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PREFACE

This interim report is submitted to the Federal Highway Administra-
tion in compliance with Article II of Modification Number 7 to U. S.
Department of Transportation Contract Number DOT-FH-11-7759. Included
in this report is the progress made in the study of "Scour Around Bridge
Piers" during the first three years of contract which covers the period
from July 1, 1971 to July 1, 1974.

This report was prepared by Dr, Gordon R. Hopkins, Project Principal
Investigator, Mr. Richard W. Vance, Project Research Engineer, and Mr.
Behzad Kasrale, Graduate Assistant, Engineering Experiment Station, West
Virginia University, Morgantown, West Virginia.
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SUMMARY

The need for field data to validate existing scour prediction
formulae has been recognized by many researchers. The National
Cooperative Highway Research Program, Synthesis of Highway Practice
No. 5, "Scour at Bridge Waterways,'" states, ''the first priority in
research on scour problems should be given to field measurements."

West Virginia University undertook this study in response to the
demonstrated need for field data on scour around bridge piers. Existing
theories and scour prediction formulae have been critically reviewed.
Comparisons have been made and the parameters essential to describing
scour around bridge piers have been identified. The instrumentation
necessary to conduct a field study and measure essential scour parameters
was developed. This instrumentation included an automated scour monitor-
ing system that takes periodic measurements on scour depth and stage at

a bridge pier.

Existing highway bridges, located on alluvial rivers were selected
as field sites. The bases for the selection were that a potential for
pier scour existed and the river chosen had good probability of a flood
occurrence during the study. Sites were selected and instrumentation
was installed on bridges on the Brazos River, Texas; the Red River,
Louisiana; the Homochitto River, Mississippi; and the Ohio River, Kentucky.

A large portion of this three~year period was devoted to instrumenta-
tion development and field installation. The scour monitoring instrumen-—
tation system is designed to be permanently attached to bridge piers.
After installation, instrumentation systems at two of the four bridge
sites were severly damaged during river flooding. These two instrumenta-
tion systems were to be more adequately protected from debris damage and
reinstalled at the study sites.

Although some important data has been lost due to flood damage and
instrumentation malfunction, data thus far collected during the year the
scour monitoring systems have been operational has been significant. 1In
addition to general data collected for each of the four sites, specific
data necessary to evaluate the scour prediction formulae has been collected
at two of the sites. These data are not yet sufficient to prove or dis-
prove any of the existing theories. However, the large discrepancies
among the various scour prediction formulae have been demonstrated.



I. INTRODUCTION

1.1.0 Introduction

It is the nature of alluvial streams to undergo changes and adjust
their boundaries. This mobile nature of river boundaries presents many
problems to the bridge engineer who must anticipate changes if his de-
signs are to be effective. Fallure to do so often results in catastrophic
consequences., Examples abound where bridges have failed during floods.
The result is the loss of money, convenience, and regretable, at times,
the loss of life.

In the United States, it is estimated that the annual bridge
damage resulting from floods is in excess of $20 million in the Federal
'Highway Emergency Relief Funds alone. The figure must surely be doubled
when considering all the state, county and privately owned bridges.

A major portion of bridge damage is caused by the erosive action of
the water running in the streams. This erosive action of water in exca-
vating and carrying away material from the bed is generally referred to
as Scour.

Scour is a natural phenomenon that occurs in streams, but is
generally aggravated by the presence of obstructions such as bridge
waterways construction, piers, spur dikes and the like. The undermining
of bridge piers, abutments and approaches caused by scour is a constant
aggravation to the bridge structures.

What is generally accepted as scour may be categorized as follows:

1) Natural Scour: In alluvial channels there is a tendency for
channel changes or meanders that are the natural result of sediment
transport caused by the flowing water. This channel shifting often
results in river bed elevation changes and may be considered as natural
scour. Included in what can be considered as natural scour is channel
degradation that is part of the natural fluvial processes. Often, however,
the aggregation and degradation tendencies of rivers are the result of
man-made regime changes either upstream or downstream of the site.

2) Contraction Scour: Contraction scour may be associated with a
constriction in a stream that results in sediment being transported
out of an area faster than it is resupplied. Of course, this constriction
can be natural but man-made changes are of specific interest. This
scour 1s thought of as occurring over a relatively large area. As an
example, it may be associated with the constriction in a bridge waterway
opening and would result in the general lowering of the bed in the
vicinity of the bridge crossing.

3) Local Scour: Local scour results from localized flow changes.
These changes may be natural or man-made, but particular attention is



placed on the local scour resulting around piers, abutments, embankments,
etc. that are associated-with bridge structures. It is generally felt
that local scour results from changes in flow patterns induced by these
obstructions.

Scour at bridge piers is the sum of the natural scour that would be
present if the bridge was not present, the contraction scour that results
from the flow restriction caused by the bridge waterway opening and the
local scour that is generated by a pier itself.

A good hydraulic design of a bridge waterway is predicated on a
knowledge of the mechanics of scour. To this end researchers have
attempted for nearly a century to furnish a reliable formula to predict
scour at bridge waterways. In spite of intensive research, no single
formula is available that bridge engineers can use with confidence.

Scour is a very complex manifestation of sediment transport that
defies a simple mathematical explanation. At a bridge pier, it is a
three-dimensional problem involving the interaction of an unsteady
fluid flow and a loose boundary. The fundamental laws of mobile
hydraulics have been used in many cases as a basis for an understanding
of scour. Unfortunately, the understanding of transport of sediment is
not yet complete. Because of the complexity of the problem and random-
ness of many of the variables a concise mathematical description of
scour based on physical fundamentals of sediment transport is mnot available.

It is anticipated that a complex description of scour must consider
a large number of variables and would, indeed, be complex. Investigators
have sought to simplify the problem and thus make it manageable by reducing
the number of variables considered and using empirical or semi-empirical
methods to arrive at a formula. In most cases, laboratory models were
used to gather the data on which to base the empirical formula.

Field data on bed movement and the mechanics of scour during floods
is extremely difficult to collect. Consequently, little reliable field
data is available. This is unfortunate because correlation between
laboratory results and field data is still far from satisfactory as far
as mobile bed hydraulics is concerned.

Available field data on scour at bridge waterways demonstrates that
available scour prediction formulae are seldom in agreement. This
situation leaves the bridge designer little better off than if he had
no scour prediction formula at all. Consequently, most bridge and
hydraulic engineers report that experience is their best guide in pier
design.

Lack of specific and definite knowledge of scour around bridge piers
surely leads to less than optimum pier design and minimum cost. An under-
designed bridge pier of insufficient depth is likely to fail and an over-
designed pier may waste money.



This problem has been recognized for some time. The Highway
Research Board in their 1970 publication "Scour at Bridge Waterways"
points out that "The first prierity in research on scour problems
should be given to field measurements.’ They further emphasize that
"no relationship for predicting scour can be used with confidence until
proof has been shown that it does predict what happens with reasonable
accuracy and reliability.”

This study is in response to this need. It aims to furnish field
data on scour around bridge piers collected during flooding conditiouns.
These data will be used as a basis for validating scour prediction
formula. Realization of this goal should have a focusing effect on
scour research and hopefully give better directions to future efforts
to develop a formula for predicting scour around bridge piers. 1In
particular, this study is aimed at supplying field data to validate or
modify theories related to local scour,.



IT. THEORIES RELATED TO SCOUR

2.1.0 Introduction

Scour is a consequence of sediment continuity. It is the change in
bed elevation resulting from the erosive action of flowing water over
mobile beds. To more clearly see this, consider a small control section
located in an alluvial channel as shown schematically in Figure 1,
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Figure 1. Control Section (Schematic)

This unit width section includes flowing water of depth H and a
portion of the river bed of height h above a reference level, A decrease
in the height h represents scour in the section, and an increase indicates
a deposition of material in the section.

For simplicity, the control section is considered to be located
normal to the flow, That is, flow enters face 1 and leaves through
face 2, and no flow crosses the other face. Thus, the discussion is
limited to a two-dimensional model but would apply equally well to a
three-dimensional case with more mathematical complexity.

Loose boundary hydraulics recognizes that there is sediment flow in
conjunction with the fluid flow. Although sediment flow depends on the
fluid flow, it is meaningful to discuss the continuity of the fluid flow
and sediment flow separately.



Scour is a direct consequence of sediment flow, Thus, material
continuity is an important censideration. To illustrate this considera-~
tion, the relationship hetween the influx of sediment and efflux of
sediment for the control section is

stt = ...
—— - dstyp " 9stoye, (2-1)

It follows that if Ustyn qStout, there will be an increase in the

material volume within its control section with time, Conversely, if
9styn < dstgyt there will be a decrease in the material wvolume within
3

the section.

Total sediment load is compriséd of the suspended load and the
bedload, or

dst = 95 T 9ss, (2-2)

It has been shown analytically and experimentally that suspended load
has a less significant role in the mechanics of scour if the particle
size of the suspended load is less than that of the bed material. It
is reasonable to assume that for water flows above normal, when scour
becomes of interest to the highway desigrner, the suspended sediment
carried into the control section will be carried out and has no
appreciable effect on the mechanics of scour,

By neglecting the effects of suspended sediment on scour, a
reasonable model for the material balance in a control section is

§g§-= dsin ~ 9sout, (2-3)
The volume of material in the control seqtion'is

Ve = L)@@, (2-4)
Therefore,
and the bed elevation above some reference level is

dh (2-6)

dt ~ 9sin T 9sout.

Equation 2-6 is a statement of the time rate of change in bed
elevation in a control section. Since scour is a degrading of the bed,
this may be accepted as the governing equation for scour in a control
section.
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It is well to note that scour where 9sqp 1s negligible is frequently
referred to as clear water scour and scour where 9sjn 1s of significant
magnitude is referred to as sediment-~transport scour,

To further illustrate the mechanics of scour consider a two-dimen~
sional, alluvial channel as shown schematically din figure 2.
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Figure 2. Two-Dimensional Model of Channel Scour (Schematic)

The channel model has been broken up into discrete sections A
through D in order to discuss scour. It follows from equation 2~6
that the depth in section A is given by

dh
"&% = dsy ~ 4g9 (2-7)

and that in section B is given by

gg%-= 4sy) ~ 4s3 (2-8)
By similar reasoning, expressions may be stated for sections C and D.

If the bed in each section contains the same bed material, these bed
material parameters will be the same for each section. Furthermore, for
steady flow, the volumetric flow rate of fluid through each section will
be the same. For a given slope, it is wvalid to assume that the bedload
material transport through each section will be the same.

dsi < QSZ = qs3 = qs4 = qSS >0 (2-9)
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Even though there may be bed movement corresponding to a value of qg
greater than zero, equations 2~7, 2-8 and 2-9 show that the bed elevation
will remain constant,

If an obstruction were to be placed in section C, this could be a
narrowing of the section or an obstacle such as a bridge pier, it is
expected that hydraulic parameters for section C would change, There
would be a corresponding change in the bedload material transport rate
‘qg 1in section C. TFor instance, an increase in the shear velocity would
increase the bedload material transport rate,

Let the bedload material_transport in section C after the obstruction
has been added be denoted as qg where

-

qg = qg *+ Ads (2-10)
if
qg = bedload material transport rate before obstruction
Aqgq =bchange in bedload material transport rate resulting from

obstruction
It follows that
Aqg = £ (change in hydraulic parameters) (2-11)

Since no changes took place in section A or B

sy = s = 9s3 (2-12)
and

h, = hy = constant (2-13)
However, in section C there would be an increase in the bedload
material transport rate and

Aqg,>0. (2-14)
Then

584>QS4 (2—15)
and

ds4>4s3 (2-16)



Thus,

dh -
—a%‘= dg3 ~ 9s4°0 (2-17)

and the bed elevation in section C will decrease with time. This process
will not continue indefinitely. 1In fact, it will continue only until the
decrease in bed elevation adjusts the hydraulic parameters so that once
again 654 = qg3 and

dhe _
-~ = 0 (2-18)

This is a rather crude description of the scour process but serves
as a reasonable model to visualize the "scour hole" that results from a
stream bed adjustment that takes place to establish sediment transport
continuity throughout the stream,

Since scour is principally the result of bed movement it is well to
briefly review the mechanics of bedload material transport as a basis for
establishing pertinent parameters in any empirical scour prediction
formula.

Bedload transport in alluvial streams has been explained to result
from:

1. The impact of the liquid on solid particles (critical velocity
criteria)

2. The drag of the fluid flow on the solid particles (shear stress
criteria)

3. The 1ift force created by the pressure differences due to the
velocity gradient (lift force criteria)

In all probability, no one mechanism is sufficient to explain the
mechanics of bed movement. Rather, all must be assumed to play a role,
The prevailing bedload formulas will be briefly reviewed to demonstrate
the views held by the investigators as to what forms a basis for bedload
material transport. Many of these bedload equations have been proposed
as an "initial scour" criteria.

There are essentially three different approaches to describing
bed movement; one based on critical wvelocity, one based on critical
shear stress and one based on a 1ift force criteria. It follows that
bedload equations similarly may be grouped into three categories. These
are:

1. Equations considering a discharge or critical velocity
relationship (Schoklitsch type)

2. Equations considering a shear stress relationship (DuBoys type)

3. Equations based upon statistical consideration of the 1lift forces
(Einstein type)



Some frequently used bedload transport equations are shown in Table 1.
Along with each equation, presented in a representative form, is an
acceptable functional representation of the equation to demonstrate
a set of independent variables for the equation. Although this table
does not list all bedload transport equations, those listed certainly
represent the modern thinking on bedload material transport theory.

It is concluded from the equations of Table 1 that a gemeral
functional representation for the bedload material transport rate may
be expressed as:

q5=£(d,8,05P55Y5Y¥gsSsRewsVi»Cq,Cr, Gy, H,Cp5q) (2-19)

This functional representation of qg serves to illustrate the complete
collection of variables considered important to bedload transport.

It is Interesting to note that most of these sediment transport
formulas may be expressed in the form

2
_ 3 Yy v
g = PPg Vi £ (RE*,;;3 —éa) (2-20)

regardless of whether the critical velocity, tractive force, or 1lift
force criteria was used in its development. It may be concluded that
bedload material transport rate is dependent on:

. hydraulic parameters
. fluid properties

. sediment properties
. geometric parameters

£ N B

In order to speculate on the complete collection of variables that
may influence scour, it is necessary to include those that influence
bedload material transport rate, that is, variables from each of the
four categories above, along with those parameters that influence flow
and stream geometry. Equation 2-21 is a functional representation of a
supposition of the parameters influencing river bed scour as an
accumulation of variables from the bedload transport equations and
variables that influence the flow as predicted from the theory of open
channel hydraulics.

Ds = f(Hsb,T,Tcr,D,Ds,Re*sRe,Y:Ys,S,G,d,d,U,T,qscc,Cg---- (2-21)
_ cee sV, VLN, F,C Ve Vi, W)

No effort has been made to identify independent. and dependent
variables. Rather, equation 2-21 is intended to include gll distinct
parameters that may influence scour to establish a basis for any theory
or empirical relationship that describes the mechanics of scour,

10
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EQUATION NAME

TYPICAL FORM

[FUNCTIONAL REPRESENTATION

PHYSICAL MODEL

DuBoys Bedload
Transport Equation

s = Cgt{(1-Tey)

f(dsTaTcr)
oY

4s = £(d,v,v4,H,Re ,S)

ds

Shear Stress

Meyer~-Peter Bedload
Transport Equation

a2

3 Y —y} 2/3
0.25 GLJiﬂv
\/gw Ys

§-0.047 (yg-v)d

g = f(d)Y;Ys’H’Re*:S)

Shear Stress

Sheilds Bedload
Transport Equation

9s = ¥ s.q |I=%cx —m}
(Ys’Y)d

qS = f(daY,YS,q,Re*,S)

Critical Tractive
Force

Schoklitsch and
MacDougall Bedload
Transport Equations

1s = CpVE)183 % (a-qcy)

4g = f(d’S:Q9H’Cr’Cw9Cp)

Critical Flow

Kalinske Bedload
Transport Equation

g = f(d,Y,YS,H,S,Re*)

Shear Stress

Einstein-Brown
Transport Equation

G = 40[‘&.3]2, [os(pq-p)
a3

12

|

4g f(Ys$dsp,V*)

Hydrodynamic Life
Probability

Table 1.

Bedload Transport Equations,




It is obvious that the task of gathering sufficient data to develop
an empirical scour prediction formula from equation 2-21 and determining
which variables or dimensionless numbers should be considered as inde-
pendent is a very formidable job. Thils 1is exactly the task facing an
investigator trying to develop a "simple" scour prediction formula. To
further complicate the problem, a useful scour prediction formula must
be expressed in terms of "measurable" variables that are available to
the bridge engineer. It is obvieus that in any attempt to develop a
scour prediction formula, simplification is desirable from a utilization
standpoint and justifiable from an economic standpoint.

Over the past century many investigators have attempted to develop
a "simple" scour prediction formula. Instead of systematically collect-
ing laboratory and field data to determine the relative importance of the
many variables shown in equation 2-21, it appears that a "set" of
variables were arbitratily selected and data collected over a limited
range to determine their relationship to scour depth. However, this
approach, understandably due to economic limitations, has left us with
a large number of sometimes conflicting formulas to predict scour,
Without reliagble field data on which to qualify these formulas there
is no means of judging which is better or over what range of field para-
meters they are valid.

The aim of this study is to collect sufficient field data to
qualify the existing scour prediction formulas. The following section
briefly reviews existing scour prediction formulas that were considered
in this study.

2.2.0 Scour Prediction Formulas

Scour prediction formula, or theories, may be grouped into three
broad categories. These are:

1. Regime Theory (Natural Scour)
2. Long Contraction Theory {(General Scour)
3. Secondary Flow Theory (Local Scour)

Regime theory was introduced first in India about a half a century
ago, as a result of measurements made on different stable canals. The
relations between channel parameters, such as depth, width, slope, dis-
charge and property of boundary material where empirically determined
when the channel was in its regime and used to describe natural scour.
A channel is said to be in regime when there is no deposition, erosion
or change in its boundary over a hydrological cycle. This approach has
been employed by some investigators to determine the depth of scour in
rivers and bridge crossings.

A reduction in river width is known to be an important factor in
scour phenomenon. Laursen and others made use of long contraction model
to explain the general scour due to a decrease in the waterway width.
Long contraction thecry has been used to predict scour at bridge cross-—
ings.

12



Secondary flow has been used to explain local scour. It is the
opinion of some that the secondary flows caused by obstructions in the
flow, generate scour holes. Brildge piers are an important example.

A good many scour prediction formulas are empirical and are the
direct result of using experimental data to generate a formula rather
than the use of any particular theory, Many of these do not fall into
either or the three categories mentioned above and are considered here
simply as empirical formulas.

The following is a brief review of the literature in scour. The
intent of this review is to establish the state~of-the-art in scour

prediction formulas as a basis for the field work performed in this
study.

2.2.1 Natural and Contraction Formulas

Kennedy, R. G. (1895)

‘Kennedy believed that the vertical component of constant eddies in
flowing water keeps the sediment in suspension.

He introduced the equation
where

m = 0.64
C = 0.84

il

Further studies indicated that C and m are not constant, but are different
for different channels.

Lindley, E. S, (1919)

Lindley reviewed Kennedy's work and from his own observations on
the Upper Chenab canal he derived the following equations that relate
scour depth to mean flow velocity and average width of the channel:

0.57 (2-23)
0.355 (2-24)

0.95 H
0.57 B

Vi
Vn

Lacey, Gerald (1929)

Lacey discussed the applications of Lindley's theorem and introduced
the equation

Wy = 2.67 Q72 (2-25)

13



where

W,

g 18 in feet and Q is in ft3/sec

He also presented an equation to determine the maximum depth of scour
below the water surface at bridge crossings and other constructions.
This equation is

*.=
DY = CRy (2-26)

where
C is a function of the cross-section of the river at the bridge.

Lacey, G. (1934)

It was observed from field data that for uniform flow in an
alluvium
Ve[ H (2-27)

S L

\(H (2-28)
This observation prompted Lacey to suggest
3/4 sl/z,

v

an equation like the Chezy equation.

(2-29)

In his 1945 paper, Lacey calculated the scour depth upstream and
downstream of barrages and presented

D* = 1.40 (Q/f)l/3 Hop (upstream) (2-30)
D* = 3.0 Hop | (dovnstream) _ (2-31)
where
q=1/3 Ql£§3
Her = (q2/£)

Khosla, Rai, Bahaduv, A. N., Bose, N. K,, and Taylor, E. M. (1936)

Using Lacey's formula and assuming that scour depth is proportional
to regime depth, this paper proposed that

* - —
D¥ = 0.9 Kicr (2-32)

14



where
K = a factor dependent on geometry

Laursen, E. M. (1950-73)

During the last two decades, the work of E. M. Laursen has had the
largest impact of any American researcher on the thinking of other
researchers and engineers working on the scour problem. His earlier
work with the Towa Institute of Hydraulic Research enables him to form
opinions on sediment transport and scour around bridge piers and abutments.
This research included laboratory experiments and limited amounts of
field data.

During the early 1950's and subsequent years Laursen published many
important works on his observations and ultimately presented design
curves and formulas for predicting scour. He defined scour as the en-~
largement of a flow section by the removal of material composing the
boundary through the action of the fluid in motion and gave four general
characteristics on which an analysis of local scour should be based.
These are:

1. By the principle of comnservation of matter the local rate of
scour is equal to the difference between the rate of removal
and rate of supply.

2. The rate of scour will decrease as the flow section is enlarged.

3. There will be a limiting extent of scour.

4, This limit will be approached asymptotically.

Feeling that scour is a consequence of an imbalance between the
capacity of the flow to transport sediment out of an area and the rate
of supply of sediment to that area, Laursen approached the problem of
gcour around bridge piers and abutments by making use of thelong con-
traction analysis. Long contraction analysis describes the conditions
in uniform reaches upstream and in a long contraction by a discharge and
a sediment~transport equation. It is reasoned that the scour depth can
be determined from the depth ratio of unconstricted to constructed
sections. Laursen derived the following formulas:

For the sediment transporting scour

b D D 1.7
D - L N - - -33
a S'SH[(rH+D 1} (2-33)
and for clear water scour
b D @H vy 10
BT 3 ! (2-34)
120a2/351/3

where the units are in feet.
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Laursen also presented a basic design curve to evaluate scour depth as
depth of scour vs flow depth

pler width pler width’
to the design curve. This equation is:

Later on, C. R, Neill fits an equation

p=15b%75%3 g x, | (2-35)
where
K1 = shape factor
K2 = flow direction factor

Ahmad, M. (1953-62)

Through dimensional analysis, Ahmad determined the nondimensional
parameters affecting scour depth at a spur dike. Experimental studies
on the effect of discharge intensity, sand grade, flow concentration
and flow direction resulted in Ahmad‘'s 1953 formula to predict scour
depth. This equation is: 2/3

D* = Kq (2~36)
where

K is a corrective factor that depends on the geometry of the spur
dike. 1t ranges from 1.5 to 2.25.

Subsequent field and model studies of bridges crossing in Pakistan
enabled him to present the same formula to measure the scour depth
around bridge piers. For bridge pier scour, the value of K varies
from 1.3 to 2.3.

Chitale, S. V. (1960)

Based on the concept that equalibrium scour depth depends on the
relative depth of flow, shape of the pier and the angle of attack and
not on velocity and sediment size, Chitale conducted laboratory experi-
ments using scale models of the Hardinge Bridge to reach theconclusion
that:

1. With axial flow the maximum depth of scour is always at the
nose of a piler.

2. The ratio of scour at the nose of a pier and the depth of flow
in the channel bears a simple relationship with the approach
velocity in the channel.

3. The upstream depth of flow has an influence on the depth of
scour at the pier nose,

From data furnished by the flume experiments, Chitale presented the
following empirical formula for predicting scour depth:

% = ~0.51 + 6.65F - 5.49F2 (2-37)
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where F = V/\/gH (Froude No. of approaching flow)

Breusers (1964)

Based on model tests of drilling spuds in waves and currents,
Breusers derived the following equation to predict the depth of scour.

Dpax = 1.4b* (2-38)

Saburo Kamura (1966)

This theoretical analysis classifies the longitudinal and cross-
sectional equilibrium profiles of alluvial channels into a dynamics
equilibrium theory (Regime theory) and a static equilibrium theory
(Tractive Force theory). The first theory requires that the sediment
lead passing through the cross~section of the upstream end to be equal
to that of all points along the channel, The second theory requires
that the critical shear stress on the bed be constant at all points along
the channel,

For the case of dynamic equilibrium, Kamura suggests that scour
depth can be obtained from

H2 +1=C ) 14 ) ("’1) Ei's' (2-39)

Tﬁ'HI
where m is a dimensionless exponent pertaining to the tractive force,

It is assumed that the sediment supply is practically zero for the
static equilibrium case. Thus, when scour is fully developed it is
assumed that the boundary shear stress in the comstricted part of the
channel will be the critical tractive force and that the critical
boundary shear stress will also exist in the unconstricted part of the
channel. Then the scour depth is found to be

2/7 6/7
Hy = _HI,+ 1 = (Mix_g . (%?9 (2-40)

Hy
2.2.2 Local Scour

Several investigators have looked at secondary flow as a contributing
factor in local scour. As early as 1932 Keutner used flume experiments to
demonstrate the effects of secondary flow. He observed that

1. Deepest scour occurs in front of the pier.

2. Scour depends on the pier shape.

3. The shape of the pier tail has no influence on the depth and
extent of scour at the nose.

4., Semi-circular nosed pier causes the greatest scour.

5. Scour depth when angle of attack is 27® 1s twice as large as
that at 0°.
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6. Backwater height for gtreaming flow is practically independent
cf the slope of both the nose and tail of the pier.

7. Scour process occurs due to the existence of a secondary flow
together with the primary flow. Secondary flow is generated
from the slope of the lateral water surface.

In 1938, Ishihara discussed scour and concluded that velocity,
discharge and sand characteristics are important factors when considering
scour in an alluvial river bed, He observed that the shape of a pier has
an effect on scour hole depths, and recommends that circular piers not be
used, but concluded that the length of a pier has no effect on the depth
of the scour hole in front of the pier. TIm 1942, T. Ishihara discussed
the effect of the angle of attack and stated that scour will increase
with an increase in the angle,

Ishihara believes that scour results from horizontal eddies caused
by flow eccentricity and non-uniform velocity along a vertical section.
He assumes that there is a similarity between scour at a river bend and
scour around piers and concludes that a two-dimensional flow model is not
sufficient to study local scour caused by obstructions.

Following Ishihara, Sugimoto and Imda in 1950, Toomre in 1959 and
Tison in 1961 continued the investigation of changes in flow on local
scour. Their efforts supported the idea that local changes in flow caused
by bridge piers or other obstructions influence the depth of scour at the
pier.

Inglis, C. C. (1949)

Model studies in connection with the Hardinge Bridge furnished the
data for the following:

Diiax _ 1 73 (E)o.m (2-41)
B ' b
and also
2/3 0.78
DEax (2-42)
3 = 1.7 (g

The study considered bed material ranging from 0.06 to 0.37 in diameter
and concluded that material size has little or no effect on the maximum
depth of scour. Inglis suggests that the effect of a bridge pier on flow
can be approximated as a bend and that the maximum scour depth around the
bridge pier is proportional to Lacey's regime depth.

After gathering data from 17 bridges with discharge varying from
29,063 to 2,250,000 £t /sec, scour depth below the water surface varying
from 25 to 117 feet and size of bed material varying from .17 to 0.39mm,
scour depth was found to be twige the "Laecey depth.,'" This is known as
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Inglis-Lacey equation

DX = 0.946 (Q/¢) +/3 (242
Blench, T. (1960)
Blench simplified the Inglis~Poona equation to give

Dty P (2-44)
& &

and by fitting a curve to model and field data

*=1.8d, (2-45)

where

1/3

de (qZ/Fb)

(average velocity)2
flow depth

Fp, = bed factor defined as

In 1964 Blench introduced an equation in which "d," had been replaced
by H, the depth of local approaching flow, to give

* 0.25
DT b. ;
P 1.8 (H) (2-46)

with the condition that b<H.

Varzeliotis, A. N. (1960)

As a result of laboratory experiments using a 44" wide, 130' long
flume with gravel as bed material, Varzeliotis reached the following
conclusions:

1. size, width, and angle of attack of a pier are of great importance
in estimating scour depth

2. the effect of the pier length on maximum scour depth is not
significant

3. the effect of flow contraction has little effect on scour depth
if the contraction ratio is less than 10%

Using these experimental data he plotted

(q 2/3/b) vs (D /b) and determined a formula similar to Inglis' equationm.
This empirical equation is

D <3 0.2

pax = 1,43 ( ) (2-47)
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Bata, G. (1960)

It is Bata's opinion that the vertical velocity in the downward
direction resulting from backwater pressure is the cause of local scour
at bridge piers. The scour hole exists upstream of the pier for a
distance of 3 to 6 times the radius of the pier.

Results from his prototype and model studies show that the influence
of the Reynolds Number is negligible and that there is a linear relation-
ship between %_&__Yﬁ_(Froude Number). He presents a curve of %_vs v

vV EE

that shows an init%al velocity is necessary to start erosion around the
pler. Bata modified the Jaroslavcev formula to give

D = K1K2K3V2-30d (2-48)
by assuming KjK,K3=1 this reduces to

3d
if% (2-49)

D,

v2
g = 10 (gH -

Bata concluded that the diameter of sediment particles did not have a
significant influence on this magnitude of scour in model experiments.

Knezevic, Bogic (1960)

Knezevic's contribution to the knowledge of scour results from an
extensive investigation conducted in the hydraulic laboratoryof the Civil
Engineering Department in Belgrade, Yugoslavia. Flume experiments were
performed with 2 piers at the same time; one was rectangular and the
other circular. Different types of sand and different values of flow
discharge, depth, and velocity were used. As a result of the experiment,
it was concluded that the maximum depth of scour is a function of dis~
charge, flow depth, sediment size, and pier shape.

From the experimental data, Knezevic presented the following formula
to describe scour at bridge pilers:

_ a(g-cavga)>/?

Dpax = (2-50)
x /4 374

where C and A are constants, Curves were presented for evaluating the
constants A and C.

Liu, H. K., Chang, F. M., Skinner, M. M. (1961)

This work considered scour to develop with three distinct periods:

1. Transition of scour establishment; an early stage where depth of
scour increases rapidly with time and its rate decreases rapidly
as scour depth increases.
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2. Establishment of scour, the second stage in which the average
depth of scour increases with the logarithm of time.

3. Transition to maximum scour in which scour depth approaches a
maximum when there is no bedload supply into the scour hole,
this period can not be defined easily by experiments.

From the experimental data on scour at bridge abutments it is concluded
that

D 0.4 _ 1/3
e =2,15 |a F (2-51)
i g
and for maximum depth of scour
Dmax = g 342 0.4, 1/3 _
- . .lS{g} F, (2-52)

Hp

where Fp is the Froude Number evaluated at normal flow.

It is the opinion of these investigators that scour caused by flow
with bedload material tranmsport is a local phenomenon. On the other
hand, scour occurring in flows with little bedload material transport is
general scour and is dependent on the overall geometry of the constrictionm.
It was concluded that:

1. The effect of flow velocity is significant.

2. The effect of opening ratio is not fully understood. In cases of
appreciable bedload, the opening ratio seems to have little
effect on scour. On the other hand, if no bedload is being
carried by the flow, limiting maximum scour is found to be
effected by the opening ratio.

3. Scour depth is a function of flow depth.

Tarapore, Z. S. (1962)

Based on the sediment continuity equation, Tarapore shows that the
rate of scour in a given section is equal to the gradient of the sediment
carrying capacity in the direction of the flow. Potential theory is
employed together with the Du Boys bedload formula to obtain a relation-
ship for maximum depth of scour. Equations were left in integral form
with solutions presented as working design curves.

Tarapore concluded that:
1. Velocity of flow and sediment size are not important so long as

-the rate of bedload transport is advanced.
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2, 1If the flow depth ls large, the scour depth is 2.7 times the
radius of the cylinder.

3, For low flow depth, the dimensionless ratio of the scour depth
to the cylinder ratio is a function of the flow depth to
cylinder radius.

4. Suspended particles have no effect on scour depth.

Larras, Jean (1963)

Larras presents an analysis of data obtained from various French
rivers and different model studies on maximum depth of scour around
bridge piers. Scour depth is studied in stable river beds and in un-
stable river beds.

In stable river beds, enough material is transported to maintain a
level bottom. In unstable streams, the transported material is inade-
quate to maintain the river bed at constant level.

Larras concluded that maximum scouring is independent of the water
depth and bed material size if the bed is stable, water depth is greater
than 30 to 40 times the size of the bed material, and the channel con-
striction is less than 10Z at the bridge site. The scour depth is a
function of the maximum width of the pier, its shape, and flow direction.

Larras introduces the following equation to calculate the maximum
scour depth:

Dpax = 1.42 K b /% (2-53)
where

K = a coefficient to compensate for pier shape and angle of attack,
given in a table, (D and b are in feet)

It was explained that scour depth is greater in unstable river beds
than stable beds due to the inadequate supply of bed material to the
scoured area.

Jose Antonio Maza Alvarez and Jose Luis Sanchez Bribiesca (1964)

A study was conducted to explain the discrepancy between Laursen's
and Yaruslavtsiev's theory. Laursen suggests that scour depth depends
on the depth of flow and pier shape while Yaruslavtsiev suggests that
scour depth is a function of the square of the mean velocity, the bed
sediment size, and the geometry of the piler. Flume experiments showed
that for a given flow depth, the scour depth varies with velocity as
suggested by Yaruslavtsiev if the design curve proposed by Laursen is
not exceeded, In other words, there exists a limiting value for which
scour depth does not increase with an increase in velocity for a given
depth of flow. Laursen's design curve is a limit to the velocity

dependent region.
p g 99



A modified Yaruslavtsilev's formula was suggested as:

2
- Ki1Ks5 S '$Tln (2-54)

where

K = function of H/b, determined from Laursen's simple design curve
for zero angle and rectangular pier.

Ks = function of H/b, v2Z/gb, grafically given

Carstens, M. R. (1966)

Carstens made an extensive study to develop similarity criteria for
sediment transport rate and for local scour depth, He assumed that in
an area of localized scour the velocity and velocity distribution resulted
from the obstruction around which the scour was occurring. He explained
that localized scour occurs where the water is accelerated as it moves
past an obstruction in a stream, or where large vortices are generated
as the flow separates from the obstruction. He analyzed localized scour
using the following experiments:

. A defined scour hole (Lefeuvre experiment)
. Scour associated with dunes

. Two-dimensional jet scour

.  Scour around vertical cylinder

. Scour around cylinder lying on the bed

(S RN B USRS

From his analysis, Carstens suggests the following equation to determine
local scour depth around a cylindrical pier:

2 5/6
De . ¢,546]Ns_ = 1.64 (2-55)
b Ng2 - 5.02

where

Ng (the sediment number) = KS -Isgdmlliz

Shen, H. W., Schneider, V. R,, & Karaki, S. (1969)

A series of papers and reports by these investigators explain a
mechanism for local scour. It is pointed out that the dominant feature
of the flow near a pler is a large-scale eddy-structure, or the system
of vortices, which develops about the pier, This eddy-structure is felt
to form the basic mechanism for lecal scour. By analyzing the flow in
the neighborhood of a blunt-nosed cylinder it was concluded that a horse-
shoe vortex system is the mechanism of local scour and the strength of
the horseshoe vortex system is a function of the pier Reynolds Number,
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To obtain the strength of the heorseshoe vortex a flow with an unspecified
but continuous velocity distribution Is considered, Therefore, the
equllibrium depth of scour is a function of the piers Reynolds Number.

Since the strength of a horseshoe vortex system is a function of
pier Reynolds Number and the horseshoe vortex is the mechanism of scour,
it was assumed that the scour properties, i.e., scour depth, rate of
scour, etc. could be determined from properties of the vortex system.

By using data from other investigators, such as Chabert and
Engeldinger, Maza and Sanches, Bata, Knezevic, Tison, Chitale, Laursen
and Toch, Tarapore and Varzeliotis and field data from Neill, Laursen
and Toch and Larras, the functional relationship between scour depth
and Reynolds Nuiber was determined by a least squares fit of the data,
to be:

De = 0.00073R 0-019

(2-56)
By considering E%Vs.Froude Number two other formulas were also presented.
These are: :

De _ 2 -
-+ 11.0Fp (2-57)

and

7

De - 3.4Fg'6 (2-58)

B

For continuous sediment motion the equilibrium depth of scour
obtained by equation 2-56 may be conservative. In this case scour
depth seems to be independent of velocity and it is recommended that
equations presented by Breusers and Larras be used.

2.3.0 Comparison of Scour Prediction Formulas

The lack of a scour prediction formula that can be used with any
reasonable degree of confidence was the primary motivation for this
study. This fact is well illustrated by noting the variation in scour
depths as predicted by different scour prediction formulas.

The foregoing sections demonstrate the diversity of approaches used
to explain the mechanics of sediment transport and scour, On first in-
spection, there seems to be little agreement in any of the scour predic-
tion formulas, except that they do predict scour depth, It is seen that
different investigators relate scour depth with different variables.
Consequently, since their formulas do not always include the same
variables, it is difficult to compare them in their primitive state.

The major difficulty here evolves from the fact that the equations
are emperical. The investigators "fit" the data gathered and this
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fitting varies, depending omn the type of experiment and the intent of the
investigator. Comsequently, the equations agree with the experiment and
are not really applicable beyond the range of the experiment or for other
variables.

A review of the scour prediction formulas shows that, with few
exceptions, these formulas may be expressed in terms of three variable
groupings. That is,

scour depth - stace :
pier width f (Froude Number, EEEE“éiﬁzh’ sediment property)

where scour depth is measured from a mean bed elevation. A. G. Anderson
has suggested that the proper sediment property variable is Vm/V*
cr.

All of the scour prediction formulas do not necessarily depend on
all three variable groups. Some depend on only one, some two and some
all three. One exception is Breuser's formula, which is equal to a
constant in the nondimensional comparison format.

Tables 2, 3, and 4 show the scour prediction formulas in their
original and comparison format. The assumptions used to reduce the
formulas to the comparison format are also given in these tables.

Table 2 lists the scour prediction formulas that can be reduced to

scour depth - stage
the form pier width £ (pier width)'

Table 3 shows the formulas that have the form

scour depth _ stage
pier width f (Froude Number, pier widen) *

Table 4 shows the formulas that have the form

scour depth _ stage .  crs
pier width f (Froude Number pier width’ sediment characteristic).

By reducing all the formulas to a common functional format that
includes the same variable groups, the scour prediction formulas may be
meaningfully compared. A comparison was made using

scour depth stage
1) pier width vs Froude Number for constant Ezgz—siazh and constant

sediment characteristics.

and

scour depth stage

2) pler width vs pier width

for constant Froude Number and constant
sediment characteristics.

No effort was made to make a comparison on sediment characteristics.
So many variables are involved it would be necessary to analyze the
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NAME ORIGINAL FORMULA ASSUMPTION COMPARISON FORMAT
Breusers Dnax e 1.4p% None hz%:_e_ = 1.4
%
. D*_ 0.25 None D _ B 0.75 ®
Blench (2) = 1.8 (b/H) . T = 1.8 () -3
Inglis~Poona DglaX: 1.73 (H/b) 0.78 None D 0.78
2) b : _’;@_}i = 1.73 (H/b) - H/b
_ 0.7 ., 0.3
Laursen D=1.5K; Ko b H None %= 1.5 X1 Ko (H/b) 0.3
Table 2. Scour Prediction Formulas Reduced To: Scour Depth/Pier Width = f (stage/pier width)
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NAME ORIGINAL FORMULA ASSUMPTION COMPARISON FORMAT
De - 2 De = 2
Shen (1) - 11.0 Fp None 5 11 (H/b) F
Shen (2) De - 3.4 Fg'67 None De _ 5, (i1/by0-335 £0-67
. D _ 2 D . 2
Chitale "= 6.65F - 5.49 F< - 0.51 None 5" (6.65F - 5,49F~ — 0.51) H/b
Liu D%_% = 0.3 + 2.15 (a/m)04¥t/3 None Pmax - 0.3 42,15 @/p)®® pl/3
2
D_ ., V23 d. D_ o H g2
Bata H—lO (gH H) g-o 5 10b F
*
D 2/3 0,72 D 0.24,8,0.72_0.24 H
Varzeliotis glax = 1.43 (q / /b) q= (V) (1 _E__max = 1.43(g) (E) F iy
*
. . 0.26 H
Inglis-Poona Dmax . 1.7 (q2/3/b)0'78 qg= (V) (H) Dmax _ l.7(g)0 26(E)0 78F -
(1 b b b b
LI 2/3 2/3 _H
Anmad =K 4= M Dokt 2P 8
Table 3. Scour Prediction Formulas Reduced To:  Scour Depth/Pier Width = f (Froude No.,

stage/pler width)
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NAME ORIGINAL FORMULA ASSUMPTION COMPARISON FORMAT
4 1/2
D* 1/4 a=m ® |p_, . et i
Blench (1) - 1.8 (b/d,) o =18 (Fb) @ ® -3
. 5 1/3 4 2/3 B
Blench (3) D* = 1.8 (dg) q = (V) (1) T = 1.8(%)—) @ ® b
2.1 641576 2 165(s-13]
D Ng°-1.64 D F2(H/b)/(d/b)~1.65(s~1)
Carstens e = 0,546 . None —€ = 0.546
P [st-s.oz] b Ez(h/b)/(d/b)-s.OZ(sd)J
) 3/2
Duax = AGe-CagD) 2/t | g = () @ | Dpax o agh M %(%)” 2e(d ”{]
Knezevic
Q = VHWyg D 1/3H  2/3 H
= g n -
Tnglis- Dhax = 0.946 (q/f)%/3 o ol —paE = (1.82) () 5P 7%
Lacey ws = 2.67Q

Table 4. Scour Prediction Formulas Reduced To: Scour Depth/Pier Width = f (Froude No., stage/pier width
sediment characteristics)

*derived by Lacey



original data in order to arrive at a common sediment parameter. Twelve
of the seventeen formulas considered are not dependent on sediment
characteristics. The sediment parameters were kept constant in the
others for comparisons. It was assumed that:

Bed sediment mean diameter = 0,lmm

Sediment specific gravity = 2,65

sediment diameter -5
pler width 2.3 x 10

Pier shape = semi~circular

Angle of attack = zero

A digital computer program was coded and used to evaluate the scour
prediction formulas. The output from the computer program was fed into
a CalComp plotter and the comparison curves were generated. These curves
are shown in Figures 3 through 10. Figures 3 through 6 give

scour depth vs Froude Number for stage to pier width ratioc of 0.5, 1, 2

pier width scour depth stage
and 3., Figures 7 through 10 give curves for pier width vs bier width

for Froude Numbers of 0.05, 0.1, 0.5 and 0.8.

It can be seen from the comparison curves that their is little
agreement in the scour depth predicted by the formulas. The best agree-
ment occurs at conditions that could be considered normal river flow
conditions. 1In Figures 3 through 6 as the Froude Number increases the
disagreement in the predicted geour depth also increases. Similarly,

; stage - R .
in Figures 7 through 10 as {or widih lmcreases the variation in the
predicted scour depth increBs€s. ?E may be reasoned that this is the
result of extrapolating curves that fit the limited available data.

With little field data available and essentially no flood data available
investigators have had to rely on laboratory data. Consequently, the
shape of the curves, that is the functional relationship for scour depth,
for large flow conditions, large Froude Numbers, has been mostly specula-
tion.

The discrepancies in the predicted scour depths have prevented
bridge engineers from using any of the formulas with confidence. To
illustrate what can result from the use of these formulas consider this
hypothetical case. Assume the following design case with the conditions:

velocity = 3 ft/sec
stage = 28 ft
bridge pier width = 14 ft diameter

then the Froude Number = —== 0,1
Vi
and
stage =2
pier width
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These values are plotted as & dashed line on the comparative curves in
Figure 5 and Figure 8, From these curves, a prediction of scour depths
based on these examples range from zero to 29,7 feet, It is obvious that
the discrepancy is even worse for flood conditions.

At this time it is not possible to qualify scour prediction formulas
according to their accuracy in predicting scour depths. Field data will
give us confidence in laboratory data and define the ranges of applica-
bility of the existing formulas., TIf this study reaches a successful
completion, data will be available to make this judgment. Until that
time, little can be done.
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ITI. STUDY OBJECTIVES

3.1.0 Objectives

As discussed in the preceeding chapter, the primary aim of this
study is to validate existing scour prediction formulas with field data,
Specifically, this study will:

1. Measure the depths of scour around bridge piers.

2, Supplement the scour measurements with other pertinent field
data,

3. Evaluate the effectiveness of state-of-the-art scour theories
in predicting scour.

3.2.0 Parameters

Before planning a field study on scour around bridge piers, it is
first necessary to determine which parameters are pertinent to scour,
and, therefore, which are to be measured.

Based on the scour prediction formulas, the scour parameters are
summarized in Table 5, With the exception of scour depth, the parameter
most often taken into consideration is PIER GEOMETRY, which includes the
general pier shape and piler dimensions,

VELOCITY is the second most used parameter in the prediction
formulas and the least clearly defined. Some formulas use what they
define as an undisturbed velocity, others use an upstream velocity, but
don't specify how far upstream, and still others use a velocity without
defining its location.

Both STAGE and DISCHARGE appear in the formulas. In general, stage
and discharge have a very definite relationship to each other and dis-
charge versus stage rating curves are widely accepted to express one in
terms of the other.

CHANNEL GECOMETRY appears in many formulas and includes such parameters
as:

channel width and width change

contraction at the bridge crossing

channel slope

channel bed shape and overbank (flood plan) dimensions
channel curvature

BED MATERIAL PROPERTIES are included in many of the scour prediction
formulas selected for study. They usually include size, size distribution
and specific gravity of the bed material. Other properties often consid~
ered are bed roughness and vegetation; bed critical shear stress; cohesive
or non-cohesive material; and material composition,
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FLOW DIRECTION is considered in many of the formulas since it has
been demonstrated that the angle of attack of the pier influences depth
of scour.

Fluid VISCOSITY is considered in one equation and since viscosity is
temperature dependent, temperature is a significant parameter to be
congidered,

It follows that to effectively evaluate the scour prediction formulas,
a field study must gather data on:

Scour depth

Pler geometry

Flow velocity

River stage

Discharge

Channel geometry

Bed material properties
Flow direction

River temperature

. e

.

PR .
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3.3.0 West Virginia University Field Study

The objectives of the field study are met in the following manner.
Stage and scour depth at the pier are measured by an automated scour
monitoring system. This system 1s fixed to the pler and periodically
measures and records both stage and scour depth at the pier. Discharge
is determined from rating curves for the resulting valves of stage.
Frequent updating of these curves are made from U,$.G.S. discharge
measurements,

Pier geometry is obtained from highway department bridge construction
plans.

The remaining parameters are periodically measured by field personnel
on routine visits. Channel geometry and flow direction are determined
for various river stages using survey techniques. Topographic mapping
of the channel and bridge crossing is made using fathometer—~type survey
instruments,

Collections of bottom samples and water temperature measurements are
made during site visits.

Velocity measurements are made in two ways. Two-dimensional velocity
vectors are measured in the immediate vicinity of the scour hole by
velocity meters permanently installed on the bridge pier. Undisturbed
flow velocity measurements, called for in some scour prediction formulas,
are made using mobile imstrumentation from a boat,

Field sites have been selected that are representative of different
types of rivers and bridge crossings. These sites display scour potential
and have a probability of frequent flooding.
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Iv. SITE SELECTION

4,1.0 Criteria

The aim of West Virginia University was to select existing highway
bridges in such a manner that maximum useful data could be gathered.
The two primary considerations influencing the choices were: 1) assurance
that the bridges be located on alluvial rivers where pler scour is experi-
enced and 2) sufficiently high river stages were likely to occur during
the monitoring period so that meaningful pier scour data could be collect-
ed.

In order not to add additional parameters or make the existing para-
meters more complicated the following criteria were also considered in
the selection of bridges:

1) Standard pier geometry with no scour protection device

2) Straight channel .

3) Limited flow angle

4) Pier located in the water near middle of river

5) No added flow conditions due to adjacent bridges or structures

For reasons of convenience additional considerations in the bridge
selection were as follows:

1) Ease in which the bridge could be safely and economically
instrumented

2) Access to the pier and river during major floods

3) Availability of an airport for flood alert purposes

4) Minimizing travel

4,2,0 Bridges Selected

Many bridges were reviewed through the cooperation of the Federal
Highway Administration and State Highway Departments., Although many of
the bridges reviewed were found acceptable, those not found acceptable
usually failed to meet several of the criteria conditions. In the final
selection, a great amount of emphasis was placed on minimizing travel,
by selecting sites in the same general section of the country.

The five bridges selected are shown in figures 11 through 20. Four
out of the five are currently being used as scour monitoring sites. The
I-35E Bridge over the Mississippi River was found to be too difficult to
instrument, due to the inability to cope with the large currents around
the pier.

In addition to meeting the basic criteria conditions, the four
bridges seliected were located in different watershed areas. This was
to insure the lowest probability of encountering two or more flood
conditions simultaneously. Finally, the four sites selected were on
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rivers of different sizes, Peak discharges for the selected sites
are as follows:

1) Homochitto River 30,000 ft3/sec
2) Brazos River 90,000 ft3/sec
3) Red River 300,000 ft3/sec
4) Ohio River 900,000 ft3/sec

Figure 11, Texas Street Bridge over the Red River at Shreveport, La.

Figure 12, Scour hole around front of Pier 6, Red River.
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Figure 13, I-35E Bridge over the Mississippi River at St. Paul, Minn.

Figure 14, Pier #2, I-35E Bridge.
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Figure 15, U. S. Highway 84 Bridge over the Homochitto River,

Figure 16. Homochitto River during high flow.
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Figure 17. U, S. Highway 59 West Bridge over the Brazos River at
Richmond, Texas.

Figure 18. Bow wave on footing of instrumented pier 3, Brazos River.
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Figure 19. 1I-275 Bridge over the Ohio River at Lawrenceburg, Indiana
(between Dearborn County, Indiana and Boome County, Kentucky).

Figure 20. Instrumented Pier B, I~275 Bridge over the Ohio River.
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V. DATA

5.1.0 Introduction

The data collected for each scour monitoring site falls into four
classifications. First, there is that data which remains constant for
a particular site, such as pier geometry and stage versus discharge
relations. It has also been determined that for a particular stage the
area of the bridge opening and average velocity through the bridge open-
ing fall into a well-defined envelope. This is shown in the data for
the Red River at Shreveport, Louisiana. Also falling into this classifi-
cation is angle of attack vs. stage. That is, once the orientation of
the pier with respect to flow direction has been determined for particular
stages it will not change significantly. This is due to the fact that
the river banks at each site are well-defined at higher stages and have
remained stable for many years. In addition, the bridge crossings at
all four sites are located in comparatively straight channels.

The second classification of data is that collected periodically
by a field team. This data includes, for example, bottom samples, river
topography, and velocity profiles. Since many of the parameters needed
to investigate the scour prediction formulas are contained in data
collected upstream from the bridge crossing, a field team with a boat
and mobile instrumentation are required. Most often this data is limited
by river conditions.

The automatic recording of data with the scour monitoring instrumenta-
tion is the third classification of data. This data includes scour hole
depths at the bow of the pier and river stage.

The fourth classification of data is that obtained from various
agencies such as the U.S.G.S., the Army Corps of Engineers, River Forecast
Centers, etc. This usually includes historical data about the river;
such as yearly hydrographs from which flood recurrence intervals are
determined. U.S.G.S. and Army Corps of Engineers discharge measurements
at bridge sites include depth profiles at the bridge crossing. It is
hoped that eventually enough scour monitoring data can be collected to
correlate maximum scour depth with the bridge crossing profiles. The
present method of discharge measurement using a weighted bomb does not
permit accurate depth readings near the bow of the pier.

5.1.1 Data

The presentation of data in this chapter is given for each site in a
similar format. A general description of the bridge, instrumented pier
and waterway is first given for each site. This is followed by informa-
tion on U.S.G.S. gaging stations and historical data such as average and
extreme discharges. Finally, collected data is presented which gives
bottom sample analysis, topographic maps of the bridge crossing and
waterway, cross-sectional views showing both general and local scour at
different river stages, and flood histories. Due to the installation of
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the sites at different periods and problems encountered keeping the
instrumentation operable in adverse river conditions, there is a varia-
tion in amounts of data available from each of the sites.

5.2.0 Brazos River, Texas

The Scour Monitoring Instrumentation for this site is located on the
U. S. Highway 59 West Bridge over the Brazos River at Richmond, Texas.
The bridge is 942 feet long and is supported by ten piers, figure 21(a).
Pier shape and dimensions of the instrumented pier 3 are shown in figure
21(b). During low and normal flow (stages 1 to 6, U.S.G.S. gage, datum
40.94' M.S.L,) the river is approximately 250 to 300 feet wide with the
main chanhnel about half way between piers 2 and 3, During higher flows
(stage 24) the river is approximately 360 feet wide with the main chanmnel
shifting to pier 3.

A U.S.G.S. gaging station (No. 08114000) is located on the downstream
U. S. 59 East Bridge. The following information about that gaging station
is reproduced from "Water Resources Data for Texas" prepared by the United
States Department of the Interior - Geological Survey, in cooperation with
the state of Texas and with other agencies.

Location: ZLat. 29°34'56",long. 95°45'27", Fort Bend County, on right
bank at downstream side of downstream bridge on U. S. Highway 59

in Richmond, 925 ft., downstream from Texas and New Orleans Railroad
Co. bridge, and at mile 92.0.

Drainage Area: 44,020 sq. mi. approximately, of which 9,240 sq. mi.
is probably noncontributing.

Period of Record: January 1903 to Jjune 1906 and October 1922 to
current year. Published as "at Rosenburg' October 22 to September
1931 and equivalent except for diversion by Richmond Irrigation Co.'s
canal. June to November 1901 and June to September 1902 in U. S.
Department of Agriculture, Office of Experiment Statioms, Bulletin
Nos. 119 and 133. Gage-height records collected in this vicinity
since 1914 are contained in reports of the National Weather Service
(formerly U. S. Weather Bureau).

Gage: Water-stage recorder. Datum of gage is 40.94 ft, above mean
sea level. Prior to Oct., 1922, various types of nonrecording gages
at railroad bridges 925 ft. upstream at different datums. Oct. 1 to
Sept. 30, 1922, nonrecording chain gage at Rosenburg 7.6 miles
upstream at datum 4 ft. higher.

Average Discharge: 20 vears (1903-5, 1922-40) unregulated, 7,209 cfs
(5,223,000 acre~ft. per year); 30 years (1940-72) regulated, 7,173
cfs (5,197,000 acre~ft. per year).

Extremes: Current year (1972): Maximum discharge, 24,400 cfs May 12
(gage height, 14,14 ft); minimum daily, 525 cfs Oct. 4. Period of
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Instrumented Pier 3.
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record: Maximum discharge, 123,000 cfs June 6, 1929 (gage height,
40,6 ft., from flood marks), present site and datum; minimum daily,
35 efs Aug. 23, 1934. Maximum stage since at least 1852, 48.2 ft.
Dec, 10, 1913, present datum, from floodmarks on right bank 1,000 ft.
upstream from gage., From information by Southern Pacific Railroad,
stages of other floods at railroad bridges, present datum, are as
follows: May 1884, 43,7 ft.; June 13, 1885, 44.7 ft.: July 1889,
45.6 ft.; May 2, 1915, 43.3 ft.; May 9, 1922 40.9 ft.

In Figure 22 are core borings taken in the vicinity of the instru-
mented pier, These borings show the river bottom to be made of silty
sands or sand-silt mixture. Below this is a layer of inorganic clays
of high plasticity, fat clay. A bottom sample was collected on the
scour hole along the centerline of the pier, between the most upstream
pillings. A grain size analysis of that sample showed d5p = 0.16mm,
figure 23, Core boring blow counts are tabulated in Table 6.

A discharge rating curve for this site is shown in figure 24. The
rating curve was reproduced from a U,5.G.S. Rating No. 7, dated 1 Oct.,
1971. The discharge intensity rating curve is produced from the discharge
rating curve and field measurements of river width (Dis. Int. = discharge/
river width).

Figure 25 is a topographic map of the Brazos River and bridge cross-
ing at stage 12.1 (datum 40.9). The instrumented bridge is approximately
575' downstream of the railroad bridge and approximately 350" upstream of
the U. S. 59 Fast Bridge. The contour map shows the river bottom profile
and general flow direction. The cross-sectioned view of the river was
taken at the upstream edge of the pier.

A flood history from October 14, 1973 to November 1, 1973 for the
Brazos is shown in figure 26, The elevation of the river bottom in front
of the piler during low flow (stage 4) is approximately 23,0 ft. M.S.L.

The elevation during high flow (stage 24) is approximately 18.0 ft. M.S.L.
So, for a rise in stage of 20 ft. the depth of the scour hole increased

5 ft. This is a combination of both local and general, since general
degradation of the river bottom was observed. Figure 27 shows this
general degradation.

5.3.0 Homochitto River, Mississippi

The U, S. Highway 84 Bridge, 0.8 miles east of Eddiceton, Mississippi
is the Scour Monitoring location for the Homochitto River Site., The
bridge is 562' 3" long and supported by 6 piers, figure 28(a). Pier
shape and dimensions of the instrumented piers are shown in figure 28(b).
During normal flow (stages 0.5 to 1.5) the river is approximately 100 feet
wide. The main channel during low flow may be anywhere between piers
3 and 5 due to the meandering of the river. During higher flows (stage
10) the river is approximately 350 feet wide with the main channel between
piers 3 and 5. Consequently, three piers (3, 4 and 5) were instrumented.
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Approx. Elev. Weight of Penetrometer Test

M.§5.L. (ft.) Driil Stem (1bs.) No. of Blows/Penetration {(in.)
85 45 25/6 18/6
80 90 56/4.25 50/3
76 90 2776 41/6
71 135 17/6 23/6
66 135 13/6 13/6
57 180 14/6 16/6
46 225 17/6 19/6
37 270 50/4,38 5G/1.25
32 315 50/2.5 50/1.5
26 315 3476 32/6
21 360 25/6 18/6
16 360 15/6 30/6
11 405 i5/6 19/6
5 405 16/6 19/6
4 450 20/6 26 /6
-9 495 50/2.25 5Q/1.75
-15 495 50/3.0 56/2.13
-20 540 50/2.63 50/2.13
-27 585 19/6 24/6

NOTE: Numbers in the third and fourth columns are added to get
number of blows/ft. penetration.

Table 6. Core boring blow count, hole no. 1, Brazes River,
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Discharge Rating Curve for the Brazos River at Richmond, Texas.

Figure 24,



US.59W
Bridge

River Profile at Upstream Edge of Distribution Block

Figure 25. Topographic map of Brazos River in vicinity of U. S. Highway
59 West Bridge.
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Flood history of Brazos River for period October 14
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A U.S.G.S. gaging station (No. 07291000) is located 900 feet down~-
stream on the Mississippi Central Railroad Bridge. Information on that
gaging station from the U.5.G.S. "Water Resources Data for Mississippi”
is as follows:

Location: ZLat. 31°30'10", long. 90°46'35", in SE 1/4 NE 1/4 sec.
11, T.6 N., R.4 E,, Washington meridan, Franklin County, on left _
bank at upstream side of Mississippi Central Railroad Bridge, 900 ft.
downstream from bridge on U. S. Highway 84, 0.4 miles upstream from
McCall Creek, and 0.8 miles east of Eddiceton.

Drainage Area: 180 sq. mi., approximately.
Period of Record: October 1938 to current year.

Gage: Water-stage recorder, Datum of gage is 217.22 ft. above
mean sea level. Prior to May 26, 1942, nonrecordings gage at site
900 ft. upstream at present datum.

Average Discharge: 33 years, 241 cfs (18.18 inches per year)

Extremes: Current year: Maximum discharge, 7,980 cfs Mar., 2

(gage height, 8.10 ft); minimum daily, 37 cfs Oct. 5. Period of
Record: Maximum discharge 30,900 cfs Mar. 29, 1939; maximum gage
height, 16.82 ft. Oct. 4, 1964; minimum discharge, 26 cfs Sept. 10,
1952 (temporary regulation); minimum unregulated, 28 cfs Sept. 2, 4,
1954, Sept. 29, 1956,

Figure 29 shows core borings taken in the vicinity of the three
instrumented piers. These borings show the river bottom to be a sand
and gravel mixture. A grain size analysis of the bottom sample taken
from the scour hole at pier 3 gave dsg = 0.4%mm, figure 30. A grain size
analysis of a bottom sample taken from between piers 3 and 4 gave d50 =
7.5mm, figure 31. Core boring blow counts are tabulated in Table 7..

A discharge rating curve for this site is shown in figure 32. The
rating curve was produced from U.S.G.S. rating tables 12 through 22,
dated 12 March, 1962 to 30 September, 1973.

5.4.0 Ohio River, Kentucky

The Interstate 275 Bridge over the Ohio River between Kentucky and
Indiana near Lawrenceburg, Indiana is approximately 3500 feet long and is
supported by 15 piers, figure 33(a). Pier shape and dimensions are
shown in figure 33(b). Core borings in the vicinity of pier B are
shown in figure 34,

Figures 35, 36 and 37 show the discharge at the bridge crossing;

the area of the bridge opening; and the mean velocity through the bridge
opening, respectively, These figures were reproduced from the "Prelimi-
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CLAY (hard)

CLAY {high plasticity)

NOTE: Borings reproduced from Mississippi State nghway Department
Plans.

GRAY SHALE

See Table 7 for blow count on test pile report for pier 5.
BOULDER ’

WEATHERED , 1

Figure 29. Core borings taken in the vicinity of instrumented piers 3, 4 and 5, Homochitto River,



Length of Pile 45 ft. Butt Size 14 in. Tip Size 14 in.
Ground Elevation at Test Pile 210.58
Make & Size of Hammer McKiernan-Terry 10B3

Elevation  Total Blows Energy Blows Av. Penet. Bearing
of Ground Per Per Per Foot Per Blow in
Pile Tip Penetration Minute Blow Penetration Feet Tons
200.58 10 105 13100 0 0 0
199.58 11 " " 26 0.0385 19.79
198.58 12 " " 23 0.0435 18.14
197.58 13 " " 24 0.0417 18.70
196.58 14 " " 23 0.0435 18.14
195.58 15 " " 52 0.0192 30.44
194.58 16 " " 51 0.0196 30.10
193.58 17 I " - 161 0.0062 47.74
192.58 18 " b 314 0.0032 54.95
191.58 19 " " 137 0.0073 45.55
190.58 20 " " 110 0.0091 42.37
189.58 21 u " 136 0.0074 45.36
188.58 22 " " 128 0.0078 44,62
187.58 23 " " 87 0.0115 55.04
186.58 24 " " 151 0.0066 46.92
185.58 25 " " 201 0.0050 50.38
184.58 26 " " 147 0.0068 46.52
183.58 27 " " 102 0.0098 41.25
182.58 28 " " 60 0.0167 32.72
181.58 29 " " 59 6.0169 32.52
180.58 30 ' " " 68 0.0147 34.80
179.58 31 " " 75 0.0133 36.43
178.58 32 " " 77 0.0130 36.80
177.58 33 " Y 85 0.0118 38.35
176.58 34 " " 10z 0.0098 41.25
175.58 35 i Y 315 0.0032 54,95
174.58 36 " v 220 0.0045 51.57
173.58 37 b " 191 0.0052 49,92
172.58 38 " " 200 0.0050 50.38
171.58 39 " " 199 0.0050 50.38
170.58 40 " " 115 0.0087 43.04
169.58 41 " " 119 0.0084 43.55
168.58 42 " " 51 0.0196 30.10
167.58 43 " " 81 0.0123 37.69
166,58 44 " " 80 0.0125 37.43
166.05 44.53 " " 48 0.0110 39.46

*Note: Test pile report reproduced from Mississippi State Highway
Department Report, Dated 7-20-59, Project F-015-1(7)

Table 7. Test pile report* for pile #13, pier #5, Homochitto River.
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a) ELEVATION VIEW (Looking downstream) Fyryein, St Han. Coram, plona.
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b) INSTRUMENTED PIER “'B"” DETAILS

Figure 33. (a) 1I-275 Bridge over the Ohio River.
(b) Instrumented Pier B,
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WATER

SAND

SAND & GRAVEL

SAND, GRAVEL & ROCK FRAG.
GRAVEL

SAND & SILT

CLAY (sandy)

CLAY (soft)

CLAY (hard)

CLAY (high plasticity) o0

GRAY SHALE

BOULDER

WEATHERED

HOLE NO. 28 HOLE NO.1B
15°Lf. ¢ Pier B 15'Rt. € Pier B
455, — 455.3—

428.1 |,

428.8—
425, | —f=

@@@&

approx. footing

&

4016 elev. 4050 D
393.| — :‘
386.3— B
ST
371 — RS @ 370.8——-:"' ﬁ

369.1 — NN 609, approx. pile tip

367.6 7 | \— 70% elev, 367.0
362.6 ~ N\NWNN— 93°,
359, 1 ~ NN 100 %,
354.1 — 100%

Borings reproduced from Kentucky Dept. of Highways and Indiana
State Highway Commission plans.

Number in circle indicates number of blows of 140 1b. hammer dropped
30" required to drive a 2" split-spoon sampler 1.0 ft, after first
seating the split-spoon sampler by driving it 6".

Percentage numbers indicate percent of core recovery.

Figure 34. Core borings taken in the vicinity of instrumented pier B, Ohio River.
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nary Report of Hydraulic Features of Proposed Highway Bridge on Inter-
state Highway 275," a report prepared for the Kentucky Department of
Highways by the U, S. Geological Survey,

5.5.0 Red River, Louisiana

The Long-Allen (Texas Street) Bridge over the Red River at Shreve-
port, Louisiana is approximately 3100 feet long and is supported by ten
piers, figure 38(a). Pier shape and dimensions of the imstrumented
pier 6 are shown in figure 38(b).

A U.S.G.S. gaging station (No. 4) is located downstream on the I.C.
Railroad Bridge. Information on that gaging station from the U.S.G.S.
Water Resources Data for Louisizna is as follows:

Location: Lat, 32°30'55", Long. 93°44'25%, 1Illinois Central
Railroad Bridge at mile 302.4,

Drainage Area: 54,677 sq. miles,

Period of Record: Stage, May 1873 to date. Stages are published
also by U. S. Weather Bureau. Zero of gage prior to 1926 was ten
feet higher than present datum, Discharge, 1872 intermittently

to 1905 and Aug, 1929 to date. Computed daily since July 31, 1928,
Also in reports of U. S, Geological Survey.

Gage: Automatic recorder with telemark attachment and wire-weight.
Average Discharge: U. S, Highway 80 Bridge at mile 302.7.

Extremes: Highest, 45.9 feet (present datum) from watermark in
Aug, 1849 (affected by huge log raft). Lowest, 0.2 foot on Nov. 8
and 9, 1939, Maximum, 354,000 cfs estimated for June 15, 1908
{stage, 45.1). A discharge of 303,000 cfs was observed on Apr. 5,
1945 (stage, 37.4). Minimum, 690 cfs computed for Oct, 30, 1956
(stage, 2.72),

Remarks: Gage maintained by U. S. Weather Bureau. Read by New
Orleans district, except on weekends and holidays. Drainage area,
60,613 sq. miles {54,677, surface runoff)., Bankfull stage 30 feet.
Mean high water stage, 25.0 feet, and mean low water stage, 4.5
feet (1938-62). Flow partly regulated by denison, texarkana,

and ferrells bridge dams,

Core borings in the vicinity of the instrumented pier are shown in
figure 39, These borings show the river bottom to be fine sand., A grain
size analysis of a bottom sample collected from the scour hole gave
dsg = 0.lmm, figure 40,

A discharge and discharge intensity rating curve for this site is
given in figure 41, The rating curves are reproduced from U.S.G,S.
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Texas Street Bridge over the Red River,



WATER HOLE NO. 6 HOLE NO. 7
10’ Lf. £ Pier No.6 60’ Lf. & Pier No.6
135.0— ' 135.0 —
SAND
125.0
SAND & GRAVEL 120.0
SAND, GRAVEL & ROCK FRAG. 105.0
102.0 100.0—
GRAVEL 02.0—
i P e 1 vy
o 2.5 —re=s
SAND & SILT g2
_ . AR 77.0/;_.
CLAY (sandy) : &ik" 68.0
58.0 —[ThAN:
CLAY (soft) 560K\
CLAY (hard) 39.0—
CLAY (high plasticity)
‘ NOTE: Borings reproduced from Louisiana Department of Highways,
bridge plans. ‘
GRAY SHALE
Q BOULDER
VV | WEATHERED

Figure 39. Core borings taken in the vicinity of instrumented pier 6, Red River.
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ratings, dated September, 1968. Figure 42 is a flood frequency curve,
computed from daily mean values of discharge for the period 1929-71.

Figure 43 shows a flood history of the Red River for the period
Dec. 16-30, 1972, Figure 44 illustrates the very rapidly changing
scour hole with respect to time. It can be seen from Figure 44 that the
scour hole changed five feet in depth during a time period of less than
one hour.

Weekly measurements of discharge for the Red River at Shreveport
are made by the Army Corp. of Engineers. Those measurements include
depth and velocity readings which in turn yield area of the bridge
opening and discharge. From data supplied by the Corp. of Engineers and
the U.S.G.S. for January 1971 through June 1973, data points for 130
days were plotted. They are area of the bridge opening, figure 45 and
maximum velocity through the bridge opening, figure 46.
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VI. ANALYSIS

6.1.0 Data Analysis

Since the purpose of this study is to evaluate the formulas that
predict the depth of scour around bridge piers, a computer program was
coded to evaluate these formulas based on measured field data. Using
field data as input to the program, calculations are made, and scour
depths are computed using the twenty formulas listed in table 8. The
printout for the program gives the field data input, which includes the
measured scour depths and the depths predicted by each formula. From
this output, the accuracy of each of the formulas in predicting scour
depths can be examined.

Name of the Formula Equation Number
Laursen 2-35
Ahmad 2-36
Chitale 2-37
Breusers 2-38
Inglis-Poona (2) 2-41
Inglis-Poona (1) 2=42
Inglis~Lacey 2-43
Blench (1) 2=-44
Blench (3) 2-45
Blench (2) 2-46
Varzeliotils 2-47
Bata 2-49
Knezevic 2-50
Liu 2-52
Larras 2-53
Maza & Sanches 2-54
Carstens 2-55
Shen (3) 2-56
Shen (1) 2-57
Shen (2) 2-58

Table 8. List of the prediction formulas considered in this study.

Comparisons of the scour prediction formulas using data from the Red
River and the Brazos River (flood condition), are shown in tables 9 and
10, respectively. As can be seen from these tables, some of the formulas
predict the scour depth accurately for both sites. An example is the
Inglis-Poona (2) formula. Some of the formulas predict the scour depth
closely for one site but not for the other one. The Shen (1) formula is
an example., Many of the formulas predict scour depths that are in more
than 100% error. A better perspective is gained by comparing the pre-
dicted scour depths, as shown on the comparison curves in section 2,3.0
of this report, to the measured data from the field study. Figures 47,
48 and 49 show this comparison for the Red River and the Brazos River data.
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FIELD DATA:

width of the pier

undisturbed flow velocity

flow depth approaching

discharge

ave, discharge inteusity

sediment number

channel Froude number

pler Froude number

pier Reynolds number

scour depth measured from mean-bed elevation
scour depth measured from water surface

SCOUR DEPTH PREDICTED FROM MEAN-BED ELEVATION:

Investigator Description
Bata

Breusers Equilibrium
Carstens Equilibrium
Knezevic Maximum
Larras Max. Equilib.
Laursen Equilibrium
Liu Maximum
Maza-Sanches Not Applicable
Shen-1 Equilibrium
Shen~2 Equilibrium
Shen-3 Equilibrium

SCOUR DEPTH PREDICTED FROM WATER SURFACE:

Ahmad Maximum
Blench-1

Blench-2

Blench-3

Chitale Maximum
Inglis~Poona~1 Maximum
Inglis-Poona-2 Maximum
Inglis-Lacey

Varzeliotis Maximum

Table 9. Scour depths as predicted by various formulas for the Red River.
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FIELD DATA:

width of the pier = 12,50
undisturbed flow velocity = 3,60
flow depth approaching = 22.00
discharge : = 0,170E 05
ave. discharge intensity = 56.25
sediment number = 10.41
channel Froude number = 0,08
pler Froude number = 0.14
pler Reynolds number = (,788E 07
scour depth measured from mean-bed elevation = 12,00
scour depth measured from water surface = 33.00
SCOUR DEPTH PREDICTED FROM MEAN-BED ELEVATION:
Investigator : Description Scour Depth
Bata 1.22
Breusers Equilibrium 30.65
Carstens Equilibrium 7.01
, Knezevic Maximum 5.68
Larras Max. Equilib. 18.68
Laursen Equilibrium 31.10
Liu Maximum : 18.67
Maza-Sanches Equilibrium 0.30
Shen-1 - Equilibrium 13.56
Shen-2 Equilibrium 4.43
Shen-3 Equilibrium 19.52
SCOUR DEPTH PREDICTED FROM WATER SURFACE:
Ahmad Maximum 29.36
Blench-1 30.42
Blench-2 39.55
Blench-3 27.90
Chitale Maximum 21.09
Inglis~-Paona~1 - Maximum 24,09
Inglis-Poona-2 Maximuin 33,61
Inglis~Lacey 26,34
Varzeliotis Maximum 20,07

Table 10. Scour depths as predicted by various formulas for the Brazos River.
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VII. CONCLUSIONS AND RECOMMENDATIONS

7.1.0 Conclusions

Basically, all scour prediction formulas are empirical and as such .
are limited. This limitation is due to the large amount of time and
money needed to collect sufficient data on flow, scour depth, material
properties, etc. Consequently, available formulas are "fit" to select
sets of data, While there is little doubt that each scour prediction
formula describes the experiment or field situations on which it was
based, difficulties arise In trying to describe scour for situations
beyond the range of the original experiment. This fact is graphically
illustrated in figures 3 through 10.

Past investigations have done much to iliuminate the scour problem.
However, more data are needed before a reliable scour prediction formula
is available to the bridge engineer.

Certain conclusions may be drawn concerning scour arcund bridge
plers. These are:

1) Laboratory experiments have been beneficial in illustrating
scour around piers in a controlled situation. But due to the
lack of scaling factors for sediment transport, laboratory
experiments are insufficient to quantitatively describe scour
in the field.

2) Scour is a dynamic process. This has been shown in the labora-
tory as well as in the field. Results of this study, illustra~
ted in figures 26 and 43 for the Brazos and Red Rivers,
respectively, show that scour depth around bridge piers
increases and decreases with the stage. Indications are
that maximum scour depth occurs approximately at maximum stage.
This fact makes scour measurements difficult and has resulted
in erroneous conclusions when scour depth was measured after
floods. Consequently, it is concluded that accurate data on
maximum scour depth must be collected during peak flow conditions.

3) Scour at a bridge pier is the sum of three separate scouring
actions. These are: ‘

a) the general scour occurring from the natural changes in the
gtream

b) scour resulting from the contraction caused by the narrowing
of the waterway at the bridge site

¢} local scour that results from flow disturbances introduced
by the presence ¢f the bridge pier
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4)

5)

6)

7)

State~of~-the~art in the hydraulics of sediment transport is
sufficiently advanced so that an analytical treatment of
contraction scour seems plausible, Local scour, on the other
hand, which results from secondary flows generated by piers,
abutments or other obstructions is probably not amenable to
direct analysis., At this time experimental investigation of
local scour seems to be the best approach,

The most significant contribution to total scour at a bridge

pler comes from general or contraction scour. It is concluded
that local scour, by itself, typically would not be of sufficient
magnitude to explain bridge failures.

Field data are needed for two specific purposes:

a) TFirst, to delineate those efforts that are most successful
in describing scour in the field situatiom and, thus, serve
as a basis for directing future research efforts. In other
words, we need to determine which of the past efforts have
been fruitful before investing more time and money in a
new effort. Because of the transient nature of scour these
data must be gathered during f£loods to determine the maxi-
mum effect of scour. This, of course, is difficult because
of the instrumentation damage due to floods.

b) Additionally, field data are needed to form a more complete
basis for modeling sediment transport inm laboratory experi~-
mentation of scour around bridge piers, These field data
would not necessarily need to be taken during floods,

The type of instrumentation used for taking scour measurements
are either mobile or statiomary. Each type has some advantages
and some disadvantages.

The stationary type of scour measuring instrumentation, such as
used in this study, has the ability to more precisely measure
scour depth, and can be made to operate remotely and automati-
cally. 1t is fixed at one location and, therefore, is limited
to the amount of data that may be collected.

A mobile instrumentation system, such as that used by Sanden
in Canada, overcomes many of the limitations of a fixed system
by being able to move from site to site. Data from more sites
may be collected in this manner but the system can not be
operated remotely nor sutomatically. The correlation of
measured data to locations relative to the stream or bridge
pler is difficult. However, mobile instrumentation has been
used successfully by the U.S.G.S, during floods.

Both types of instrumentation systems are subject to flood
damage. However, because of the installation costs, damage to.
a "fixed'type of gystem is usually more expensive,
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7.2.0 Recdmmendations

Based on the experience gained in this study, the following
recommendations are made:

1) Field studies should be continued to collect data on maximum
scour depth until sufficient flood data are collected to
correlate maxlimum scour dpeth with the independent variables
and qualify the existing prediction formulas to determine their
limits and ascertain their accuracy in predicting maximum scour
depth.

Selected sites currently used in the Scour Around Bridge Piers
study should be maintained in operational status for this
purpose. Since the major expense of these scour monitoring
sites is in the development and installation, maintenance costs
by comparison are small. Consequently, the most efficient and
inexpensive means to collect data on scour around bridge piers
during floods will be to keep these systems operational for an
extended period of time. Support from local state highway
departments would greatly reduce the costs of this effort.

During this study valuable field data was lost as a result of
system malfunctions that occurred between maintenance. This
problem could be eliminated with more frequent maintenance
trips to each field site. However, a more reasonable way is to
use local state highway department personnel to assist in this
maintenance responsibility.

2) Additional field studies should be initiated to gather larger
quantities of data on scour depth and related variables. These
data are needed to support efforts to:

a) develop reliable modeling parameters between natural sediment
transporting streams and laboratory experiments,

b) wunderstand the relative magnitude of natural, contraction
and local scour, :

¢) establish a more definite relationship between scour and its
independent variables.

Most of these data do not necessarily need to be taken during
major floods and, therefore, the instrumentation requirements
are reduced.

Data collected on sediment transport and stream behavior by
agencies such as the U.5.G.S. and the U. S. Army Corp. of
Engineers could be useful. It is suggested that a study be
initiated to determine if these data can be developed to aid
the study of scour around bridge piers.
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4)

Consideration should be given to developing new, inexpensive
instrumentation systems that can be used to more efficiently
gather field data on scour parameters, These systems could be
either fixed or mobile. However, the objective should be to
furnish an inexpensive instrument that is reliable, easy to
operate and could be used by state highway departments in
collecting data on scour.

An inexpensive fixed type instrumentation system could be
developed so that only the depth and stage measuring transducers
would have to remain fixed at the site. The peripheral instru-
mentation, such as recorders, amplifiers, etc. could be made
portable. Thus, cost of the fixed portion of the instrumenta-
tion system could be held to a minimum. Such a system would
offer the advantage of being able to monitor a number of im-
portant sites within an area with only one recorder and
amplifier system,

A second, and more attractive, approach would be to develop a
mobile scour monitoring system. It is visualized that such a
system would be self-contained and transportable by truck., This
approach offers considerable advantage over a fixed site in that
a larger number of stream sites could be covered. The instru-
mentation could be taken to a flood, rather than waiting for

a flood to occur at a chosen stream. The probability of
gathering useful data is, therefore, increased.

Several schemes could be used for implementing the measuring
transducers. Some of these are:

a) A guide rail could be placed on a number of bridges such
that the transducer could be powered into and out of the
water on this attacoment.

b) The transducers could be lowered into the water by a cable
suspended from a boom truck, such as those used by the
U.S.G.S.

¢) The transducers could be introduced into the stream from a
powered maneuverable, floating platform that could be remote-
ly controlled from either a bridge or stream bank.

It is recommended that a cost and effectiveness analysis be
conducted on these alternative scour monitoring systems.

It is recommended that an effort be initiated to develop a com—
puter gimulation of contractiom scour, The state~of~the-grt is
sufficiently advanced in sediment transport to where such an
effort is feasible., Such a computer program would aid the
bridge engineer in predicting the magnitude of contraction scour
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5)

6)

that would occur at a bridge site, and allow him to test
alternate design approaches,

A laboratory study should be initiated to investigate the local
hydraulics associated with obstructions in a stream. The
mechanism for local scour 1s intimately related to the secondary
flows generated by obstructions such as abutments and piers.
This phenomenon is not clearly understood and should be pursued
with vigor. Much can be learned from such experiments without

a complete modeling of the sediment tramsport.

It is felt that the limiting magnitude of local scour can be
defined in this manner and can be included as an added scale
factor to contraction scour. The result would be a very
useful tool to the bridge engineer. It would allow him to
inexpensively and expeditiously simulate various waterway de-
signs prior to the site comstruction.

It is recommended that omne of the Scour Around Bridge Pilers
sites be selected for model studies. Much could be learned
concerning the relationship between prototype and model for
future studies if model studies were conducted simultameously
with ongoing field studies.
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APPENDIX A, SCOUR MONITORING INSTRUMENTATION SYSTEM

A.1.0 Present Instrumentation System

The Scour Monitoring Instrumentation System in its most present
stage of development has evoived through many design stages. Due to
installation difficuities and due to extreme river conditions during
flooding, the mounting and protecting of the transducer have undergone
the greatest change. That part of the system used to record the data
has remained the same due to the little change in its present state~of-
the-art and high original cost, The power supply and controls for the
monitoring system have necessarily become more sophisticated along with
the supplementary field equipmernt.

The basic monitoring system includes both depth-stage measuring
and velocity measuring instrumentation, figure 50, The depth-stage
system is completely automated and requires minimal sevvicing. The
velocity system must be manually operated. Transducers for the complete
system are mounted on the bridge pier as near to the river bottom as
possible. It is believed that a mounting location in the scour hole
provides the maximum transducer protection from flcating debris.

The controls and recorders for both systems are located in a steel
housing, for their protection and for easy access by operator personnel,
The instrumentation housing is located either on the cap of the instru-
mented pier, on the bridge deck above the instrumented pier, or on  the
abutment nearest the instrumented pier. Cables provide the connection
between the pier-mounted transducers and the remote control-recorder
system.

A.l1.1 Depth-Stage System

Typically, there are depth transducers at three locations on the
bow of the pier to determine the shape and maximum depth of the scour
hole, figure 51. One is located on the center line of the pier. The
other two are located on either side of the pier at a distance of two
to six feet behind the bow. The transducer supports have been designed
in an effort to make them sufficiently strong without creating additional
flow disturbances.

The stage transducer is located on the rear of the pier where it is
more easily protected from debris., In addition, the rvelatively calm
water surface at the vear of the pier provides the optimum reflecting
surface for the echo sounding stage transducer. When located on the
rear of the pier comparative data recordings have shown the stage trans-
ducer toc be unaffected by extreme river conditions which preseants high
velocities with large amounts of debris.

A level indicator switch is located near the rear of the pier, also
for protection. The rlosing of the switch by flood stage waters causes
more freguent recordings of the depth-stage data.
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Data from the stage and depth transducers is transmitted to an
Automatic Control Unit which allows the alternate recording of the
data from each transducer. Recordings are simultaneously produced on
two recorders, Data transmission is first received by an echo-sounding
transmitter/receiver recorder. Here the data signal is recorded, con-
verted to an analog output and delivered to a back-up recorder.

The battery power supply which operates the entire depth-stage
system is distributed to the system through the control unit. An a.c.
line voltage operates a charger to prolong the life of the battery
power supply.

A.1.2 Velocity System

Similar to the depth transducers, the velocity meters are also
located at three locations on the pier, figure 52. Present designs
allow mounting of the velocity meters on the supports with the depth
transducers. However, individual meters may be mounted at any location.

Signals from the two~dimensional measuring, velocity meters are
transmitted to two bridge amplifiers and recorded on a two-channel
recorder. Each of the two recordings represents a component of a
velocity vector. The air supply and air control unit are used to
operate the velocity meter's protective cover.

Cables from both the depth and velocity tramnsducers are mated and
brought up the pier to the instrumentation housing. Protection of
the cables from debris may be accomplished by bringing them up the rear
of the pier or by bringing them up the bow of the pier and covering them
with a durable steel or aluminum conduit.

The following sections will describe the improvements and design
changes of each part of the scour monitoring system. From the original
concepts of a basic system to the present system, the necessity of each
development will be discussed,

A.2.0 Depth Instrumentation Development

The basic scour-depth measuring instrumentation has remained
essentially the same during the length of the project. Depth transducers
using an echo-sounding principle have been utilized with the only change
being different methods of transducer mounting.

There are many brands of depth sounding instrumentation and most of
them have generally the same specifications. The one used with this
system has an operating frequency of 200 khz. The high operating fre-
quency permits optimum transmission in highly concentrated sediment
conditions and allows a narrow beam transducer to be used. With the
mounting of the transducers to a pier, a narrow sounding beam was de-
sired to prevent echo reflections from the pier. The sounding recorder
chosen for this project could also be adapted for remote recordings.
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This would permit back-up recording of the data in the event a malfunction
were to occur with the basic recording system, i.e. a broken or over-used
writing stylus. Since the instrumentation would be operating automati-
cally for a period of four to six weeks, it was realized that it was

very possible for a writing stylus to become unusable.

A.2,1 Principle of Operation

The principle of operation ‘echo depth sounding' is a method of
measuring water depth by computing the time interval required for sound
waves to travel, at a known velocity, from a known point to a reflecting
surface and return. If the time is measured between the transmission of
a sound and the reception of its echo, the distance may be computed by
multiplying one-half of this time interval by the velocity of sound in
water.

From fresh water at the freezing point to the warmest water of the
highest saline content likely to be encountered, there can be a variation
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in the Speed of Sound from approximately 4550 to 5050 feet per second;
the speed increasing with both higher temperature and salinity. The
division of change is roughly three fifths for temperature and two
fifths for salinity. The Speed of Sound also increases slightly with
increasing pressure; however, for water depths measured with this
equipment, the correction for pressure would be negligible, therefore,
will not be considered.

The foregoing shows that under widely differing water conditions
the sounding accuracy could be affected as much as plus or minus 57 due
to the Speed of Sound in water variation. Under normal conditions of
operation in a given area, variations of the Speed of Sound in water
will usually be less than plus or minus 0,.5%.

A.2.2 Transducers

The transducer most used for mounting to a pier was the narrow beam
type, figure 53, It is a two-way energy conversion device which converts
electrical energy pulses into supersonic energy pulses during transmission
and then converts the echos of supersonic energy pulses into electrical
signals during reception. Because of a larger radiating area and greater
directivity index the transmission response, figure 54 of the narrow beam
transducer shows an improvement in echo strength over the standard wide
beam transducer. The U, S. Coast and Geodetic Survey has used the narrow
beam transducer for measuring wave heights, where the narrow beam width of
the transducer can differentiate between the peak and the trough of the
waves.

Figure 53, Narrow beam type depth transducer.
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To protect the transducer cables against abrasion from sand particles,
initially, plastic garden hose was used to cover the cables from the
transducer to a point above the highest flood water encountered. Present
instrument package designs and cable protection with conduit eliminates
the need for the garden hose,

A.2,3 Cage-type Support

The first design used to support and protect a depth transducer was
a cage support as used in the first installation at Shreveport, Louisiana,
figure 55, The one unit cage and its base plate were studded to the pier
with the depth transducer in place., Due to problems encountered in the
diving installation (covered in more detail in the installation section),
later designs incorporated a two-piece unit consisting of a cage and base~
plate. The baseplate was first affixed to the pier, then the cage with
depth transducer in place was attached to the baseplate. The cage design
as shown in figure 55 has not changed except for minor alterations to the
method of clamping the transducer to the cage. The original design used
a machined clamp with nuts and bolts to secure it to the cage. All
subsequent designs use standard pipe clamps with wing nuts. As previously
indicated many design changes were brought about to make the installations
easier. Also, many changes were made because of problems encountered by
debris.

The cage type depth transducer supports are presently being used at
the Texas and Mississippi monitoring sites with no apparent difficulties.
Both of these installations were done during very low river stages and,
as a result, a very secure and adequate fastening of the cages to the
pier was accomplished,

Figure 55. Cage~type Depth Transducer Support
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Another cage-type transducer support, figure 56,was designed for
specific mounting to a pier ledge. This support utilizes the same
method of enclosing the transducer for protection., It differs from the
previously mentioned cage in that it is conveniently mounted to a
horizontal pier ledge, whereas the original design mounted to a vertical
surface of the pier.

A major drawback in the cage design, besides its awkwardness to
handle during installation, is that it creates enough flow disturbances to
cause flow separation from the face of the depth transducer at high
velocitieg., It was realized from data received from the Shreveport site,
which utilized the cage design on the first two installations, that at
high river stages the depth readings were either faintly recorded or not
at all. At that time three possible factors were considered to be
possible causes. They were 1) the flow separation just discussed, 2)

a changing slope scour hole surface, and 3) a high sedimentation concen-
tration. It has since been determined that all three possible causes
can and do affect the readings with an additional problem of debris
hang-up. Debris, caught on the instrument can give a zero depth or
faint reading depending on the amount and size of debris.

Figure 56. Ledge mounted, cage-type depth transducer support.
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A.2.4 Testing of Cage Supports

To determine the effects of flow separation, tests were conducted with
the depth transducers and their supports in the U,S.G.S. operated tow tank
at the National Space Technology Laboratories, formerly the N.A.S.A., Mis-
sissippi Test Facility. These tests showed flow separation to occur at
flow velocities exceeding 8 feet per second. It was determined that the
cage-type supports created sufficient flow disturbance to cause the sepa-
ration of flow from the face of the transducer. Attempts to streamline
the flow with the transducer mounted within the cage support were unsuc-
cessful.

Tests conducted with a tear-drop ferring attached to the transducer
without the cage support, figure 57, allowed a usable velocity range of
15 feet per second. Additional tests were made with the transducer (with-
out ferring) mounted toward the direction of flow at an approximate angle
of one degree with respect to the reflecting surface, This slight inci-
dent angle was sufficient to increase the usable velocity range to 15 feet
per second without the ferring. This test proved very beneficial in con-
nection to the mounting of the transducers to the pier. Due to the slope
of the scour hole, it is desirable to mount the transducer at a slight
angle. This produces the needed incident angle with respect to the flow
and allows the face of the transducer to be more parallel to the sloping
surface of the scour hole,

Raytheon 7245
Depth Transducer

Tear-drop

N

3° Beam Width

Figure 57, Mounting of tear—-drop ferring on narrow beam transducer to
improve flow characteristics.
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As a result of the testing conducted with the transducer and cage-
type support, a redesign of the depth transducer support was initiated.
The support structure currently used consists of a single aluminum
channel with a bolt~on housing to protect the transducer.

The narrow beam depth transducer was again tested using a cylindrical
protecting cover, figure 58(a), in the following three configurations:

1. The depth transducer completely enclosed within the cylindrical
cover.

2. The depth transducer protruding from the cover.

3. The depth transducer protruding from the cover, but with the
teardrop ferring installed.

Configurations 1 and 2 showed no deterioration in the signal below
a velocity of 10 feet per second. Above 10 feet per second some
deterioration was observed, but complete loss of the signal was not
encountered below 15 feet per second, the upper limit of the tow tank
facility. Configuration 3 showed an improvement in operation. Velocities
could be increased to 12 feet per second without loss of signal strength.
It was observed during these tests that further improvement could be made
by inclining the transducer at a slight positive angle relative to the
flow. 1In this configuration, velocities of 15 feet per second were
obtainable without any loss in signal strength.

The box-shaped protective cover, figure 58(b), was tested in the
following configurations:

1. With the transducer completely enclosed.

2. With the transducer protruding.

3. With the transducer protruding but protected by the streamlining
cowling.

Configurations 1 and 2 for the box-shaped protective cover again
showed that velocities of 10 feet per second could be achieved without
loss of return signal., Configuration 3 permitted the velocities to be
increased above 10 feet per second without significantly reducing the
signal strength.

It has been concluded that cavitation caused from the sharp edges
on the transducer body and the sharp edges on the original cage design
was at least partially responsible for the loss of the signal at higher
velocities. These tests showed that the redesigned support structure
with both cylindrical and box-shaped covers has improved the situation.,
The transducer can now be depended upon to operate effectively in flows
with velocities exceeding 10 feet per second without signal loss due to
flow separation. In cases where the transducer face is inclined at a
slight positive angle with respect to the flow, i.e., the bow position
on a pier, the effective velocities will be higher.

The diamond-shaped 15° tramsducer was tested and shown to operate
satisfactorily at velocities up to 15 feet per second,
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Figure 58, Depth tramsducey protecting covers; (a) cylindrical cover
to be used with 3® transducer, (b) box-cover used with
combined 3° and 15° transducer,
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A.2.5 Latest Depth System Designs

As previously indicated it became necessary to redesign the depth
transducer support instrumentation due to the problems encountered in
the original design. The all steel constructed cage-type support, in
addition to creating flow disturbances, was heavy and cumbersome. Two
divers were required for the underwater installation of the cage.

The latest support design, figure 59, is an all aluminum construction
making it lighter and easier to handle. The transducer is mounted three
to four inches below the support and is protected without completely
enclosing it. This method of supporting the transducer protects it
without the support itself creating additional flow disturbances to the
face of the transducer,

Figure 59. Current method to support and protect depth transducer.

A.3.0 Stage Instrumentation

River stage measuring instrumentation is incorporated in the depth
measuring system., Stage measurements are made by directing the sound
waves from a narrow beam transducer toward the river surface. In the
principle of echo-sounding the reflecting surface need only have a
different density than that of the fluid in which the waves are trans-
mitted. 1In fact, the strength of the reflected sound waves from the
stage transducer produce a better recording than those from the depth
transducers. This is a result of the sharply defined interface between
the water-air surface., Where as the interface between the water-soil
bottom may be in a highly concentrated mixture, especially during floodings.
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The stage transducer supports have followed the same development
as the depth transducer supports. The early supports were steel cages
and the latest supports are aluminum channels with cylindrical protecting
covers, figure 60,

A.4.0 Depth-stage System Control

The first controls used with the depth measuring system included two
separate control units, They were a timing unit which automatically
turned on the recorders and a transducer sequencing unit which permitted
manual selection of the depth or stage transducers, figure 61,

Figure 60. Stage transducer support and protecting cover,
A.4.1 Timing Unit

The timing unit, shown schematically in figure 62, utilized both a
12 volt and 24 volt power supply. The 24 volt source was necessary to
operate the twenty-four position stepping switch. This particular type
of stepping switch was needed to obtain a variety of system turn on
intervals, since the frequency with which depth measurements should be
monitored could not be initially determined, In addition to supplying
power to the timing unit clock and relays, the 12 volt source is channeled
through the timing unit to the depth recording system. The timing unit
has the capability of turning the system on for three minutes at preset
intervals of 1/hr., 1/4 hr., 1/6 hr., 1/12 hr., or 1/36 hr.

A.4.2 Transducer Sequencing Unit

The manual sequencing unit, shown schematically in figure 63, pro~
vided recepticles for the outputs from the depth and stage transducers
and a single input receptacle into the recording system, Consequently,
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Figure 61. Depth system timing unit (left) and manual transducer sequencing
unit (right).

simultaneous recordings from each of the depth transducers and the stage
transducer could only be made when an operator were available to manually
switch the transducers, This was a major drawback in the depth control
system.

A.4.3 Automatic Control Unit

The present depth system control unit, figure 64, has overcome the
need for any manual operator functions. By combining the original timing
unit with an automated sequencing unit, a completely automated depth
control system has been developed.

The Automatic Control Unit (A.C,U.) has the same system turn-on
capabilities as the original timing unit. Through the use of an additional
stepping switch and a more complex relay system the A.C,U. alternately
switches from one transducer to another letting each have a recording
time of thirty to forty-five seconds, figure 65. Presently the control
unit has receptacles to handle four transducers (3 depth and 1 stage) but
could be modified to accept a total of eleven transducers.

Receptacles for transducer output and recorder input are located on
the right side of the control unit. Battery power to the entire depth
system is supplied at single input receptacles along with output recepta-
cles for the various recorders on the left side of the control unit.
Additional receptables are located on the left side of the control unit
for power to the analog circuit board and for the level indicator connec-
tion. )
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A.4.4 Level Indicator Switch

A level indicator switch is mounted on the bridge pier, figure 66,
at a flood stage elevation. Closing of the indicator switch by high
waters causes the turn-on interval of the A.C.U. to change from a normal
1/36 hr. to a 1/4 hr. recording interval, This allows more frequent
readings during periods that the scour hole depth may be rapidly changing.

A.5.0 Recorders

Permanent recordings of data from the depth and stage instrumentation
are simultaneously produced on chart paper from two separate recorders.
The secondary or back-up recorder is used to prevent the loss of data
in the event the stylus of the primary recorder wears out.

Figure 64, Automatic Control Unit

A.5.1 Primary Recorder

The primary recorder contains completely solid-state transmitter and
receiver circuitry in addition to being a basic recording system, The
transmitter is basically a Master-Oscillator Power-Amplifier operating at
a frequency of 200 kHz. A built-in inverter oscillator which operates
from the 12 volt D.C. power supply, furnishes the operating voltage to
the transmitter amplifier. The pulses of electrical energy from the
transmitter are converted by the transducer into pulses of supersonic
energy which travel through the water toward the bottom or surface. The
reflected echoes of supersonic energy are then recepted by the transducer,
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Figure 66. Level Indicator Switch

converted back to electrical signals and received by the recorder. The
output of the receiver is rectified and filtered to remove the 200 kHz.
component and delivered to the stylus. By coupling the speed of the
stylus drive motor with the speed of the signal transmission and recep-
tion, a D.C. voltage, which is compared to the motor speed, is delivered
to the stylus. Consequently, the D.C. voltage across the stylus burns

a trace on the chart paper at intervals which are indications of depth.

A.5.2 Analog Circuit Board

The primary recorder receives a pulse-type signal. This signal is
transmitted through the analog circuit board, located on the back of
the recorder and converted to an analog signal. The millivolt analog
signal is then transmitted to the secondary recorder.

A.5.3 Secondary Recorder

The back~up recorder is a basic 12V D.C. recorder. It prints
through the impinging action of its stylus against pressure-sensitive
paper. Recording on the cord of the stylus arc allows presentation of
the data as a continuous line,

Writing speed varies with motor speed. Chart speed and trace density
depend on the ratio of the gear box, which couples the paper drive to the
motor., The controls are located on the front of the recorder.

A.6.0 Power Supply

Operation of the depth and stage measuring instrumentation system
depends on both a 12 and 24 volt D,.C, power supply, The recorders operate
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from the combined voltage sources. The comparatively large current
demand from the recorders requires a large 90 amp hr. capability, while
the control unit requires only a 15 amp hr. rating.

During periods of flooding, more frequent measurements are needed,
which results in heavy use of the depth system. Due to the large drain
on the battery power supply during this time a constant charge on the
batteries was necessary. As a result a 110 volt A.C. operated battery
charger was built to constantly supply a .9 amp charge to the main power

supply.
A.7.0 Velocity Meter

Due to its recognized, two~dimensional measurement capacity the
velocity meter used in the scour monitoring system has undergone extens-
ive development. Unlike most state-of-the-art velocity instrumentation
used in this type of field research, a velocity vector may be measured
with this meter.

A.7.1 Principle of Operation

The basic principle of operation of the velocity meter is that the
drag on the sphere is proportional to the fluid velocity, figure 67.
The drag force on the sphere causes a bending moment to occur at the
base of the connecting rod. This bending moment is measured with strain
gages. Therefore, by calibrating the meter over a particular velocity
range, the strain measurements are indications of velocity. This type
of calibration also allows for the very small drag force along the
length of the connecting rod. The calibration facility is shown in
figure 68,

A.7.2 Meter Protection

The velocity meters major drawback is that it is sensitive to en-
vironment and, consequently, difficult to protect. Current methods to
waterproof the strain gages, using a silicone rubber compound have not
been completely satisfactory. The life expectancy of the meter is
presently only two or three months.

Keeping the meter from being hit by floating debris requires a
second form of protection. The initial design used an air cylinder to
slide the meter in and out of a protective housing, figure 69. Due to
difficulties encountered with the strain gage transmission cables this
design had to be altered. The present design uses the same air cylinder
to slide a protective covering over the stationary meter, figure 70. A
second smaller air cylinder locks the cover into the closed position.

A.7.3 Air Control

The air control system, figure 71, is used to extend and retract
the velocity meter protecting cover. Two air hoses, per velocity meter,
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Figure 68, Velocity meter calibration facility.

terminate at the instrumentation housing with quick-connect fittings.

Both air hoses from any velocity meter are plugged into the air control
unit.

The air control unit consists of a system of three-way valves,
pressure reduction valves, and manifolds., Air at 1600p.s.i. from an
air cylinder (vol. = 26 cu. ft.) is reduced to 60 p.s.i. in the air
control unit and directed to either the extend or retract air hose.

A.7.4 Future Development

In effect the velocity meter is not rugged enough in its present
stage of development. Although its application in this field of research
could be very valuable, further development may be cost prohibitive. An
important consideration concerning further development of the meter is
its state-of-the—art usefulness., Existing theories do not require a
velocity measurement of this exactness,
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Figure 69, Early design for the protection of the velocity meter.

Figure 70. Latest velocity meter protection design (movable protecting
cover).
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Figure 71, Air control for velocity meter protection
A.8,0 TField Equipment

The field equipment for a study of this nature is essential to its
outcome. To perform the underwater portion of an installation requires
a great many special tools as well as diver support equipment. A boat
and motor capable of handling many different requirements is a major
part of that support equipment,

In addition to installation of equipment, data collecting equipment
is needed.

A.8.1 Mobile Research Vehicle

The research vehicle, figure 72, is used to transport the scour
monitoring instrumentation as well as the field equipment. As a conse-
quence the van was equipped to meet the needs of this type of field study.
A special rack was constructed on the top to carry a disassembled 8' x 8'
work platform along with a ladder, cable-protection conduit and at various
times other paraphernalia, Tool cabinets, equipment racks and a work
bench were built into the inside of the van. During data collecting it
must serve as a field office.

A.8.2 1Inflatible Boat

An inflatible boat, figure 73, was chosen due to its portability
and stability, When not in use the entire boat required a 1' x 2 1/2' x
3 1/3' storage space. During installations it was possible to conduct
diving operations from the boat while carrying a diving compressor,
installation equipment and instruments, and two or three crew members,
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Figure 72, West Virginia University Research Vehicle.

Figure 73, Portable Inflatable Boat.
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The boat's stability was also of great convenience during the collection
of data., TField instruments like a survey fathometer or velocity meter
could be clamped to the stern of the boat,

A,8.3 Special Tools

To affix instruments to the pier required the use of a 44 caliber
underwater stud driver, figure 74, Diver opinion was that it was one of
the more effective stud drivers they had ever used. It could drive 1 3/4"
long threaded stud through a 1/4" thick piece of steel into a concrete
pier with 1 1/4" penetration., The pull strength of one of these studs
shot directly into concrete was 3,000 pounds force.

A 27 caliber stud driver and a concrete drill were used for the
surface installation of cables and protective conduit,

5.8.4 Diving Equipment

Diving equipment included wet suits, air tanks, a communications
system, an air compressor and all kinds of specialized small tools.
Part of the diving was conducted using scuba tanks and part using a
compressor on the surface, When the surface air supply was used,
communications could be made between diver and surface crew, figure 75.

5.8.5 Data Collecting Equipment

To determine channel geometry, survey equipment was needed. A
transit and elevation rod was used to determine the location of the
bridge crossing with respect to the channel along with general surface
topography of the channel. A portable survey fathometer was used to
measure channel cross-sections.

A vane-type current meter was used to obtain vertical velocity
profiles approaching the pier from an undisturbed upstream location.
This is the type of current meter generally accepted and used by most
agencies to measure discharge.
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Figure 74. 44 caliber stud driver.

Figure 75. Diving compressor with diver communications system,
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B. SITE INSTALLATION

B.1.0 Red River at Shreveport, Louisiana

The first scour monitoring instrumentation system was installed on
the Texas Street Bridge over the Red River in Shreveport, Louisiana dur-
ing April 26 - May 5, 1972. The river receeded from stage 10 to stage 8
during the installation. At stage 10 the instrumented pier 6 is approxi-
mately 350 feet from the left bank and 1200 feet from the right bank,
figure 76. Pier 6 at low flow, stage 4 is shown in figure 77.

Two depth transducers, one staging transducer and three velocity
meters were attached to the pier as shown in figure 78. The depth
transducers were protected in four foot long cage supports; the stage
transducer in a two foot long cage support. The velocity meters were
base mounted and protected by a removable plexiglas bubble. Cables were
clamped to the pier as shown in figure 78, From the pier cap the cables
were fed through a vertical beam of the bridge superstructure to the
bridge deck, figures 79 through 83.

The instrumentation housing, figure 84, was bolted to the bridge deck
on the sidewalk directly over pier 6,

B.1.1 1Installation and Diving Problems

As this was the first bridge to be instrumented, several unforeseen
difficulties were encountered. Access to the river in the vicinity of
the bridge could only be accomplished by lowering the boat and equipment
down a 45 degree bank, figure 85.

Diving conditions were extremely difficult due to zero visibility
and high current velocities around the pier, figure 86, TFive feet below
the water surface all light was blanked out. 1In typical low visibility
rivers the diver can see light if not objects. However, in the Red River
at stage 10, it was impossible for the diver to see the inside of his
face mask. It was necessary for the diver to do everything by touch.

During free $.C.U.B.A. diving, the diver cannot orient himself and
quickly fatigues from combating the current. The diver is normally
oriented by watching the bubbles from his $.C.U.B.A. system. It was
necessary for the diver to be heavily weighted so he could walk on the
river bottom to combat the current and get some sense of direction.
Consequently, a surface air system (S.A.S.) was used, figure 87.

Extended use of the Underwater Stud Driver for fastening of the cage
supports to the piers was found to be very uncomfortable for the divers.
The pressure wave produced from firing the stud driver was fatiguing and
extremely uncomfortable to the divers ears. 1In addition, the high
bacteria count in the Red River resulted in the divers having ear infec-
tions.
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Figure 76. Instrumented Pier #6, Texas Street Bridge over Red River.

Figure 77, Red River at low flow, stage 4.
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Figure 79. Cable being prepared to be lowered over bridge deck.

Figure 80. Worker attempting to gain access to pier superstructure
by lowering himself In boatswim chair from bridge deck.
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Figure 8l. Cable lowered from bridge deck, to be fed into superstructure.

Figure 82, Cable being fed into vertical heam of superstructure.
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Figure 83. Completed cable installation in bridge superstructure.

Figure 84. Instrumentation housing on sidewalk over instrumented Pier 6,
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Figure 85. Access to Red River from left bank.

Figure 86, Bow wave on Pier 6 during river stage 10.
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It was determined, several months after the first installations, that
a problem involving water-borne deposits existed. Larvae live in the
water of the Red River and attach themselves to underwater surfaces. The
entire pier and the instruments affixed to the pier are covered by the
larvae. Figures 88 through 91 show the effects of these larvae to the
instrumentation. Moving parts become inoperable and the sounding face
of the depth transducers worked less effectively.

To combat this problem, moving parts were constructed with greater
tolerances and an anti-fouling paint was used to prevent the build-up of
these larvae on the transducer.

B.1.2 Update Installation, Red River

The scour monitoring system for the Texas Street Bridge was updated
during September 27 - October 10, 1972, An additional depth transducer
was attached to the left side of the pier, in the same plane of symmetry
as the transducer on the right side. All of the dépth transducers and
staging transducer were temporarily removed for cleaning.

All of the velocity meters from the first installation were completely
removed and replaced with ones having the extender/retractor method of
protection. These velocity meters were installed on the bow of the pier
above the depth cage, and on each side (tangent point) of the pier at the
corner of the vertical pier wall and the top of the footing.

Cables were again attached to the right side of the pier up to the
pier cap. To provide more adequate protection the cables were secured
to the pier cap, figures 92 and 93 and covered with plastic conduit from
the water surface to the pier cap, figure 94,

A new cable assembly was installed from the pier cap to the instru-
mentation housing. All cable connections at the pier cap were made with
plugs and fittings for convenience in future repairs or changes.

The original timer and sequencing unit were replaced with the auto-
matic control unit (A,.C.U.). A level indicator switch was attached to
the pier at an elevation of 146.48 (stage 15) to convert the A.C.U.
operation interval to a once per hour mode duriug rises in river stage.

The instrumentation housing was equipped with a weather canopy and
a vibration isolator, figure 95. Heavy traffic on the bridge caused
extreme vibration which could be harmful to the recorders.

B.1.3 Flood Damage To The Installation

Depth and stage data were collected from the Red River monitoring
site from the end of the update installations until February 1, 1973,
On April 11, 1973 a flood alert trip was made to the site to gather data,
At this time it was learned that all of the transducers were inoperable.
Although visual inspection indicated that the cablés were still attached
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Figure 87, Diver using surface air system during installation.

Figure 88. Velocity meter prior to installation.
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Figure 89, Velocity meter covered with larvae from the Red River.

Figure 9Q, Protective bubble covered with larvae,
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Figure 91. Depth transducer covered with larvae.

Figure 92, Cable connections on pier cap.
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Figure 93, Securing cables to pier cap.

Figure 94. Method of covering cables with plastic conduit,
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to the side of the pier it was felt that damage due to debris had occurred
below the water surface. Since, at that time, the river was in flood
stage, an inspection dive could not be made to assess the damages.

From the time that recorded data was available until the April 11,
1973 alert trip there had been two significant rises in river stage.
They were; stage 19.8 on February 12, 1973, and stage 23.9 on March 17,
1973. The average stage from the time of installation until the crest
on March 17 was 13.64, Either of the highs (19.8 or 23.9) were suffici-
ently above the average stage to produce excessive amounts of debris.

The next maintenance trip to the Red River was conducted on June 3,
1973. From the time of the April alert trip to the June maintenance a
high stage of 26.5 occurred on April 29, This high stage left the
instrumented pier 6 completely surrounded by debris, figure 96, At
this time the stage was 12,3 and it could be seen that the entire cable
assembly had been severed by debris, figure 97.

New instrumentation with better methods of cable protection have
been developed for the Red River site. The installation of this system
is to be made in August, 1974.

B.2.0 Mississippi River, at St, Paul, Minnesota

The second bridge chosen to be instrumented was the I-35E Bridge,
figure 98, over the Mississippi River at St, Paul, Minnesota, during
November 9-16, 1972, The pier to be instrumented was Pier 2 located
approximately 320 feet from the right bank and 230 feet from the left
bank during normal pool stage. Since it was anticipated that water
temperatures in the 30 degree range and air temperatures of 20 to 40
degrees would be encountered, considerable attention was given to
developing a diving plan. As a consequence, a twenty-two foot houseboat,
figure 99, was rented for the diving operations,

Prior to diving, velocity measurements and special pier rigging were
conducted. The free stream velocity varied from four and one-half to
five feet per second and a high degree of turbulence was created by the
pier, figure 100. To aid the diver an anchor was dropped about seventy-
five or eighty yards upstream from the pier and the attached rope was
secured to the work boat. This line gave the diver a means of securing
himself on descent and ascent.

After preparations had been completed, figures 101 and 102, the diver
descended through the boundary layer, figure 103, At a depth estimated
to be ten feet, the anchor line that he was following caused him to
descend into the rollers (horizontal vortices) being shed off the exposed
ledge at the front of the pier. These rollers were of such a magnitude
that they immediately turned the diver head over heels and slammed him
against the pier wall, Fortunately, he was able to maintain his grasp
on the anchor line and was able to ascend safely to the work boat.
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Figure 95. Instrumentation housing with vibration isolator.

Figure 96, Debris build-up around instrumented Pier 6.
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Figure 97. Cable assembly torn from pier by debris.

Figure 98,

I-35E Bridge over the Mississippi River at St, Paul, Minn,.
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Figure 99, Houseboat used

to facilitate diving operations.

Figure 100, Turbulence created at bow of pier,
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Figure 101,

Mooring houseboat to pier.

Figure 102,

Preparing for diving operations.
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It was decided that diving on the sides of the pier was not possible
due to the high level of turbulence, It was concluded that even with
hard hat diving equipment, working in this very turbulent region of the
pier could not be assured, Consequently, a diving attempt was made to
put instrumentation on the nose and rear of the pier, where the turbulence
was minimal.

A ladder was placed on the nose of the pier and secured above water.
The work boat was positioned so that the diver could descend directly
down the ladder. Once in the water, the diver quickly determined that
even with the help of the ladder, it was not possible to work in these
very strong currents., The slightest deviation from the centerline of
the pier caused him to be swept around to the side of the pier by the
strong currents. This made it necessary for him to hold onto the
ladder with one hand at all times. This left only one free hand to work
with. Because of the small area in front of the pier where a diver could
remain stable, it was impossible for two divers to work in the same area.
It was impossible for a diver to hold the cages in this strong current
and at the same time use the stud driver to secure them,

After reviewing the situation it was decided that the diving
capabilities that existed on the project were not adequate for the job
at hand and the decision was made to terminate the installation.

B.3.0 Homochitto River, near Brookhaven, Mississippi

A scour monitoring system was installed on the U. S, Highway 84
Bridge, figure 104, over the Homochitto River near Brookhaven, Mississippi
during December 7-15, 1972, The piers on the U. S. 84 Bridge are circular
with an eight foot diameter. During high flows there are three piers in
the main flow; piers 3, 4 and 5, figure 104. Due to the erratic and fast
rise and fall of the Homochitto River, scour could occur at any of the
three piers or all of them.

Depth transducers, protected in the four foot long cage supports
were attached to the upstream surface of each of the three piers. The
staging transducer was attached to the right side of pier 3 in a two
foot long cage. Due to the fast rise and fall of the Homochitto River
it was not feasible for field personnel to be on site during flooding.
Consequently, a velocity measuring system was not included in the
installation since it must be manually operated. The installation is
shown pictorally in figures 105 through 115. Due to past experience
with debris it was realized that the instrumentation could be torn from
the piers during flooding. It was therefore decided that an additional
securing procedure would be used in conjunction with the stud fastening
of the cages by wrapping a steel cable around the pier and around the
base plates of the cages, figure 109. Then, in the event the instruments
were torn from the piers, they would still be salvageable,

A level indicator switch was placed on the downstream edge of pier 3,
figure 110. All cables were also attached to the downstream edge of the
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Figure 103.

Turbulent area at bow of pier which prevented diver descent,

Figure 104.

U. S. Highway 84 Bridge over the Homochitto River, showing
the instrumented Piers 3, 4 and 5.
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Figure 105, Underwater installation of Pier 3.

Figure 106, Depth transducer support on Pier 3,
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Figure 107, Completed installation of Pier 4.

Figure 108,

Installation of instruments on Pier 5,
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Figure 109. Additional securing of cage supports with steel cable,

Figure 110. Level Indicator Switch attached fo downstream surface of
Pier 3,
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Figure 111, Attachment of cables to the downstream surface of piers.

Figure 112, Completed cable installation of Pier 3,
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Figure 113. Method of C~clamping cables to bridge span,

Figure 114, Location of instrumentation housing on downstream side of
right abutment,
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piers, figures 111 and 112. From the pier cap of each pier the cables
were run underneath the bridge deck and fastened to the I-beams with
C-clamps, figure 113, Cables terminated at the instrumentation housing,
located on the downstream side of the right bank abutment, figure 114
and 115,

B.3.1 Flooding of the Homochitto River

In an eighteen month period since the December 1972 installation of
the Homochitto River there have been several significant rises in the
river stage. Fach of these rises have left various amounts of debris
around the instrumented piers, figures 116, 117 and 118, Due to the
location of the instruments on the upstream surface of the piers, they
have not been damaged,

The most recent spring 1974 flood on the Homochitto River resulted
in the loss of a pier and span of the U, S, 33 Bridge, located approxi-
mately thirty miles downstream from our study site, Figure 119 shows
the large amount of debris that was caught by the bridge piers, producing
a highly constricted flow.

B.4.0 Brazos River at Richmond, Texas

Ingtallation of a scour monitoring system on the U. S, 59 West
Bridge, figure 120, over the Brazos River at Richmond, Texas was com-
pleted during May 18 - June 1, 1973. The combined depth-velocity
instrumentation packages were attached to the footing of pier 3,
figure 121.

The complete installation is shown pictorially in figures 122
through 135, Figures 122 through 125 show the instrument package and
its installation. Figures 126 through 135 illustrate the method of
cable attachment and location of the instrumentation housing.

B.4.1 Flood Damage to Instrumentation

In the years time since the installation of the Texas site there
have been three significant rises of river stage. They were; crest
31.5, June 15, 1973; crest 23.1, October 18, 1973; crest 19.2, January 28,
1974, ©Normal flow is approximately stage 5. During the October 1973
rise, the right side instrumentation package was torn from the pier by
debris. Although the package was damaged, it was recovered and the
depth transducer was salvageable,

B.5.0 Ohio River at Lawrenceburg, Indiana

The final bridge chosen for the installation of scour monitoring
instrumentation was the I~275 Bridge, figure 136, over the Ohio River
near Lawrenceburg, Indiana, between Boone County, Kentucky and Dearborn
County, Indiana. The installation was conducted during December 8 - 20,
1973. Pier B, figure 137, located approximately 1,230 feet from the left
bank and 340 feet from the right bank during normal pool (stage 25), was
the pier instrumented.
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Figure 115. Instrumentation housing braced to wall of abutment (line
power to battery charger located at left of picture).

Figure 116, Debris collected on the instrumentation of Pier 4,
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Figure 117. Debris entangled in cage support on Pier 3,

Figure 118,

Tire rim removed from the interior
Pier 3.
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Figure 119, Damaged U, S. Highway Bridge over the Homochitto River
at Rosetta, Mississippi after spring 1974 flood.

Figure 120. U. S. Highway 59 West Bridge over the Brazos River at
Richmond, Texas.
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Figure 122, Instrumentation and equipment on pier footing, prior to
installatzon.

Figure 123, Instrumentation package, incorporating both velocity and
depth transducers in one unit.
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Figure 124. Lowering of package over the side of the footing.

Figure 125, Completed installation of instrumentation package.

151



Figure 126. Attachment of safety cable to pier footing,

Figure 127, Completed installation of instruments and cables on pier
footing,
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Figure 128, Stage transducer and cables from the depth-velocity packages
. intersect at rear of pier.

Figure 129. Snooper being used to attach cable to rear of pier,
(Snooper furnished by Texas Highway Department)
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Figure 131.

Cable attached to piex.
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Figure 132,

Figure 133.

Location

of level indicator switch on the right side of pier.

Completed

installation of
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Figure 134. Cable attachment to sidewalk railing across span of bridge.

Figure 135. Instrumentation housing located on upstream side of right
abutment,
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Figure 136. 1I-275 Bridge over the Ohio River at Lawrenceburg, Indiana.
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Four depth transducers, three velocity transducers and one staging
transducer were attached to the pier as shown in figure 137. The
instrumentation package located on the nose of the pier had two depth
transducers, with both a 3 degree and 15 degree beam width. Due to the
fact that sheet piling had been left on the pier foundation after con-
struction, a special clamp had to be designed to attach the instruments
to the pier.

The installation is shown pictorially in figures 138 through 147.
The instruments and clamps are shown in figure 140 and figure 141,
respectively., The instrumentation housing was hoisted to the pier cap,
figure 146, and attached there with a safety railing, figure 147.

B.5.1 Flood Damage to Instrumentation Cables

- After a January, 1974 rise in stage of the Ohio River it was learned
that the transducer cables had been destroyed by debris., The cables had
been protected from debris, a distance of at least ten feet below the
water surface. However, they were severed and torn from the pier at the
attachment point on the top edge of the distribution block, figure 137.

The re-installation of the scour monitoring system on the Ohio
River site is scheduled for late August or early September, 1974. This
installation will consist of only one instrumentation package, located
on the nose of the pier and a staging transducer mounted to the rear of
the pier.

B.6.0 1Installation Problems

The problems encountered in river diving cannot be over-emphasized.
Likewise, not enough can be said about the forces and damage resulting
from debris during river flooding. It is only hoped that some of W. Va.
University's experiences involving field work may be of benefit to other
researchers.
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Figure 139, Elevation rod attached to access ladder, Pier B,
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Figure 140,

Combined depth-velocity instrumentation package.

Figure 141,

Clamps used to attach instrument

16l

package to pier.



Figure 142, Diving operation.

Figure 143, Diving operation,
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Figure 144. Location of cables at corner of pier column and web wall.

Figure 145. Location of cables at corner of pier column and web wall.
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Figure 146, Hoisting instrumentation housing to top of web wall,

Figure 147. Attachment of instrumentation housing and safety railing to
top of web wall,
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C. INSTRUMENTATION, OPERATION AND MAINTENANCE MANUAL

C.1.0 Introductiomn

This manual has been designed to assure the proper operation and
maintenance of the '"Scour Around Bridge Piers"' instrumentation system.
It should be read through completely to familiarize the operator with
each instrument and its controls. For problems encountered that may
not be covered in this manual, contact:

Dr. Gordon R. Hopkins
Project Principal Investigator

or

Mr. Richard W. Vance
Project Field Engineer

Telephone -~ 304-293-3380 ~ commercial
304-296-3419 ~ F.T.S.

Write -~ B-55 Engineering Sciences Bldg,
West Virginia University
Morgantown, W. Va. 26506

C.2.0 Description and Specifications

The basic scour monitoring system includes both depth and velocity
measuring instrumentation. Transducers which are affixed to the pier
are monitored by instrumentation located in a 16 gage steel housing.
This housing is located either on the pier cap or on the nearest abutment
and is equipped with a rain canopy.

Cables from the depth and stage transducers terminate at the instru-
mentation housing with 3-pin quick-connect plugs. These plugs connect to
the Automatic Control Unit which automatically turns the entire depth
system on and sequences the readings of the transducers. Output from the
control unit is then simultaneously recorded on a Raytheon DE-719
Fathometer recorder and a back-up Rustrak 288 recorder.

Cables from the velocity transducers terminate at the housing with
5-pin plugs. These are two plugs per transducer which connect to two
bridge amplifiers. Output from the amplifiers is then recorded on a two~
channel recorder, Operation of this system is completely manual and
since the cost of automating it would be so great, the amplifiers and
recorder are carried to the site when data is to be collected.

C.2.1 Power Supply

A) Rechargeable Batteries ~ The primary power supply for the depth
system consists of three rechargeable batteries, The automatic control
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unit requires both 12 and 24 volts for its operation., The two larger
90 amp hr, 12 volt batteries are comnnected in series to supply this
power. In addition to powering the A.C.U. the same 12 volt source
supplies power to both the DE~719 and Rustrak recorders.

The smaller 30 amp hr, 12 volt battery is used to supply power to
the DE-719 analog circuit board. This additional battery is needed to
prevent ground loops between the basic DE-~719 recorder and the circuit
board.

B) Battery Charger - Located on the back wall, inside the instru-
mentation housing, the 110 volt A.C. operated battery charger is con~
stantly supplying a .9 amp charge to the two larger 12 volt batteries.

The smaller battery, supplying power to the circuit board cannot be charged
from the same source, again because of ground loops. However, since the
circuit board requires little power for its operation, the smalier 30

amp hr. battery will last for several months under normal 1/36 hr. opera-
tion. The battery charger and batteries are protected against over
charging by a 5 amp fuse.

C) Service Outiet - A two receptical outlet located beside the
charger has been provided for convenience., The outlet, protected by a
15 amp fuse may be used for soldering irons and testing equipment such
as oscilloscopes.

C.2.2 Depth System

A} Automatic Control Unit ~ The control unit, designed and developed
at West Virginia University is a completely automated timer and transducer
sequencing device, Through a series of relays and stepping switches the
unit automatically turns on at preset intervals and supplies power to the
remaining depth system instrumentation. After a 30 second warm-up period
the unit begins sequencing each of the transducers, letting each trans-
ducer record for 30 seconds, The unit has a capability of sequencing
four transducers and then automatically turning off all power.

The long life and low power consumption of the clock, relays, and
stepping switches make the control unit ideal for use with a battery
power supply. ALl of the component parts along with the operating con-
trols are located inside the unit and are accessible through a hinged
door.

Plug receptacles for output from the depth and stage transducers,
along with transducer input to the Raytheon recorder are located on the
right side of the unit. Power-in and power-out receptacles are located
on the left side of the unit along with a receptacle for a level indicator
switch.

The level indicator switch affixed to the bridge pier at an eleva-
tion equal to flood stage is closed during floods. The clesing of the
level indicator switch causes an over-riding of the preset turn on
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interval and the control unit automatically turns on every hour for more
frequent depth recordings.

Specifications for the control unit are:
Dimensions: 15 7/8" long x 13 5/8" wide x 7 3/4" high
Weight: 17 1bs.

Turn-On Intervals: 1/hr., 1/6 hrs., 1/12., or 1/36 hrs.
for 3 minutes

Sequencing Capability: four transducers @ 30 seconds each
Power Requirements: 12 VDC and 24 VDC

B) Raytheon DE-719 Fathometer Depth Recorder - The DE-719 is a
complete echo depth sounder designed to provide a detailed permanent
recording of underwater topography in water depths between 2 and 410
feet.

The DE-719 is advance design equipment using completely solid-state
circuitry, magnetic keying and electronically controlled chart speed.
The equipment is housed in a splash-proof, aluminum case to assure
maximum protection when operated under adverse conditions. The viewing
window in the front cover is hinged to permit access to the chart paper
for annotations and for adjustments to the Tide and Draft control, the
Speed of Sound control and the X2 control (Doubles all Range Scales), A
safety guard covers the stylus and belt assembly to prevent accidental
contact with the rotating stylus arm while entering notes and data on
the chart paper,

The DE-719 will provide high resolution recordings due to the narrow
transducer beam width, high sounding rate, fast chart speed and high
signal frequency. The versatility of the DE-719 is further enhanced
by a Tide and Draft control, a Speed of Sound control and a Range doubling
control. Any changes in the setting of the preceding controls is perman-
ently recorded on the chart paper for future reference.

The operating controls such as the Power ON-OFF, Range Selector,
Sensitivity, Chart Advance Speed and the Fix Mark control are located on
the front panel. The auxiliary controls such as the Tide and Draft con-
trol, the Speed of Sound control and the Range X2 control are located
inside and are accessible through the hinged front window.

The transducers are two-way energy conversion devices which function
similar to the combination microphone/speaker in an intercom unit. During
transmission, it converts pulses of electrical energy into pulses of
supersonic energy which travel through the water toward the bottom. During
reception it receives the echoes of supersonic energy which are reflected
from the bottom and converts them to electrical signals,
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Specifications for the DE-~719 and transducers are:

Transducer
Dimensions Recorder 2445 AD (15°) 7245 (3°)
Height 18 inches 5 5/8 inches 5 3/16 inches
Width 15 3/8 inches 2 3/4 inches 7 5/16 inches
Depth 9 1/16 inches 4 174 inches 7 5/16 inches
Net Weight
Recorder-with transducer and rigging 47 pounds
Recorder~only 38 pounds
Transducer~only 3 pounds

Depth Range: O to 205 feet in four phases

Range 1: 0-55 feet ' (0-16.5 meters)
Range 2: 50-105 feet {15~31,5 meters)
Range 3: 100-155 feet (30-41.5 meters)
Range 4; 150-205 feet (45-61.5 meters)

The X2 range control doubles all range scales

Accuracy: 0.5% pa iﬁ. of indicated depth

Soundings Per Minute: 534 soundings per minute

Chart Paper Speed: 1,2,3 and 4 inches per minute

Chart Paper Size: 7 inches wide by 60 feet long

Operating Frequency: 200 kHz

Transducer: Barium Titanate-Type 2445AD (Type 7245 optional)

Transducer Beam Width: Type 2445AD 8° at the half power points
Type 7245 2.5° at the -3db points
3.5° at the -6db points
4° gt the -10db points

Power Requirements: 2,5 amps @ 12 volts DC~30 watts

C) Rustrak 288 Recorder -~ The Rustrak recorder prints through the
impinging action of its stylus, drivenm by the chopper bar against
pressure-sensitive chart paper. Its presentation is a series of data
appearing as a continuous line.

Recording on the chord of the stylus arc by the edge of the chopper
bar is possible with a stylus able to write along its length rather than
its point. This results in chart paper printed with straight lines and

rectilinear recordings.
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Writing speed varies with motor speed, Chart speed and trace
density depend on the ratic of the interchangeable gear box which
couples the paper drive to the motor,

The necessary controls are located on the front of the recorder.
A mechanical zero adjust is located under the nameplate and chart paper
may be advanced with a thumb-wheel, A sliding front window may be
opened for annotations on the chart paper.

Specifications for the Rustrak are:
Dimensions: 5 5/8" high x 3 5/8" wide x 4 5/16" deep
Range: 0-5 V full scale
Writing Speed: 1 strike per second
Chart Paper Speed: 60 inches per hour
Chart Paper Size: 2 9/16" wide x 60' long
Power Requirements: amps @ 12 volts DC
C.2.3 Velocity System

A) Air Control - The air control system is used to extend and
retract the velocity meter protecting cover, Two air hoses, per velocity
meter, terminate at the instrumentation housing with quick-connect fit-
tings. Both air hoses from any velocity meter are plugged into the air
control unit,

The air control unit consists of a system of three-way valves,
pressure reduction valves, and manifolds. Air at 1600 p.s.i. from an
air cylinder (vol. = 26 cu. ft.) is reduced to 60 p.s.i. in the air
control unit and directed to either the extend or retract air hose.

Specifications for the air control system are:

Poly. - Flo (Polyethylene) Tubing:

Tube 0.D.: 1/4"
Burst Pressure: 400 p.s.i.

Kwik-Connect Couplings & Fittings
Recommend man. working pressure: 100 p.s.i.

Plug~Type Shut-Off Valves {(3-way)
‘Working pressure: 100 p.s.i.

First Pressure Reduction Valve
Max. Working Pressure: 3000 p.s.i.
Max, Pressure @ Outlet; 120 p.s.i.
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Second Pressure Reduction Valve
Max, Working Pressure @ Tnlet: 160 p.s.i.
Pressure @ Outlet: wvariable 0-120 p.s.i.

B) BA-4 Bridge Amplifiers — The Model BA~4 Bridge Amplifier made
by Vishay Instruments, Inc. is used for resistance type strain gages and
transducers., It is battery operated and completely contained in an
individual case, The BA~4 includes bridge power, balance, calibration,
dc amplifier and drives all galvos and oscilloscopes.

Specifications for the BA-4 are:

Input: 2 or 4 arm bridges,

50 to 2,000 ohm arms.

5 microvolts min. discernible signal.

+ 15 millivolts max. signal with GAIN at min.

+ 1/2 millivolt max. signal with GAIN at max,

max. sensitivity - 200 microin. strain on singie
active gage gives full output.

min. sensitivity - 20,000 microin. strain on single
active gage for full output. Easily reduced
further by external resistance in gage circuit.

Eiectrical noise pickup reduced by differential
amplifier.,

Use shielded cables; max, length 100 ft.

Input and output must not be cross—connected.

Float gage circuit free of ground.

Ground shields and center tap of output voltage
divider.

Amplifier input impedance 30,000 ohms.

Output: Differential

+ 5 volits into 1,000 ohms or more.

+ 50 milliamps into 50 ohms.

Drives galvos and other ungrounded devices.

Differential output impedance less than 1 ohm.

- Single sides from center tapped 2,000 ohm voitage
divider across differential output.

+ 2 1/2 volts into 100,000 ohms or more.

When full differential load is simultaneously applied
allowable single-sided output drops to + 1 volt.

Drives oscilloscopes, tape recorders and other
grounded high impedance devices.

Single-~sided output impedance 500 ohms.

Bridge Power: 8 volts dc.
Regulated within 2% for life of batteries.
Bridge curvent adjustable by potentiometer, connected
in series with bridge.
Current in arms indicated om meter,
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Calibration: By resilstoy connected in parallel with either of two
adjacent bridge arms,
7 one percent resistors 10,000 to 1,000,000 ohms.
3 ten percent resistors 2,000,000 to 10,000,000 ohms.

Frequency: 0-10,000 cps within 5%,
Temperature:  30-100°F,

Linearity: Within 2% at max, signal, max, load. Normally
within 1/2%.

Drift: Within 10 microvolts after 1/2 hour operation at
steady temperature, (Unit 5 hrs. at steady
temperature.)

Within 1 microvolt /°F temperature variatiom.

Noise: 5 microvolts peak to peak equiv. input - 500 ohms in-
put.
Gain: 200, 400, 800, 1,600, 3,200, 6,400 voltage gain.

Half these at single-sided output.
Accuracy within 27,

Meter; Checks batteries.
Indicates balance.
Indicates current in gage arms.

Batteries: Two 7 1/2 volt Eveready 707 or equiv, in series for
bridge.
Two of same in series for amplifier.
Life approximately 100 hours.

Case: 11 1/4 x 7 x 2 3/4.
Welght: 9 1bs.

C) Brush 222 Recorder - The solid state Brush 222 is an internally
powered, accurate, rugged, lightweight, two channel recorder for use
anywhere. Traces are crisp, clear and smudge~free produced by a
pressurized ink system. A disposable ink cartridge holds up to a one
year supply of ink and can be cleanly replaced in minutes. Whenever the
power is off or low, or the chart paper runs out, the writing system
stops and ink is withdrawn from the pen tip,

This completely self-contained portable recorder has two 40mm analog
channels and two event markers. Other features include built-in pream-
plifiers, electronic limiters, a measurement range from one millivolt/
division to 500 volts full scale, linearity of 99.57 enforced by the
exclusive Brush frictionless pen position serve system, frequency response
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above 30 Hz full scale, and six chart speeds, An external d-c chart
drive mode permits varisble chart speeds over the full range from
lmm/sec to 50mm/sec.

Both inputs are isclated from each other, from chassis and from the
output, the 222 can be used with all types of signal sources~—grounded,
floating, or driven off-ground--without affecting accuracy or creating
system noise,

The internal battery supply, consisting of two sealed batteries, has
a total operating life of up to 6,000 hours when recycled by the record-
er's built-in charger. The charger is activated simply by plugging its
power input module into an external source of a-c or d-c (depending upon
the model selected). The batteries allow continuous operation for up
to 12 hours and can be completely recharged in 16 hours. To avoid re-
cording of inaccurate data an automatic ink shut-off is actuated if the
battery voltage falls below a predetermined level.

This
all

"Line assisted" operation allows unrestricted recording time.
is accomplished by powering the charger from an external source at
times, so as to keep a full charge on the batteries,

Specifications for the Brush 222 are:

Number of Channels:
Channel Width:
Trace Presentation:
Trace Width:

Writing Method:

Writing Fluid Capacity:

Chart Description:

Chart Capacity:

Charxt Speeds:

Chart Speed Accuracy:

2 Analog, 2 Event.

40mm, 50 divisions per channel.
Rectilinear.

06.01 inch nominal.

Pressurized fluid (U, S. Patent
3,054,109).

1 oz.; sufficient for one year of
normal recording.

4.3 inches wide~—two 40mm grids gradu-
ated in 50 divisions across span.
Graduated lmm increments on time axis.
Right and left event marker channels.

275 feet - high contrast,
400 feet =~ reproducible,

1,2,5,10,25,50 millimeters per second -
and STOP.

1%
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Qperating Temperature; 0°C to +37°C. Recorder will remain
within specification over range of
+ 10°C from temperature at calibra-

tion.
Storage Temperature: -40°C to +37°C,
Principle Dimensions: 9.12" wide x 13.06" high x 9.37" deep.
Weight: 26 pounds.
Sensitivity: 1 mv/div to 10 volts/div,
Measurement Range: 1 mililivolt per chart division to 500

volts d-c full scale (50 chart div.)
Input Circuit: Differential, balanced-to~guard.

Input Impedance: 10 megohms balanced, 5 megohms each
terminal to guard,

Signal Input:

In-Phase Rejection: 80 dB at 60 Hz with maximum source
unbalance of ten kilohm.

Maximum Signal Input: 500 volts d-c, or peak-to-peak (either
input to case ground)

Maximum Common Mode 5,000 times the VOLTS/DIV sensitivity
Voltage: up to a maximum of 500 volts.
ATTENUATOR MAX. COMMON-MODE
SETTING VOLTAGE
i mv/div 5V d-c¢
2 mv/div 10V d-c
5 mv/div 25V d-¢
10 mv/div 50V d-c
20 mv/div 100V d-c
all others 560V d-c
Non~Linearity: 0.5% full scale
Prequency Response: 50 div + div d-c to 34 Hz

1~ div + div d-c to 10 Hz
3 dB down at 100 Hz

Stability after 10 second warm-up and excluding paperdrift)
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(Zero with respect to)

Time: 0.1 div for 8 hours

1

Temperature: 0.1 div per °C, 25°C + 10°C

1+

(Gain with respect to)

. Time: + 0.1% per 8 hours
Temperature: + 0.05% per °C, 25°C ¢ 10°C
Power Input (a~c): 115 volts + 10%, 50-400 Hz, 41 VA

C.3.0 Operation and Maintenance

Specific instructions for the proper operation and maintenance of
each Instrument will be given in the following sections. Once these
have been read and understood the step-by-step check list at the end of
the manual should be all that is needed to properly service the entire
system.

C.3.1 Power Supply

Important: Before any work is dome on the power supply, remove the
fuses from the fuse box located on the back wall inside the instrumenta-
tion housing. The 110 volts a.c. operating the battery charger and the
90 amp hour 24 volts d.c, operating the depth system can, of course, be
dangerous if handled improperly.

The power supply is either on or off and has only one, but very
important, maintenance requirement. That is the battery water level
must be maintained,

C.3.2 Depth System
A) Automatic Control Unit

Operator Controls and Function

a) ON/OFF: Applies power to clock, relays and stepping
switches, NOTE; 1If power is being delivered to the A.C.U,
after a long off period, it must be done gradually to pre-
vent overwinding of the clock, In other words, if the
system has been without power long enough (in excess of
one week) the control unit clock will completely unwind.
After a new power supply is connected to the A.C.U,, gradual
winding of the clock may be accomplished by turning the ON/
OFF switch on and off in one second intervals.
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b) ONCE PER HR/INTERVAL PER HR; Allow the control unit to
deliver paower %o the depth system every hour or at preset
intervals usung the INTERVAL switch.

c) INTERVAL: Selects the depth recording intervals; 1/4 hrs,
1/6 hrs, 1/12 hrs or 1/36 hrs.

d) STEP SWITCH ADVANCE: Allows the interval stepping switch
to be advanced in order to deliver power to the depth re-
cording system.

e) CLOCK DIAL: Manually rotating the dial in a clockwise
fashion advances the interval stepping switch once per
complete revolution of the dial.

Operation

a) Make sure ON/OFF switch is in the OFF position.

b) Connect 12 volt and 24 volt power supply to power in
receptacle on left side of control unit.

¢) Repeatedly turn the ON/OFF switch to the ON and OFF
positions to allow a gradual winding of the clock.

d) Turn the ONCE PER HR./INTERVAL PER HR. switch to the
ONCE PER HR. position.

e) Manually cycle clock (always turn clockwise) until magnet
on dial closes the magnetic relay. Indicator light will
come on if system is operating properly.

f) Turn clock until indicator light goes out.

g) Turn the ONCE PER HR/INTERVAL PER HR, switch to the
INTERVAL PER HR. positionmn.

h) INTERVAL switch may be set at any of the four settings
1/4 hrs., 1/6 hrs., 1/12 hrs., 1/36 hrs.

i) Slowly and firmly press the STEP SWITCH ADVANCE button to

advance the interval stepping switch, When the contacts
on the stepping switch are in contact with a brown lead
wire the system will operate on the 1/4 hrs. INTERVAL
switch setting. Similarly the orange lead wires are

for the 1/6 hrs. setting and the blue lead wire is the
1/12 hrs. setting., When the protrusion on the wheel of
the interval stepping switch makes contact with the black
lead wire the system will operate on the 1/36 hrs. system.
The stepping switch should be advanced to one position
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behind the contact position that is desired for a particular
INTERVAL setting, Example; Set INTERVAL switch to 1/6 hrs.
Advance the interval stepping switch to ome position before
the contact position with an orange lead wire. Cycle the
clock dial until the magnetic switch is closed, This will
advance the stepping switch to make contact with the orange
lead wire. The indicator light will come on 1f the system
is operating properly.

Maintenance -~ No maintenance necessary.

B) Raytheon DE-719 Fathometer Depth Recorder

Operator Controls and Function

a) OFF/SENSITIVITY: Applies power to equipment and adjusts
the recelver sensitivity (gain).

b} TFIX MARK SWITCH: A spring loaded switch-causes the stylus
to imnscribe a reference mark the full height of the chart
paper. A remote fix-mark switch is available as an opticnal
accessory.

c) TIDE and DRAFT: Adjustment to advance or delay the start
of the transmitter pulse to compensate for tide and/or
draft difference.

d) SPEED OF SOUND: Enables operator to vary stylus drive
motor speed to compensate for salinity content and tempera-
ture of water.

e) RANGE X1, X2: Changes speed of stylus to multiply scale
by 2 i.e. from 50 feet per phase to 100 feet per phase.

f) CHART SPEED: Selects the rate of chart paper feed; 1,2,3 or
4 inches per minute.

g) CAL ZERG: FEnables the operator to adjust the first marker
line to 0 (zerc) on the chart paper. This is to compensate
for stylus wear, etc.

h) PHASE SWITCH: Selects the desired operating depth range.,

Operation

a) Set the Phase Switch to the 0-55 foot range., Set the
RANGE X1, X2 control to X1 (control is located inside hinged
front window).

b) Open the fromt cover of the Recorder and rotate the stylus

belt counterclockwise through one complete revolution by
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c)

d)

e)

)

g)

h)

rotating the upper pulley. Check that the stylus rides
in the track at the left side of the assembly and the
pulleys turn smoothly, Close the front cover and latch
securely,

Turn the OFF/SENSITIVITY control slightly clockwise until
the switch clicks. This applies power to the Recorder
circuitry, stylus drive motor and the chart feed motor.

Adjust the front panel CAL ZERO control until the "calibrate
zero line'" falls on the zero calibration on the chart paper
(NOTE: TFor this adjustment the direct transmission mark
should be moved off the zero calibration by the TIDE and
DRAFT control). After the CAL ZERO adjustment is completed
readjust the TIDE and DRAFT control until the direct trans-

‘mission mark falls on the chart paper zero line, or as

required,

Adjust the SPEED OF SOUND control (located inside the
hinged window) until the calibrate mark falls on the
CALIBRATE line near the bottom of the chart paper. This
adjusts the speed of sound to 4800 feet per second.

Set the chart paper speed to the desired feed rate 1,2,3
or 4 inches per minute.

Turn the phase switch to the range which brackets the
approximate depth reading. NOTE: The zero transmission
mark appears only on the 0-55 foot range.

Advance the SENSITIVITY control slowly clockwise until the
bottom echo appears. Continue advancing the control until
there is no change in the depth indication. Read the upper
edge of the recording for the proper depth reading.

Maintenance

a)

b)

Chart Paper Replacement: Release the hasps securing the
front cover of the recorder, lower the cover. Rotate the
stylus belt counterclockwise until the stylus is off the
paper. Release the twist-lock at the top of the platen
and swing the platen assembly to the right. Lift up on the
kaurled knob and shaft. Restore knurled knob to original
position in the slot. Feed the end of the chart paper
around the roller at the right side of the platen, across
the face of the platen, around the rubber roller and onto
the take-up roller. Remove the slack from the paper by
turning the knob on the rubber roller clockwise.

Stylus Belt and Stylus Replacement: Release the hasps
gsecuring the front cover of the recorder, lower the cover.
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c)

d)

Rotate the stylus belt assembly until the stylus is off

the chart paper, slip the old belt off the pulleys. Install
the new belt by reversing the procedure. NOTE: The belt
tension may be relieved by raiging up on the spring end

of the upper pulley support arm. Install the new belt with

‘the open ends of the stylus holder facing down when the

holder is on the right side of the stylus track.

To replace the stylus only, rotate the belt counterclockwise
until the stylus holder 1s accessible. Install the loop in
the center of the holder. (Be sure the curled end of the
stylus is uppermost). Slip the free ends of the stylus into
the slots of the holder, Rotate the assembly a few times

by hand to be sure that the stylus and belt will track
properly before applying power.

Cleaning: The recorder interior should be cleaned with a
soft brush and rag to remove the carbon dust which collects
as a result of the recording process.

Lubrication: The DE~719 is constructed with oilite and

ball type bearings which are designed to provide many hours
of trouble-~free operation. -The bearings are pre~lubricated
at the factory and will not require lubrication for the life
of the bearing. The drive gears are nylon, therefore, do
not require lubrication. All hinges and hasps should be
periodically lubricated with a light oil to prevent seizure
especially when the equipment {s used around salt water
environment.

C) Rustrak 288 Recorder

Operator Controls

a) Chart Advance Wheel: When depressed and turned advances
chart paper.
Operation
a) Recorder has been wired and calibrated such that it can
operate unattended until chart paper supply is depleted.
Maintenance
a) Chart Paper Replacement: Open recorder. Unlatch retaining

clips. Open chassis latch. Remove supply and take-up
rollers, Slide supply roller into full roll of chart paper,
roller shoulder nearest paper perforatioms. Unroll about

a foot and slide paper (back side up) between side plate
and latch. Engage paper perforations in. Slide cardboard
sleeve onto take~up roller, Butt paper against disc and
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b)

tape end of chart paper to sleeve., Turn one revolution for
proper paper alignment. Roll paper tightly and straight on
take~up roller and drop into deeper notch, engaging gear.
Close retaining clips. Snap up chassis latch. Close
recorder. Advance paper by depressing and turning chart
advance wheel on front panel,

Cleaning and Lubrication: Not necessary. Keep access
window closed to prevent dust from accumulating inside
recorder case,

C.3.3 Velocity System

A) Air Control

Operation

a)

Plug kwick—connect fitting from air cylinder into the AIR
IN RECEPTACLE of the ailr control unit. Make sure fitting
locks into place!

b) Open air cylinder valve slowly making sure the pressure
from the final reduction valve does not exceed 60 p.s.i.
¢) Turn both EXTEND/RETRACT valves to desired operatiom.:
Maintenance

No maintenance necessary.

B) BA-4 Bridge Amplifiers

Operator Controls amnd Function

a)

POWER switch controls batteries and meter.

OFF Disconnects batteries.
A Checks amplifier batteries under load.
New batteries swing meter full scale.
Replace batteries when below 3/4 full scale.
B Checks bridge batteries under load.
New batteries swing meter full scale.
Replace batteries when below 3/4 full scale,
BAL Powers unit. '
Connects meter across output.
Balance point is center of scale.
CUR Powers unit,
Connects meter in series with bridge supply.
Indicates current in each gage at full scale of 25 ma
or total bridge current at full scale of 50 ma.
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b) GAIN switch changes feedhack in amplifier,

2 ~ 200 voltage gain at differential output.
4 -~ 400 voltage gain at differential output.
8 - 800 voltage gain at differential output.
16 - 1600 voltage gain at differential output,
32 ~ 3200 voltage gain at differential output.

64 ~ 6400 voltage gain at differential output.
One half gain values at single-sided output.

c) BDG PWR switch in series with bridge power,
up position connects bridge power.
down position disconnects bridge power.

d) CALIBRATION switech selects calibration resistor.

.1 - 10,000,000 ohms 5 - 200,000 ohms
.2 - 5,000,000 10 - 100,000
.5 - 2,000,000 20 - 50,000
1 - 1,000,000 50 - 20,000
2 - 500,000 100 -~ 10,000
e) + push button switch comnects cal., resistor across bridge
arm AC.
f) - push button switch connects cal. resistor across bridge
arm AD.

g) AMP BAL is single turn pot. balancing dc amplifier.

h) BDG BAL is ten turn pot. across arms AC and AD balancing
bridge.

i) BDG CUR is single turn rheostat in series with bridge power.
3) BDG ARMS switch on rear panel controls internmal bridge arms.

2 connects 400 ohm arms to AC and AD.
4 disconnects internal bridge arms.

Operation
a) BDG ARMS switch at 2
b) GAIN switch at 64
¢} CAL switch at 2
d) BDG PWR switch to BAL

e) POWER switch to A - If below 3/4 full scale replace A
batteries
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£f) POWER switch to B ~ Lf below 3/4 full scale replace B
batteriesg

g) BDG PWR switch on (up)

h) POWER switch to CUR - adjust BDG CUR to 10 ma,

i) BDG PWR switch off (down)

j) POWER switch to BAL - zero meter with AMP BAL.

k) BDG PWR switch on (up) - zero meter with BDG BAL.
Maintenance

Renew batteries when meter indicates below 3/4 full scale on A
or B, Remove chassis from cabinet by unscrewing rubber feet and
sliding out of the case through the rear. Make sure battery clips
are well placed and tight before reassembling. Always replace both
batteries of the pair at the same time. There are two in series
for A and two in series for B. Use Eveready 707 or equivalent,

To tune the internal amplifier adjustment pots:

Remove case.

Disconnect INPUT and OUTPUT plugs.

Center AMP BAL pot. on front panel,

GAIN at 64,

POWER switch at BAL,

BDG ARMS at 2 -~ zero meter with BAL, TRIM. pot.
BDG ARMS at 4 - zero meter with INPUT STAB. pot.
Repeat the two adjustments in order several times.

C) Brush 222 Recorder

Operator Controls and Functions

a) Battery — Meter indicates battery condition. When indicator
falls into red area, batteries should be recharged.

b) Chart Speed -~ Seven position switch permits selection of
six chart speeds and OFF. When in OFF position, all power
is removed from recorder. Depressing any chart speed
button activates recorder, and chart will drive at desired
speed. Chart speeds may be changed while chart is running.

¢) Mark Event - Two momentary switches permit manual marking of
an event. When left MARK EVENT button is depressed the left
event marker pen will deflect to the left, When the right
MARK EVENT button is depressed the right event marker pen
will deflect to the right.
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d)

e)

£)

g)

h)

NOTE: The event marker pens will remain deflected until
the MARK EVENT button is released,

Sengitivity -~ Provides 13~step attenuation of input signal
from one millivelt per division to ten volts per division,
and OFF,

Sensitivity X1 ~ Provides intermediate sensitivities between
the fixed settings of the stepped sensitivity control. When
the sensitivity is fixed as indicated on the stepped
sensitivity control.

When rotated counterclockwise, the sensitivity is less than
indicated on the stepped sensitivity control to a maximum
ratio of 2.5 to 1. This control is fitted with a locking
nut to prevent inadvertent turning.

NOTE: This is a variable control, but not calibrated.

Position ~ Permits pen positioning anywhere within the
channel and allows either edge of channel, or any point
between to be used as zero signal position. This control
is fitted with a locking nut to prevent inadvertent turning.

Signal Input Terminals ~ Three imput terminals are provided
for each channel. Ground strap is removable to provide
balanced or floating input. Input is single~ended with
ground strap connected,

Writing Table ~ Complete assembly comsisting of table,
writing bar and paper supply shaft. To gain access to the
paper supply, pull out on pull bar and swing table up. To
close, swing table down into position and push on pull bar
until table snaps in place.

NOTE: Writing table must be completely closed or recorder
will not operate. Recorder 1s equipped with an interlock
circuit which prevents coperation when writing table is not
properly closed or when paper supply is exhausted.

Operation

%

aj

b)

With sugnal disconmnected and OFF button depressed, open
writing table by pulling on pull bar and be sure adequate
paper for operation is on supply roll, and that 1t is
properly threaded.

Connect unit to proper voltage and frequency as indicated
on Input Power Adapter Module,
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c)

d)

e)
)

g)

h)

1)

i)

k)

Momentarily depress any chart speed pushbutton to check
battery condition on battery indicator, Indicator should
read in green area, If indicater reads red area, do not
operate unit unless "line assisted" operation is used,

CAUTION: If battery conditions reads in red area, it is
recommended that the unit be connected as in "line assisted"
operation, but that recorder not be used., This will charge
the battery, Do not attempt to operate this recorder with-
out a battery installed,

Depress 5 MM/SEC chart speed button and operate recorder
to insure good ink flow on all channels, If no writing is
present after first one foot of paper, check ink cartridge
for adequate ink.

Set SENSITIVITY control to OFF position.

Turn SENSITIVITY X1 control to full clockwise position
(detent) and secure with locking knob.

Depress 5 MM/SEC chart speed button, and connect input
signal.

Position pen at exact chart center or any other position

desired as signal--zero position with the POSITION control.
Lock knob in this position.

Switch SENSITIVITY control to a range that will permit
maximum pen deflection without going beyond chart edge.

Chart deflection will be proportional to the SENSITIVITY
control setting for the voltage being recorded.

Select a chart speed that will best display the signal with
respect to the frequency of the signal.

NOTE: Power is removed from recorder by a paper interlock
switch when paper supply is exhausted. Because of the
necessity of keeping paper under pens at all times, some
unused paper will remain on the roll.

Maintenance

a)

Chart Paper Removal ~ Press chart speed OFF button. Grasp
pull bar on bottom of writing table and pull out and up

to place writing table in open position, Hold paper
supply core and shaft pull down on paper supply release
lever and move paper supply core and shaft, Unscrew paper
core from supply roll shaft and discard paper core.
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b) <Chart Paper Installatipn - Slide new roll of paper onto
supply roll shaft. NOTE; Check to be sure flange of shaft
is at right side adjacent to channel 2 on chart paper and
paper unwinds from top of roll, Screw supply roll shaft
into paper core so that flange is. snug against paper core.
Insert flanged end of paper supply roll shaft into shaft
mouniting holes in writing table assembly and push up on
release lever to lock shaft into position. CAUTION: Check
to be sure left end of supply roll shaft is seated in
writing table assembly and supply rolil shaft rotates freely.
Feed paper over writing bar, through slot in front of
writing table, behind pressure roll and out front of writing
table assembly. NOTE: Refer to paper threading diagram
on side of writing table assembly. CAUTION: TUse care during
paper threading not to damage pens. Slowly close swinging
table assembly while gently pulling on paper. When friction
resists rotation of paper roil, pull paper taut, center on
writing table, and close writing table. NOTE: Check to be
sure writing table is properly engaged by pressing on both
sides of writing table., Turn recorder on and operate at
50 millimeters per second to rum about two feet of chart
paper to align chart paper.

C.4.0 Checklist

This checklist provides the operator with a condensed form of the
subject matter presented in the Operation and Maintenance Manual for the
Scour Around Bridge Piers Instrumentation System. It should not be used
without first reading the entire manual. Each step for the proper
operation and maintenance of this system should be followed in order,
For problems not encountered in the manual contact:

Dr. Gordon R. Hopkins
Project Principal Investigator

or

Mr. Richard W, Vance
Project Field Engineer

B-55 Engineering Sciences Building
West Virginia University
Morgantown, West Virginia 26506

Phone: (304) 293-3380 - commercial number
or (304) 296-3419 - ¥,7,5. number

C.4.1 Depth System and Power Supply

STEP 1: Check Battery Water Level. If battery appears to be completely
dry, it may be internally shorted causing a short in the charger.
DO NOT £ill batteries with water and TAKE OUT FUSES.
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STEP 2;

STEP 3;

STEP 4:

STEP 5:

STEP 6:

Unplug Level Indicator Switch,
Check Recorders, Paper Supply and Writing Stylus.

a) If not depleted, record date and time on chart paper.
Do not replace paper until a sample reading is recorded.

b) If depleted, replace and record time and date on both the
replacement chart and chart to be sent to W.V.U,

c¢) Replace stylus if necessary.

Advance Interval Stepping Switch. Slowly and firmly press the
'Stepping Switch Advance' button to advance the interval step-
ping switch (the protrusion on the wheel of the interval step-
ping switch must be advanced to one position short of closing
the 1/36 hrs. circuit) NOTE: Interval switch should be set
at 1/36 hrs.

a) If interval stepping switch advances, go to step 5.

b) If stepping switch does not advance make sure A,C.U. clock
is not in the closed circuit position and try the Stepping
Switch Advance button again.

¢) If interval stepping switch still does not advance go to
step 5.

Manually Cycle A.C,U. Clock., (Always turn clockwise)

a) If stepping switch advances and turns on recorders go to
step 6,

b) If stepping switch advances and does not turn on recorders,
see Troubleshooting Hint 1.

c) TIf stepping switch does not advance, see Troubleshooting
Hint 2.

Calibrate Raytheon DE~719 Recorder.

a) Turn the OFF/SENSITIVITY control to get 3 clear trace on
chart.

b) Adjust the CAL ZERO control until the calibrate zero line
falls on the zero calibration at the top of the chart paper,
NOTE: Tide and Draft may he moved out of the way.

c) Adjust the SPEED OF SOUND control until the calibrate mark
falls on the CALIBRATE line near the bottom of the chart
paper.,
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d) Adjust the TIDE AND DRAFT control until the top of the
direct transmission mark is on the zero line,

e) The following centrol settings remain the same.

Range X1
Phase 0-55
Chart Speed 1

f) Advance the SENSITIVITY control clockwise as far as
necessary to get clear readings from all the transducers.

STEP 7: Take Sample Depth Readings. After all adjustments have been
: made and the DE-719 and the Rustrak Recorder appear to be

working properly, allow the A.C,U. to complete a cycle, thus

obtaining readings from all the depth and stage transducers,

STEP 8: Set Clock To Operate On The Hour.

STEP 9: Record Time and Date of Sample Readings On Chart Paper.
The time and date should be recorded on the charts of both
recordings.

STEP 10: Change Chart Paper, If chart paper was not replaced in Step 4,
change it now, and include the Sample Readings at the end of
the chart to be sent to W.V.U,

STEP 11: Fill Batteries With Water. If the depth system has operated
properly make sure the batteries have sufficient water.
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