 [o}} .04 2.0C .53
sum 33.23 964 .1 3.49 13.36 31.56 923.0 3.41 12.42 102.72 105.28 -28.14
average .38 11.0 .04 .15 .36 10.5 .04 14 1.17 1.20 —. %2
minimum .03 .5 .01 .02 .03 .4 .01 02 .25 .15 5.4
maximum 3.69 40.0 .18 .64 4.38 39.8 -15 64 3.60 6.67 5.472
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Table A-baq.Surrey LDowns Runoff Conditions for 1980

Runoff Total Rain Average Peak 30 Toval Total Rur.off Pzak unnff Funoifllaia
Start Rain Duration Rain int. Min Int. Discharge Discrarge CTuration Lischarge Coefficiant lurasison
Date (Inches) {hrs) {in/nr) (in/nr){zubic feet) (inches) (hours) (cfg) (Gv-rat.c. ‘ratio)
3/3/80 .22 19.9 .01 .0€ 12500 .C4 19.0 .68 ] .95
3/10 .49 18.8 .03 16 290¢0 .Ca 14.0 3.18 E .74
3/11 17 1.3 .04 .24 1CBCO .0% 5.9 2.93 .20 1,37
3/12 AR 29.4 .04 .18 98700 L3¢ 37.9 3.18 .27 1.29
3/14 .09 4.3 .02 .06 18600 .06 21.2 .99 LT 4.92
3/16 18 19.7 .01 .04 14000 .04 15.6 .55 24 .73
317 .35 5.6 .06 .22 26400 .08 13.9 2.68 .23 2.45
3/19 .24 10.3 .02 .06 16900 .05 1.8 1.19 .22 1.1
3/26 19 5.3 .04 .24 8550 .03 5.7 3.18 .14 1,08
3/29 04 4.6 .01 .02 1320 .00 1.2 .68 .10 .26
3/31 11 4.6 .02 .04 5060 .c2 4.8 .56 .14 1.7.4
4/5 21 11.0 .02 .16 10900 .03 11.8 1.73 .16 1.757
4/5 19 13.4 .0t .12 11700 .04 13.2 1.59 .19 .39
4/8 04 5.0 .0t .02 1670 .01 3.2 ekt .13 .54
4/8 57 8.0 .07 .28 35300 L1t 1.2 4.76 19 1.4C
4/9 22 7.5 .03 .16 13600 .04 9.2 2.93 .19 1.23
4/14 13 2.7 .05 .08 5570 .02 3.1 .99 i3 1.15
4/14 18 6.9 .03 .20 8590 .03 5.5 4.C4 .15 .94
4/18 1.18 30.8 .04 .18 78800 .24 36.7 3.45 .21 1.19
4/28 25 2.8 .09 .20 11000 .C3 4.2 5.12 14 1.50
4/29 03 1.2 .03 .04 120 .00 1.2 .07 ol 1.60
5/15 04 T .06 .04 157 .00 .3 .29 .01 .2A
5/20 31 30.3 .01 .16 20000 .06 29.9 2.27 .20 .99
5/22 06 7.5 .0t .04 4580 .01 7.5 .46 .24 N
5/24 23 20.6 .C1 .06 1CH00 .03 20.2 1.26 .14 o8
5/26 60 16.3 .03 .12 42100 13 16.2 2.05 .22 .99
5/217 11 5.8 .02 .04 6700 .02 4.8 .80 .19 L83
6/1 67 7.6 .09 .22 37000 .1 9.1 2.69 1 1.20
6/1 72 14.2 .05 .20 55200 .17 16.9 3.44 .24 1.19
6/5 24 1.4 .01 .02 10300 .03 30.6 .33 13 .97
6/8 13 8.5 .02 .10 4680 .01 1.9 1.83 A .2
6/16 36 5.2 .07 .20 19400 .06 5.2 3.44 7 1.00
6/24 65 10.0 .06 .22 35200 L1 10.2 3.16 17 c.02
6/25 08 1.7 .05 12 4090 .01 2.2 1.83 .16 1.29
7/4 08 7.8 .01 .04 2100 .01 4.9 .29 .08 .63
7/11 .22 13.5 .02 .06 1070G .03 11.4 1.10 .15 .84
T/14 15 6.8 .02 .08 6150 .02 €.5 .94 13 .96
7/19 03 2.2 .01 .02 560 .00 2.6 16 .06 1.18
8/2 .07 1.7 .04 .04 2440 .01 2.1 .56 L1 1.24
8/117 63 17.2 .04 .50 31800 .10 171 T7.47 .16 .39
8/26 .08 1.5 .05 .12 2670 .01 1.2 1.35 .10 .80
8/217 .18 2.3 .08 .24 8450 .03 2.1 4.06 .14 .3
8/28 37 4.3 .08 .18 23600 .07 5.2 3.89 .20 1.21
8/30 06 6.9 .01 .02 920 .00 6.9 1 .05 1.00
9/1 50 17.5 .03 .08 31400 .10 18.3 1.63 .19 1.05
9/6 27 4.2 .06 .30 11200 .04 2.9 3.89 .14 .69
9/12 .08 3.8 .02 .04 1970 .01 1.9 .46 .08 .50
9/13 .14 13.4 .01 .04 5020 .02 12.0 .33 .11 .90
9/19 09 3.3 .03 .04 2870 .01 2.4 .51 .10 .73
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Runoff Total Rain Average reak 30 Total Total Runoff Peak Runof? Punoff/Pain

Start Rain Duration Rain 1nt. Min Int. Discharge Discharge TDuration Discnarge CoefZiclient turation
Date (Inches) (hrs) (in/hr) (in/hr){cubtic feet) (inches) {hours) (cta) {(RAv-ratio; {ratio)
a/zo .38 1€.9 .C3 30 20300 .C6 15.4 4.30 L1E o7
9/29 .43 7.4 o1 .24 23760 .C 6.7 1.0 17 Lot
10/8 .19 10.2 .C2 .18 1C200 .C3 16.4 T, a4 v LT
16/12 .12 11.6 .01 .C4 4280 .Gt 6.9 .52 1 47
1¢0/2¢ .03 2.3 .1 .04 1390 .C3 1.3 .S 14 e
132/24 .16 3.2 .03 10 7750 .C 5.8 1.53 e Lol
10/31 .74 25.1 .C3 .10 485C0 13 24.5 1.73 .20 a3
11/ .29 13.5 .C2 14 207CC .CE 13.% 1.5 22 :
1/3 .60 24.1 .03 2 41600 .13 22.14 2.3 21 .
11/5 .33 2.2 .1C .26 204CC .Cé S.4 4.46 12 tors
11/6 1.5Q 55.5 .GF .3 126060 .2q 55.9 5.34 24 P
11/2 .22 12.8 .02 .14 17200 .CS 12.1 2.27 4
11/14 .12 9.8 .01 .04 5330 .02 5.2 1.26 14
11/17 .05 5.5 .01 .04 2510 .01 3.4 .37 5 T
11/19 21 3.2 .07 .12 14200 .04 5.4 3.02 21 -
11/20 1.66 22.3 .07 .46 130000 .40 27.8 7.17 24 <
11/25 .15 5.8 .03 .10 8730 .03 5.4 1.7 1 -7
11/27 LT 17.8 .C4 .22 55100 7 17.8 316 za e
11/28 .66 21.0 .03 .18 66000 .18 27.2 3.30 23 t
11/29 .22 18.1 .01 .C6 27900 .09 22.6 1,13 72 <
12/1 .0A 7.7 .Ct .04 4920 .02 7.5 .74 75 -7
12/2 .97 15.2 .06 .20 90900 .28 20.7 .42 24 HE
12/3 .51 31.4 .02 14 61200 A 35.8 2.49 z7 1.4
12/10 .04 5.1 .C1 .02 120 .00 .2 .13 1 N
12/11 .03 1.1 .03 .04 515 .00 .9 .22 o5 .az
12/14 11 5.8 .02 .06 5050 .02 6.2 L7 T4 1.07
12/20 .43 1.3 .04 .18 25100 .08 7.8 2.43 19 LED
12/21 .73 24.1 .03 6 60400 .19 25.4 3.02 8 HIo Lt
12/24 LT 30.0 .03 .22 72000 .22 35.8 2.60 29 1.193
12/25 1.28 18.0 .07 .30 135000 .42 24.1 5.14 32 1.74
12/26 .34 6.6 .05 .16 43900 .14 12.6 3.70 .40 i.al
12/29 .30 12.0 .03 .06 26500 .08 15.5 1.C2 .27 1.29
12/30 .84 23.9 .04 .14 99600 .3 29.8 2.88 .37 1.25
Sum 28.61 965.8 2.M 11.02 2082642 6.41 1,021.3 17812 15.18 87.19
Average .35 11.8 .03 .13 25%98 .08 12.5 2.17 .19 1.76
Minimum .03 LT .01 .02 120 .00 .2 07 .01 o4
Maximum 1.66 56.5 .10 .56 135000 .42 55.9 717 .64 4.93
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Table A-6b, Surrey Downs Runoff Conditiors for 1981

Runof? Total Rain Average Penx 30 Total Totel Runnff Penx Yuo- . Buna?f'%ain
Start Rain Duration Rain Int. Min Int. Cischarge Discharge Duration Diecha-ge Toefffcian: Latatoor
Pate (Inches) (hrs) (in/hr)  (in/hri{cutic feet) f{inches} ‘hrs) {(cf2) 'Bv-ratin: frasisy

1726/81 el 1.5 .02 G2 100 ale] 1.4 27 L7 =

/8 .04 3.1 .Gt .04 14110 .GO 1.2 g1 .09 T3
1/17 L1 7.3 .02 .08 403C .C1 G.h a7 " e
/18 11 5.8 .02 .C4 6340 .02 6.0 27 18 1.0

1/20 .27 9.6 .03 A0 166500 .05 a.3 1.62 PR 1,52
1/21 .42 32.% .C1 12 35900 .1 22 2.27 .26 1.3
/27 .38 1C.5 .04 -14 29760 -03 14.2 2.60 .24 1.78
1/27 .09 4.5 .02 -C4 5640 .02 4.2 .80 ] ER
1/28 .63 15.4 .Ca .10 56300 A7 20.7 1.73 .25 1I5s
2/11 .91 22.8 .04 .18 63800 .20 26.2 2.74 .22 1.5
2/13 1.05 70.0 .02 .16 141000 .44 72.1 3.30 .41 1.C

2/117 .16 6.4 .03 .06 18000 .06 12.3 1.83 .25 1,52
2/18 .73 25.2 .03 .42 84000 .26 71.3 6 54 L3 1.24
2/24 .36 15.7 .02 -1 34200 .1 22.8 1.63 .29 V.45
3/3 .62 25.8 .02 .10 383C0 .12 19.3 2.2 219 =75
3/5 .10 4.8 .02 .08 8310 .03 4.5 1.94 .24 .95
3/15 .28 2.5 .01 .08 23300 .07 25.8 2.16 .2k oL}
3/21 .04 Na NA NA HA NA NIA NA A A
3/22 .03 A NA MA NA NA A NA A A
3/23 .34 12.1 .03 .14 18800 .CC 1.7 1.94 17 24
3/24 .26 7.9 .03 .08 14600 .05 7.7 2.16 17 a8
3/28 .18 12.0 .02 .06 T4C0 .C2 10.3 1.02 13 RF,
3/31 .11 3.4 .03 .04 4200 -G 2.5 80 .12 73
4/2 .23 17.7 .01 12 5700 .02 7.8 2.27 LG8 4
4/5 .16 2.3 .07 .12 5250 .02 2.4 1.26 .10 1.2¢
4/6 .38 3.2 12 .32 15700 .CS 2.8 3.44 .13 33
4/7 .22 18.3 .01 .06 4310 .01 18.7 42 .06 1.02
4/10 .34 26.2 .01 .12 9080 .03 17.8 1.44 .0R A8
4/12 13 11.8 .01 .10 3680 .01 6.4 1.10 .co B!
4/20 08 3.6 .02 .04 1260 .00 2.4 51 .09 %)
4/22 11 10.0 .01 .06 2010 .01 3.2 51 .C6 22
4/23 08 3.0 .03 .06 1600 .00 1.5 £2 .CH 51
4/27 15 3.3 .05 .06 5490 .02 3.5 80 11 1.05
4/28 32 9.4 .03 12 19800 .06 10.0 2.16 .19 .0k
5/3 21 2.3 .09 14 9690 .03 3.2 1.94 14 1.39
5/7 16 6.2 .03 .14 5550 .02 5.7 1.83 11 a3
5/7 33 5.7 .06 .25 19600 .06 4.2 4.40 .18 74
5/9 05 4.2 .01 .04 1290 .00 1.2 51 .08 25
5/10 .29 6.7 .04 .20 20500 .06 5.6 3.89 .22 83
5/14 05 2.0 .03 .06 1240 .00 2.2 42 .08 1.10
5/18 t5 e.s .02 .06 5370 .02 4.2 80 SR 48
5/19 22 6.3 .04 .10 11800 .04 5.3 1.53 A7 84
5/24 .04 5.0 .01 .02 100 .00 .1 33 .01 02
5/24 17 1.7 .02 .10 7330 .02 4.3 1.53 13 =6
5/25 14 5.0 .03 10 7870 .02 4.5 1.53 A7 a0
6/4 03 .7 .04 NA 378 .00 .5 29 .04 72
6/5 .33 6.7 .05 .14 17600 .05 6.9 2.16 16 1.02
6/8 .3 5.1 .06 12 17500 .05 5.6 1.83 A7 110
6/9 .05 .6 .08 .08 1930 .M 1.1 1.26 .12 1.8%

6/10 .03 1.3 .02 .04 640 .00 .6 33 .07 16
6/12 .23 2.5 .09 .22 10600 .03 2.8 2.74 14 1.12
6/12 .33 6.6 .05 .28 16500 .05 7.8 4.06 .15 1.18
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Table A-6b(cont.)
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Table A-be. Surrey Downs lunoff Conditions for 17E2

Runof? Total Rain Average Peax 70 Total Total Runoff Peai 3

tunsSf Runoff/Fuan
Start Rain Duration Rain Int. Min Int. Discharge Discharge Duration Discnarge Cozlflcient Juration
Date (Iaches); (wrs) (in/hr) (in/hr){cubic feet) (inches) (r.rs) efa) 'Rv-rat:y) lratio;
1/10/82 .30 25.0 .0t .12 17300 .05 21.2 1.73 .18 25
1/13 .C5 6.3 .01 .02 2700 .01 .6 .29 7 ]
1,15 1.10 28.9 .04 .16 40800 .28 34.3 .02 .25 T
1/17 16 8.9 .02 .10 13800 .04 10.7 1.44 .27 V.2l
1/22 1.17 35.5 .03 .22 91000 .28 41.7 316 .24 t.'s
1/25 .13 5.2 .03 .10 11600 .04 1.2 1.63 .28 S.ts
1/25 1.01 17.4 .06 .14 96200 .30 24.3 3.72 L350 1,42
1/27 .07 5.8 .01 .04 11400 .04 11.8 .62 .50 E
1/27 .04 3.3 .01 .02 6110 .02 8.5 .3 .47 2.55
1/30 .72 42.4 .02 .34 56800 .18 46.83 4.40 24 1.1
2/1 .43 25.3 .02 .06 49700 .15 31.2 1.26 36 1.23
Sum 5.18 204.0 .25 1.32 449910 1.39 247.4 21.60 3.25 1520
Average .47 18.5 .02 12 40901 13 22.5 1.96 .30 [N
Minimum .04 3.3 .01 .02 2700 .o 5.5 29 A7 55
Maximum 1.17 42.4 .06 .34 98200 .30 46.8 4.40 .5C 2.58
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acle a-Ta..axe H1l13 Yunnff condaitions f:r 192G
Auncf? Tosal “a.n Average Peaw 77 Dunn £F Peanyg
Jtart Rain Taration  faia at. Mon o Ins. Tl Darati.n Lo marga
Late {(lncaes; ‘nrs) {in/rnr, lin/~.}{cukic faoiar: a5
2/15/20 12 £.5 .C2 e L f 3.2 St
2/V7 L6G 3.4 Ce LR 73700 ot bR
2/ LTe 9.7 .23 i 31700 o8] 1.2
2/25 1.34 43.7 .23 12 141500 11 1.3
Lled ) 12.9 03 14 47000 14 12.9
3 L1y 7.2 02 o 9120 3 5.7
3/10 .76 35.0 o2 70 595 .20 24 4
IAY: 1.0y 43.8 02 .14 1430500 .41 44.7
3/10 .27 16.9 02 E, 25670 .07 17.%
3/25 21 21.0 .01 .22 15300 .04 1.7
3/29 W12 6.7 G2 LCE 3210 .0 z.A
4/5 .07 2.3 .03 .C6 n200 Lot 2.0
4/5 .45 18.8 .C2 6 3°72rn Ry 201
4/8 .92 6.9 .04 .2 31200 .27 271
4/14 .32 10.7 .0 H 1730 .05 1.4
4/18 1.33 34.1 .04 .20 132000 1) T
4/28 .07 2.2 .03 .04 1577 o H
4/29 .07 .4 A7 14 1660 .00 t.r
5/20 .10 9. .0t .04 1000 .01 o
5/21 .19 4.8 .74 2 1oun .03 4.0
5/22 .06 2.6 N2 .04 B35 .00 1.
/2 15 5.4 .03 .08 5850 .52 5.3
5/2 .07 e.s Mot .02 1240 .00 5.6
5/26 .50 16.1 .03 .12 38100 R 15.7 o
5/27 AC 6.3 .02 .04 4070 0% 23 Ny
6/1 .69 7.8 .09 .18 54900 IR 9.3 587
6/1 .06 .9 .07 .10 2630 .01 .6 2.0
6/5 i 21.3 .01 .02 6920 .02 231 0
6/8 7 8.9 .02 14 9170 .03 4.4 .17
6/1€ .32 2.2 .15 .24 21000 .06 3.2 [N
6/2% .04 8.0 .01 .02 2700 N 10
6/24 72 9.9 .07 .22 52400 5 10.0 L2
6/25 08 .8 .10 .10 3630 .01 1.0 2.37
7/4 09 3.5 .03 .04 1570 Nele) [ .57
7/ 28 17.5 .02 .08 2870 .03 12.7 1.05
7/14 15 6.5 .C2 .1 6G90 .02 7.1 V.G
a/2 29 2.0 .09 .04 2770 .0t 2.3 .65
8/17 63 3.3 .07 .38 54400 .6 £.8 19.5
8/26 04 s .08 .3 1210 .CO 1.2 .65
8/27 17 1.2 .14 .28 14300 .04 2.3 7.42
¥/28 26 2.6 .10 .22 15900 .05 3.9 5. 40
8/30 04 5.0 .0 .04 2100 .01 10
g/31 08 13.3 .01 .C2 2220 .01 6.3 L An
9/1 57 17.8 .03 14 56500 16 19.0 5.47
9/6 23 4.2 .06 .22 14800 .04 3.6 6.37
9/12 12 4.6 .03 .06 37110 .01 30 .02
9/13 16 1.4 .01 o4 4810 N 9.1 L4t
5/19 10 3.4 .03 .04 3230 .01 2.4 .57
9/20 25 13.9 .02 16 17300 .05 13.7 A.52
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Table A-Ta.lake Hills Runoff Condttions for 1980 {cont.)

Runoff Total Rain Average Peak 30 Total Total Riroff Peak Runof? Runsff/Pain
Start Rain Duration Rain Int. Min Int. Cischarge Discharge Duration Discharge Coefficient Cursaticon
Date (inches) (hrs) {itn/hr) (in/hr){cubic feet) (inches) (noura) {(cfa) (3v-ratin)} lra%iso)
5/23 49 5.5 .C9 .28 44800 7 5.1 3.1 i v
10/8 11 a.2 .01 12 2550 .1 h.8 1.91 T o
10/12 .16 16.0 Ne)l otz " TG .32 1.0 .12 1 “
10/24 7 7.4 .02 0 B140 .02 6.2 voaT 1 .
10/31 .74 24.7 .03 s ea200 .17 27.5 2.57 B -c
11/ 3n 10.6 .03 14 IRTL0 .11 R £.727 A 112
11/3 52 22 © .C2 .44 4790 .14 17 4.5hH L5 T5
11/5 .35 3.7 .10 .24 29300 S 4.3 11.20 .12 .17
1176 T7 12.4 .06 .22 156000 .3 14.4 11.46G A% toy
1 /7 43 19.5 e .20 59400 A7 20.28 .57 Ll s
11/8 .24 3.2 .13 .24 27000 .C8 3.2 6.92 A v
11/9 7 11.3 .Ge .12 15200 .C4 12.2 3.07 Lo v
11/14 .15 4.8 .03 .08 A710 .C3 3.4 ©.73 ' o
1 /17 02 t.2 .03 .02 730 .00 .8 s LT =7
11/19 19 2.7 .07 48 1740 .05 3.4 B.AY .28 -
11/20 1.55 231 .07 .42 223060 Y 30.72 15,25 .4 I8
11/23 .06 1.4 .C4 10 4470 .01 1.2 4.5k L 26
11/25 16 2.7 .06 12 12600 .C4 2.7 2.37 LT V.00
11/27 .70 13.7 .25 .26 26400 .2 17.2 13,20 *. 28
t1/28 .61 17.9 .03 8 77500 .22 22.8 h.22 it .27
11/30 .08 2.1 .04 .06 9410 .03 4.0 1.62 LT [ty
11/30 .14 6.4 .02 .04 16200 .05 8.2 1.22 1.2%
12/2 1.02 15.0 .07 .28 158060 .46 19.4 10.60 A7 L 20
12/3 .43 18.7 .02 .18 73200 .21 24.2 5.16 L40 L9
12/4 .23 4.8 .05 .06 15400 .C4 10.8 27 1T 2.00
12/10 .06 7.5 .01 .04 2420 .01 6.3 .33 L2
12/14 17 5.9 .03 12 145G0 .C4 6.4 .07 .25
12/20 .43 1.3 .C4 .14 37200 L1 1.5 3.96 L2y
12/21 .60 3 .04 .14 70700 .20 19.6 5.92 .74
12/22 .08 A\ .01 .06 1450 .00 2.2 .29 N
12/24 13 .Q2 .20 84500 .24 33.1 5.92 W23
12/25 1.28 1 .07 .30 210000 LE1 23.0 12.80 .47
12/26 .32 . .05 .16 53000 .15 11.9 T7.12 .42
12/29 .30 1.5 .03 .C4 31460 .09 12.8 1.40 L
12/30 .83 27.7 .03 12 129000 .37 33.2 4.92 .45
sum 30.10 966.8 3.32 11.28 3064825 8.86 961.5 340.40 18,35
average .36 11.5 .04 13 36486 .1 1.7 4.05 .22
ninimum .03 .4 .01 .02 730 .00 .6 10 .02
maxioum 1.55 49.17 A7 .58 223000 .hd 53.8 19,50 .43
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Table A-Th Lake Hillz Nunof¢ Condltions for 198!

Runn2? Tstal Fain Average Peax 0 Total Total Tarnfv T A
Stars #ain Durat:ion PFain Tnt. Min Inn. Liecrarss Dischargs Duaratlion M oAt
Zate {inches, {nra! “infar}  {in/arlicubliz feet) {inzheq) (rgzra) ot

1/6/21 .07 1.2 .0 L8 2709 Al HS ! : T
/8 .C3 1.7 L3 .4 15 s} H P
/17 .06 4.4 Rali 04 2026, Lo .7 .
1/18 .09 6.9 .0t S04 a4 "2 £ re
1/22 L1 2.5 .1 .74 Ay 7 3.4 T ; :
1/27% 45 14.% .07 16 53360 15 t4.R T : :
1/26 16 5.3 . el 1130 o 5.1 1.? >, -
1/27 .06 2.2 X .02 260 G1 2.7 . -
1/28 .60 17,1 .C4 .08 75200 2 13.1 2 7 tLoF
zf1 1.0C 22,7 .04 .20 50200 .26 26,72 :. tLe
2/13 .24 9.6 .03 .28 13900 .66 10,7 . L 1o
2/13 .53 27.9 .0° .14 ©8400 7 4.5 4. i 1.
2/15 .47 22.4 .0z .20 1000 .15 26,2 7.0 o [
2/17 6 e.0 .02 .06 15600 .C3 7.4 1.6 .t
2/18 .58 18.7 .03 .36 46360 S13 1.0 3017 4 1o
/24 .21 6.4 .03 .08 13390 .04 7.5 L7 L L
3/29 4 9.2 .C2 .06 4790 .01 .l .75 ‘.
>/%1 .32 1.9 .G3 .08 22300 .06 12.8 1,02 1003
4/2 .07 3.3 .02 06 togn Mos )= At LA o
4/2 .20 €.9 .03 .22 14700 .04 5.1 £.77 Lot B
4/4 .06 1.7 .04 .04 2770 .01 T3 .57 e
4/5 .18 3.8 .05 12 12500 .04 3.3 717 L
4/5 .04 .9 .04 .04 2180 .01 TG i H
4/6 .34 1.9 .18 .28 35900 AR 2.2 7,12 L3
4/7 .28 20.0 .01 .06 16300 .05 211 .29 17

4/10 .42 32.3 Ko}l .14 31400 ol ] b1 3.72 .22
4/12 .12 6.7 .02 .08 7740 .02 7.5 2.%2 .13 o
4/20 .19 3.1 .06 14 B350 .02 30 2.8 T 1L
4/21 .27 16.9 .02 .08 17600 .05 10.7 2.n2 L1 £
4/23 .08 2.4 .03 .06 2880 L0t 2.2 1.04 L1 T
4/27 .18 4.7 .04 .06 6960 .02 4.5 LA0 e as
4/28 .35 14.0 .03 12 23300 .07 9.9 2.73 11 It
5/3 .29 4.4 .07 .22 13900 .04 5.1 2.78 14 1,16
5/7 .33 16.5 .02 .16 17700 .CS 13.8 1.8 15 oy
5/11 .39 6.1 .06 .26 24700 07 4.7 5.6% 14 77
5/14 .18 4.2 .04 .22 12500 .04 1.5 757 2" i
5/14 .08 .3 .32 16 4680 .01 .9 5.5% 1 x.55
5/18 .20 7.1 .03 .12 9530 .03 3.5 2.%4 Lta o
5/19 .24 5.5 .04 .10 14100 .04 5-5 2.10 7 1.0t
5/24 .03 .8 .04 .04 530 .00 .8 24 .05 1.0
5/24 .36 14.4 .03 .20 20500 . 14.14 5.40 S [
6/3 .06 4.3 .01 .04 1210 .00 1.5 2 T "
6/4 .03 .8 .04 .04 260 .CO .4 .22 .03 5
6/5 .43 6.2 .07 .16 27700 .08 6.7 3.84 ) )L
6/7 .07 4.7 .02 .08 2050 .0t 1.2 1.40 .C8 2k
6/8 .40 5.7 .07 .16 29100 .C8 5.2 3,61 .21 )
6/9 .08 4.0 .02 .06 4190 .01 4.1 3.2 .15 [
6/12 .28 4.2 .07 .18 16200 .C5 3.6 3.A4 7 ar
6/12 .21 6.8 .03 .12 11000 .03 6.9 2.97 .15 t.~2
6/15 .10 5.6 .02 .08 2540 .01 5.8 70 .07 1.74
6/17 .37 21.8 .02 .08 12500 ,04 20.7 1.3%4 5 3¢,
6/19 .02 N .20 .04 212 .00 .3 2 RV T,
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Table A-Th.cont.) Lake Hills Runof? Conditions for 1981
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Table A-Te.

Runcf?
Start
Tat

1/
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OO~V N~ N

no
~

gam
average
minimum
maximum

Lake dillz Runoff Conditions for 1982

Total
Ralr
{inches)

.35
.98
.18
-58
.74
12
.96
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14
T3

4.94
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Table A-8. Lake Hills Dry Weather Without Street Cleaning (LHD)

Runo?f Concentrations (mg/1)

Storm Month Flow Rain Total TKH COD Total Lead Zinc pH Spec. Turb.

number (cu ft) (in) Sol. Phos. Cond. (ntu)
(umhocs)

6 4/14/80 8650 .15 87 2.1C 67 .27 .53 .12 NA NA LA

8 4/18 132000 1.33% 81 .5% 13 .19 10 .08 NA A RE

9 5/21 11000 .19 119 1.51 48 .37 .38 .14 6.3 YA 20

10 5/24 5850 .15 87 17 16 .02 .15 L1 6.5 49 8

11 5/27 4070 .10 92 .25 31 .12 .12 .07 6.0 26 1%

15 6/5 6920 .18 59 .66 26 .10 .12 .10 A NA MA

16 6/8 9170 A7 195 1.46 87 .49 .56 A7 5.7 22 35

18 6/24 52400 .72 95 1.40 41 .28 .19 .10 5.8 4?2 19

19 6/25 3630 .08 114 1.06 57 .26 .38 .14 6.2 26 15

21 T7/11 9870 .28 85 .87 49 .26 .23 L 5.9 51 9

22 7/14 6090 .15 137 .84 43 A7 .20 .10 5.7 32 7

25 8/26 1210 .04 84 3.58 85 .57 .39 .20 5.3 142 26

26 8/27 30200 .43 190 1.68 75 3.6 .53 .21 6.4 31 29

28429 9/1 56900 .57 54 .25 30 .08 .05 .08 6.2 22 11

30 9/6 14800 .23 60 .98 47 .27 .26 .13 6.0 24 16

31 9/12 3710 .12 24 .67 32 .15 .05 A 6.1 4 9

32 9/13 4810 .16 156 .56 39 .10 .05 .12 6.2 54 9

114 7/6/81 48800 .64 89 1.04 52 .34 .10 .11 6.3 36 8

116 7/13 126000 1.25 79 1.23 37 .27 .10 .13 6.3 37 9

117 8/31 19500 .12 114 5.94 100 .19 .20 .19 6.3 46 6

118 9/1 3870 .12 177 2.46 95 .50 .40 .24 6.4 45 16

119 9/19 7380 .10 274 2.58 118 .71 .40 .21 6.1 473 28

120 9/20 87100 1.05 122 1.2€ 54 .24 .20 .11 6.6 27 12

Total 653930 8.33 2574 33.68 1241 9.55 5.69 3.17 122.3 799 305

Average 28432 .36 112 1.46 54 .42 .25 .14 6.1 42 15

Minimum 1210 .04 24 .25 13 .02 .05 .07 5.3 22 6

Maximum 132000 1.33 274 5.94 118 -3.61 .56 .29 6.6 142 35
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Table A-9. lake dills Lry Weatn-r witn Ctrest Cleaning (0L

Burafd Tonesntraticn e,
Stora Date Tlow Rain Tntal T Ll Tonnl L

number (cu £t) f1in; Zol. Phos
T4 a/2¢/eC 17260 .25 109 171 20 74 .79
=t /2473 120C0 L2t 71 .G3 30 K G
el 3/29 4700 14 66 73 zQ 1z G
29 a/5 12500 18 87 .73 42 .2A 10
aG 4/6 369C0 234 135 1.15 42 4% .20
a1 4/7 1£300 .28 42 .25 27 18 .CE
9z 4/10 26000 .76 17 .59 32 .23 10
a3 4/12 7340 12 157 .Q2 29 .S 10
94 4/20 835¢ .19 78 1.04 50 .21 .23
95 4/21 17600 .27 76 .53 36 16 1%
36 4/27 2880 .08 47 .70 38 12 10
97 4/27 307100 .5% 70 1.18 5 25 20
101 5/11 25400 .43 29 30 67 .26 17
102 5/14 12560 .18 161 V.46 52 .22 26
103 5/14 4680 .08 194 1.60 70 .37 .26
1G4 5/18 27700 .44 59 .62 27 3 LN
105 5/24 20500 .3 a7 .64 49 S0 20
106 6/5 27700 .43 117 1.96 45 .54 26
107 6/8 29100 .40 73 1.01 36 .25 10
108 6/9 4190 .08 184 1.74 20 10 10
109 6/12 16200 .28 103 .90 34 .28 .20
110 6/12 110C0 .21 108 1.04 76 .18 .20
112 6/17 1256C .37 27 .50 22 11 10
113 6/30 21900 .33 206 4.00 122 1.18 .50
Total 402540 6.54 2719 26.83 1053 6.94 4.14
Average 16773 .27 13 1.12 44 .28 A7
Minimim 2880 .08 27 .25 2 10 .05
Maximum 36900 .53 239 4.00 122 1.18 .50
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131
132
133
132
135+136
137
140
141
148
149

Average
Minimum
Maximum

Table A-10.
Month

11/27/80
11/28
12/4
12/14
12/20
12/21
12/24
12/24
12/26
12/29
10/8/81
10/28
10/29
10/30
11/11
13

1
1
1
1

PON RN — —a > = = s o

—_— e
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N

ZLake Hills Wet Weather Without Street Cleaning (LIW'

Flow
(cu ft)

864CC
103200
13900
14500
37200
70700
2370C
57500
53000
158000
426C0
12500
5640
3060
189000
11400
60900
199000
3610
12400
209000
111000
29700
132000
21800
111000
8670
23400
9160
25500
166C00
20600

1966040
61439
3060
209000

Rain
(in}

16.

.70
.23
.23
A7
-43
.60
.26
.44
.32
R

.27
.20

Total

Sol.

83
6
62

152
109
113

120
93
68
60
81
47
64
838
53
50
33
a6
34

119

108
o5
61
62
45
51
51

33
58
227
78
82

2492
78
33

227

20.

Y

Runoff Concentra-:ions
o

I laiel
v

23
2%
27
77
36
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{unnna)
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=0
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P
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44
)
53
A
22
32
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34
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45
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25
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55
35
%4
23
T0
69
31
43

1235
40
22
85

Turbd.
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37 i5/8/80 2540 T 162 7.2l 7 L2 2 1E £.
bE) 112 5T2C 18 27 T 22 s L5 s 5
79 1¢0/28 3147 T 172 1.2 20 IR .23 L1z 5.
10+40 1072 SH2CC T4 106 el 41 .21 13 12 <
42 11/ 3LTCO .26 195 1.46 57 20 A 12 5.5
43 /7 47500 .52 g5 62 25 16 A0 .22 d o
4< 11/8 42200 .41 68 57 78 14 s Ko c.4 i
40 17 /14 9710 .15 125 .73 [ 17 15 L1 5.2 7
a7 11/19 17400 .19 142 1.28 73 n2 .25 1€ 5.6 e
48 11/20 223000 1.55 92 1.04 22 .29 1C LG .7 24
49 11/23 17100 .22 72 .95 22 .52 Li5 R SLE *
63 1/11/81 B460 .15 142 70 45 .51 L2n LVE £.7 )
66 1/23 53000 48 161 .95 57 .28 i s £.7 o
67 1/26 11000 16 a1 .25 24 .27 .05 Ko 5.2 2
69 1/28 75000 60 69 .25 13 .07 10 .5 £.% S
T0+71 2/11 90200 1.06 90 .nd 47 .22 14 Nies £l ol
72 2/13 19900 .24 66 .25 27 3 10 LCF 5.4 -
T3+74 2/13 113200 1.0} 218 1.26 23 .45 L300 i 5.7 I
76 2/17 10600 A6 T4 .73 31 15 15 el E 7
77+78 2/18 1080 .58 A 1.40 56 .2 .29 L12 I 3
Total 303760 £2.96 2412 20.45 860 5.7%3 3,64 2.25 117,59 [
Average 45188 .45 127 1.02 43 .3 1R L1 5.0 i
Minimum 2590 L1 27 .25 13 .03 .05 .05 5.8 19
Maximum 223000 1.55 442 *.30 83 .92 .3 .23 504 5
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Tabi= A-12. Se=rw; Prans Dry Weaznzr Witacat Jireen llean.ng (L0

Tunell Zeprcentraticns okl

Qoo faz=2 RE S Total TEn I Toral laad Zinc o] . Tars.
iuzter ..n Jol. hosa. 1. favg
1 ¥/12/80 13800C 127 7 6 27 13 Lin ng 1A A 14

2 7,06 3532 13 2re 1.26 77 .73 I L2 A TA A

21 740 16760 .22 142 1.29 5 .29 L2 ' 6.7 el 3
22 T/ 0150 .15 127 25 37 .18 1D W12 5.0 e -
2 a/ty 3180C .63 624 2.9 152 .84 .22 27 6.2 &5 41
o5 3/26 267C .c8 126 3.4 129 .95 .51 .20 7.4 35 e
26 8/27 8450 L2 266 1.90 102 1.17 .42 22 £.5 72 zc
27 8/28 23600 .2 144 84 35 .09 .20 1 6.5 2 s
23 9,1 24402 .€0 se .63 29 12 .6g ca 6.3 0 7

c 9/5 119¢CC .27 90 1.2 47 .31 .22 .29 6.0 28, 14

3 9/12 1970 08 72 25 24 1 95 [} 6.8 42 a
32 9/13 5020 14 a0 1.02 43 12 c5 15 6.6 69 7
33 9/13 2870 .09 a2 5C 56 21 10 16 5.5 54 [

2 9/20 203C0 .38 163 1.43 76 36 24 16 5.3 23 !
35 9/29 23700 .43 15 92 42 8 13 1 &.1 23 13
81 3/3/81 383C0 .62 64 57 7 .14 10 08 5.9 bAl 'y
82 3/5 8310 .10 83 .84 33 .16 10 o]} 5.5 2 1
83 3/15 23300 .28 92 1.06 82 .22 10 12 6.2 4 13
84 3/23 13800 .34 82 78 34 16 10 09 6.1 3 12
85 3/24 14600 .26 76 67 72 22 o 10 6.2 7 14
g6 3/28 7400 .18 62 25 33 12 o5 09 6.5 33 5
88 4/2 5700 .23 199 1.7 10 51 20 15 6.6 20 b3l
89 4/5 5250 .16 58 1.0t 45 17 10 10 6.2 23 16
90 4/6 15700 .38 147 1.15 45 .55 2C 1 5.5 0 17
91 el 4210 .22 49 25 21 o7 05 c8 5.9 56 S
92 4/10 €070 .30 67 70 27 20 10 07 5.1 25 14
93 4/12 3680 W13 17 1.C6 45 .26 .20 .10 6.1 33 13
94 4/20 1260 .08 A A A NA YA YA 5.9 £9 8
95 4/22 2010 A 128 .18 46 .15 .10 .08 5.3 ta o
97 4/27 25300 .47 72 .81 33 .19 .20 ! 5.2 25 12
98 5/% 9690 .21 104 1.46 95 .29 .10 .15 6.3 39 19
99 5/7 5550 6 136 1.46 82 .31 .20 17 6.1 35 26
100 5/7 19€00 .33 188 1.54 61 .36 .20 Rk 5.9 25 27
10t 5/10 20500 .29 87 .B4 40 .20 .10 .09 6.1 25 20
104 5/19 11800 .22 69 .90 79 .19 .10 R 6.1 31 17
105 5/24 16500 .31 75 .76 45 .20 .10 .12 NA RE 9
106 6/5 17300 .33 140 1.57 66 .30 .20 7 6.1 38 [
107 5/8 17500 .31 87 .76 52 .20 .10 .10 5.8 16 18
108 6/9 2160 .05 NA NA NA NA 1A NA 6.5 46 24
109 6/12 10600 .23 131 1.01 51 .27 .10 .12 6.3 23 20
110 6/i2 17100 .33 285 2.10 98 .61 .40 .23 6.6 30 36
112 6/17 8880 .23 31 .67 30 AT .10 .09 6.5 25 11
13 6/30 11500 .25 324 4.26 149 1.19 .40 .26 5.2 60 28
114 7/6 26400 .53 113 1.15 59 .2 .10 .14 6.2 32 "2
115 7/10 6230 .16 149 1.76 103 .28 .20 A7 6.3 38 20
116 7/13 69800 1.47 78 .84 2 A7 .10 .12 6.4 30 6
117 8/31 6340 .24 198 3.10 82 .68 .20 .26 6.5 69 22
119 9/18 18800 .50 336 3.92 131 .89 .50 .28 5.9 47 31
120 9/20 38200 .68 136 1.29 58 .20 .20 .18 6.4 42 8
121 9/25 33900 .58 116 1.06 57 .22 .10 .15 6.2 29 4
122 9/26 103000 1.65 158 1.18 50 .32 .20 12 6.8 27 1"
Total 950420 17.56 6617 62.13 3006 15.76 9.02 7.08  "295.6 1738 796
Average 18636 .34 135 1.27 61 .32 .18 .14 6.2 38 16
Minimum 1260 .05 3 .5 21 .07 [ .07 5.2 16 4
Faximum 10800C 1.65 624 4.26 152 1.19 .82 .37 7.4 95 4t
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Table A-13%. Jurrey Downs Dry Weasther Witn Street Cleaning (201

Runoff Concentrationc 'rn.
Storm Date Flow Rain Total A CoL Tt
number (cu tt) (in) Solids Phna.
3 4/5/80 22600 473 112 1.06 50
445 4/8 483900 .79 132 .60 ‘Y
7 4/14 £590 .18 196 2.74 24
8 4/18 78800 1.18 43 50 15
Total 158890 2.58 4873 4.90 168 1

Average 30723 .05 121 1.27% 40
Minimum 8590 .18 473 .50 5
Maximum 72800 1.18 196 2.74 54
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Table A-14. Surrey Downs Wet Weather Without Street Cleaning (LIW!

Buncff Concen*rations ims/1l}

Storn Cats Flow Rain Tntal TEN cCce Total lead Zinc ot lren
number (cu %) (in) Solids r53. Cond.
furnss,

37 10/8/80 102CC .19 174 1.96 39 78 .25 Iz MA 41

z8 1C/12 4220 .12 52 Na 26 17 .C7 .08 61 A

29 10/24 7760 .16 140 1.06 102 24 15 .15 7.5 24
40 10/ %) 185C0 .74 57 .64 91 .15 .09 10 6.5 29

42 11/ 20760 .29 1C0 1.09 46 .18 .i4 10 5.7 25

43 1/3 A1F00 .60 95 .78 32 .16 .06 .C7 6.3 27
44 11/6 87500 1.18 93 .62 51 .08 .10 .18 MA 47
45 11/8 26000 .43 64 .62 35 .14 .10 13 6.2 37
46 11/14 5330 .12 250 1.40 50 .23 .20 .31 6.0 46
47 11/19 14200 .21 73 1.23 41 A7 .10 .12 5.5 2F
48 11/20 134000 1.66 60 1.12 30 .15 .10 A7 5.8 70
49 1/2% 8730 .15 29 .87 31 .26 .10 L1 5.9 28

50 11/27 55100 LT 49 .56 29 .11 .05 .08 5.8 31
51 11/28 87900 .86 52 1.26 34 .10 .10 .c8 6.5 d4F
52 12/2 88000 .97 68 .13 42 A7 .10 A5 6.2 45
53 12/3 51200 .46 71 .25 26 .08 .10 .08 6.8 56

55 12/14 5050 11 100 .87 69 .24 .20 .14 6.2 41
56 12,20 25100 .43 95 10 58 .18 .10 12 6.4 2%
58 12/24 16600 .26 98 .88 62 € .10 .21 5.9 77
59 12/24 50500 .51 60 .25 20 .09 .20 .09 7.0 4%
60 12/2% 135000 1.28 76 .70 27 A3 .05 R 7.0 52
61 12/26 49900 .34 83 .64 20 .21 .C5 .23 7.0 62
62 12/29 127000 1.14 91 .50 19 .09 .05 .09 NA 59
63 1/17/81 10400 .22 125 1.01 47 .37 .20 .15 6.4 57
64 1/20 16600 .27 98 .25 52 .07 .10 .10 6.4 27
65 1/21 35900 .42 N .78 46 .02 .10 .07 6.1 33
69 1/28 59100 .63 68 .25 20 .00 .10 .05 6.0 2
70 2/11 63800 N 80 .64 52 .16 .10 .10 6.1 29
72 to 78 2/13 249600 2.20 125 .98 47 .20 .16 .09 6.1 64
79 2/24 34300 .36 75 .64 38 17 .10 .09 6.2 4%
155 12/28 2460 .04 46 NA NA NA NA NA 7.0 52
156 1/10/82 17800 .30 274 1.93 110 .38 .40 .20 6.7 102
158 1/15 90800 1.10 102 .13 38 7 .10 10 6.8 111
159 1/17 13800 .16 127 .74 3% .09 .10 .08 6.9 73
Total 1704710 19.53 3242 26.74 1425 5.49 4.02 4.C8 196.5 1559
Average 50139 .57 95 .84 43 A7 12 .12 6.3 46
Minimunm 2460 .04 29 <.5 19 .00 <.1 .C5 5.7 27
Maximum 249600 2.20 274 1.96 110 .38 .40 .31 7.0 111
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Table A-15.

129
131
132
133
127
1384139
140
141
148
149
150
151
152
153
154

Total
Average
Minimum
Maximum

Late

10/1/81
1C¢/5
16/7
1C/3

10/27
10/28
10/30
11/11
11/13
15/30
12/1
12/3
12/4
12/9
12/13
12/14
t2/17
12/19
12/21
12/23

Surrey Cowns Wet Weather

Flow
(cu ft)

52100
401000

153

19200

39500
2170
4230

28500
6030
7360

37130

13500

116000

72800

22400

81100

22400

#3100
3980

17100

1125300
56265
3980
401000

Total
Zclids

25
144
116

8R

72

75

a3

76

69
110

83
140
110
114

79

97
133

64
194

3

2030
102
64
194

s By .
w#itn cStreet

73

.90
.56
.61
.62
1.820
.64
.76

.66
.64
.48
.62
.62
.5
.48
295
.56

15.732
L7
.48

1.80

Cleaning

CLD

e
7
24
30
36
29
27
73
44
69
76
a8
17
28
35
35
27
21

(C3rW}

Sunoff Concentrations (meg/l’

To%tal
Hog.

.15
.23
.08
AN
.16
.15
.22
A7
6
.27
.18
13
12
.09
4
15
13
.08
.20
2

3.08
.15
.08
.28

18]

[y

- O

<

O = DD = e = O = (DO
MO ML & O DUVIND I-JO 0

WY
>

N IHh -3 T [eaNaa I I aATES o AT w XISV AN IR0 AN @A)

GO0

DD :_1; [ate N

WWAH O

O OV D O AR

D OD

ERNN
SRR FCRUURE R IR RV

EREN.

BT O NG RNV S N
ke e

RN

Y.

2
4
23
M
£
I

NN

o

)
SIS
)

oo
R S

235

3

[

- -
B N AN I 4 BN

L0 - Ia Ve

o N —-

¥

-

TSN

T

[ RIS RN



storm
number

6

o4}

N = QO =00

OO P = = =2

r
N

26

Total
Averayge
Minimum
Maximum

Table A-16.

Month

4/14/80
4/18
5/21
5/24
5/27

6/5
6/8
6/24

Lake Hills Dry Weather Without Street Zleaning (1500

Flow
(cu ft)

8650
132000
11000
5850
4070
6920
2170
2400
3630
9870
6090
1210
30200
56900
14800
3710
4810
48800
12¢000
19500
3870
7380
87100

653930
28432
1210
132000

Rain Total
(in)Solids
.15 .46
1.32 6.55
.19 .80
15 .31
.10 .23
.18 .25
. 1.10
.72 3.05
.08 .25
.28 .51
.15 .51
.04 .06
.43 3.51
57T 1.86
.23 .04
12 .05
.16 .46
.64 2.66
1.25 €.10
12 1.3%6
12 .42
10 1.24
1.05 6.5
8.33 %2 82
.36 1.69
.04 .05
1.33 6.55

Runoff Yields {ib/acre/stora)

T CcOD
.011 .35
.04%  1.0%
.010 .72
.003 .06
001 .08
.003 .11
.008 .49
045 1.732
.002 .13
.005 .30
.00% .16
.00% .05
.CH1 1.38
L0009 1.05
.009 .43
.002 .07
.002 .11
.03 1.55
.095 2.86
.071 1.19
.000 .23
012 .5%
.C67 2.88
.470 156.70
.020  .7%
.001 .06
.095 2.28

Total
Pho=.

L0014
L0154
L0025

[a¥a ¥
o dion

LCU03
.CCo4
028
Nelgiele]
.0CCE
.0016
.0C06
L0004
.ChHER
.0C27
.0024
.CO03
.0003
L0162
L0208
0023
L0012
.C0Z2
0128

L1820
. \",(:_)6 9
.0CO1
L0668

Lead

OG0

.0G

LOG2s

L0065
LGS
RaISLy
.00
LG
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SJtorm
numnber

34
£5
86
82
90
91
92
93
94
95
96
97
101
102
103

Total
Average
Minimum
[Max imum

Tnole A-17.

vate

9/20/20
3/24/61
3/28
4/5
4/6
4/7
4/10
4/ 2
4/20
4/21
4/2%
4/27
5/11
5/14
5/14
5/18
5/24
6/5
6/8
6/9
€/12
6/12
6/17
6/30

~

pozsh

175075
12000

4700
12500
36,900
16%00
26000

1540

8350
17600

2880
30300
25400
12500

4650
23700
20500
27700
29100

4190
16200
11000
12500
21900

402540
16773
£80
36900

Rain

(in)

.25
.21
.14
RS
- 34
.24
.36
12
.19
.27
.08

LY

.08
.44

z
./

.43
.40
.08
.28
.21
<27
.33

6.54
.27
.08
.53

Tot

Coli

2.

— o =
« e

—_
.

71
15

8

.05

.72

7 iiills Dry VYeather With Utreet

~
-

Teey

Huncff Yieldo

mrear
P

LC1H
LG0T
.002
L0046
.026
.002
.009
004
.00
006
<01

22
.014
.011

.005
009
.Q0#
-03%
.018
.004
.009
.007
.004
-054

. 235
.01e

.00l
.C54
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Storm
number

50
51
54
55
56
57
58
59
61
62
127
129
130
131
132
133
134
135+136
137
140
141
148
149
150
151
152
153
154
155
156
158
159

Total
Average
Minimun
Faximum

Table A-18. Lake Hills Wet Weather Without Ctreet Cleaning (LiwW)

lfonth

11/27/80
11/28
12/4
12/14
12/20
12/21
12/24
12/24
12/26
12/29
10/8/81
10/28
10/29
10/30
1/11
19/13
11/17
11/20
11/30
12/3
12/4
12/9
12/13
12/14
12/17
12/18
12/21
12/23
12/28
1/10/82
1/15
1/17

Flow
(f'\ -f‘f)

86400
103200
13900
14500
37200
70700
23700
57500
53000
158000
42600
12500
5640
3060
189000
11400
60900
199000
3610
12400
209000
111000
29700
132000
21800
111000
8670
23400
9160
25500
106000
20600

1966040
61439
3060
209000

Kain

(in)

.70
.83
.23
A7
43
.60
.26
.44
.32

1.1
.27
.20
.07
.07

1.58
4
.53

1.44
.12
16

1.43
. 82
.30
.96
.21
.69
.09
.26
.10

.35
.98
.18

16.06
.50
.07

1.58

Total
Solids

4.
4.
.53

=35

—

39
17

2.48

PO IOAN —

U=

W U1 — N \WA

— AN

.89
.74
.27
.21
. 81
.11
.36
.22
16
13
.35
.23
.61
.08
.90
.82
.46
.11
.01
.60
.47
20
.47
.33
.54
.06
.03

89.
2.
.08

18
79

13.82

Runoff Yields
KN

.48
016
.007
.06
.016
.033
.016
.025
.09
.051

.007
.00%5
.CO3
.002
.084
.004
.010
.046
.001

.010
.118
.029
.005
.040
.004
.033
.003
.004
.008
.021

.031

.008

.73
.C22
.00
.11E

(1v/acre/storm)

AW

‘N

CoD

.47
47
.23
.69
B2
.44
.66
.95
.75
.09
.76
.18
.10
.07
.82
.29
.82
.66
.06
.29
B4
.36
.47
.70
.23
.29
13
.29
.22
.20
.62
.42

- 26
.07
.C6

&4

m -
Total

Phoz.

.0079
. 0082
L0010
.00283
.N0CS
00N
.0032
.0049
L0039
.C797
OCch
.0010
. 0006
.0003
L0243
L0011
.0045
L014¢
L0007
.0G09
L0166
.0058
.0c27
. 0089
.0009
.0053
. 0004
.0010
. 3007
.0053
.07

.0015

.1€28
.0Cen
Nelaleki
.0247
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AR

Storm
number

37
38
39
4C+41
42
43
45
46
A7
48
49
63
66
67
69
T70- 71
72
T34+74
76
T7+78

Total
Average
Minimum
Maximum

Table A-19. Lake Hills Wet Weather With Gtreet Cleaning

fonth

10/8/80
10/12
10/24
10/31

11/1

NN = = ] = = =
e e e SO SN S SO N NN N e
—“*—‘_L_'NNNCDNN—‘“*\\
O-JWW—" 0OV~ 1OW0W-~ DN

low
(cu ft)

2590
6780
8140
58200
38700
47500
42200
9710
17400
223000
17100
8460
53000
11000
75000
90200
19900
113200
10600
51080

903760
45188
2590
223000

Rain
(in)

1
16
A7
.74
.36
.52
.41
.15
.19
1.55
.22
.15
.48
.16

Total
Solids

- NS~ N

63.
L7
.00
15.

.27
.1
.69
.78
.46
<47
.76
.74
.71
.56
75
14
.23
.55
AT
<97
.80
.1
.48
.00

35

11

Runoff Yields (lb/acre/stors)

TKN

.006
.003
.0C8
021
.G35
.018
017
.004
.020
142
.010
.004
.0%1
.002
.01
.C35
.003
.0R7
.005
.044

517
.026
.002
142

Coh

2
.09
.40
.45
.€0
.02
.97
.50
.41

42
.23
.23
.86
16
A1

.37
.33
.29
.20
.74

.E6
.04
.09
.42

(CLHEW)

Totgl
Pnos.

.0C04
000
L0019
L0075
L0071

L0G4T
LOCRE
LCC10
L0088
L0796
L0054
L0026
.CnHay

LOTRE
.O012
0122
L0016
0312
.CC10

.01G6

.1822
.0077
.0C04
RoxAsTs

,,,,,,,



mable 1-2D. Ourrey Dewns Dry ¥esther Witheont Sireet Cleaning (GPD)

suncff Yields (1b/acre/storm)

tarm Datr Flow Rain Totnl TKN coD Total Lead Zinec
SNPPT (cu ft) (in)  Golids Fhos.

TOT/12/90 108000 1.23 4.95 .040 1.63 .0092 .0071 . 0055
R VA QreQ .19 1.29 .007 L44 .0018 .0020 .0012

o T 10700 .22 1.00 .005 .48 .0020 .0015 .001
S /14 6150 15 .51 . Q01 15 . 0006 . 0004 . 0005
i e/ 7 2100 63 13.00 L0618 3.47 .CY75 017 L0077
5 8/26 267¢ .oR .19 . 006 .22 L0017 . 0009 L€ )05
20 8/27 2440 18 1.47 .0 .56 . 0065 .0027 L0012
o7 8/ 23600 L37 2.23 .013 .54 L0014 .0031 L0017
25 a/y 3400 .50 1.19 .014 .60 .0025 .0010 L0017
30 a/6 11200 .27 .70 .010 .37 .0024 L0017 .0023
53 a/i2 1070 .08 .09 .000 .03 . 0001 . 0001 .0001
i /1% 5020 14 .30 .003 .14 .0004 .0002 . 0005
13 a/1a 2870 .09 .15 .002 .1 . 0004 .0002 .0002
x) a0 20700 .38 2.23 .019 1.01 .0048 .0032 .0021
75 e/z9 23700 .43 1.79 .014 .65 .0028 .0020 .0017
&1 2/3/81 38TON .62 1.61 .014 .68 .0035 .0025 .0020
2 3/5 8310 .10 .45 .005 .18 .0009 .0005 . 0005
83 3/15 23300 .28 1.40 .016 1.2% .0034 L0015 .0018
84 3/23 18800 .34 t.o1 .010 .42 .0020 .0012 .00t 1
85 3/24 14600 .26 .73 .006 .69 .0021 ,0C10 .0010
86 3/28 7400 .18 .30 .00t 16 . 0006 . 0002 . 0004
ug 4/2 5700 .23 .M .006 .37 .0019 .0007 . 0006
89 4/5 5250 16 .20 .003 .15 . 0006 .0003 ' .0003
10 4/5 15700 .38 1.51 .012 .46 .0057 .0021 L0015
91 4/ 4310 .22 4 . 001 .06 .0002 . 0001 .0002
a2 4/10 8070 .20 .35 .004 .14 L0011 . 0005 . 0004
a3 4/12 3680 .13 .28 .003 .1 . 0006 .0005 . 0002
a4 4/20 1262 .08 A NA NA NA NA © NA
25 4722 2010 1 17 . 001 .06 . 0002 .0001 .0C01
o 4727 25300 .47 1.19 .013 .55 L0031 .0033 L0013
o3 5/3 9690 .21 .66 .009 .60 .0018 . 0006 . 0009
29 5/1 5550 16 .49 .005 .30 L0011 .0007 .0006
100 5/7 19600 .33 2.41 .020 .78 .0046 .0026 L0017
o 5/10 20500 .29 1.17 .011 .54 .0027 L0013 .0012
104 5/19 11800 .22 .53 .007 .51 .0015 .0008 . 0008
105 5/24 16500 .31 .81 .008 .49 .0022 L0011 0013
106 6/5 17300 .33 1.59 .018 .75 .0034 .0023 .0019
107 6/8 17500 .31 1.00 .009 .60 .0023 L0011 L0011
108 6/9 2160 .05 NA NA NA NA - BA NA
tna 6/12 10600 .23 .91 .007 .35 .0019 L0007 .0008
110 6/12 17100 .33 3.19 .024 1.10 .0068 .0045 .0026
112 6/17 8880 .23 .18 .004 A7 .0010 . 0006 . 0005
13 6/30 11500 .25 2.44 .032 1.12 .0090 .0030 .0020
114 /6 26400 .53 1.95 .020 1.02 .0042 L0017 .0024
115 7/10 6230 16 .61 .007 .42 .0011 .0008 0007
116 7/13 69800 1.17 3.57 .038 1.46 .0078 .0046 .0056
"7 8/31 6340 .24 .82 013 .34 .0028 . 0008 L0011
119 a/18 18800 .50 4.14 .048 1.61 L0110 .0062 .0034
120 9/20 38200 .68 3.40 .0%2 1.45 .0050 .0050 .0039
121 9/25 33900 .58 2.58 .024 1.27 .0049 .0022 .0034
122 8/26 103000 1.65 10.66 .080 3.37 L0215 .0135 .0079
Total 950420 17.56 84.25 . 720 33.75 L1763 L1119 .0832
hvernpe 18635.69 .34 1.72 .015 .69 .0036 .0023 L0017
Kininum 1260 .05 .09 .000 .03 .0001 . 0001 . 0001
Anx imum 108000 1.65 13.00 .080 3.37 .0215 01T .0C79

255
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Table A-21. Surrey Downs Dry Weather Witk Street Cleaning {(CILD)

Runoff Yields (1lb/acre/ztorn)

Storm Date Flow Rain Total TKN COoD Total Lend Zinnm
number (cu ft) (in) Solids Pros.

] 4/5/80 22600 .43 1.66 .06 .74 2037 .04 SN0
445 4/8 48900 .79 4.23 .019 1.25 L0077 .0Ce4 R

7 4/14 8590 .18 1.10 015 .30 RVSED] oo o
8 4/18 78800 1.18 2.22 .026 77 NeloL1s! .CO27 oA
Total 158490 2.58 9.21 076 3.07 S01ST G147 o117
Average 397273 .65 2.30 .019 77 L0049 G027 cnle
Minimum 8590 .18 1.10 .08 3 LO073 L0013 NN
Maximumn 78800 1.18 4.23 .026 1.25 LCOT77 o064 LA
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Ctarm
nunber

37
38
39
40
42
43
44
45
46
47
48

72 to 78

55
156
158
159

Total
Average
Minimum
Maximum

Table A-22.

Cate

10/8/80
10/12
10/24

O
~

NI PO PO DD SO
NOIINOWHEDAW—= -

—_ e ot s
[20 R NN N N NP

-—
N -
~ N
—_
0

Currey Downa Wet wWeather Without

Flow
(cu ft)

10200
4280
7760

48500

20700

41600

87500

36000
5330

14200

134000
8730
55100
87900
88000

51200

5050
25100
16600
50500

135000
49900
1270G0
10400
166C0O
35900
59100
63800
249600
34300
=460
17800
90800
13800

1704710
50139
2460
249600

Rain

(in)

.19
12
.16
.74
.29
.60

1.18
.43
.12
.21

1.66
.15
-T1
.86
.97
.46
L1
.43
.26

Total
Solids

1.16
.15
L7

1.81
1.36
2.59
5.33
1.51
.87
.69
5.27
17
1.77
3.05
3.92
2.38
.33
1.56
1.07
1.58
6.72
2.1
T7.57
.85
1.07
2.14
2.6%
3.34
20.44
1.68
.07
3.19
6.07
1.15

97.30
2.86
.07
20.44

Ztreet Cleaning (C

Runnff Yields (1b/acre/s%crm)

TKN

.013
A
.005
.020
.015
.02
.036
.015
.005
011
.098
.005
.020
.073
.042
.008
.0C2
.012
.010
.003
.062
.021
.047
.007
.00%
.018
.010
.027
.160
.014
NA
.023
.043
.007

.861
-027
.003
.160

CGD

.26
.07
.52

1.62
.62
.87

2.92
.83
AT
.38

2.63
.18

.05

.96

2.42
.87

—_

To%al
Phos.

00T
.0029
.0118
.0069
.COT7
.0025
.0008
.0004
.GOO!1
.0067
L0327
.0038
NA
.0044
L0101
.0008

. 1601
.0049
. 0001
0327

DTOWVOOD OO
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Table A-2%. Surrey Downs Wet Weather With Street Clearings (CI030

Runoff Yields (1t/acra/starn

Otorm Date Flow Rain Total Tl CClL Tl
number (cu ft) (in) Solids Tac.
123 10/1/81 52700 .81 3,24 .025 .96 ST
1244125 10/5 401000 4.38 37.82 .268 8.0% .00
126 10/7 18300 .14 1.739 .011 .29 LOn0e

127 10/8 19200 .24 1.1 .007 .38 LoL?

128 10/27 39500 .74 1.86 .016 .G% LOTAD

129 10/28 9170 A7 .45 .004 17 stelils

131 10/30 4230 .09 .27 .005 .07 COGOR

132 11/ 11 93900 1.50 4.92 .04 1 2.14 AR

133 1/13 6030 R .27 .003 17 LOLOF

137 11/30 7360 e .5% LOC6 z OO
138+139 12/1 37130 .55 2.02 .018 et LO0Az
140 12/3 13500 .19 1.24 .006 42 O

141 12/4 116000 1.27 8.36 .049 1.29 Lo

148 12/9 72800 L5 5.44 .023% 1.34 .00

149 12/17 22400 .36 1.16 .009 .51 Nl

150 12/14 81100 .87 5.15 .0%% 1.86 Rolalp

151 12/17 22400 .29 1.95 .009 .40 RotalNy

152 12/19 83100 .79 3,48 .026 1.14 004

15% 12/21 3980 .08 .51 .002 14 L0008

154 12/23 17100 .27 .82 .006 .37 L0013
Total 1125300 13.77 81.99 .567 22.72 L1235
Average 56265 .69 4.10 .028 1.14 .CCu2
Minimum 3980 .08 .27 .0Q2 .07 L0005

Maximum 401000 4.38 37.82 .268 8.93 LO6CY

RN
S TaN
SN D~y fa
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NUMBER OF RAINS PCR MONTH

FIG

URE A-1

NUMBER OF RAINS PER MONTH
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AVERAGE. RAIN PER STORM (INCHES)

FIGURE A-2

RAIN VOLUME PER STORM EVENT

MONTH OF STUDY
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AVERRGE DURATICN PER STORM (HOURS)

FIGURE A-3

STORM DURRTIONS
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AVERAGE PRECEEDING DRY PERIOD (HOURS)

FIGURE A-4

INTEREVENT PERIOD

1200

1000 |

son |

31w v I

wonl /

WET DRY WET DRY
2em | " 1

3

v
Ry =

. ,-.,;HlI!“’rL I R =
I I 1&11“2’15141515‘1711419 2’)2324

1'2'3'4's'g'7'8 24?1

MONTH Of STUDY



£9¢

AVERARGE RAIN INTENSITY (IN/HR)

FIGURE A-5

AVERAGE RAIN INTENSITY
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AVERRGE PERK 3S-MIN RAIN INTENSITY (IN/HR)

.25

FIGURE A-6

PEAK RAIN INTENSITY

MONTH OF STUDY
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NARTURARL LO& OF SURREY DOWNS RAIN QUANITY (LN X INCHES)

ll_fKE HILLS AND SURREY DOWNS RAIN QUANITIES

FIGURE A-7
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NRTURAL LOG OF SURREY DOWNS RAIN DURRTION (LN X HRS)

FIGURE A-8
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(-LN X IN/HR)

NEG. NRTURRL LO& SURREY DOWNS PK. RRIN INT.

FIGURE A-9
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FIGURE A-10

LAKE HILLS - Wet Season
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PERCENT OCCURENCE

FIGURE A-11

SURREY DOWNS - Wet Season
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FIGURE A-12

LAKE HILLS - Dry Season
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PERCENT OCCURENCE

33

FIGURE A-13

SURREY DOWNS - Dry Season
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FIGURE A-14

SURREY DOWNS RUNCFF (percent by month)
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FIGURE A-156

SURREY DOWNS BARSE FLOWS (percent by month)
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FIGHRAE A-18
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PERCENT OCCURENCE IN COMCENTRATION RANGE

FIGURE A-17

ZINC
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FIGURE A-18
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PERCENT OCCURENCE IN CONCENTRATION RANGE

FIGURE A-19

TOTAL KJELDAHL NITROGEN
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FERCENT OCCURENCE IN CONCENTRATION RRNGE
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36

FIGLRE A--21
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PERCENT OCCURENCE IN CONCENTRARTION RANGE

FIGURE A-22

SPECIFIC CONDUCTANCE
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FIGURE A-23

TURBIDITY
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Lead {mg/l)
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TOTAL SOLIDS., Ma/L

FIGURE A-31

SURRET DOWNS TOTAL SOLIDS BY SEASON
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LERD, MG/L

FIGURE A-32

SURREY DOKNNS L ERD BY SEASON

.5 ~
®
Sl . e
.4_~_1F-- ® A®
8
®
34 ,
e
4 ()
®
21— sme b e® o:, e e ®
-1——4(—ncnmu #44A e oa R W A B 04 A Iy l
a.ooo A A e 4 YW Ae A J
o A
0 b 25 .5 b 75 1 1.25 1.5 1.75
e dry scason RAIN, INCHES

A Wet season



16¢

FIGURE A-33

SURREY DOWNS ZINC BY SERSON
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COD, M&/L

FiIGURE A-34

SURREY DOWNS COD BY SEASCN
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FIGURE A-35

SURREY DOWNS TKN B
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TOTAL PHOSPHOROUS, Ma/L

SURREY DOWNS TOTAL PHOSPHOROUS BY SEHSO0N

FIGURE A-36
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PH, PH UNITS

FIGURE A-37

SURREY DOWNS PH BY SEASON
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SOECIFIC CONDUCTANCE, LMHOS/CM

FIGURE A-38

SURREY DOWNS CONBDUCTIVITY BY SERSOM

150
l
1204
o A
98] ¢
[ s,
A
o 2 [
6044 A
— o $° A
A A A . ® N ¥ |
[ FY
oo A
i -4 L B ¢
o
o
0 .25 .5 .75 [1 1.25 1.5
e dry season RAIN. INCHES

A wet seacon

1.75



L6

TURBIDITY, NTU

FIGURE A-39

SURREY DOWNS TURBIDITY BY SERSON
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TOTRL SOLIDS, Me/L
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FICURE A-40
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LERD, MB/L

FIGURE A-41

LAKE HILLS LERD 3Y SERSON
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FIGURE A-42

LAKE HILLS ZINC BY SERSON
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COoD, Me/L

FIGURE A-43

LAKE HILLS COD BY SERSON

150
125 |
®
[ J
®
® ‘.
751 s te s
® ® ®
® A
° A a °
S0 8o ° °
[ T o .
s , ™ 0 <
Ag o A A AA
25____‘:B‘i &, ° ¢ 4 A .
e g, s a N 4 A A
o A
) [
8 | | 1 | | |
8 l.25 ].5 l.75 l] l1 25 IJ.S
@ dry season RRIN., INCHES

A wvet season

1.75



20t

TKN, MG/L

4.5

FIGURE A-44

LAKE HILLS TKN BY SEASON
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TOTAL PHOSPHOROUS, Ma/L

FIGURE A-45

LAKE HILLS TOTAL PHOSPHOROUS BY SEHSON
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PH, PH UNITS

FIGURE A-46

LAKE HILLS PH BY SERSON
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SPECIFIC CONDUCTANCE, UMHOS/CM

FIGURE A-47

LAKE HILLS CONDUCTIVITY BY SERSON
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FIGURE A-48

LAKE HILLS TURBIDITY BY SERSON
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Street Uit Loandings
sep, ne street cleaning)

B Ly

Japple Pnys from Days fron Leading Median
Iient. 1lact aign. last {1v/curb- siza

roin clenning mile) (micrans)
A-t12 4.9 4 D61 263
A=115 6.9 7 268 200
A-1192 11.0 11 427z “g5,
A-122 14.0 14 329 347
A-126 17.0 17 304 a2t
A-120 70 20 384 280
A-131 24.0 24 299 361
A-137 26.1 2 364 763
A=-13Q3 2.0 32 383 333
A=140 24.2 35 395 456
A-144 1.3 39 298 420
A-148 4.4 42 356 407
A=162 7.4 45 408 281
A=155 1.1 49 485 424
A=157 2.5 53 219 547
p-161 2.7 58 313 457
A=165 9.4 >60 %23 474
A-170 11.6 >60 312 463
A-174 2.0 560 270 441
A-179 4.2 >60 384 473
A-185 .6 >60 233 599
A=312 .4 >60 282 752
A-319 6.3 >60 503 488
A=525 1.0 >60 442 934
A--329 2.9 >60 400 564
A-335 .8 >60 329 720
h=241 o >60 374 76
A=349 5.4 >60 405 268
A-353 7.4 >60 373 896
A=-356 G.2 >60 372 782
A-3262 12.4 >60 256 774
A-366 .8 >60 282 1006
A-372 1.7 >60 314 842
A-3814 4.9 >60 597 514
A-386 8.9 >60 261 790
A-395 2.3 >60 3241 850
A-400 5.3 >60 315 496
A-402 1.0 >60 594 Q36
A-418 .6 >60 422 832
A-429 2.6 >60 430 Th4
A-440 .4 >60 304 700
A-454 7.2 >60 343 800
A-459 1.0 >60 226 914
A-475 3.7 >50 443 580
A~481 7.5 >60 501 593
A-490 2.8 >60 432 748
A-494 3.6 >60 350 760
A-499 1.0 >60 279 872
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ra2in cleaning
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L0 6T
12,7 200
1,74, s
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.0 >R0
7.8 >o0
7.0 >60
15,0 w60
o0 >H0
~4.0 >AC
S99 60
Zz 1 > 60
Z5 .85 >60
9.1 SED
431 60
45.0 >60
1.5 >60
7.6 >60
£.4 >60
11.5 >60
14.4 >60
15.3 >60
18.4 >60
1.4 >60
74.0 74
10 >30
.4 4
4%.9 >60
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Loading
fit/curb-
mile)

768
669
409
303
562
348
315
540
385
446
568
5C0
£9%
414
503
516
4n6
546
282
408
435
450
506
275
872
277

74
359G
219
872

Median
size
{microns)

722
610
404
610
611

493
648
559
489
4eh
457
454
477
520
479
445
415
421

613
468
429
444
440
443
447
682

74
575
2Ra

1006



rrey Uowns Street Dirt Loadings
{Wwet ceasen, no street clenning)

Jamrle Camrile Days from Loadiry; Mediar
Pate Ident. 1last sign. (1v/curb- sice
rain mile) (microns)

1e/2/80 A-18&0Q 2.4 z26 507
10/7 A-106 7.5 389 561
10/9 fi~108 .9 406 442
10/44 A=206 6.1 336 500
10/16 A-208 8.2 339 408
10/21 A-213 13.2 271 96%
10/23 A=218 15.2 342 514
10/28 A-221 20.1 369 444
10/30 A=227 22.2 279 450
11/18 A-23%6 8.8 244 1592
12/9 A-244 4.9 475 1228
1/6/31 A-249 5.3 346 1609
1/8 A=252 7.1 333 1600
1/13 A-259 12.3% 406 870
1/15 A=2673 14.3 371 888
1/20 A-267 19.1 447 1708
1/27 A=271 3.4 556 1220
1/29 A=276 .3 250 1064
2/5 A-284 7.1 681 802
2/10 A-289 12.3 471 724
2/17 A-291 .6 278 1190
2/19 A-295 2.7 330 930
2/26 A-304 1.1 425 &88
Count 23.0 23 23
Average 8.5 387 917
Minimurm 3 244 408
Maximum 22.2 681 1708
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‘able R-%, Turrey Downs Street Dirt Loadings(contJ
(Dry seasod, with street cleaning)

—

Sample Cample Days from Days from Loading Median
Date Ident. 1last sign. last (1b/curb- size
rain cleaiing mile) {(microns)

£/30 3-97 5.0 o 306 301
7/2 S-100 7.0 1.9 363 328

7/2 3-101 7.0 A 364 282

7/7 S-103 12.C 4.9 295 322

T/7 5-105 12.0 .1 285 304

7.9 $-107 14.0 1.9 353 327

7/9 S-109 14.9 A 345 339
g/24 /81 5-598 2.6 1.0 253 531
o/2a §-599 .2 3.9 139 862
a/29 S-600 -4 A 177 444
0/30 3-602 .2 .9 164 734
a/30 S-603 1.4 . 180 421
Count 60.0 6C.0 60 60
Averace 7 1.2 347 377
Minimum .2 A 139 276
Maximum 21.2 4.9 713 862
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tount
Average
Minimum
Haximum

TV vy
WA

||
foaN oo
MR R) — — — — -

|
foa)

QLAY T
1

Slyeed

Dayn
1act

Pirt Loadings

seacen, with strest clesning)

from I'nys from
sifFn. just
Tnin cleaning
4 1.9
T .2
2.4 3.0
.7 1.2
304 1.9
3.6 A
7.4 t.9
77 .2
10.4 2.9
1.4 3.9
1.6 .
12.4 .8
12.6 A
t4.4 1.9
17.6 2.9
5.3 2.9
5.5 A
8.3 2.9
8.6 .
9.3 .8
12.3 3.8
1.0 10.8
1.2 A
1.7 2.9
2.8 .9
1 3.9
1.2 .1
2.0 .8
2.2 .
1.2 2.9
1.3 .
.8 3.9
.9 .
.y 2.9
.9 A
.6 1.9
.8 A
1.8 4.9
2.0 o
3.8 1.9
4.0 A
41.0 41.0
4.9 1.8
.4 .
17.6 10.8
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Loading
{1bv/curb-
mile)

136
195
228
127
129
122
204
177
229
245
193
202
158
160
193
122
123
156
180
166
106
239
17
135
116

78

88

92

52

a6

94

146
245

Median
aize

(microns)

751
459
361
362
448
353
416
327
303
378
338
345
274
355
438
491
419
454
410
407
794

1831
729
466
563
775
548
575
ag5
725
528
740
404
59
489
641
528
466
475
572
518

41
537
274

1831



LR Currey fewno = 108th Gt. Street Dirt noadings
(Try seagon, no ntieet Cl*?“!i]iﬂ{;)

2iaple Camrle DPays from Loading Fedian
At Ident. last aign. {1b/curb- size
rain mile) (microns)

116780 A=24 1.7 268 992
/0 A=540 1.3 306 1161
1/0% ) 3.3 307 1221
q/cx a=37 5.3 669 280
4730 A-40 2.7 371 iotT
5/5 A-43 7.3 ol 1155
5/7 A-46 9.3 €06 1074
5/9 A-50 11.3 330 1250
5/12 A=53 14.3 525 1193
s/4 A=57 16.7% 280 14Q7
5/ 6 A=b0 18.3 400 1516
5/°9 A-F4 21.% 252 1352
5/03 A=67 2. 281 14156
5/%0 A-69 3.8 262 1245
6/ 4 A=T3 2.0 257 880
6/11 A-T7 9.0 256 1108
6/13 A-82 1.1 262 1205
/16 A-RS 14.0 208 1151
G/20 A -91 3.7 224 1083
£/30 A-96 5.1 312 1087
7/2 A-iGC2 7.2 256 1264
7/7 A-1C4 1205 451 1584
7/9 A-108 14.1 353 1156
7/15 A-113 4.0 259 1188
7/18 A-116 7.0 467 1413
7/22 A-120 9 1336 1194
7/25 A=123 14.0 312 1403
7/28 A-127 17.0 757 1600
7/31 A-128 20.0 463 1441
8/7 A-124 26.9 384 1155
8/12 A-139 301 1049 1340
8/15 A-141 34.9 1104 1289
8/19 A=145 1.3 580 1467
8/22 A-149 4.4 627 1323
8/25 A-153 7.4 840 1518
9/4 A-158 2.6 622 1561
9/16 A-166 9.6 932 1684
9/18 A=1T14 11.6 582 1617
9/23 A-175 2.2 595 1518
9/25 A-180 4.2 674 1708
9/30 A-186 .6 591 1676
3/5/81 A=3173 1.4 27% 1246
3/10 A~320 6.3 509 978
3/ A-326 1.2 394 1498
3/19 A-330 3.0 318 1312
3/25 A-339 4 253 1460
3/320 A-350 5.5 265 1622
4/1 A-352 7.4 385 2182
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Table B-5. Surrey Downs - 1081h St. Street Dirt Loadings

(Dry season, no sireet cleaninp)(contJ

Sanple Sample Days from Loeding Median
Date Ident. last sign. (1b/curd- size
rain mile) (microns)
4/G A=3G0 12.3 327 1392
4/9 A-369 1.1 336 1582
4/13 A=374 1.0 238 956
4/15 A-379 3.9 20¢ 1002
4/20 A=385 8.8 20% 1410
4/24 h=397 2.4 314 1866
5/4 A-420 .8 331 1184
5/12 A-4473 1.2 320 1320
5/20 F-457 1.0 252 1674
5/29 A-477 4.5 399 1450
6/2 A-482 7.6 368 1466
6/4 A-485 Q.7 273 2040
6/16 A-495 3.7 506 1540
6/23 A-502 4.9 330 1996
6/26 £-510 7.8 308 1150
7/2 A=518 1.5 547% 1286
7/6 A-521 5.7 240 992
7/9 A=-526 2.4 311 1319
7/14 A-531 1.0 283 669
7/17 A-535 3.8 218 712
7/20 A-537 7.0 340 901
7/217 A-5473 15.9 318 913
8/6 A-550 24.0 295 1163
8/18 A-561 36.1 557 13995
8,27 A-569 44 .8 281 1503
9/2 A-574 1.4 199 1650
9/9 A-582 8.5 266 1412
9/15% A-589 14.3 300 1360
g/23 A-596 1.6 157 1240
Count 77.0 77 77
Average 8.7 409 1334
Minimum .4 157 664
Maximum 44.8 1336 2182
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T'—6. Currey Downs - 108th St. Gtreet Dirt Loadings
{(wet seaccn, no strect cleaning)

Sangle Sample Deys from Loading Median
Date Ident. last sign. (1b/curb- size
rain mile) (microns)
10/2/8 A-199 2.4 382 1730
10/7 A-197 7.6 378 1874
10/9 A-1Q9 .9 432 1264
10/14 A-205 5.7 374 1548
10/16 A=209 7.9 400 1524
10/21 A=-212 12.8 278 1990
10/23 A-217 14.9 239 1258
10/28 A-222 19.9 386 2156
1C/7C p-n2 21.9 453 1764
11/18 A-235 8.8 163 1916
1/8/81 LA=253 7.1 243 1340
1/173 A-260 12.73% 267 1034
1/15 A-262 14.3 288 1408
1/20 A-268 19.3 209 1318
1/27 A=272 3.4 175 1148
1/29 A=-275 .3 138 890
2/5 A-283 7.1 308 1468
2/10 A-220 12.3 239 1328
2/17 A-292 .7 265 1096
2/19 A-290u 2.7 200 956
2/26 A-303 1.1 255 1310
10/9 A-609 .6 153 808
1¢/19 A-618 10.6 205 981
11/0 h-67%4 8.5 472 1952
11/12 A-6473 1.8 128 1344
11/24 A-647 1.1 128 1869
12/3 A-655 2.% 123 964
Count 27.0 27 27
Average 7.7 77 1418
Minimum .3 123 808
Maximum 21.9 472 2156
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.

h=T. o turrey lowno - Wentwood Lomen Rond Street Dirt

ol a b
Loadings  Dry -~eason, nn ohreet cleaning)

Cample Tample Days from Loading lMedian
Datoe Ident. 1last sign. (1b/curb- size
rain mile) (microns)

6/4/80 A=T74 2.0 394 491
/13 A~-37 1.9 454 582
7/9 A=110 14.2 351 339
7/18 A-117 7.0 721 697
7/25 A=124 14.0 710 402
7/31 A=13%0 20.1 637 410
8/17 A-13%5 27.0 417 376
/15 A-142 34.9 509 425
g/e2 A=150 4.4 261 284
9/4 A=159 2.6 336 431
9/16 A-167 9.6 266 421
q/25% A=176 2.2 2%2 652
3/5,/91 A-214 1.4 266 634
3/19 A-331 3.0 462 482
3/25 A=Z40 .4 112 682
5/30 A-351 5.5 225 784
4/7 A-364 .8 420 776
4/13 A-375 1.9 200 904
4/24 A-398 4 258 1352
574 A-421 .8 184 836
5/29 A-478 4.7 185 967
6/2 A-483 7.6 %1% 645
6/17 A-498 4.6 109 694
6/24 A-506 6.0 143 497
7/2 A-519 1.5 282 2117
1/7 A-523 4 211 1715
7/17 A-536 3.8 206 625
7/23 A-541 10.0 185 786
7/27 A-544 14.0 149 528
8/6 A-551 24.0 432 418
8/18 A-560 35.9 268 636
g/27 A-570 44.9 431 517
g/2 A-576 1.5 206 917
9,/1¢C A-583 9.5 170 °gg
9,25 A=5Q97 1.6 147 626
Count 35.0 35 35
Average Q.58 %10 704
Minimun .4 109 284
Maximum 44.9 721 2117
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Tavie B=2. furrey Downs - Wesiwnod lom

mes Road Streel Dirt
Loadings (Wet senason, nc sireet clean

. \
ning)

Canyle Jamrple Pays from Lcading Median
Date Ident. last sign. "1b/curk- size
rain nile) (microns)

10/2/80 A-191 2.5 517 422
10/9 A-200 .9 538 1084
10/14 A-2C 5.9 Z1R 866
10/21 A-214 12.9 270 93¢
10/28 A=227% 12.9 519 674
11/18 A-237 8.6 906 >6370
1/8/81 A-254 7.2 125 99
1/15 A-264 14.4 462 1898
1/20 A-269 19.73 206 >6370
1/27 A-273 3.5 229 2858
2/5 A-285 7.3 515 1216
2/20 A-208 3.6 240 1142
2/26 A=-305 1.2 229 1146
10/I9 A-619 10.6 368 %49
11/6 £-5%6 9.5 283 595
11/419 A-644 1.8 241 15475
12/8 A-656 2.3 182 1789
Count 17.0 17 N
Average 7.7 362 >1200
Minimum .Q 125 ¢
Maximum 19.9 906 >6370
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able P=Q. Laxe Hi1ls Otreet I'irt Loadinge

{I'ry gracon, no street cleaning)
Jample Cample Lays from Loading Median
DAt Ident. 1last sign. {1%/curb- size
rain mile) (microns)
4/22/80 A-31 2.3 434 734
A/24 A-35 4.3 144 749
5/7 A-483 17.3 705 573
5/14 A~55 24.3 671 626
5/16 A-62 26.3 467 679
6/3 A-T1 1.4 451 710
6/12 A-T9 10.3 544 525
6/19 4-89 2.7 721 494
6/24 A-93 7.7 552 637
7/1 A-99 6.0 774 419
7/8 A-106 13.0 577 583%
7/10 A-111 15.2 664 492
7/17 A-114 5.7 558 556
7/22 A-118 10.6 673 472
7/25 A=121 13.6 920 413
7/28 A-125 16.6 358 430
7/31 A-245(7) 19.7 731 434
8/6 A-132 24.7 627 416
a8/8 A-136 26.7 758 382
g/17 A-137 30.6 801 392
8/15 A-1473 33.8 T11 386
8/19 A-146 1.3 552 402
8/22 A-147 4.3 497 529
8/25 A-151 6.3 478 434
8/29 A-154 1.1 350 588
9/4 A~156 1.3 386 592
9/9 A-160 2.4 428 607
7/7/81 A-524 .4 156 384
7/10 A-528 3.4 128 310
7/14 A-529 .9 132 464
7/16 A-533 3.0 196 346
7721 A-539 8.2 261 323
7/27 A-542 14.0 331 335
8/4 A-547 22.0 302 393
8/7 A-552 24.8 297 377
8/12 A-554 29.8 273 %27
8/14 A-557 31.8 243 404
8/19 A~562 36.8 219 511
g8/21 A-564 39.0 299 386
8/25% A-566 43.0 241 407
8/28 A=572 46 .1 326 388
q/2 A-5T77% 1.3 157 530
9/4 A-578 3.6 235 380
a9/8 A-580 7.4 271 362
9/11 A-585 10.4 271 355
9/14 A-587 13.4 287 %81
9/18 A-592 17.4 350 364
9/23 A- 595 1.5 207 525
9/29 A-601 .5 206 599
Count 49.0 49 49
Average 14 443 472
Minimum .4 132 310
Maximum 46.1 a20 749
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233
218
241
319
249
338
201
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45C
480
40€
451
1012
1190
1010
1840
3690
1742
1606
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)

oo, widh e e o)

sy L e Cave Trom Tava {ronm Toniine e jian
e tlent, Tart sien. Tt (1t ourb- cire
ran cleaning myle) (microne)

S -ty Son .0 33 7oy
vty Vot 10,7 1.9 200 474
A N -1 10.¢ SO R0 s
aonp -1 1.4 2.0 27 7y
[ D A 1.4 1 240 ?FO
oy =177 3.4 1.5 28 e
RPN 7o 37 A 267 270
S S=1et 5.1 .8 2np 265
RN O=-1832 5.2 L2 270 28z
a’spon P 3.1 2.2 265 20
G900 Jotad QL3 LU GAR] 22
VAL S-304 5.6 2.9 233 257
3/e J=300 5.8 . 2173 237
3/ Qo310 .5 1.8 125 484
/4 3-511 .6 . 172 208
370 R NE 2.4 1.8 197 276
S =316 2.6 . 207 241
3/0 S-317 5.4 2.9 228 26¢
/0 S-318 5.6 . 211 247
301 S=-321 7.4 1.9 246 225
z/1 {200 7.6 i 201 278
3/13 3-323 9.4 1.8 235 247
3/16 3-324 .5 A 150 300
38 S=327 2.3 1.9 185 270
3/18 0-308 2.5 A 168 241
3/20 S—33D 4.3 1.9 223 246
3/20 03373 4.5 . 233 210
Ry H-334 .8 3.8 374 235
/24 5-336 1.0 . 144 237
3/25 §-337 .2 -9 134 550
3/05 S-338 .3 o 143 293
3727 8-344 2.2 1.9 167 260
/27 3-346 2.4 . 166 232
2/3Q 3-347 5.2 2.9 267 321
3/30 5-348 5.3 -1 141 454
1/3 2-355 <3 2.9 152 329
473 8-257 .5 o 126 284
4/6 5-359 3.3 2.9 159 334
476 S-361 7.5 . 156 303
179 S-365 .7 2.9 111 415
4,/9 8-367 .9 .0 130 343
4710 S-370 1.7 -9 135 -2
4/13 5-271 1.4 2.9 164 a0
4/13 S-376 1.6 .0 170 201
4714 S-377 3.4 1.9 195 312
3/15 5-778 3.6 .0 156 263
4/17 S-382 5.4 1.9 211 262
4/17 S-384 5.6 i 211 263
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“1e P=tiL Lake Hilis Street Dirt Loadings icent.)
(Cry season, with sireet cleaning)

4701 3-337 9.4 3.9 s 494
4 3-340 9.6 A 125 301
4/0% R .9 1.9 117 360
470 G-301 1. . 15 327
DN Y] 1.9 .Q 1o %64
1724 c-70gp 2.1 i 154 308
VT Co340 4.9 2.9 150 30
3720 S—gut .9 1.9 133 450
4/0¢ 0~d03 1.1 A 109 4R
5 /1 a-412 2.Q 1.9 130 318
5/1 S-415 3.2 .2 107 260
5 2-417 .5 2.9 62 %76
5/4 S-4109 .7 A 175 288
5/6 3-428 2.5 1.9 227 368
5/8 5-430 2.7 A 184 240
5/8 3-433 .5 1.9 132 296
5/8 3-437 7 1 134 284
5/12 3-442 1.2 3.9 158 275
5/12 S-444 1.4 . 155 270
£/13 §-445 1.2 .9 176 236
57/13 S-447 1.4 .0 189 265
5/15 5-449 4.2 1.9 99 324
5/15 S-451 4.4 . 122 256
5/18 S5-453 7.2 2.0 161 376
5/21 5-460 1.9 2.9 123 400
5/21 S-461 2.0 .0 128 326
5/22 S5-462 2.7 -7 115 306
n/22 5-468 2.9 . 133 262
5/29 5-276 4.5 6.9 188 340
6/1 3-479 6.5 g.9 198 282
€/1 §5-480 6.7 .0 209 324
6/4 S-<84 9.5 2.9 es 47
6,5 5-486 10.5 2.9 130 365
6/5 S-488 10.7 A 125 294
6/11 S-489 2.9 1.9 290 465
6/11 3-491 3.1 .1 174 304
6/15 S-49% 2.4 2.9 237 285
6/17 5-496 4.4 1.9 156 276
6/17 S-4a7 4.6 .0 265 332
6/23 S-501 4.8 5.9 205 422
6£/23 8~503 5.0 .0 165 280
6/24 $-504 5.8 .9 210 346
6/24 S=505 6.C A 202 240
6/26 S-509 7.8 1.9 167 289
6/26 S-511 8.0 .0 158 291
6/29 S-51¢ 10.8 2.9 201 319
5/29 S-o13 11.0 .0 196 298
T/ 5-515 4 1.9 111 402
7/1 5-516 .6 .0 121 344
Count 97.0 97.0 97 97
Average 4 1.4 182 318
ﬁinimum .2 .0 62 210
Maximum 11.0 9.9 380 550
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(Wobt seaman, widfh e ree S gningt)
Gamrle Jample Fave {rom [ayvs from Londing ¥!dian
Ut Tient . Tant sipn Tagt {1b/curh- cize
rain cleaning nile) {micronc)
1O/ /80 =187 1.4 1.8 223 329
10 =168 1.6 A 2739 341
YO/ LRSI A4 1.9 229. 341
17 g-t103 3.6 A 200 279
100 g-104 6.4 2.0 244 28
10/6 J-1405 66 A 250 2t9
[RAVARN 3-201 10.4 1.8 216 351
10/10 o=202 10.6 A 214 272
10/17% 5-203 172.4 3.0 124 665
10/13 0-204 13.6 A 148 342
10/17 8-210 17.4 3.9 182 316
1Q0/17 S5-211 17.6 A 1949 255
1Q/22 $5-215 22.4 4.9 198 349
10/22 S~-216 22,6 .0 211 10
10/24 S-219 24.4 1.8 212 257
10/27 5-220 27.6 .0 201 3CC
10/29 5-224 20.4 1.9 250 341
10/29 5=-225 29.6 A 235 297
11/5 5-228 1.5 6.9 167 964
11/5 3-229 1.7 o 123 465
11/10 §-230 1.7 .0 130 626
11/12 5-231 3.4 1.8 150 629
11/:2 §-232 3.6 A 148 413
11 /17 S-233 8.4 2.9 161 720
11 /17 5-234 8.7 . 147 485
11/19 S-23 10.5 1.9 110 >6370
11/10 8-239 10.6 .0 112 473
11/24 5-240 2.7 o 112 461
11/26 S-241 4.5 1.9 108 755
11/26 5-242 4.6 oA 121 491
12/5 5-243 T 2.1 159 679
t2/15 3-246 10.7 .0 145 464
1/5/81 S-247 4.5 4.9 261 455
1/5 5-248 4.6 .0 210 316
1/7 §~250 6.5 4.9 144 592
/7 S-251 6.7 A 179 375
1/9 §-255 8.5 1.9 270 421
1/9 3-256 8.7 . 197 340
1/12 5-257 12.5 2.9 242 248
1/12 S-258 12.7 . 214 314
1/14 S-261 14.5 1.9 187 491
1/19 S-265 19.5 6.9 194 444
1/19 S-266 19.6 .0 191 325
1/21 5-270 21.7 o 162 321
1/28 §-274 4.2 1.9 138 733
1/30 S=-277 1.0 1.9 109 608
1/30 S5-278 1.2 o 310 275
2/2 5-279 4.0 2.9 185 479
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Tarle B-12. Take Hills Street Dirt Loadings(cont )
{Wet season, with sireet cleuaning)

Sarple Sample Pays {rom Days from Loading Mediaa
Date Ident. last sign. Jast (1b,curb- size
rain clearing mile) (micraons)
A J-280 4.2 oA 300 256
204 S-281 6.0 1.9 190 28Q
24 sopel 6.0 ! "5 229
276 3-286 8.0 1.9 277 326
oa 3-287 1.0 4.9 74 384
20 0-288 11.2 . 186 336
2/18 3-293 1.4 4.7 277 427
2,18 8~204 1.€ . 195 424
2/z20 S-297 .9 1.9 2498 z39
270 3-209 1.0 . 224 304
2/23 - =300 3.9 2.9 269 264
2/23 o-Z01 4.1 o 194 293
2/25 8-302 .8 2.0 166 255
2/27 3-306 2.5 3.9 190 324
2/27 5-307 2.7 . 436 264
Count 63.0 6X.0 63 62
Average 8.7 1.6 200 >405
MIrnimum .7 .0 108 229
Maxinum 25.6 6.9 436 >H370
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T < ooy s [ S 4 4 g T :
Pt b Ave s U Ctroet Dirt Doadines

ooy oy etroet clening)

camploe Lanmrle Uaye Uronm Loeading Median
Tate Lient. lact cifn. (1b/curt - cize
rain mile) {microna)

?/ (j‘,'/S\ A-3473 1.4 00 325
40 A-7RY .0 255 406

A/9 A=768 1.0 200 399
216 A=-2E0 4.7 407 417
4/07 A=7=Q2 1.2 401 696
o/ A-d414 3,1 294 411

5/8 A-436 7 225 413
5/2¢ A-47T4 3.2 258 332
6/5 A48T 1.1 116 866
6/12 h=4002 .3 286 4°8
6/25 A=507 7.1 429 415
7/2 A=517 1.5 162 276
7/10 A=527 3.0 115 282
7/16 A=532 2.8 171 401
7/2% A=540 10.0 162 395
7/28 A-545 14.9 216 510
8/6 A-549 2%.9 1es 319
8/13 A=556 20.9 106 524
8/20 A-5673 37.9 191 422
s8/27 A~568 43,9 160 412
9/3 A=5T77 2.4 270 366
9/10 A-584 9.4 214 279
69/17 A=591 16.4 233 248
Count 23.0 23 23
Average 301 <73 447
Minimum 3 15 236
Maximun 4%.9 429 866
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T4vth Ave. 8E Street Dirt Londings
{wet seacon, no street cleaning)

Jample Sample Days from Loading Median
Tate Icent. las* sijn. (1b/curb- size
rzin mile) (microns)

10/1/81 A-604 2.2 234 329
10/16 A-61% 7.6 124 439
11/10 A-538 13.4 174 548
12/17 A-664 1.8 487 446
1/14/81 A-669 2.8 1588 1135
Count 5.0 5 5
Average 5.6 521 579
¥inimum 1.8 124 329
Maximum 12.4 1588 1135
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Table B-14a STREET DIRT QUALITY:

SURREY DNUNS -

MATN BASTY

Particle Size (Microns)
mg/kg 63- 125- 250- 50N- 1099~ 20NN -

date CoD <63 125 250 500 1009 2000 h357 AR
3/3 - 5/26/80 120,000 129,006 76,600 41,400 59,000 157,000 113,999 R
5/26 - 7/14 156,000 124,000 88,900 43,500 43,500 262,000 99,070 112,070
7/14 - 9/15 177,000 167,000 122,000 97,300 116,900 192,000 174,000 T17,000
9/15 - 11/24 185,000 141,000 93,500 98,300 125,000 222 000 263,000 215,000
11/24 - 2/2/81 157,500 112,000 97,100 103,000 202,000 275,000 221,000 A?3 100
2/2 - 4/13 188,000 131,009 86,600 80,700 174,000 184,000 177,000 175,77
4/13 - 7/2 198,000 166,000 128,000 145,000 167,000 161,000 171,001 29,270
7/3 - 9/18 239,000 217,000 185,000 182,000 196,000 240,000 233,000 241,700
9/23 - 11/20 186,000 140,000 88,000 86,400 107,000 156,000 171,000 545 709
11/24 - 1/16/82 182,000 135,000 79,200 65,400 82,600 55,7200 A1, 700 357,700
mean 179,000 146,000 103,400 94,300 127,200 190,200 157,890 240, 20

standard deviationn 31,000 30,200 32,300 43,200 56,100 o4, 400 63,709 121,109

stand. dev.,/mean 0.17 0.21 0.31 0.46 0.4 N.39 0.133 N.HA

mg/kq

date TKN
2/3 - 5/26/80 60?2 2280 196 182 182 910 199 1370
5/26 - 7/14 2770 2400 1310 1110 546 9hre /3R 234
7/14 - 9/15 3100 2290 2070 1310 1270 1420 1nan 154
9/15 - 11/24 2890 1570 2520 1420 16515 194n 1730 117N
11/24 - 2/2/81 2175 1710 1200 1050 1330 2330 1500 742

2/2 - 4/13 2950 2080 1260 1260 1660 1700 1230 1150,
4/3 - 7/2 3950 3710 2400 1930 1959 1380 1750 224N
7/3 - 9/18 4620 5350 3800 3010 3140 2685 1390 767
9/23 - 11/20 3055 2180 1180 1040 1270 1430 1567 391N
11/24 - 1/16/82 3130 1880 900 430 770 915 1044 26400

mean 2920 2550 1680 1270 1420 1620 1230 1470

standard deviation 1050 1150 1030 780 830 610 505 1710

stand. dev./mean 0.36 0.45 0.61 0.62 N0.59 0.37 Nn.41 N, 2



LCE

Table B-14a STREET DIRT OQUALITY:

Particle Size

SURREY DOWNS - MATN BASIN (cont.)

(Microns)

mg/ka 63~ 125~ 250- 500- 1nNH- 2000 -
date Total Phos <63 125 250 _ 500 1000 2000 A350 ~ R350
3/ - 5/26/80 835 597 319 331 419 553 A89 797
5,26 - 7/14 893 571 366 313 347 605 763 A5
7/14 -~ §/15 240 429 517 396 393 975 1130 971
9/15 - 11/24 889 649 499 430 63 307 755 937
11/24- 2/2/81 476 273 329 420 627 629 f41 732
2/2 - 4/13 387 665 525 443 356 746 772 A0N
4/13 - 7/2 934 625 472 41?7 546 21 818 730
7/3 - 9/18 1080 887 703 595 569 723 h54 12
9/23 - 11/20 1065 723 475 432 504 552 A18 A97
11/24 - 1/16/82 971 627 425 375 385 651 690 ARSA
mean 830 605 465 415 480 690 750 749
standard deviation 265 165 113 77 117 131 133 127
stand. dev./mean 0.32 0.27 J.24 0.19 N.24 N0.19 Nn.18 n.17
mg/kg
date Lead
3/3 - 5/26/30 1400 1100 85 600 550 280 190 180
5/26 - 7/14 1600 1400 1200 810 470 340 180 110
7/14 - 9/15 1800 1600 1400 905 1200 540 240 9?
9/15 - 11/24 1500 1400 1200 820 440 280 130 200
11/24 - 2/2/81 1100 1100 970 1100 520 400 585 9nn
2/2 - 4/13 1100 680 720 470 355 230 150 120
4713 - 772 1200 1100 920 670 430 330 210 %)
7/3 - 9/18 1500 1400 1200 990 1200 790 330 59
9/23 - 11/20 1500 1200 1009 1100 1000 790 130 182
11/24 - 1/16/82 1500 1100 910 930 620 220 210 350
mean 1420 1210 1050 840 680 420 235 230
standard deviation 225 255 200 210 330 216 136 276
stand. dev./mean 0.16 0.21 0.19 0.25 0.48 0.51 0.58 0.98



8CE

Table B-14a. STREET DIRT QUALITY:

Particle Size' (Microns)

SURREY DOWNS - MAIN BASIN (cont.)

mg/kg 63- 125- 250- 500- 1000~ 2000-
date Zinc 63 125 250 500 1000 2000 6359 5359
3/3 - 5,/26/80 287 72 189 131 152 102 377 35
5/26 - 7/14 270 247 228 178 168 117 97 30
7/14 - 9/14 379 288 230 54 170 93 67 74
9/15 - 11/24 412 354 248 194 133 137 82 112
11724 - 2/2/81 252 239 199 121 151 147 120 176
2/2 - 4/13 259 188 125 126 120 116 72 a6
4/13 - 7/2 292 239 220 182 135 101 75 A4
7/3 - 9/18 371 295 246 210 194 181 34 75
9/23 - 11/20 340 264 196 182 213 113 85 115
11/24 - 1/16/82 308 232 185 135 154 99 57 150
mean 317 257 207 168 159 122 110 99
standard deviation 55 46 37 29 28 27 78 33
stand. dev. /mean 0.18 0.18 0.18 0.17 0.18 0.22 0.71 0.33
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Table B-15 STREET DIRT QUALITY SURREY DOWNS - 108th AVEN'IE

Particle Size (Microns)

mg/kg 63- 125~ 250- 500- 1000- 2000~
date CoD <63 125 250 500 1000 2000 6350 » 6350
3/3 -~ 5/26/80 122,000 92,500 48,700 47,200 28,500 s ] 3,
5/26 - 7/11 139,000 21,200 42,000 26,000 16,000 20,400 204,000 213,000
7/14 - 9/15 128,000 262,000 37,450 28,400 25,200 20,100 19,400 18,490
9/15 - 11/24 . 140,000 69,600 36,600 27,400 29,300 24,100 23,600 17,500
11/24 - 2/2/81 179,000 132,000 105,000 62,800 84,700 85,800 85,100 151,000
2/2 - 4/13 141,000 86,700 57,300 36,800 40,500 36,900 47,600 33,400
4/13 - 7/2 148,000 88,200 51,300 33,900 28,200 11,600 19,100 14,000
7/3 - 9/18 142,000 81,400 35,200 26,400 20,200 24,900 14,600 13,800
9/23 - 11/20 149,000 92,600 61,400 27,600 37,800 63,900 70,700 £5,400
11/24 - 1/16/82 189,000 118,000 59,700 45,100 62,000 58,200 13,700 95,700
mean 147,700 104,200 53,500 36,200 37,200 36,900 55,200 69, /00
standard deviation 20,900 62,700 20,600 12,100 21,000 24,200 58,000 67,300
stand. dev.,/mean 0.14 0.60 0.38 0.34 0.57 N.65 1.05 0.97
mg/kg
date TKN
- 1680 665 315 266 245 168 133 98

5/26 - 7/14 1440 2100 889 470 833 105 147 140
7/14 - 9/15 300 382 341 236 221 207 67 281
9/15 - 11/24 1640 859 451 293 276 150 120 96
11724 - 2/2/81 2589 1760 2550 713 743 868 720 1340
2/2 - 4/13 1735 1060 545 367 233 44?2 342 245
4/13 - 7/2 1980 1230 595 296 291 244 286 223
7/3 - 9/18 1930 1150 2480 453 208 209 164 14A
9/23 - 11/20 2020 1090 580 327 654 442 439 537
11/24 - 1/16/82 2710 1440 90?2 653 668 565 515 40¢
mean 1800 1220 965 407 A57 340 291 351
standard deviation 663 436 840 164 243 239 211 375
stand. dev./mean 0.37 0.36 0.87 0.40 0.53 0.70 0.72 1.07
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Table B-15 STREET DIRT QUALITY SURREY DOWNS - 108th AVEN'E (zont.)

Particle Size (Microns)

mg/kg 63- 125- 250- 500~ 1000- 2000-
date TP <53 125 250 500 1000 2000 £350 /350
3/3 - 5726780 661 407 287 775 393 576 630 YR
5/26 - 7/14 539 1080 316 316 367 601 531 470
7/14 - 9/15 686 473 236 182 193 365 332 1835
9/15 - 11724 672 472 314 325 384 678 766 791
11/24 - 2/2/81 417 360 369 393 446 674 664 410
2/2 - 4/13 706 461 389 306 418 672 726 767
4/13 - 7/2 666 389 320 204 407 680 712 617
7/3 - 9/18 748 463 334 268 295 602 525 624
9/23 - 11/20 840 455 413 o25 440 573 475 731
11/24 - 1/16/82 972 502 354 382 461 767 883 739
lnean 691 506 333 304 380 619 639 616
standard deviation 151 207 51 73 81 108 154 179
stand. dev.,/mean 0.22 0.41 0.15 0.24 0.21 0.17 0.24 0.29
mg/kg
date Lead
3/3 - 5/26/80 2000 1900 1600 980 1060 350 130 55
5/26 -~ 7/14 2250 2100 2100 1100 500 320 190 52
7/14 - 9715 1600 1600 1800 770 700 400 92 48
9/15 - 11/24 2200 1800 1500 1200 610 209 88 42
11,24 - 272781 1150 850 870 900 590 300 230 230
2/2 - 4/13 1100 945 840 570 350 140 140 280
4/13 - 7/2 1500 1100 1300 920 320 165 210 30
7/3 - 9/18 1700 1600 1300 1100 930 190 95 30
9/23 - 11720 1300 110C 1000 800 259 139 87 £5
11/24 - 1/16/82 1500 1100 1200 720 460 170 75 77
mean 1630 1410 1350 910 566 237 134 91
standard deviation 416 44?2 407 196 253 96 57 88

stand. dev./mean 0.26 0.31 0.30 0.22 0.45 0.40 0.42 0.97
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Table B-15 STREET DIRT QUALITY SURREY DOWNS - 108th AVENUE (cont.)

Particle Size {(Microns)

mg/kg 63- 125- 250- 500- 1000- 2000-

date Zinc <63 125 250 500 1009 2000 6350 > 5350
3/3 - 5/26/80 262 233 191 137 123 117 %9 70
5/26 - 7/14 296 260 188 114 229 103 75 50
7/14 - 9/15 233 192 131 109 89 110 62 53
9/15 - 11/24 332 216 197 156 151 105 77 108
11724 - 2/2/81 257 172 176 128 122 118 106 98
2/2 - 4/13 250 186 131 99 109 254 283 861
413 - 7/2 249 179 120 91 92 171 82 61
7/3 - 9/18 264 192 151 124 170 90 89 56
9/23 - 11/20 310 228 164 122 115 99 76 52
11/24 - 1/16/82 283 226 142 111 101 111 79 64
mean o 274 207 159 119 130 127 99 148
standard deviation 3] 29 28 19 43 50 65 251
stand. dev./mean 0.11 0.14 0.18 0.16 0.33 0.39 0.66 1.7
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Table B-16 STREET DIRT QUALITY:

SURREY DOWNS - Wz sTHWHNAND HAMES ROAT

Particle Size (dMicrons)

mg/kq 63- 125- 250- 500~ 1000- 20NN~

date CcoD <83 125 250 500 1000 2000 ‘EZQQ____A#ﬁiii_
5726 -~ 7/14/80 132,000 159,000 124,C00 146,000 155,000 348,006 R LV
7/14 < 9/15 166,000 164,000 205,000 193,000 161,000 259,000 595,000 126,400
9/15 - 11/24 173,000 162,000 87,G00 80,000 160,000 153,000 30<,N00 351,040
11724 - 2/2/81 168,006 144,000 165,000 175,000 152,000 367,000 357,000 733,000
2/2 - 4/13 208,000 212,000 143,000 166,000 215,000 339,000 214,100 457,900
4/13 -~ 7/2 242,000 226,000 169,000 178,000 173,000 170,000 124 000 117,000
7/3 - 9/18 249,000 274,000 232,000 185,000 198,000 252,000 245,000 1A1,000
9/23 - 11720 175,000 167,000 114,000 91,900 169,000 282,000 320,200  ad0, 000

mean 189,000 188,500 154,900 151,900 172,900 275,100 293,970 373,900

standard deviation 40,400 44,500 48,000 43,100 22,300 73,9100 95,000 734,210

stand. dev./mean 0.21 0.24 0.31 0.28 0.13 0.27 n.32 N.62

ma/kq
date TKN
-~ 2680 2290 1200 574 2480 2900 h53 437

7/14 -~ 9/15 2990 3290 1900 1140 1470 1779 1790 408
9/15 - 11/24 2780 2290 1370 1250 1760 1980 2340 2950
11/24 - 2/2/81 2130 1710 1400 1559 1680 228N A150 2190
2/2 - 4/13 3270 2940 2130 2040 1490 2230 1755 240N
4/13 -~ 7/2 4550 4740 3450 2350 2240 3530 1560 773
7/3 - 9/18 4930 6000 4830 3190 2580 2730 1829 117N
9/23 ~ 11/20 3160 3295 1810 1290 1830 2340 310 4250

niean 3310 3320 2260 1670 1940 2470 2420 178n

standaerd deviation 953 1420 1260 822 43", 563 1/A0 1470

stand. dev./mean 0.29 0.43 0.56 0.49 0.22 0.23 0.63 0.83



£ee

Table B-16. STREET DIRT QUALITY:

Particle Sizc (Micronc)

SURREY DOWNS - WESTWOOD HOMES RNAD (cnnt.)

mg/kg 63- 125- 250- 500- 1000- 2000-
date TP <63 125 250 500 1000 2000 6350 6350
5/26 - 7/14 855 853 393 1250 574 573 740 779
7/14 - 9715 489 359 511 346 470 £27 657 780
9/15 - 11/24 810 652 — 341 718 642 609 cag
11/24 - 2/2/81 619 436 389 572 772 519 546 .
2/2 - 4/13 771 570 410 352 424 £57 559 154
4713 - 7/2 875 758 584 417 403 538 668 752
7/3 - 9/18 1010 994 509 529 497 610 558 90
9/23 - 11/20 1060 846 520 391 521 584 554 439
mean o 810 684 474 525 529 581 6135 619
standard deviation  1ggq 220 76 305 140 43 51 146
stand. dev./mean 0.23 0.32 0.16 0.58 0.26 0.07 0.10 n.24
mg/kg

date Lead

- 375 321 250 140 580 1900 55 32
7/15 - 9/15 460 320 260 215 89 59 34 23.
9/15 - 11/24 390 300 205 140 g 60 35 52
11/24 - 2/2/81 440 350 230 190 200 170 160 360
2/2 - 4713 415 350 210 160 75 89 50 )
4/13 - 7/2 600 380 370 130 94 52 27 39
7/3 - 9/18 560 400 300 210 83 145 37 24
9/23 - 11720 340 250 160 199 115 71 30 62
mean 440 334 248 178 164 318 54 94
standard deviation 92 47 64 29 173 641 a4 113
stand, dev./mean 0.21 9.14 0.26 0.16 1.1 2.0 n.82 1.35
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Tahle 3-16.

Street Dirt Nuality: Surrey Downg - Westwnd
Homes Rd. (con't)
Purticle Size (Microns)
mn/kq 63 175 250 500 1901 2000

Date Zinc 63 -125 -250 -500) -1nn9 ~2000 ~R50) 677

5/26-7/14 177 158 96 59 gs 175 A5 R

7/14-9/15 152 112 75 88 58 21 15 11

9/15-11/24 169 127 9?2 71 A6 76 ~3 "

11/24-2/2/8i 162 121 102 87 293 19 107 1R

2/2-4/13 160 130 99 87 AH 145 134 tan

4/13-7/2 209 155 126 79 74 /7 53 o

7/3-9/18 228 177 115 39 72 a3 A3 o

9/23-11/20 177 139 82 H8 81 18 £4 74

mean 179 14n a8 80 75 a9 74 25
standard dev. 26 27 17 9.2 12 2f 31 S
stand. dev./nean 0.15 0.16 0.17 0.11 0.1A 0.24 n.41 0,40



Table B-17.
Street Dirt Quality: Lake Hills

Particle Size {(Microns)

mg/kg 63 125 250 500 1000 2009
Date  COD <63 2125 -250 -500 -1000 ~2000 -6150 - /359
3/3-5/26/80 310,000 322,000 98,800 62,200 199,000 154,000 171,000 IRERs
5/26-7/14 201,000 152,000 129,600 111,000 175,000 171,000 234.000 217,57
7/14-9/15 231,000 147,000 130,000 150,000 316,000 244 000 330,600 30,905
9/15-11/24 249,090 174,000 122,000 98,700 253,000 176,000 196,000 275,70
11/24-2/2/81 134,000 131,000 83,800 98,800 156,500 154,000 164 000 474,777,
2/2 - 4/13 190,000 99,500 79,400 57,500 101,000 151,000 182,000 27,0 )
4/13-7/1 206,500 159,000 88,700 97,000 120,000 251,000 230,000 260, 10
7/3-9/18 274,000 246,000 137,000 149,000 296,000 344,000 426,000 395, 000)
9/23-11/20 240,000 164,000 105,000 82,800 191,000 366,000 269,000 653,710
11/24-1/16-82 242,000 17€,000 152,000 106, 500 301,000 385,000 453,000 773,000

N=10
w mean 232,800 177,100 112,600 101,400 210,800 239,600 266,000 422,700
© standard dev. 39 400 63,200 24,900 30, 900 77,000 93,900 105,500 267,007
stand. dev./mean (.17 0.36 0.22 0.30 0.37 0.39 0.40 D.53
mg/kg

Date TKN
3/3-5/26/80 4170 3760 2600 1650 2420 2380 504 805
5/26-7/14 3420 3560 1870 1750 2180 833 2020 1510
7/14-9/15 3230 3100 2160 2270 3160 2610 2470 2440
9/15-11/24 3750 3120 1950 1559 1960 1750 1270 2169
11/24-272,81 2750 1770 974 962 1325 1420 1310 1700
2/2-4/13 2600 1590 1040 806 1060 1790 2240 1650
4/13-7/1 3540 3270 2380 1620 2010 2890 2700 2470
7/3-9/18 4440 5040 3070 2820 4225 1440 1510 4080
9/23-11/20 3965 2730 1490 1375 2330 2410 2200 6630
11/24-1/16/82 3165 3560 1520 1240 2680 3590 3960 8330
mean 3500 3150 1910 1610 2340 2110 2070 3180
standard dev. g90 990 670 590 900 820 950 2460

stand. dev./mean g 17 0.31 0.35 0.37 0.38 0.39 0.47 0.77



Street Dirt Quality:

Tahle B-17.

Lake Hills (con't.)

Particle Size ‘Microns)
mg/kg
date TP 63 125 259 500 1100 2000
63 125 250 500 1000 2000 £759 A5
3/3-5/26/80 1060 1370 663 522 650 744 6oL £
5/26-7/14 950 718 443 340 557 661 630 431
7/14-9/15 614 444 522 251 135 1230 1220 J RN
9/15-11/24 921 730 522 425 537 621 642 27
11/24-2/2/81 738 500 393 467 600 646 636 £3n
2/2-4/13 876 634 480 499 537 702 793 5545
4/13-7/1 832 656 450 221 550 752 709 A7)
7/3-9/18 1103 904 795 546 913 866 743 1277
9/23-11/20 1390 842 649 652 623 607 613 h=
11/24-1/16/62 938 615 533 439 598 793 7132 859
mean 942 741 545 436 570 763 740 750G
stand. deviation 213 261 123 134 189 183 179 237
stand. dev./mean 0.23 0.35 0.22 0.31 0.33 0.24 0.24 0.32
mg, kg
date Pb
3/3-5/26/80 2600 2300 1800 1600 820 360 330 130
5/26-7/14 2300 2300 2000 1800 50 700 260 145
7/14-9/15 1600 1900 1800 1400 1100 800 210 139
9/15-11/24 2100 1900 1800 1500 1000 820 200 160
11/24-2/2/81 1700 1500 1200 670 540 520 280 503
2/2-4/713 1500 1300 1100 970 770 470 259 140
4/13-7/1 1350 1700 1800 1100 840 690 170 130
7/3-9/18 2300 2300 2200 1700 1600 850 1100 100
9/23-11,20 2100 2000 1700 1400 710 240 150 240
11/24-1/16/82 1400 1400 1100 1000 530 870 515 420
mean 1895 1860 1650 1310 866 632 347 210
stand. deviation 439 378 384 364 313 222 284 140
stand. dev./mean 0.23 0.20 0.23 0.28 0.36 0.35 0.82 0.67
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Table B-17.
Street Dirt Quality:

Lake Hills {(cont.)

Particle Size (Microns)
mg/kg 63 125 250 500 1000 2000
Date  Zinc <63 -125 -250 -500 -1000 -2000 -6350 -5350
3/3-5/26 502 347 282 270 179 147 D)} 79
5/26-7/14 314 320 255 1396 145 127 97 75
7/14-9/15 339 370 33¢ 225 254 141 145 121
9/15-11/24 438 382 277 236 183 159 103 109
11/24-2/72/81 310 249 272 182 155 175 143 251
2/2-4/13 342 234 192 144 143 130 89 63
4/13-7/1 316 322 246 219 164 146 91 77
7/13-9/18 420 333 343 281 197 179 233 93
9/23-11/20 416 400 320 283 136 i28 135 199
11/24-1/16/82 333 267 216 165 168 440 151 277
mean 373 327 274 220 177 177 133 137
stand. deviation 66 60 49 49 32 94 59 42
stand. dev./mean 0.18 0.18 0.18 0.22 0.18 0.53 0.44 0.60
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Table 8-18.

Street Dirt Quality - 148th Ave.

Particle Size (Mlcrong)

mg/kg COD .63 63-125 125-250 250-500 500-1N00 1000-2000  2060.F750 £

4/13-7/1/81 153,000 83,600 52,7100 45,500 66, 900 77,300 39,150 R,

9/23-11/20 167,000 102,000 40,300 36,600 138,000 209,009 267,000 20,00

N=2 mean 160,000 93,800 46,200 41,100 102,000 143,000 173,000 197,

mg/kg TKN

4713-771/81 1750 933 601 279 986 727 1030 419

9/23-11/20 1530 941 432 520 1030 1270 1980 572
nean 1640 967 517 470 1010 1600 1059 550

mg/kg TP

4713-7/71/81 603 313 477 245 357 628 755 573

9/23-11/20 878 614 387 384 456 499 491 374
mean 740 470 410 315 410 560 620 450

mq/kq Lead

4/13-7/1/81 2400 2400 2z0C 2000 1300 320 130 a9

9/23-11/20 3500 3000 2300 2500 2000 545 170 534
mean 2900 2700 2250 2250 1650 430 150 310

mq/kgq Zinc

4/13-7/1/81 437 317 208 170 14 102 73.5 54.3

9/23-11/20 531 379 251 273 186 205 94.1 93.3
mean 480 350 230 220 160 150 84 74
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TOTAL SCLIDS (1bs/curb-mile)

FIGURE B-1

SURREY DOWNS-WESTWOOD HOMES RD DIRT HCCUM.
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TOTRL SOLIDS (Ibe/curb-mile)

SURREY DOWNS-108th
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TOTAL SOLIDS (1bs/curb-mile)
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FIGURE B-3

LAKE HILLS-WITHOUT STREET CLEANING
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TOTAL SOLIDS (los/curb-mlle)

FIGURE B-4

LAKE HILLS-WITH STREET CLERNI
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TOTARL SOLIBS (1bs/curb-mile)
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PERCENT OF TOTAL SOLIDS IN PARTICLE SIZE

FIGURE B-6

SEASON PARTICLE SIZE DISTRIBUTION
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TN (mg/kg)

FIGUREZ B-7

CONC. BY PARTICLE STZE (mg/kg)
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TOTAL PHOSPHORUS (mg/kg)

1000

FIGURE B-8

TOTAL PHGS. CONC. BY PARTICLE SIZE (mg/kg)
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ZINC (pg/kg)

FIGURE B-9

_ZINC CONC. BY PARTICLE SIZE (ug/kg)
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WASHOFF (400+ Yb/curb-mile)
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WASHOFF (400+ 1b/curb-mlile)

FIGURE B-11
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RESIDUAL LORD (In Yb/curb-m!le)
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FIGURE B-12
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RESIDUAL LOARD (1n Yb/curb-mile)

lS_HKE HILLS & 148th RUNOFF VS ReESIDUARL LOAD
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RESIDUARL TOTAL SOLIDS LOAD (1n 1b/curb-mi}
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RESIDURL TOTAL SOLIDS LOARD (1n Yb/curb-mile)
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FIGURE B-15
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RESIDUAL STREET LORDING {1b/curb-m!le

FIGURE B-18

SSLHKE HILLS STORM WHSHOFF: <63 microrns
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RESIDURL STREET LORDING O1b/curb-miie)

FIGURE B-17

LAKE HILLS STORM WRASHOFF: 63-125 microns
45 . __

- S0 <, Ry - /’7]
N7 ‘3/ o 5/ R o
e/ ,v;;}”/ Q’vj R A R
oy s 2 ol ol A
40.___ Q'f'/ ;Q:_/ (JQN ;g_/:/‘/ =l
r:/i/ 7 \;;/ ) A
. s s
%% , o Q W R
354 \,Qé'/ © > o i /+
@ o 7 ~ =
’ -~ L
30__] . e /
/ . ' ~CF
7 7 © aEY g
-~ P &()
O
/__/‘ T\%\\OGE‘ -
~ o DS
. 60>
0. —
° 003 WASHOFE
o e
Q.o
e 0,0

25 30 35 40 45
INITIAL STREET LOADING (1b/cw b-mile)



96 ¢

RESIDUAL STREET LOADING (1b/curb-m!le)

FIGURE B-18

71_59KE HILLS STORM WASHOFF: 125-250 microns
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FIGURE B-19

LAKE HILLS STORM WASHOFE: 250-500 microns
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RESIDUAL STREET LCADING (1b/curb-mlilel

FIGURE B-20
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RESIDUAL STREET LOADING (ib/curb-mile)

FIGURE B-21

E%QKE HILLS STORM WASHORF :1000-2000 microns
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DURL STREET LORDING {1b/curb-mile)
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FIGURE B-22
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RESIDUARL STREET LOABING (1b/=zurb-mile)
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FIGURE B-24

SURREY DOWNS TOTHL SOLIDS - WET Sohet’
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TOTAL SOLIDS, M&/L

FIGURE B-25h

SURREY DOWNS TOTHL 50LIDS - DORT SERSON
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TOTARL SOL!DS., Me/L
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FIGURE B-26
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TOTAL SOLIDS, MG/L

FIGURE B-27

LAKE HILLS TOTAL S0LIDS - DRY SERSON
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LERC, MG/L

FIGURE B-28

SURREY DOWNS LERD - WET SERSON
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FIGURE B-29

SURREY DOWNS LEAD - DRY SERSON
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LERD, MG/L

FIGURE B-30
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LERD, MG/L

FIGURE B-31

LAKE HILLS LEAD - DRY SERSON
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(LN+10 OF LBS/RCRE/STNRM)

TOTAL SOLIDS

II/;JET SEASON TOTAL SOLIDS LOARDS VS. RUNOFF

FIGURE B-32
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FIGURE B-33
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FIGURE B-36

DRY SEARSON LERD YIELDS VS. RUNOF®
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COD STREET WRSHOFF/RUNGFF YIELD RATIO
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ZINC STREET WASHOFF/RUNGCFF YZIELD RATIO
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SURREY DOWNS STORM RUNOFF TOTAL SOLIDS YIELDS (1b/storm)

FIGURE B-40
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(o]

350

300 R

250

200 ] 4

1504

)
I .
S04 ® Calibration

A o a A Lake Hills cleaning onl,

A
e b ety 1
g 100 150 203 250 300 350 400 450 ‘500 |550 600 650
LAKE HILLS STGRM RUNOFF TOTAL SOLIDS YIELDS (1b/storm)

@
S

o 4
° |

0



6LE

SURREY DOKWNS STORM RUNOFF TOTAL SOLIDS YIELDS (ib/storm)
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SURREY DOCWNS STORM RUNOFF TOTRL SOLIDS CONC.
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SURREY DOKWNS STORM RUNOFF CONC.
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Table C-1.

Street Cleaning Effects on Street Loads for

Other Bellevue Sites (1b/curb-mile)

Particle Size (Microns) fotal
before or POERIRES
after 63 125 250 500 1000 2000 total peroeat

Site and Date cleaning <63 -125 -250 -500 ~1000 -2000 -6350 -6350 s lids o ot
Znd Ave. o
4/30/81 before 78.2 50.5 87.6 137 135 77.4 757 46.7 639
after 61.1 42.2 70.3 106 97 .1 40.5 i.a 14.2 452 32
5,72 before 227 149 305 483 378 242 146 130 7880
after 114 142 128 148 15 51.2 24, 5.7 /39 72
120th
4/30 before 28.2 48.3 96.6 202 219 106 65.6 27.2 793
after 3041 53.0 101 182 145 38.4 14.4 1.7 5€5 29
522 before 23.9 36.4 74.6 143 154 54.5 20.1 3.2 509
after 37.4 43.5 76.0 108 83.8 32.7 9.5 1.0 392 23
Kelsey Cr. Pky.
4/30 before 16.3 21.0 43.8 69.° 75.0 67.2 57.3 21.5 in
af cer 36.4 28.0 43.9 51.5 35.8 14.4 13.7 24.3 243 33
5/22 before 42.6 31.0 7.5 48.C 39.3 20.9 17.1 5.2 252
after 22.0 17.2 26.7 33.8 28.0 9.5 5.3 1.6 144 43
118th
4/30 before 1.8 7.2 8.4 15.5 39.3 54.0 53.6 9.3 200
aftor 43.0 23.0 28.7 351 44 .4 38.3 24.9 2.7 240 -20
5/22 befare 5.2 3.9 5.5 ma 29.0 38.6 39.0 10.5 143
after 21.7 14.8 16.9 22.4 33.2 24.4 14.6 4,7 153 -/
Stoneridge
5/5 before 25.6 31.2 47.5 66.6 64.1 34.5 24.5 14.6 509
after 38.1 29.6 47.1 59.0 50.2 21.5 9.2 5.4 260 16
SE 30th St.
5/5 before 351 439 773 1050 826 420 242 82.9 4180
dfter 249 203 188 174 199 160 62.3 52.1 1230 69
BeTTevue Way
5/5 before 31.0 50.5 81. 110 130 106 112 22.2 643
_ after 30.8 40.5 61.1 78.5 85.2 62.1 52.3 3.6 414 36
Bellevue North
before 39.2 25.1 33.4 33.3 34.6 12.1 8.6 2.9 185 --
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Table C-2

Redistribution of Street Dirt due to Street Cleaning (10-3 1b/ftZ loadings)

Site: 115-110th Ave. SE (SD2)
4/14/82 tests

Particle Size (Microns)

Before > 6350 2000-6350 1000-2000 500-1000 250-500 125-250
0-10" 0.29 0.48 0.39 0.58 1.2 1.1
10"-20" 0.8 4.5 2.1 2.3 2.3 1.6
20" -4 0.06 1.0 0.58 0.80 0.39 0.26
4'-8' 0.006 0.18 0.17 0.26 0.15 0.04
g'-15" C.003 0.05 0.08 0.16 0.10 0.03
0-15*

After

0-10" 0.03 0.03 0.08 0.18 0.48 0.71
10»-20" 2.3 5.8 3.3 6.5 8.2 5.5
20" -4 0.01 1.0 0.84 1.3 1.2 0.63
4.8 0.006 0.08 0.14 0.34 0.28 0.11
8'-15" 0.02 0.13 0.10 0.18 0.12 0.04
0-15'

Removed

0-10" 0.26 0.45 0.31 0.40 0.72 0.39
10n-20" -1.50 -1.30 -1.20 -4.2 -5.9 -3.9
20"-¢ 0.05 0.00 -0.26 -0.5 -0.6 -0.37
4°'-8! 0.00 0.10 0.03 -0.08 -0.13 -0.07
8'-15" -0.02 -0.08 -0.02 -0.02 -0.02 -0.01
% Removed

0-10" 90% 94% 79% 69% 60% 35%
10"-20" -190 -29 -57 -180 -260 -240
20"-4 83 0.00 -45 -62 -100 -140
4'-8" 0.00 0.56 18 - -87 -180
8'-15" -600 -160 -25 -13 -20 =33
0-15'

Notes: (lawn mowed between before & after sunny/dry, good street condition)

63-125 =<
.50

.14

SO0 O0OO0

.02

.45

.28
.06
.02

QOO MNND

0.05
-1.9
-0.14
-0.03
0.00

10%

-260
-100
-100
0.00

.18

.03

6
0
0
0.10
0
0.02

[oNe el
e v e .
N
—

-0.08
-0.9

-0.1
-0.03
-0.01%

-44%
-225
-110
-100
-50

total
solids
4.7
4.8

— oo

1
3
0
0
2
{165 b/

curb mile)

54%
-140
-53
221
-47
70



vec

Before
6-10"
1011_20"
20"_4!
4'.-8*
g'-15¢

0-15'

Af ter
0-10"
101‘_201!
20u_4|
4.8
8'-15"
0-15'

Removed
0-10"
‘IOII_ZO(I
20||_4\
4'-8¢
8'-15"

% Removed
0-10*"
10"-20"
20"-4"
4'-8!
8'-15'
0-15"

> 6350
1.03
0.29
0.07
0.006
0.003

0.32
1.1
0.14
0.006
0.02

0.71
-0.82
0.53

?
-0.02

69%
-280
79

?
-600

000-6350
6
.8
2
2
0

[=Ne RNl
E=
~n

0.33
0.96

-0.04
-0.14

21%
53
81
-14
-175

Table C-2 (con't.) .
Redistrivution of Street Dirt due to Street Cleaning (10‘3 Th/ft< loc

Site: 405-110th Ave. SE (SD1)
4/14/82 tests

Particle Size (Microns)

1000-2000

OO0
v e v e e
[ee]

(o]

.10
.84
.63
.39
.14

cCoocoOoCo

1.6
-0.29
0.23
0.05
-0.05

S4%
-52
27
N
-56

500-1000
4.3

1.1

0.96
0.52
0.10

OO = = O
s e e 4 e
el A A I B
~ WO

3.5
-0.6
-0.2
-0.07
-0.07

82%
-55
-25
-13
-70

250-500
4.7

1.8

.81
.36
.4

(v I Nan

SO —=MNNO
D
(o)

3.8
-0.2
-0.8
-0.06
-0.03

80%
-1
-97
-17
-75

OO —~—O
ny
(o]

96%
6
-72
-18
-200

.24
.74
.50
.10
.02

[N o NeNoRe)

1.1
0.03
-0.13
0.00
-0.01

82%
4
-35
0.00
-100

n1s)

.08
.45
32

ODOOOoOO

.03

0.50
-0.11
0.05
0.02
-0.02

85%
-32
14
17
-200

8.
6.8
2.0
0.3
3.2
(256 1b/

curb mile)

. PP
D~ = 0N

4
9
5
2.
0
2.
(204 1hy/

curb mile)

13.6
-1.0
1.0
-0.1
-0.4
0.6

74%
-12
15
-7
-110
20

Notes: (adjacent driveway washed onto site between before and after sunny/dry, good street condition)



Table C-3.
Street Cleaning Test Results During Special Tymco Test Period

Initial Load (1b/curb-mile)
Particle Size (Microns)

§8¢

Surrey Downs 2000 1000 500 250 125 63 37
Date >6350 -6350 -2000 -1000 -500 -250 -125 -A3 <37 1S
Mobi) 9/8 8.0 11.7 37.6 99.1 114.4 87.8 54.4 26.1 6.9 456
9/14 5.0 18.2 29.3 59.4 58.9 40.5 24.1 10.5 6.2 252
9/17 1.4 6.3 11.6 19.0 14.4 10.2 7.8 4.7 5.2 81
9/22 8.6 16.3 25.7 50.7 62.1 52.8 38.0 15.2 8.8 278
Tymco 9/10 2.5 7.8 14.4 34.5 32.3 14.8 5.8 2.3 1.6 116
9/15 2.1 14.1 25.6 49.3 52.9 39.5 29.9 10.6 13.7 238
9/21 6.9 17.1 30.1 66.5 67.2 44.0 26.9 10.1 8.4 277
9/23 3.0 18.8 46.8 110.4 113.8 73.7 39.9 16.6 11.9. 435
Modified 9/10 5.1 16.2 46.5 121.5 171.5 142.8 88.7 39.7 19.7 652
Tymco 9/14 6.0 15.8 37.0 60.7 54.2 32.3 16.0 8.3 6.9 239
9/21 2.1 6.3 15.5 24.5 32.5 29.3 24.7 9.7 7.3 152
9/23 3.5 6.7 9.0 16.0 21.7 19.8 15.8 8.3 6.8 108
Residual Load (1b/curb-mile)
Surrey Downs
Date
Mobil 9/8 1.3 14.4 38.9 99.4 14 82.3 52.7 1.8 20.9 449
9/14 3.9 12.2 23.7 55.4 €2.4 42.5 25.2 11.2 9.0 243
9/17 3.1 6.3 12.7 24.5 23.2 16.7 10.8 5.1 5.5 108
9722 2.1 9.7 22.1 42.7 48.5 39.9 30.1 14.3 10.5 220
Tymco g/10 1.7 5.3 9.1 23.1 19.7 15.7 11.2 6.9 5.8 99
9/15 0.7 8.0 9.7 19.7 25.8 24.8 19.1 10.3 10.3 129
9/21 0.5 6.5 12.5 23.3 21.7 18.0 13.8 6.6 5.1 i1l
9/23 2.2 8.1 24.0 52.6 48.0 37.7 26.9 13.8 9.3 223
Modified 9/10 7.7 10.1 4.6 54.5 61.1 48.5 38.2 20.4 18.2 283
Tymco 9/14 0.3 7.3 13.6 221 18.2 12.7 8.8 5.3 6.4 95
9/21 0.6 3.1 9.9 14.2 17.5 18.3 15.6 8.0 7.7 95
9/23 0.8 4.9 5.8 10.3 12.0 11.9 9.8 5.8 5.1 66




98¢t

Tak1_ -4, (Cont.)

Street Cleaning rest Results During Special Tymco Test Period

Initial Load (1b/curb-mile)
Particle Size \dicrons)

Surrey Downs 2000 1000 500 250 125 63 37
Date >6350 -6350 -2000 -1000 -500 -250 -125 -63 37 TS

SE 30th

Mobil 9/1 141 251 28¢ 532 740 667 284 66.7 20.8 2966
9/16 17.1 80.4 146 321 390 384 302 98.1 91.8 1839
9/27 1.2 32.2 83.5 125 137 119 73.9 20.8 6.9 600
9/30 9.2 33.9 68.0 138 174 185 141 55.1 19.3 822
10/5 5.5 21.5 34.4 54.2 55.5 48.7 27.3 8.8 5.2 261

Tymco 9/2 37.6 84.0 152 259 403 400 245 80.¢6 37.8 1699
9/16 47.3 135 141 222 314 358 200 76.3 85.0 157¢€
9/27 18.2 72.7 120 226 288 245 151 47.8 14.5 912
10/1 11.2 271 38.4 60.5 70.0 72.1 43.6 16.9 9.4 349
10/4 3.1 28.3 51.0 70.2 83.0 81.4 48.9 13.6 5.1 385

Modified 9/76 177 483 127 201 222 192 134 44 .8 24.0 1009

Tymco 9/29 6.8 37.6 64.9 117 131 102 47.5 1.7 4.7 523
9/30 7.8 31.5 73.3 133 205 186 90.0 22.4 5.8 755
10/4 15.5 33.4 62.4 125 125 94.8 63.5 18.9 _ 8.0 547

Residual Load (1b/curb-mile)

SE 30th

Mob il 9/1 85.9 231 239 413 635 824 488 137 23.1 3077
9/16 22.3 45.3 97.5 208 237 218 169 60.2 67.0 1123
9/27 14.3 128 75.0 146 228 221 125 46.3 24.4 909
9/30 8.4 36.2 68.0 126 144 121 69.7 24.2 11.3 610
10/5 5.3 23.1 39.7 62.5 65.2 54.5 32.4 13.0 8.1 304

Tymco 9/2 7.0 - 31.5 113 153 216 223 145 58.0 43.9 991
9/16 11.7 38.2 €41 87.9 93.9 105 93.2 41.5 341 570
9/27 6.9 29.2 84.8 149 136 127 84.6 34.7 13.0 664
101 2.0 12.4 8.9 421 37.5 35.9 27.7 11.0 7.1 205
10/4 1.9 20.4 8.0 47.1 45.3 46.) 34.7 12.7 6.6 252

Modified 9/16 6.2 18.3 66.6 81.5 744 76.2 74.5 34.7 33.5 446

Tymco 9/29 1.4 13.9 33.0 43.7 39.6 30.9 16.7 £ 2.7 187
9/30 6.8 20.3 70.3 83.9 55.0 37.8 26.2 9.5 6.2 316
10/4 1.4 18.4 42.1 70.5 59.5 48.6 35.0 11.8 7.6 295
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Res!dual Load (1b/curb-mile)

Street (leaner Performance -

FIGURE C-1
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Modified Tymco

64
®
A
M
50T
404
30
201

a MOBIL

I I l

! l |

7 30 40 50
Inttial Load {1b/curb-mile)

>63/0 Micrors

i
(Surrey Downg) ' ////////

: Tymco (Surrey Downs)

6Q



28 E

Restidual Loed (1b/curb-mlle)

FIGURE C-2

Street Cleaner Performance: 2000-63/0 u
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Resldual Load (1b/curb-mile)

Street Cleaner Performance:
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Resldual Load (lb/curb-mlle)

Street Cleaner Performance:
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FIGURE C-4
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Residual Load (1b/curb-mile)

FIGURE C-5

Street Cleaner Performance:
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Reslidual Load flb/curb-mlle)

FIGURE C-8

Street (Cleaner Performance:
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Res!dual Loed (1b/curb-mlle)

FIGURE C-7

Street (leaner Performance:
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Rezidual Load (1b/curb-mile)

FIGURE C-8

?freef Cleaner Performance:
a
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0: Surrey Downs (Mobil) ©
1 ¢ Lake Hills (Mobil)

70 M: Modified Tymco (Surrey Downg)
T: Tymco (Surrey Downs)

601
S0 a
40__|
G L O

a
20 ., 4

as AA 1 ‘
0% s Saig ., ° s
é
T o e P
0 10 20 30 40 50 60 ' 80

Inttlal Load (1b/curb-mlle)



56¢

Resldual Load (Ib/curb-mile)

FIGURE C-9

Surrey Downs Greater Than 6350 Microns
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Resldual Load [1b/curb-mile)
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FIGURE C-10

Surrey Downs 2000 to 63S0 Microns
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Residual Load (1b/curb-mile)
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FIGURE C-11

Surrey Downs 1000 to 2000 Microns
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Res!idual Load (1b/curb-milel
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FIGURE C-12

Surrey Downs 500 to 1000 Microns
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Restdual Load (1b/curb-mile)
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FIGURE C-13

Surrey Downs 250 to 500 Microns
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Resldual Load (1b/curb-mite)
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Surrey Downs 125 to 250 Microns
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Resldual Load (ib/curb-mtilel
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FIGURE C-13
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Residua)l Load (ib/curb-mllel
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FIGURE C-186

Surrey Downs 37 to b3 Microns
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Resldual Load (1b/curb-mlle)
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FIGURE C-17

Surrey Downs Less Than 37 Microns
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Restidual Load (1b/curb-mlle)

FIGURE C-18

Surrey Downs 2 to 10 Microns
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Resldual Load (1b/curb-mile)

FIGURE C-19

Surrey Bowns Less Than 2 Microns
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Residual Load (1b/curb-mile)

FIGURE C-20

S.E. 30th Greeter Than 6350 Microns
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Residual Load (1b/curb-mlle)

FIGURE C-21
- S5.E. 30th 2000 to 6350 Microns
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Residual Load (1b/curb-mile)
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Res!idual Load (1b/curb-mile)

FIGURE C-23

S.E. 30th 500 +o 1000 Microns
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FIGURE C-24
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Res!|dual Load (1b/curb-mile)
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FIGURE C-25
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Residual Load (Ib/curb-~mlle)
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Resldual Load (1b/curb-mile)
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Reslidual Load (1b/curb-mlle)
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Restidual Load (1b/curb-mile)

FIGURE C-28
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Tuble D-1. Surrey Downs Catchbasin Sediment Lcnding Observations {cubic fee®)

Humber

506
507
509
510
526
227
528
529
531

532
533
534
535
536
538
539
54C
542
543
544
546
547
550
551

998

Total
Maximum
Average

Count

Dec 13-26 Aug 8-14

1979

.00
.40
.04
.23
.30
.29
.08
.06
.64
.00
.03
.80
.18
.26
.20
.21

.49
.09
.32
.21

.03
.10
.68
.24
10
.15
.25

1980

.05
.12
.02
.24
.13
.12

Jan 30
1981

.00
1.81
2.23
1.29
2.76
6.74

.19
3,24
2.02

.30
1.15
8.69
4.33
4.80
1.71

11.04
£.63

.00
1.9,
1.49

.37
2.05
2.72
2.4
4.53

2.81
4.13
5.36
3.81
1.6
3.85
3.32
6.63
NA
1.08
.00
6.52
2.32
.20
1.72
1.72
2.41
3.03

127
11.04
2.96
43
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mable D-2. Surrey Downs Inlet lediment Loading Observations (¢cubic feet)

Dec 13-26 Aug B-14

dumber

999

Total
Maximum
Average

Count

1379

I3

A
.04
.42
.C0
.15
.15
.06
.03
.03

NA
.45
.00

1980

Jan

30

1331

D SN

.03
b6
12
.15
.58
.00
.27
.B1
.03
42
.42
R
.00
.06

Pab 2h-Apr 21-24Jun 1A-1T75ul 17-21Auw 17-24

Mar 11

.20
.09
.CO

1.34

1.34
.06
15
.69
.12
.18
.45

1.23
.00
.04

5.46

.44

O E =N ===
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.06
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Table D-3. Surrey Downs Man Hole Sediment Loading Observations {cubic fezt%t)

Dec 13-26 Aug 8-14

dumber 1979 1980
504 NA .13

512 VA .00

515 MNA NA

519 NA .00

521 NA .00

522 NA .00

523 NA .00

ST7 10.03 15.18
Total 10 15
Maximum 10.03 15.18
Average 10.03 2.19
Count 1 7

Jan 30
1981

.00
-39
.00
.00
4.02
6
.63
15.32

21
15.32
2.56
8

Feb 26-Apr 21-24Jun 16-V7Jal 17-21Aug 17-24

Mar 11

.00
.00
.00
.00
.00
.32
.38

15.%2

16
15.32
2.00
8

.00
.79
.00
.00
L6
.00
13.99

15
13.99
1.87

.00
.00
.00
.00
.00
.00
.00

15.31

15
15.33
1.91
g8

.00
.00
HA
.00
-00
.00
.50
25.86

26
25.838
3.77

.00
.00
00
.00
.00
.00
.00

)

< e

15

.32
.91

8
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Dec 4-12

1979

.39
.40
.22
12
D]
.29
.CC
04
.37
1.04
1.16
1.14
.58
1.60
.00
.02
.00
.04
.00
.20
.00
.0C
.00
.00
.00
.00
.04
.08
.04
.08
.Q0
.21
.08
.00
.04
.04
.08
.08
.07
.02
1.41
NA
-39
.08
.40
.04
.12
-39
.20

Jul 23-Jan
Aug o
1980

.96
.60
1.c08
.29
12
.78
.00
.58
.18
.42
1.35
.76
-58
1.14
.04
.04
.39
.00
1.29
.04
.08
.00
.00
.04
.00
.00
.00
.28
.19
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.00
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.29
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.08
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.07
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.04
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.39
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Tatie D-4. Lake Hills Catchbasin Sediment Loading Cbservations (cubic feet) (cont.)

Dec 4-12 Jul 23-dan 27-29 Mar 2- Apr 24-Jun 19-76Jul 14-16 Aug 27-Jan 20-27 Hinicum Maximuzn Average

tiumber 1979 Aug 6 1981 Apr 1 May 5 Cep 3 1582
1980

597 LT7 .96 .69 .77 =77 .58 .46 .58 77 .46 el 1
568 .CO .04 .20 .00 .20 .CO .CO 08 .CO .oC .20 LR
599 .20 .48 .64 .44 .44 1.C4 .28 . 3€ 1.C4 .20 1.C4 .hR
601 .08 .19 .C3 .C8 Nois .27 .CR sls} .CR L0 .27 L0
603 12 .19 .CO .00 .23 .00 .CO LG4 Nsls} o0 .27 06
6C7 .08 .20 .20 .4 .60 .CO .CO Rols} .20 Nl B0 .20
608 .37 .37 .37 .37 .48 .CO .25 .44 .18 LCe .42 30
509 .26 .19 1.2 1.12 .00 1.50 1.C8 1.38 .37 00 1.5 .13
612 .29 .54 2.39 2.50 2.86 2.14 1.96 2.50 2.€8 29 2.86 1,63
614 A NA 2.4 2.52 2.52 2.66 2.55 2.67 2.66 [e0] 2.66 2.5%
c16 .56 .15 1.61 1.68 1.61 1.68 1.68 1.50 1.:28 .15 1.682 1.25
618 .00 .00 .00 .00 .00 .20 .08 .00 .00 .00 .20 .23
619 .04 .20 .79 .79 .98 1.38 T .5 1.38 .04 1.38 .75
621 .04 .28 .12 .52 VA o1 .16 12 . .00 LT L3
623 .C4 .04 .00 .00 MA .00 .CO .CD .CO .CO .04 .21
625 .00 .04 .08 .00 NA .12 -40 .CO .00 .00 .40 .CR
627 .04 .04 .20 .20 NA .20 .04 .00 .78 .00 .72 .18
629 .04 .08 .08 .31 NA .70 .74 1.09 .3t Rale) 1.09 .42
630 .04 .08 .12 .41 NA 2.89 2.76 3.09 2.68 .00 3.09 1.51
631 .04 .19 .00 .00 .0C .C0 .19 .96 .00 .00 .94 .15
632 .19 .39 .58 .69 .58 77 .89 .96 .89 .19 .96 LFA
634 .08 A2 77 .96 REN .96 .62 7 1.16 .00 1.16 .68
Total 15 21 55 53 53 67 €4 70 72 8 96 55
Maximum 1.60 1.58 4.83 5.52 6.38 5.06 5.29 8.32 7.57 1.16 8.32 4.54
Average .22 .30 .79 .83 1.39 .98 .91 1.05 1.0t 11 1.35 17

Count 69 70 70 64 38 68 70 57 71 T Kz 7
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Table D-5. Lake i11l1s Inlet 3ediment Loalding Cbservations (cublc feet)

Dec <-12 Jul 23-Jan 27-29 Mar 2- Apr 23-Jun 19-26Jul 14-'6  Aug 27-Jan 27-17 Minizun Maxiniz SveTass
lumber 1979 Aug 6 1981 Apr ! May S Jep 3 1382
198C
5C2 .C4 .14 .00 .G7 .G7 .07 .14 .7 ol "n 14 T
507 .09 .09 .47 .31 .41 DA .CC .2 .22 el 4§/ 2
508 .CC .10 .03 .00 -GG .CO .00 13 L2 Co 17 pu4
Sc9 .CO .C2 -CO Bee .20 .Co .00 .07 .26 G O o
512 .03 212 .20 .20 A7 Bl .30 .20 .17 .73 e D28
51¢ .00 .22 .CC .C7 .CO Nele .C0 17 .50 L 7 .03
c12 .CC .C7 .00 .00 .20 .CO .00 .60 .GC 0 o7 .
522 .03 .07 .00 .00 .00 A7 .1C 7 13 .oC 7 LT
525 10 234 -10 .10 .27 .1C .37 .27 .67 .G .37 LT
527 13 .67 13 .20 -2 .20 .24 .2 LA '3 LE7 .2
529 .00 03 A7 .00 07 i .00 A7 7 LO0 A7 -tE
531t .00 .07 .0C .18 .32 .13 .32 .36 .12 .ce LTE AR
532 -30 .07 .00 .00 .00 .00 .00 .G3 LO0 o) LT ~1
536 .00 .00 .00 L7 .07 o .10 .34 ] Ra] A4 .27
542 -29 .84 1.80 1.59 1.67 1.45 1.38 1.67 1.04 .2 (e vLIC
549 .38 .38 .30 .33 N .45 .20 .45 .09 .C8 .45 LT
557 A3 .10 .03 .24 NA 17 .24 .03 .00 fots .21 .2
55 .00 7 .00 .07 YA NA A NA B .CC A7 LLE
562 .03 .10 .00 .CO NA .03 .00 .03 Nols} .20 PR N2
563 .02 .27 .27 .20 HA .20 37 .20 .Ce 00 .27 "o
567 .03 .Q3 ZU .00 a .00 .30 .COo .0 .CO Iz -3
569 .07 A7 .03 .10 TA A7 .03 A7 17 .03 T L
572 .03 .07 .00 .00 NA .07 .00 .03 .00 .00 07 LC3
575 .03 .00 .00 KA NA .GO JA .00 20 o) % .
STT .07 -07 -13 A7 NA A7 13 .20 10 .07 .20 ‘X
578 .02 17 .40 .34 NA .34 .54 .51 .67 .02 A7 L7
580 A .03 1.24 NA 1.28 1.28 1.3 AN 1.1 .03 1.31 1.0C4
585 .07 .03 .20 Ha A3 .20 A7 .20 .C0 .00 .20 13
537 1.54 1.16 2.43 NA 2.70 2.12 1.58 1.93 2.70 1.16 2.7% 2.72
590 .03 .55 .87 NA .96 .82 .82 1.09 .68 03 1.C9 -3
592 17 .96 2.47 2.66 3.24 3.24 2.66 HA 3.47 277 3.37 2.4
594 =719 1.77 .14 5.42 5.49 5.49 55 5.50 5.10 .59 5.20 3.02
602 .28 1.19 3.30 3.57 3.57 3.77 4.09 3.77 4.17 .28 4.17 *.08
604 .08 .27 .08 .08 1 .27 .11 .12 NA .08 27 A
606 .06 .4 14 .27 -G8 .05 - .41 .C5 .35 41 L1y
610 .00 .G0 .CO .03 -00 .00 0o .CC .00 .00 .03 .00
613 A NA 77 .70 .58 .70 .66 .58 .35 L35 17 SE2
615 .60 .60 .78 .90 1.05 .90 .81 .96 1.05 .60 1.05 .35
617 .03 .09 .44 .22 .38 .38 44 .53 .3 .03 .53 .0
620 .20 .78 .38 .98 .98 1.26 1.10 1.26 <39 .20 1.25 . 4R
622 .12 1.39 1.99 1.39 Na 2.19 1.43 1.79 .60 .12 2.19 1.%n
624 .08 .18 1.10 1.37 HA 1.57 L &1 1.37 1.37 .08 1.61 t.1lo
626 .24 .40 1.27 .84 NA .84 .79 .84 .34 .34 1.27 TR
523 .12 .98 2.22 2.54 LA 2.73 2.58 2.73 2.7 2 2.93% 2.10
633 .16 .19 1.95 1.95 1.95 2.34 2.'8 1.95 2.54 1 2.54 1.75
Total 7 16 32 27 26 34 28 31 3t 6 41 24
¥axinum 1.54 1.77 5.'4 5.42 5.49 5.45 4.29 5.50 5.1 1.16 5.%0 3.2
Average .16 .37 .70 .63 .86 .80 .65 .74 LT .32 .92 LAY
Count 43 44 45 40 30 43 43 42 A4 45 45 45
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Table D-6. Lake Hills Man llole Sediment Loading Observations (cubic Zee*)

Number

503
504
523
530
533
574
535
537
538
539
540
541

579
581

583

Total
Maxinum
Average

Count

Dec 4-12
1979

.00
.40
2.51

Jul 23-Jan 27-C9

Aug 6
1980

.00
.13
1.26
1.42
1.01
.00
.71
.38
.25
1.26
.00
.29
.35
.11
NA

8
1.42
.55
14

1981

14.28
.00
1.13

Mar 2-
Apr 1

15.83
00
2.14
.28
4.15
.00
7.71
.00
.00
1.26
NA
11.06
NA
TA
NA

42
15.83
3.86
"

Apr 24-Jun 19-26Jul 14-16

May 5

14.40
1.39
2.14

<99
1.76
.00
7.49
.00
.13
1.63
.00
10.58
-50
3.96
NA

45
14.40
3.21
14

Sep 3

10.17 14.70 13.01

.40 .00 .00
4.65 3.02 2.77
4.82 .00 .00
4.77 3.02 4.52

.00 Nek .35
7.70 8.34 7.71

.00 13 .00

.00 .38 .00
1.88 2.0 1.89

.00 .00 A
9.62 10.29 9.62

.57 1.06 1A
4.10 4.95 4.81
1.63 3.27 1.63

50 51 46

10.17 14.70 13.01
3.35 3.41 3.56
15 15 13

Aug 27-Jan 20-27

1982

.61
.26
.39
.20
.26
.00
.33
.26
.63
.43
.00
.10
.88
.64
.66

-0 N AN Vo]

-

[o AW S RE (V]

55
12.10
3.64
15

Yinimum

.00
.00

.00
-00
7

.00
.00

.C0
.29
.14
Al

.46
15

P

Maximum

[=2)

ENES, E N

-0

Average

n

N nN = no

W O



Table D-7.

RELATIVE CATCHBASIN SENIMENT NUALITY (LAKE HILLS)

Sampling Tota) mg constituent/kg total solids

CB# Date (1) (2) Solids{%) CoD TKN Phos Ph r
524 3-20-80 X 19.1 42,400 1440 199 880 31é___
535 3-20-80 X 70.5 15,700 55.6 28.4 15.5 37.9
578 3-20-80 X 5.31 267,000 11,200 2170 2930 595
626 3-20-80 X 13.8 34,100 4630 905 1880 906
516 3-20-80 X 26.2 14,500 2130 282 604 226
592 12-27-79 X 91 mg/1 263,786 5495 3571 879 13,077
616 12-27-79 X 88 mg/1 306,818 11,136 1500 795 511
626 12-27-79 X 124 mg/? 193,548 9677 1758 564 637
524 12-27-79 X 85 mg/ 282,353 55,647 7506 1588 212
528 12-28-79 X 111 ma/1 729,730 19,820 2901 1261 946
535 12-27-79 X 272 mq/i 897,059 11,176 25,092 404 801
549 12-28-79 X 34 mg/1 6.7,069 35,000 2412 2647 971
564 12-28-79 X 49 mqg/1 663,265 10,204 1592 1633 1756
578 12-28-79 X 158 mg/1 569,620 35,443 4367 2848 797
582 12-28-79 X 150 mg/1 133,833 4667 900 800 247
592 12-27-79 X 54.0 5115 794 12.8 580 166
616 12-27-79 X 13.6 213 342 1.7 236 159
626 12-27-79 X 40.6 585 878 24.9 278 146
524 12-27-79 X 46.2 439 1020 31.4 262 93.0
528 12-28-79 X 427 312 778 13.0 149 53.5
535 12-27-79 X 79.5 55.1 56.0 18.9 13.0 37.0
549 12-28-79 X 63.7 315 353 5.1 407 123
563 12-28-79 X 60.7 1020 1470 11.6 507 211
578 12-28-79 X 28.8 892 2010 24.6 465 104
582 12-28-79 X 59.7 412 560 8.45 479 120

(1) sediment sample

(2) supernatant sample
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Table D-7. RELATIVE CATCHBASIN SEDIMENT QUALITY (SURREY DOWNS)

Sampling Total mg constituent/kqg total solids

CB# Date (1) (2) Solids(x) coD TKN Phos Pb In
510 3-19-80 X v.29 269,000 9710 2020 5370 540
548 3-19-80 X 19.2 121,000 3960 411 506 137
559 3-19-80 X 56.6 92,700 7910 168 1325 245
531 3-19-80 X 5.75 489,000 12,200 2124 5153 1195
534 3-19-80 X 5.99 445,000 27,500 3720 2890 1000
508 2-4-80 X 87 mg/1 206,897 9655 632 345 919
510 2-4-80 X 40 mg/1 500,000 14,000 3875 1500 . 1925
524 2-4-80 X 114 mg/1 175,439 12,281 2737 263 298
548 2-4-80 X 116 ing/1 189,655 12,069 629 517 371
566 2-4-80 X 100 mg/1 110,000 5600 280 400 500
526 2-14-80 X 1470 mg/1 42,178 1109 255 6258 2544
531 2-14-80 X 144 mg/1 145,833 4375 451 694 576
534 2-14-80 X 399 mg/1 107,769 12,807 814 326 241
559 2-14-80 X 215 ma/1 144,186 2605 605 1209 465
578 2-14-80 X 4160 mg/1 293,269 7356 73,798 1346 685
508 2-4-80 X 8.08 190,000 13,500 1510 2080 682
510 2-4-80 X 27.4 - 26,400 3890 321 1490 472
524 2-4-80 X 50.7 63,300 1790 292 349 153
548 2-4-80 X 44.1 112,000 1040 199 299 108
566 2-4-80 X 73.0 39,900 154 250 90.6 117
526 2-14-80 X 70.5 24,300 10,200 54.3 517 177
531 2-14.80 X 4.60 456,000 6380 515 3510 725
534 2-14-80 X 16.25 492,000 4510 136 954 317
559 2-14-80 X 75.4 24,300 880 23.9 477 107
578 2-14-80 X 26.0 108,000 809 129 790 365
(1) Sediment sample

Supernatant sample

425



APPENDIX E
SAMPLING PROCEDURE

STORMWATER SAMPLING

This appendix describes ths procedures and techniques used during the
Bellevue urban runoff study for collecting composite flow and proportional
storuwater runoff samples. The sampled basins (Surrey Downs and lLake Hills)
are described in Section 3 of this report.

The equipwent installed at each site for flow-weighted composite
stormwater monitoring consists of a Manning composite sampler (S-3000), a
Manning flowmeter with an ultrasonic stage sensor (UF-1100) and a 12 volt
power converter. The samplers were factory modified for priority pollutant
sampling. All surfaces contacting the sample are either glass or Teflon.
Special cleaning procedures were developed for collecting priority pollutant
samples. These special procedures are described by METRO in their report.

The sampler is triggered at predetermined increments of flow by the
flowmeter. These flow increments need to be small enough so small runoff
events will be adequarely represented by enough samples. Conversely, the
sample container should be large enough so that large events <o not cause the
sample volume to exceed the storage capacity. A 30 to 50 gallom (110 to 190
liter) polypropylene reservoir with a five gallon (19 liter) glass inner
reservoir for priority pollutant analysis has been found to be adequate. In
additiou, the increment of flow selected for subsampling should not be so
small that during peak flows the cycling capacity of the sampler is exceeded.
For instance, in the case where the peak flow 1is expected to be less than ten
cublc feet per second (cfs) (280 liters/second), a sampling increment of 600
cubic feet (17,000 liters) would produce one subsample per minute at ten cfs
(280 liters/second). It is necessary to determine the cycle time of the
sampler in the field. At the Bellevue sites, it was expected that maximum
flows would not exceed ten cfs (280 liters/second) and the sampler cycle time
was 40-45 seconds. Flow increments of 300 and S00 cubic feet (8500 and 14,000
liters) were therefore used. At 300 cubic foot (8500 liter) subsampling
increments, peak flows would cause the cycle time to be exceeded. This
increment was used to obtain more subsamples when small events were expected.
The flow has exceeded ten cfs (280 liters/seccend) at the Lake Hil1ls site on
several occasicns, briefly exceeding the cycling capacity of the sampler
during the peak flnvs.

The flowmeters use an ultrasonic transducer to sense relative stage.
Stage 1is converted to discharge by a programmed microprucessor in the
flowmeter and presented on a circular flow chart as a percentage of maximum
rated flow. The microprocessor 1s programmed from a stage/discharge rating
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developed by the USGS (Ebbert, Poole, and Payne, 1983). These ratings are
Jescribed in their report. Weekly or daily flow charts are selected based on
weather predictions, with daily charts preferred for runoff events. The
flowmeter totals the flow in 100 cubic foot (2800 liter) increments and
criggers the sampler at the selected flow increment.

The subsample volume is adjustable up to a maximum of about 450 ml. To
ensure adequate samples from small events, the subsample volumc is adjusted
to near maximum. The intake hose for the sampler is securely attached to the
bottom of the concrete drain pipe with two anchor belts. Profiles of
suspended solids as a function of depth in the pipe during flow have
indicated that solids are evenly distributed, due to the turbulent flow, so
that no cerrection factor is necessary.

The samplers can be used with 12 volt batteries as a power source.
However, the motorcycle hatteries supplied with the samplers are inadequate.
A 12 volt power converter was used in conjunction with a large capacity (90
amp-hour, or greater) bactery.

Calibration of the flowmeters required the use of an artificial stage
target set at zero and 100 percent of rated flow. Comparisons of discharge
records obtained from the flowmeters and discharge records from the USGS
equipment and the Manning flowmeters indicated that the Manning flowmeters
were somewhat less accurate. For this reason, the USGS flow data were used
whenever possible. The flowmeters are adequate for triggering the sampler and
for providing a back-np record of flow.

Entries on a station log were made at each visit to the stations,
describing all maintenance and calibration activities.

Storm samples were removed from the samplers as soon as possible after
storms, typically within two or three hours. Samples are kept on ice until
processed. A storm processing log was kept for each storm. Conductivity, pH,
and turbidity were measured at the City of Bellevue water quality
laboratories. Subsamples were preserved and sent to a contract lab in Seattle
(Am Test, Inc.) for the chemical analyses. Analytical methods are in
accordance with "Methods for Chemical Analysis of Water and Wastes,"
EPA-600/4-79-020. These constituent analyses and the rainfall/runoff data
were used to calculate mass loads for storm events.

It was possible with this sampling arrangement to obtain representative
storm samples for 80 to 100 percent of the runoff events. When sampling
failures occurred during a runoff event, partial samples representative of a
part of the storm were usually collected. Analyses of the sample volumes and
the hydrographs determined the times of sampling. The flow charts had event
markers for each sample pulse; however, with short sampling increments,
individual event marks were not always discernible.

A quality control program for chemical analysis of runoff samples and
street dirt samples was completed. The USGS mational laboratory processad
duplicates of samples sent to the contract lab. Discussion of the QC program
is included in the USGS report.



STREET SURFACE PARTICULATEL SAMPLIKG AND EXPERIMFNTAL DESICN

The *amplin{ proccdures described in this appendix were mostly developed
in a previous study: "Demonstration of Nonpoint Pcllution Abatement 1nrough
Ilmproved Street Cleaning Practices,” (Pitt, 1979).

Equipment Selection and Sampling Effectiveness

As part of the Bellevue experimental design efforts, various vacuuim,
hose and gulper attachment combinations were tested. Relative air flows and
suction pressures in the hose were monitored for different test set-ups. Both
one and two vacuum configurations and 1.5 Inch (38 mm) hoses in lengths
varying from 10 to 35 feet (3 to 1l meters) were tested, along with a
Vacu-Max unit. The standard "reference” system was two vacuums a~d a 35 foot
(11 meter) hose. The best suction and higher air velocities were obsorved
with two vacuums and short hose lengths (10 feet, or 3 meters), but the <hort
hose length would require that the vacuums be dismounted from the truck at
each subsampling location. This would require a substantial increace in time
and labor. The longer hose, with tbe two vacuums, was judged adequate, and
resulted in great cost and time ravings.

Twelve street dJdirt sampling effectiveness teste were conducted
throughout the project for several weather and street surface conditions. The
street dirt sampling effectivaness tests were conducted in an area about ten
feet (3 meters) along the curb to the street's center line. This area was
completely vacuitmed using a single pass of the standard sampiing equipment.
The sample was 1emoved from the vacuum canisters and stored for later
processing. The vame area was then immediately vacuumed a second time using
the same pronedures. Again, the second vacuumed sample was removed for
stora,e. The same area was finally sprayed with a water spray end wet
vacuumed to remove all runoff. The wetting and wet vacuuming were repeated
again, if necessary, until the street surface was thoroughly cleaned. This
sampling indicated the street surface loadings that remained on the street
after the normal single pass sample collection. This is not an indication of
how much more material would wash off the street during rain events when
compared with the street sampling. Very few rain events would be as effective
in cleaning the street as the spraying and wet vacuuming procedures used in
these tests. These tests were mainly used to confirm that the singlz pass dry
vacuum precedures removed more material than the railn eveuts and the
mechanical street cleaning equipment.

Table E-1 summarizes the results of these tests. The initial street
surface loads varied over a wide range of conditions (from 100 to 1500
lbs/curb-mile, or 28 to 430 g/curb—meter). Tests were also conducted with wet
and dry street surface moisture conditions and on streets having good to
moderately rough tcxtures. The first dry vacuum sample collected about 40 to
85 percent of the total absolute streel surface load. The percent recovery
was slightly better for the higher street surface loads and somewhat less for
the more damp street surfaces. The cample recovery with the first dry vacuum
pass was much greater for the larger particle sizes than for the smaller
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Table E-1 SAMPLING EFFECTIVENESS TEST RESULTS

Percent of absolute street loading

total removed by first dry vacuuming Remaining
solids total total solids
test street  street loading solids 1nading
date area moisture texture  (Ib/curb-mi) (%) COD _ TKN T Phos  Lead Zinc  {1b/curb-ri)
Surrey
9/5/80 Downs  — 534 75% 59% 85% 47% 50% 57% 134
1/16/81 dry smooth 451 79 84 58 57 57 54 95
3/15/81 wet smooth 223 69 51 37 39 45 40 136
4/16/81 dry smooth 419 64 44 41 41 41 36 151
7/29/81 dry sl1. rougkh 1460 72 72 53 40 61 61 409
1/25/82 wet s1. rough 432 69 23 20 53 38 37 133
2/3/82 wet smooth 400 53 26 1¢ 47 18 32 1e8
Lake .
7/29/80  Hills dry s1. rough 13/v 85 80 93 81 64 69 206
2/3/81 dry smooth 117 42 35 29 37 34 30 49
3/24/81 wet smooth 225 46 37 17 29 23 23 122
7/24/81 dry s1. rough 171 77 80 71 61 67 66 39
1/20/82 wet sl. rough 1080 48 51 50 60 39 a6 562
1/29/82 wet smooth 297 74 64 49 57 43 47 77
2/4/82 wet smooth 551 54 34 34 34 23 25 253



particle sizes, Almost all of the larper material was remo.ed with the first
viacaum pass, but smaller fractions of the finer material were removed. This
ditterence in samrle recovery by particle size wis much more pronounced for
damp ctreets than tor the dry strects. It typically required two dry
vacuusings and one wet to remove more than 90 peicent of the different
sollutants ftrom the street surface.

Tabls E-1 also shows the total solids remaining on the street surface
atter a single dry vacuuming. These remaining loading values correspond to
theo particulate material that was tray,ed within the texture of the street
surface. It is obvious that the sampling equipment was more effective than
the ratins and tle street cleaning equipment in removing street surface
particulates: at no time was the street surface loading undetectable. The
lowest measured street surface loadings during this study was about 100
1bs/curb-mile (28 g/curb-meter). The highest observed street surface loading
values were about 1500 1lbs/curb-mile (430 g/curb-meter), with typical values
around 400 lbs/curb-mile (110 g/curb-meter). These values represent the
particulate loadings above the non-recoverable loadings. The unrecovered base
particulate loading values shown in Table E-1 can be considered as a
medsuring datum that changes for different conditions.

These tests were e.tremely time consuming to conduct; only l4 tests were
conducted throughout the program period, representing different conditions.
The most important conditions affectirg sampling ef{iciency were assumed to
be street moisture and texcure conditions. These two factors were considered
in a two-level factcorial analysis. The 14 data points corresponding to
remaining total solid loadings on the street were separated into four
categories corresponding to the four possible street moisture/texture
conditions. A factorial analysis was then conducted to determine if either or
both of these factors were important in determining the residual loading
value. The calculations showed that the street texture was the most important
factor, with street muisture being of less importance. The calculated loading
values for smooth textured streets were about 125 lbs/curb-mile (38
g/curb—meter) while it was about twice this value (270 lbs/curb-mile, or 76
g/curb—metar) for rough-textured streets. The variations for the loadings due
to street textures depended on the texture conditions. The variation was
quite small for the smooth streets (about 65 lbs/curb-mile, or 18
g/curb-meter) while it was much greater for the rough-textured streets (about
200 1bs/curb-mil:, or 580 g/curb-meter). These variations were large because
the sampling effectiveness studies were conducted for a variety of separate
test and street conditions. These were all small area tests and do not
consider average conditions which actually occurred in the large-scale
sampling programs.

It is expected that the datum levels slowly fluctuated when averaged
throughout t1e whole study basins. The expected fluctuation of the datum is
estimated to be about ten or 15 percent in each sampling period, ~l1 within
the 25 percert sampling error based upon the variations in obser-ed loadings.
Most of the analyses considered relative changes in street surface loadings
(comparing the initial to residual loads for street cleaning and rainfall
events and the change in sireet surface loading values witl time).
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The loading valuce measured during this study are considered reasonable
when compared with the loadings observed at other locations, as described in
Section 7. Because the mijor variation was associated with the constant
street textures, sampling efficiencv corrections were not necessary. If there
was a large fluctuation in samplin, «ffectiveness assoclated with season,
then it mav have been worthwhile to urrect the street surface loading values
to absolute conditions. However, thar would have required many more sampling
ettectiveness tests. Again, the datum variation was less tihan the sampling
errors assoviated with the number of subsamples obtained. Therefore, the
sampling procedures were quite appropriate when considered with the other
errors in the sampline program. The selected sampling procedures are
sensitive to variations in loadings over large test areas which are much
larger tnan the residual loading variations.

Equipment Description

A pick-up truck was used to carry the equipment compounents, consisting
of a generator, tools, fire extinguisher, vacuum hose and wand, and two
wet—dry vacuum units during sample collection. The truck had warning lights,
including a roof-top flasher unit. It operated with its headlights and
warning lights on during the entire period of sample collection. The sampler
and hose tender both wore orange, nigh visibility vests. Both the truck and
the street cleaner used tco clean the test areas were equipped with radios
(city FM radios), so that the sampling team could contact the street cleaner
opcrator when necessary.

Two industrial vacuum cleaners (2-hp, or 1.5 kilowatts, each) with one
secondary filter and a primary dacron filter bag were used. The vacuum units
were heavy duty and made of stainless steel to reduce contamination of the
samples. The two 2-hp (1.5 kilowatt) vacuums were used together by using a
wye connector at the end of the hose. This combination extended the useful
length of the 1.5 inch (38 mm) hose to 35 feet (1l meters) and increased the
suction. A wand and a qulper attachment were also used. The generator used to
power the vacuum units was of sufficient power (3600 watt, heavy duty,
low—RPM) to handle the electrical current load drawn by the vacuum units. The

gulper attached to the end of the wand, was triangular in shape and about six
inches (150 mm) across.

Sampling Procedure

Because the street surfaces were more likely to be dry during daylight
hours (necessary for good sample collection), collection did not begin
before sunrise nor continue after sunset, unless additional persornel were
available for traffic control. Two people were required for sampling at all
times: one acting as the sampler, the other acting as the vacuum hose tender
and traffic controller. This lessened individual responsibility and enabled
both persons to be more aware of traffic conditions.

Before each day of sampling, the equipment was checked to make sure that
the generator's cil and gasoline levels were adequate, and that the vacuum
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hose, wand and guiper were ‘n good condition. A check was also made to ensure
that the vacuum units were clean, the electrical cords were securely attached
to the penerator and the trailer lights and warning lights were operable. The
generator required about three to five minutes to warm up before the vacuum
units were turned on one at a time (about five to ten seconds apart to
ptevent overloading the generator).

As part of the gereral sampling procedure, each subsample included all
of the street surface material that would be removed during a severe rain
{including loose materials and caked-on mud in the gutter and street areas).
The location of the subsample strip was carefully selected to ensure that it
had no unusual loading conditions (e.g., a subsample was not collected
through the middle of a pile of leaves; rather it was collected where the
leaves were lying on the street in their normal distribution pattern). When
possible, wet areas were avoided. 1f a sanple was wet and the particles caked
around the intake nozzle, the caked mud from the gulper was carefully scraped
into the vacuum hose while the vacuum units were running.

Subsamples were collected in a narrow s%rip about six inches (150 mm)
wide (the width of the gulper) from one side of the street to the other
(curb-to-curb). In heavily traveled streets wiere traffic was a problem, some
subsamples consisted of two separate half-street strips {curb-to-crown).
Traffic was not stopped for subsample collectiun; the operators waited for a
suitable traffic break. On wide or busy roadways, a subsample was often
collected from two strips several feet (one metcer) apart, halfway into the
street. On busy roadways with no parking and gool street surfaces, most
particulates were found within a few feet (one meter) of the curt, and a good
subsample could be collected by vacuuming two adjicent strips from the curd
as far into the traffic lanes as possible. A sufficient break in traffic
allowed a subsample to be collected halfway across the street.

Subsamples taken in areas of heavy parking were collected betwezan
vehicles along the curb, as necessary. The sampling line across the street
id not have to be a continuous line if a parked car blocked the most obvious
and easiest subsample strip. A subsanple could be collected in shoiter
strips, provided the combined length of the strip was represcntative of
different distances from the curb. Again, in all instances, each subsample
was representative of the overall curb-to-curb loading condition.

When sampling, the leading edge of the gulper was slightly elevated
above the street surface (1/8 to 1/4 inch, or 3 to 6 mm) to permit an
adequate air flow and to collect pebbles and large particles. The gulper was
lifted further to accept larger material as necessary. If necessary, leaves
in the subsample strip were manually removed and plaied in the sample storage
container to prevent the hose from clogging. If a noticeable decrease in
sampling efficiency was observed, the vacuum hoses were cleaned immediately
by disconnecting the hose lengths, cleaning out the connectors (placing the
debris into the sample storage container) and reversing the air flows in the
hoses (blowing them out by connecting the hose to the vacuum exhaust and
directing the dislodged debris into the vacuum inlet). The use of the
translucent plastic vacuum hose allowed the operarors to assess the amount of
material clogged in the hose. 1f any mud was caked on “he street surface in
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the subsample strip, the sampler loosened it by scraping a shoe along the
subsample path (being certain that street construction material was not
removed from the subsample path unless it was very loose). Scraping caked-on
mud was done after an initial vacuum pass. After scraping was ccrpleted, the
strip was revacuumed. A rough street surfare was sampled most easily by
pulling (not pushing) the wand and gulper toward the curb. Smooth and busy
streets were usually sampled with a pushing action.

An important aspect of the sample collection was the speed at which the
gilper was moved across the street. A very rapld movement significantly
decreased the amount of material collected; too slow a movement required more
time than was necessary. The correct movement rate depended on the roughness
of the street and the amount of material on it. When sampling a street that
had a heavy loading of particulates, or a rough surface, the wand was pulled
at a velocity of less than one foot (U.3 meter) per second. In areas of lower
loading and smoother streets, the wand was pushed at a velocity of two to
three fecet (0.6 to 0.9 meter) per second. The best indication of the correct
collection speed was given by visually examining how well the street was
being cleaned in the sampling strip and by listening to the collected
material rattie up the wand and through the vacuum hose. The objective was to
remove everything that was lying on the street that could be removed by a
significant rainstorm. It was qulte common to leave a visually cleaner strip
on the street where the subsample was collected, even on streets that
appeared to be clean.

In all cases of subsample collection, the sampler and hose tender
continuously watched for oncoming vehicles. While working near the curb out
of the traffic lane (typically an area of high loadings), the sampler
visually monitored the performance of the vacuun sampler. In the street, he
constantly watched traffic and monitored the collection process by listening
to particles moving up the wand. A large break in traffic was required to
collect dust and dirt from street cracks in the traffic lanes, because the
sampler had to watch the gulper to make sure that all uf the loose material
in the cracks was removed.

The hose tender also always watched for traffic. In addition, he played
out hose to the sampler as needed and kept the hose as straight as possible
to prevent kinking. If a kink developed, sampling stopped until the hose
tender straightened the hose.

When moving from one subsample location to another, the hose, wand and
guiper were securely placed in the truck. The hose was placed away from the
generator's hot muffler to prevent hose damage. The generator and vacuum
units were left on and in the truck during the entire subsample collection

period. This helped dry damp samples and reduced the strain on the vacuum and
geaerator motors.

The length of time it took to collect the subsample varied with the

number of subsamples and the test area. For the first phase of this study,
the test areas required the following sampling effort:
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TEST ARFA NU. OF SAMPLING
SAMPLES PERIOD

Surrey Downs - main basin 16 0.5~1.0 hr.
tair-good asphalt, concrete

gutters

Surrey Downs - lUSth Ave. 9 0.5 hr.,

pootr asphalt, no curbs

Surrey Downs - Westwood Homes Rd. 12 0.5 hr.
good asphalt

Lake Hills 60 2-2.5 hr.
fair-good asphalt

In the Surrey Lowns main basin and on 108th Avenue, two curb-to-curb passes
were made at each of the 16 sampling locations due to relatively low
particulate loadings. In Lake Hills, subsamples were collected by a half pass
(from the crown to the curb of the street). Thase modifications were
necessary because several hundred grams of sample material were needed for
the laboratory tests and oo much sample is difficult to sieve. An after
street cleaning subsample was not collected from exactly the same location as
the before street cleaning subsample (taken from the same general area), but
at least a few feet (one mneter) apart.

A field-data record sheet kept for each sample contained:

o Subsample numbers

o bates and time of the collection period

o Any unusual conditions or sampling techniques.
A tally of subsample locatilons where the street cleaner was unable to operate
next to the curb because of parked vehicles was kept, allowing analysis of
the effect of parked cars on street cleaning performance.

Sample Transfer

After all subsamples for a test area were collected, the hose and wye
connection were cleaned if necessary. The translucent hose allowed visual
inspection for trapped material or excessive dirt in the hose.

The vacuums were eitter emptied at the last station or at a more
convenient location. To empty the vacuums, the top motor units were removed
and placed out of the way of traffic. The vacuum units were then disconnected
and lifted out of the truck. The secondary, coarse vacuum filters were
removed from the vacuum csn and were carefully brushed with a small whisk
broom into a- plastic bucket. The primary dacron filter bags were kept in the
vacuum can and shaken carefully to knock off most of the filtered material.
The hose inlet was blocked with a leg or knee, and the primary filter bag was
held onto the vacuum drum with arms and chest. The dust inside the can was
allowed to settle for a rew minutes, then the primary filter was removed and
brushed carefully into the sample can with the whisk broom. Any dirt from the
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top part uf the bay where it was bent over the top of the vacuum was also
carefully remeved and placed intc the sample jar.

After the filters were removed and cleaned, one person picked up the
vacuum can and poured it into the bucket, while the other person carefully
brushed the inside of the vacuum can with a soft three- to four-inch (76 to
102 mm) paint brush to remove the collected sample. In order to prevent
excessive dust losses, the emptying and brushing was done in areas protected
from the wind. To prevent inhaling the sample dust, both the sampler and the
hose tender wore mouth and nose dust filters while removing the samples from
the vacuums. Samples were then transferred to one quart (0.9 liter) Mason
jars for storage until analysis.

To reassemble the vacuuw cans, the primary dacron filter bag was
inserted into the top of the vacuum can with the filters' elastic edge bent
over the top of the can. The secondary, coarse filter was placed into the can
and reassembled on the truck. The motor heads were then carefully replaced on
the vacuum cans, making sure that the filters were on correctly and the extra
electrical cord was wrapped around the handles of the vacuum units. The
vacuum hoses and wand were attached so that the unit was ready for the next
sample collection.,

The storage jars were labeled with the date, the test area's name, and
an indication of whether the sample was taken before or after the street
cleaning test or if it was an accumulation (or other type of) sample.
Finally, the sample jars were transported to the laboratory for logging-in
and analysis or storage.

Variability Test Procedures

Variability tests were conducted seasonally in each test area to
determine how many subsample locations were necessary to collect a suitable
representative sample. About 50 individual locations were sampled in each
test basin during each of four variability test phases. The first test phase
data were eliminated because the samples were collected using the initial
sampling equipment that was later replaced; and because the samples we ..
biased by sand applications on the roads due to an unusual snowstorm. The
individual samples were weighed and their variabilities were calculated. The
formula used to determine the number of subsamples needed is as follows:

452/L2

-4
]

where:

= number of subsamples needed
s = standard deviation
L allowable errcr

This formula was used to balance the sampling efiort for the different test
phases and for each test basin. In most cases, an allowable error of about 25
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prreent ot the sample mean vatae resulted in a reasonable sampling effort.
The samples had to be obtained in a relativelv short period of time
ipreterably within about two hours). This allowed samples to be collected
fnmediately betore and after each street cleaniryg operation. Because of the
frequent rains in the Bellevue area, a short saapling time was also needed to
prevent samples from being rejected frequently due to rain interferences.

These samples also enabled various portions of the watershed to be
compared with each other. Bellevue street clearning equipment could not
operate on 1U8th Avenue and Westwood Homes Road in the Surrey bDowns basin
tecause of streets and gutters in poor condit.on or private ownership.
Therefore, the Surrey Downs basin had to be subdivicded into these three
subsections, each requiring individual sampling. do major lcadiag varistions
were found in the lLake Hills area.

A single wvacuum was used to collect the experimental design, with each
sample consisting of one curb-to-curb pass. The samples were then emptied
from the vacuum canister into a bucket lined with a plastic bag. The bag was
then wired shut, labelled and stored for later weighing in the laboratory.
Information describing each subsample location was also obtained. This
information included the sampling date and location, the presence and type of
gutters, the street condition, slope, and width, the parking density, and the
traffic density and speed. Information concerning the adjacent area was also
obtained. This included the landscaping practices adjacent to the street, the
presence of leaves on the street, and the adj: cent land-use (socio-economic
condition, single— or multiple-residential family units, commercial areas,
vacant lots, schools, churches, or other areas). Each information sheet also
included the individual sample loadings expressed in lbs/curb-mile. This
intformation is discussed in Section 7.

DRIVING LANE TEST

Periodic street surface particulate s.mples were collected from only the
driving lanes immediately after a collection of a regular full street-width
sample. These sawuples were collected from the center lane of the street to
the edge of the parking lane. These samples were processed in a similar
manner as the regular street surface particulate samples but no chemical
analyses were performed. These samples, which were collected several times
during the second project yeur, helped determine the presence of street
surface particulates available for street cleaning. The data can also be used
to indicate the importance of parked cars and necessary parking controls for
street cleaning improvements.

ACROSS THE STREET TESTS

Several special tests were conducted to determine the redistribution of
street surface particulates across the street during street cleaning
operations. Two adjacent sections of street, about ten feet (3 meters) along
the curb, were selected for each test. Several strips parallel to the curb
were marked in each section. Each strip in one section (the furthest in the
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ditecti.n of travel) was individually sampled prior to street cleaning. After
the sampling was completed, the street cleaner made a single pass over both
of the sections. The street cleaner started about one block up the street to
eliminate startup effects and broom streakings. After (he strret dried off,
the strips in the other section were then individually sampled. The
corresponding sample weights in strips in both sections were compared to
determine how much of the material was removed by the street cleaner or
pushed out into the middle of the street and not removed. The samples were
analyzed in a manner similar to the other street surface particulate samples,
but ne chemical analyses were conducted.

CATCHBASIN INVENTORY AND SAMPLING

All catchbasins, manholes, and inlets were inventoried by the Bellevue
survey crew at the beginning of the project. Recorded information included
catchbasin number, elevations (top of grate, bottom of catchment, and all
pipe inverts), size, type, and length of each pipe. The Survey Division then
mapped the drainage systems.

The first sediment inventory was conducted during December, 1979. At
that time, the catchbasin dimensions were measured. The sediment depth was
measured by pushing a tape measure or a measuring stick into the sediment
until it hit the bottom of the catchbasin. A second sediment inventory during
July and August, 1980, was also conducted. The procedure was changed when it
was discovered that a rock may be struck on occasion instead of the bottom cf
the catchbasin, resulting in a false depth value. The final measurements were
made from the top of the grate to the top of the sediment; a simple
measurement that did not require lifting the grate. The catchbasin depth was
known and the sediment depth was thep calculated. Pipe sediment and standing
water were also observed through the grate.

The sediment inventory was conducted about twice yearly during the
project. Spot checks were also made in about ten percent of the catchbasins
after several significant rains.

Sediment samples were also taken during the inventories. Five
catchbasins and five pipe sediment samples were taken in each area during
each sampling. Samples were originally obtained using a scooper, pouring
excess water off before transferring to a sample container. Finally they were
obtained with a coring device. Excess water was pumped out of the top of the
corer before pulling the sample out. Usually three to five cores were taken
in various spots in each catchbasin sampled in order to obtain enough sample.
Pipe sediment samples were also scooped or scraped out of the pipe. Samples
were weighed, dried, and sieved into size fractions. Some of the sample
fractions were then combined into three samples for chemical analyses: <63
microns, 63-500 microns, >500 microns.

Ten sediment and ten supernatant samples were taken from each study area
in February, 1980, and another five sediment samples were taken from each
area in March, 1980, for chemical analysis (Total Solids, Chemical Oxygen
Demand, Kjeldahl Nitrogen, Total Phosrhorus, Lead, and Zinc).
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APPENDIX F
STREET DIRT SAMFLE PREPARATION AND DATA HANDLING

INTRODUCTION

This appendix summarizes the street surface particulate handling
procedures used in Bellevue. These procedures were used after the samples
were collected and before Lhey are sent to the laboratory for analysis. This
appendix also briefly describes the preliminary calculations and organizaticn
of the data needed before detailed data anzlysis. Recommended procedures for
obtaining street surface particulate samples were described in Appendix E.
Originally, these techniques were described in the report “Demonstration of
Nonpoint Pollution Abatement Through Improved Street Cleaning Practices”
(Pitt, EPA-600-2/79-161, U.S. Environmental Protectiun Agency, August 1979).
Modifications of these techniques for the Bellevue Urban Runoff project have
been discussed and approved by EPA project cfficers during field visits. The
scope of this appendix is limited to the discussion of the day to day sample
handling practices necessaty to prepare the samples for subsequent laboratory
analysis.

SAMPLE DESCRIPTION

Specific information collection tecuniques were employed for consistency
and proven ease of data collecticn., Table F-1 1s an example of a checksheet
that can be used during the experimental design of street surface sampling
activities. These activities require about 50 to 100 individual street
surface sampling strips to be cleaned. All of the samples are then
individually weighed. This results in en indication of street surface
particulate loading variations over the study area. The characteristics on
this checksheet are noted for each individuzl sample and are stored for
future reference. This information is extremely useful in determining the
causes for extreme loading values observed at any specific sampling location.
The information in Table F-1 can then be summarized on a percentage basis to
describe the specific test area characteristics. The most important test area
characteristics include the street surface and curb-street interface
conditions.

INFORMATION TO BE NOTED DURING STREET CLEANING OPERATIONS AND SAMPLE
COLLECTION

It is important that the street cleaning equipment operator fill out a

simple form every time the test areas are cleaned. Table F-2 is an example of
a form that 1s used to confirm street cleaning activities and to note unusual
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Talvle 1 -1. SAMPLE AREA DESCRIPTION

STUDY AREA: Midd leTest Ave
LOCATIOR: 2134 N<iplive Dy,

DATE: Y[1slg2
PEOTO NOMBER: A >

SANPLE INFORMATION:

1.D. Number: _Z

Weight* (grams): Y 2.4

Loading® (1b/curb-mile): 95%
GUTTERS:

Number: 1,&) 3, 4

Type: concrete.
Shape: CIETIlDt, rolled
Median strip: yes, GO

STREET:
Material:
Condition:
Width:

CURB/STREET INTERFACE:

Condition: poor.@ guod
!
CUKB TYPE (at sampling location): rolled,<airaight>

Type: paved drivevay, dirt driveway, corner, €egular>
curb ferr, other™*

TRAFFIC:
Density: dight} moderate, heavy
Average Speed: < 25 mph, > 40 mph
PARKING:
T T—
Density: none,(Jight) moderate, heavy

SURRQUNDING AREA:
Laod use type: lov_income/old/single family
C@edium income/old/single family>
medium income/nev/single family
trltiple family '
commercial
vacaut land
schools
other®»

Landscyping vegetation: deciduous g
Vegetation density: sparse <moderats, dense

Leaves on street: sparse, dense
Topography: @)ﬁ:derue, stcep

AREA ADJACENT TO CURB AND SIDEWALX:
Surface type:
paved
unimproved (dirt, rocks)
other:

COMENTS: 1o \39 JM&/JQW

*This information is to be recorded after laboratory analyses have
been conducted.
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Table F-2. INFORMATION FOR STREET CLEANING TESTS

STUDY ARZA: Middle desh e

DATE: Fl (8L

EQUIPKENT:

Unit number or pame: 10 \Ql\ AGL’?

Adjusted s specified

for this test: no, other*
TIME:

Start of test: C&SO

End of test: 1020

HOPPER CONTENT:
Empty before test? @ no, other*

Estimated volume or weight
after test: {/Z—— @ pounds

COMMENTS : **

A¢7 6 deady | \ord W\"“&j'

OPERATORS SIGNATURE: _ — 192 Rle~a~

*Explain "other™ under COMMENTS

**Note any unusual conditions (e.g., vind, rmin, coastructiom, street
meintenance, spills)
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conditions. The important parameters are the dates and times of street
cleaning and an indication of weather conditions that maxwgdversely affect

the street cleaning operation. \

Similarly. the street surface particulate sampling crew must also fill
out a simple form for each sample collected. Table F~3 is an exawple form
which notes the important information necessary to resolve future likely
disputes and inconsistencies with times, dates, weights and sample numbers.
The time at the start of the collection and at the end of the collection is
noted. Subsamples collected where the street cleaner was unable to operate
next to the curb were noted on the sampler log. This results in an indication
of the parked car densities in the study area.

When the samples are transferred from the vacuum collection equipment to
the storage canisters, the date and test area is written on the can, along
with the type of sample. When the sample is returned to the laboratory, each
sample is given an identificairion number which is alsc written on the can and
on the sample checklist.

PHYSICAL ANALYSIS

The sample description information written on the test area sample
checklist at che laboratory is also noted on a sample inventory sheet. Table
F-4 is an example of this sheet and shows the chronological inventorying of
each sample immediately after collection. The samples are then prepared for
particle size and chemical analysis.

Most street surface samples are quite dry and do not experience chemical
or biological degradation, over short storage periods, of the constituents
typically monitored. In many cases, street surface particulates can lie
exposed on the road surface for up to three months before rains wash them
into the receiving waters. During this time, they may be intermittently
moistened and subjected to a wide range of temperatures. Although the
laboratory stcrage times should be kept to a minimum, they are likely to be
several months long due to the necessity of compositing samples over testing
time periods, as described later in this section.

For physical analysis, the samples are transferred from their storage
containers to well-labelled dryirg pans. These pans are then placed in a low
temperature drying oven for several hours at 70-75 degrees F (21-24 degrees
C). Again, this heating does not typically affect the chemical
characteristics of the samples, except for the more volatile phosphorus and
mercury compounds that may be analyzed in street surface particulates. If,
through special tests, appreclable quantities of certain constituents of
importance are lost during sample drying, then subsampling of the complete
sample mixture for analysis for those specific compounds may be necessary.
However, because of the heterogereity of the street surface particulates,
obtaining a representative subsample from the whole sample is extremely
difficult and can introduce significant errors. Table F-5 is an example of
the data form used when drying the samples. The gross and net weights of the
samples are noted and the percent moisture is calculated. Again, this
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Tatvle ©'=3. STREET SAMPLING CHECKLIST (for use during
field program)

SAMPLE;
1.0. oumber: _ A" D

Type: before street cleaned, after street cluncd.@

STUDY AREA: M ‘A\A\Q e st oveen
DATE: 3151 5 &
TIKE:
At start of sempling: 0930
At end of sampling: L d’Yv)
SU3-SAMPLE
STRIP TALLY: .+ 5 pYa -2 40 Note :
led Pel 285 41 Check off the
A P e Ny 42 pumbers as the
<% rs 30 43 strip sanples
< 8 5 315 bdy are collected
&S b 2S5 45 (esch strip is
A8 <0 a3 46 assuned to be
P s 4 47 located betveen
& 22 55 48 the curb and the
te] 3 49 cepter line; i.e.,
47 S Ve 37 50 balf strips).
17 »s 38 51 Tlsg locations
a7 26 39 52 vhere parked
cars interfered.
PARKING INTERFERENCE:
Total oumber of strip
samples collected: 3 o
Strips where parked .
cars interfered: ' q’
Parked car density
(percent): 34 N
SAMPLY WEIGHTS:*
Gross wet weight (grams): TS
Tare veight (grams): PN
Net wet weight (grams): — 870
COMMENTS : Adsomnran éf\A-A
= J

SAMPLING TEAM MEMBERS: \"‘}""1 "L\J""\é% (S ) W\'A/L\

*This information is to be recorded after laboratory analyses have been
conducted,
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'-35 .SAMPLE INVENTORY SHEET

SAMPLE DATE TIME STUDY NET WET COMMENTS
1D COLLECTED | COLLECTED AREA WEICHT OF
NUMBER UN -EIVED
SAMPLE
(grams)
) 0830
g | 2rrieo | pany | middle| T90g. | Ve e
0800 > t
5-70 3/ O 900 widdle 970 '
0930>
Q‘q J 3/(5 /()\UO \OW\‘L,/ 3 4”0 ]
0OgUo >
5~2) 3/)1T 0F 0o W\'AAIQ N9y s T
- 0¥ 30
5-22 3/ 14 0735 wclcﬂe )'28D b
— [OUDY
5S4 | >4 030 | uppy | WIS J
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=

. HOLSTURE CONTENT DATA SUEET

SAMPLE DRYING TARE GROSS GROSS NET NET MOISTURE
ID PAN WEIGHT WET DRY WET DRY CONTENT
NUHBER NUMBER (grams)| WEIGHT WEIGHT |WEIGHT WEIGHT (pcrc.nt]
(grams) | (grams) | (grams) | (grazs)
a b ¢ d e 4
A 7¢ 14 A% | o3 |S9L |63 | 574 \
Aag | s 43 570 |S63 |23 | o0 ||
N- 20 b 4% | 330 |37 |2B3 | 180 |
A3y | > [ aF |83 | 925 | F¥a | 73&] )
B %2 > AF |%29 T20 | ¥2 | 73 |
A-33 | q |654 |VEE Ings |34 530 )
<=9 |19 | 47 |loz29 |)o14 | 952 [T |
S<)io | 163l Jiopg 01T 1 3CF |36y | R
Note: 4 = b -2
d -~ e
f = =-—— x 1007
d
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complete information must be noted for each sample in order to resolve
problems that may later occur due to misplaci.g or mislabelling samples.

After adequate drying, the samples are passed through a set of
mechanical, stainless steel sieves for size separation. The sieve sizes being
used are 63, 125, 250, 500, 1,000, 2,000 microns, and 1/4 inch (6,370
microns). 1f the sample contailns large amounts of coarse material it may te
necessary tc pass the sample through a 1/4 inch (6,370 micron) coarse sieve
made of hardware cloth attached to a wooden (25 by 100 mm) frame, about two
feet (600 mm) square. Samples less than 63 microns are retained on the pan on
the bottom of the sieve stack. Table F-6 is a worksheet showing the
calculations for this sieve analysis. The gross weight of each sieve plus
associated tetained sample is noted along with the tare weight of the sieve.
A top loading frecision balance is required for the weighing. The net dry
weight of this sample is then shown and totaled. The percentage of sample in
each cize fraction is also calculated and presented on this sheet along with
the pounds per curb-mile (or g/curb-meter) loading factor (the calculation
for this will be described later). It is important to note that detailed
sample descriptions are presented on this sheet. Specifically, the sample
number, date and test area are written in along with the total net raw sample
weight as shown on the initial sample inventory sheet. This weight is then
compared with the total net weight for the sample. The net raw wet weight is
not as precise as the total of the sieved dry weights (because of the sample
drying and different scales typically used) but there should usually be less
than a tive percent difference. If a large discrepancy exists between these
two weight values, then the sample should be rechecked by observing the notes
from the sample drying, inventory and test area checksheet along with any
other information availahle. In addition, the percent sample should add up
close to 10U perceut.

CALCULATION OF STREET LOADING VALUES

The calculation to convert the quantity of sample expressed in grams to
a representative street loading value expressed in pounds per curb-mile (or
g/curb-meter) varies, depending upon the sampling technique and equipment.

The
width cleanr with each subsample strip is slightly wider than the gulper
width, beca se of material being drawn into the sides of the gulper. The
actual cleaning width can be measured directly on the street when sampling a
moderately dirty street surface.

A variety of subsampling procedures may be necessary depending upon
special circumstances. At least 200 grams of sample are necessary for the
mechanical sieving analyses. Therefore, if the streets to be sampled are very
clean, then multiple adjacent subsampling strips may be necessary. In other
circumstances, traffic hazards may prohibit sampling from curb to curb, and
curb to crown subsampling strips may be necessary. Table F-7 shows the
equivalent number of full strips for these various subsampling schemes, along
with the number of subsampling full width strips necessary to make one
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P~ 0 L PARTICLE SIZE ANALYSIS DATA SHELT

STUDY AREA: M?&A\Q
batz smeLer: o/ 16 /5D
DATE ANALYZED: 5/ 3C/&0
SAMPLE
1D number: . n.44
Net rav veight (greas): 49<¢”
STEVE TARE GROSS NET | AMOUNT oF |ParTicLE ™ COMMENTS
SIZE WEIGHT DRY DRY SAMPLE LOADING
(microns) (grams) WEICHT | WEIGHT | REMAINING DRY
(grama) | (grams) | ON SIEVE | (lbs per
(percent |curb mile)
of total
net dry
weight)
a b 3 d
) 6370 P 03 [ 3F | 2F | 24 [ wss\y aves
el ag |s32 (90 198 |58
12021 Anq |S535 |16 | 260 | 1.9
o> | ana |48y | S| 10 | 35
- | o3 |sva |01 | 2101 | 657
. 32-5
leSsD-o 130|425 so | 10.4
W | 339 395 | 20 4. ¢l 3.0
<3 33 Kely q 0% 2L
TOTAL — — {435 | 99.7 | 3

*See equation 1 to convert net dry weight per sample

loading.

c=b-a
3

d e ——x
Ic

(1bs/curd wgile)

1001
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Taitle I'-7.EQUIVALENT NUMBER OF FULL STRIPS FOR VARIOUS SUB-SAMPLING

Pl

SCHEMES
SUBSAMPLING EQUIVALENT NUMBER
STRIPS OF FULL (CURB-TO-CURB STRIPS)
12 half-strips 6 full-strips

3 double-strips

10 half-strips 5 full-strips
14 half-strips 7 full-strips
16 half-strips 8 full-strips

4 double-strips

18 half-strips 9 full-strips

20 half-strips 10 full-strips
5 double-strips

30 half-strips 15 full-strips

40 half-strips 20 full-strips
10 double-strips

50 half-strips 25 full-strips
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curb-mile (1600 curb—meters).

SUMMARTES OF RAIN EVENTS

It is very important to keep careful records of the precipitation events
cccurring during the nroject period. Tables F-8 and F-9 together are an
exdmple ot a complete rtain record. Table F-B summarizes the total amount of
rain that has occurred on each day during the project period. Monthly totals
are also shewn on Table F-8. This table is used to determine the antecedent
dry conditions before any sample and it also shows the variability of
precipitation within storm periods. Table F-9 presents more detail for each
of the storns that occurred during the sampling program. This summary also
shows which scorms were monitored at the runoff monitoring stations and which
rains are consicdered significant.

A signiticant rain event is one that is capable of removing most
(greater than 9C percent) of the street surface particulates from the street.
Some of the smaller significant rains, however, may not be capable of totally
woving all of the street surface particulates through the storm sewerage
system and into the receiving waters. A storm of about 0.2 inch (5 mm) total
(ozcurring over several hours and during periods of moderate to heavy
traffic) can move most of the street surface particulates from the street and
into the drainage system. Therefore, rains of this magnitude, or greater, are
typically considered significant. If the street surface material is very
coarse, caked with large quantities of debris (mud or leaves), or in very
poor condition, a much greater quantity of rain may be necessary. In
addition, if the rains occur at nighttime, or at other periods of very low
traffic activity, then more rain would be necessary to vemove most of the
street surface narticulates. Traffic volume 1s an important consideration
because of the ahility of the vehicles to loosen particulates from the road
surface. The rain then only has to transport material to the curb and along
the curb to the storm drainage inlet. The smaller rains, however, are
probably not sufficient to move the material through the storm drainage
system into the receiving water. Therefore, this particulate material would
accumulate in the sewerage system to be flushed out by iater larger storms.
Storms of about 0.5 inch (13 mm) total, occurring within several hours, are
usually capable of removing all of the street surface material and moving it
all the way through the storm sewerage system and into the receiving water,
irrespective of traffic conditions. However, larger rains can result in
significant erosion yields from the surrounding land areas. This erosion
material is washed outo the street surfaces and into the storm sewerage
system. In some cases, the street surface loadings after storms can be
greater than the loadings before storms, because of this erosion. In areas of
the semi-arid west, rains of about one inch (25 mm) or more, can create much
greater erosion yields for many constituents in urban areas than the street
surface runoff yields. However, in areas of the Midwest, much greater rain
quantities are necessary before significant erosion yields contribute to the

urban runoff flow.

Table F-9 also shows the time of the beginning and the ending of the
rain event. These values are compared to the times of beginning and ending of
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T3t 1e F-2.DAILY RAIN RECOKD SUMMARY
WATER YEAR: _)9¥0-—19g ! RAIN GAVGE: Dyocdor Sc\oo |

- MONTH
DAY QCT NOV DEC | JAN FEB MAR | APR MAY JUN | JUL | AUG SEPT
vien (1qso |Vas0 | vagy | vqx{gel {19€) 1 19%1lasti9g) | 1980 19¢%)
1 0,01
2 0.-014 0-0! 033
b .Sk 0.05"
4 D.C} 0.2¥ 0.30
S C.02L 2,0} Q-7+ | 0.74 [0-CL
6 0-29 Q.05 0g0l
7 004
§ | 003 0.0 Q.02 0.2l
9 | 0-U7 035
10 | 0.42
11 : 1272 0.0
12 . L 0n74
13 | .35
14 n.nl | 9.66 1 0.03
15 0-3% 0-70 14 1 p.0l .01
16 L O 0-" 11«13
17 Do (A 10,24
18 nn’f 0~68 Oui
19 0.54 | o-4110.44 153} 001
20 0,01 Q13 084 Ool |
21 0.3% | 0.01{0.09
22 0-21 K
23 010 | |57 0.0\
24 {-4¢ [X3=]]
25 NS 0AF Do |q
26 001
27 0-753
28 001 | OsOT
29 ! o.o—l
30 j0.073 075
31 Han] CuTF
TOTAL N 234 1 2.3 {431 | 4wy {Lut {153 [1e45 |0l |00 [0.01 | 0.3% |O.22

Avaual Todod ¢ 2425

Note: Tabulated values are rainfall amounts in inches
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Ta: e -9, SUMMARY OF RAIN EVENTS DURING FIELD ACTIVITIES ###

DATE TINE DATE TIME DURATION TOTAL AVERAGE ruLx WAS TERE WAS THE
RAIN RAIN RAIN EAIN (hours) PRECIP- INTERSITY INTENSITY IVINT EVENT
BEGAN BEGAN ENDED EINDED JTATION (incoes/ (inches/ MORITORLD* SIC:NII"I-J
(inches) bour) hour) (yee/no) CANT™®
(yes/oo)
AN |0SIO | s | VB0 | ST | 039 | 0,03 O, 14 e Ve
NY 02!S [y 20| 'S | 6,05 | p,003 | 0,072 A A/
/g | OVD0 g j OYesT) 0.3 | 0,0) 0.0l 0,0 AJ A
\AIAjoew | (> [231s] 148 | 0,34 | p.o | Os05 vl 7/
g |0desTi v fasas| Lo [ 1.24 | 0o 0.40 | v 7

*"Monitored™ requires all raio and runoff measurements betveen adjacent street surface ssmples.
The time since the rain ended and the "after”™ street surface sample sbould be less than one
day, in most cases.

w"Significant™ as defined in the text.

**+Fach rain "svent” is separated by at lesst & bours of mo precipitation.

rain events are ususlly grouped together to make a complete monitored "d::a set™.

above definition of the "wonitored™ criteria that defines a complete datas set.
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runoff to obtain lag values and are necessary in order to calculate the
accumilation periods for street surfacc samples taken near a rain event.

PRLPARATION OF LOADING SUMMARIES

Simple summary formns are necessary to display the straet surface loading
results tor accumulation and test sampies. Tables F-10 and ¥-11 are examples
of completed summary forms. Table F-10 shows the size distribution and
loadings for a street surface accumulation sample. Information shown on this
table include a complete sample description along with the climatic
conditions during the time of sampling and for the last rain event. The
median particle size is also shown ou this table. Table F-1] is similar, but
a pair of street cleaning test samples are presented side by side with the
loading aifference calculated and expressed as the street cleaning
effectiveness. The amount removed, expressed in pounds per curb-mile (or
g/curb-meter) is stressed, brt the percentage removed of the before loading
is also presented as a normalized value. The times of street cleaning and
sampling are also shown on these forms in order to calculate accumulation
periods and to confirm the test scheduling.

SAMPLE COMPOSITING FOR CHEMICAL ANALYSIS

Before any additional preliminary calculations of street surface
particulate characteristics are possible, chemical laboratory analyses must
also be performed. The most cost effective procedure is to physically
composite similar samples before chemical analysis. After mechanical sieving,
the different particle sizes are stored in separate plastic bags or bottles
as appropriate and replaced in their original storage containers. The
compositing involves combining equal quantities (typically five or ten grams)
of each size fraction of all samples collected in a single study area over a
short period of time. Equal quantities from each hag from the same particle
size, but different samples, are combined to obtain a composite sample
representing a single particle size for all samples in the compositing time
period ana test area. Leftover samples are replaced in the cans and saved.

Equal sample quantities must be composited because we are interested in
obtaining a time averaged chemical analysis of the material. The time phases
for compositing should be based upon major seasonal differences and street
cleaning practices conducted within the areas. Table F-12 is an example of
how the time periods could be identified. This table shows six different time
phases for three different study areas. The time periods range from a short
two weeks for special leaf removal tests up to six weeks., A total of eight
size ranges, times six time periods, times three test areas, or 144 samples,
will be prepared for chemicel analyses. This will result in chemical
descriptions of specific particle sizes within time and area subunits. It is
much more important to analyze different particle sizes for the different
chemical constituents than analyzing each separate sample. The chemical
concentrations vary substantially within each particle size. This variation
is shown to be much greater than either seasonal or aerial variations. In
addition, it is very difficult to subsample a complete sample to obtain a



Tab1e ¥-10. STREET SURFACE LOADING - RESULTS OF TESTS

LDWW

STUDY AREA:
SAMPLE CODE: A-10a
DATE SAMPLED: V(75782

TG SmoeLED: _JUOY — j1o8
¢Tear DOpartly cloudy, cloudy

wvindy, moderately vindy,(ccimD

WEATBER DURINMG SAMPLING:

ANTECEDENT CONDITIONS -
Time since last svept (days): 9.%
Last rain:

date: L3 /g
precipitation (inches): N 2.9
duration (hours): [-D-9
intensity (inches/bour): D408
time since last rain (days): 8o 3
Time since last significant rain (daye;: a2

TOTAL NET DRY WEICGRHT:

( SIEVE AMOUNT OF AMOUNT OF FPARTICLE™
S1ZE SAMPLE SAMPLE PASSINC LOADING DEY

(microns) REMAINING SIEVE (percent (1bs per

ON SI1EVE of total net curd mile)
dry weight)
(3rams) | (percent of
total pet
dry veight)

26370 17478 L% [UDe T 15~ |
000 - 6370[1%7-3 2,9 9% 4 s i)
1000 - 2000f 255, 9 11! FES_ 13>
500 ~ 1000] 107,7- 2eQ 9.4 Fled
250 - 5001 320.% 13.9 1.4 210
125 = 250]266.1 19.9 335 | ¥D

63 - J25[115.% 4.6 13 132
<3 Ao-T 2.0 ZoV PEAFED

FOTAL 134141 jovs | —_ 904

MEDIAN PARTICLE SIZE (microme):

e-sl

*See Fquation 1 for the formula to coavert grams per sample to lbs per

‘eurb mile

452




Sy

STUDY ARLA:

LOCATION:

WMTE Laren: DG (T

TIME SAMPLED: —_—
Sample before street cleased: jovD
Struet cleased: _ Hov
Sample sftez street cleened: 0100
Ho\si) #5780

SQUIFNENT DNIT NUMBER AND/OR NAME:

Density of parked care thet imterfered with sampling:*

ANTECEIDENT COWDITLIONS:
Time sinca last ewept (doys): |

Lest rais:

date: STt 2
precipitation (inches): _ Q0,0 |
|
0.0
O0-b

duration (boure):

intanaity (imches/hour):
time since lest rain {days):

time sioce last sigmificsat 10

&Q ﬁo rein (daye): . .
JEFORE STREET WAS CLEZANED AFTELR STREZET WAS CLEANID STREZT CLEARING
SANFLE 1.D. NNOMER SAMPLE 1.D. MDQER EFYECTIVENESS
[ 3844 Amouxr or ARQOUNT OF PALTICLE AMOUNT OF AMOUNT OF PARTICLE AMOUWNT REMOYID BY
111x SAMPLE S\NPLE PASSING LOADING DRY SAMPLE KAMPLE PASSING LOADING DAY STREXT CLEAGZR
(microas) AERAINING 31EVE (percent {1bs par REMAINING S1EVE (percent (1ba per
oM SIEVE of totsl net carb mile) oM SIEVE of total wet corh mile) {1lbe per (percenc {percent of
(percant of dry weight) (perceat ot dry weight) curh mils) ol total tetal set dry
rotal aet total net wet doy weight before
dry weight) dry weight) weight stceat vas
removed) clesned)
7 -2 =
posro o | JuD.| 9.3 .z q9.z | 5.8 3.5 -z | 3%

1000 - 6370 ;‘3 qg‘ﬂq SZ\S—

%\(.o

q¢.0 40.6 1369 4.9 2(

1000 - 2000| |73 S 9.6 o}

1.9

9.4 S5 F 45,0 l6.0 as

%0 - 1000 F.0 Fn 52,5

6.4

F3s | 20.27 |11.3 +.9 4z

- w0 LS [ .| 11

Ll

Fi. 102 59 3.6 4>

125 - 2300 223 AS. G 163

23.0

4.4 los S Z0.9 35

9- 16,9 23.73 126

i9.¢

26.4 1.6 14 124 1 2%

«3 b.4 L.d a3.0

'6.?

6.9 YN 1541 s.4 L

ToTAL 100, _ Fa9

99.c

— 46, 1¥ 2 100.0 | 728§

MEDTAM PARTICLE $1ZE {wicrome): ___'_;m__,

MEDIAR PARTICLE 3128 (microms) _:l_.ﬁ_,_,

WEDIAN PARTICLE SIIL (micrens) ,5 Q—"—- ]
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Table

F'-12. STREET CLEANING SCHEDULE
¥ive Day Work Week 1.0. Code HUMBER OF STRLEY CLEARINCS DURINC TRE Wirx
Beginning  Endiag Co-vo-::: Sample | §tudy Locetion Scudy Logstion Sady tecation Loudy becslron S5udy location
AL wairddle | oy
W IZoanza \ ! |
Foale4 |
WL 1270 a a 4
/89| Wik ) iZg yZa o
WAL R VAL ? |94 \ 74
87
ULt vte G W twd & ) o
\M49-1rL
N L \ @
ALISHL/g Z | ag
AL NS S L yZ O




representative five or ten grams. The extreme heterogeneity of the samples
makes this impossible withcut having to mill all of the sampl: and then
remove the small quantity necessary for chemical analysis. It is much easier
to sclect a representative five or ten grams from each particle size because
of the reduced physicai and chemical variation within that size range. Each
composited sample is typically made up of five to 20 subsamples. These
composited samples are then placed in small sample containers that are
thoroughly labeled and sent to the laboratory for chemical analysis. The
laboratory will have to mill the ccarser samples before they are analyzed.
Care should be taken to design a chemical analysis program that will key in
on the most important constituents and those that are least affected by the
required collection, storage and handling techniques. If special chemical
analyses, such as priority pollutants, are necessary, then special samples
should be collected and handled specifically fcr those analyses.

After the chemical analysis results are obtained from the laboratory,
the chemical strength (concentrations expressed in micrograms of constituent
per gram of total solids) should be summarized as shown on Table F-13. Table
F-14 presents an example of the loading calculations for each of these
constituents for an individual sample. Each sample collected within the time
frame and for the specific test area should be identified for each composite
analysis and the appropriatz concentratiorn factors used. Table F-14 also
shows an example calculation to obtain the appropriate street surface
loadings.

SUMMARY

This appendix describes the laboratory handling of the street dirt
material before it is sent to a laboratory for chemical analysis. The
preliminary data calculations and summarizing formats are also briefly
described. After these stages are completed, more detailed data analyses need
to be performed. These analyses include the determination of the accumulation
and deposition rates of the various street surface particulate
contaminants,and various measures of street cleaning effectiveness. Initial
and residual street surface loidings for different street cleaning
frequencies, and residual loadings as a function of initial loadings for
different study area characteristics also need to be identified. .- addition,
as runoff monitoring will also be conducted simultaneously with street
cleaning, the effects of stree: cleaning on runoff water quality will also be
addressed in the final project .-eport.
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Table F-13. CHEK.CAL COMPOSITION OF STREET DIRT SAMPLE

SIEVE STRENGTH
SIZE (micrograms of chemical constituent per gram of total solids)
(microns) Pb Zn COD P 0PO, S As Cu Cr VS
>6370 36y 229 | §30 | 2% | Juo | 2 a1 S | Maen
2000 - 6370 AT | F% Lo 540 V" 2LV | % 5 G 128 | 96\«
1000 - 2000, 435 | L\ &S 1 80 S 2.5 a0, 217 39 1 F4 Ul
-
500 - 1000| 2050 | 250 | 13ow 352%) 29 I2v0 | a) 473 187 | 1pak
250 - 500|280 | 245 | VSO W <30 s | 40 77 &0 (AR A4
125 - 250 Y390 | 440 | \4Ow SLo 2.1 | 3D 2 4 Jto 1§57 971w
| 63 - 125/ 2140 | STV | 1LOw F30 29 | Lo o0 29 |y3k<
L %3 5130| s | V10w 700 57 260D | 4 l 120 4 V33
Study Area: Hddle \

Composit~ Dates:

Notes: w% (VGSUUC S =N

Wdar 87 (VIS 2NG6IYZ, ‘
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Table I'-14. STREET LOADING CALCULATIONS FOR CHEMICAL COMPOSITION

!-auvz BIBEET LOADING (lbe per cyrb wile)

r RIZE Totslve!

(microns) solids Pb* In* coD¢* } & 0{0 * & A~ Cu® Crv v5*

t“w 438 |0.0038] 0. 0033 | |} 0.0 |0.U013 {1 0,034{0.0011 | p.om33 | Ov0ral] 9. 4

(2000-6370 Vol j0siz| p.010 | 1l 0,01 | g2z | Oe)0 | 0,024 | g,0ocF [0.C1F | 1 7,L

;’1000 - 2000| |b& [0.lS | 0,024 L A 0,047 | O UDA] | 0.5 | 0oV |, cirug] 0 V2T | 182

[

!' 500 - 1000| G, § |p.14 |0.010 | B [po3g 0001 | 0039 | 0,000 ) 0028 | OOV | b §
i

— T (

{__150' 500![‘3‘0 [0/52 0,053 | 1% 0,0957| oepay| £.2.5 |0wU40 | O.on [p, 019 | 16,9
!- I

! 123 - 250 13 067—10.050 V9 0, 073 DLUOEF 10,22 |01y | 0.os | 0,025 1240

— - 1 ~—

63 - 125 |0(, 10.30 rOuOS‘:} 1™ (GOFF [0.0D4) | 022 (0. 0020 0,011 [0:00 | 1 2.0
T ! . [
<3 (46,9 | 05 [0-026 | 67 |0.042|0.0018 | 0012 |C00'F |0, 0106 | O3y | & 4
{ I S—
Total TIH| 1.8 Jo.'LS’ 130 0.5 100025 | (o2 (00 B.0ST | poty | 95
*Calculation: ’

chenical 2 =

(1bs/curb-mile) (1bs/curb-mils)

[total solids] =x
(micrograms/gram toial solids)

*sPor total solids amount see Table 10.

Smuple Code and Type of Sgmple: A—GS (W&M)

Ssmple Date: "H/ Vo |g72

Test brea: \'\\/Aé,\& .
Wotes: a&,a.lwf’&-ﬂ») A\"‘ﬁ) PO ptransd >

[concentration of Z] x

[grams/10¢ aicrograms]



APPENDIX ¢
SOLRUES OF URBAN RUNOIF POLLUTANTS

There beve been mainy studies in the past that heoe examained dif.erent
sources ol oarban runoil pollutants. These references have bren reviewed as
part ol this stedy, and the results are summarized in this section.
spviticant wrovan runoffl pollutants are defined as having a potential
receivine water dmpact. Mest o0 these potential problem pollutants are
identitied by sisaificant concentration increases in the receiving waters or
sediments, as vompared Lo areas net atfected by urban runoft. Others
discussed 11c notorio-siy toxic and present in urban runoff, but their
concentrations in the runoff may rot create ripnificant water rroblems.
sediment accumuration and bloaccumulation of these coxic rollutants, huwever,
may be hazardous.

The important souvces of these pollutants are related to various uses
and processes. These inciude natural sources, such as rock weathering to
rrouuce soll (and solubility produccs of the major rocht components),
yroutswater invilteation, volcinoes and forest fires. Antomohile-related
priential sources wsually atfect the road dust and dirt more importantly than
other particulate conponents of the runoff sysem. The road dust and dirt
quality is attected by wehicle fluid drips and spills (gasoline, oils, ecc.)
and ypascliae combuscion, elong with various vehicle weer, local soil erosion
and pavement wear preducts. Urban “agricultural™ practices potentially
aftecting arban mnoft irclude landscaping (ve; etation litter, fertilizer and
pes:iicide use s+ and animal wastes. oliscellaucous sources of urban runoff
pi.utdants include tireworks, wildlife and possible sanitary wastewater
tiltration. “recipitation and atmospheric fallout are both affected by
urban runott pellutaunt resuspension after initial deposition. Pesticide use
in ar uvrban area can contribute significant quantities of various toxic
materials to urban runoff. Many manufacturing and industrial activities,
including, the combustion of fuels, also alfects urban runoff quality.
Therefore, it is extremely difficult to identify a small number of acti-ities
that cortributes most of the significant urban runoff pol.utants.

Natural weathering and eroasion products of rocks contribute the majority
of the hardness and iron in urban runoff pollutants. Road dust and assoclated
automobile vse activities (gasoliae exhaust products) contribute most of the
lead in urban runoff. Road dust, contaminated by tire wezr products,
contributes most of the zinc to urban runotf. In certein situations, paint
¢'.ipping can alsn be a majnr source of lead “n urban areas. Urban
agr.cultural activities can be a major source of cadmium. Electrenlating and
Ore ProCessIng activities can also contribute much cadmium. Most of the
mercury released inte the environment comes from the chlor-alkali and pulp
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aud paper industries. Manv o llutant sources are specific to a particular
Ar-a and on=soin: activities. For example, diron oxides are assoctiated with
weldimg operatioans ard strontium, used in the production of flares and
titeworks, wonld probably be tound on the streets in greater quantities
creund holidavs, ot at the scenes of traffic accidents. The relative
certribution of ecach of these potential urban runoff sources is, therefore,
h1yhly variable, depending on specific site conditions and sczasons.

CHLMICAL QUALLTY OF ROCKS AND SOI1LS

Almost aclf of the lithosphere (the earth's crust) is oxygen and about
3 percent is silica. Approximately eight percent is aluminum and five
percent is iron. blements comprising between two percent and four percent of
the lithosphere include calcium, sodium, petassium and magnesium. Because of
the preat abunda (e of these ma.erials in the lithosphere, urban runoff
contributes only a relatively small additional quantity of these elements to
teceiving, waters. This is especially iwportant to remember for iron, which
Fas been analyzed in many urbav runoff studies. Iron can cause detrimental
cftects Lo receiving waters, but these effects .»7e mostly associated with its
dissolved form. A reduction of the pH subctantially increases abundance of
dissolved iron.

Arsenic {s mairly concentrated in iron and marganese oxides, shales,
clavs, cedimentary r-cvs and phosphcerites. Mercury is concentrated mostly in
sisifide ores, shales and clays. lead is fairly uniformly distributed, but can
be conceuntrated in clayey sediments and suliide deposits. Cadmium can also be
concentrated in shates, clays aud plosphorites (Durum 1974),

STRYET DUST AND DIRT POLLUTAMNI SOURCES

Most of the street surrace dust and dirt material (by weight) are local
sois erosion products, while some materials are contributed by motor vehicle
emissious and wear. Minor contributions are made by erosion of street
surfaces in good cundition. The spccific makeup of street surface
contaminants is a function of many conditions and varies widely.

Aatomobile tire wear is a substantial source of zinc in urban runoff and
is mcstly depositeq on street surfaces and nearby adjacent areas. About half
of the airborne particulates iost due to tire wear settle out on the street
ard the remaining particulates settle within about six meters of the roodway.
Exhzust particuiates, fluid lrsses, drips, spills and mechanical wear
products can all coatribute lead to street dirt. Many heavy metals ave
important polli.tants associated with automobile activity. Most of these
autemobile pollutarts alfect parking lots and street surfaces. Some materials
renain on areas adjacent to streets due to wind transportation after
resuspension of the particulates from the road surface, or by direct
deposition aSter emissions.

Automodile exhaust particulates contribute many important heavy metuls
to street surface particnlates and to urban runoff and receiving waters. The
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aost notable ot these heavy wotals is lead. Solomon and Natusch (1977)
studied automobile exhaust particulates in conjunction with a comprehensive
study ot lead in the Champaign-Urbana, 1llinois, area. They found that the
exhaust particulates existed in two distinct morphological forms., The
smallest particulates were almost perfectly spherical, havirg diameters in
the range of V.l to U.5 microns. These small pavticles consisted almost
entirely of PbBrCl at the time of emission. Because they are small, they are
expected to remain airborne for considerable distances and can be deposited
ir the lungs when 1inhaled. They concluded that the small particles are formed
by condensation or PhBrCl vapor onto small nucleating centers which are
probably introduced into the engine with the filtered engine air.

Solomon and Natusch (1977) found that the second wmajor form of
automobile exhaust particulates were rather large, being roughly 10 to 20
microns in diameter. These typically had irregular shapes, with somewhat
smooth surfaces. Thev found that the elemeutal compositions of these
irregular particles was qulte variable, being predominantly iron, calcium,
lead, chlorine and bromine. They found that individual particles did countain
aluminum, zinc, sulfur, phosphorus and some carbon, chromium, potassium,
sodium, nickel and thallium. hany of these elements (bromine, carbon,
chlorine, chromium, potassium, sodium, uickel, phosphorus, lead, sulfur, and
thallium) are most likely condensed, or adsorbed, onto the surfaces of these
larger particles during passage through the exhaust system. They believed
that these large particles originate in the engine or exhaust system because
of their very high iron content. They found that 50 to 70 percent of the
emitted lead is associa*ed with these large particles, which would be
deposited within a few meters of the emission point onto the roadway because
of their aerodynamic properties.

Solomon and Natusch (1977) also examined urban particulates near
roadways and homes in urban areas. They found that soil lead concentrations
were higher near the roads and houses. This indicated the capability of road
dust and peeling paint to contaminate nearby soils. The lead content of the
soils ranged from 130 to about 1,200 mg/kg. Koeppe (1977), as part of another
element of this Champaign-Urbana lead study, found that lead was tightly
bound to various soil components. However, the lead did not remain in one
location, but it was transported both downward into the soil profile and to
adjacent areas through both natural and man-assisted processes.

UKBAN AGRICULTURAL SOURCES OF URBAN RUNOFF POLLUTANTS

Vegetative litter can be a significant pollutant component in almost all
source areas. The leaf fall on streets in Bellevue 1s an important street
surface pollutant in the fall months. Animal feces can contribute important
quantities of nutrients and bacteria to the urban area, mostly affecting
vacant land and landscaped areas where they tend to accumulate. Fertilizer
and pesticide use is mostly associated with landscaped areas, but large
amounts of pesticides are sometimes used to control plant growths in
impervious areas. Fertilizer may be used in large quantities for road
maintenance operations. Koeppe (1977) found that significant levels of
plant-available lezd may be released during decomposition of plant tissue
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containing lead. Theretore, it may be difficult to permanently immobilize the
soil lead by returning polluted plant residues to the soil. These polluted
rlants are wmostly associated with vegetative areas close to the road that
lve been shown to accumulate large amounts of lead in their foliage. The
movement of lead during plant decomposition may be the cause for the downward

movement of lead.

ATMUSPHERTI( RESUSPENSION, TRANSPORTATION AND REDEPOSITION OF URBAN RUNOFF
POLLUTANTS

Atmospheric processes affecting urban runoff pollutants include dry
dustfall and precipitation quality. These two elements have beer monitored in
many urban and rural areas. In many instances, however, the samples were
combined as a bulk precipitation sample before processing. Automatic
precipitation sampling equipment currently available can automatically
distinguish between dry periods of fallout and precipitation. These devices
cover and uncover appropriate collection jars exposed to the atmosphere. As
part of the Nationwide Urban Runoft and Atmospheric Deposition Programs of
the EPA, much of this information is currently being collected. The USGS
report (Ebbert, Poole, and Payne, 1983) discusses the Bellevue atmospheric
deposition rates.

Une must be very careful in interpreting this information, however,
because of the ability of many polluted dust and dirt particles to be
resuspended and tnhen redeposited within the urban area. In many cases, the
measured atmospheric deposition measurements include material that was
previously residing and measured in other urban runoff pollutant source
areas. Therefore, mass balances and determinztions of urban runoff deposition
and accumulation frow different source areas can be highly misleading, unless
transfer of material between source areas and the effective yield of this
material to the receiving water is considered.

Dustfall and precipitation affect all of the major urban runoff source
areas in an urban area. Dustfall, however, is tyrically not a major pollutant
source but is mostly a mechanism for pollutant transport. Most of the
dustfall monitored in an urban area is resuspended particulate matter from
street surfaces or wind erosion products from vacant areas. Foint source
pollutant emissions can aiso significantly contribute to dustfall pollution.
The bulk of the dustfall, however, is contributed by the other major
pollutant sources. Barkdoll, et al (1977) stated that urban runoff
coataminants may be moved by man's activities or the wind. Wind-transported
materials are commonly called "dustfall”. Dustfall includes sedimentation,
coagulation with subsequent sedimentation and impaction. Dustfall is normally
measured by collecting dry samples, excluding rainfall and snowfall. If
rainout and washout are included, one has a measure of total atmospheric
tallout. This total atmospheric fallout is sometires called “bulk
precipitation”. Rainout removes contaminants from the atmosphers by
condensation processes in clouds, while washout is the removal of
contaminants by the falling rain. Therefore, precipitation can include
natural contamination associated with condensation nuclei in addition to
cullecting atmospheric pollutants as the rain or snow falls. In some areas,
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the contaminant contribution by dry deposition 1is small, compuared to the
contribution by precipitation (Malmquist 1978). However, in heavily urbanized
ATvds, dusttall can contribute more of an annual load than the wet
precipitation, especially when dustfall includes resuspended materials.

Kain water quality has been reported by several researchers. As
expected, tne non-urban area raln quality can be substantially better than
urban rain quality. Many of the important heavy metals, however, have not
been detected in rair in many areas of the country. The most important heavy
metals in rain in urban areas are lead and zinc, both oveing present in rain
up to several hundred ug/l. The concentrations of lead and zinc in non-urban
areas 1s typically less than 50 ug/l. Iron is also present in relatively high
concentrations in rain (about 30 to 40 ug/l).

The concentrations of various important urban runoff pollutauzs in dry
dustfall has also been studied. Urban, rural and oceanic dry dustfall samples
contain more than 5,000 mg iron/kg total solids. Zinc and lead are the next
most predominant constituents of dustfall in urban areas. These can be
several thousand mg/kg dry dustfall. Spring, et al (1978) monitored dry
dustfall neer a major freeway in Los Angeles, California. Based on a series
of samples coilected over several months, they found that lead concentrations
on and near the freeway can be about J},000 mg/kg, but as low as about 500
mg/kg 500 feet (150 meters) away. In contrast the chromium concentrations of
the dustfall did not vary substantially between the two locations and
approached oceanic dustfall chromium concentrations.

Much of the monitored atmospheric dustfall and precipitation would not
reach the urban runoff receiving waters. The percentage of dry atmospheric
deposition retained in a rural watershed was extensively monitored and
modelled in Oakridge, Tennessee (Barkdoll, et al, 1977). They found that
about 98 percent of the dry atmospheric deposition lead was retained in the
watershed, along with about 95 percent of the cadmium, 85 percent of the
copper, 60 percent of the chromium and magnesium and 75 percent of the zinc
and mercury. Therefore, if the dry deposition rates were added directly to
the yields from other urban runoff pollutant sources, the resultant urban
runoff loads would be very heavily over-estimated.

Chemical oxygen demand (COD) 1is the largest component in bulk
precipitation, followed by total dissolved solids (TDS) and suspended solids
{SS). Betson (1978), in a study in Knoxville, Kentucky, found that almost all
of the pollutants in the urban runoff strezmflow outputs could easily be
accounted for by bulk precipitation deposition alone. Betson concluded that
bulk precipitation is an important coupcnent for some of the constituents in
urban runoff but the transport and resuspension of particulates from other
areas in the watershed are overriding factors.

RESUSPENSION OF SOURCE AREA PARTICULATES
Rubin (1976) stated that resuspended urhan particulates are returned to

the earth's surface and water bodies in four main ways: gravitational
settlirg, impaction, precipitation and washout. Gravitational settling, as
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drv deposition, returns most of the particles. This not only involves the
svttling ot relatively large fly ash and soil particles, but also the
settling of swaller particles that collide and coagulate. Rubin stated that
particles that are less than 0.1 wmicron in diameter move tandomly in the air
and collide often with oticr particles. These small particles car then grow
rapidly by this coagulatioa process., These small particles would soon be
totally depleted i{n the air if they were not constantly replenished.
Particles in the U.l to 1.0 micron range are also removed primarily by
coayulation. These larger particles grow more slowly than the sma.ler
particles because they move less rapidly in the air, a2 somewhat less
numerous and, therefore, collide Jess often with other parcticles. Tar:icles
with diameters larger than one micron have appreciable settling velocities.
Those particles about ten microns in diameter can settle rapidly, although
they can be kept airborne for exteanded periods of time and large distances by
atmospheric turbulence. The seccnd important particulate removal process from
the atmosphere is impaction. Impaction of particles near the earth's surface
can occur on vegevation, rocks and building surfaces. The third form of
particulate removal from the atmosphere 1s precipitation, in the form of rain
and snow. This is the rainout process described earlier where the
particulates are removed in the cloud-forming process. The fourth jmportant
removal process is washout of the p-rticulates below the clouds during the
precipitation event. Therefore, it is easy to see that r=2entrained particles
(especially from street surfaces, other paved surfaces, rooftops and from
soil erosion) in urban creas can be readily redepositad through these various
processes, either close to the points of origin or at sume distance downwind.

Pitt (1979) monitored roadside concentrations of particulates. He found
that on a number basis, the downwind roadside particulate conceuntrations were
about 1J percent greater than upwind conditions. About 80 perceut of the
concentration increases, by number, were associated with particles in the 0.5
to 1.0 micron size range. However, about 90 percent of the particle
concentration increases by weight were assoclated with particles greater than
ten microns. He found that the rate of particulate resuspension from street
surfaces increases when the streets are cleaned at long intervals and varie.
widely for different street and traffic conditions. The resuspension rate was
calculated based upon observed long-term accumulation conditions on street
surfaces from many different study area conditions and varied from about omne
to 12 1bs/curb-mile/day (0.3 to 3.4 g/curb-meter/day).

Murphy (1975) described a Chicago study where airborne particulate
material within the city was microscopically examined, along with street
surface particulates. The particulates (mostly limestone and quartz) from
both of these areas were found to be similar in nature indicating that the
alrborne particulates were most likely resuspended street surface
particulates. PEDCo (1977) found that the reeutrained portion of the
traffic-related particulate emissions (by weight) is an order of magnitude
greater than the direct emissions accounted for by vehicle exhaust and tire
wear. They also found that particulate resuspensions from a street are
directly proportional to the traffic volume and that the suspended
particulate concentrations near the streets are associated with relatively
large particle sizes. The medium particle size found, by weight, was about 15
microns, with about 22 percent of the particulates occurring at sizes greater



than 30 microns, These relatively larye particle sizes resulted in
substantial particulate tallout near the road. They found that abeout 15
petvent ot resuspended particulates tall out at 10 meters, 25 percent at 20
meters and 39 percent at 30 meters trom the street (2ll percentares are
expressed by weipght). in a similar study Cewherd, et al (1977), reportad a
wind erosfon threshold value of about 13 miles per hour (21 kilometers per
hout ). At this wind speed, or greater, signiticant dust and dirt losses from
the road surtace could result, cvven in the absence of traffic-induced
turbulence . Rolfe and Reinbuld (1977) also found that most of the particulate
lead trom automobile emissions falls out within 100 meters of roads. However,
the auntomobile lead widely disperses over a larpge area. They found, through
multi-elemental analyses, that the settled outdoor dust collected at or near
the curb was contaminated by automobile activity and originated from the
streets. Soil sanples taken near buildings that were painted with lead base
paint were contamninated by lead from chipping paint.



APPENDIX H
REACTIONS AND FATES OF IMPORTANT URBAN RUNOFF PULLUTANTS

Th%s section of the report summarizes information from the literature on
chemical reactions, solubilities and fates of important urban runoff
pollutants. Rubin (1976) discussed the forms and reactions that may occur for
heavy metals. Metals in natural waters may be soluble, colloidal or
suspended. Soluble metals are defined as being less than one micron in size,
whije suspended metals are greater than 100 microns in size. Colloidal metals
are intermediate in size. Using these definitions, settleable materials are
also included in the suspended size fraction. Rubin further stated that the
suspended and co. joidal particles may consist of individual or mixed metals
in the form of their hydroxides, oxides, silicates, sulfides or as other
compounds. They may also consist of clay, silica or organic matter to which
metals are bound by adsorption or ion exchange or as a complex. The soluble
metals may be un—-ionized organo-metallic chelates, organic ions, cr complexes
of these chelates or lons. Because of various reactions within the water,
(physical, chemical or biological) there may be dynamic interactions among
the various particle sizes and chemical forms. When incoming metals react
with receiving ~ater bodies, several types of potential interactions can take
place. The pH and Eh (oxidation rediction potential, redox potential or ORP)
are very important in controlling solubility and agglomeration and,
therefore, sedimentation of a metal. The pH of the water system also affects
the bonding of the metals to insoluble carriers which influences adsorption,
ion exchange and co-precipitation.

The oxidation reduction potential can also radicaily affect the ionic
form of the metal. Iron and manganese are the most responsive uetals to Eh
exchanges with lower redox potentials favoring the divalent (+2) iron and
manganese valence states. These valence states are also much more soluble
than the more oxidized (+3) states. Redox potential and pH will both affect
the stability of certain transition metal chelates (Rubin 1976).

The presence of inorganic ions can form complexes with the metals that
can increase the solubility of the metals. As an example, as salinity is
increased, more manganese becomes diesclved rather than suspended. The
opposite can happen with other complexes, where metal carbonates and sulfides
tpically have limited solubilities. Organic complexing agents in natural
waters include humic and fulvic acids. These can form stable metal humics and
fulvics that are soluble in fiesh waters. Adsorption and ion exchange can
also bind metals to insoluble particulates, especially in flowing waters with
large quantities of clay and soil. Much of the material that the metals
interact with involve organic materials that originated from aquatic
organisms. Other aquatic organism effects on metal solubilities include
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changes in ph and Eh by various bicchemical pcocesses. These in turn affect
saluble metal concentrations and metal accumulations in sediments. Aquatic
organisms can also concentrate many metals in their tissues
(bivaccumulation).

Rubin (1976) also discussed the imporiance of oxidation reduction
reactions at the sediwsent-water interface. This interface can have a large Eh
gradient depenuing upon the mixing, diffusion and the extent of biological
activity. Intense redox activity ran occur at the sediment-water interface
because of deposition and accumulation of organic matte:: diffusion of oxygen
down into the sediment interstitial waters can then create a large redox
gradient. Urganic sedirents generally contain large quantities of reduced
wvaterial, especially sulfides. Since most heavy metal sulfides tend to t»
rather insoluble, it i5 clear that interactions in the heterogeneous sulfide
systems can be an impnrtant process where trace metals are retained or
released from the soluble phase (Rubin 1976).

Gambrell and Patrick (1977) stated that metals are present in soils and
sediments in many chemical forms that differ greatly in their
bicavailability. Some metals are bound within the crystalline structure of
the sediments and soils and are «-vsentially unavailable to biota. However,
metals dissolved in soil solutions, or in interstitial or surface waters, are
considered readily available to ‘iota. Also, metals weakly adsorbed to the
solid aineral or organic colloidal phase by ionic exchange mechanisms are
also readily available. Between the unavailable and readily available metals
forms are a -vaber of forms that are potentially cvailable. As discussed
previouzly, .ne potential solubility, and therefore availability, of various
metal formso are strongly depeundent upon the pH and oxidation reduction
conditions and, of course, the specific chemical compound. In reduced
sediment conditions, the formation of stable and insoluble metal sulfide
precipitates is important in limiting the mwobility and biocavailabilily of
most metals. Humic materials in reduced environments are characterized by
large molecular weights and greater structural complexity. These
characteristics increase the metal retention capacity and the metal bonding
stability of insoluble humic materials. If these reduced sediments are
subjected to an oxidizing environment, such as beiug aerated by dredging,
scouring during high flows or by benthic organism activities, many of these
insoluble organics are more likely to become soluble. This 1s especially true
for copper, lead and cadmium complexes. As an example, Gambrell and Patrick
found that as the redox potential was increased from strongly reducing to
well oxidized levels, insoluble organic bound cadmium was transferred to more
available soluble and exchangable forms. They also stated that a reduction in
metal availability by the formation of insoluble oiganic complexes in reduced
sediments, may be offset ro some extent by an increase in soluble or organic
acids which maintain some metals in solution as soluble organic complexes.
These various Eh and pH mechanisms affect various metal complexes
differently. As an example, lead solutility is enhanced by low pH levels but
is little affected by changes in oxidation reducticn conditions.

Cailahan, et al (1979), described the importance of various

environmental processes for the aquatic fates of some urban runoff heavy
metals and organic priority pollutants. Photolysis (the hreakdown of
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compounds in the presence of sunlight) and volatilization (the transfer of
material from the water into the air as a gas or vapor) are not nearly as
important as the other mechanisms for heavy metals. Chemical speciation (the
formation of chemical compounds) 1s very important in determining the
solubilities of the specific metals. Sorption (adsorption is the attachment
of the material on to the outside of a solid and absorption is the attachment
of the material within a solid) is very important for many heavy metals.
Sorption can typically be the controlling mechanism affecting the mobility
and the precipitation of most heavy metals. Biocaccumulation (the uptake of
the material into organic tissue) can also occur for many heavy metals.
Biotransformatio. (the change of chemical form of the metal by organic
processes) 1s very important for some metals, especlially mercury, arsenic and
lead. In many cases, the discharge of mercury, srsenic or lead compounds in
forms that are unavailable can be accumulated in aquatic sediments. They are
then exposed to various benthic organisms that can biotransform the material
through metabolization to methylated forms of the material which can be
highly toxic and soluble. Various organic priority pollutants are also found
in urban runoff, mainly various phenols, polycyclic aromatic hydrocarbons
(PAHs) and phthalate esters. Photolysis may be an important fate process for
phenols and PAHs but is probably not important for the phthalate esters.
Oxidation or hydrolysis may be important for some phenols. Volatilization may
be important for some phenols and PAHs. Sorption is an important fate process
for most of the materials, except for phenols. Bioaccumulation,
biotransformation and biodegradation are important processes for many of
these organic materials.
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