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INTRODUCTION 

This circular contains thirty-seven research problem 
statements developed by the Committee on Hydrology, 
Hydraulics and Water Quality. The statements were 
screened by subcommittees and the orderinB of state­
ments by subject represents the best concensus of 

priority research needs in that subject. The 
statements listed under general problems are 
peripheral to the scope of the committee but are 
published to indicate two needs impinging on the 
general problem area. 

STATEMENT 
NUMBER 
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STATEMENT 
NUMBER 

RESEARCH PROBLEM STATEMENTS 

PRIORITY STATEMENTS BY SUBJECT 

HYDROLOGY 

NAME OF PROBLEM 

Generalized Flood-Frequency Estimates for Urban Drainage Areas 
Mixed Population Flood-Frequency Analyses Techniques 
Flood-Frequency Characteristics from Channel Size 
The Economics of F1'>od Data -Collection and Culvert Design 
Flood-Frequency Predictions for Bridge and Culvert Design 
Criteria for the Analysis of Unusual Events in Annual Flood Peak Series 

HYDRAULICS 

NAME OF PROBLEM 

l Hydraulics of Bridge Waterways 
2 Two-Dimensional Finite-Element Hydraulic Modeling of Bridge Crossings 
3 Long Span Culvert Hydraulics 
4 Effect of Very Heavy Sediment Loads on Flow Characteristics 
5 Methods for Preventing Bridge Damage Caused by Floating Debris 
6 Effects of Instream Mining on Channel Stability 
7 Behavior of Supercritical Sediment-Transporting Flow 
8 Flow Over Embankments and Guidelines for Embankment Protection 
9 Design of Large Detention Basins and Appurtenances 

10 Scour at Bridges 
11 Implementing Improved Inlet Technology for Culverts 
12 Guidelines for the Use of Gabions 
13 A Rational Approach to Hydraulic Designs for Highway Encroachments on Flood Plains 
14 Test and Evaluation of Inverted Siphons for Sanitary, Combined and/or Storm Sewers 
15 River Training Works As Related to Highways 
16 Erosion Resistance of New Grasses Used in Highway Drainage Channels 
17 Energy Dissipation at Culvert Outlets and Storm Drain Outlets 
18 Test and Evaluation of Expressway Drainage Design 
19 Spur Dikes at Bridge Abutments 

STATEMENT 
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WATER QUALITY 

NAME OF PROBLEM 

Effectiveness of Temporary Erosion Control Methods 
Tolerable Temporary Variances in Water Quality Standards Related to Total Suspended 
Solids and Turbidity As Caused by Transportation Contruction Projects 
Natural Systems to Test Highway Runoff 
Structural Methods for Removel of Constituents from Highway Runoff 
Restoration of Wetlands As Mitigation for Adverse Impacts Resulting from the Construction 
of Transportation Facilities 
Predictive Modeling of the Fate of Highway Runoff Pollutants 
Methods of Upgrading Sewage Effluents 
Evaluation of Septic Tank System Design 
Design Criteria for Safety Rest Areas 
Evaluation of Channel Alteration Design to Mitigate Damage to Fish and Wildlife Habitat 



2 

GENERAL PROBLEMS 

STATEMENT 
NUMBER 

1. 

NAME OF PROBLEM 

Legalities of Highway Drainage Design 
2. Hazardous and Toxic Materials Spills from Transportation Vehicles and Facilities 

HYDROLOGY 

PROBLEM NO, 1 

I, NAME OF PROBLEM - GENERALIZED FLOOD-FREQUENCY 
ESTIMATES FOR URBAN DRAINAGE AREAS 

II. THE PROBLEM - Knowledge of the magnitude and 
frequency of storm runoff from urban streams 
is required for safe and economic design of 
highway drainage structures. In contrast to 
sites on rural streams where reliable flow 
estimating techniques have been defined 
from an effective data base, no generally 
acceptable and easily usable estimating 
techniques have been defined for urban 
streams, A limited, but growing, data base 
exists for widely scattered urban areas. 
Highway drainage designers working in urban 
areas at present must locate and evaluate 
any available urban runoff data and then 
utilize that information in whatever flow 
estimating technique that they may know about, 
Flow frequency estimation for urban sites is, 
therefore, time consuming and expensive, and 
resulting estimates differ significantly 
between individuals. 

III . OBJECTIVES - Provide an easily usable and 
widely applicable technique for reliable 
estimation of the magnitude and frequency of 
storm runoff at urban stream sites. Technique 
is to be based upon a consistent nationwide 

only weakly cover the analyses applicable for 
sites where flooding results from two or more 
distinct causes such as snowmelt, thunder­
storms, hurricanes, and cyclonic storms, 
Highway drainage designers need additional 
guidance and/or better techniques for esti­
mating magnitude and frequency of floods in 
areas where multiple flood causes are 
experienced. 

III. OBJECTIVES - Through study of available flood 
records and related information propose more 
detailed and/or alternate guidelines for esti­
mating magnitude and frequency of flooding in 
mixed population areas. Study will outline 
how to recognize potential for mixed popula­
tion flooding and how to evaluate available 
records. To limit the scope of investiga­
tion, the study will concentrate on the east 
slope of the Rocky Mountains in Colorado to 
Montana where mixed population floods occur 
regularly and where existing guidelines are 
known to be weak. Positive findings from 
this area should form the basis for more 
effective studies in other areas. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement, 

analysis of all currently available urban D. Suggested key words for tlds proul1em: 
----------nof.f da t a...and.-w:i.ll p1"011id - m~e----------'E'-f-OGds-,-des4:go-f..J:ead €-£.equeRe-y-an&l-y-s-:3,9r------­

reliabili ty of the estimates. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
design floods, urban, frequency analysis . 

V. URGENCY - Designs of culverts, bridges, and 
other drainage facilities will be improved 
significantly through more realistic and more 
aa~ily coordinatad design criteria, Signifi­
cant economic benefits will accrue to both 
highway and non-highway users. 

PROBLEM NO, 2 

I, NAME OF PROBLEM - MIXED POPULATION FLOOD­
FREQUENCY ANALYSES TECHNIQUES 

II. THE PROBLEM - Knowledge of the magnitude and 
frequency of floods is required for safe 
and economic design of highway drainage 
structures. General guidelines for estimating 
magnitude and frequency of future flooding 
from gaging records have been provided by the 
Water Resources Council, Existing guidelines 

C. R1elaL1etl r1es1earch activities: The U.S. 
Geological Survey has identified the 
existence of mixed population floods in 
parts of Colorado, and U.S. Corps of 
Engineers has used the concept in the 
North Atla.ntic 3tate;i·, Nu u11gol11g 
research known. 

V. URGENCY - More reliable estimates of design 
floods should provide more effective and 
safe designs of bridges and culverts with 
substantial economic benefits to non-highway 
as well as highway uccro. 

PROBLEM NO. 3 

I. NAME OF PROBLEM - FLOOD-FREQUENCY CHARACTER­
ISTICS FROM CHANNEL SIZE 

II . THE PROBLEM - The hydraulic design of highway 
stream crossings requires estimates of the 
flood-frequency characteristics of the 
streams. Traditional methods of making these 
estimates include use of rainfall records and 
basin characteristics. These traditional 
methods produce estimates inadequate for 
economical crossing design in arid and semi­
arid regions, in regions where precipitation 



is highly variable in space, and where geo­
logic controls are dominant. A different 
method is needed, one that will produce better 
estimates in problem regions and independent 
estimates in others, including urban streams. 

III. OBJECTIVES 

A. Develop a set of relations for estimating 
flood-frequency characteristics from 
channel geometry measurements that will 
provide consistent results over broad geo­
graphic areas of the United States. Esti­
mate the reliability of the results. 
Field measurements of channels at gaged 
sites will be required where not already 
available. 

B. Develop methods of applying the relations 
to ungaged sites without field visits, or 
recommend ways of providing the needed 
field measurements. 

C. Improve the understanding of channel 
morphology and its relation to flow 
regime in order to develop better esti­
mating relations. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
hydrology, hydrography, channel morphol­
ogy, flood frequency. 

C. Related research activities: The U.S. 
Geological Survey has investigated the 
relationships of flood characteristics to 
channel width for all or parts of several 
western States, for Kansas, and for part 
of the Missouri River basin. The U.S. 
Geological Survey has also published 
research reports on channel morphology. 
Some relations of flood characteristics 
to channel width have been published by 
Canadians. 

V. URGENCY - More reliable estimates of flood­
frequency characteristics at highway cross­
ings would result in more efficient design of 
culverts and bridges. The savings to the 
Nation should be substantial. These improved 
estimates cannot be made until the analyses 
and data collection described in this state­
ment are made. 

PROBLEM NO. 4 

I. NAME OF PROBLEM - THE · ECONOMICS OF FLOOD DATA 
COLLECTION AND CULVERT DESIGN 

II. THE PROBLEM - Most culverts must be located 
on streams where flood data are non-existent. 
The design flood must be estimated on the 
basis of data from other gaged streams in the 
vicinity by using best available hydrologic 
models as the information transfer mechanism. 
If the procedure used for the hydrologic de­
sign is economically valid, as more flood 
data are collected in the area, the new or 
replaced culverts in that area will be better 
designed. However, the procedure for 

specifying an optimum program of flood data 
for the design of culverts doesnot currently 
exist. 

III. OBJECTIVES - The objective is to develop a 
theoretical framework for dealing with the 
uncertainties in flood-frequency estimates at 
a highway crossing of a stream and to convert 
this framework into an operational technique 
for estimating the design flood at the cross­
ing. This technique will then be applied in 
estimating the regional requirements of cul­
vert design for flood data. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words: culvert design, 
flood-frequency analysis, data-collection 
networks. 
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C. Many flood-data programs and flood­
frequency relations have been accomplish­
ed in past research. However, the only 
one that attempted to mesh the two aspects 
did not succeed in solving the problem. 

V. URGENCY - The collection of flood data 
requires time, and this study is a prerequi­
site to the initiation of optimum data pro­
grams. Thus, delays in initiating this study 
prepetuate the current paucity of understand­
ing concerning the sizing of highway culverts. 

PROBLEM NO. 5 

I. NAME OF PROBLEM - FLOOD-FREQUENCY PREDICTIONS 
FOR BRIDGE AND CULVERT DESIGN 

II. THE PROBLEM - Highway drainage structures are 
designed for runoff events calculated to re­
cur on the average of once in a certain num­
ber of years. As a basis for design, recur­
rence intervals of 10, 25 and 50 or more 
years are assigned depending upon the relative 
importance of the highway and the degree of 
risk that can be accepted. In order to deter­
mine the design capacity needed for a struc­
ture for a given recurrence interval, the 
engineer must either resort to a flood­
frequency analysis or use ready-made flood­
frequency curves from available sources. 

Flood-frequency analysis is a mathematical 
procedure for predicting the probability of 
future floods on the basis of past flood 
events. The prediction procedure is based on 
records of stream flow which in most instances 
are too short to have included a maximum flood 
and which do not give a direct indication of 
the longer recurrence interval needed for 
design. the solution is obtained by statis­
tical analysis of a series of the observed 
maximum floods. Mathematical functions are 
fitted through short-term records that are 
plotted on probability paper and extended 
beyond the data. Such extrapolation for 
longer recurrence intervals assumes that 
floods are distributed according to a parti­
cular mathematical function. 

A number of flood-frequency techniques 
have gained wide use and acceptance. Exam­
ples are the Gumbel and Log-Pearson Type III 
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methods and their variations. The various 
techniques can give quite different design 
discharges. There is a need, then, to com­
pare results and determine which technique, 
within regions of hydrographic similarity, 
provides the most reliable and consistent 
means of predicting design discharges for 
highway bridges and culverts. 

In the aggregate the states in cooperation 
with the U.S. Geological Survey have spent 
about $25 million accumulating flood informa­
tion on about 2,000 small watersheds. A con­
solidated examination of these observations is 
warranted to delineate regions of homogeneous 
flood characteristics. Besides eliminating 
the artificiality of political boundaries, 
pooling of data would afford economy of scale 
in electronic computation. Resultant maps 
would show which portions of all states are 
best served by a particular flood-frequency 
technique. 

III. OBJECTIVES 

A. To select for comparison those techniques 
commonly accepted by professional hydrolo­
gists and any new promising techniques. 

B. To use the maximum of gaged watersheds 
smaller than 100 square miles for a 
national comparison of analysis techniques. 

C. To recommend the preferred technique 
region by region, giving consideration to 
watershed size, physiographic provinces, 
climatic differences and other factors 
controlling hydrologic homogeneity. 

D. To prepare regional maps of any statisti­
cal parameters needed to apply a preferred 
technique. 

E. To present measures of resultant reliabil­
ity of those techniques selected for 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

li. Suggested key words for this problem: 
flood-frequency analysis, recurrence 
interval. 

C. Related research activities: FHWA 
Contract Research Studies at Utah State 
University. WRC Committee on Hydrology 
sponsored research at the Center for 
Research in Water Resources, Univerity of 
Texas. 

V. URGENCY - Flood-frequency predictions are 
basic elements in the design of highway drain­
age structures. The success or failure of a 
design is often dependent on the accuracy of 
such predictions. Engineers have frequently 
been misled into underdesign or applied fac­
tors of safety resulting in overdesign. The 
consequences have been expensive in either 
case. For the past 10 to 15 years the U.S. 
Geological Survey in cooperation with many 
State highway departments has collected runoff 
data from a large number of smalf rural water­
sheds. These data provide a real opportunity 

for a study and comparison of flood-frequency 
techniques. The results of such a study 
would reduce the risk element in the hydraulic 
design of bridges and culverts and lead to 
more uniform practice in the prediction of 
design discharges for such structures. 

PROBLEM NO. 6 

I. NAM!l OF PROBLEM - CRITERIA FOR THE ANALYSIS OF 
UNUSUAL EVENTS IN ANNUAL FLOOD PEAK SERIES 

II. THE PROBLEM - Highway bridges and culverts are 
designed to pass a flood event of a magnitude 
that is expected to be exceeded about once in 
a specified number of years. Statistical 
probability analysis of annual flood observa­
tions commonly is used to establish a relation 
between flood magnitude and frequency for 
gaged sites. Techniques have been developed 
for estimating flood magnitude-frequency rela­
tions at ungaged sites where bridge and cul­
vert design criteria are needed, but these 
estimating techniques usually are based upon 
transfer of frequency relations defined for 
gaged sites. Flood-frequency relations for 
gaged sites therefore are basic elements of 
highway drainage structure design. 

The reliability of any flood magnitude­
frequency relation, whether defined by a Log­
Pearson Type III probability analysis as 
recommended by the Water Resources Council or 
by some other probability analysis, is depend­
ent upon the observed flood record being a 
representative sample of the floods that can 
be expected to occur over a very long time 
period. Records of observed floods are gen­
erally of a short duration, yet some contain 
an observation of one or more very unusual 
floods. These unusual floods, sometimes call­
ed "outliers," may seriously influence the 
definition of a flood-frequency relation. 

.UL UBJh:C'l'lVh:S 

A. To develop procedures for recoinizini 
those unusual events in a flood record 
that significantly affect the definition 
of a flood magnitude-frequency relation. 

B. To propose guidelines for defining a 
flood-frequency relation from a gaging 
record that contains one or more unusual 
events. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparin~ Lilli; 1:1LaLe1J1e11t. 

B. Suggested key words for this problem: 
outliers, unusual floods, flood-frequency 
analysis. 

C. Related research activities: Research 
sponsored by the Water Resource Council 
Hydrology Committee at the Center for 
Research in Water Resources, University of 
Texas at Austin. 

V. URGENCY - Flood-frequency relations are a 
basic element of highway drainage structure 
design. The success of a design is dependent 
upon accurate frequency information. The 
proposed study would lead to improved accuracy 



of frequency definition and more uniform 
practices in the hydrologic analysis for 
design sites. 

HYDRAULICS 

PROBLEM NO. 1 

I. NAME OF PROBLEM - HYDRAULICS OF BRIDGE 
WATERWAYS 

II. THE PROBLEM - Where highways cross waterways 
water is conveyed through bridges and cul­
verts, and can flow over the embankment. In 
present procedures for sizing the structures 
the flow is estimated for each structure as 
an isolated unit and the resulting discharges 
are summed and adjusted to make sure that the 
total is equal to the assumed design flow. 
Scour caused by a constriction is computed 
when the estimated flow is known. Sustained 
high flows will result in an enlarged section 
and a possible change in the flow distribu­
tion. In all of these computations one­
dimensional or empirical approximations are 
used to estimate discharge. In reality flow 
may be through any or all of several bridges, 
culverts, or over the road simultaneously 
while the channel may be degrading or aggrad­
ing. Often the flow may be more nearly two­
or three-dimensional . 

III. OBJECTIVES - The objective is to develop com­
putational procedures to describe this dynamic 
interactive process. Field or laboratory 
research could provide insight into the 
physics of this problem and data to calibrate 
and verify models. A computerized model using 
modem graphics would standardize and stream­
line the design process. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 22 and 
25 have not been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
bridge and culvert hydraulics, bridge 
waterways, scour, 

C. Related research activities: not known. 

V. URGENCY - The results of this study will 
assist in reducing the size and cost of hy­
draulic structures by improving the design@r's 
capability to study the alternative drainage 
schemes. Since attention would be focused on 
the composite model, research needs would be 
easily identified as the weak lines in the 
model. 

PROBLEM NO. 2 

I, NAME OF PROBLEM - TWO-DIMENSIONAL FINITE­
ELEMENT HYDRAULIC MODELING OF BRIDGE CROSSINGS 

II. THE PROBLEM - Significant lateral velocities 
and significant lateral variations in stage 
are observed in wide flood plains characterized 
by rapid expansions or contractions, highly 
variable roughness, or variable topography. 
The weaknesses of one-dimensional models to 

describe the hydraulics of constrictions of 
such flood plains have been noted by numerous 
investigators. Two-dimensional models can 
provide information about transverse, as well 
as longitudinal, water-surface profiles, 
local velocities near bridge approach embank­
ments, and the lateral flow distribution at 
a proposed bridge site. 

s 

Application of existing two-dimensional 
finite-element models which were developed 
primarily as research, not operational tools, 
to such bridge crossings (for example, the 
application of the model RMA-2 to the Congaree 
River) have revealed numerous deficiencies in 
these models. 

III. OBJECTIVES - The objective is to develop an 
improved two-dimensional finite-element 
surface-water model for the analysis of com­
plex flood plain bridge sites. The following 
components of finite-element models need to 
be tested in a variety of hypothetical and 
field situations and compared on the basis of 
stability, accuracy, and economy: 

(1) automatic grid renumbering tech-
niques; 

(2) element types; 
(3) methods of numerical integration; 
(4) methods for solving large, sparse, 

banded matrix equations; 
(S) boundary conditions; 
(6) roughness coefficients and eddy 

viscosities. 

These components of finite-element models need 
to be tested in situations that incorporate 
the particular difficulties arising in flood 
plain modeling, such as large ground-surface 
gradients and discontinuities in roughness. 

The anticipated result of the research is 
a stable, accurate, economical two-dimensional 
model, which can be used by the field engineer 
in bridge design for wide, complex flood 
plains. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
not been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
finite-element model, bridge site, flood 
plain model. 

C. Several two-dimensional finite-element 
models, developed as research tools, are 
available. No attempt has been made to 
develop a model well-suited to the parti­
cular problems of modeling river-flood 
plain systems. 

V. URGENCY - Several current bridge site studies 
of wide, complex flood plains using the two­
dimensional model RMA-2 indicate the need for 
a two-dimensional model that can be applied 
by the design engineer to analyze proposed 
crossings. These studies have also revealed 
deficiencies in currently available models, 
The proposed research will develop a tool 
better suited for such modeling efforts. 

PROBLEM NO. 3 
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I. NAME OF PROBLEM - LONG SPAN CULVERT HYDRAULICS 

II. THE PROBLEM - National emphasis on highway 
safety, bridge replacement, environmental 
protection and economics have generated an 
increasing interest in the use of large struc­
tural plate corrugated metal structures for 
highway drainage at stream crossings. The 
metal pipe industry has responded to these 
needs and are actively promoting the use of a 
wide range of sizes and shapes of "long span" 
structures which are often an alternative to 
special design and standard bridges. 

The size, shape, end treatment and corru­
gation configurations available from various 
suppliers offer the designer an array of al­
ternatives; however, only a limited effort 
has been expended to develop hydraulic analy­
sis and design techniques similar to that 
available for conventional culvert and bridge 
design. 

III. OBJECTIVES - To expand and/or develop criteria 
and procedures with design aids to be used for 
the hydraulic analysis and design of long span 
corrugated metal structures. This development 
will include appropriate entrance loss co­
efficients for various shapes and end treat­
ment designs required by the various struc~ 
tures. Confirmation of friction losses within 
the barrel where arch structures are utilized 
with the natural stream bottom should be in­
cluded in the development process. 

The use of step backwater computations 
appeara to be the best approach for establish­
ing the tailwater-headwater relationship for 
structures of this type; however, present 
methods of evaluating the various entrance 
friction and exist losses are not readily 
adaptable to the water-surface profile compu­
tational process. 

utilized should be confirmed and/or improved 
as necessary in order to assure that the long 
span culvert will function hydraulically as 
designed. 

PROBLEM NO. 4 

I. NAME OF PROBLEM - EFFECT OF VERY HEAVY SEDI­
MENT LOADS ON FLOW CHARACTERISTICS 

II. THE PROBLEM - Intense storms in arid regions 
can cause floods in watersheds that are nor­
mally dry. Many of these watersheds have 
beds of loose material composed of silt, sand 
and rocks that are readily picked up by the 
flowing water. This creates a fluid mixture 
that moves down the water course. 

Conventional flow analysis such as use of 
the manning equation does not take into ac­
count any change in the density or viscosity 
of this fluid mixture. The normal calcula­
tions made such as estimates of velocity, 
discharge, Froude Number, etc may not be 
valid if the manning is modified by a change 
in the fluid density or viscosity. Determina­
tions of flow relative to critical flow are 
also suspect under these conditions. 

Can conventional backwater calculations 
and manning equation calculations be used 
when the fluid density and/or viscosity 
changes? 

III. OBJECTIVES - The objective of this research 
study is to determine the effect of heavy 
sediment loads on flow characteristics. Esti­
mates of scour potential, slope protection 
needs, channel capacity, conveyance and hy­
draulic jump potential are all common hydrau­
lic cle.sign probl e.ms thRt. ,ire. C'.ompl 1 c.,ited when 
the fluid no longer acts as clear water. 

IV. CURRENT ACTIVITIES 
IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
---------~~ -¼ghw&-y-Resea-rch-:i:n- P.l.'o-g,r-ess- &re ~ ha-- --- -----not-b-e c-::mn,e-d-f:n epa-ri:ng-eh:1:- ------ ----

not been scanned in preparin~ this statement. 
statement. 

B. Suggested key words for this problem: 
long span culverts, hydraulic design, 
culvert hydraulics. 

C. Related research activities: In January 
1974 the Federal Highway Administration's 
Office of Engineering Bridge Division 
Hydraulics Branch developed a Preliminary 
Draft of a publication titled "Hydraulic 
Design of Large Structural Plate Corrugat­
ed Metal Culverts." 

The information utilized to develop 
the draft was largely empirical and based 
on knowledge and experience gained from 
research for conventional culvert design. 

The published draft did not address 
the hydraulic design of arch structures, 
which are more environmentally acceptable, 
and the various design considerations 
relative to end treatment. 

V. URGENCY - Present emphasis on bridge replace­
ment, economics and hydraulic efficiency rela­
tive to flood plain management and flood risk 
require a thorough investigation and documen­
tation of the design for stream crossings. 

The analysis and design techniques being 

B. Suggested key words for this problem: 
sedimentation, flash floods, arid region 
hydraulics. 

V. URGENCY - The problem of lm;uffll!lenL knowl­
edge of how to design for water that may have 
significant distorted characteristics has 
been known for some time. Development of 
more knowledge in this area is needed. 

PROBLEM NO. 5 

I. NAME OF PROBLEM - METHODS FOR PREVENTING 
BRIDGE DAMAGE CAUSED BY FLOATING DEBRIS 

II. THE PROBLEM - Lodging of debris at bridges is 
one of the primary causes of bridge failure 
ur need for high maintenance efforts. The 
types of flo11tine cle.bris causing bridge dam­
age are drift, such as brush and logs, and 
ice. 

Presence of floating debris at a bridge 
may cause a flow constriction with increased 
potential for high flow velocities and sub­
sequent scour, impact damage, and lateral 
displacement of the structure. 

Present methods for controlling floating 
debris include the design of streamlined 
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pier shapes, increased bridge clearance, phys­
ical removal of debris and drift arrestors 
placed in the stream near the bridge. 

III. OBJECTIVES - The objective is to determine the 
best methods for preventing bridge damage 
caused by floating debris. The various meth­
ods may be categorized as debris prevention, 
passage improvement and physical removal of 
debris at the bridge. Specific objectives 
include: 

A. The classification of streams or areas 
to determine the problem severity and 
probable type of floating debris. 

B, Survey of methods presently used to pre­
vent damage by debris. 

C. Effectiveness of methods now in use. 

D. Recommendations for new techniques to 
prevent drift problems. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 22 and 
25 have not been scanned in preparing 
this statement. 

B. Suggested key words for this problem: 
floating debris, bridges, damage preven­
tion. 

C. Related research activities: not known. 

PROBLEM NO. 6 

I. NAME OF PROBLEM - EFFECTS OF INSTREAM MINING 
ON CHANNEL STABILITY 

II. THE PROBLEM - Instream mining activities 
frequently cause unstable channel conditions 
and related damage to highway embankments and 
bridges. Documentation of the actual effects 
of instream mining and the analysis of hydrau­
lic, geologic and water quality factors asso­
ciated with resultant channel instability are 
lacking. 

There are many situations where the effect 
of instream mining activities is becoming more 
significant on good aggrega~e-producing chan­
nels located near metropolitan areas. Prob­
lems associated with instream mining are 
considered continuous in time as the channel 
has little opportunity to reach stable condi­
tions. 

III. OBJECTIVES - The objective is to document a 
variety of streams affected by instream mining 
as a means of determining the significant hy­
draulic and geologic factors associated with 
unstable channel conditions. Specific objec­
tives include a survey to determine the extent 
of the problem, evaluation of factors asso­
ciated with channel instability and recommend­
ed methods to prevent or control channel in­
stability. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
not been scanned in preparing this state­
ment. 

B. Instream mining, channel stability. 

C. Related research activities: not known. 

PROBLEM NO. 7 

I. NAME OF PROBLEM - BEHAVIOR OF SUPERCRITICAL 
SEDIMENT-TRANSPORTING FLOW 
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II. THE PROBLEM - Streams in which the flow is 
supercritical probably behave entirely dif­
ferent from the more common subcritical river. 
There is evidence that culverts can be com­
pletely clogged and that deposition may occur 
at bridges instead of the usual expected 
scour. However, the flow probably becomes 
extremely unstable and scour may follow 
deposition. 

III, OBJECTIVES - The objective would be better 
design of drainage structures for this condi­
tion, or, at least, an understanding of what 
happens, the development of a means for pre­
dicting what happens and, therefore, the 
ability to anticipate and allow for what 
happens. Preliminary analysis of the problem 
indicates that little or no obstruction can 
be tolerated, and this might not be feasible 
for the highway drainage structure. A differ­
ent kind of design may be necessary. 

IV. CURRENT ACTIVITIES 

A. This behavior does not seem to have been 
recognized previously. 

B. Suggested key words for this problem: 
drainage structures, river behavior, 
supercritical flow, deposition and scour. 

V. URGENCY - This situation is probably more 
common than generally realized. Conventional 
design may accommodate what happens in spite 
of itself, but highway drainage structures 
are supposed to handle the 50- or 100-year 
flood--and maybe should be designed for even 
rarer, and larger, floods. A laboratory 
study would be needed and might be quite dif­
ficult to perform because of the instability 
of the situation. 

A. General estimate of cost to accomplish: 
$100,000 (or more). 

PROBLEM NO. 8 

I. NAME OF PROBLEM - FLOW OVER EMBANKMENTS AND 
GUIDELINES FOR EMBANKMENT PROTECTION 

II, THE PROBLEM - The problem can be divided into 
two parts - the hydraulic part and the ero­
sion part. 

A. The Hydraulic Problem - There is a need 
to develop better bridge routines for 
existing computer programs being used to 
compute stream profiles. Computer pro­
grams developed by USGS and the Corps of 
Engineers are widely used for backwater 
computation and for flood plain boundary 
delineations. The programs are deficient, 
however, in algorithms that compute flow 
through bridges and over embankments. 
There is a need to experimentally deter­
mine how the flow redistributes when it 
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can flow over the em:t,ankmen t and through 
the bridge opening. 

B. The Erosion Problem - Highway stream 
crossings are frequently designed so that 
the embankments are overtopped under some 
flood conditions. A risk analysis model 
has been developed to rationally determine 
what flood conditions should be allowed to 
overtop an embankment. One of the weak 
links in the model, however, is the in­
ability to estimate the maintenance costs 
that will result from scour when over­
topping occurs. 

Furthermore, the Federal Aid Highway 
Program Manual states that "all highways 
.• • shall be designed to permit convey­
ance of the basic flood (100-year flood) 
without causing significant damage to the 
highway, • • • ". The problem then is one 
of establishing guidelines for safeguard­
ing embankments against "significant dam­
age" when overtopping does occur. 

III. OBJECTIVES 

A. Develop an improved routine for estimating 
distribution of flow through bridge open­
ings when overtopping occurs. 

B. Establish prediction methods for estimat­
ing damage related to embankment erosion 
when no special embankment protection is 
provided. 

C. Establish guidelines for use of protection 
such as sod, fiberglass, filter cloth, 
nylon , riprap and flexible pavements on 
P.mhankmen ts. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress has not yet 
bt!t!n i;ca1111t!d for tlils problem. 

ditch where overflow concentrates. 

V. URGENCY - During the period 1953 to 1973 an 
average of more than 1000 bridges were built 
over water per year on the Federal Aid System 
alone. During approximately the same period 
43% of the bridge failures were characterized 
by washed out approach embankments according 
to a very limited analysis of FHWA emergency 
relief files . The large number of bridges 
that have been built (many of which will be 
replaced under the bridge replacement program) 
and the frequency that the embankment is the 
failure mode is evidence of the urgency for 
research in this area. 

PROBLEM NO. 9 

I. NAME OF PROBLEM - DESIGN OF LARGE DETENTION 
BASINS AND APPURTENANCES 

II. THE PROBLEM - Large detention basins, both 
permanent and temporary, are increasingly 
being specified for entrapment of floatable 
and settleable constituents of runoff from 
highway and non-highway rights-of-way prior 
to discharge into lakes and streams. There 
is no rational method available to the design­
er to estimate efficiency of constituent re­
moval relative to size of basin. In addition 
information is needed regarding estimating 
frequency of clean out, design of outlet 
structures, provisions for maintenance draw 
down, design of overflow sections, aesthetic 
and multiple use considerations, methods of 
predicting quantity and nature of inflow con­
stituents, and skimming methods. 

IH·. OBJECTIVES - To develop a design manual on 
permanent and temporary detention basin design 
for transportation facilities. The manual 
would provide comprehensive guidelines, cri­
teria and recommendations regarding all facets 
of detention basin design, construction and 

- --------- ------------------------------m,a-inten~no&-eonsidei;:ation nationwid.e._r_=--------
B. Suggested key words for this problem: 

embankment erosion, embankmt!nL protection, 
scour, spillway protection, spillway de­
sign, flooding, flood risk analysis. 

C. Related research activities: 

1 . A recent research study of flood risk 
analysis for design of bridge water­
ways included a thorough literature 
review of embankment erosion, but the 
literature review did not reveal 
sati~factory methods for predicting 
highway embankment erosion during 
overtopping. 

2, There are a number of embankment ero­
sion studies that have very limited 
applicability to this problem because 
they deal with sheet erosion whereas 
this problem is more analogous to the 
erosion that might take place during 
the overflow of a dam. 

3, The Ohio DOT is planning a controlled 
discharge evaluation of temporary 
linings in drainage ditches . This 
study should have some results that 
will apply to this problem since em­
bankment erosion tends to start as a 

view of experience with use of basins should 
bt! conducted. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
not been scanned in preparing thio otatc­
ment. 

B. Suggested key words for this problem: 
sediment basins, design manual, water 
quality, detention basins, spillway de­
sign, outlet structures, skimming. 

C. Related research activities: NCHRP study 
on erosion control features; USGS study in 
North Carolina; HPR studie~ Pennsylvania, 
Milwaukee, Florida. 

V. URGENCY - Federal and State laws, rules and 
regulations have been promulgated that mandate 
measures to mitigate environmental damage 
caused by storm water runoff. Detention of 
runoff appears at this time to be the most 
cost-effective method available. A design 
manual is urgently needed in order that use of 
basins proceeds on a rational basis. 

PROBLEM NO. 10 
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I. NAME OF PROBLEM - SCOUR AT BRIDGES 

II. THE PROBLEM - Considerable effort in manpower 
and money has been spent on the problem of 
scour at bridges. The problems have been 
studied using fluid flow theory, laboratory 
model studies, field data collection programs, 
empirical correlation of laboratory and field 
data and field observations resulting in rules­
of-thumb. Scour and the effects of scour can 
still not be quantified with any degree of 
certainty. This uncertainty is costly not 
only in bridges lost to scour but in those 
needlessly (but unknowingly) overdesigned. 
The location and design of river training 
works and countermeasures to protect bridge 
piers and abutments is an empirical process. 
Furthermore laboratory model studies have 
been conducted using sand bed channels only. 
As a result knowledge of scour in other types 
or mixed bed materials is lacking. 

This research has been beneficial however 
for a lot has been learned about scour. For 
example local scour depth increases as pier 
size increases for a given flow. Local scour 
increases with velocity up to a point. Con­
traction scour depth increases as the width 
of the constriction decreases. There are four 
types of scour; local, contraction, lateral 
channel migration and general scour. These 
scour types interact even though they have 
most often been isolated for study. Their net 
effect is often considered to be additive. 

Recent research has focused on the collec­
tion of field data to validate the available 
formulas. However there were major logisti­
cal problems, costly instrumentation packages 
and difficult data interpretation problems. 
Much has been learned from these efforts about 
collecting field scour data, but little usable 
data have been obtained. 

Most researchers have recognized the scour 
mechanisms, that is, the vortex system at 
piers and abutments and the contracted stream­
lines in constrictions. Both mechanisms re­
sult in shear stresses at the bed sufficient 
to erode the bed material. The mechanisms 
have been studied separately (for example Liu, 
Brandley and Plate, 1957; Shen, et al, 1969; 
Schneider, 1968) to simplify the problem, but 
this previous work is not conclusive. Since 
flow in the vicinity of the bridge is three­
dimensional, further investigations making 
one- or two-dimensional approximations may not 
be productive. 

III. OBJECTIVES - Several objectives come to mind. 

A. Reduce risk and cost in designing new 
bridges by making more knowledge about 
scour available. 

B. Provide for more efficient countermeasures. 

C. Evaluate current design practice to reduce 
backwater and increase capacity. 
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as required should be related to constriction 
ratio, abutment and pier geometries. The 
measured stresses can then be related to the 
erodibility of soil other than sand. The 
shedding characteristics of the vortex systems 
may be related to the design of riprap as a 
countermeasure. Shen and Schneider (1970) 
found that the horseshoe vortex system at a 
pier could be contained harmlessly at the 
pier by attaching a trough-like structure to 
the pier. 

In addition a mathematical model which 
considers the three-dimensional nature of the 
flow through the constriction should be devel­
oped. The laboratory data would be valuable 
in this effort. Because of the complexity of 
the problem and the potential computer stor­
age requirements certain cross sections or 
locations of maximum shear may have to be 
identified in lieu of a model of the complete 
flow field. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 22 and 
25 have not been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
bridge scour, stream erosion. 

C. References: 

1. Liu, H. K., Brandley, J. N., and 
Plate, E. J., "Backwater Effects of 
Piers and Abutments," Colo. St. Univ., 
Civil Engrg. Section Report No. 
CER57HKL10, 364 p, 1957. 

2. Schneider, V. R. , "Mechanics of Local 
Scour," Ph.D Dissertation, Colorado 
State Univ., Fort Collins, Colo., 1968. 

3 . Shen, H. W., Schneider, V. R., and 
Karaki, S., "Local Scour Around Bridge 
Piers," Am. Soc. Civil Engineers 
Proc. , Journal of Hydraulics Division, 
V. 95 , No. HY6, pp 1919-1940, 1969. 

4. Shen, H. W., and Schneider, V. R., 
"Effect of Bridge Pier Shape on Local 
Scour," Preprint Paper No. 1238, 
Presented to the ASCE Natl. Mtg. on 
Trans. Eng., Boston, Mass., July 15-
17, 1970, 10 p, 1970. 

V. URGENCY - This study of scour would result in 
quantifying the mechanisms of scour. The re­
sulting mathematical model could be used not 
only to develop design criteria to predict 
scour but to devise rational methods to reduce 
and prevent scour and to increase bridge capac­
ity. 

PROBLEM NO. 11 

I . NAME OF PROBLEM - IMPLEMENTING IMPROVED INLET 
The specific objective is to quantify the TECHNOLOGY FOR CULVERTS 
mechanics of scour in order to learn how the 
four types of scour interact and how to ex­
trapolate laboratory data to field. This 
research could be conducted in two ways. 
Measurement of velocity distribution, bed 
shear stress, strengths and transport capabil­
ities of the vortex systems and other data 

II. THE PROBLEM - In spite of considerable re­
search effort to identify and disseminate im­
proved culvert inlet technology there is a 
national reluctance to implement this new 
technology. It is believed this reluctance 
is based in part on inadequate computer 
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technology, concerns over sediment. transport 
and lack of national industry standards. 

III. OBJECTIVES - The objective is to fully identi­
fy the reasons for delays in implementing the 
completed research and then correct the de­
ficiencies through additional research and 
implementation. In general this is antici­
pated to consist of: 

A. Conduct a national, in-depth inventory of 
the problems encountered in implementing 
the completed research and any reasons 
implementation was not attempted. Identi­
fy and evaluate existing computer systems 
for use with improved inlet culverts. 
Inventory and evaluate existing industry 
standards for improved inlets on commer­
cial culverts. 

B. Develop a reasonable technology for sedi­
ment transport into and through improved 
inlet culverts so as to preclude sediment 
from blocking the culvert; incorporate 
this technology into a computer system for 
use as a module on existing computer 
systems. 

C. Develop a national industry standard com­
patible with hydraulics and any existing 
industry standards. 

D. Determine and resolve any other reasons 
causing delay in implementing the com­
pleted research. 

E. Develop and distribute an acceptable com­
puter system containing both standard and 
improved culverts that recognizes the 
needs of the transportation industry. An 
advisory panel comprising various users 
is recommended for this effort. 

IV. CURRENT ACTIVITIES 

relatively modest cost thereby placing this 
effort in the immediate need category. 

PROBLEM NO. 12 

I. NAME OF PROBLEM - GUIDELINES FOR THE USE OF 
GAB IONS 

II. THE PROBLEM - Gabions have enjoyed consider­
able usage in the past. However occasional 
failures and related problems have caused 
economic hardships and have diminished gabion 
use for satisfactory applications. Failures 
of gabions have resulted from structural, sta­
bility, abrasion, corrosion and vandalism 
problems. 

III. OBJECTIVES - To develop guidelines for the 
design and installation of gabions. Both 
structural and revetment applications would 
be included. Emphasis would be on present 
practice and case histories, rather than 
theory. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 25 and 
62 have not bean scanned in preparing 
this statement. 

B. Suggested key words for this problem: 
gabions, slope mattress, revetment, wire 
enclosed riprap, retaining structures, 
erosion control, bank and shore protec­
tion. 

C. Numerous manuals by manufacturers and 
governmental agencies have been published. 
Limitations of applications are poorly 
defined. 

V. URGENCY - Gabions appear to be a viable alter-
native to riprap, rigid linings, concrete 
retaining walls and other concrete structures. 

--------------------------------------i~ ,v-.,,..._ 1"r;e-querrrty7nO't'~nom:tcit ·d-p-rn.r-------
A, Highwc1y Rese>irrh in Prne;rP"" RrPR ?.?. ha" 

been scanned in preparing this statement. 

B. Suggested key words for this problem: 
culvert, hydraulics, improved, inlet, 
sediment, standard, systems, computer. 

C. Some effort has been made by the FHWA to 
provide a computer system to design im­
proved inlets, however, this system tends 
to provide too many design alternatives 
and excludes consideration of sediment 
problems and hydrograph routing techniques. 
The Wyoming Highway Department has com­
pleted a culvert system that routes hydro­
graphs through conventional culverts but 
ignores sediment transport problems and 
improved inlets. The Corps of Engineers 
and others have developed computer tech­
nology directed at sediment transport in 
channclo (HEC-6) and deposition in large 
reservoirs which may be analogous to up­
stream sediment problems encountered by 
culverts serving transportation systems . 

V. URGENCY - The significant savings to be real­
i zed by the extensive research completed to 
date and expensive implementation efforts con­
tinue to be unrealized. The forgoing research 
e ffort could be accomplished quickly and at a 

vi nP thP nPPnPn f1Pxihi11ty to withstand any 
movement of the underlying material. However 
some engineers are not taking advantage of 
gabions because they are uncertain of the 
gabion's capabilities; others are continuing 
to over extend the gabion's capabilities. 

PROBLEM NO. 13 

I. NAME OF PROBLEM - A RATIONAL APPROACH TO 
HYDRAULIC DESIGNS FOR HIGHWAY ENCROACHMENTS 
ON FLOOD PLAINS 

II. THE PROBLEM - Conventional practice in the 
hydraulic design of highway encroachments on 
flood plains is to provide for conveyance, 
with little damage, of the peak discharge of 
a flood of a selected recurrence interval. 
Consideration is not usually given to uncer­
tainties in the estimate of the flood peak or 
to the probability or chance that the design 
flood will be exceeded. A rational approach 
is needed for selection of the design flood 
frequency based on risk and economics. 

III. OBJECTIVES - To develop criteria and proce­
dures for incremental cost analysis and 
decision-making in the selection of design 
flood frequency for highway flood plain en­
croachments. The procedure would recognize 



the probability that the base design flood 
will be exceeded during the life of the high­
way, include techniques for arriving at an 
optimum design insofar as capital costs and 
deferred costs are concerned and provide guid­
ance for decision-making in view of budgetary 
constraints, both for capital investments and 
deferred costs. 

The criteria for the selection of a base 
flood frequency for the design of a route or 
route segment would be based on traffic serv­
ice considerations. The base flood frequency 
would be dependent upon the availability of 
alternate routes, the importance of the 
route or route segment to commerce or national 
defense, traffic volumes, the need for the 
route for emergency supply or evacuation in 
case of a natural disaster and other factors. 

The procedure for the design of each 
encroachment would include an analysis of the 
risk to life and property, including both the 
risk of damage to the highway and damage to 
other property as it would be affected by the 
presence of the highway; total cost of the 
highway encroachment, including capital costs 
for construction and deferred costs for 
maintenance, repair and reconstruction and 
for liability to others for damages caused by 
the highway; costs of traffic interruption; 
and other factors. It should also provide 
guidance for decision-making in recognition 
of budgetary constraints both for capital 
investment and deferred costs. Inherent in 
this are methods for evaluating the present 
worth of probable future costs from floods 
larger than the design flood and techniques 
to minimize or mitigate damages caused by the 
highway from such floods, as by flow over the 
highway. 

The procedure would include eonsideration 
of flow duration as well as flood peak in 
assessing the risk of flood losses. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
design flood, flood plain encroachments, 
risk, capital cost, deferred costs, 
hydraulic designs. 

C. Related research activities: FHWA Con­
tract research with Water Resources 
Engineers, Flood Risk Factor in the Design 
of Box Culverts and Bridges. 

V, URGENCY - The Federal Highway Administration 
annual budget for emergency repair and re­
construction damages to highwa)'Bon the Federal 
aid system from natural disasters is $100 
million. The States and local jurisdictions 
undoubtedly spend a like amount for the repair 
and reconstruction of roads damaged by events 
which are not widespread enough to be declared 
an emergency. An additional $40 million is 
expended annually by the Office of Emergency 
Preparedness for repair and reconstruction of 
off-system (non-Federal aid) roads and streets. 
Much of the costs incurred by local govern­
ments for emergency repairs are disallowed by 
OEP, so the actual costs are much higher than 
$40 million annually. In addition to these 
costs courts have held highway agencies liable 
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for flood damages and these costs are not 
accounted for in the above recital. The bulk 
of the FHWA $100 million ER funds is expend­
ed for flood damage repairs. The $40 million 
from OEP is for flood damage repair. 

In view of annual expenditures nationally 
on the order of $200 million+ for flood 
damage repairs it is appropriate to take a 
hard look at design criteria and procedures 
and to develop procedures for optimizing de­
signs based on the total cost of construction 
and maintenance. 

PROBLEM NO. 14 

I. NAME OF PROBLEM - TEST AND EVALUATION OF 
INVERTED SIPHONS FOR SANITARY, COMBINED 
AND/OR STORM SEWERS 

II. THE PROBLEM - The construction of expressways 
and subways in urban areas usually neces­
sitates numerous adjustments in existing 
sanitary, combined and/or storm sewers. While 
this can sometimes be accomplished by rerout­
ing, occasionally the only alternative is to 
siphon the sewer beneath the expressway but 
no thorough evaluation of the performance of 
inverted siphons has been made. There is a 
distinct need for good information on design 
procedures and design details which have 
proved to be successful. 

III. OBJECTIVES 

A. To make a state-of-the-art study and de­
fine the nature and extent of the problem. 

B. To select one or more existing installa­
tions for intensive observation. 

C. To analyze performance of such installa­
tion(s) according to best theory avail­
able, including comparison of design 
and solids transport capacity with actual 
performance under carefully recorded 
conditions. 

D. To develop a design manual on inverted 
siphons for sanitary, combined and/or 
storm sewers specifically related to the 
types of problems covered by the study. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 22 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
siphons, sewer, inverted siphons, solids 
transpart, combined sewers, sanitary 
sewers, storm sewers. 

c. Related research activities: none known 
to be ongoing. 

V. URGENCY - This study could range from a 
compilation of design details of a single 
installation and evaluation of its performance 
to a comprehensive investigation of many 
installations. The extent to which good rec­
ords are available on performance of existing 
installations will determine the amount of 
effort required. The short-range objective 
is to provide information for use by designers 
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confronted with the problems of getting a 
sewer line past a new expressway or subway 
which cuts through its path. The intent is to 
direct the effort at the situation where an 
existing line must be disturbed rather than 
the one where a new sewer line is being de­
signed. In the latter .case the head losses 
and deposition problems inevitably involved 
with the siphon can be taken into account, 
whereas for the existing line such losses were 
not contemplated and therefore their effect on 
the overall capacity of the line must be 
calculated. 

PROBLEM NO. 15 

I. NAME OF PROBLEM - RIVER TRAINING WORKS AS 
RELATED TO HIGHWAYS 

II. THE PROBLEM - The highway engineer is often 
confronted with the problem of stabilizing 
channels at highway stream crossings. The task 
may involve training works associated with 
either a channel relocation or control of 
channel shifting and bank erosion. Most river 
training installations are expensive and many 
have failed to accomplish desired results. A 
need exists for information on this subject 
compiled for ready use by highway engineers. 
Case histories, design methods and details, 
costs and materials relating to prediction and 
control of river meanders and undesirable 
channel shifting should be studied and pre­
sented in a form useful to the highway de­
signer. 

III. OBJECTIVES - To prepare a state-of-the-art 
report on river training works with specific 
application to the highway river crossing 
problem. The study and statement should be 
done with full understanding of river mechan­
ics and alluvial streams. 

IV. CURRENT ACTIVITIES 

such as Crown Vetch and Bahia have come into 
general use as ground covers and erosion con­
trol. New hydraulic and erosion control data 
are needed on these new types of vegetal 
cover. 

III. OBJECTIVES - To determine the hydraulic re­
tardance and erosion resistance of new 
grasses and vegetal cover being used along 
the highway right-of-way. Perform tests 
similar to those used by the Agriculture 
Research Service at Stillwater, Oklahoma, 
using both permissible velocity and tractive 
force theory. Quality of cover as influenced 
by climatic and agronomic considerations 
should be an important variable in this study. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 22 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
vegetation, retardance, erosion, resist­
ance. 

C. Related research activities: SCS publi­
cation, "Handbook of Channel Design for 
Soil and Water Conservation"; 
Mississippi State University tests on 
sodded channels. 

v. URGENCY - New channel design methods present­
ly being developed utilize vegetation as one 
type of lining. In many instances vegetation 
is the best lining choice since it retards 
flow, is self healing and allows infiltration. 
However design information is not available 
for many of the grasses being widely used on 
highways. Proper design and construction of 
such grass lined channels has the potential 
of saving many maintenance dollars, and 
oerious safety hazards and esthetic problem& 

------------------------------------""a.n....ba...ruwid.e ....... ____________________ _ 
A. Highway Research in Progress area 22 has 

been scanned in preparing this statement, 

B. Suggested key words for this problem: 
river training, channel stabilization, 
river meanders, alluvial streams. 

C. Related research activities: none known 
to be ongoing. 

V. URGENCY - Failure to recognize the need for 
training works at highway river crossings can 
result in costly structural failures, some 
often occurring during or shortly after com­
pletion of construction. Guidelines are 
needed for design and for implelll1mtlng the 
hydraulic ·aspects of the national bridge 
inspection program. 

PROBLEM NO. 16 

I. NAME OF PROBLEM - EROSION RESISTANCE OF NEW 
GRASSES USED IN HIGHWAY DRAINAGE CHANNEL 

II. THE PROBLEM - The U.S. Department of Agricul­
ture has performed tests on various grass 
covers to determine their hydraulic retard­
ance and resistance to erosion . and has pub­
lished the results, mainly during the 1950's. 

Since that time new types of vegetation 

PROBLEM NO. 17 

1 . NAME OF PROBLEM - ENERGY DISSIPATION AT 
CULVERT OUTLETS AND STORM DRAIN OUTLETS 

II. THE PROBLEM - Thero io an urgent need to 
develop criteria for the design and use of 
simple, practical, economical stilling de­
vices for dissipating the energy of the flow 
from culverts and storm drain outlets, up 
to 144-inch diameter or equivalent size. 
Damaging erosion of drainage channels often 
results from discharge of high velocity flow 
from the outlets of culverts and storm drains. 
Energy dlsslpators can be effective in reduc­
ing the velocity of flow from culverts to a 
degree that damage to the channel and channel 
bank will not undermine the culvert or en­
danger the highway embankment. 

III. OBJECTIVES 

A. To develop criteria which will provide 
the designer with a basis for selecting 
the type of energy dissipater most suited 
to the conditions. 

B. There are several complex types of energy 
dissipaters suitable for the more costly 



applications such as for reclamation, 
flood control or the larger highway drain­
age structures. For most highway drainage 
systems, consisting of commercial culverts 
or storm drains, simple~ more effective 
and economical devices, including pre­
fabricated modular types, are urgently 
needed. 

C. Designs should be applicable to pipe or 
box culverts of all shapes operating over 
a wide range of discharge rates and rela­
tions of velocity head to depth of flow at 
the outlet. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
energy dissipaters, stilling basins. 

C. Related research activities: no known on­
going research in this area. 

V. URGENCY - Inadequate outlet designs result in 
added maintenance or need for subsequent 
drainage and erosion control facility replace­
ments and improvements. There is also recur­
ring loss due to overdesigns where the design 
principles are not clearly established for 
erosion control structures. Erosion at cul­
vert and storm design outlets is a perennial 
problem; better guidance and design will help 
to reduce construction and maintenance costs 
and enhance safety and esthetics in accord 
with good engineering practice. 

PROBLEM NO. 18 

I. NAME OF PROBLEM - TEST AND EVALUATION OF 
EXPRESSWAY DRAINAGE DESIGN 

II. THE PROBLEM - A number of expressway storm 
drainage systems in Chicago have been designed 
by the principles outlined in a paper by 
Tholin and Kiefer, "Transactions," American 
Society of Civil Engineers, 1960. This is an 
advanced method of design but it has bean used 
very little, if at all, outside of the Chicago 
area. The validity of the method should be 
evaluated. 

III. OBJECTIVES 

A. To measure the performance of the surface 
drainage system on selected portions of 
expressway in the Chicago area under 
actual storm conditions, measurements to 
include (1) continuous recording of 
rainfall over entire drainage area and 
(2) continuous recording of runoff on 
subunits of storm drain system for which 
rates of flow had been computed in the 
design process. 

B. To compute runoff for the observed storms 
using equations from the design process. 

C. To analyze computed vs. observed perform­
ance of subunits and of entire watershed. 

D. To .evaluate the validity of the design 
method and compare with other computer 
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simulation models such as the EPA model. 

E. To recommend improvements in the design 
method arising from analysis of perform­
ance. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
storm sewers, "Chicago" method, hydro­
graph method. 

C. Related research activities: FHWA spon­
sored research inlet hydrographs at Utah 
State University. 

V, URGENCY - This study is deliberately limited 
to evaluation of drainage design on express­
ways by the "Chicago" method. All of the 
major expressways constructed in Chicago 
since 1948 have been designed by this method. 
Evaluation of the method by investigation of 
the performance of systems so designed would 
open the way to wider use of the method. The 
engineer working with urban drainage problems 
is in urgent need of a more reliable means 
of designing storm sewers. Verification and/ 
or improvement of the "Chicago" method and 
adaptation to use elsewhere would be a major 
advance in storm sewer design procedures. 

PROBLEM NO. 19 

I. NAME OF PROBLEM - SPUR DIKES AT BRIDGE 
ABUTMENTS 

II. THE PROBLEM - Many highway crossings of major 
streams have long approach fills on the flood 
plain to reduce structure costs. These fills 
block the passage of overbank flow and divert 
flood plain flow to a bridge opening. Eddies, 
formed when lateral flow from the flood plain 
mixes with main channel flow, cause scour at 
bridge abutments ~nd at adjacent piers and 
reduce the effectiveness of part of the 
bridge opening. Spur dikes, projecting up­
stream from bridge abutments, have been 
effective in preventing serious problems 
at these locations, but research data are 
needed to develop criteria for the design of 
the spur dikes. Downstream dikes ot trailing 
dikes are sometimes needed to prevent scour 
by redistribution of flow in the flood plains. 

Although existing research data and field 
observations of existing dikes have been very 
helpful in the design of spur dikes, addition­
al research information is needed to improve 
designs and to give engineers more confidence 
in their performance. Needed research on 
these structures consists of two parts which 
can be programmed concurrently. Part one 
includes extensive laboratory testing of 
various types and shapes of dikes in both 
fixed and movable bed models. Part two con­
sists of field observations and measurements 
of flood conditions at existing dikes. 

III. OBJECTIVES 

A. To expand present data so that adequate 
criteria can be developed for the design 
of spur dikes taking into account various 
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types, shapes and orientation, flow dis­
tribution, bridge opening and vegetal 
cover. 

B. To analyze and evaluate performance of 
prototype installations in the field dur­
ing and following flood flow. 

C. To define where trailing dikes are needed 
to inhibit scour at the downstream toe of 
the abutment fill. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress area 22 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
spur dikes, bridge abutments. 

C. Related research activities: None known 
to be ongoing. 

V. URGENCY - Good design criteria and additional 
field observations of existing dikes will en­
courage a wider and better use of'these struc­
tures. It is estimated that the use of spur 
dikes in conjunction with new bridge construc­
tion and remedial work on existing bridges 
could approach savings of $3 million annually . 

WATER QUALITY 

PROBLEM NO. 1 

I, NAME OF PROBLEM - EFFECTIVENESS OF TEMPORARY 
EROSION CONTROL METHODS 

II. THE PROBLEM - There has been an increasing 
emphasis over the past several years on the 
prevention of water pollution due to highway 
construction and operation. One of the pollu-
tants of concern is s ediment. Pro ably the 
greatest emphasis to date has been directed at 
sediment since the damaging effects of erosion 
on the highway are readily visible and the 
concentration of sediment in runoff is higher 
than that of other pollutants. 

The highway system is most vulnerable to 
erosion damage and s edi ment runoff during the 
construction period; thus there --have been 
numerous publications advocating various tem­
porary erosion cont~ol measures. In general 
these measures are to remain in place until 
vegetation is established or other permanent 
controls are installed; then they are removed 
or biodegraded. 

While many different temporary erosion 
control measures have been advocated, few have 
been evaluated. Most are not designed, but 
are improvised based on field experience. It 
appears that some measures may not work, or 
may create more problems than they solve. 
Failures of several of the commonly sugge~letl 
methods are often observed on highway projects. 

III. OBJECTIVES - To evaluate the temporary erosion 
control methods commonly proposed by means of 
laboratory or field studies in order to deter­
mine their efficiency, practicality, ease of 
construction and durability; and to develop 
guidelines for the design, construction and 
maintenance of those measures proven to be 

effective. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
water pollution control, erosion, tempo­
rary erosion control. 

C. Related research activities: EPA has 
developed, under contract, several recent 
reports dealing with temporary erosion 
control methods. Most involve gross 
estimates of efficiency. A new NCHRP re­
search study has just been initiated on 
the effectiveness of erosion control 
methods for roadside development. 

V, URGENCY - There is a pressing need to evalu­
ate the performance of the temporary erosion 
control methods currently being promulgated. 
If they do not perform as well as expected, 
their continued use may result in undue sedi­
ment pollution of natural waterways and dam­
age to the highway. In fact they may act as 
placebos cutting nothing but providing a false 
sense of security 

PROBLEM NO. 2 

I. NAME OF PROBLEM - TOLERABLE TEMPORARY VARI­
ANCES IN WATER QUALITY STANDARDS RELATED TO 
TOTAL SUSPENDED SOLIDS AND TURBIDITY AS CAUSED 
BY TRANSPORTATION CONSTRUCTION PROJECTS 

II. THE PROBLEM - In the c.:uun,e of c.:um1ll:uctlng 
transportation facilities it becomes necessary 
to work in and around streams. This work by 
necessity will cause a temporary increase in 
the total sediment discharge and turbidity. 
Many streams provide a water resource of 
varyi ng values an suscep ty t o amage 
from such modified sediment regimes, Current 
water quality standards are based on permanent 
sediment regime changes in water quality with 
little flexibility for relatively brief and 
temporary increases due to construction prac­
tices. In order to justify efforts to modify 
existing water quality standards it becomes 
necessary to quantify the impact on the water 
resource of these temporary changes in the 
sediment regime. 

III. OBJECTIVES - The objectives of this research 
would be national in scope and consist of the 
following objectives. Quantification identi­
fied below should attempt to include such de­
tails as sediment concentrations, gradations, 
particle angularity, sediment nature or ori­
gin, duration of change in sediment regime, 
magnitude of changes in sediment regime and 
the resulting impact on downstream aquatic 
biota. 

A. A case history of common transportation 
construction projects completed in the 
past twenty years should be undertaken to 
determine if: 

1. the sediment discharges have returned 
to normal, and 



2. the temporary increase in sediment 
discharge occurring during construc­
tion resulted in a permanent degrada­
tion of the Nation's water resource. 

B. Quantifying the tolerance of key aquatic 
organisms to temporary increases in sedi­
ment discharge and turbidity. Research 
may be necessary to complete the work 
accomplished to date. 

C. Quantifying the acceptable limits of 
temporary changes in the sediment regime 
on agricultural, municipal, recreational 
and industrial uses. 

D. Determining seasonal effects of temporary 
changes in the sediment regime. 

E. Well documented case history measurements 
over time are then needed to verify the 
research finding (before/during/after 
construction). 

F. Research should include suggested draft 
revisions to existing federal water 
quality regulations based on the research 
findings. 

IV. CURRENT ACTIVITIES 

A. Highway Research in progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
water, quality, sediment, temporary, im­
pacts, construction, variances, turbidity. 

C. Some completed research regarding the 
effects of sediment on fisheries, industry, 
agriculture, recreation and municipal 
standards for permanent sediment standards 
are known. However the permanent environ­
mental effect of temporary increases in 
the sediment discharge is not well defined. 

V. URGENCY - There are intensive research efforts 
that are national in scope being directed at 
preventing or mitigating temporary increases 
in sediment discharge arising from construc­
tion projects. Additional resources are 
being directed at designing and constructing 
facilities to control these temporary in­
creases in the sediment discharges. The for­
going continues to occur without knowledge 
as to whether temporary increases in sediment 
discharges from construction projects are 
permanently degrading the receiving waters. 

Regulatory agencies continue to be inflex­
ible about not exceeding water quality stand­
ards established for permanent quality levels 
resulting in delays for needed construction. 
These delays are costly both in money and loss 
of life due to untimely replacement of needed 
transportation facilities. 

The forgoing places this research into the 
immediate need category. 

PROBLEM NO. 3 

I. NAME OF PROBLEM - NATURAL SYSTEMS TO TREAT 
HIGHWAY RUNOFF 

II. THE PROBLEM - Growing awareness of the 
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potential for environmental damage from the 
construction and operation of highways and 
highway drainage systems has resulted in the 
need to identify and quantify the environmen­
tal effects and to develop measures for the 
protection of the total environment from any 
adverse effects. Rainfall along highways 
produces massive amounts of runoff which pre­
sent significant problems of collection and 
treatment for contaminant removal by conven­
tional methods. There is a need to develop 
and evaluate techniques for using the as­
similative capacity of natural biological 
systems that are complementary to highway 
construction to abate objectionable constitu­
ents of highway runoff before discharge into 
receiving waters. The abatement methodologies 
must be capable of handling large and variable 
volumes of runoff in an economical and envi­
ronmentally compatible manner. Resulting 
methodologies must be adaptable for applica­
tion to a variety of site conditions includ­
ing different soil types, vegetative covers 
and topographies. 

III. OBJECTIVES - The objective is to determine the 
feasibility of using natural ecological sys­
tems to treat highway runoff so as to minimize 
contaminant loadings to receiving waters. All 
available information on the potentially 
feasible systems will be described. Experi­
mentation will be conducted to fill critical 
information gaps and to develop criteria for 
establishing reliable abatement systems. 

IV. CURRENT ACTIVITIES 

A. Highway Research in FHWA FCP Project 3E 
has been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
abatement/treatment, highway runoff, 
contaminants. 

C. Many ongoing projects are monitoring, 
identifying and quantifying highway run­
off constituents. The transport mecha­
nisms of certain contaminants are being 
determined under Project 3E. The next 
step will be to develop methods of treat­
ing objectionable constituents of highway 
runoff. Results of related research be­
ing conducted by the Corps of Engineers 
and the Environmental Protection Agency 
on land treatment of wastewater and the 
management of leachates and runoff from 
land disposal of dredged and fill mate­
rial may have potential application to 
this problem. 

V. URGENCY - This research will develop state­
of-the-art knowledge on the feasibility of 
utilizing natural biological systems to treat 
massive amounts of highway runoff and there­
fore is highly urgent. Discussions at the 
Federal Highway Administration sponsored 
annual research review of the Federally 
Coordinated Program of Research and Develop­
ment in Highway Transportation at Columbus, 
Ohio on 8 November 1977 indicated that cer­
tain states (New Jersey and California) are 
currently interested in the potential of wet­
lands and marshes to treat highway runoff as 
well as the subsequent impact of highway 
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contaminants on these areas. 

PROBLEM NO. 4 

I . NAME OF PROBLEM - STRUCTURAL METHODS FOR 
REMOVAL OF CONSTITUENTS FROM HIGHWAY RUNOFF 

II. THE PROBLEM - Much research work is being per­
formed on methods of removing sediment from 
highway runoff. However it may become nec­
essary, at least at some sites, to remove oth­
er constituents from the runoff . 

Research is underway on the quality of 
highway runoff. If this work and other stud­
ies on the effects of the materials on plants 
and animals show that problems exist, it may 
become necessary to remove certain constitu­
ents from the runoff. 

Preliminary work indicates that some con­
stituents decay, some are absorbed to sedi­
ment and some are lost through ion exchange 
with soils. These characteristics may lead 
to some conclusions as to possible removal 
methods. For example it appears that sediment 
ponds may be an excellent method of removing 
contaminan t s other than sediment, while some 
oil skimmer designs may be completely unwork­
able. 

III . OBJE CTIVES - To derive practical methods of 
removing problem constituents from highway 
runoff before such runoff reaches watercourses. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
highway runoff, pollutants, pollutant 
removal. 

restoration programs. Unsuccessful mitiga­
tion attempts by various transportation 
agencies have lent skepticism to the permit 
review process and have prevented reasonable 
"trade-offs" from being a legitimate approach 
to obtaining necessary environmental permits. 

III. OBJECTIVES - Synthesis study and development 
of guidelines and design criteria for the 
reconstruction of certain typical wetlands 
such as marshes (both tidal and freshwater), 
swamps, submerged vegetation meadows, etc 
that may be successfully used in wetlands 
restoration. This would include the gathering 
of data to understand the physical and chemi­
cal requirements of various typical wetlands 
flora and experimentation in the form of 
demonstration projects to experimentally pro­
duce a variety of wetlands systems. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17, 
22 and 23 have been scanned in preparing 
this statement. 

B. Suggested key words for this problem: 
wetlands, fish and wildlife habitat, 
mitigation, marshes, swamps, restoration. 

C. U.S. Corps of Engineers restoration 
experiments with dredge spoil, various 
university research activities on marsh 
and seagrass restoration. 

V. URGENCY - The loss of wetlands in the United 
States has reached critical proportions due 
to construction and development. There is an 
urgent need to develop guidelines and criteria 
for restoration and creation of wetlands lost 
through construction of transportation 
facilities. 

- -------'7-r-- Rela.ted.-resea.r.c.b.....ac.tltltie ...._---:•.w,""-'~'----....li...!~ B~L~EM!:WN,~0:..,.,_',!.6 ____ _________________ _ 
Washington SHD research on quality of 
highway runoff. NCHRP study on erosion 
control me t hods . Various EPA research 
studies . 

V. URGENCY - If ongoing research defines certain 
pollutants in highway runoff as being harmful, 
there will be pressure to quickly derive means 
of treating the runoff. Some preliminary work 
along this line should be initiated as soon as 
possible, so that rash decisions to utilize 
unworkable treatment methods will not be made . 

PROBLEM NO. 5 

I. NAME OF PROBLEM - RESTORATION OF WETLANDS AS 
MITIGATION FOR ADVERSE IMPACTS RESULTING FROM 
THE CONSTRUCTION OF TRANSPORTATION FACILITIES 

II. THE PROBLEM - The location and construction of 
transportation facilities through wetlands 
areas cannot always be avoided. Certain un­
avoidable loss of wetlands usually occurs 
where this situation does exist. Regulatory 
agencies are requiring replacement or restora­
tion of wetlands as conditions to approval for 
permits to construct in such areas. 

The transportation agency is often re­
quired to restore or replace wetlands without 
having the proper design criteria or technical 
guidance required to successfully implement 

1. NAflli OJ,' PROIU,P:M - PREDICTIVE MODELING OF TIIE 
FATE OF HIGHWAY RUNOFF POLLUTANTS 

II. THE PROBLEM - Research in recent years has 
indicated that numerous constituents trans­
pnrtP~ hy highway and street surface runoff 
may be a serious source of pollution to 
receiving surface waters. Considerable pres­
sure is being applied to Transportation 
departments by Regulatory agencies to provide 
treatment of storm runoff waters on the 
transportation facility prior to any discharge 
into receiving waters, In most cases the 
treatment practices are required without 
benefit of design criteria for pollutant re­
moval or the desired results of such treat­
ment in terms of resulting impacts on down­
stream surface waters, 

Considerable data now exists which would 
indicate the types and concentrations of 
pollutants that might normally be expected in 
highway surface runoff. There are no satis­
factory mathema tical tools available however 
that can predic t the fate of these materials 
(salts, nutrients, heavy me tals, etc) as they 
are transported to receiving waters or the 
ultimate fate and resultant impact of these 
materials upon receiving waters and associated 
aquatic biosystems. 



III. OBJECTIVES - To develop a practical computer­
ized predictive model to determine the ulti­
mate concentrations of pollutants in highway 
and surface runoff that would affect receiving 
waters to be used as tool to design best 
treatment practices and determine the effec­
tiveness or need of such practices in project 
design. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
highway runoff, pollutants, pollutant 
removal, storm runoff models. 

C. Related research activities: FHWA and 
various state research on quality of 
highway runoff. EPA studies on urban 
runoff and predictive modeling. 

V. URGENCY - Section 208 of PL 92-500 presently 
requires regional water quality management 
plans by the various states. Non-point 
sources of pollution (storm runoff) are in­
cluded in the scope of 208 planning. Water 
pollution abatement practices by regulatory 
agencies now are being required on transporta­
tion projects often at alarming costs without 
benefit of any analysis of the need or effec­
tiveness of such practices. Modeling tools 
are sorely needed so that a more responsible 
approach to project design can be realized. 

PROBLEM NO. 7 

I. NAME OF PROBLEM - METHODS OF UPGRADING 
SEWAGE EFFLUENTS 

II. THE PROBLEM - The sewage effluent from many 
treatment plants will not meet the effluent 
limitation imposed under Public Law 92-500 or 
stringent water quality requirements required 
by the State. Most sewage treatment plants at 
rest areas are sewage lagoons or extended aera­
tion package plants. These facilities only 
provide secondary treatment at the best and 
are upset by the wide fluctuations in loading 
that occur at a rest area. It is necessary to 
develop a method of sewage treatment or 
"treatment train" to meet the requirements. 

III. OBJECTIVES 

A. To develop a method of sewage treatment 
that will meet quality standards for new 
installations, 

~. To develop methods of upgrading sewage 
effluents from lagoons. 

C. To develop methods of upgrading sewage 
effluents from package plants. 

IV. CURRENT ACTIVITIES 

A, Highway Research in Progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 

upgrading, sewage effluents. 

C. Related research activities: The extent 
of research being conducted by other 
agencies or organizations is not known. 
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V. URGENCY - Spray irrigation of sewage effluents 
from safety rest areas appears to be an at­
tractive method of meeting the 1983 effluent 
quality requirements established under Public 
Law 92-500. Design criteria must be developed 
or compiled from other research to determine 
the suitability of different soils, applica­
tion rates, schedule of application and 
amount of storage required. It is urgent that 
these parameters be determined so that spray 
irrigation can be used as a possible tool for 
meeting the new effluent limitations. 

PROBLEM NO. 8 

I. NAME OF PROBLEM - EVALUATION OF SEPTIC TANK 
SYSTEM DESIGN 

II. THE PROBLEM - Sewage effluent limitations 
established by Public Law 92-500 will require 
a greater degree of sewage treatment before 
effluents can be discharged to a receiving 
stream. Sewage treatment systems that do not 
discharge directly into a receiving stream 
have considerable merit. Since septic tank 
systems have an absorption field that absorbs 
the sewage, this method of treating sewage is 
of considerable interest. Unfortunately the 
record of septic tank systems for larger in­
stallations has been dismal. It would be 
advantageous to develop design criteria and 
procedures for using septic tank systems at 
large installations. 

III. OBJECTIVES - To evaluate several septic tank 
systems that have been designed and con­
structed with current state-of-the-art knowl­
edge. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
septic tank, absorption system. 

C. Related research activities: It is be­
leived that there is no ongoing research 
in this area. 

V. URGENCY - Septic tank systems can be useful 
tools for sewage treatment, particularly at 
remote locations; however their performance at 
larger installations has been poor. If the 
state-of-the-art design procedures can be 
verified so that an adequate service life is 
obtainable, septic tanks can be used at low 
volume rest areas if the proper soil condi­
tions exist. 

PROBLEM NO. 9 

I. NAME OF PROBLEM - DESIGN CRITERIA FOR SAFETY 
REST AREAS 

II. THE PROBLEM - There is an urgent need for the 
development of criteria for the design and 
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construction of safety rest areas. Design 
criteria must be developed to d·etermine the 
number of parking spaces required, number of 
toilet facilities, water consumption, quantity 
and constituents of the sewage produced and 
the amount of solid wastes produced. The re­
lationship between these usages and the design 
ADT must be determined for the various condi­
tions that affect rest area usage. 

III. OBJECTIVES 

A. To develop criteria that will enable the 
designer to estimate the number of cars 
and people that will use a particular rest 
area site. 

B. To develop criteria that will enable the 
architect to determine the number of toi­
let facilities required. 

C. To develop criteria that will enable the 
designer to determine the amount of solid 
waste produced, water consumption and 
the quantity and constituents of the 
sewage produced. 

D. To develop criteria that will enable the 
designer to evaluate the various factors 
(geographical area, distance from last 
rest area, adjacent service facilities, 
etc) that affect rest area usage. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17 and 
23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
design criteria, water supply , sewage 
treatment. 

c. Related research activities: FHWA Office 
of Research and Development Pro ect 3- . 
Iwp1uvi;,c\ Dtoslgn Criteria for Roadside R~ot 
Areas provides ongoing research in this 
area. 

V. URGENCY - Design criteria are needed for the 
rational design of water supply and sewage 
treatment facilities at safety rest areas. 
Several large rest_areas have been undersized 
for water supply either by selecting an im­
proper and inefficient system or underesti­
mating its use. The need for rest areas is 

·becoming greater as the public becomes more 
aware of their value. 

PROBLEM NO. 10 

I. NAME OF PROBLEM - EVALUATION OF CHANNEL 
ALTERATION DESIGN TO MITIGATE DAMAGE TO FISH 
AND WILDLIFE HABITAT 

II. THE ¥ROHLEM - Alterations to natural str~aw 
channels are generally not desirable. However 
some channel alterations will still be re­
quired because they are the most feasible and 
practical alternate for a specific segment of 
highway location. 

The best possible methods for minimizing 
damage to fish and wildlife habitat, and for 
preserving or restoring a quality stream chan­
nel environment, need to be assembled from 

existing practice and ongoing or completed 
studies and published in the form of design 
criteria and guidelines. 

III. OBJECTIVES - To develop a comprehensive set of 
guidelines and design criteria which will 
assure highway planners and designers (and 
others associated with work in this area) that 
their projects will result in minimum damage 
to fish and wildlife habitat and the stream­
side environment. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17, 22 
and 23 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
stream channel alterations, channel 
changes, fish and wildlife habitat and 
design criteria. 

C. Related research activities: 

1. Montana Fish and Game Department 
study of stream improvement structures 
on Prickly Pear Creek and the East 
Gallatin River. 

2. Montana SHD study of channel changes 
designed to restore fish habitat. 

3. Utah SHD study of channel changes on 
the Weber River. 

4. FHWA study to evaluate channel changes 
in Oregon. 

5. University of Idaho's investigation of 
hydraulic structures used for fishways 
and the enhancement of fish habitat. 

6. University study on 
on m un l'.ilinn7'fY'r15l[fflJr-:----------

7. University of Wyoming studies on 
quantifying fish habitat. 

8. Wyoming Game and Fish Commission 
studies on Rock Creek. 

V. URGENCY - A wide range of methods for channel 
construction have been used in attempts to 
mitigate damage to fish and wildlife habitat 
resulting from highway projects. Guidelines 
and design criteria are needed to identify the 
best methods to provide possible enhancement 
or minimum damage and to properly assess en­
vironmental impacts. 

GENERAL PROBLEMS 

PROBLEM NO. 1 

I. NAME OF PROBLEM - LEGALITIES OF HIGHWAY 
DRAINAGE DESIGN 

II. THE PROBLEM - The highway industry has pro­
gressed well beyond the tum-of-the-century 
objective of "Getting the Farmer Out of the 
Mud." Society now demands to know why and 
where highways are required. In addition the 



national interest has focused on upgrading and 
preserving environmental quality. These facts 
coupled with the continuing need to provide a 
safe and adequate transportation system have 
caused a significant increase in the number of 
court cases involving highway drainage and the 
surface-water environment associated with 
highways. 

Historically there appears to be several 
basic legal concepts from which existing drain­
age laws have been derived. These concepts 
are not always in agreement. In addition the 
application and interpretation of these con­
cepts have been arbitrary and ambiguou& This 
coupled with the random and indiscriminate 
case-by-case application of the laws derived 
from the basic legal concepts has resulted 
in considerable confusion within the highway 
industry. 

Needed research consists of three general 
parts. Part one discusses the basic legal 
concept, categorizes by state the state drain­
age laws derived from the concepts and summa­
rizes by state any environmental laws related 
to surface-water. Part two uses the litera­
ture review of part one to identify the 
engineer's responsibility in typical drainage 
design situations both legally and in light of 
the inconsistencies that have occurred in the 
past. Part three would use parts one and two 
to propose an idealized and integrated system 
of drainage and environmental laws that pro­
tect the surface-water environment and are 
capable of optimizing highway drainage econom­
ics with reasonable protection to adjacent 
property. 

III. OBJECTIVES 

A. To conduct a literature review to identify 
and clarify the basic legal concepts under­
lying existing highway drainage and 
surface-water environmental laws. 

B. To categorize, identify and interpret 
existing state laws directed at surface­
water environmental protection and typical 
highway drainage situations to include 
for each state: 

(1) generalized commentary of case 
history results; 

(2) identification of an engineer's 
apparent legal obligation; 

(3) identification of an engineer's 
obligation considering case 
history and current trends. 

C. To develop draft legislation for an ide­
alized drainage and environmental law and 
provide accompanying commentary to illus­
trate the proper legal application to 
typical highway drainage situations and 
related surface-water environmental prob­
lems. 

D. To conduct the research recognizing: 

(1) existing engineering terminology 
and minimizing legal language; 

(2) statistical problems inherent in 
determining flood magnitudes and 
frequencies; 

(3) surface-water environment includes 
not only water quality and flood 
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zoning considerations, but in­
cludes fluvial geomorphology and 
the biology of lower forms of 
life inhabiting the stream and 
flood plains. 

IV. CURRENT ACTIVITIES 

A. Suggested key words for this problem: 
drainage, environment, legal, law. 

B. Related research activities: AASHTO 
legal drainage guidelines. 

V. URGENCY - A multitude of drainage design de­
cisions are being made each day based on in­
consistent and misunderstood laws. These de­
cisions will affect the environment and well 
being of society for many years hence. Also 
involved is the economics of a shrinking 
highway dollar coupled with the increasing 
amount of litigation being derived from 
existing facilities. Additional incentive is 
gained from the need for governmental entities 
to initiate immediate action culminating in 
uniform and equitable drainage laws as legis­
lative action often requires several years 
before enactment. The nature of this research 
is such that the objectives could be fully met 
in a relatively short time. 

PROBLEM NO. 2 

I. NAME OF PROBLEM - HAZARDOUS AND TOXIC 
MATERIALS SPILLS FROM TRANSPORTATION VEHICLES 
AND FACILITIES 

II. THE PROBLEM - Actual spills, and the poten­
tial for spills, of hazardous and toxic 
materials from transportation vehicles and 
facilities have produced environmental prob­
lems for both the public and private sectors 
of the transportation industry. The potential 
for spills of toxic and hazardous materials 
must be addressed in preparation of environ­
mental impact statements which are required in 
connection with many transportation facility 
construction projects. Actual spills create 
immediate environmental problems for owners 
and operators of transportation systems, fa­
cilities and vehicles with respect to predict­
ing the fate of spilled hazardous and toxic 
materials so as to facilitate cleanup and re­
moval and to minimize adverse environmental 
impacts. The prediction of spill potential 
and fate of spilled material would be aided 
by development of general predictive tech­
niques which could readily be applied. 

III. OBJECTIVES - The objectives are to: 

A. Develop a method of predicting frequency 
of spills and chances of a spill occurring 
at a given location considering such fac­
tors as traffic volumes, traffic patterns, 
traffic routings, condition of transporta­
tion equipment used in hauling toxic and 
hazardous materials and physical condi­
tions of various transportation arteries. 

B. Develop a general method for quickly pre­
dicting the fate of spilled toxic and 
hazardous materials considering such fac­
tors as characteristics of the spilled 
material, hydraulic characteristics of 
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water bodies receiving spilled materials 
and geological characteristics of land 
areas receiving spilled materials. 

IV. CURRENT ACTIVITIES 

A. Highway Research in Progress areas 17, 23 
and 51 have been scanned in preparing this 
statement. 

B. Suggested key words for this problem: 
environment, toxic and hazardous materials, 
accidents. 

C. Work related to time of travel and dis­
persion by dye tracing has been done and a 
number of time of travel studies for 
specific streams have been completed. 

V. URGENCY - Increasingly stringent environmental 
regulations create an immediate need for pre­
dictive methods to be used by transportation 
planners in addressing spill problems in en­
vironmental impact statements and by trans­
portation system owners and operators in spill 
contingency planning and spill cleanup efforts. 




