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FORH!ORD 

This report presents an investigation of rainfall-runoff fro~ an elevaterl 
highway hrirlge structure including quantitative measurements of washed off 
pollutants. The report will be of interest to researchers involved in 
evaluation of highway contributions to non-point sources of water polltition. 

Research in Water Quality Changes due to Highway Operations is included 
in the Federally Coordinated Program of H.;gh1·1ay Research and Develop",ent 
as Task 3 of Project 3E, 11 Reduction of Environmental Haz;irds to \·later 
Resources Due to the Highway System. 11 Mr. Ryron N. Lorri is the Proj~ct anrl 
Task Manc1ger. 

The data used in this study Here collected in 1977 by the Texas State 
Department of Highways and Public Transportation in cooperation with other 
concerned agencies. The collection program v1as specifically designed to 

-measure the amounts of various water pollutants washed off a highway 
during natural rainfall events. 

A limited distribution of this report has been made to researchers involved 
in the study of highway runoff. 

Charles F. Scheffey 
Director, Office of Research 
Federal Highway Administration 



AC Kl lO\·!L EOG E'.-1 El lTS 

Acknowlegement is given to several ag~ncy's representatives, as well as 
individual experts, who provided assistance and guidance during this study. 

Mr. E.E. Gann and Mr. R.M. Slade, Jr. of the U.S. Geological Survey 
provided considerable guidance in water sampling methods and interpret~tions 
of l0v1 meter data. The U.S.G.S. supplied a 4'(1.2192m) x 4'(1.2192m) 
steel building, a Thompson Recording Flow Meter, a LI-shaped weir and an 
event marker solenoid. 

Mr. David Gill of the Texas Water Resources Board provided technical 
expertise in sampling methods, the composition of samples, and also 
arranged for laboratory analysis by the Trinity River Authority. 

District 18 of the State Department of Highways and Public Transportation 
installed the traffic loops and assisted in administrat1)on, equiprnent 
procurement, and sample collection and processing. 

Mr. Jack Lougheed collected most of the samples, composited them, anrl 
carried the samples to the Trinity River Authority Yastewat~r Lah. 

Dr. Jerry Bullin, Mr. John Polas~k, anrl Mr. James Miculka assisted with 
the air quality study of gases and particulate. 

Dr. Byron Lord and Mr. Robert Prochasl'.a of the Ferleral Highvmy Administration 
supplied expert advice and administrative support. 

Mr. Mahencira Gupta and Dr. Nicholas Kobrigger, of Envirex, an FH\·/A 
contractor, provided technical advice on procedures and statistical analysis 
of data. 

Mr. Joe 14ise, Mr. Roger Hayson, t1r. ·Joe Mlsna, and Mr. Robert Stuard 
assisted with the operation and maintenance of the water sampling equipment 
and analysis of the data. Ms. Gwendolyn Wade prepared the manuscript. 

i; 



l [ C Ht~ IC r. L f.: i. f • ·=· 0 . , ' , ; : : '; :. : •. c • , , 7 ~ : · 

~H:;~~;~
7
S- l g_

7 
_____ ._J'-c;;,.,""' ,.,,; ,.,iN~------,--3-. -f<-cc-,f-,c-n-,.-.-c.-::-,~.-:-·;-:"'-;--· ---- -

t--4-. -l-,1-l,,-o-nd_5_u_L-,.,-lc - --5_ Report De'" - -

Characteristics of Highway Runoff in Texas 
September 1972 

6.- P<"rform,ng C·::o··r :::;•, :- C: ·_~_·;- ----- -

>--------------·---------------------"------------- -------
7. Author's} B. Performing o~?r,r-,1:c;~ ~,..., f-.-c:c..•I 1,:. 

Roderick D. Moe, Jerry A. Bullin, and John C. Polasek Research Re~21·t 516-1 

--------------------------------1-::-::---:---:--------------
9. Pprforming Orgcni1of1on No~c o~j Addre~!. 10. Work Uni, h'o. 

State Department of High1·1ays & Public Trar1sportation 
11th Street & Brazos Ave. 

FCP-33E3-0U 
11. Controct ,., G:c,-.--,,--c-. -------

Austin, Texas 78701 

12. Sponsoring Agency Norr,o end Addcess 

Federal High~ay Administration 
Offices of Research and Development 
U.S. Department of Transportation 
Washin_qton, D.C. 20590 
15. Supplementary Notes 

FHWA Contract Manager: Byron N. Lord 

16. Abstract 

DOT-FH-11-8(',n? T._o. :'c~, 
13. lype of Re?o<t oc,c f',·.c: (:Ye<c: - · 

Final Report 
May-Sept~m~er 1977 

14. Sponsoring /..,gc-r.cy C::i:;·(' 

This experiment was designed to measure the amounts of various water pollutants 
washed off an elevated highway bridge structure during natural rainf2ll events. 
Water samples were acquired behind a sharp crested weir using automatic water 
samples set at one and ten minute sampling intervals. Flow rates were estab
lished using a relationship of head rise to discharge. Rainfall amounts were 
measured as well as traffic volumes. Dustfall buckets were used for particulate 
sampling. The ratio of pollutant concentrations to each other measured at one 
minute sampling interval was remarkably consistent. The increase of pollutant 
concentration v:ith increase in number of dry days is linear for many pollutants 
such as heavy metals. For suspended solids it appears to accelerate with in
crease in dry days. The heaviest pollutant loading occurred when two large 
rainfall events occurred in quick succession. Rainfall events of one inch or 
more result in a characteristic loading. Rainfall events of lesser asount resu1t 
in another characteristic level as measured in pounds of pollutant/acre of drain
age area. 

17. Key Words 

Water Pollution, Runoff, Highways, 
Runoff-Rainfall Ratio, Pollutant Load, 
Dry Days 

18, Distribution S1otcment 

This document is available to the public 
through the National Technical Infor:-at1~
Service, Springfield, Virginia 22161. 

19. Security Classif. (of this rcporl) 20, Security Clossil. (c,I this page) 21. No. of f-'oscs 22. Price 

Unclassified LJnc lass if i ed 65 
L_ ____________ __i _____________ --1.. _____ J__ ______ _ 

Form DOT F 1700.7 1s-i;9J 



TABLE OF cornnns 

ACl(t·lO\-/LEDGEt·:Erns .................................................... ii 
TABLE OF CONT Ell TS .......•....•.•••..•.•••••.••••.••.•..••.•.•••••..• iii 
LIST OF FIGURES •..•...•.•.....•.•••.••••••.••...•.•••••...•.•.•..•.. iv 
LIST OF TARLES...................................................... V 

INTRODUCTI0!·1........................................................ 1 
COtlCLUSIO!~S......................................................... 2 
RECOr,:r,~EtlDATIOi{S •. ...•...........•.•..••...•.•••••.•.•. 0............. 3 
IMPLEtt.E!lTATION...................................................... 4 
EXPER1Jr1E:JT DESIGrJ................................................... 4 
PROCEDURES.......................................................... 6 
DESCRIPTIO'.l OF RESEJl.RCH SITE........................................ 8 
ANALYSIS OF RESULTS ................................................. Fl 

GRAPHICA.L PLOTS OF COHCF:tlTRATIO:l VS. DRY DAYS .................... 16 
RUNOFF-fU\I;ff/~LL RATIO ............................................ 17 
RUNOFF CALCULATIONS .............................................. 21 
WATER QUP.L ITY DP1Tf1............................................... 21 

1r,,PLEf·iErJTI\TIOl~ ......................•...•.....•..•.................. 27 
RECQ:.'.:irnD/iTIONS FOR FURTHER RESEP,RCH ...•••••.•••.•.••.•••.•••••••..• 27 
APPEI-JDIX ............................................................. 28 
REFERE~JCES.. . . . . . . • • . • . • . . . . . • • • . • . • . . . . . • . • • . • • • • • . . • • . . . . • • . . . . • . . 60 

ii; 



FIGURE t!O. 

l . 
2 . 
3 . 
4 . 
5 
6 • . 
7 . 

LIST OF FIGURES 

DESCRIPTI01l 

.••••. IH 45 Storm Sewer System •.•• 
. .••. Sharp Crested lJei r •. 

. ••••• Dischar~e Curve •••••• . . . . 
. . Flow Compositing Form . . . . . 

• • • Rai nfa 11 vs Rate • 
. Zinc ..... . 

0 . . . . . 
• Lead • •...• 
. Iron . . . . . . . . . . . . . . 

9 ..••.•• Total Organic Carbon •••••••• 
10 ......... Kjeldahl !Jitrogen •••••• 
11 ..... !litrate Uitrogen ••• 

PAGE 

9 
32 
31 
40 
48 
49 
50 
51 
52 
53 
54 

12 • . • •• Total Suspended Solids • • • 55 
13 . • Total Solids •.••••• 
14 . . • . . • Chemi ca 1 Oxygen Demand . • • . • • • 
15 . • . Sulphates . • • • • . . 
16 . . . Dustfall ••••••• 

iv 

5G 
57 
58 
59 



INTR0DUCTI0tl 

Vehicles travelling highways are often blamed for polluting 
lakes and streams. Highways and city streets are termed non-point 
sources and the discharge of materials washed from them through op~n 
channels and storm sewers to nearby lakes and streams are often 
compared to a 11 ov,ab 1 e discharge from sewage treatment pl ants, perhaps 
an unfair comparison since the solid material washed off roadways ~ay 
not be as biologically active as sewage sludge. 

This study was designed to determine what pollutants are washed 
off a highly impervious bridge structure which is part of a major 
interstate system in an urban area, IH-45 at Forest Avenue in Dallas, 
Texas. It was not designed to determine the source of these pollu
tants or their ultimate fate, but merely to establish the nature and 
amount of water pollutants reaching the storm sewer system. 

In any study of natural runoff, the data acquired depends on 
the vagaries of the weather. The experiment was designed in such a 
way that essentially all of the rainstorm washoff was sampled auto
matically and the amount of water flowing through the storm sewer 
system was gaged so that concentrations in the composite samples 
acquired could be related to the pounds of washoff of the various 
pollutants. 

One objective of the research was to relate the ratio of the 
pollutants to each other to see if that ratio remained constant for 
different amounts of rainfall and rainfall rates. Another objective 
was to look at the amount of pollutant that accumulated since the 
last significant rain and see how that varied with the number of dry 
days. · 

Studies of the amount of dust resuspended by moving vehicles 
have shown a sharp decrease in the amount resuspended into the air 
following a significant rainfall event. This leads to the belief 
that pollutants accumulate along a roadv,ay in the dry season until 
they are washed off the roadway by a rain and this accumulation 
influences air pollution levels. 
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Since this organization \'/as alrearly doing ri?search under FfMf, 
contract D0T-FH-ll-q23R, this water quality stucty was designed to 
giv~ some information useful to the air quality study and some data 
were collected simultaneously with these goals in mind. Dustfall 
samples v1ere taken \'lith all \·:ater quality data to attempt to evalu2,t'? 
resuspended dust when wind direction was relatively constant. 

Since water quality studies involve a completely different 
technology from those used in air quality, we enlisted assistance 
from the U.S. Geological Survey, the Texas Water Quality Board, 
District 18 of the State Department of Highways and Public Trans
portation, and the Trinity River Authority. It was through their 
cooperation and technical assistance, in addition to that of the 
FHHA and Envirex, that we were able to put together in short order a 
water quality experiment which produced good measurements of water 
and air pollutants, although flo\'/ measurement \'JaS occasionally erratic. 

A total of eleven storm events were monitored in a period of four 
months. Rainfalls were mainly small and intense. Because of the 
imperviousness of the concrete bridge and the absence of other street 
level drainage, a unique opportunity to sample ,·rnter under 1'\oJorst 11 

conditions was presented. High quality data on the characteristics 
of pollutants in highway runoff are seriously lacking in the state of 
Texas. 

Conclusions 

The accumulation of roadway pol)utants subject to washoff in 
rainstorms appears to be a linear function of the number of days since 
it last rained for many of the heavy metal pollutants such as iron, 
lead, and zinc. On the other hand, it appears from these data to be 
a curvilinear function for solids, sulphates, and some of the organic 
indicators. The increasing rate of washoff with increase in number 
of dry days for the latter bears further investigation. 
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Although the pollutant levels are relatively hiqh for a hiqh;·;o_v 
section covering 2.26 acres (.9146 Ha), it should be remembered that 
this is a worst case situation because of the highly impervious 
concrete deck of an elevaterl structure and the resultant quick con
centration of washoff through a water-tight storm sewer system. Even 
short rains with little rainfall can effectively clean much of the 
roadway if the rainfall intensity is great enough. Many of these rains 
would not meet the rainfall amount criteria normally used for a signif
icant rain, yet many of the smaller rains were almost as effective as 
the larger ones in flushing pollutants from the roadway. Short, intense 
rains should probably be included in any analysis of impervious sites 
such as this one. 

Total pounds of pollutants of washoff per storm event were related 
to the number of days since the last significant rainfall. It was 
found that relatively small rains resulted in very fev1 pounds of \':asf·,off 
per dry day. Rainfalls of an inch or more resulted in about four ti11:es 
as much washoff, and if the heavier rains occurred in quick succession, 
the washoff per dry day was double those of heavy storms with more 
than one or tvm days betv1een storms. It is presumed that wet pavern>2nt 
may accumulate pollutants at a faster rate than dry pavement. This 
factor should probably be considered when modeling highway washoff 
rates if verified by further research. 

RECOt,.:MEtWATIONS 

Additional data need to be gathered to verify the data already 
collected. This is being done in a f6llow on HP&R Research Study [lJ. 
The data need to be normalized for road1·wy traffic, total discharge, 
rainfall amount, and surface area. Additional rains need to be evaluated 
for the mean discharge/rainfall (Q/R) ratio. 

This research says nothing about the impact of these pollutants 
on receiving waters. A detailed study for an entire watershed needs 
to be made with a strong emphasis on model development. The effect
iveness of earthwork structures such as catch basins, holding ponds, 
and drainage ditches in removing pollutants should be investigated 
and modeled. 
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The air/water quality tradeoffs require further investigation. 
Particulate samplers such as U.C. Davis Stacked Filter Units [2] 
should be used instead of the dustfall buckets used in this study. 
Better analytical methods of testing water samples should be develo~ed 
which can relate cornparahle asounts of air and v1ater pollutants to 
each other and also permit discrimination of particle size, a crit
ically important parameter for modeling dispersion of air pollutants. 

A complete study of the resuspension of air pollutants alonq a 
roadway should consider the influence of highly variahle rainfall or 
the dust lying in the roadway since this is easily resuspended by th0 
turbulence created by vehicle moving along it. The so11rces and ulti
mate sinks of many compounds need to be determined. 

Implementation 

These data, when supplemented by data from the follow on HP&R 
study, can be used to estimate the pollutant washoff from highly im
pervious, elevated concrete structures in Texas. Since the character 
of the site has been shown by Envirex to have a great effect on the 
amount of pollutant washoff [3], these data should only be used for 
similar sites with equivalent rainfall patterns, unless suitable 
factors are introduced to take account of site variation. This study 
was a useful shakedown of an efficient automatic water sampling 
station. Although the data are limited, they appear remarkably 
consistent and should have reasonably good validity. 

Experiment Design 
I 

The site chosen for this experiment was an elevated bridge 
structure in South Dallas on Interstate Highway 45 at Forest Avenue. 
A section of the bridge was chosen whose drainage passed throuqh a 
single manhole without any apparent contamination from other sources. 
All of the water on the bridge passed through curb inlets to an en
closed storm sewer system. The area drained was 2.26 acres (.9146 Ha) 
or 0.0053 square miles. Rainwater draining from the bridge was 
collected by 21 inch (53.34 cm) and 15 inch (38.1 cm) storm sewers 
meeting at right angles at a 36 inch (91.44 cm) manhole (Manhole "J.2") 
with a 21 inch (53.34 cm) exit sewer. The LI-shaped, sharp crested 
weir was bolted and cemented to the manhole end of the exit sewer pipe 
(See Appendix B) by personnel of the Ft. Worth Subdistrict of the U.S. 
Geological Survey under the supervision of Mr. Eugene Gann. 
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A standarcl 4 1 (1.2192 m) x 4' {1.2192 m) U.S.G.S. steel build
ing was installed over the manhole to provide instrument security 
and protection of the instruments from the elements. The building 
was furnished \'1ith llOVF\C pm·1er for trickle type chargers for 12V 
marine batteries which powered the auto~atic water samplers. 

Two ISCO automatic \·1ater samplers \·1ere installed inside the build
ing. One of these was set to sample once a minute within one minute 
after a sa~pler actuation signal was recieved, while the other sanpled 
once every 10 minutes. These periods v:ere chosen to p<::rmi t a repre
sentative sumplc to be taken for both long and short storms. Each 
sampler collected 28 consecutive samples and then shut down automatic
ally. 

An A-35 Leupold-Stevens mechanical recorder provided by U.S.G.S. 
was also installed inside the steel building. It was used to rpcorcl 
flow in terms of head above the weir heiqht. Tables used to convert 
head to discharge rate can be found in Appendix A. 

Two stilling v1ells of 411 (10.16 cm) PVC pipe v1ere securely fast
ened alongside the manhole ladder. One of these was used for a float 
which actuated the pen of the recorder tracing the head on a chart 
driven by a mechnical clock. The float was carefully counterweig!1ted 
to give the required sensitivity and keep tension on the line attached 
to the float. A gauge was supplied for setting the recording pen at 
the correct chart level. 

The other stilling well was used to actuate a sump pump switch 
which supplied a ground to the pump ~otor thereby energizing the 
samplers. The sampler actuation also amplified the logic signal to 
energize an event marker relay, which caused a pen to mark the A-35 
re~order chart whenever the pumps started to draw a sample. Guidance 
from the ISCO factory was received on the design of electronic 
circuits to initiate the sampler and activate the event marker. 
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PROCEDURES 

The draft copy of the Procedural Manual for Monitoring of Higlr.:ay 
Runoff [4] being develop~d for the Federal Highway Administration 
was used extensively for developing procedures and proved most help
ful. 

Equipment checks were made three times weekly on Monday, Wedn~s
day, and Friday, by a person residing near the site and working approx
imately one-half time while going to school. This sytem has proven 
the most satisfactory way of manning the site. It allows quick re
action to storm events at minimum cost. The student frequently arrives 
at the site when it starts to rain, so he can acquire grab samples 
while the storm is in progress. The need for frequent checks of the 
equipment cannot be overemphasized. The marking of charts and syn
chronizing them with the correct time is of utmost importance. A loq 
book at the site also proved invaluable in documenting progress of the 
research and difficulties which might influence interpretation of the 
data. 

Samples v1ere composited in the District 18 Laboratory of the 
State Depart~ent of Highways and Public Transportation 10 miles 
(16.093 km) east of the site. Flow rates were calculated using tables 
prepared by the U.S. Geological Service (Appendix A) and the amount 
of sample selected from each bottle depended on the flow rate calcu
lated at the time the sample was acquired. At times there was not 
enough sample acquired in a single bottle when rainfall rates were in
tense. To increase the sample size, both samplers were sometimes set 
at one minute intervals and the samples for the same time combined. 

After the composit samples were prepared and labeled, the samples 
and forms requesting appropriate tests were delivered to the Trinity 
River Authority Lab about 30 miles (48.28032 km) distant. Samples 
which could not be prepared or delivered irrrnediately were refrigerated. 

A list of the laboratory tests made at the Trinity River Author
ity, preservation conditions, sample size, and holding time is included 
in Appendix B. 

Careful coordination with the supporting laboratory is needed to 
ensure that appropriate tests are made in a timely manner and the s2~ple 
bottles marked in a mutually agreed fashion. A laboratory should be 
chosen reasonably close to the monitoring site to cut down on the holding 
time of samples which is critical for some parameters. 
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The use of a checklist such as the one in Appendix "D" is advis
able as a reminder to personnel unfamiliar with procedures. A copy 
of the checklist should be filed at the site with the log book which 
serves as a complete chronicle of research happenings. 

Also in f-1ppendix 11 D" is a form v1hich can be of assistance in 
preparing composit samples. It is used to calculate the aliquots to 
be drawn from each sample bottle based on the flow ac~oss the weir at 
the time the samples were drawn. 

A Belfort 7-day Automatic Recording Rain Gauge, using a 24-hour 
gear to furnish an expanded scale for greater accuracy, was mounted 
on the bridge structure outside the guard rail near the drainage area. 
The rain gage measures the time of onset of rainfall, total amount of 
rainfall, and its duration. From this information, rainfall rate can 
also be calculated. Dustfall buckets equipped with bird rings \':ere ~:o·.rnted 
10 feet (3.048 m) above the surface of the roadway and 50 feet (15.24n) 
either side of the structure 10 feet (3.048 m) above ground. Dustfall 
buckets are used to assess the net contribution of resuspended dust fro~ 
the roadway when winds blow consistently from one side of the roadway 
to the other. Upwind values must be subtracted from downwind. 

Six Streeter-Arnet traffic counters programmed for 15 minute counts 
were connected to separate traffic loops to record traffic for each 
lane. Capacitors wired in parallel across the loops vary in size from 
one counter to another. This eliminates 11 crosstalk 11 by shifting the 
resonant frequency of the tank circuit. Fischer-Porter Traffic Counters 
borrowed from the State Department .of Highways and Public Transportation 
were used in the early stages of the experiment. Traffic counters are 
used to normalize the data for variations in traffic flow • 

. 
The Stephens, A-35 flow metsr records gage heights in feet which 

are converted to flow rate in ft /sec. (2.8316 liter/sec.). The flow 
rate established is used to prepare composite samples and calculate 
mean discharge in gallons or inches of depth. 
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Description of Research Site: 

IH-45 is a major urban Freeway between Houston and Dallas. Thcr~ 
is an interchange with IH-30 and the Central Expressway (US 75) in 
Dallas one mile (l.609 km) north of the site. The traffic lanes are 
bounded by curbing 611 (15.24 cm) high and a 4' (1.22 m) median barrier. 
There are three traffic lanes in each direction and un exit ramp south
bound. The Trinity River lies one mile (1.609 km) south of the site. 
The surface drainage area is 2.26 acres (.9146 Ha) or 0.00353 square 
miles (.009146 Sq km). It consists of an elevated bridge structure 
with six IH-45 traffic lanes 20 feet (6.096 m) above Forest Avenue and 
South Boulevard in South Dallas, Texas. 

All drainage from the bridge is collected by lines N, P, Q, and 
J at manhole J-2. (See Figure l) The manhole is the sampling 
location. Line J is a 15 inch (38.1 cm) storm sewer with a slop9 of 
0.66% which meets Line P, a 21 inch (53.34 cm) storm sewer with a 
slope of 0.69;,;, at right angles at Manhole J-2. Line J leaving nan
hole J-2 is a 21 inch (53.34 cm) pipe with a slope of 0.89%. 

The bridge structures were constructed between 1973 and Februa1·y 
1976. Data v1ere collected between nay and September 1977. It had 
been in service about one year at the time these data were collected. 
Since, in the first year of a new pavement's life, the wear rate of 
the pavement is relatively high, the solids data from this site may 
be biased on the high side when compared with highways which have 
older pavement surfaces. 
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Analysis of the Results: 

In seeking to determine a pattern in the relation between the 
concentration of one minute composite sa~ples and rainfall character
istics, the concentrations of 12 pollutants for which vie hold the 1°r1st 
data v1ere ranked in decreasing order of concentration and an overal 1 
rank determined for each storm event, (See Table 1). Storm event £1 
had the highest concentration for each pollutant analyzed. A great 
deal of consistency is shown througout, especially in the metals, solids, 
carbons, and sulphates. The nitrogen and nitrate tests appear less 
consistent with the other tests in concentration ranking: The standard 
deviation of the concentaticn ranks was less than 3.0 for all pollutants 
and each storm event. Storm event (S.E.) 2 was relatively low in iron 
and 5 high. SE 5 was relatively rich in metals. Otherwise the data are 
remarkably consistent in concentration ranking. This is shown by the 
close relationship between the overall rank of the concentrations for 
each storm event with the arithmetic mean of the individual ranks and 
the relatively small standard deviations. This indicates some relation
ship bet\'.'een concentration and certain characteristics of that particular 
storm event. 

Rainfall data v:ere then asserr:bled in order of concentration ran!'. 
(See Table 2). Here dry days are the number of days since signifi
cant, more than a trace, of rain fell. Almost all of the storms had 
a high rainfall rate. The exceptions were SE 4 and 11 with 0.22 
(.5588 cm) and 0. 17 inches (.~318 cm) per hour. Note that the four 
events with the greatest number of dry days also had the greatest 
concentrations as measured by a composite sample acquired in the 
first thirty minutes. On the other hand, the four storms with least 
number of dry days had the lov1est concentrations as shown in Table 2. 
It should also be noted that the storm with the highest concentrations 
(SE 6) had the greatest number of dry days and the l0\'1est rainfall, 
while the storm with the greatest rainfall (SE 9) had the lowest 
con cent ration and very fev1 dry days. No samp 1 es were pre pa red for SE 1 O 
because the rainfall was insignificant. 

One might hypothesize that SE 6 with its low rainfall amount 
(0.08 11 ) (.2032 cm) and short duration (five minutes) represents the 
rich first flush from the roadway. This does not seem to be the case, 
since the rainfall rate of about one inch per hour should be sufficient 
to remove a great deal of the loose material from the impervious 
bridge structure and carry it through the relatively tight storm se1·.1er 
system. The flow meter indicated a sharp single peak as the runoff 
collected rapidly. 
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TAR'..E 1 

Rankin;; of Conc~~tration 

~tl Stom Ari th:iC' tic St11r.<!11 r~ 
Rank Event Fe Fb Zn TSS 1VS T!:IS TS co:, TCC K-N NOJ S04 ~!('an (A.l1.) Vc·d.~:i~:1 rr 

9 1 9 6 6 6 4 9 9 9 7 8 4 7 7.00 0.14 

2 2 10 4 J 4 2 6 2 2 1 7 1 2 J. 6 7 2. 71,. 

4 3 - - - J 5 5 J 8 5 J 3 - 4.JS l. 77 

8 4 4 8 8 8 8 J 7 7 - - - 8 6.7S 1.92 

7 5 3 2 4 11 10 3 8 4 6 6 9 6 6.CCJ 2. 9:; 

1 6 1 1 1 1 1 1 1 1 - - - 1 1.00 0.00 -- 3 7 2 3 2 2 5 7 G 3 2 4 7 3 .3.83 l. 95 

10 8 6 9 9 9 9 8 10 10 8 9 5 9 8.42 1.51 

11 9 8 10 10 9 11 10 11 11 9 1 6 la 8 .. 33 2.85 

5 11 5 5 5 10 3 6 5 5 4 2 2 5 4. 75 2.09 

6 12 7 7 7 5 6 2 4 6 3 5 8 4 5.JJ 1.8) 



TABLE 2 

CONCENTRATJO>: RN(l~D/C AND PAINFALL 
cc.-::u·::·;"u,n r.-:-i 

on J RAEW:/HR)2 Di.aumo:1 k/\hK ST(,,:~: rvi:r,T t IV,lNFAl.L (Mn;) DRY DAYS 

6 0.08 0,96 5 16,6 

2 2 0.10 0,60 10 9.9 

3 7 1.05 1.80 35 11. 7 

4 3 1.00 0.60 100 12.2 

~ 11 o. 16 0.17 55 3,4 

6 12 0.18 1,1 10 S.B 

7 5 0.19 1.14 10 7.4 

8 4 0.40 0.22 110 3.2 

9 1 0.34 1,36 15 0,9 

10 8 1. 13 1.51 45 4,7 

11 9 .1.35 1.01 55 1.6 

1 in. = 2.54 cm 
2 in./hr. = 2.54 cm 
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One could also hypothesize that the volume of rainfall deternines 
the concentr0tion since SE 6 v,ith the highest concentration harl the 
least rainfall and SE 9 with the least concentration had the qreatest 
amount. Although this may be a factor, it is not an overriding On'?, 

since other storms with relatively large amounts of rainfall and long 
durations do not necessarily ran!: low in concentration if they have 
a large number of dry days; for example, SF 3 v1hich ranks 4 producr~d 
an inch (2.54 crn) of rain over 100 minutes after 12.2 dry days. On 
the other hand, SE 11 ranked five with only 3.4 dry days. It had 
a relatively small amount of rainfall (0.16 inches) (.4064 cm) sprnad 
over 55 minutes for the lowest rainfall rate (0.17 inches/hr.) (.4319 
cm) of any of the storms. 

O.n page 47 in Appendix E rainfall is plotted versus rainfall rate 
for all storm events. Several storms with higher rainfall rates than SE 
11 and about the same amount of rainfall appear to be significant stor~ 
events v1hile SE 11 does not fit the pattern of the other storms because 
of its low rate of rainfall. It would appear from the plot that a rainfall 
rate sorne\·ihei·e bet1·1een 0.17 inches (.4319 cm) per hour for SE 11 and 0.60 
inches (1. 524 cm) per hour for SE 2 \'JOul d constitute a minirr:um for a 
significant storm event in tems of amount and intensity of rainfall. 
The concentration data for SE 11 should be used with caution. All other 
storms shou1d qualify as significant storm events because of their high 
rainfall intensity and the imperviousness of the site and collection 
system. 

Another stratification of the data which proved useful in check
ing the internal consistency of the data base was one in which ratios 
of the pollutant concentrations within each storm were compared with 
other storms. This was done to show outliers due to poor sample 
handling, degradation of samples, inaccurate compositing, inaccurate 
laboratory analysis, or um1arranted assumptions. The metals v:ere 
checked against each other and then against the solids (See Table 3). 
Ratios calculated from the arithmetic means at the bottom of each 
column may be used to check variations from that mean. 

Ratios between iron and lead are consistent with the exception 
of the first two storms. This may be due to delays in acidizing the 
samples. Ratios between zinc and lead are extraordinarily consistent 
except for SE 2. Zinc and iron ratios are consistent except for the first 
two storms. This leads to the conclusion that iron values are low for 
the first tvm storms. Sulphates are higher for the ten minute sample 
interval over the one minute, in fact at least double the shorter sample 
interval type. The heavy metals appear to be the most consistent data 
source and those most closely related to motor vehicles as a source of 
water pollutants. This is inferred from knowing that leaded gasoline is the 
most likely source of lead and the consistent ratios between lead and zinc 
or iron. 
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TABLE 3 
~ATER POLLL'":'A.\'"t R.',TJOS 

s. ,\ ~·) ~ r,. i'n Zn I!~ T\'S 'J:i<; TS 10:: Tl\S cm TOC l('; ~: -~; Cr 

'--
lnt~l\'.:J} Pl, l'D Fc- Pb Pb l'b Pb TS TS l'l, Pb Pb Pb l·u 

1 :01 1.66 0,114 o. 26 181 95.3 77 .3 35.:, 0.51 0.22 128 2C2 2.25 C. '.11 1:. :· 

:10 1.67 0.46 0.28 152 62.6 125 340 0.45 0.37 181 45.4 2.30 0.75 :CS.9 

2 :01 1.26 0.62 o.~0 246 J.20 2.:.2 603 0.40 0.40 47) 139 7.65 2.2[ 47.C 

: 10 1.19 o. 93 0.78 150 93.4 447 695 0.22 0.64 881 251 1. 32 119 

3 ;01 0.44 0.44 

:10 0.10 0,84 

4 :01 5. 94 o.47 0,08 139 69.3 537 745 0.19 o. 72 522 12.6 

:10 4.51 0.42 0.09 105 29.2 640 772 0.14 0.83 490 93.5 

5 :01 2,87 0,3b 0.13 221 13.4 1n 216 0.10 0.84 262 3&.8 1. 89 O.Cf 18.0 

6 :01 3.75 0.48 0,13 ~39 178 454 970 0.35 0,47 470 57.9 

7 :01 5.0'.J 0.42 o.os 200 45.2 62.7 30& 0.65 0.20 281 53,7 3.31 0.15 2 E,, 8 

8 :01 5.E4 0.44 0.07 156 56.3 156 369 0.42 0.43 228 63.4 4.40 1.s.:. 15.3 

9 :01 4.69 0.37 0.03 187 62.2 129 378 0.49 0.34 155 27,8 47.8 2.20 l i'. 2 

11 :01 3.04 0.43 0,14 144 80.3 255 479 0.30 0.53 396 77.1 7.76 1.60 :,4. 5 

:10 4.27 0.47 0.11 174 68.5 525 767 0.23 0,68 566 132 1,35 3.49 GS. 7 

12 :01 3.41 0.59 0.17 151 97.6 641 890 0, 17 o. 72 537 136 9.00 0.371 G2.0 

X 3. 51 0.49 0,21 181 76.9 319 564 .323 ,542 398 90.2 9.99 1.% 43. f, 

CJ 1.63 .143 ,202 57.4 40.8 212 243 .165 .215 207 68.3 13.8 1. 0~ 32.9 
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TABLE 3 
WATEk POL.Ltl'T/,.,',"j RATIOS 

S,unplr- Fe Zn Zn ill T\'S T:'S TS TSS rns CClD IQ£ Kil li:l! ~~ 
lntl:rv11l Pb l'b Fe Pb Pb Pb Pb TS TS Pb Pb Pt> Pb Pb 

1 :01 1.6(, 0.44 0,26 181 95.3 77,3 354 0.51 0.22 128 282 2.25 0.91 11. 2 

:10 1.67 0,4(, 0.28 152 62.6 125 340 0,45 0.37 181 45,4 2.30 0.75 25.9 

2 :01 1.26 0,62 0.50 246 12() 242 608 0.40 0.40 475 139 7.65 2.20 47.6 

:lo 1.19 0.93 0.7B 150 98.4 447 695 0.22 0.64 881 251 1.32 119 

3 :01 0,44 0.44 

:10 0,10 0,84 

4 :01 5.94 0.47 0.08 139 69.3 537 745 0,19 o. 72 522 12.6 

:10 4.51 0,42 0.09 105 29.2 640 772 0,14 0,83 490 93.5 

5 :01 2.87 0,38 0.13 221 13.4 181 216 0.10 0.84 262 38,8 1.89 o.cs 18.0 

6 :01 3,75 0,48 0.13 339 178 454 970 0.35 0.47 470 57.9 

7 :01 5,00 0,42 0.08 200 45,2 62,7 308 0,65 0.20 281 53.7 3.31 o. 15 28.8 

8 :01 5.64 0.44 0.07 156 56,3 156 369 0,42 0.43 228 63,4 4,40 l. 84 15.3 

9 :01 4,69 0.37 O.OB 187 62.2 129 376 0.49 0.34 155 27,8 47.8 2.20 17.2 

11 :01 3,04 0,43 0,14 144 80.3 255 479 0,30 0.53 396 77.1 7,76 1.60 34.5 

:10 4.27 o •• 47 0.11 174 68,5 525 767 0,23 o.68 566 132 1,35 3.49 6S.7 

12 :01 3.41 0.59 0.17 151 97,6 641 890 0,17 o. 72 537 136 9.00 0.371 62.0 

-X 3.51 0,49 0.21 181 76.9 319 564 .323 .542 398 90.2 9.99 l. 36 43,8 

C1 l. 63 .143 .202 57.4 40.8 212 243 .165 .215 207 68.3 13.8 1.04 32.9 
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Graphical Plots of Concentration Versus Dry Days 

It should be remembered that all of the data points plotted are 
concentrations from samples acquired with a one-minute time interval; 
in other words, 28-29 minutes after the weir is topped by water col
lected at the manhole or within 30 minutes after it starts raining 
at the bridge structure if the onset was intense, as it almost always 
was. 

As a result of these two numerical exercises, concentrations for 
each pollutant parameter were plotted against the number of dry days 
preceding each storm event (Appendix F). This resulted in linear plots 
for iron, lead, zinc, Kjeldahl nitrogen and dustfall, and curvilinear 
plots for total suspended solids, total solids, sulphates, total organic 
carbon, and chemical oxygen demand. No plot could be determined fnr 
nitrate nitrogen since the distribution appeared to be random in natur 0 • 

The linearity of the data plots throughout six of the curves and 
through the first 8-10 dry days for the other four is striking (See 
Appendix F). The closest linear fits were those for zinc and lead 
with iron showing a somewhat greater dispersion. Storm event 11 ap
pears to be higher in concentration than the other events in most 
cases. This is probably due to lo\'J rainfall intensity. The only plot 
which appears to curve throughout is the one for total suspended 
solids. This is the only line \'~ich would curve if SE 6 was omitted. 
The curvature of TSS is supported by 3 storm events other than SE 6. 

Why the plots curve upwards, or accelerate with time, is diffi
cult to hypothesize. It could be due to changes in the nature of the 
deposition on the highway. For example, in the absence of rainfall, 
a film of oil is often deposited on the highway. This film can trap 
resuspended dust and particulate from vehicle exhaust. Another fac
tor could be increased roadway abrasion and wear when a pumice like 
layer of dust is deposited. A third possibility is an outside influ
ence such as fallout from wind driven soil exposed after one to two 
weeks of no rain. 

Analysis of samples collected at 10 minute intervals shows concen
trations about 2/3 those collected at one minute intervals. Examina
tion of the sample bottles for particulate shows most of the particul2te 
matter passes through the storm sewer system and across the weir in the 
first few minutes. 

The hydrograph trace usually peaks very rapidly follov,ed by a quick 
return to a relatively low hearl which diminishes very slowly. It is 
often difficult to determine \'Jhen the influence of a short storm event 
has passed because of the long tail on the hydrograph trace. 
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(See Appendix G) The long tail on the hydrograph indicates a 
very slm·1 decrca.sc in the flm·1 ra.te in the latter stages of the storm. 
Since the storms were usually short showers, this slow decrease in 
flow does not seem realistic. 

One important factor that might have caused long tails on the 
hydrograph traces may have been sediment washed into the storm sewer 
system after sanding of the pave~ent surface by highway maintenance 
cre\·JS follov1ing ice storms. Serli11;ent in the se1·1er can act like a long 
sand filter retarding the runoff. It can also interfere with the 
operation of floats and create errors in dischargr rate estimates. 

Accurate calibration of the pen position is important to reduce errors. 
If sampling takes place longer than water flows over the weir, results 
would be biased by the lesser pollutant concentrations in water storerl 
behind the weir. On the other hand, if a storm is composed of several 
showers, the 10 minute sample interval ~ay he more appropriat~ for 
characterizing pollutant concentrations. Since most of these storms 
consisted of single shm·1ers, the one minute interval \'/as dPe111eri most 
suitable. 

Dustfa.11 is a crude method of measuring particulate aerosol. 
Those data points \'lhich shm!rd a significa.nt difference bet\'1r:en up1·.rind 
and downwind samples were plotted. ThesP were TDS and TS for SE 6 
and TDS for SE 3. The TS for SE 3 was extrapolated from the ratio of 
TS to TDS for SE 6. The results are tenuous and further measurements are 
required before they can be assumed to have a reasonab1e validity. 

Runoff-Rainfall Ratio 

Total discharge was calculated from each hyctrograph trace. The 
tables calculated by USGS in Appendix A were used to convert head 
above the weir to discharge in cubic feet per second. It was often 
difficult to calculate the exact area under the curve for sharp peaks 
or very shallow slopes. It was also difficult to tell when flow over 
the weir had ceased. 

The discharge Q was calculated as a mean discharge over one day 
by multiplying the total discharge in cubic feet per second by the 
number of seconds in one day: 

3 . ) 4(sec) Q(ft /sec or 2.831G Liter/sec 8.64 X 10 day = 

Q(ft3/ctay or 2.8316 Liter/day) 

This can then be converted to inches of depth over the area and di
vided by the area to obtain a nor~alized factor in inches/acre/day. 
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TABLE 4 

Runoff-Rainfall Ratios 

Rainfall Rainfall 
Fn.infnll Inten!'ity Ournticn 

SE (in.) 1 (in. /hr.) 2 (hr :min) 

1 0.34 1.36 :15 

2 0.10 0.60 :10 

3 1.00 0.60 1:40 

4 0.40 0.22 1:50 

5 0.19 1.14 . :10 

6 o.os 0.96 :05 

7 1.05 1.80 : J.~ 

8 1.13 1.51 :45 

9 1.35 1.01 1:20 

12*.(< 0.18 1.08 :10 

1 in.= 2~54 cm 
2 in./hr. = 2.54 cm per hour 
3 ft3 = .028317 m3 
4 ft3/sec. = .028317 m3/sec. 
5 in/day= 2.54 cm 
6 in./hr. = 2.54 cm 

Total Hean Q 
Flew Flew Runoff R 
(ft 3 ) 3 (ft3 /,;cc. )4 (in./<'.ay)S 

13.3 C.032 0.334 

6.6 0.011 0.120 

55.1 O.C'JG 1.00() 

14.6 0.025 0.266 

34.3 o.oso O.G25 

11.6 0.020 0.212 

11.1 0.020 0.213 

71.1 0.123 l.3CO 

79.4 0.133 1.450 

10.l 0.178 0.184 

Ru..,,:,ff Ru..,off 
Durntion Ir.te'."'.~it,· 
(h:::- :c'lin) (in./hr. ~fi 

4:12 o.cso 

4: 15 0.023 

4:30 0.233 

7:59 O.CJ3 

11: 5S 0.005 

9:41 0.022 

:54 0.237 

2:4G 0.470 

8:42 0.167 

7:10 0.026 

* There was insufficient rainfall for SE 10 and no samples because of 
equipment malfunction for SE 11. 

Q/R 

o. 93 

1.20 

1.00 

0.67 

3.29 

2.64 

0.20 

1.15 

1.07 

1.02 



3 2.75 X 10-4 
Q(ft /day or 2.8316 Liter/day) ~-A~ 

Q(in./acre/day or 1.6387- 2 Liter/day) 
= 

For this drainage basin of 2.26 acres (.9146 Ha) the Q(ft3/sec or 
2.8316 Liter/sec) was f11U1tipli~ci by 10.5 to arrive at Q(in./acre/day or 
6.24 x 10- 2 cm/km/per day). 

When Qin inches/acre has been determined, the Q/R, or runoff 
versus rainf21l ratio can be determinerl for each storm event. The 
runoff should be almost equal to the rainfall over an impervious drai1-
age basin v:ith a ti9htly enclosed storm sev1er system such as this one. 

When the runoff-rainfall ratios (Q/R) are calculated for each 
storm event {Table 4), there are four ev~nts which do not app~ar to 
fit the pattern, SE 4, 5, 6, an~ 7 with Q/R values of 0.67, 3.29, 2.fn, 
and 0.20. The remaining values range from 0.98-1.20 with an arith
metic mean of 1.07 and a standard deviation of 0.11. Although this 
1.07 Q/R indicates more runoff than rainfall, a small systematic 
error may be presumed for these data which appear reasonably consistent 
overall. 

SE 6 with a Q/R of 0.67 had the 10\·:est rainfall intensity of any 
storm (Table 4) with 0.22 inches/hour (.5588 cm) and the largest rain
fall duration of 1:50. This indicates a slow drizzle with greater 
losses due to evaporation and penetration of surrounding soil or losses 
due to leaks in the system. The usual sinks for runoff should be more 
apparent for this type of storm. 

On the other hand, rainfall patterns do not explain the exception
ally High Q/R for SE 5 and 6 which was three times the rainfall or 
SE 7 which was one-fifth of the rainfall. Since the results for 
storm events before and after these events seem reasonable, there must 
be some intermittent cause. One possibility is a buildup of sedi
ment in the storm sewers. 

A characteristic of a sharp-cresterl weir is its tendency to trap 
sediment behind the weir. If sufficient sediment enters the stillin~ 
well, it can prevent the float from returning to a level which indicates 
water is no longer passing over the weir. If even more sediment is 
washed around the base of the stilling well, the float can be burierl 
in the sediment and fail to rise. This interference with the flnat 
action by sediment can result in extension of the time of flow, ele
vated discharge rates, delayed onset of discharge, or failure of the 
storm to be recorded or the safllples to be initiated. 
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TADU: 5 

Ranking of Rainfall and Runoff Values 

R-Rainfall (in. /day)1 . 2 
Q- Runoff (in./ day) Q/n 

SE SE SE 
1 (6) 0.34 (5) 0.334 (6) 0.98 

2 (9) 0.10 (9) 0.120 (1) 1.20 

3 (4) 1.00 (4) 1.000 (5) 1. 00 

4 (5) 0.40 (6) 0.266 (7) 0.67 

5 (7) 0.19 (7) 0.204 

6 (10) 0.08 (10) (8) 0.086 

7 (3) 1.05 (3) 1.123 

8 (2) 1.13 (2). 1.300 (2) 1.15 

9 (1) 1.35 (1) 1.450 (3) 1. 07 

12 (8) 0.18 (8) 0.184 (4) 1.02 

1 in./day = 2.54 cm 
2 in./day = 2.54 cm 
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In the case of SE 5 and 6 it is believed that excessive runoff 
may have been indicated on the hydrograph trace and for SE 7 too little. 
The bottom of the manhole was cleaned after SE 9 when excessive sedi~ent 
buildup was noticed. 

Looking at Table 4, the runoff duration varied from :54 for SE 7 
to 11:56 for SE 5. SE 4 with 7:59 and SE 6 with 9:41 were also long 
flows. The first three storms had durations of slightly more than four 
hours. This may mean the gradual buildup of sediment may have influ
enced the nean daily discharge through SE 9 when the sediment was re
moved. Of course, another possibility is an error in calibration of 
the hydrograph pen, a critical factor in measurement of flow. 

In Table 5 rainfall (R), runoff (Q) and Q/R were ranked. It was 
noted that the highest Q/R of 1.20 occurred in SE 2 with the lowest 
runoff. This may have been because external infiltration had a lar0er 
effect on the smallest volume of runoff. The four smallest storms in 
terms of rainfall (2, 5, 6, 12) were also the four storms with the 
least amount of runoff and the four storms with the largest rainfall 
(9, 8, 7, 3) had the greatest runoff. 

Runoff Calculations: 

The runoff Qin cubic feet per second from Table 4 can be con
vertect to cubic feet per day and gallons. An assumed Q can be deve
loped for SE 5, n, and 7 by use of the mean Q/R value 1.07 and con
version of inches to cubic feet per second {See Table 6). The mean 
Q/R can in this way fill important gaps in the data. Since an average 
Q/R value greater than unity is obviously unrealistic, it is probable 
that flow rates, size of drainage basin, or rainfall amounts are in 
error. Errors in flow rate and flow duration are most probable. This 
will be verified by further research. 

Water Quality Data 

Concentration in mg/liter can be converted to pounds of pollu
tant as described in an Envirex Report [5]: 

Total pounds= C(mg/1) X 6.37 X 10-5 X V(ft3) (2.8316 Liter) 

where: C = Concentration 
V = Runoff volume 
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TABLE 6 

Runoff S ur::r.a r y 

SE Q(ft3/scc.) J Q (ft 3 / d:1y) 2 Q(r;<1llons/d:1y)3 

1 0.032 2,765 20,G82 

2 0.011 950 7,109 

3 0.096 8,294 62,046 

4 0.025 2,160 16,158 

5 0.019 1,642 12,280 

6 0.008 691 5,169 

7 0.107 9,245 69,156 

8 0.123 10,627 79,497 

9 0.138 11,923 89,191 

12 0.018 1,512 11,311 

1 ft3/scc. = 0.028317 33 
2 ft3/day = 0.028317 m 
3 gallon/day= .0037854 m3 
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Pounds of pollutant havr been calculated for each storm event for 
total solids and lead in Table 7 and Table 8. Also calculated are 
pounds of pollutant per inch of runoff (normalized for the drainaqe 
area), pounds of pollutant per runoff intensity, and pounds of pollu
tant per dry day. 

The pounds of solids in Table 7 are greatest for events 3 and 7. 
These are the first t\'!O stoms with at least an inch of rainfall. If 
SE 7 effectively cleaned the bridge, SE 8 and 9 which followed closely 
thereafter would have fewer pounds of solids to remove. It is inter
esting to note that SF 6 with the highest concentration had a rela
tively small pollutant load in pounds of solids when compared with SE 
3 and 7. 

The pounds per inch of runoff is high for SE 7 and relatively low 
for SE 5, 8, and 9. SE 6 ranks second. This leads to the hypothesis 
that SE 6 with a rainfall of 0.08 inches (.2032 cm) did not rem~ve 
all of the available pollutants from the highway, while SE 7 with a 
rainfall of l .05 inches (2.667 cm) and a rainfall intensity of 1.80 
inches (4.572 cm) per hour was much more effective in cleaning the 
roadway since more pollutants per runoff inch were produced with SE 7. 

The pounds per runoff intensity was very high for SE 6, 7467 
pounds (3.3869 Metric Tons) per inch/hour. This is probably due to 
the buildup of sediment in the storm sewer which delayed the runoff 
and gave a low runoff intensity of 0.009 inches/hour.(~0228fi cm). SE 
6 was a very short, intense storm with a long runo'ff duration. 

One of the most interesting st~tistics fn Table 7 is the pounds 
of pollutant per dry day. Th~se may be divided into three categories. 
T\'IO storms had about 38 pounds (17.24 kg) (SE land 9), three had 
about 18 pounds (8. 165 kg) (SE 3, 7, and 8), and four hart about four 
pounds (l. 184 kg) (SE 2, 5, o, and 12). The remaining storm, SE 4, 
was the slow drizzle with a Q/R of 0.67 which when converted to a 
normal rainfall runoff ratio of l JJ7 would be close to 18 pounds per 
dry day. The two with the highest pounds P'=r dry day had the least 
number of dry days, SE l with 0.9 days and SE 9 with 1.6 days. All 
of the storms with 17 (7.711 kg) or more pounds had more than one 
inch (2.54 cm) of rainfall except SE l which had the least number of 
dry days and 0.34 inches (.8636 cm) of rain. All storms with less 
than 0.2 inches (.508 cm) of rain had about 4 pounds (1.814 kg) of 
total solids per dry day. 
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N 
.:::. 

cts 
(11ig;)dsl RunoJf 

SE (1113/ l) (ft > 2 

1 (8) 197 (8) 34.7 (5) 2,765 

2 (2) 445 (10) 26.9 (9) 950 

3 (3) 429 (1) 226.7 (4) 8,294 

4 (6) 301 (6) 41.4 (6) 2,160 

5 (7) 259 (9) 27.1 (7) 1,642 

6 (1) 1527 (4) 67.2 (10) 691 

7 (5) 354 (2) 208.5 (3) 9,245 

8 (9) 118 (3) 79.9 (2) 10,627 

~ 9 (10) 79 (5) 60.0 (l) 11,923 

12 (4) 365 (7) 35.2 (8) 1,512 

1 lbs.~ .45359237 kg 
2 ft3 = 0.028317 m3 3 
3 lbs.fin. = 16.018377 kg/m 
4 in./hr. = 2.54 cm 

Pounds 
~ 

(lbs.fin.) 3 

(7) 103.9 

(4) 224.2 

(3) 226.7 

(6) 155.6 

(9) 43.4 

(2) Jis.5 

(1) 978. 9 

(8) 61.5 

(10) 41.4 

(5) 191.3 

5 lbs./in./hr. = 0.17857967 kg/cm 
6 in.= 2.54 cm 
7 lbs./day = .45359237 kg 

TABLE 7 

Total Solids 

Runoff Pouti.ds ~U".''l':!5 

Intcn~ity 4 Runof~nsity D,:y Dnys R.nl:1foll 6 Dry Day 7 
(in./hr.) (lbs./in./hr.) 5 (d.1y3) (in.) (l!J,;./c'.ay) 

(6) o.oso (7) 434 (10) 0.9 (6) 0.34 {1) 33.6 

(8) 0.028 ('.j) S61 (4) 9.9 (9) 0.10 (10) 2.7 

(3) 0.233 (4) 973 (2) 12.2 (·~) 1.00 (3) 13.6 

(7) 0.033 (3) 1255 (8) 3.2 (5) 0.40 (6) 12.9 

(4) 0.176 (10) 154 (5) 7.4 (7) 0.19 (9) 3.7 

(10) o. 009 (l) 7467 (1) 16.6 (10) O.C8 (3) I~. 0 

(1) 1.248 (6) S80 (3) 11. 7 (3) 1.05 (4) 17 .3 

{2) 0.470 (9) liO (7) 4.7 (2) 1.13 (5) 17.0 

(5) 0.167 (3) 359 (9) 1.6 (1) l. 3S (2) )i.S 

(9) 0.026 (2) 135~ (6) 5.4 (8) 0.18 (i) S.5 



TABLE 8 

L<-nd 

Po'E:'&~ Runoff _l'._o2::t!ls Dry ,cund~ 
cl'b ---Runoff Runoff R"noff Intcn:::ity Runcff J::i.tcn.sityS t:::ys Rain fa 1 \; Dry u~y 7 

SE (,::g/1) roun-lnl.'b 1 (ftJ) 2 (in.) J (lcs./ir..) 4 (lb~./b./:,r.) (~::,y5) · (in.) (:r~./,c,:;) 

1 (5) 0.556 (6) 0.093 (4) 2,765 (4) 0.334 (5) o. 293 (5) O.C80 (5) 1.22 (9) 0.9 (5) 0.3~ (1) O.ln 

2 (4) 0.731 (9) 0.044 (8) 950 (9) 0.120 (3) 0.367 (7) 0.028 (3) 1.57 (3) 9.9 (8) 0. 10 (8) o. co:. 

3 

4 (7) 0.404 (8) 0.056 (5) 2,160 (5) 0.266 (7) 0.211 (6) 0.033 (2) 1.70 (7) 3.2 (4) 0.40 (5) 0.018 

5 (2) 1.198 (4) o.i25 (6) 1,642 (3) 0.525 (8) 0.200 (3) 0.176 (7) 0.71 (I,) 7.4 (6) 0.19 (6) 0.017 

N 
6 (1) 1.574 (7) 0.069 (9) 691 (7) 0.212 (4) 0.325 (9) o.c:::9 (1) 7.67 (1) 16.6 (9) 0.03 (8) O.Cch 

"" 7 (3) 1.149 (1) 0.677 (3) 9,245 (6) o.213 (1) 3.180 (1) 1.2!,3 (3) 0.54 (2) 11. 7 (3) 1.05 (3} 0.0~3 
-

8 (8) 0.320 (2) 0.217 (2) 10,627 (2) 1.300 (9) 0.167 (2) OJ,70 (9) O.t,6 (6) , •• 7 (2) 1.13 (4) O.C.'..6 

9 (9) 0.209 (3) 0.159 (1) 11,923 (1) 1.450 (2) 0.464 (4) 0.167 (6) 0.95 (8) 1.6 (1) 1. 35 (2) 0.09? 

12 (6) 0.410 (10) 0.039 (7) 1,512 (8) 0.184 (6) 0.212 (8) 0.026 (4) 1.50 (5) 5.4 (7) o.~s (7) 0.007 

l pounds= .4535923 kg 
2 ft3 = .028317 m3 
3 in.= 2.54 cm 
4 lbs.fin.= 16.018377 kg/m3 
5 lbs./in./hr. = .17857967 kg/cm 
6 in. = 2.54 cm 
7 dry day= 165/day 



This leads one to believe that if enough storm events were mon
itored, all intense storms could be divided into several categories 
depending on rainfall amount, and less intense storms could be char
acterized by rainfall intensity. Then if a rainfall pottern was 
known from climatological data on rainfall amounts, time between 
storms, and rainfall intensity, the pounds of pollutants washed off 
an impervious section could be predicted. In this way the worst case 
assumption could be shovm, because hi g!wrnys which are 1 ess impervious 
will produce fewer water pollutants. In addition, there are often 
many sinks between the highway and a receiving body of water. Sedi
ments settle and some minerals such as lead are tightly bound by clay 
minerals or organic compounds. If an upper limit can be determined 
and the sinks modeled, the actual impact of the highway on receiving 
waters can b~ predicted for any scenario. 

The pattern for lead in Tahle 8 is very similar to that found for 
total solids in Table 7. The two highest ranking storms in pounds/dry 
day are SE 1 and 9 and the amounts for the other storms are com
parable. A close relationshio has already been shovm between leari, 
total solids, and most of the other pollutants. This sugqests that the 
variations identified are real. 

It is interesting to observe the exceptionally high washoff rate 
for heavy rains with the fev1est dry days. This could be due to the 
higher collection efficiency of a wet pavement over a dry one. Most 
pollutants arising from vehicle exhaust and roadway abrasion are ele
vated and redistributed in the turbulent airstream around moving 
vehicles, except when the pavement is wet. The drainage system then 
becomes a sink for the vehicle source for those pollutants which nor
mally settle alongside the roadway, or are carried away by wind if 
fine enough. 
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Implementation 

The acquisition of arlditional data at this site and their analv
sis are recor'.i~:cnded rrior to imf)lenentation of these findinc,s. If -
sufficient good quality data can be acquired, the pollutants which 
accumulate and are washed off the road~av can be determined for anv 
rainfall scenario. These estimates of h~qhway impact on water qua)
ity could then be applied to similar sites. They would also give a 
11 \'JOrst case' 1 estimate for runoff fror-1 hi~h':!ays and could be used in 
conjunction 1·1ith modeling tecliniques developed by Envirex under FW!/'. 
contract to predict highway impact. 

These data are also useful in assessinq the tradeoffs beh1een air 
and water pollution. Resuspended dust alon~ roadways is beinq inten
sively studied because it is suspected to be an important nontradition
al source of particulate. How much influence a significant rainfall 
has on dust resuspended by vehicular turbulence remains in substantial 
doubt. Resolution of this will require monitoring of air and water 
pollution simultaneously. 

The automated water sampler is an effective tool for acqu1r1n~ 
high quality data. A sharp crested weir is not very suitable in a 
storm sewer system because it traps too m11ch sediment. A flu~e with 
a gradual slope before and afte1· the throat would probably trap less 
of the sediDent. If a flume is used, a bubble manometer will orohahly 
be needed to gage the discharge. In any event, efforts should he ~arle 
in any study of hiqh\·Jay runoff to clean the catchments of extraneoL1s 
sediment and prevent its introduction into the drainage systen if 
possible. If the hiqh\·1ay is sanded heavily to improve vP.hicle traction 
in ice and sleet conditions, the sand should be removed with street 
sweepers before it enters the drainage system, if at all possible. If 
buildup in the storm sewer system becomes excessive, the weir or flune 
may need to be removed and the system cleaned by flushing or wait for 
rains to carry the sediment past the point of flow restriction. 

RECOMMEflD/HIOr!S FOR FURTHER RESEARCH 

Additional water quality data on highway runoff are badly needed. 
Models for accumulation and washoff need validation. Sources of 
water pollutants need to be identified and quantified. Sinks for 
water pollutants between the highway and receiving waters need to be 
identified and quantified. The relationships between resuspended 
dust and water quality need additional measurement in order to be able 
to assess the tradeoffs between air and water under different condi
tions. The objective should be to develop models wl1ich can predict 
highway impact on water quality for any set of conditions and place 
that impact in proper perspective • 

. 
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APPn:oIX A 

TABLE 9 

DISCHARGE RATil~G TAR\E 

to,,d 

,, .. ""·------

........... _ ..... , 
i, ______ _ 

f,.,._ ... ---- --- . --- ····•·· ... t., ___ -- - ••••· ••.•• -·; ,,.,,. ·····--·------- ,.,_ - ········--------

f:·. • .•..••.•••••.••••••••••• I<> ................... : fr,:-r.··••···-·····- ~ ············----
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TABLE 9 (cont.) 

DISCHARGE RATE:G TABLE , ... ""·········· 

frM •••••••••••••••••••••••• CD •••• • ••.••••••••••• f--············ to •••••••••••••••••••••• 

fr,YO••••••••••••••••••••••. • "'••••••••••••••••••• fr,;,r.•••••••••••••• to•••••••••••••••••••••• 

-~J .~cJ,, ;~:. L:~!,·J ,01 .~e .u I;= [ •M• 

f• fl• Ii Cf• I Cf• Cf• C/1 Cf• II.,. I '' D.7 l ~-' l :-, ' ,~. 7 lC t lC. ! l.l 
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Construction of the Heir 

The outflow pipe at the location of the research project is R 21 
inch diancter pipe of field-spun concrete. The pipe has a slope of 
0.89:'. dovmstream fron the ~aging site. A vieir plate \'/i:lS placerl on the 
outflow pipe to establish a means of determining the flow (discharn°) 
throu~1h the pipe. A relationship \·ms dE.veloped betv1een the \'later 
surface elevation in the manhole and the discharae throuqh the out
floH pipe. The v,eir plate is made of 1/8 inch C3175 en) thick alu
minum and \'las bolted on the upstream end of the pipe in the manhole. 
Below is an illustration representing the pipe and weir plate. The 
edges around the plate were sealed with epoxy to prevent water leak
a9e around the plate. The plate on the pipe reduced the cross-sec-
tional area of the pipe from 346 in2 (2232.25 cm2) to 194 in2 (1251. 
61 cm2) at the manhole, a reduction of 44%. See Figure 1. 

Calculations of the Discharge 

When the water surface elevation is less than the elevation of 
the top of the outflow pipe the water surface elevation-dischar~e 
computations are based on sharp-crested weir formulas in Chapter 4 
of King. \!hen the v1ater surface elevation is above the top of the 
outflow pipe, the discharge is computed from orifice. Flow computa
tions are outlined in Chapter 3 of King. 

The formula for the weir flow condition is Q=KLH312• 11 K11 comes 
from Ch. 4 pg. 10 in King using P=0·.5 ft (.1524 m). 11 L11 is the len~th 
of the v1eir l'lhich is 14 inches (35.56 cm) or 1.17 ft (.3566 m). 11 ~!" 
is the head or depth of the water surface over the weir. 

The formula for orifice flov1 conditions is Q=CS 2gh. 11 C11 is a 
discharge coefficient, 0.65 in this case, due to the shape, composi
tion, and physical environment of the opening. 11A11 is the area of the 
opening or 1.35 ft2, (.1255 m2) 11 911 is the acceleration of gravity, 

·32 ft/sec 2, (9.7536 m/sec) and his the head or distance from the 
water surface to the center of gravity within the opening of fl 01·1. 

The center of gravity of the opening is about 0.58 ft. (.1767 ~) 
above the weir elevation. 
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A?pu,Jlx C 

St.-'.i'1 I' ,' ; , I ( '. '.: .',' -~ ' 

!,'.'. ~ .. ·.y.:-J~ [ St:·:'.>t E HOLt;I\~ 
ji ,\ ; .. /,'.',_ ·:·: i.J }i~~~r-.~ f. _~ rn·r A~D:1:,i !:_~_SFRV;, TI 0~ T 1~·~ 

( ) ) 
PH Cv:7:pos ite Cool to 40c C, Hrs. 

lo L.c 1 u is, :i 1 \', :1 S:, 1 ids 7 days 

Te,l, 1 S0:.pcnrird so·1; d:. " 

Vol.it ill· Su~j:er,jrd S01 i cs 

·su Hilt.:: " " 

GI~ 0~1·1110 l QT. 24 hrs. 
-·--- -------------·-

':·) 
lh;.:;;i Cii 1 o,.yg2n De:;-riond Coc:;i~s itc, Cool to 40c and 7 days 

add H2S04 to pH 2 

Total Or9a:1ic. Co rbor1 " II 24 hrs. 

Total l'j.:: 1 d,, [, 1 t;i trOSN' II 

lii1rot~ t,i trc.:JC:n 1 1 Qt. II II 

(3) 
Lead Cor..µosHe add KN03 to pH 2 6 r,os. 

Zinc II " 

Iron 1 II 1 Qt. II II 

(4) 
Totcl Col ifon,1 Grab Cool to 4°c 6 hrs. 

Fecal Colifonn " • 

Feco1 Stre;:i 3 II Coliform II " 
Bottles 

(5) 
4oc Oil & Grease Grab Cool to and 24 hrs. 

add H2so4 to pH 2 

3 1 Qt. Mason Jar -
Aluminum Foi1 Lid 

(6) Dust fa 11 Accumulated 

Tota1 Dissolved Solids 3 200 ML. Cool to 4°c 7 days 
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APPEllDIX C 

DESCRIPTIOrl OF L/\f:OR/\TORY TESTS 

SOLIDS - Filtered and dried or volatilized and weighed 

COLIFORti - flembrane Filter 

Oil and GREASE - Freon Extrilction 

COD - Potassium dicl,romatc - sulfate acid reflex system followed by 
titration \·!ith ferrous arrmonium sulfate. 

Nitrates - brucine sulph2tc Method using a Spectronic 100. 

Kjeldahl flitrogen digestion procedure followed by analysis usinn the 
ammonia specific ion prohe. 

Sulphates - barium chloride gravimetric procedure. 

Bromides - carbon tetrachloride - potassium permanganate method 

TDC - Dohrman DC-520 Carbon Analyzer equipped with a flame ionization 
detector. 

Metals - Perkins - Elmer 403 atomic absorption spectrophotometer. 
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APPEtlDIX D 

RESE/\RCH STUDY FCI P 516 CHARACTERISTICS OF HIGH\/AY RU!lOFF 

CHECY.LISTS 

EOUIPMENT t1/\IrlTEl!MlCE TO GE PERFORi:!::D CY DIST. 18 (MR. CHARLES LITTLE) 

At a minimum of weekly intervals check these items of equipment: 

1. Water Samplers 
2. !3atteries 
3. Sump Pump Switch Sampler Actuator 
4. Event Marker 
5. Fl ovJ Meter 
6. Dust Fall Buckets 
7. Rain Gaqe 
8. Traffic.Counters 

1. Sampler Actuator 

Check sump pump switch in closed (raised) position 

2. Batteries 

Water level adequate 
Check battery voltage and recharge batteries if necessary 

3. Water Samplers 

Check switch settings 
Sample bottle 1 position 
Bottles clean and dry 

4. Event Marker 

Pen writing (check for storm events) 
Pen clean 
Refill ink supply 
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5. Fl 0\'1 meter 

Clock running 
Rewind (caution - do not ~verwind) 
Synchronize time 
(Record time errors on ch~rt and reset) 
Ched chart supply and replace roll if necessary 
Record gage height on flo~ meter chart 
Set flow meter pen if nec~ssary 

6. Dust fall buckets 

Refill one-half full of .distilled \•Jater 
Analyze results and reini!tiate sampling if no storm events occur 
for one month ' 

7. Rain Gage 

Pen vJriting 
Chart driving 
Synchronize time 
Reinstall chart weekly 

8. Traffic Counters 

Counting and tape drivinci 
Check calibration of Loo~s 
Synchronize time 
Check battery voltage and recharge if necessary 

9. Complete Log Book Entries, 

Record actions taken 
Record unusual .circumsta~ces or inoperative or ineffective 
equipment 
Record highway maintenance activities which might influence 
either air or water quality 

10. Report-inoperative equip~ent by calling Rod Moe at 
(512) 928-1133 or TEX-A~ 823-8574 

Reference: Envirex Procedural Manual pp. 57, 58 
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Water Quality Monitoring To Be Performed by District 18 (t~. Charles Little) 

l. Check flow meter for significant storm event and event marker for 
sampler actuation. 

2. Check to see if bottles are being filled 3/4 full. If not, and 
stonn still is undenmy, adjust switch settings accordingly. 

3. Collect (3) each grab samples during storm for: 

Coliform (Special Jar) 
Oil and grease (f1ason Jar with foi 1 under cover) 

Note: Try to collect grab samplers at beginning, middle and 
end of storm. 

4. Replace bottles with clean ones and cap those filled. 

5. Ice down samples collected if delay in delivery to T\-/QB is 
anticipated or samples have been standing for some time. 

6. Reset sampler actuator (switch closed). 

7. Collect f1ow meter chart for TWQB. 

8. Reinstall flow meter chart, synchronizing time and making entries 
on chart 

a. date e. record gage height on flow meter 
b. time chart 
c. operator f. reset pen if necessary 
d. time reset 

9. Cover 3 dust fall buckets and replace with fresh buckets one-half 
full of distilled water 
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10. Collect rain gaae chart and reinstall a new one 
Sychronizc time 
Record time errors 

11. Collect traffic record for all counters 
Record ti~e errors 
Replace tapes or charts 
Resynchronize time 
Forward traffic record to Rod Moe at D-8 P 

12. Record samples taken and all pertinent information in the log 
book 

13. Carry the foll01·1ing to the H/QB in Duncanville: 

Sample bottles, iced 
Flow meter chart 
Grab sar101 es 
Dust fal~ buckets, covered 
Rain gage chart 

14. Fonlilrd traffic tapes to Rod i1oe 

15. f1ake notes on unusual conditions or inoperative equipment in log 
book and contact Rod Moe concerning these as soon as possible. 
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APJ'E;;n1x E 

l-',r·: • , -j ! : T/1HLE )0 
POLLUTAl:T cm:r.i:~:TrJ, no:,; SlTl-~lARY 

s·;co:·. ·, t";.~:: 1 : ' 
r·. ,-r1 ]::,·,,. T7'.:i l h""J" i~ )- \' / ! ft \' I Zn (' C, TSS TVS Tn:, -- - - -·· -- - ---------- -----

(uf;/i) (ur;/J) (tc;;/1) (u;)i) (,;r,/l) (1+;/l) (1.;;/l; ( .. ~.-::, 

')/il/0 ~: r.n )·" : r,; S25 S56 2.!.) 101 53 43 l )7 

: 10 562 :,:,5 )55 51 21 42 ll~ 

"J G / l / i I /;30 r:·. : 01 !i2D 7:,J 456 H,O 68 177 I.' ' ~-
: l:) Sui. 427 395 M 42 191 2 "7 

j 6/)';/il 6: (;~; j 'i< :01 190 52 H:i°I 0.9 

:10 20 12 168 .7 2 CJ. 7 

4 6/15/'17 11: 2C, P"'' :01 21 .. oc 404 193 56 28 217 3(11 

:10 1390 308 129 32.2 9 197 ;, 3~. 2 

5 6/t."J/", / 8: (,(' /.!-~ :01 3!,~(1 11 ?B 455 ~6 16 217 2 :• 9 

6 7/S/7/ 10: 1 '.> r:·, : 01 590:l 15 7~ 752 ) 2. 1 s:.n 280. l 7'' ,~ j):7.l 

7 7/21/17 3:35 F;: : 01 571.D 111, 9 483 8.0 230 52 n '.i5i. 

8 7 /27 /77 7:00 J..!·1 :01 lb70 3~0 140 3.0 50 18 50 11e 

9 112,1n 9:25 ·,,r: :01 9t:O 209 78 4.0 39 13 27 79 

10 8/14 /77 7:00 P.l 

11 8/lS/77 5: 15 IY, :01 , . 2ZO:l 722 311 28.0 lOt. 58 184 3H 

:10 1860 438 207 300 76 30 230 336 

12 B/2b/77 5:00 I"J~ :01 1400 410 240 38,0 62 i.o 263 3t5 

1-;rnn:;':i 920 209 78 3.0 26 13 27 79 

MAXI:O:L:! 5900 l574 752 38.0 533 280.l 714 1527. l 
: 01 

Al'.l'i'i.!21'1C l:l:/,S 2578 727 335 15.5 1"3 63.5 195 4C2 

STA::DM::.D WVJ/.!l o:; 18&2 445 202 14.3 146 75.2 191 392 
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T,ULE 10 (cont.) 

POLLl1Tt::T c:o::cr::TrJ\TTO:: :ilT:l:Vd;.Y 
f.'i'O: ~ !;//-'.~ ; ·. 

~~·_! ___ 1,_.,~ ... ____ _22~·.:.._ ___ J~;·:·"· _______ _,·, p~, 7ri .r.(~ i-s~ T\'5 Tr.is 1<. 

(.,/,) (1..,-./!) \c!t'/;) \L./1) (:,;/)) (:.,[:/]) (r..6/j) (1.,/}J 

HJ i~.i.! '.'J.: ~Ct> 335 15;, 20 9 42 ll~ 

li!V:l,:.:. U.oG (, )~. 395 76 42 230 :,3;:, 
: 10 

Ar.1 ·, i ,: :nc ,. .. , 
l Oi U 377 222 48.b 22.B 166 237 :.:;.• 

Ei'~·;.;~J.'.KI1 fl:':\ J ,.. .. , Jc:. t.'.>9 65 120 22.8 13. 5 72.6 ec .1. 
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TABLE 10 (cont.) 
POLLUTA!,T co~ir.enrcATI0:'1 SUHM.ARY 

,c;-rr·:..~'. S.-'. 1 .1'L< ff,r, TO-.'"'. 1:1·,;:cr.~:\ ~~ITf\(;C;:.::~ hi~(.t:Jl;:_ SULrH.ATI: 
\-:'.'_~:..::._. _ _:;..:.;: ___ ..:,'._' __ ( ·.j)) (_fl) (- /1) (:- .. /1) (1 ~' :-/'-'. )"-____ (._n._,;~/_l) __ "-·-

2 

6 

7 

8 

9 

10 

11 

12 

:01 

: c,, 

: 10 

: 01 

: 10 

:01 

:10 

:01 

: 01 

:01 

:OJ 

:01 

:01 

: 10 

:01 

118 

107 

~)l 

151 

314 

7l,0 

323 

73 

32 .t. 

286 

248 

220 

"/3 

7L.O 

S1'Al\DAR:J D:::V. 196 

2 G. 1 

12 I. 1 

01. 7 

20,3 

5.8 

55.7 

58.0 

55.8 

5.8 

127. 7 

50.5 

. 34. 8 

2.08 

2. 1, 

3. [;7 

4,86 

5.1~ 

2. "7 

3.8 

1.4 

10.0 

5.6 

5.9 

3. 7 

1.4 

10.0 

3,98 

2,66 

43 

O.C4 

0.42 

2.03 

0.67 

0.86 

0.8G 

0.10 

0.17 

0.59 

0.46 

1.16 

1. 53 

0.152 

0.10 

2.03 

0.71 

0.62 

0.0 

0.0 

o. J 

0.1 

0.001 

c.001 

0;001 

o.w, 

C,02 

0,02 

0.02 

o.o 

0.02 

10.4 

15.1 

43.8 

60.l 

13,8 

5.9 

28.8 

21. 6 

91.2 

33.1 

4.90 

3.60 

24.9 

30.l 

25.4 

3.60 

91.2 

26.5 

26.3 

7. 33 

6.9 

6. <; 

7.f 

7. l 

7. [i 

7.2 

7.3 

7. l 

6.9 

7.0 

6.9 

7. :n 

7.12 

0.15 



TABLE 10 (cont.) 

l'OLLllT /\.';T cm:cr:1:TP.1\ TIO~] s~ ll\ARY 

C< 1~1 ·J'r<· r1·1_·:(/ .. ;:~: ~~··J r:;i:;t,~; SUi.T'l~,~7L 
_ 1_\' -2.'.. ___ 2'..:.·'..'. :~·L_ J: ...... ~J __ i::;.·!_:_~ __ f.:__·:!.lJ ___ ~_.1_,_) __ ,_, ::..f_1~\ __ c~_11~~--~r_r1 

1 o~ ;, ',. :, 3, L 7 

l '.!7. 1 5. 'j~, 
J •. ; u 

;,i<r,-, .. ,,.nc t:. '-.:. ;,J J ~o . .,, ,. , 97 

!. (1. 7 1.0:. 

0.42 

1. 53 

0.07 

0,4[, 

44 

13.8 

60.1 

29.6 

18.7 

6.9 

7,6 

7.1 

0, l, ') 



TABLE 11 

DllS1T/\.LL Sl'P, l~IJI PY 

f, ~ (): ~) ~ 'fl);. (q,jl) TSS ( mp,/1) 
EV:c:;r 

'i 3 2 3 

3 49 76.t 20 

* 4 30 13 

+ 5 12 

6 42 233 14G 5 232 98 

7 5:,, s 9 25 8.5 6 3.3 

8 2 2 1 7 12 2.8 

9 

10 

11 21 31 15 28 68 6 

}~!.tt!P.l.:>J 2 2 l 5 6 2.8 

MA.'-:11'!l4~ 53.5 223 146 28 232 98 

AIU Ti~~.:TI C !-'.::!Ji 34 68 41 12 80 28 

STAJ;flf.J·.:D DE\'. 22 91 59 11 105 47 

NOTE: l dO",mwind 

2 above the flcvntcd roadway 

3 upwind 
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ST,~,.:,: 
l:\!:r:ri' f);,;,· 

7 7 /!. l ii.' 

9 7/U/7, 

10 

l l 8/i8/77 

HI J;Ji: ;;-; 

TABLE 12 

GRAB SAMPLE SU:P.l.ARY 

7(>:,(J 82.) 

0 0 

'11,TC 

'l1~TC T1~·1 C 

1:;1c 

46 

0 

0 

0 

4/JO~I 

,.r,no 

OIL Er G!'.::t.~::: 
(u,g/1) 
6.9 

16.2 

13.5 

7 ·"' 

6.9 

16. 2 

12.2 

4.78 



F.A:?:i-'i·' L 1,::;-;, -----·---
~TCiF_'~ 

(1!; >1 
RAil;,/1,L 1:Ar DAY~ 

[\':::;J n.,,T,: TJ i;r: KA 1 :: r:.:..1. o,:rJ,nc:, (lu/hr) BE'IY'i:r.1' r: .. ;:s 

(; ',J'L(l/7/ f: 1 ~ I'.:;. :15 

,tntn J :liS P.M. 0.34 :15 1. 36 0.9 

2 '.,/31/'17 2:30 }'. :-: . O.JO :10 0.60 9.9 

3 (,/J?/77 6:00 p. ~-'.. 1.00 1 :40 0.60 12.2 

4 6/lS/77 ll:~O 'I ~ I '.,,. 0.1,0 1: l'J 0.22 3.2 

) G/23/17 8:00 A.]·'.. o. 19 :10 1.14 7.4 

6 7/9/77 l O: J 5 !'.)".. 0.08 :05 0.96 16.6 

7 7/21/77 3:35 p. y,. 1. 05 :35 1.80 11. 7 

8 7 /2(,/71 7:00 A.~'.. 1.13 :45 1.51 4.7 

9 7/2'1,',7 9 ::?5 p .E. l. 35 1:20 1.01 1. 6 

10 i:;;ri1 /77 ,, : J 5 A.M. 0.25 :45 0,33 

'e/i4/77 7:00 p. }'.. TRACE 1:00 

11 S/18/77 5:15 A.l·!. 0, lh :55 '0,17 3.4 

8/20/77 ;, : 17 I,. M. 1. '.>3 3:18 

8/22/77 3:18 p .:~. 0.33 :16 

8/~2/77 6:~fl p .l'.. 0.24 :17 

12 8/2E,/77 5:00 l',M. 0.18 :10 1.1 s.s 

Mll;I'.'.U.''. ''o.os :05 0.17 0.9 

MAXnrn:,1 1.35 1:50 1.80 16.l 

ARtn:i~:Tl C J.:-C/.'; 0.52 :43 0.90 7.0 

STANDARD r,::vrAnc:, 0.47 :37 0.52 5.0 

1 in. = 2.54 cm 
2 in./hr. = 2.54 cm 
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