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Hydraulics of Box Culverts with Fish-Ladder Baffles 

ROY H . SHOEMAKER, JR., Instructor, 
Department of Civil Engineering, 
Oregon State College, Corvallis, Oregon 

The placement of transverse baffles in box culverts for the purpose of providing for 
traverse of fish has become increasingly necessary in recent years. Consequently, model 
studies were made to determine design factors for baffled culverts as related to baflle 
height and spacing, and to develop hydraulically efficient baffle shapes for use in the 
culverts. The results of the studies, based on the treatment of the baffles as roughness 
in a rectangular conduit, were obtained in the form of velocity-head coefficients; one 
dependent upon and the other independent of friction effects. The first of these is 
given in the form of a Darcy-Weisbach friction factor, and the second, which accounts 
for energy components at entrance and outlet, in the form of an "energy coefficient." 

The studies were conducted under the auspices of the Engineering Experiment Sta
tion of Oregon State College, and were jointly sponsored by the Oregon State Highway 
Commission and the U.S. Bureau of Public Roads. 

• DURING recent years a problem has 
arisen in Oregon and other coastal states in 
connection with obstruction of fish passages 
in natural streams by various hydraulic struc
tures. In this respect, box culverts on steep 
grades in mountainous county provide an ob
stacle to passage of migratory fishes because 
of the inability of the fish to negotiate the 
shallow and rapid stream flow which occurs in 
the culverts under normal conditions. Because 
it is necessary for many of the migratory fishes 
to travel in coastal streams for great distances 
to spawn, an increasingly important problem 
arises in making many of the box culverts re
quired for highway drainage traversable bv 
fish. 

A means selected for aiding passage of fish 
through a box culvert is the creation of suc
cessive pools throughout the length of the 
culvert by means of transverse notched baffles. 
Several such culverts have been constructed in 
Oregon and Washington by state and federal 
agencies. 

The presence of baffles in the bottom of a 
culvert creates an obstruction to flow occur
ring during flood conditions and causes a re
duction in the capacity of the conduit. Prior 
to the reported experiments, there had been 
no data available upon which to base the cal
culation of discharges through culverts pro

vided with fish-ladder baffles and flowing full 
under head. 

In order to obtain design data for box cul
verts with fish-ladder baffles, the Oregon State 
Highway Commission and the Bureau of Pub-
he Roads initiated a jointly-sponsored project 
to conduct, through the Engineering Experi
ment Station, model studies in the hydraulics 
laboratory of Oregon State College. Experi
ments were begun in January 1953 and were 
completed in February 1954. 

The design of the fish-ladder baffles for a 
given box culvert is based upon a minimum 
specified length of pool, a minimum depth at 
the upstream end of the pool, and a maximum 
difference in elevation between successive 
pools. Thus, for any given culvert grade, there 
is a certain range of combinations of baffle 
spacings and heights which will satisfj^ the 
foregoing requirements. Before the initiation 
of the project it was concluded that a variation 
in the spacing and height of a series of baffles 
could have an effect upon the resistance to 
culvert flow caused by the baffles, and that 
the experiments should be based upon the 
range of baffle arrangements contemplated for 
most ordinary cases of culvert design. Conse
quently, plans were made for the construction 
and testing of a model box culvert in which 
fuU-wddth transverse baffles of various heights 
could be arranged at different spacings. 
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The following factors, based upon actual de
sign conditions, were considered in the choice 
of baffle heights and spacings for the experi
ments: 

1. Consideration limited to single square 
box culverts from 4 feet by 4 feet to 12 feet 
by 12 feet. 

2. Grade to be considered was 1 percent 
minimum to 10 percent maximum. 

3. Full-width baffles to be installed at right 
angles to the culvert axis. 

4. Maximum difference in elevation of suc
cessive pools to be 1 foot at no flow. 

5. Minimum pool depth to be 8 inches. 
From these criteria, and from experience in 

previous culvert installations, it was decided 
that the ratios of baffle to culvert height to be 
tested should be 0.1,0.2, and 0.3, and spacings 
should be one, two, and four times the height 
of the culvert barrel. Because of the limitation 
of time available for the study, the effect of 
notches in the baffles was disregarded. 

I t was decided at the start of the project to 
make use of a model available in the hydraufics 
laboratory to determine factors to be consid
ered in planning experiments and designing 
the model to be used for testing effects of 
baffle height and spacing. This model was a 
4- by 4-inch Plexiglas box culvert, having a 
barrel 82 inches long, provided with an inlet 
designed according to Oregon State High
way Commission Drawing 9656, and laid on 
a flat grade. Suitable means for measurement 
of head and discharge were available. Rec
tangular wooden baffles ̂ /i and ]>i the height 
of the culvert were installed at different spac
ings and their effects upon discharge capac
ity and general flow characteristics of the 
culvert were noted. In addition, variations 
in the shape of the baffles were made in 
order to determine the necessity for experi
ments involving baffle shape before conducting 
baffle height and spacing studies. 

The general conclusions from the prelimi
nary experiments were as follows: 

1. The general shape of baffle could have a 
significant effect upon the discharge capacity 
of a culvert. Therefore, limited tests of baffle 
shapes would be warranted. 

2. A length of culvert of approximately 20 
diameters would be required for precision of 
measurement because of the relative magni
tudes of the losses and other energy compo
nents. 

3. A head of approximately six times the 
culvert height would be required for precision 
of measurement of losses and other energy 
components. 

4. Baffle locations at the extremes of the 
culvert were critical. I t was decided, therefore, 
to retain the same relative baffle location in 
the future model, regardless of baffle height 
and spacing. 

5. I t would be advisable to provide wing 
walls and an apron at the outlet of the model 
and permanently locate a baffle at the end of 
the outlet apron. 

In view of the foregoing conclusions, i t was 
decided to divide the experiments into two 
phases: (I) a limited study of the effect of 
baffle shape upon the resistance to flow 
through the culvert, and (2) a study of baffle 
height and spacing. These experiments will be 
discussed separately on the following pages. 

BAFFLE SHAPE EXPERIMENTS 

Objective 
The objective of the baffle shape experi

ments was to obtain information from a lim
ited number of baffle shapes that would aid in 
the selection of a hydraulically-efficient baflSe 
suitable for use in box culverts. The method 
chosen for the studies consisted of investiga
tions of the operation of from one to three 
baffles of each shape to be considered when 
installed in two-dimensional flow models. 

Theory 
The major problem of the shape experiments 

appeared to be the establishment of criteria 
for evaluation of the various baffle shapes 
under consideration. Prelinunary experiments 
with rectangular baffles in a 4-inch-square 
model culvert indicated that the flow through 
such a conduit, baffled only on one side, could 
be characterized by a series of accelerations 
and decelerations of the fluid stream occa
sioned by the periodic restrictions provided 
by the baffles. The magnitude of the restriction 
of flow caused by a single baffle appeared to be 
a function of a contraction of the jet issuing 
from the area directly above the baffle. 

Assuming major energy losses in a baffled 
conduit occur chiefly as a result of sudden de
celeration of the water beyond the vena con-
tracta of the jet, i t was theorized that the 
most efficient baffle shape from the stand-
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point of minimum flow obstruction would be 
one which would cause least contraction of the 
jet. This would limit the magnitude of the 
periodic variation of velocities in the main 
stream passing through the conduit. 

Apparatus 
Two types of apparatus were employed in 

the baffle experiments, both of which were 
based upon a two-dimensional flow analysis. 

The first of these was an aerodynamic smoke 
tunnel ordinarily used for classroom demon
strations of streamline flow around airfoils of 
various types. This smoke tunnel consisted of 
an enclosed chamber appi'oximately 18 inches 
in length and 1 foot in height, with a space of 
1 inch between a black velvet background and 
a plate-glass face. Air was di'awn longitud
inally through the device by means of an ex
haust fan and baffles were ])rovided at the in
take and outlet to smooth the flow. Kerosene 
smoke was injected at the intake end through 
a manifold provided with small nozzles spaced 
approximatel}- inch apart along a vertical 
line. Plexiglas models were installed in the tun
nel above a longitudinal strip of Plexiglas sim
ulating the invert of a culvert. Photographs 
taken of the smoke patterns were used for 
evaluation of the effects of changes in baffle 
shape. 

The second model was a horizontal Plexiglas 
conduit 2 inches wide by 8 inches high and 4 
feet long. This was connected to a head tank 
through a transition section. The tank was suf
ficiently high to allow a subniergenĉ e of the 

T A B L E 1 
B A F F L E S H A P E S 

Baffle 
Type 

D 

E 

F 

G 

Description 
(All baffles 2 in. high) 

Rectangular, thickness }^ height 

Quadrant, 2-inch radius 

Same thickness as Type A, but 
with top rounded on a radius 
equal to thickness, vertical up
stream face below curve 

One-inch radius quadrant on top 
of a 1-inch-square base (radius of 
rounding equal to J-̂  the height) 

Same as Type D, but with a 1-inch 
radius reverse curve below the 
quadrant (on lower half) 

One-half quadrant with the 2-inch 
side vertical, 2-inch radius top 
rounding 

Type A baffle with a 2-inch high 
fillet having a 1:1 slope attached 
to the upstream face 

Model in 
Which Tested 

Smoke tunnel 
and water 

Smoke tunnel 
and water 

Smoke tunnel 
and water 

Smoke tunnel 
and water 

Smoke tunnel 
and water 

Water only 

Smoke tunnel 
and water 

entrance to the model of approximately 33-2 
feet. A double vertical sluice gate was installed 
at the outlet to jjrovide headwater control, 
and additional regulation was provided hy 
means of a valve in the supply line to the head 
tank. A specially calibrated triangular weir 
was used to measure discharges from the 
model. 

Pressure connections were provided at the 
ends of the bottom and at (juarter points, top 
and bottom. Piezometer connections were 
made internally to the baffles as close as pos
sible to the most probable point of separation. 
In the rectangular baffles, holes were drilled 
in the top just beyond the upstream face, and 
in all others as close to the downstream face as 
possible. Pressure differences were measured 
by means of a sensitive difTerential manometer 
and headwater elevations were measured by a 
piezometer column connected to the head 
tank. 

Baffle Shapes 
The shapes of baffles considered in these 

experiments were limited to practical designs 
which would be feasible in actual culvert con
struction; therefore, only plane sections and 
circular curves were employed. 

Because the preliminary tests showed varia
tions in shape of the downstream face to have a 
negligible effect upon discharge, all baffles 
tested in water were designed with vertical 
downstream faces. In the smoke tunnel test, 
only the upstream face was considered. The 
height of all baffles was 2 inches, and rounded 
baffles were constructed so the curve at the 
downstream edge (or summit) was tangent to 
a horizontal line. Table 1 describes the baffles 
tested and indicates the testing conditions. 

Experimental Procedure 
The experimental approach utilized several 

methods, as outlined in the following: 
Smoke Tunnel Tests. Attempts were made 

to compare the bottom contractions occurring 
in the streams of air flowing over different baf
fles. For these observations a camera was lo
cated in a position normal to the face of the 
tunnel and photographs were taken of config
urations of smoke streams passing over the 
various baffle shapes. The photographs were 
superimposed upon a grid which provided a 
reference for the measurement of the distance 
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between the bottom plate and the bottom of 
the jet at its highest point. 

Water Tests. Several methods were employed 
to indicate the degree of contraction of the jet 
in each case. In these studies a maximum of 
three baffies was used on the premise that the 
smaller number of baffles would be more satis
factory for the type of study involved. 

After some preliminar5- tests it was con
cluded all results should be based upon the 
operation of the baffle farthest upstream when 
there was more than one installed in the model. 
This was because the approach conditions up
stream of this baffle would provide the great
est tendency for contraction of the jet. Fur
thermore, after various shapes of baffles were 
tested it became apparent that this upstream 
baffle was the only one for which the approach 
conditions were independent of the shape of 
baffle. Since comparisons between contractions 
were selected as criteria for evaluation of baf
fle shapes, it was considered that similarity of 
approach conditions was of primary import
ance. 

The following experiments were conducted 
in the water model: 

1. Pressure difference tests. As previous^ 
mentioned, pressure connections were made 
internally at the top of the baffle and at the 
top of the culvert at the same section, and a 
sensitive differential manometer was installed 
between these two connections. The measure
ments were taken on the theory that the pres
sure difference between these two locations in 
the jet would be a function of the degree of 
contraction at the location of the baffle con
nection, in addition to being an indication of 
the direction of streamlines adjacent to the 
connection. The discharge through the conduit 
was varied through a wide range, and a series 
of pressure difference readings was taken for 
each baffle shape. 

In these tests three baffles were installed at 
quarter-points in the model, with no measure
ments being taken from the two downstream 
baffles because preliminary tests showed pres
sure readings from these to be inconsistent. 
The purpose of including these baffles was to 
provide proper exit conditions from the first 
baffle. Discharge was controlled by the inlet 
valve, and head was controlled by the sluice 
gate at the outlet. 

2. Dye tests. Potassium permanganate dye 
was injected into the stagnant area down

stream of the first baffle and photographs were 
taken on film insensitive to red. The camera 
location was kept the same for all these photo
graphs so that the degree of contraction as 
indicated by the dye could be determined ap
proximately from enlargements of the nega
tives. Pictures of the contraction were taken 
at two discharges for each baffle tested. 

3. Free jet experiments. As another pos
sible indication of contraction from a baffle, a 
series of photographs was taken of the free jet 
discharging from a single baffle installed at 
the outlet of the model. These photographs, 
which were taken at two rates of discharge for 
each baffle shape, were enlarged and measured 
to indicate the degree of bottom contraction 
of the jet. The head above the bottom of the 
conduit was recorded for each condition. 

Results 
Contraction Photographs. The results from 

the dye injection, smoke tunnel, and free jet 
tests are summarized in Figure 1. In this chart, 
contraction is expressed as a percentage of the 
height of the baffle for different baffles tested. 
Comparative results of these three studies are 
shown to be inconsistent from the standpoint 
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Figure 1. Summary of contraction characteristics of 
various types of fish-ladder baffles. 
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of absolute values. They do show, however, 
that the Type B (quadrant) baffle causes the 
least contraction in each case, with the Type 
D baffle (1-inch radius top rounding) appar
ently second best. 

Pressure Differences. Measurements of the 
pressure differential between the top of the 
baffles and the culvert top were consistent 
and confirmed visual observations of the na
ture of contraction from the baffles. Sufficient 
variation of pressure difference with discharge 
was obtained for each baffle to make possible 
a comparison of these results by graphical 
plot. In the plots all baffles except the quad
rant baffles showed identical trends in pressure 
difference versus discharge. The quadrant 
baffles showed a much smaller differential at 
a given discharge (on the order of 50 percent 
of that obtained from the rectangular baflBes), 
in addition to a much more gradual increase in 
pressure differential with discharge. 

The rectangular baffles (Type A) consist
ently gave the greatest pressure difference, 
followed by Type C and then Types D, E, and 
G, the latter group having the same pressure 
differential at any given discharge. No meas
urements were taken from the half-quadrant 
baffles (Type F) since in most cases a contrac
tion occurred at the upstream edge, and the 
operation was unstable. 

Observations were made at the top of each 
baffle during both dye tests and free jet tests 
to ascertain the degree of separation upstream 
of the highest point on the baffle. Little or no 
separation occurred upstream of the summit 
of the quadrant and Type G baflBes, while 
separation occurred about }-i inch upstream 
of the summits of the Types D and E baffles, 
and about to ^ inch upstream of the 
summit of the Type C baffles. 

Pressure differences discussed above seem 
to correspond to the relative location of the 
separation point with respect to piezometer 
location, and appear to have very little value 
otherwise. 

Rating Curves. The head-discharge relation
ships for the model with three baffles installed 
were inconclusive because the control for all 
cases was at the sluice gate at the end of the 
conduit. All points feU very closely to the 
same fine, showing that the major losses oc
curred at the outlet, thereby masking any 
losses caused by the baffles. The model was 
not operated without the sluice gate. 

The head-discharge relationships with only 
one baffle installed at the outlet (free jet) were 
satisfactory, although percentagewise the 
differences were small. Results from measure
ments at one discharge are shown in Figure 1, 
and the trend is much the same as for the con
traction tests. 

Conclusions and Recommendations 
The results of these experiments are purely 

qualitative because insufficient information is 
available to link the contraction from a single 
baffle with discharge characteristics of a large 
number of identical baffles. The hypothesis 
that the major losses occur almost entirely as 
a result of successive contractions is based 
upon the assumption that similar approach 
conditions exist upstream of each baffle except 
the first. Observation of dye injected into the 
4-inch culvert model confirms this assumption 
to a certain degree. 

The general hypothesis is strengthened by 
the relationship of the operation of the rectan
gular and beveled (Type G) baffles in both 
water models. A distinct increase in discharge 
capacity was obtained from the 4-inch culvert 
model when the Type G baflfles were substi
tuted for rectangular baffles. I f the contraction 
from a single baffle can be related even approx
imately to the loss from a series of baffles, the 
quadrant baffles or the Type D baffles may be 
expected to be much more satisfactory than 
the Type G baffles from the standpoint of re
sistance to flow. 

While the quadrant baffle seems to be the 
most logical choice from the standpoint of hy
draulic eflSciency, the proportions of this baffle 
are such that the overall size would be objec
tionable from an economical standpoint in 
cases where high baffles are installed in a large 
culvert. The Type D baffles would appear to 
be the second-best choice, and were selected 
for use in subsequent experiments with baffle 
height and spacing. There is some question as 
to whether or not the thickness and top radius 
should be varied with the height of baffle since 
it is logical to assume that the ideal rounding 
should vary as the size of the opening above 
the baffle. I t should be noted, however, that as 
the baffle becomes lower, the tendency for 
contraction should diminish because of the 
change in approach conditions. A baffle de
sign for which the top radius was constant 
would probably produce the most consistent 
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between the bottom plate and the bottom of 
the jet at its highest point. 

Water Tests. Several methods were employed 
to indicate the degree of contraction of the jet 
in each case. In these studies a maximum of 
three baffles was used on the premise that the 
smaller number of baffles would be more satis
factory for the type of study involved. 

After some preliminary tests it was con
cluded all results should be based upon the 
operation of the baffle farthest upstream when 
there was more than one installed in the model. 
This was because the approach conditions up
stream of this baffle would provide the great
est tendency for contraction of the jet. Fur
thermore, after various shapes of baffles were 
tested it became apparent that this upstream 
baffle was the only one for which the approach 
conditions were independent of the shape of 
baffle. Since comparisons between contractions 
were selected as criteria for evaluation oi baf
fle shapes, it was considered that similarity of 
approach conditions was of primary import
ance. 

The following experiments were conducted 
in the water model: 

1. Pressure difference tests. As previously 
mentioned, pressure connections were made 
internally at the top of the baffle and at the 
top of the culvert at the same section, and a 
sensitive differential manometer was installed 
between these two connections. The measure
ments were taken on the theory that the pres
sure difference between these two locations in 
the jet would be a function of the degree of 
contraction at the location of the baffle con
nection, in addition to being an indication of 
the direction of streamfines adjacent to the 
connection. The discharge through the conduit 
was varied through a wide range, and a series 
of pressure difference readings was taken for 
each baffle shape. 

In these tests three baffles were installed at 
quarter-points in the model, with no measure
ments being taken from the two downstream 
baffles because preliminary tests showed pres
sure readings from these to be inconsistent. 
The purpose of including these baffles was to 
provide proper exit conditions from the first 
baffle. Discharge was controlled by the inlet 
valve, and head was controlled by the sluice 
gate at the outlet. 

2. Dye tests. Potassium permanganate dye 
was injected into the stagnant area down

stream of the first baffle and photographs were 
taken on film insensitive to red. The camera 
location was kept the same for all these photo
graphs so that the degree of contraction as 
indicated by the dye could be determined ap
proximately from enlargements of the nega
tives. Pictures of the contraction were taken 
at two discharges for each baffle tested. 

3. Free jet experiments. As another pos
sible indication of contraction from a baffle, a 
series of photographs was taken of the free jet 
discharging from a single baffle installed at 
the outlet of the model. These photographs, 
which were taken at two i-ates of discharge for 
each baffle shape, were enlarged and measured 
to indicate the degree of bottom contraction 
of the jet. The head above the: bottom of the 
conduit was recoixled for each condition. 

Results 
Contraction Photographs. The results from 

the dye injection, smoke tunnel, and free jet 
tests are summarized in Figure 1. In this chart, 
contraction is expressed as a percentage of the 
height of the baffle for different baffles tested. 
Comparative results of these three studies are 
shown to be inconsistent from the standpoint 
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Figure 1. Summary of contraction characteristics of 
various types of fish-ladder baffles. 
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of absolute values. They do show, however, 
that the Type B (quadrant) baffle causes the 
least contraction in each case, with the Type 
D baffle (1-inch radius top rounding) appar
ently second best. 

Pressure Differences. Measurements of the 
pressure differential between the top of the 
baffles and the culvert top were consistent 
and confirmed visual observations of the na
ture of contraction from the baffles. Sufficient 
variation of pressure difference with discharge 
was obtained for each baffle to make possible 
a comparison of these results by graphical 
plot. In the plots all baffles except the quad
rant baffles showed identical trends in pressure 
difference versus discharge. The quadrant 
baffles showed a much smaller differential at 
a given discharge (on the order of 50 percent 
of that obtained from the rectangular baffles), 
in addition to a much more gradual increase in 
pressure differential with discharge. 

The rectangular baffles (Type A) consist
ently gave the greatest pressure difference, 
followed by Type C and then Types D, E, and 
G, the latter group having the same pressure 
differential at any given discharge. No meas
urements were taken from the half-quadrant 
baffles (Type F) since in most cases a contrac
tion occurred at the upstream edge, and the 
operation was unstable. 

Observations were made at the top of each 
baffle during both dye tests and free jet tests 
to ascertain the degree of separation upstream 
of the highest point on the baffle. Little or no 
separation occurred upstream of the summit 
of the quadrant and Type G baffles, while 
separation occurred about }i inch upstream 
of the summits of the Types D and E baffles, 
and about Me to inch upstream of the 
summit of the Type C baffles. 

Pressure differences discussed above seem 
to correspond to the relative location of the 
separation point with respect to piezometer 
location, and appear to have very little value 
otherwise. 

Rating Curves. The head-discharge relation
ships for the model with three baffles installed 
were inconclusive because the control for all 
cases was at the sluice gate at the end of the 
conduit. All points fell very closely to the 
same line, showing that the major losses oc
curred at the outlet, thereby masking any 
losses caused by the baffles. The model was 
not operated without the sluice gate. 

The head-discharge relationships with only 
one baffle installed at the outlet (free jet) were 
satisfactory, although percentagewise the 
differences were small. Results from measure
ments at one discharge are shown in Figure 1, 
and the trend is much the same as for the con
traction tests. 

Conclusions and Recommendations 
The results of these experiments are purely 

qualitative because insufficient information is 
available to Unk the contraction from a single 
baffle with discharge characteristics of a large 
number of identical baffles. The hypothesis 
that the major losses occur almost entirely as 
a result of successive contractions is based 
upon the assumption that similar approach 
conditions exist upstream of each baffle except 
the first. Observation of dye injected into the 
4-inch culvert model confirms this assumption 
to a certain degree. 

The general hypothesis is strengthened by 
the relationship of the operation of the rectan
gular and beveled (Type G) baffles in both 
water models. A distinct increase in discharge 
capacity was obtained from the 4-inch culvert 
model when the Type G baffles were substi
tuted for rectangular baffles. I f the contraction 
from a single baffle can be related even approx
imately to the loss from a series of bafl[ies, the 
quadrant baffles or the Type D baffles may be 
expected to be much more satisfactory than 
the Type G baffles from the standpoint of re
sistance to flow. 

While the quadrant baffle seems to be the 
most logical choice from the standpoint of hy
draulic efficiency, the proportions of this baffle 
are such that the overall size would be objec
tionable from an economical standpoint in 
cases where high baffles are installed in a large 
culvert. The Type D baffles would appear to 
be the second-best choice, and were selected 
for use in subsequent experiments with baffle 
height and spacing. There is some question as 
to whether or not the thickness and top radius 
should be varied with the height of baffle since 
it is logical to assume that the ideal rounding 
should vary as the size of the opening above 
the baffle. I t should be noted, however, that as 
the baffle becomes lower, the tendency for 
contraction should diminish because of the 
change in approach conditions. A baffle de
sign for which the top radius was constant 
would probably produce the most consistent 
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results in the laboratory model because the 
effective variation of rounding with respect to 
the size of the opening above the baffle would 
be small. I t was decided, therefore, that the 
lowest baffle be a quadrant and that varia
tions in height would be accomplished by var
iations of height of rectangular sections under 
the quadrants. 

The limitations of time prevented any fur
ther consideration of baffle shapes. The re
sults of this study indicated that there would 
be ample justification for further experiments 
for a full-length model in which a lai-ger num
ber of baffles would be installed. 

BAFFLE HEIGHT AND SPACING EXPEKIMENTS 

Objective 

The specific objective of height and spacing 
experiments was to obtain information to be 
used in the hydraulic design of culverts pro
vided with fish-ladder baffles. Particularly de
sired were data to aid in the evaluation of 
energy losses caused by the baffles, obtained 
from experiments with a model culvert. 

I n any conduit discharging a fluid under 
head, the energy losses may be subdivided 
into two categories; (1) losses caused by turbu
lence induced at entrance, and (2) losses 

caused by friction resulting from roughness of 
the conduit. 

While a baffled culvert might not be con
sidered entirely analogous to a pipe because of 
the magnitude and regularity of the "rough
ness," i t was considered that an analysis of 
energy distribution, considering the culvert as 
a i-QUgh pipe, would be the most feasible. Re
sults pi-esented in this manner satisfactorily 
lend themselves to use in conventional design 
practice and, at the same time, are suitable 
for comparison with available pipe flow data. 
Accordingly, energy losses caused by the baf
fles were considered as conduit friction losses 
and data were obtained in such a manner as 
to make possible the separation of friction and 
other losses. 

The Model 

The hydraulic model used in these experi
ments was a 4 by 4-inch conduit constructed 
of Plexiglas and provided with a removable 
false bottom to which baffles were attached. 
As shown in Figure 2, the conduit comprised 
flanged sections, an inlet and outlet section, 
and two barrel sections, so that i t could be 
tested in three different lengths. The inlet and 
outlet sections were provided with aprons 
having wing walls at an angle of 8:12 with 
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the culvert axis, the inlet wing walls conform
ing to a 2:1 embankment slope. Top of the 
entrance was rounded to a radius of ' i the 
height of the culvert so that the entrance was 
5 inches in height and 4 inches in width. No 
rounding was provided at the outlet. A l l ex
periments were run with the culvert barrel on 
a flat grade. 

Water entered the model f rom a large tank 
and was discharged into a flume leading to a 
calibrated triangular weir. The relatively large 
area of the tank (5 by 14 feet) damped fluctu
ations in the supply and provided stability in 
headwater pool level. 

Baffles tested in the culvert model were con
structed of Plexiglas and designed on the basis 
of the previously discussed experiments with 
baffle shape. Three heights of baffles were 
made; 0.1, 0.2, and 0.3 times the height of the 
culvert barrel ( i . e., O.ID, 0.2D, and Q.3D). 
This range of baffle heights encompassed the 
range encountered in practice. A l l baffles were 
provided wi th a rounding of their upstream 
faces equal to 3-fo the height of the culvert, 
so that the lowest baffle was a quadrant while 
the two higher ones were comprised of quad
rants placed on rectangular sections having 
heights of QAD and 0.2D, wi th a thickness of 
OAD for both. 

Baffle Spacing and Arrangement 

Culvert lengths were constructed in such a 
manner that in each section baffles could be 
installed at spacings of \D, 2D, and 4D. The 
length of section was selected so that a similar 
arrangement of baffles could be made in each 
section for the three spacings chosen. The inlet 
section was 36 inches in length, with a baffle 
permanently installed at a location 4 inches 
downstream of the entrance and at the outlet. 
Each of the two barrel sections was 80 inches 
in length with a permanent baffle at the outlet 
end. The outlet section, including the outlet 
apron, was 32 inches in length, with a perma
nent baffle at the end of the apron. The lengths 
of sections of baffled culvert barrel as installed 
were, respectively, for the inlet and outlet sec
tions, one barrel section added and two barrel 
sections added—4.98, 11.64, and 18.31 feet. 

Measurements and Testing Procedure 

The principal information sought through 
measurements was the drop in the energy 
grade line over a given length of baffled culvert 

barrel for each baffle arrangement. Because of 
the complex turbulence existing within the 
culvert bari'el, i t was concluded that pressure 
measurements at locations between the ends 
of the culvert would be meaningless as indica
tions of th(> location of the hydraulic grade 
line. 

The energy loss in each barrel section was 
determined by analytical methods based upon 
discharge rating curves for the three culvert 
lengths tested. Thus, for all tests the only 
measurements taken were headwater level 
(by water column connected to the head tank) 
and discharge (by calibrated weir and hook 
gage). Readings were taken for steady-state 
conditions only, and experimental rating 
curves were plotted concurrently with test 
runs as a check on the consistency of the data. 

For each baffle height and spacing and for 
each length of conduit, the head was varied 
in five or more steps from the minimum re
quired for the culvert to flow fu l l for its entire 
length to the maximum available. I n terms of 
culvert height, the approximate range of heads 
was from 1.5D to 7.5/) above the invert. 

Analytical Procedure and Results 

The objectives in the analysis of the data 
f rom the experiments were: (1) to determine 
the friction factor / in the Darcy-Weisbach 
formula 

h f = f D2g (1) 

where h/ is loss in head caused by friction, L 
the length of conduit, D the diameter of pipe 
(4 times the hydrauUc radius of noncircular 
pipes), and V^/2g the gross section velocity 
head in the conduit; and (2) to determine ap
proximately the remaining coefficients of the 
velocity head in the conduit (See Figure 3.) 

k y 2 

Figures. Illustration of terms in the energy equation. 
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Two different analytical approaches were 
used to determine the fi'iction factor, both 
based upon the following assumptions: 

1. Friction loss was directly proportional 
to the velocity head based upon the gross area 
of the culvert. 

2. Slope of the energy grade line was con
stant for a given discharge over the total 
length of the culvert, except for a sudden drop 
at the inlet due to entrance losses. 

3. Uniform flow conditions existed through
out the length of the culvert excejit at the in
let. 

4. Entrance losses and outlet effects were 
independent of friction loss. 

The first analysis was based upon assump
tion 3—the premise that uniformly turbulent 
conditions existed in the culvert barrel by the 
time the water passed through the inlet sec
tion, which was 36 inches in length. 

A typical rating curve, as shown in Figure 4, 
is given here as an illustration of the procedure 
used in the determination of the friction factor 
for a certain bafHe spacing and height arrange
ment. 

The three curves shown are for the different 
lengths of culvert barrel; Curve C, or the low
est, being for the short section; B for the inter
mediate length; and A for the long section. A t 
a given discharge, such as 0.35 cubic feet per 
second in Figure 4, three heads may be read 
f rom the curves—each head representing for 
each length the sum of friction and inlet losses 
plus outlet velocity head. Because inlet loss 
and outlet velocity head should be the same 
for the three lengths at a given discharge, the 
difference in head between any two adjacent 
curves should represent the friction loss 
chargeable to one barrel section. As the barrel 
length increments were the same, the two loss 
increments should be identical. 

I n analysis of the data, a set of rating curves 
was plotted for each baffle arrangement, and 
f rom each set of these rating curves readings 
of fr ict ion head loss were measured for five dif
ferent discharges. For a given discharge, read
ings were taken separately for each barrel 
length and then averaged. Subsequently, the 
head losses, divided by the increment of barrel 
length, were plotted against velocity head 
based upon f u l l culvert area. 

According to the basic assumptions, plots of 
head loss versus velocity head should yield 
straight lines, the slope of which is the friction 

BAFFLE SPACING = 2D 
BAFFLE HEIGHT =03D 
CURVE L E N G T H - F T 

1835 
1 1,64 
4.98 

0 2 0 3 0 4 OS 0.6 
DISCHARGE - CU F T PER SECOND 

Figure 4. Typical discharge rating curve for one ar
rangement of baffles In the model culvert illustrating 

the measurement of head losses. 

D2DHE:r<5HT 

Figure 5. Variation of Darcy-Weisbach friction factor 
with baffle spacing. 

factor / divided by the "diameter" of the cul
vert and, since entrance loss and outlet veloc
i t y head are excluded, the lines should intersect 
at the origin. This was found to be the case 
for practical purposes, except the plots for 
very few of the baffle arrangements had slight 
upward curvatures. This is presumed to be due 
to a slight error in assumption 1. I n all cases, 
however, slopes of the lines were determined 
without difficulty, and i t is believed that 
wi thin the range of discharges employed in 
these experiments the results are suitably ac
curate. 

The friction factors determined in the fore
going manner are shown graphically in Figure 
5 in relation to the spacing between baffles; 
values at zero spacing being estimated on the 
basis of Plexiglas conduit ( / = 0.019) having a 
cross section equal to the gross culvert area. 
On the basis of the most probable trends, 
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based on the limited number of points, the 
curves ai'e seen to have a maximum value at a 
spacing between ID and 2D, beyond which 
there is a gradual decrease. I t appears from 
the trends shown that, as the baffle spacing is 
varied, the principal factors causing friction 
losses change to a considerable degree. A t 
closer spacings i t seems likely the loss is caused 
largely by roughness, and this should increase 
sharply with an increase in spacing, then de
crease because of the presence of fewer baffles 
in a given length of culvert barrel. 

I t wil l be noted that as the spacing is in
creased there is more opportunity for the con
tracted jet forming beyond the top of each 
baffle to re-expand to the fu l l area of the cul
vert barrel. I t is conceivable that at the larger 
spacings, flow through the culvert is character
ized hy a series of accelerations and decelera
tions of the fluid. The changes of momentum 
involved in this type of flow undoubtedly con
tribute to the energy losses in var^-ing degrees 
dependent upon baffle spacing. 

The second analysis served not only to pro
vide independent determinations of the friction 
factor, but also provided means for evaluation 
of other energy components characterizing the 
flow through the culvert. I n this analysis a 
linear variation was assumed between total 
head acting on the culvert and gross section 
velocity head. For this assumption the energy 
equation for flow through the culvert can be 
written as 

(2) 

constant 

HW 
72 

2g 
where HW is the headwater elevation above 
the invert at the culvert entrance and the other 
terms are as shown in Figure 3. 

I n equation (2) the coefficient / is dependent 
upon culvert barrel friction alone, and Ce and K 
are functions of inlet and outlet conditions, 
respectively. Since i t was not considered feasi
ble to attempt separation of the latter two co
efficients, the sum (C, + K) was considered as 
a separate "energy coefficient" Co ; a quantity 
independent of the effects of barrel friction. 
The objective of the analysis was to determine 
/ and Ca as coefficients of gross culvert section 
velocity head. 

The constant P in equation (2) is a function 
of outlet conditions and is thus independent of 
friction slope and the slope of the headwater 
versus velocity head curves. Selection of values 
of this constant for energy calculations must 
be made upon the basis of the outlet condi
tions for the particular case being studied. A 
reasonably accurate approximation of P would 
be the distance from the invert to the center of 
the opening above a baffle, since observations 
of dye injections into the baffle shape model 
indicated that a distinct jet continued beyond 
a point half way between the baffles. This con
dition also would just ify the use of equation 
(2) in the same form, whether or not a baffle 
was located in the plane of the outlet, pro\-id-
ing the last baffle was located at the end of 
the outlet apron. The term SgL was neglected, 
of course, since the culvert model was on flat 
grade. 

The first step in the analysis was to plot 
headwater elevation against velocity head and 
average straight lines through the points. (AU 
of which had a slight upward curvature.) The 
slope of each of these lines was, therefore, the 
mean sum of the coefficients of the velocity 
head over the range of headwater levels used 
in the plot. For each baffle arrangement a dif
ferent value of slope was obtained for each of 
the three lengths in\'olved. Next, these values 
were plotted against length of culvert barrel, 
giving lines having the equation 

m = Ca + D 

The quantity Ca can be recognized as the y-in-
tercept, and the q u a n t i t y / / / ) the slope of the 
ni versus length lines. 

The values o f f / D checked very closely with 
those obtained from the first analysis, estab
lishing the validity of the two methods of ap
proach. 

The values of Ca f rom the foregoing analysis, 
plotted against baffle spacing, are shown in 
Figure 6. I t w i l l be noted that the curves for 
all three baffle heights follow the same trend; 
first dropping rapidly, then at a reduced rate 
as baffle spacing is increased. Insufficient data 
are available to provide a satisfactory explan
ation for the trend of these curves. I t would 
appear that at zero spacing the coefficient 
should approach that of a culvert reduced in 
section by the height of a baffle. Therefore, 
Ca should be relatively low. 
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A factor that should be considered in this 
respect is the change in velocity head reference 
wi th baffle spacing. A t long spacings there is 
little doubt the coefficient should be based 
upon culvert velocity head, while at zero spac
ing the velocity head in the reduced section 
must be considered. This velocity head in
creases with the square of the reduction of 
area and, for a constant coefficient, the product 
of Ca and \-elocitj' head should increase pro
portionally. Because only the smaller velocity 
head was considered in this analysis, Ca pos
sibly would increase at a greater rate when 
spacing was decreased below a certain min
imum value. 

Wi th data from only three baffle spacings 
and heights, i t is impossible to confirm the 
foregoing hypothesis, but within the range of 
these experiments the values of Ca obtained 
should be sufficiently accurate for design pur
poses. 

Limited tests were inconclusive on the effect 
of location of the first upstream baffle upon 
entrance loss. A t a 17) baffle spacing and the 
long and intermediate culvert lengths, removal 
of the first baffle had a negligible effect upon 
the discharge capacity of the culvert. 

Application of the Data 

I n a typical design of a baffled culvert, three 
initial (juantities are known; (1) flood dis-
oharge, (2) maximum headwater tolerable, 
and (3) length and grade of culvert. The range 
of baffle heights and spacings for a given grade 
is determined at no flow l)y the criteria dis
cussed in the introduction to this paper and 
the limitations illustrated in Figure 2. I t wi l l 
be noted that the no-flow pool elevations are 
established by the height of crests of notches 
in the Itaffles; the notches being placed with 
respect to the culvert centerline according to 
the judgment of the designer. The required ad
ditional height of l)affle above the notch crest 
wi l l be determined by normal stream dis
charge. 

Reference is now made to equation (2) in 
the form 

S„L (2o) 

N 0.3D HEIGHT 0.3D HEIGHT 

1 
i 02D HEIGHT 
' O ID HEIGHT 
i 02D HEIGHT 
' O ID HEIGHT 
i 02D HEIGHT 
' O ID HEIGHT 

i n which the terms are as illustrated in Figure 
3. Dimensions of the culvert may be deter
mined by a series of tr ial and error calcula-

BAFfLE SPACING 
CULVERT HEIGHT 

Figure 6. Energy coefficients for various baffle ar
rangements. 

tions starting with an assumed culvert cross 
section and a baffle height and spacing. Co-
eflicients / and Co are chosen f rom Figures 5 
and 6, after which a headwater calculation is 
made by means of equation (2a) using the 
given discharge. This calculated level should 
be checked against the maximum allowable 
and sufficient trials made unti l a satisfactory 
result is obtained since, for a given culvert 
length and grade, several evaluations of cul
vert size may be necessary in order to deter
mine the most economical installation. 

The designer should note that the data 
shown in Figures 5 and 6 for use in equation 
(2o) were obtained from tests on a box culvert 
of square cross section, and therefore should 
be applicable only to square box culverts. 
However, the flow through a baffled culvert 
could be considered as two-dimensional, since 
the "roughness" of the baffles exceeds so 
greatly the roughness of the sides. A close ap
proximation of the design of a non-square box 
culvert is therefore possible on the basis of 
the assumption that a culvert a given percent
age wider than a square box of the same height 
wil l carry a correspondingly greater discharge 
at the same headwater elevation. An exact de
sign would, of course, require data from model 
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studies of a culvert having the same height 
and width proportions. 

Conclusions and Recommendations 

Results f rom these experiments should pro
vide satisfactory information for the design of 
box culverts with fish-ladder baffles, providing 
baffle heights and spacings are kept within the 
limits of the experiments. 

Check calculations of headwater level made 
from the coefficients given in Figures 5 and 6 
indicate that above a headwater level of ap
proximately 2.5 times the height of the cul
vert (above the invert), the error is less than 
5 percent of the actual level. Below the level 
of 2.5D, i t is recommended that calculated 
headwater levels be increased by 10 percent 
for design purposes. 

Additional data for a wider variety of baffle 
shapes, heights, and spacings would provide a 
wider latitude for design and would undoubt
edly clarify the theory underlying the charac
ter of the energy losses in conduits such as con
sidered in this paper. 
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APPENDIX 
O R I G I N A L E X P E R I M E N T A L D A T A 

B A F F L E H E I G H T A N D S P A C I N G E X P E R I M E N T S 

Run Q HW L Height & 
Spacing of Baffles Run Q UW L Heiglit & 

Spacing of Baffles 

cjs ft f cfs f t fl 
A 1 0.239 0.668 4.98 0.3D-1D 2E 1 0.262 0.67 11.64 0.2D-2D 

2 0.320 0.790 2 0.373 1.09 
3 0.416 1.16 3 0.454 1.49 
4 0.614 1.71 4 0.611 1.88 
5 0.627 2.45 5 0.574 2.31 
6 0.551 1.95 2F 1 0.276 0.52 4.98 0.2D-2D 

B 1 0.163 0.51 11.64 0.3D-1D 2 0.418 0.86 
2 0.281 0.95 3 0.536 1.29 
3 0.368 1.43 4 0.621 1.68 
4 0.433 1.92 6 0.725 2.26 
5 0.482 2.39 6 0.735 2.28 

C 1 0.175 0.63 18.31 0.3D-1D 2G 1 0.288 0.81 18.31 0.2D-4D 
2 0.200 0.74 2 0.380 1.22 
3 0.273 1.15 3 0.466 1.67 
4 0.281 1.20 4 0.628 2.09 
5 0.420 2.38 5 0.686 2.53 
6 0.356 1.78 2H 1 0.286 0.67 11.64 0.2D-4D 

D 1 0.2.30 0.54 4.98 0.3D-2D 2 0.384 0.96 
2 0.356 0.93 3 0.492 1.39 
3 0.443 1.34 4 0.666 1.78 
4 0.5.30 1.85 6 0.668 2.30 
6 0.625 2.48 21 1 0.386 0.67 4.98 0.2D-4D 

E 1 0.197 0.64 11.64 0.3D-2D 2 0.646 1.07 
2 0.290 1.08 3 0.636 1.40 
3 0.357 1.50 4 0.730 1.78 
4 0.400 1.82 5 0.810 2.20 
6 0.442 2.24 3A 1 0.277 0.68 18.31 O . I D - I D 
f) 0.288 1.06 2 0.3.80 1.01 
7 0.452 2.32 3 0.460 1.40 

F 1 0.177 0.70 18.31 0.3D-2D 4 0.540 1.88 
2 0.255 1.04 5 0.686 2.24 
3 0.313 1.61 3B 1 0.312 0.64 11.64 O . I D - I D 
4 0.352 1.99 2 0.447 1.03 
5 0.390 2.42 3 0.544 1.43 
6 0.241 1.05 4 0.632 1.84 

G 1 0.216 0.49 4.98 0.3D-4D 5 0.700 2.22 
2 0.341 0.77 30 1 0.386 0.63 4.98 O . I D - I D 
3 0.465 1.17 2 0.642 1.01 
4 0.541 1.53 3 0.677 1.42 
5 0.630 1.99 4 0.746 1.72 
6 0.683 2.38 6 0.820 2.10 

H 1 0.200 0.61 11.64 0.3D-4D 3D 1 0.266 0.61 18.31 0.1D-2D 
2 0.341 1.18 2 0.426 1.09 
3 0.417 1.64 3 0.511 1.51 
4 0.481 2.09 4 0.600 2.05 
6 0.528 2.49 6 0.656 2.42 

I 1 0.192 0.71 18.31 0.3D-4D 3E 1 0.327 0.63 11.64 0.1D-2D 
2 0.285 1.22 2 0.496 1.09 
3 0.358 1.77 3 0.612 1.59 
4 0.418 2.33 4 0.705 1.96 

2A 1 0.178 0.635 18.31 0.2D-1D 5 0.762 2.34 
2 0.293 0.940 3F 1 0.366 0.58 4.98 D.1D-2D 
3 0.366 1.36 2 0.636 0.92 
4 0.458 1.98 3 0.640 1.23 
5 0.510 2.46 4 0.740 1.59 

2B 1 0.262 0.63 11.64 0.2D-1D 6 0.804 1.88 
2 0.342 0.93 3G 1 0.483 1.12 18.31 0.1D-4D 
3 0.417 1.27 2 0.666 1.46 
4 0.602 1.74 3 0.648. 1.85 
5 0.664 2.20 4 0.706 2.22 

20 1 0.303 0.58 4.98 0.2D-1D 5 0.339 0.70 
2 0.423 0.91 3 H 1 0.344 0.61 11.64 0.1D-4D 
3 0.557 1.41 2 0.616 0.99 
4 0.637 1.80 

2.46 
3 0.630 1.36 

5 0.763 
1.80 
2.46 4 0.730 1.76 

2D 1 0.238 0.73 18.31 0.2D-2D 5 0.805 2.13 
2 0.337 1.23 31 1 0.408 0.58 4.98 0.1D-4D 
3 0.396 1.62 2 0.537 0.84 
4 0.452 2.08 3 0.680 1.15 
5 0.488 2.42 4 

5 
0.762 
0.826 

1.42 
1.66 
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DISCUSSION 

W. R. IMcKiNLEY, Engineer, Stream Improve
ment Division, Washington State Department 
of Fisheries—There are obviously two major 
interests in this problem of fish pas.sage 
through culverts. One is the interest of fish
eries agencies in the passage of migi-atory 
fish. The other, naturallj-, is that of the high
way or road agencies which build culverts 
and are responsible for their function of pass
ing the maximum design flow. I t is noted 
that only the latter was involved in the 
sponsorship of the stud}' by M r . Shoemaker. 
These two interests are somewhat opposed in 
purpose and concern. The fisheries require
ments in culverts encompass low or moderate 
flows which occur generally during the salmon 
migration period. The highway agencies, on 
the other hand, are concerned primarily with 
maximum design flows. Building an econom
ical culvert which wil l discharge this flow calls 
for a sti'ucture of minimum cross-section which 
wi l l provide a rapid passage for water. To in 
sure the passage of fish the culvert must be in
stalled on either a flat grade with some type of 
control at the downstream end to pool water 
through i t or, when the culvert is placed on a 
significant grade, there must be some device 
incorporated on the culvert invert to slow the 
velocity to a magnitude which is negotiable 
by fish. 

The general type of low baffle transverse 
to the culvert axis which is used in M r . Shoe
maker's study has been employed in field in
stallations in past years. These baffles have 
many limitations which detract from their 
efficiency as a fish passage device. The original 
intent of the use of these baffles was to create 
a pool and weir type fishway within a culvert 
without undulj- restricting the cross section. 
This condition generalh' limits the pool depth 
to one foot or less. 

A ])ool and weir fishway is designed to have 
sufficient depth to dissipate the energy of the 
faUing water in each pool. Plunging flow de
scribes the action of the water as i t flows over 
a weir into a pool, impinges successively on 
the pool floor and the downstream weir, then 
returns upon itself at the surface and comes to 
rest. The water next passes over the succeeding 
downstream weir and continues the cycle. I n 
a pool and weir fishway an excess of water over 
the weir causes streaming flow which tends to 

skim over the top of the static water surface 
and continue downstream at an unreduced ve
locity. This streaming flow could be expected 
in a baffled culvert at relatively low discharge, 
as there is insufficient depth or volume in the 
pools to dissipate the energy of the jet. I n the 
transition between plunging and streaming 
flow there is a range of unstable flow which re
sults in surge. 

Another reason for the inefficiency of this 
type of baffling is that the limited depth of 
water in the pools I'estricts the leaping ability 
of the flsh. Upstream migrant salmon and 
steelhead generally range from 2 to 3 feet in 
length. Fish of this size have difficulty in leap
ing from a pool only 8 to 12 inches deep. I n ad
dition to the above points, required resting 
area would be unobtainable in such shallow 
pools. Because of the above reasons these 
transverse low baffles are no longer used in the 
state of Washington. 

Experimentation by the Washington State 
Department of Fisheries (1) has led to the 
conclusion that fish should be allowed to swim 
freely through a culvert rather than be forced 
to leap barriers. I n other words, baffling should 
be designed so that the fish could swim through 
openings in the baffles. 

I t is the author's opinion that M r , Shoe
maker has approached the job of investigating 
the hydraulics of a culvert under maximum 
discharge conditions in a thorough maimer. 
This is one facet of the culvert problem with 
which fisheries interests are only indirectly 
involved. This discussion is offered in the form 
of constructive ci'iticism rather than difference 
of opinion as to Mr . Shoemaker's paper. I t 
should be pointed out again that fish passage 
must be considered as part of the efficiency of 
a culvert when the culvert is in the path of 
fish migration. I t is hoped that the statements 
made herein wil l further the understanding of 
both highway and fisheries agencies as regards 
this problem common to both parties. 

REFElll iNCF 
1. McKiNLEY, AV. R., .\ND WEBB, R . D . , 

" A Proposed Correction of Migratory 
Fish Problems in Box Culverts, Washing
ton State Department of Fisheries," Fish
eries Research Papers, Vol . 1, Xo, 4, 1956. 
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ROY H . SHOEMAKER, JR., Closure—Apparently 
there is a need for clarification of the oljjectives 
of this study from the standpoint of the "ma
jor interests" discussed by McKinley in re
gard to the problem of fish passage through 
box culverts. 

The principal concern of the fisheries agen
cies is obviously that of maintaining free 
access for anadromous fishes to the upper 
reaches of small streams, while that of the 
highway agencies is of providing for adequate 
and economical drainage for road beds. I n 
cases where fishways must be provided in box 
culverts on steep grades, the major hydraulic 
problem of the culvert designer lies in satis
factory determination of minimum dimen
sions for such culverts consistent with their 
required discharge capacities. A lack of infor
mation concerning the hydraulic character
istics of box culverts with fishways suggested 
the need for the studies reported herein. 

Prior to the start of the experimental studies 
of the hydraulics of box culverts with fish-
ladder baffles, a study was made to investigate 
the possible types of fishways suitable for use 

in box culverts. I t was concluded from this 
preliminary study that transverse baffles 
would exhibit to a safe degree the same hy
draulic characteristics with respect to flow re
sistance in a f u l l culvert, as most types of 
culvert fishways which have been used in the 
past or which might be contemplated for use 
in the future. Therefore, the results of these 
experiments are assumed to be applicable to 
fishways consisting of different types of baffle 
arrangements which would offer approxi
mately the same character of flow resistance 
as transverse baffles. The proper hydraulic 
design of culverts having types of fishways 
offering a markedly different character of 
flow resistance would require data from addi
tional experimental studies similar to those 
reported in this paper. 

The reader should note carefully that the 
reported experiments were designed with the 
objective of determining the hydrauhc charac
teristics of baffled culverts and not, as might 
be construed, to develop a fishway suitable 
for use in box culverts. 




