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ABSTRACT

During the first year of full-time operation of ten highway runoff
monitoring sites in the State of Washington, a total of 241 storms were
sampled with a composite sampling system developed by Clark {4). Analy-
sis of the data indicated that a major fraction of solids 1oadings in
runoff can be traced to sand used during winter ice conditions. Ratios
of pollutants to solids were observed to be constant except during winter
sanding periods where lower ratios were observed. A predictive model for
cumutative pollutant loadings was derived as a function of cumulative
traffic during storms. Traffic during the dry periods appeared to remove
pollutants from the highways and are not significant in predicting pol-

lutant Toadings in the State of Washington.
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Abstract

During the first year of full-time operation of ten highway runoff
monitoring sites in the State of Washington, a total of 241 storms were
sampled with a composite sampling system developed by Clark (4). Anal-
ysis of the data indicated that a major fraction of solids loadings in
runoff can be traced to sand used during winter jce conditions. Ratios
of pollutants to solids were observed to be constant except during win-
ter sanding periods where lower ratios were observed. A predictive
model for cumulative pollutant loadings was derived as a function of
cumulative traffic during storms. Traffic during the dry periods
appeared to remove pollutants from the highways and are not significant

in predicting pollutant loadings in the State of Washington.
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INTRODUCTION

This report covers the characterization of the pollutants found
in highway stormwater runoff based on the first year (1979-80) of con-
tinuous statewide monitoring at nine sites in the state of Washing-
ton (38). The major topics to be explored include:

1. Comparison of the data collected from ihis project with pre-

viously published data.

2. Determination of trends in the data which may support the de-

velopment of a model.

3. Determining the major sources of stormwater runoff pollutants

and parameters which may influence their deposition and removal

from the highway.

4. Improvements and recommendations indicated for the second

year of monitoring, based on the initial year's results.

LITERATURE REVIEW

The types, amounts, and removal rates of pollutants found on the
highway at a given time are a function of interrelated variables.
Motor vehicle wear and emissions, local land use conditions, and high-
way maintenance practices are largely responsible for the pollutant
mass residing on the roadway (9,11,13,20,23,24). Most of the specific
highway runoff pollutants important to water quality are vehicle depen-
dent (5,12,15, 28). The metals (lead, zinc, copper, chromium, and
iron), the nutrients (nitrogen and phosphorus) and the hydrocarbons are
all largely contributed by motor vehicle traffic (9,24,26). Shaheen

{24) has shown that while a majority of the solids are related to traf-
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fic volumes, less than five percent originate from the vehicles them-
selves. This indicates vehicles must function both as a sourte and
transport mechanism for pollutants.

The sources of pollutants deposited by vehicles consist of two
types: direct and indirect or "acquired® pollutants. The distinction
is important as direct sources of pollutants originate from the normal
operation and frictional parts wear of the vehicle. Indirect or ac-
quired sources of pollutants are solids plus direct pollutants that are
nacquired" and carried by the vehicle for later deposition, (usually
during storms).

Direct pollutants are considered to be a major source of many of
the specific pollutants found in highway runoff. Much of the COD,
grease and oils, nitrates, sulfate, and phosphorus deposited on the
highway are attributed to oil leakage or gasoline and its combustion
products. Tirewear contributes approximately 0.008 1bs/1,000 vehicle-
miles of which 98% are oxidizable rubber compounds and 0.73% are of
zinc oxides (5). Exhaust emissions average 0.235 1bs/1,000 vehicle-
miles of which 45% is particulate lead and the remaining 54% is com-
prised of other metalic or organic hydrocarbon compounds (1,14). (This
value is for leaded gasoline only.) These emission rates are fairly
constant but will vary with the age, size, and condition of the vehi-
cle, highway driving speeds and vehicle acceleration correspondingly
increases. Changes in fleet fuel consumption to diesel fuels will sig-
nificantly increase particulate emissions while alcohols will generally

decrease emissions.
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Indirect sources of pollutants include adjacent land uses, wind
blown solids, litter and debris, and pavement wear, The specific
source and type of acquired pollutant depends on where the vehicle has
been and where the pollutant was picked-up. Probable common sources
include: parking lots, urban and industrial areas, construction sites,
dirt roads and farming areas.

Lastly, spills of recreational vehicle wastes, aaricultural or
chemical products, or oil and gas losses from accidents are an infre-
quent but possible source of highway poliutants, which are related to
vehicular traffic volumes. These spills and losses, many times may go
unnoticed if they are small but could be a large contributing factor to
tocal runoff pollutant loads.

Sanding and deicing operations can be a major source and a signi-
ficant fraction of the total solids and salt mass observed in highway
runoff. Sanding deposition rates in the State of Washington are
approximately 600 1bs per lane mile per storm of which 80% is sand and
20% is salt. These operations are the largest single source of solids
at many of the sites during the winter period. The frequency of the
sanding and deicing operations are variable, depending on the prevail-
ing weather conditions, the road conditions and district's operation
policy.

The major sources of pollutants from dustfall are from urban areas
and lands adjacent to the highway. In urban-industrial areas deposi-
tion rates range from 1.0 to 3.0 1bs per acre-day and from 0.5 to 1.0

1bs per acre-day in rural areas {37). The surrounding land conditions
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next to the highway can significantly influence dustfall deposition
rates.

Highway maintenance practices can areatly influence the pollutant
mass. Street sweeping operations can remove anywhere between twenty-
five to seventy-eight percent of the pollutant mass on the highway.
Particle removal efficiencies by sweeping is size dependent, with the
larger particles having a greater probability of being removed (1,9,
32). Most pollutants are characteristically associated with the dirt
and dust found on the highway (1,7,9,10,12,13,34,29). Metal concentra-
tions in highway runoff have been found to follow the total solids con-
centrations (4,15,26) and studies examining the soluble and particulate
fractions indicate between ninety-three to ninety-nine percent is par-
ticulate (14,15,17,29). Many highway runoff models (9,12,18) assume a
constant mass ratio of pollutant-to-solids in the estimation of a par-
ticular pollutant mass, Yet, in a recent study by Pitt (1979) (1),
examination of street sweepings has shown that the types of pollutants
acsociated with solids of different particle size ranges is quite vari-
able. Chemical analysis indicates most pollutants have a higher mass
ratio with the smaller diameter particles, except for copper and chrom-
jum which have a lower mass ratio with the smaller particles. The
change in the lead mass ratio is from 0.008 to 0.00025 or a ninety-sev-
en percent decrease over the range of particle sizes observed.

Pavement deterioration contributes only a small fraction to the
pollutant mass on the highway (24). The impact of studded tire use is
noticeable, but not gquantified. The type of pollutant contributed may

depend on the composition of the concrete and asphalt mix with asphalt
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exhibiting a greater influence on the COD, TOC and grease and 0i1 than
concrete (1).

In summary the major sources of TSS found in highway runoff are
contributed by:

1. sanding and deicing operations--only during the winter period
and frequency is site specific,

2. atmospheric dustfall-entirely site specific, influenced by the
surrounding land uses and traffic volumes.

3. vehicular traffic--mostly from acquired sources, and

4, pavement destruction--only a minor source.
In Table ) estimations of the T3S deposition rates from these sources

for the Western Washington runoff sites are listed.

Table 1. Estimated TSS Deposition Rates for Western Washinaton

ONE WEEK*
CONTRIBUTION TO 1 ACRE/

SOURCE DEPOSITION RATE 4 LANE SECTION
Sanding 500 Ibs/lane mile 200 1bs
Dustfall

rural 0.8 1bs/Acre-day 6 1b

urban 2.0 1bs/Acre-day 14 1b
Vehicles

primary 0.3 1bs/1,000 vehicle-miles 105 1bs

Acquired

rural 0.4 1bs/1,000 vehicle-miles 140 1bs

urban 0.1 1bs/1,000 vehicle-miles 35 lbs
Other 0.2 1bs/Acre-day : 2 1bs

*50,000 vehicles/day rural: 453 1bs
urban: 356 1bs
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The mechanisms available for removal -are determined by the highway
conditions, especially whether the highway is wet or dry. The removal
mechanisms for each situation and the possihle parameters influencing
the removal process are depicted in Figure I.

Removal of poltutants via natural surface winds or from traffic
created winds and mechanical scrubbing are probably the major removal
mechanisms in low precipitation areas. (2) The mechanical scrubbing
action of the tires along with natural or vehicle created winds, helps
to scour the road and to transport the pollutants away from the vehicle
lanes and the highway. This process was shown by highway flushing
studies performed on 1-50 at Sacramento by Envirex (32,33), in which
approximately 87% of the total pollutant mass from the highway on the
median and distress lanes. Laxen and Little (15,17) has determined
that a majority of the pollutants on the highway are located within
three feet of the curb supporting this process. Most of the pollutants
deposited on the driving lanes are rapidly blown on to the distress-
median strips or completely off the highway.

Pollutant removal from the highways during wet weather periods is
accomplished through scrubbing of the pavement either by the intensity
of the rainfall or by mechanical energy from vehicles during the storm
with subsequent removal via the stormwater runoff. Removal of the pol-
lutants deposited on the highway based on rainfall intensity is well
documented. Envirex estimates that a rainfall event of 1.0 inch or
greater with a peak intensity equal to 0.5"/hr for at least one hour is

required before 90% of the poallutants are removed.
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Scrubbing of the pavement maybe also be accomplished by the tires
from vehicles traveling on the highway during the storm period. Esti-
mation of the energy transferred by a vehicle to the highway during a
rainstorm, indicate approximately 5,000 to 7,000 vehicles per hour are
required to egual the eguivalent amount of enerqy imparted during a
0.5"/hr rainstorm (38). On high traffic volume sections of highways,
this is probably the primary removal mechanism during wet weather peri-
ods.

One other possible removal mechanism during wet highway conditions
is resuspension of pollutants on to vehicles from road spray. Visual
observations during low intensity-storms (Pacific Northwest drizzle)
indicate that a net increase in the mass of solids on vehicles may oc-
cur during these periods. This mechanism may explain the process by
which vehicles acquire solids for later deposition.

While scrubbing may remove the pollutants from the road surface or
increase the vehicle source deposition rate, the transport of the pol-
lutant off the highway is determined by the site and storm parameters.
Curbing or the lack of it, is probably the single most influential fac-
tor in determining the amount of pollutants removed via the runoff.
Curbing or guard rails may retain more air blown material than noncurb-
ed sections.

The major effect of longer runoff paths due to curbing or drains
is the decrease in the runoff velocity, causing the settling out of the
solids along the curb and the culvert. The removal of the particulate

pollutants and solids is determined by the runoff-volume-intensity-dur-
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ation, the existing amounts of the solids along the curb, and the curb
and culvert characteristics that define flow.

In summary two pathwavs, depending on whether the highway is wet
or dry, control the removal mechanisms for the pollutants deposited on
the highway, Durina dry periods, traffic created or naturally occuring
winds coupled with mechanical scrubbing of the highway by tires from
the vehicular traffic are the principal removal mechanisms., The signi-
ficant fraction of the pollutants transported via this process are
probably removed completely. Transport via the stormwater runoff is
the primary removal mechanism during the wet periods. The pollutant
removal process is further complicated when the stormwater is channel-
ed, as the runoff velocity decreases causing a settling out of the par-
ticulate pollutants, for removal by subseguent storm runoff.

The parameters affecting the solids movement along the channel are
similiar to sediment transport factors and may influence the amount of
poliutants observed in a given runoff event. The first flush phenomena
is related to the distance the runoff travels. Highways that are not
curbed will have a smaller first flush contribution than those that are

curbed and sewered.

SITE SELECTION
Aye (2) established criteria for the selection of highway stormwa-
ter runoff sampling sites for the state of Washington. Traffic and

weather characteristics, pavement type and condition, surrounding land
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uses, highway maintenance practices and highway geometrics were all
considered by Aye, as factors which could affect the quality and auan-
tity of highway runoff.

Aye recommended six sites to represent the varied climatic and
traffic conditions observed throughout the state. Besides the six
sites recommended by Aye, three other runoff sites were chosen for
their specific site characteristics. An elevated bridge section on SR-
520 at Montlake in Seattle was included since it had been studied by
Sylvester (25) in his highway runoff studies. Two sections of SR-270
near Pullman were also selected, since this highway is part of a sulfur
extended asphalt project and its impact on pollutant loads in the
stormwater runoff could be examined. A site description summary con-
taining detailed information pertaining to each site is presented in
Table 2 and site locations shown in Figure 2.

Each site was equipped with a flowsplitter-composite sampler rath-
er that the conventional discrete automatic sampler. The eauipment
consists of: a flowsplitter sampling flume, an appropriately sized
sample tank, a recording or bucket-type rain gauge, and sampling equip-
ment that includes a paddle for mixing the sample, collection bottle,
and disposable sample tank liners. Design and sizing of the site spe-
cific flowsplitter sampling flumes and corresponding sample tanks were
based on the recommendation of Clark as fully discussed in his thesis
(4) and shown in Figure 3. After the flumes were constructed, calibra-
tion tests were performed to determine their actual performance.

The mechanics of sampling are simple and are performed after the

passing of every major storm system or when runoff has ceased and the
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pavement is dry. To sample, the depth of the runoff in the composite
tank is first measured and is used to calculate the total runoff volume
from the storm event., A paddle is then used to mix the sample until
complete resuspension of the particles has been achieved, (abproximate-
ly 5 minutes) at which time a sub-sample is removed for laboratory
analysis. The remaining runoff in the sample tank is then drained and
the plastic liners are replaced with a new set, During this time the
flowsplitter is checked for cloaging in the splitter section, that it
is level perpendicular to the runoff flow and the rainfall volume is
measured. These measurements and observations are then recorded on the
field data sheet and are sent alomg with the runoff sample to the Uni-
versity of Washinagton for processing and analysis.

A1l the sites received routine mainterance in the summer including:
refiberglassinag the tank and flowsplitter, repairing any winter site
damage, and modifying inlet channel and runoff duration recorders.

The accuracy and sensitivity of the instruments used to measure
the precipitation and runoff volumes, could be a major contributor to
the wide variation seen in TSS and pollutant runoff loads. Under ideal
conditions, the uncertainty associated with the volume measurements
from the flowsplitter is approximately 15 percent (4).

A tabular summary of the problems and solutions encountered at the
runoff sites which could be possible sources of error are presented in

Table 3.
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RESULTS
Composite sampling throughout the state using a flowspiitter com-
posite samplina system is predicated on several major assumptions.
These conditions include:

1. The flowsplitter will accurately sample, with minimal error, a
constant fraction of a wide variety of runoff flows which can
be seen at a site,

2. The flowsplitter will split without any bias, a constant frac-
tion of the particulate and dissolved pollutants in the run-
off.

3. A representative sample can be extracted from the runoff col-
lection tank.

4. The runoff samples may be collected periodically and shipped
unrefrigerated with no significant degradation of the sample.

Clark (4) in his thesis concluded that the flowsplitter could ac-

curately sample a wide range of runoff flows. In laboratory calibra-
tion tests, he determined the flowsplitter was capable (within a 15
percent uncertainty) of accurately removing a fixed fraction of the
total flow in the channel proportional to the flow rate. In addition
he showed that the flowsplitter composite sampling system could provide
a representative stormwater runoff sample similiar to one composited
from an automatic discrete sampling system.

Specific laboratory tests and procedures established in the ini-

tial year of analysis at the 1-5 and SR-520 sites were continued in
this project (4,26,11). fhe.methods and the associated errors for

these procedures are summarized in Table 4.
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Initial analysis, usually completed within 60 hours after receipt
of the sample included: total suspended solids (TSS, TSS=total nonfil-
terable residue (31)), volatile suspended solids (VSS, VSS=volatile
nonfilterable residue (31)), chemical oxygen demand (C0D), conductivity
and pH. During this time a representative aliquot of the sample would
be taken and the initial processing for analysis of: the metals (lead,
zinc, copper), the nutrients (total phosphorus, Kieldahl nitrogen, ni-
trate-nitrite nitrogen), the organics (total organic carbon, grease and
oils as carbon) and chloride concentrations would begin.

To minimize operator bias and to maintain an internal standard of
accuracy each specific pollutant parameter test was performed bv the
same individuals during the 1979-80 sampling period. While the quality
checks all reported an acceptable variation, samples from highway run-
off showed a much greater deviation between feplicates in the reported
COD, 7SS, and VSS values. Much of this deviation can be attributed to
the particulates, for the greater the total suspended solids concentra-
tion, the larger the variability reported between replicate samples.
Clark (4) and Horner (11) both reported similiar observations.

A field test to determine the efficacy of the sampling procedure
for the runoff sample collection tank was performed after storm 120 at
the I-5 site. Previous results indicated that the current procedure to
“vigorously stir" the tank for three to five miputes with a canoe pad-
dle and then to immediately sample would produce a representative sam-
ple. To confirm the results the test involved sampling after 0.0, 0.5,

1.0, 3.0, and 5.0 minutes of stirring. A ten minute interval between
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each period allowed for partial settling of the particles after mixing
from the previous test. No noticeable difference was observed.

To test the feasibility of shipping unrefrigerated highway runoff
water samples taken from the various sites, 3 sample degradation study
was undertaken., The major concern in degradation of the sample was the
oxidation and loss of the organic compounds in €OD, TOC, VSS, and
qrease and oils parameter tests. The results indicated no degradation
of the samples durina the maximum expected transit period of cix days.

The distribution of the monitored events at the nine sites from

September 1979 to June 1980 are presented in Table 5.

Table 5. Monitored Storm Events at the Runoff Sites

Site no. of events Monitoring Period
1-5*% 54 _ 9-7% to 6-80
SR-520%* 43 9-79 to 6-80
Vancouver 61 8-79 to 6-80
Snoqualmie Pass 12 9-79 to 1-80, 4-80 to 6-80
Montesano 27 10-79 to 6-80
Pasco 17 9-79 to 3-80, 5/80 to 6-80
Spok ane 6 g-79  to 6-80
Puyliman - 8 9 9-79 to 6-80
Pullman - 9 6 9-79 to 3-80
6

Pullman - control 4-80 to 6-80

*This report is based on data only gathered during the 1979-1980
samplinag season at these cites. Previously collected data from these
sites are included in the water Quality Data Set 4. _from the High-
way Runoff Project and reports by Tsenq25 and Clark.

Seasonal summaries from the various sites for each specific pollu-
tant are presented. The fa11-sprina seasonal period corresponds to the

period from September 1 to October 31, 1979, and April 1 to June 1,
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1980, The winter period corresponds to the period from November 1,
1679 through March 31, 1980. Sites in which sampling was not complete
for a specific period are noted on the summary tables. Specific traf-
fic, precipitation and runoff volumes for the seasonal periods at each
site are presented in Table 6.

The basic unit used in the presentation of the seasonal data is
weight per unit area (1b /Ac). This unit was initially chosen since it
could be eaqually applied to all the sites and could act as a cormon de-
nominator for the comparison of the pollutant runoff loads. The pollu-
tant mass for a storm event is calculated as follows:

K C RV

PM = - “where PM = pollutant mass (1bs/Ac)
€ = concentration (ma/1)
A = drainage area (Ac)
K = conversion coefficient
=5 1p -1
6.245 x 10 —
mg ft

And the runoff volume is determined by:

RV = total volume in composite tank (ft3)
flowsplitter splitting fraction

for the SR-520 site the major leakage in the expansion joints resulted
in lower coefficients and reauired an expression;

RV = 269.5 x rainfall (in)

The total error propagated in the calculation of the seasonal pol-
lutant runoff loads as displayed in the seasonal summaries exhibits an
average coefficient of variation of 25 percent. This assumes that the
measurements of the drainage area, runoff volume and concentration val-

ues are independent, and are based on average variations in the concen-
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tration values and runoff volumes of 15 percent, and drafnage area of
10 percent.
Conversion of pollutant runoff loads or rates presented in this
report from English to corresponding metric units are facilitated by:
ka/Ha = 1b/Ac-1.12
kg/Ha-centimeter rain =1b/Ac-in rain-0.441
or
ka/curb km = 1b/curb-mi-0.282

kg/curb km-centimeter rain = 1b/curb mi-in rain-0.111
where curb mile equals the length of highway in only one direction (1/2
half the total width) and lane mile is egual to curb mile multiplied by
the number of lanes in that direction.

Seasonal summaries of total suspended solids data are presented in
Table 7.

Comparison of TSS, COD and lead seasonal pollutant runoff rates
from this project with other studies by Metro (12), Sylvester and
DeWalle (25) and Envirex (9) are displaved in Table 8, As can be seen
from this table, seasonal loading rates from this project are similar
to previously reported northwest studies.

During the period of this report two major eruptions occurred from
the Mount 5t. Helens volcano which resulted in the deposition of ash at
five of the highway runoff sites. Table 9 lists the sites involved,
along with the deposition amounts and subsequent storm 7SS characteris-

tics,
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Table 9. Volcanic Ash Deposition on the Runoff Sites

Storm Event

TSS Runoff
Load Rate
Subse- (1b/cb-
Date of Deposition Event Rainfall quent mi-1000 vps

Site Erruption {in.) no. (in.) Date 1b/Ac VDS)
Pasco 5-18-80 Trace 17 1.0 5-27-80 50 320
Pullman 5-18-80 0.5 NS 0.37 NS NS NS
Spokane 5-18-80 0.8 7 0.31 6-10-80 580 700
Montesano 5-25-80 0.2 27 1.05 6-2-80 580 440
Vancouver 5-25-80 0.1 59 0.66 5-28-80 30 70

NS = no sample

As expected the subsequent storm events exhibited increases in the TS5S

runoff rates between 7 to 20 times the average all-spring values, with

the largest increases observed at the greater ash deposition sites,

No increases were observed in the pollutant runoff rates at any of

the sites as analysis of the ash samples from Montesano and Spokane in-

dicated low pollutant levels associated with the solids as displayed in

Table 10. ({These values are consistent with the Battelle study on vol-

canic ash in reference 36.)

Table 10. Composition of Lead, Zinc, and Copper in Volcanic Ash

Location of Average Metal Concentration
Collected Collection (ppm-Ash)
Site Ash Sample Date Pb n Cu
Montesano  highway shoulder 6-1-80 7 14 13

adjacent to site
Spokane from rain gauge 6-10-80 10 24

27
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Removal of the ash deposited on the highway in the Spokane and
Pullman areas was accomplished primarily from plowing and fluéhing the
roadway by WSDOT maintenance personel. Ash was reported on the high-
ways in these areas for approximately 10-15 days after deposition, due
to the large amounts of ash being redeposited daily by winds and resus-
pended by vehicular traffic. Approximately twenty-four hours after the
second major eruption, a majority of the ash had been removed from the
driving lanes at the Montesano and Vancouver sites. Ash was still
observed on the distress and median lanes during this period and subse-
quent rainfall (>1.0") at both locations on May 26-27 and again on May
30 removed the ash off the highway.

Analysis of the previously presented data indicates that the indi-
vidual traffic and storm parameters such as: traffic volumes during or
preceding the storm, the length of the dry period, or the rainfall in-
tensity/duration/volume characteristics seem to exhibit little influ-
ence on the TSS runoff loads at the I1-5 and SR-520 sites. In Table 11,
the simple correlation coefficients ("r values") from the analysis of
these parameters with 7SS runoff Toads for the I-5 and SR-520 sites are
listed. As can be seen from Table 11 little correlation exists on an
individual storm basis.

Tseng's (26} work with the SR-520 data during the 1978-79 sampling
period indicated that a possible relationship may exist between cumula-
tive rainfall or runoff volume and the cumulative pollutant mass.

These plots impose an interstorm relationship which helps to reduce

discrepancies associated with the individual storm and pollutant data,
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and may improve the relationship between pollutant runoff loads (1b/
curb mile) and the storm and traffic parameters,

From this analysis, only cumulative vehicles during the storm or
cumulative rainfall duration exhibit a linear relationship with cumula-
tive 7SS (Figure 4a through e). These two parameters display similar
relationships with 7SS because traffic volumes at the SR-520 site are
surprisingly uniform on a daily basis and correlate strongly with rain-
fall.

The relationship between cumulative (7SS (1b/curbmi,) and cunulative
traffic volumes during the storm for the SR-520 site resembles a stair
step pattern as displaved in Fiqure 4e. The fall and spring periods of
this graph are characterized by a linear relationship, interrupted by
two steps in the slope during the winter period. -

A total of 241 storm events were sémpled during 1979-80 for the
ten sites monitored. For each storm the parameters listed in Table 4
were determined, providing data on solids, COD, TOC, metals, nutrients,
and grease and oils. Data were analyzed on a storm by storm basis as
well as cumulatively over the year. Correlations with dry days and
traffic preceding a storm were not significant (38). Positive correla-
tions were observed for cumulative poliutant loading versus cumulative
traffic during storm events. A complete display of these data and cor-

relations are presented by Asplund (38).
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DISCUSSION OF RESULTS

The possible sources of highway pollutants, their deposition and

removal mechanisms, and parameters influencina the pollutant mass in

highway stormwater runoff as reflected by these field data suggest:

1.

A stair-step function exists between the relactionship of cum-
ulative TSS and cumulative VDS. During the fall-spring period
the majority of the TSS in the runoff is related to traffic
volumes during the storm. During large winter storms the
steps are observed and are related to the increased contribu-
tion from non-vehicle related solids, such as sanding opera-
tions, and non-highway runoff solids. Volcanic ash would also
introduce steps in thes; correlations.

For most sites, the relationship between pollutant and TSS
appears to be linear until excess amounts of TSS are encount-
ered. When there is insufficient pollutant amounts present to
saturate the TSS, the ratio will fall.

Development of a pollutant runoff model is possible given the
vehicles during the storm, runoff coefficient, and winter

sanding loads.

As illustrated in Fiqure 5, vehicular traffic, sanding and deicing

operations, pavement deterioration, and atmospheric dustfall are all

probable major contribuing sources of highway potlutants. The type of

pollutant deposited and the rate of deposition from each of these

sources depends on the influence of the source and site specific para-

meters.

Pavement wear and surrounding land use seem to be only minor

contributors of pollutants in highway runoff.
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A composite graph exhibiting the seasonal TSS runoff rates, deriv-
ed from the observed linear relationships between cumulative TSS and
cumulated VDS for the various sites is presented in Fiqure 6. General-
ly the lower TSS runoff rates {1b/curb mile-1,000VDS) are observed dur-
ing the fall-spring season where vehicular traffic and dustfall are
probably the principal contributors, where as during the winter period
sandina operations may account for the major fraction of the 7SS depos-
ited on the highway.

The high TSS runoff rates observed during the fall-sprino period
at the Pasco site and during the winter periods for the other runoff
sites are caused by large increases in the contributions of non-vehicle
related solids from other sources. At the Pasco site, the high fall-
spring period TSS seasonal runoff rate s attributed to the large esti-
mated dustfall deposition rate, and the corresponding low dry period
removal rate, due to the low traffic volumes at the site.

In examining the influence of the runoff coefficent on the fall-
spring TSS runcff rate at the western sites, the resulting linear equa-
tion as displayed in Fiqure 7 was observed. From this relationship the
mean TSS runoff rate as determined by the western sites is 6.4 1b 1TSS/
1,000VDS, (RC corrected). This value represents the pollution genera-
tion Tevel on a highway. The high correlation between the fall-spring
period T5S runoff rate and runoff coefficient at these sites {CC=0.97)
indicate that the storm runoff coefficient and veh#cles during the
storm are probably the major influential parameters in determining the
TSS runoff loads, during this period. Runoff coefficients are a func-

tion of leakage from the roadway, splash and wind blown mist, and the
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qeometry on the test area. Runoff that does not enter the collection
system should have the same pollution concentrations as the collected
runoff.

Several possible interpretations regarding the pollutant deposi-
tion-removal process are possible based on the fall-spring linear rela-
tionship between cumulative TSS and cumulative VDS. Two interpreta-
tions which may explain these linear relationships are:

1.

A majority of the solids observed in highway stormwater run-
off are contributed by the number of vehicles crossing the site
durina the storm. Any solids deposited during the dry periods,
preceding the storm would only be a minor contributor to the TSS
runoff load. This explanation considers the vehicles durina the

storm as the major contributor to the total solids stormwater

mass. It also sugaests effective dry period pollutant removal
mechanisms or a minimal deposition of solids during the dry
periods; yielding a low amount of solids storace on the road
surface to account for the minor contribution to the 7SS runoff

load from the highway durinag the storm event.

or 1I.

A variable fraction of the solids ﬁhich exist on the highway
are washed off during the storm and the amount of the washoff
fraction is determined by the traffic volumes during that storm
event. This second contrasting interpretation considers the high-

way as a source of solids of which a major fraction has been de-
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posited during the dry periods preceding the storm. The amount of

solids that are scrubbed off the pavement is dependent on the num-

ber of vehicles during the storm. In this case the number of ve-
hicles during the storm only contribute a minor fraction of the

TSS load in the stormwater runoff and their function is to serve

as a removal mechanism by scrubbing the highway surface, instead

of a major‘contributor as in the first interpretation.

The mass of the pollutant-to-total suspended solids can be repre-
sented at all sites by a non-linear relationship as presented in Fiqure
8. The relationship has an initial linear region where the pollutant-
to-solids ratio is constant. The slope of an initial linear region for
each poliutant is site specific and is determined by the principal
sources of the pollutant, the corresponqinq deposition rates and the
mass of the solids deposited on the highway. Asplund (38) presents
data for metals and nutrients as well as COD.

The non-linear region of the relationships is characterized by
large increases in the TSS mass corresponding to smaller increases in
the specific pollutant mass for an increasingly smaller ratio of pollu-
tants-to-solids. The curve in this region could be said to be "pollu-
tant limiting® and ideally the area under the curve should be approach-
ing the total pollutant mass available for the particulate fraction in
stormwater runoff.

Equations predicting the pollutant loads in the runoff need to be
developed. Since the relationship of pollutants-to-solids are well de-
fined and specific pollutant ratios can be determined by the TSS mass,

or as in the case of lead, the TSS runoff rate, estimation of the TSS
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runoff load is crucial, for accurate modeling of the pollutant mass in

the stormwater runoff.

Pollutant load {1bs/curb mile)

Specifically the equations for these relationships are:

TSS load {1bs/curb mile)

(k) (vDS) (RC)
(k) (TSS Load)

where the factors are defined as:

K

VDS

RC

The TSS runoff rate factor K, is an empirically derived
seasonal constant obtained from Fiqure 7. The value of
this factor represents the mass of the TSS in the runoff
"associated" with the VDS. For the fall-spring periods at
the western sites this value is 6.4 Tbs/curb mile-1,000VDS.
This factor may vary depending on the principal source of
deposited solids as is observed between the fall-spring and
winter period runoff rates,

This variable represents the number of vehicles on the
highway section of interest during the storm event. The
duration of the storm is considered to run from the begin-
ning and through the rainfall period until the highway is
dry.

The runoff coefficient is the ratio of the actual to ex-
pected runoff based on the rainfall and the drainage area
and its dearee of imperviousness. Both the VDS and the
runoff coefficient are influenced by the storm characteris-
tics such as intensity, duration, and volume.

The factor Kp is the ratio of pollutant P to TSS. These
values are determimed from the specific pollutant-to-solids
graphs presented in Fiqures 8, 9, and 10.

The use of the TSS runoff loading equation is only valid for loca-

tions where traffic volumes are the principal TSS source or primary re-

moval mechanism.



4

$3]15 00seq pue
0uRSaTUON *025-YUS ‘-1 U3 103 1014 SPLLOS papuddsns |e30L 03 PES] ayisodwo)

(ql) spLLoS papuadsng {®310L
081 091 ovt 0zl 001 09 09 ot 02

J L} L) | | ¥ ) L] L)

ouesa3UOoK

3B /M G-1

g oanb}y

L'0

20

(qy) peal



42

002

sa315 0dsed pue ssed awwjenboug ‘ouesIIUOW
‘025-4S “S-1 9yl 40) 10|4 SPIL0S papuadsng tejol 6} snaoydsoyd (e310] 97 1s50dwo) ‘0L auanbiy

(L) spirios papuadsng |e30)

081 091 ovl 021l 001 08 09 Ot 174
1 ! | 1

T

ours3JUoY

L°0

2°0

snaoydsoyqd (e3ol

(1)



43

More information is reguired on the amount of TSS contributions by
the various sources for the eastern Washington sites and winter sanding
loads for all the sites before equations can be developed which will

accurately model these conditions.

RECOMMENDATIONS AND CONCLUSIONS

Recommendations:

1. Continued monitoring of all the runoff sites is required to
expand the data set and to confirm the observations and trends present-
ed in this report.

2. 1Information pertaining to WSDOT sanding and sweep/flushing ac-
tivities including, sanding and sweeping frequency, their associated
deposition and removal rates, need to be recorded since these activi-
ties can significantly influence the amount and percentage of the ob-
served 7SS and pollutant runoff loads.

3. Special studies should be performed to confirm the role sand-
ing, maintenance and land use have in determining the solids and pollu-
tant loads in the storm water runoff.

Conclusion:

1. The traffic volumes during the storm are either a major source
or a removal mechanism. These volumes are a function of storm
duration.

2. The amount of existing or deposited TSS on the highway
determines the pollutant-to-TSS ratio and the amount of

pollutants adsorbed (saturation of the solids).



44

Other sources such as dustfall, sanding, spills, accidents,
and surrounding land uses contribute to the TSS and pollutant
loads on the highway at a variable rate.

Comparison of the Envirex urban site {I-794) to the 1-5 and
SR-520 sites indicate that the pollutant runoff rates at the

Seattle sites are 4 to 6 times larger than the Envirex site.
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