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FORE\./ORD 

This report is comoosed of six volumes: Volume I doc~ments the con­
stituents of highway stormwater runoff and their pollu~ional effects; 
Volume 11 contains detailed procedures for conducting .a monitoring and 
analysis program for high\~Y runoff pollutant data; vblume I I I describes 
a simple predictive procedure for estimating runoff qJ"antity and quality 
from highway systems; Volume IV is the research ,·eport discussing 
research approach and findings; Volume V contains the computer users 
manual for a highway runoff data storage pro~iram and Volune VI is cin 
executive summary. The report wi 1 l be of interest to planners, 
designers and researchers involved in evaluation of highway stormwater 

·runoff contributions to nonpoint sources of .-1att::r pollution. 

Research in Water Quality Changes due to Highway Or1eraJions is included 
in the Federally Coordinated Program of Highway Research and Develc1pment 
as Task 3 of Project 3E, ''Reduction of Envircnmentc:11 Haz<1rds to :Water 
Resources Due to the Highway System11 . t\r. Byron N. Lord is the 'Project 
and Task Manager. · 

Sufficient copies of the report are being distributed to provide a 
minimum of one cooy to each FHWA Regional office, Division office ~nd 
State highway agency. Direct distribution is being made to the 
Division offices. , 

/ l , (-,-n .. c-. "-, ;.._, " ".J l 
Charles F. Scheffey 
Director, Office of Research 
Federc1l Hi9hv1c1y /\drninistrc1tion 

NOTICE 

This doctm1ent ~s d~ssernin~ted under t~e sponsorship of the Oc'partmcnt 
of Transportation in the interest of 1nfon11ation e:xch2ric1e. The 
United States Government assumes no liability for its content·; or 
use thereof. The contents of this report reflect the vie~s of the 
contractor, _who is responsible for the accuracy of the datJ pre­
s~nted herein. The contents do not necessarily reflect the official 
views or polic~ of the Department of Transportation. This re1mrt 
does not constitute a standard, specification, or regulation. 

The United States Government does not endorse ~rocJu::ts •or 1nanufacturerc,. 
Trad~ or manufact~rers' names appear herein only bo:ause they are· -
considered essent1al to the object of this docu111ent. 





INTRODUCTION 

The growing awareness of the threat to the environment by highway 
runoff has resulted in research to identify and quantify the effects 
of this runoff a~d develop measures for protection .of .the environment 
from any adverse effects. The Federal Highway Administration (FHWA), 
charged with the responsibility for protecting the environment from 
pollution from highway sources, has approached the problem in a four 
phase research program. The objective of each phase is as follows: 

1. Identify and quantify the constituents of highway runoff. 
2. Identify the sources of these pollutants and migration 

paths from the highway to the receiving water. 
3. Analyze the effects of these pollutants in receiving waters. 
4. Develop the necessary abatement/treatment methodology for 

objectionable constituents. 

This report summarizes Phase I of the above program. Objectives of 
the Phase I included not only identification and quantification of 
highway runoff constituents, but also development of a predictive 
procedure that can be used as an analytical tool for preparation of 
Environmental Impact Statements (EIS). An extensive literature review 
was conducted at the beginning of the Phase I study and a current 
state-of-the-art report was prepared at the end of the study in March, 
1978. A Procedural Manual has also been written for use by State 
highway personnel which contains detailed procedures for establishing 
and conducting a highway runoff monitoring program. 

Results of the Phase I study have been documented in a six volume 
publication titled, 11 Constituents of Highway Runoff11

• Titles of 
the six volumes are: 

I - State-of-the-Art Report 
II - Procedural Manual for Monitoring of Highway Runoff 
I II - Predictive Procedure for Determining.Pollutant 

Characteristics in Highway Runoff 
IV - Characteristics of Runoff from Operating Highways. 

Research Report 
V - Highway Runoff Data Storage Program and Computer Users 

Manual 
VI - Executive Summary 

METHODOLOGY 

Six freeway sites were selected around the country based on the 
following considerations: geographic location, climatic conditions, 
traffic characteristics, highway design and drainage characteristics, 
and site accessibility and safety. Three of the selected sites were 
located in Milwaukee, Wisconsin, and one each in Harrisburg, 
Pennsylvania, Nashville, Tennessee, and Denver, Colorado. The average 



daily traffic (ADT) at these sites varied from a low of 24,000 at 
Harrisburg to a high of 149,000 at Denver. A summary of the important 
site characteristics is shown in Table l. . -

-
Moni·toring of 
at each site. 
study. 

highway runoff was conducted for a mJ n imum of 12 months 
A total of ·159 storin events were monitored during the 

All sites were instrumented for monltoring of: precipitation, dust~· 
fa! I, runoff flow volume, and runoff qua! ity. ·Traffic and highway 
maintenance data for the·various sites were obtained through the 
respective State highway departments.· 

Monitoring stations were maintained by U.S. Geological Survey personnel 
in Harrfsburg,-Nashville, and Denver. The contractor maint~ined·and 
operated monitoring equipment at all three sites in Milwaukee, and 
performed analytical determinations on runoff samples collected at 
all sites fo~ all ccinsti~uents except bacteria and asbestos. Bacteria 
analyses were conducted at the respective sites. Asbestos analyses 
were performed by Mctrone Associates of Chicago, Illinois. 

Discrete water quality samples were collected via two ISCO samplers 
at interv~ls of 5 and 15 minutes during all storm events. lri addition, 
manual discrete sjmples were collected for oil and grease, bacteria, 
pesticrde and Polychlorinated Biphenyl (PCB) analyses for as many 
storms as possible. These samples were air freighted to Envirex in 
ice-packed coolers for analyses. Samples were then composited 
manually in proportion to flow rate. Both flow-composited as well as 
selected discrete samples were analyzed for selected water quality 
parameters. All analytical determinatibns were performed in accordance 
with Standard Methods or EPA approved techniques. The flow-composited 
samples permitted calculation of the total pollutant loadings to 
receiving waters for each storm event. Discrete sample analyses were 
utilized to study the pattern of pollutant discharge during a runoff 
event. A "Procedural· Manual for Determining Pollutant Characteristics 
in Highway Runoff" was developed out of this monitoring effort. 

The large volume of data generated from .the selected monitoring loca­
tions w~re cataloged and stored rn a computer using~ data storage 
program developed for this purpose. The data storage program will 
allow researchers and other interested users ready access to the 
project data. The program also provides a readily available and 
convenient means for storage and analysis of environmental and opera­
tional data collected during future highway runoff studies. 
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Table l. Characteristics of selected sites. 

Precipitation Drainage area, Highway Out fa 11 / 
in./tr acres length, No. of Type of C~rb~ manhole 

Loe at ion Ttee ADT Total Snowfal I Total Paved % Paved Surface tlee ft lanes section . ,barrier sizet in. 

Milwaukee, WI 
1-794 Urban 53,000 JO 40-60 2. I 2. I 100 Concrete 81) 8 Elevated , Yes' 24 

'J 

Milwaukee, WI 
Hwy. 45 Urban 85,000 JO 40-60 106.0 JJ.O JI Concrete 9,500 6 Cut & Fi II Yes 72 

Milwaukee, WI 
Hwy. 45 Urban 85,000 JO 40-60 2.5 0.0 0 Grass cover 500 Fi II I 5 

Harrisburg, PA 
1-81 Rura I 24,ooo 40 20-JO 18.5 5.0 27 Concrete 2,000 6 Fi II No )6 

Nashvi I le, TN 
1-40 · U_rban 88,ooo 55 1-20 ss.6 20.s 37 Concrete 6,200 6 Cut Yes 48 

w 

Denver, CO 
1-25 Urban 149,000 20 60-100 .35. J 13.2 37 Asphalt J,600 10 Fi 11 No . : JO 

metrii conversion-~nits: 1 inch= 2.54 cm; 1 ft= 0.)05 m; I acre= 0.405 ha 

l. 

" 
::--i 

_, 



SUMMARY OF FINDINGS 

I. Predictive Procedure 

Data generated during this study were used to develop a predictive 
procedure that will provide highway designers and other interested 
individuals/agencies with a simplified tool to predict the quantity 
and quality of rainfall generated highway runoff. The procedure is 
made up of four components corresponding to the following functions: 

Rainfall - runoff 
Pollutant build-up 
Pollutant wash-off 
Constituent loadings 

Rainfall - Runoff. The predictive procedure calculates the volume of 
runoff for a given rainfall volume using equations which were developed 
from monitoring data and regression analyses. Since the rainfall to 
runoff relationship is dependent upon site characteristics, an equa­
tion was developed for each of three basic site types which were 
defined using general site characteristics from the six previously 
listed monitoring locations. The three site types are: 

Type 1 - all-paved, bridges or overpasses (100 percent paved) 
Type 2 - partially paved with curbs and inlets along the 

paved area (30 to 40 percent paved) 
Type 3 - rural sites with flush shoulders, grassy ditch 

conveyance to inlets (20 to 30 percent paved) 

The resultant equations relating runoff volume to rainfall volume for 
the three site types are as follows: 

Type I 
Q = 0.969 R - 0.019 

Type I I 
Q = o.470 Rl.369 DD-0.086 

Type II I 
Q = o.845 RJ.892 DD-o.654 

where; Q = runoff volume (inches) 
R = rainfall volume (inches) 

DD= dry days to last storm event 

A linear equation produced the most significant correlation when 
regression ana~ysis techniques were applied to monitoring data for 
the Type I site. For the Type I I and Type I I I sites, the most 
significant equations were obtained when log normalized values for 
total rain and dry days were used. 
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The average runoff rate in inches per hour has the highest correlation 
with the actual pounds of pollutant discharged as determined through 
regression analyses. In order for the predictive procedure to calcu­
late duration runoff, rainfall duration is used in a series of equa­
tions to produce the runoff duration for each event. Prestorm history 
and site characteristics are again used to predict runoff duration. 
Equations relating rainfall, runoff duration, dry days and site 
characteristics were developed from the monitoring program's extensive 
data base. The duration of funoff and runoff volume is then used 
as average runoff intensity which is the mechanism for wash-off of 
pollutants from the highway area. 

Pollutant Build-up and Wash-off. Build-up and wash-off of pollutants 
from the highway drainage area is performed in the predictive proce­
dure using a carrier pollutant as the mechanism of each process. 
The carrier pollutant used in the procedure is total solids since it 
had the best correlation with 16 other commonly used water quality 
parameters, Build-up of total solids on the drainage area is simulated 
in the model using a build-up rate K1 which is calculated in the 
following manner: 

where; K1 = total solids in lb/mile/day 
ADT = average daily traffic in vehicles per day 

The K1 factor is then used at the site being modeled to accumulate 
solids on the drainage area surface during the prestorm dry period. 

Removal of the carrier pollutant from the highway area is accomplished 
in the predictive procedure using the standard wash-off equation with 
the following format: 

where; Po = pounds of total solids washed off 
Po = in it i a 1 surface loading (pounds of total solids) 

= K1 x dry days X site length in mi Jes 
K2 = wash-off coefficient 
r = average runoff intensity in inches/hour 

K2 values are selected in the predictive procedure based upon site 
characteristics and range from 5,0 to 12.0. 

Constituent Loadings. The predictive procedure has, to this point, 
determined the mass of total solids washed off for each rainfall 
event. The ~ransformation of t6tal solids into pounds of biochemical 
oxygen demand (BOD), heavy metals, nutrients or any other of 16 
available parameters is performed using individual equations for 
each site. These equations have been developed using more than one 
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thousand individual chemical analyses from the monitoring program 
for correlation o.f parameters. Total loading _(lb) and c_oncentration 
(mg/If of each paramet·er is I isted in _the_ predictive protedure, output. 

Predictive Procedur~ Results._ Th~ ~redictive procedure wa~ ·in~or~ 
pbrated into a set of ~quations for'-ih~ut to a_computer. This format 
al lows the predictive procedure to simu-late r_unoff quant_ity and 
quality from continuous precipitation records covering moriths·or y_ea1·s 
of data-. Output from the predictive prpcedure was compar-eci' to _ 
measured quality da-ta from five monitoring s"ites of the· subject st_ud_y. 
Accuracy of the predicti~e procedure for predicti-ng ~he total ~olids 
load for the entire monitoring period at ·each site ~~s 12 pe~ceht 16w 
at Milwaukee 1-794, 15 percent high at Milwaukee Hwy. 45, 15 percent 
high at Nashv11.le, J'perce-nt high at Harrisburg and 3]percent high 
at Denver. The verification of the model output was accompl i_shed 
using data from an FHWA project in DalJas, Texas, which were_ indepen-­
dent of the subject·-project; The model. p_redicted· tota_l solids 
loadings for ihe T~xa~ site that were 34 percent higher than the 
measured loadings; Fu~iher research should be conti~ued for th~ 
refinement of the predictive procedure as additional data become 
available at Dallas, Texas, and from other states. 

Predictive Procedure Limitations. 
rainfall, runoff and traffic on a 
tions of the predictive procedure 
during future research. 

Because of complex interactions of 
highway, following ~re some limita­
that need to be improve~ upon 

1. 

2. 

3-

4. 

s. 

The predictive procedure assumes the highway area t~ be 
uniformly characterized by the three site types that are 
I isted. Significant variations in a site may have widely 
varying res~lts. 

The predicted pounds of total solids washed off during a 
rainfall event are dependent upon model prediction of_ · 
surface load at the start of the storm. If surface load-­
is underestimated, the pounds discharged will be low._ 

The use of avera~i runoff fntensit~·to ~e~ove ~ollutants is 
the quickest method and easiest to calculate. _ Peak runoff 
intensities during the runoff~hydrograp~-maJ b~ more 
accurate, but are too inv61ved for this ~roc~dure. 

Long dry periods-and overlap~i~~ star~~ ~fe~~ni pr~di~iive 
problems in determining the prestorm s~rface load. - · · ·· · 

Construction'·activit-ies are difficul( to sim~-late unl-~s~ 
monitori6g data is ·available- to cfet~,rniine·K1 ~alues. ' 
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2. Highway Runoff Constituent Characterization 

Sol ids Data. These data refer to the following analyses: Total Solids 
(TS), Total Volatile Sol ids (TVS), Suspended Solids (SS) and Volatile 
Suspended Solids (VSS). The overall solids loading for all monitored 
events (159) at six sites are: 

Po 11 utant Pollutant loadings, Pollutant loadings, 
concentration, mg/1 lb/ac-event lb/ac-in. of runoff 
Avg. Range Avg. Ran9e Av9. Ran9e 

TS 1147 145-21640 52 o. 04-535 260 33-4910 
TVS 242 26-1522 9 0.01-44 55 6-345 
ss 261 4-1656 14 · o. 008-96 59 0.9-375 
vss 77 1-837 4 0.004-28 17 0.2-190 

metric conversion units: To convert 1 b/ac to kg/ha multiply by l. 12. 

Among sites, the al ]-paved site, Milwaukee 1-794, exhibited the 
largest solids loadings in lb/acre at 60 lb/acre (67 kg/ha) TS and 
19.6 lb/acre (22 kg/ha) SS on an average basis. These high sol ids 
loadings at the 1-794 site were due to the high pollutant wash-off 
efficiency of accumulated solids from the highly impervious (100 per­
cent paved) drainage area of the site. The Harrisburg site exhibited 
the lowest overall average suspended solids loading at 4.7 lb/acre 
(5.3 kg/ha) because of factors such as rural environment, flush­
shoulder type of highway design and low percentage of impervious area. 
Significantly higher solids loadings during winter periods compared to 
nonwinter perPods were exhibited at sites located in Milwaukee and 
Harrisburg where salting/sanding is used for deicing; minimal differ­
ences in sol ids loadings during nonwinter and winter periods were 
exhibited at the Nashville site where relatively little salt/sand is 
used. 

The average volatile fractions of total and suspended solids for non­
winter conditions ranged between 30 and 50 percent. For winter 
conditions, these fractions were signi~icantly reduced due to salting/ 
sanding for deicing: · 

Metals. Most heavy metals were associated with the particulate matter 
in highway runoff. Dissolved metal fractions were extremely small 
and generally were near or below detection 1 imits. The fol lowing 
levels of heavy metals were present in highway runoff for all 159 
stor~ events at the six sites: 
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Pollutant Pollutant 
con cent ration, Pollutant loadings, loading, 

mg/1 1 b/ac-event lb/ac-in. runoff 
Avg. Range Avg. Range Avg. Range 

Lead o.96 0.02-13.1 o.osa o.ooo-o.48 0.22 0.005-2.97 

Zinc o.4 I 0.01-3.4 0,022 0.000-0. 12 0.093 0.002-0.771 

Iron 10.3 o. 1-45. 0 0.50 0.000-3,5 2.34 0.023-10.2 

Copper o. 103 0.01-0.88 0.0056 0.000-0.029 0.023 0.002-0.199 

Cadmium 0.040 0.01-0.40 0.0017 0.000-0.014 0.009 0.002-0.091 

Chromium 0.040 0.01-0.14 0.0028 0.000-0.029 0.009 0.002-0.032 

Nickel 9.92 0. 1-49.0 0.27 0.007-1,33 2.25 0.023-11.1 

Mercury 3.2za o. 13a-67.oa 0.00059 0.000-0.00214 0.730 0.029-15.2 

a. Expressed as µg/1 
metric conversion units: To conv~rt lb/ac to kg/ha multiply by 1. 12 

Most of the solids and heavy metal parameters did not appear to be 
highly related to ADT, percent imperviousness or dustfall on a simple 
correlation basis. However, multiple correlation of these charac­
teristics with solids and metal loadings data showed stronger rela­
tionships. 

Other Constituents. Average 5 day biochemical oxygen demand (BOD 5) 
values in highway runoff were generally between 2 and 133 mg/1. 
These values are comparable to effluent from a well operated secondary 
municipal treatment plant. Maximum BOD5 values approaching 100 mg/1 
were exhibited in a few instances indicating that 11slug 11 loadings 
of oxygen demanding pollutants are possible at times. 

The biochemical oxygen demand to chemical demand (BOD/COD) ratios in 
highway runoff were considerably below values normally found in 
treated or untreated municipal wastewaters and were slightly lower than 
urban stormwater runoff values reported in the literature. This 
indicates that a higher percentage of the oxygen demanding material 
in highway runoff is of the nonbiodegradable types. 

Nutrient loadings in highway runoff were generally comparable to urban 
stormwater runoff. 

Sizable concentrations of the three widely used pathogenic indicator 
bacteria i.e., total coli forms (TC), fecal coli forms (FC), and fecal 
streptococci (FS) were found at all sites. The FC/FS ratios indi­
cated origin of these bacteria from animal or bird sources. Bacteria 
counts were found to persist through the duration of the storm events 
and in successive or frequent rainfall events indicating that either. 
these bacteria remain viable in animal and bird droppings for long 
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periods or they are added on a regular or constant basis. 

Geometric mean concentrations of polychlorinated biphenyls (PCB's) was 
0.33 µg/1 and geherally th~ monitored PCB concentrations were well 
below the proposed I µg/1 effluent standard for point discharge 
sources. 

No significant concentrations of pesticides/herbicides were present 
in highway runoff. 

Average oil and grease concentrationi-in monitor~d storm events ranged 
between I mg/1 at all-grassy sites to 20 mg/1 at ·the all paved area 
site (1-794). Significantly increased concentrations of oil and grease 
during winter conditions compared to nonwinter conditions were observed 
at two sites- (1-794,-Milwaukee and 1-40, Nashville). Higher oil and 
grease loading (lb/acre~in. runoff) anticipated at the asphalt paved 
Denver site were observed. 

No asbestiform material was detected in 19 out of 21 samples analyzed 
at five of the six monitoring sites. Analysis of-several grab runoff 
samples collected from the roadway and exit ramp surfaces in 
Harrisburg and Nashville did not show any asbestiform material. No 
firm conclusions could be dra~n for the presence of asbestiform 
material in two of the five samples analyzed for the Nashville site. 
Further investigations regarding the presence of asbestiform material 
in highway runoff is continued under the Phase I I contract (DOT-FH-
11-9357) titled, 11 Sources and Migration of Highway Runoff Pollutants 11 • 

Generally, the all-paved Milwaukee 1-794 site showed the highest 
loadings for most monitored constituents. The grassy area site in 
Milwaukee and the flush-shoulder design Harrisburg site showed the 
lowest constituent loadings among the various sites monitored in the 
study indicating that grass covered areas contribute significantly 
towards reduction of pollutant loads from the highway drainage systems. 

Total solids and suspended sol ids showed significant correlations with 
most monitored constituents. Total sol ids coefficients general:y 
showed sl.ightly better correlations compared to suspended solids. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

1. Further investigations on highway generated runoff should be 
conducted to expand the data base generated during this study. 
Desirable site features that may be included in future re­
search are: high traffic volumes (>85000 ADT), asphalt 
drainage areas with high degree of imperviousness (40 to 80 
percent), varying right-of-way characteristics and geographical 
location in an arid climate area. 
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2. Identify the relative magnitude of pollutant dispersion in 
highway environment by separating the background pollution, 
pollutants brought onto the highway system through external 
sources, pollutants generated within the highway system and 
the mechanisms of dispersion of these pollutants within and 
out of the highway drainage system. These aspects are 
presently being investigated under a FHWA Contract No. DOT­
FH-11-9357, 

3, Establish the fate of pollutants in unpaved (grassy) areas. 
Develop long term data on the characteristics of pollutant 
build-up and wash-off in unpaved areas of highway right­
of-ways. 

4. Continue applications of the predictive procedure to deter­
mine its accuracy. Measure the actual pollutant build-up 
on highway surfaces to determine relationships between site 
characteristics and accumulation rates. 

5, Analyze the impacts of highway runoff pollutants on receiving 
waters through instream monitoring. 

6. Incorporate procedures that will enable highway departments 
to record more precise highway maintenance data. 

7. Develop procedures to include consideration of highway runoff 
quality data in drainage design and planning. 

8. Identify potential points of partial or complete abatement/ 
treatment methods for objectionable constituents. 

10 
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FEDERALL y COORDINATED PROGRAM wcr, OF H[GHWA y 
RESEARCH AND DEVELOPMENT 

The Offices of Research and Development (R&D) of 
the Federal Highway Administration (FHWA) are 
responsible for a broad program of staff and contract 
research and development and a. Federal-aid 
program, conducted by or through the State highway 
transportation agencies, that includes the Highway 
Planning and Research (HP&R) program and the 
National Cooperative Highway Research Program. 
(NCHRP) managed by the Transportation Research 
Board. The FCP is a carefully selected group of proj­
rcts that uses research and development resources to 
obtain timely solutions to urgent national highway 
engineering problems.• 

The diagonal double stripe on the cover of this report 
represents a highway and is color-coded to identify 
the FCP category that the report falls under. A red 
stripe is used for category I, dark blue for category 2, 
light blue for category 3, brown for category 4, gray 
for category 5, green for categories 6 and 7, and an 
orange stripe identifies category 0. 

FCP Category Descriptions 

I. Improved Highway Design and Operation 
for Safety 

Safety R&D addresses problems associated with 
the responsibilities of the FHWA under the 
Highway Safety Act end includes investigation of 
appropriate design standards, roadside hardware, 
signing, and physical and scientific data for the 
formulation of improved safety regulations. 

2. Reduction of Traffic Congestion, and 
Improve~ Operational Efficiency 

Traffic R& D is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology, by improving designs for 
existing as well as new facilities, and by balancing 
the demand-capacity relationship through traffic 
management techniques such as bus and carpool 
preferential treatment, motorist information, and 
rerouting of traffic. 

3. Environmental Considerations in Highway 
Design, Location, Construction, and Opera• 
tion 

Environmental R&D is directed toward identify• 
ing and evaluating highway elements .that affect 

• The compl•I• seven-•olume official 1latement or the FCP i, nailable from 
th• N11ional Technical Information Service, Springfield, Va, 22161. Single 
copico or the in1rodw:1ory volume arr available without charge from Program 
Analyoi, (HRD-3~ Office, or Research nnd Development. Federal Highw■y 
Adminillr ■ tion, Wuhington, D,C. 20590. 
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the quality of the h_iJman environment. The goal, 
are reductio11 of a"dverse highway and traffic 
impacts, and protection and enhancement of the 
environment. 

4. Improved Materials Utilization and 
Durability 

Materials R&D is concerned with expanding the 
knowledge and technology of materials properties, 
using_available natuqil materials, improving struc­
tural foun~atinn materials, recyclinr, highway 
materials, converting industrial wastes into useful 
highway products..,. developing exlender or 
substitute materials for those in short supply, and 
developing more rapid and re.Jiable testing 
procedures. The goals are lower· highway con­
struction co,Hs and extended maintenance-free 
operation. 

5. Improved DeRign to Reduce Coste, Extend 
Life E,,.peclancy, and Insure Structural 
Safety 

Structural R&D is concerned wilh furthering the 
latest technologir.al advances in structural and 
hydrauiic desig:ns, fabrication proce,sc~. and 
construction techniques to provide safe, efficient 
highwa)·s al rea!,onab\e co~ls. 

6. Improved Tech,riology for High way 
Construction 

This category is concerned with the research, 
de,·elopmrnt, and i_mplementation of highway 
construction technology to increase productivity, 
reduce energy consumption, conserve dwindling 
resources, and rr::duce costs while improving the 
quality and methods of construction. 

7. Improved Technology for Highway 
Maintenance 

This category addre!,ses problen:is in preserving 
the Nation's highways and includes activities in 
physical maintenance, traffic services, man11ge­
ment, and equipment'.•The goal is to maximize 
operational efficiency and safety to the traveling 
public while conserving resources. 

0. Other New Studlies 
,. 

This category, not included in the seven-volume 
official statement of th·e FCP, is concerned with 
HP&R and NCHRP studies not specifically related 
to FCP projects. These studies involve R&D 
support of other FH WA program office research. 






