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CULVERT EROSION PROTECTION GLOSSARY 

CHM~ AVERAGE VELOCITY - The average channel velocity immediately dowTI­
stream of the culvert outlet computed as the total discharge divided by 
the charmel water area. 

ffiANNEL MAXIMUM VELOCITY - The maximum. velocity in the charmel :irnn1ediately 
dmmstream of the culvert outlet. 

ffiA.NNEL TAIUITATER - The maximum charmel flow depth immediately downstream 
of the culvert outlet. 

CRITICAL FLOW - Flow characterized by inertial forces equal to gravity 
forces or a Froude number equal to one. 

CULVERT BARREL - The structural tube conveying the discharge. 

CULVERT BARREL DISCHARGE - The outflow of water conveyed by a single culvert 
barrel. 

CULVERT BARREL SPACING - lhe horizontal distance measured between the out­
side of adjacent culvert barrels. 

CULVERT BRll\fi( DEP1H - The maximum. depth of water at the center of the culvert 
outlet measured from the culvert flowline to the water surface. 

aJLVERT OUTLET AVERAGE VELOCITY - The average velocity of flow at the culvert 
outlet computed as the culvert barrel discharge divided by the water area 
of the barrel. 

CULVERT RISE - The maximum, inside, vertical height at the culvert outlet. 

CULVERT SLOPE - The slope of the culvert barrel measured as the vertical 
distance from inlet to outlet divided by the horizontal distance from inlet 
to outlet. 

CULVERT SPAN - The maximum, inside, horizontal width at the culvert outlet. 

ENERGY DISSIPA'IDR - A device or control structure for dissipation of excess 
kinetic energy present at the cuI vert outlet. 

FROUDE NUMBER - lhe ratio of the stream velocity (inertial effects) to the 
wave velocity (gravitational effects). 

GULLY SCDIJR - Scour attributable to an lID.stable stream slope seeking a 
stable slope relative to a specific discharge. 

HYDRAULIC JU~ - A hydraulic phenomenon accompanied by considerable turbu­
lence and energy dissipation where the flow changes from supercritical to 
subcritical. 

INITIAL DEPTH - Tne depth of water before the hydrauliC junp. This is the 
upstream conjugate depth. 
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NDMENTUM - The motion property of water expressed as the product of a 
momentum coefficient, the unit weight of water, the discharge, the mean 
velocity, and the reciprocal of the gravitational acceleration. 

RIPRAP EMBANKMENT SLOPE - The slope of the embankment or fill at the cul­
vert outlet. (horizontal/vertical) 

RIPRAP END SLOPE - The slope of the outlet end of the riprap basin. 
(horizontal/vertical) 

RIPRAP ROCK EFFECTIVE DIAMETER - TIle diameter of a rock mixture equal to 
or greater than the median diameter. It weights the coarse fractions 
more than the fine fractions. Refer to Colorado State University Rock 
Riprapped Basins for equation. 

RIPRAP ROCK MAXIMUM DIAMETER - The diameter of a rock mixture of which 
100% by weight is finer. 

RIPRAP ROCK MEDIAN DIAMETER - The diameter of a rock mixture of whid1 50% 
by weight is finer. 

RIPRAP SIDE SLOPE - Tne slope of the sides of the riprap basin or down­
stream channel. (horizontal/vertical) 

ROCK SPECIFIC GRAVITY - The ratio of the unit weight density of a rock 
sample to the unit weight density of water. 

SCOUR HOLE - A local depression at the culvert outlet resulting from the 
energy of the water. 

SEQUENT DEP1H - The depth of water after the hydraulic jump. This is the 
downstream conjugate depth. 

SUBCRITICAL FLOW - Flow characterized by gravity forces exceeding inertial 
forces or a Froude number smaller than one. 

SUPERCRITICAL FLOW - Flow characterized by inertial forces exceeding gravity 
forces or a Froude number greater than one. 

TOTAL ENERGY HEAD - The total energy of water equal to the sum of the height 
of the bed above datum, the depth of water, and the velocity head. 
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Variable 

A 

B 

BI , BZ 

C 

D 

D-1 

dl 

dz 

DM, elm 
Do 

d50 

ds 

Dsm 

E, Wo, W 

Eo 

EI 

Ez 

F 

Fo 

FI 

FZ 

DEFINITION OF EQUATION VARIABLES 

Description 

Basin inlet width, well diameter eft) 

Basin outlet width, well height above invert, baffle 
height above floor eft) 

MOmentum correction coefficients 

Basin length, well depth below invert eft) 

Basin height, basin thickness eft) 

Sieve diameters of rock for which 0%, 10%, ZO%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, and 100% of material by 
weight is finer eft) 

Basin inlet flow depth eft) 

Sequent flow depth of dl eft) 

Effective rock diameter eft) 

Culvert diameter, culvert span eft) 

Median stone diameter eft) 

Scour depth eft) 

Maximum scour depth eft) 

Culvert span, basin top ridge eft) 

Culvert outlet energy eft) 

Basin inlet energy eft) 

Basin outlet energy eft) 

Basin depression depth, baffle lip eft) 

Culvert outlet Froude number 

Bas in inlet Froude number 

Basin outlet Froude number 
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g 

G 

H 

Ls 

Lsm 

LT 

M 

N 

Q 

R 

p 

S 

t 

T 

1W,dt,dZ' ,Yx 

e 

Gravitational acceleration (ft/sec2) 

Baffle height (ft) 

Culvert rise (ft) 

Basin outlet height (ft) 

Spillway transition head loss (ft) 

Hydraulic jump length, rock depth (ft) 

Scour length (ft) 

Maximum scour length (ft) 

Spillway transition length (ft) 

Rock length (ft) 

Culvert outlet momentum (lb/ft) 

lliwnstream momentum (lb/ft) 

Number of culvert barrels 

Culvert discharge/barrel (cfs) 

Spillway transition flare parameter (ft) 

Mass density of water (lb-sec2/ft4) 

Vertical Stilling Well incoming pipe slope (vertical/ 
horizontal) (ft) 

Duration of peak discharge (min) 

Spacing (equal) between culvert barrels (ft) 

Tailwater depth (ft) 

Basin flare angle (de g) 

Basin entrance velocity (fps) , Basin apron volume (cu. yd) 

Basin end slope volume (cu. yd) 

Basin embankment slope volume (cu. yd) 

x 



V4 

Vs 

V 

Va, Vx 

Vo 

Vs 

Voave 

Vxave 

Wx 

Ws 

Wsm 

Wsn 

Yo 

Z 

Zz 

Zl 

Z3 

Basin under slope volume (cu. yd) 

Basin side slope volume (cu. yd) 

Basin total volume (cu. yd) 

Channel average velocity (fps) 

Culvert outlet velocity (fps) 

Scour .volume (cu. yd) 

Average maximum culvert outlet velocity (fps) 

Average maximum downstream channel velocity (fps) 

Downstream channel width (ft) 

Single culvert barrel width scour (ft) 

Maximum scour width (ft) 

Multiple culvert barrel width of scour (ft) 

Culvert brink depth (ft) 

Datum or fall distance from culvert outlet flowline to 
stilling basin floor, basin side wa1l freeboard (ft) 

Riprap side slope, under slope (ft/ft) 

Riprap embankment slope (ft/ft) 

Riprap end slope (ft/ft) 

xi 
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PROBLEM STATEMENT 

Scour at the culvert outlet is a significant problem encountered in 
hydraulic design. Negligence of the situation can result in severe 
scour holes, excessive downstream deposition, and structure failure 
due to undermining. Often the optimum solution for protection of 
the culvert outlet is elusive. This is in many cases due to numerous 
and laborious manual design methods. Automation of various culvert 
protection methods by computer results in a powerful analysis tool. 
Many alternatives may be evaluated within specific constraints to 
yield an economical optimum solution. 

The design capability of this program is extended to both rigid energy 
dissipators and rock riprapped basins. An estimate of the extent of 
scour excluding any protection is also provided as this may be a satis­
factory solution if not excessive in the judgment of the designer. 

It is recommended that the program be used as a guide to design rather 
than a substitute for judgment. Many different factors influence a de­
Sign and variance of parameters can significantly affect the final de­
sign. It is advisable to evaluate discharges of different frequencies, 
for example, in the design of a stilling basin. This approach is simi­
lar to the performance curves used in culvert design. Culvert hydro­
graph design that utilizes upstream site storage is an excellent method 
of reducing erosion protection over culvert peak design that ignores 
storage. The designer is strongly urged to refer to the program docu­
mentation as well as the basic research literature in the bibliography 
for a sound understanding of the program output. 

Two types of scour occur at a culvert outlet. This program is intended 
for design of protection against local scour only. It will not provide 
adequate protection for gully scour or headcutting characterized by an 
unstable channel slope seeking a stable slope. The designer is referred 
to studies performed in Oklahoma listed in the bibliography in order to 
resolve this class of problems. 

The computer program was developed in a modular framework to facilitate 
the addition of new design methods that may be implemented in the future. 
A description of the program and techniques utilized is included in the 
following pages. The types of erosion protection available include U.S. 
Anrry Waterways Experiment Station Estimate of Scour Extent, U.S. Anrry 
Waterways Experiment Station Rock Riprapped Basins, Colorado State Univer­
sity Rock Riprapped Basins, Vertical Stilling Well, St. Anthony Falls 
Stilling Basin, U.S. Bureau of Reclamation Type VI Basin, U.S. Bureau of 
Reclamation Type I Basin, U.S. Bureau of Reclamation Type II Basin, U.S. 
Bureau of Reclamation Type III Basin, U.S. Bureau of Reclamation Type IV 
Basin, and Colorado State University SIIDoth-Floor Flared Basin. 

Preceding page blank 
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SECTION II 

DESCRIPTION OF TECHNICAL PROCEDURES 
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DESCRIPTION OF TOCHNICAL PRCX:E:>URES 

This section explains the basic design rrethods err:ployed in culvert outlet 
protection. A glossm:y of tenns is provided to facilitate understanding 
of the oesign techniques. It is useful in preparation of input data as 
described in Section III. The standard presentation for a design includes 
a technical description, design limitations, basic equations, and illustra­
ti ve figures. Identification of the various syml::ols in the design equations 
is found in a definition of equation variables section. It is strongly 
reoammended that the user consult references in Section X for additional 
background or clarification of procedures. 
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A. U. S. Army Waterways Experiment Station Estimate of Scour Extent 

Two basic types of channel erosion occur at a culvert outlet. The first 
~, gully scour, is characterized by an unstable channel slope. Gully 
scour starts at a stable point downstream and progresses upstream through­
out the region of instability. Control of this type of scour is effected 
by decreasing the channel Froude number. This is best accomplished by 
incorporating drop structures to maintain a stable slope and prevent 
erosion. The second type, a scour hole, occurs,at the culvert outlet even 
if the downstream channel is stable. The scour hole is the only type of 
scour computed by the program. Empirical equations have been developed by 
the U. S. Army Corps of Engineers to predict the scour extent based on the 
design discharge, culvert diameter or span, design discharge duration, and 
tailwater depth. The research was performed in a horizontal sand bed with 
an effective or median sand diameter of approximately .001 feet. This 
gradation of material probably produces the maximum scour condition and 
would be a conservative estimate if a larger gradation existed at a culvert 
outlet site. 

Tne extent of scour is provided automatically and can be used to evaluate 
the need for culvert erosion protection. If the location of the culvert, . 
or the extent of the scour hole, or the existing channel material renders 
the scour hole unobjectionable, an economical solution is available in the 
formation of the scour hole. The scour hole acts as an efficient energy 
dissipator. The culvert is still subject to undermining and adequate pro­
tection is required by using a cutoff wall at the culvert outlet approxi­
mately 70% of the maxinrum expected scour depth in the mininrum tailwater 
case. Minimum tailwater is characterized by a tailwater depth less than 
half the culvert rise. The 'maximum tailwater case is characterized by a 
tailwater depth greater than or equal to half the culvert rise. No under­
mining is anticipated in the maximum tailwater case. If th.e formation of 
the scour hole is undesirable, other measures of protection must be inves­
tigated. At any rate, quantification of the scour hole problem is a vital 
part of the decision process. 

Limitations: 

1. The maximum peak discharge duration is 1440 minutes (24 hours). 

Des ign Modules: HYDCOE 

~i:d._~Cl.l S~our Extent Equations: 

Maximum Depth of Scour 

Dsm = 0.80Do(Q/Do5/~)O.375tO.lO 

Dsm = o. 74Do(Q/Do
5/ 2) o. 375t O.lO 

5 

Tailwater < O.SDo 

Tailwater ~ O. SDo 



Maximum Width of Scour 

Wsm = 1.OODoCQ/DoS/2)O.91StO.lS 

Wsm = O.72DoCQ/DoS/2)O.91StO.lS 

Maximum Length of Scour 

Lsm = 2.40Do(Q/DoS/2)O.71tO.12S 

Lsm = 4.l0DoCQ/DoS/2)O.71tO.12S 

Volume of Scour 

Vs = O.73Do3(Q/DoS/2)2tO.375 

Vs = O.62Do3(Q/Do5/2)2tO.37S 

Tailwater < O.SDo 

Tailwater > O.SD o 

Tailwater < O.5Do 

Tailwater .:. O. SDo 

Tailwater < O.5Do 

Tailwater .:. O.5Do 

References: Fletcher, B. P. and Grace, J. L., Jr. (3) 
Bohan, J. P. (7) 
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B. U. S. Army Waterways Experiment Station Rock Riprapped Basins 

The design of this class of rock riprapped basins is based on empirical 
research performed by the U. S. Army Corps of Engineers. The various 
types of basins are related to a stable or non-scouring stone size as shown 
in Figure (IJ. There are three basic types of rock riprapped basins. The 
first type shown in Figure (2) and Figure (4) is the Horizontal Riprap 
Blanket. The second type shown in Figure (6) is the Lined Channel Expansion. 
The third type shown in Figure (7) is the Preformed Scour Hole. Selection of 
the type of basin to use is necessarily based on stone size, volume, and 
existing channel geometry. The limitations for these basins are based on 
research. 

Limitations: 

1. Froude number range O. - 4. 

2. Maximum flow parameter (Q/WoEQ 1. 5) is 10. 

Des ign Modules: HYDCOE 

References: Fletcher, B. P. and Grace, J. L., Jr. (3) 
Bohan, J. P. (7) 
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B. 1 Horizontal Riprap Blanket 

The Horizontal Riprap Blanket is available in two configurations to adapt 
to minimum or maximum tai1water conditions. This allows lateral expansion 
to occur without creating erosion. This basin is non-scouring. Figure (2) 
illustrates the basin geometry for the minimum tailwater case. Figure (3) 
is used to compute the thickness of the basin for this case. Figure (4) 
illustrates the basin geometry for the maximum tailwater case. Figure (5) 
is used to compute the thickness of the basin for this case. 

Empirical Horizontal Riprap Blanket Equations: 

DSo = (0.02 (Do)2/TW) (Q/Do2.5) 1. 333 

C = 1. 7 (Do) (Q/Do2. 5)+8. 

D = .S(Do)Fo 

D = .S(Do)Fo-.3Do 

A = 3.Do 

B = A+ C 

B = A + .4C 

B. 2 Lined Channel Expansion 

Median Stone Diameter (ft) 
Figure (1) 
Basin Length(ft) Figures (2), (4) 

Basin Thickness-Minimum Tai1water 
(ft) Figure (3) 
Basin Thickness-Maximum Tai1water 
(ft) Figure (5) 
Basin Inlet Width (ft) Figures (2) 
and (4) 
Basin Outlet Width-Minimum Tailwater 
(ft) Figure (2) 
Basin Outlet Width-Maximum Tai1water 
(ft) Figure (4) 

The Lined Channel Expansion is basically a protective channel lining down­
stream of the culvert outlet. It permits lateral expansion and minimizes 
boundary attack. 

Empirical Lined Channel Expansion Equations: 

DSo = (0.016Do2/TW)(Q/Do2.5)1.333 

C = S.Do 

A = 3.Do 

B = S.Do 

D = 2.DSo 
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Stable Median Stone Diameter (ft) 
Figure (1) 
Basin Length (ft) Figure (6) 

Basin Inlet Width (ft) Figure (6) 

Basin Outlet Width (ft) Figure (6) 

Basin Thickness (ft) Figure (6) 



B. 3 Prefonned Scour Hole 

The Prefonned Scour Hole is an excavated hole or depression whio"l is lined 
with rock riprap of a stable size to prevent scouring. The depression pro­
vides both vertical and lateral expansion downstream of the culvert outlet 
to pennit dissipation of excessive energy in turbulence. A significant re­
duction in stone size is achieved by the excavation~ 1he first type is 
depressed one-half the culvert rise and the second type is depressed the 
full culvert rise. 

Empirical Preformed Scour Hole Equations: 

C = 3.Do + 6.F 

A = 2.Do + 6.F 

B = 2.Do + 6.F 

D = 2.DSo 

E = Do 

F = .SDo or Do 
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Stable Stone Diameter-.SDo Depression 
(ft) Figure (1) 

Stable Stone Diameter-Do Depression 
(ft) Figure (1) 

Basin Length (ft) Figure (7) 

Basin Inlet Width (ft) Figure (7) 

Basin Outlet Width (ft) Figure (7) 

Basin Thickness (ft) Figure (7) 

Culvert Span (ft) Figure (7) 

Basin Depression (ft) Figure (7) 



C. Colorado State University Rock Riprapped Basins 

There are three standard types of rock riprapped basins developed from 
Colorado State University research. The first type shown in Figure (8) 
is the Non-Scouring Riprapped Basin. The second type shown in Figure (9) 
is the Hybrid Riprapped Basin. The third type shown in Figure (10) is the 
Scouring Riprapped Basin. The basins depict dimensions with straight 
lines; however, in actual construction, this is not possible and should 
not be a rigid requirement. The Non-Scouring Riprapped Basin is composed 
of a stable rock size tnat does not pennit scouring to occur. In general, 
this basin is most economical with regard to quantity, but requires the 
largest size of rock. At the other extreme, the Scouring Riprapped Basin 
pennits scouring, but requires a larger quantity of rock that is smaller 
in size. The Hybrid Riprapped Basin is a compromise between these two 
basins with regard to rock size and volume of material. It is permitted 
to scour slightly. In all basins where scouring is permitted, the extent 
of scour with regard to depth, length, and width is computed and directly 
influences the size of the basin. 

One of the most important design parameters used to scale scour phenomena 
is the effective rock diameter (DM) of the riprap mixture. It is an indi­
cator of the 9-egree of gradation in a mixture which is essential to proper 
sizing of the basin. It weights the coarser fractions in the mixture more 
than the finer fractions. The standard measure of a mixture is the median 
rock diameter (D50). It is always less than or equal to the effective rock 
diameter (U,1). A uniformly graded rock mixture is poorly graded with all 
rock sizes equivalent. In this case, the effective rock diameter equals 
the median rock diameter. A well graded mixture in comparison has a sub­
stantial range of sizes. In this case, the effective rock diameter is 
greater than the median rock diameter. Recognizing the fact that the 
median rock diameter is easier to obtain than the effective rock diameter, 
the fonner may be used in lieu of the latter with judgment. Since the 
effective rock diameter is generally larger than the median rock diameter, 
a conservative design is introduced by using the median rock diameter. In 
many cases, there is negligible difference. In other cases, the resulting 
design may be larger than required. Provisions are incorporated to allow 
the user to input an available effective rock diameter (median rock diameter) 
or riprap gradation indicating the 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100% finer by weight rock sieve diameters. If the riprap grada­
tion is submitted in lieu of the effective rock diameter, tile effective 
rock diameter will be computed in subroutine HYDThf by using the effective 
rock diameter equation. 

Compensation for specific gravity is also provided in the program for rock 
having a different specific gravity than 2.70 used in the CSU research. 
Adjustment is made automatically by coding in the specific gravity of the 
available riprap rock. Computed rock diameters are multiplied internally 
by (2.70/Riprap Rock Specific Gravity)5/6. This factor is based on particle 
weight and fluid drag considerations. 
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Volumes of the three basin types are computed to assist the designer in 
basin selection on an economical basis. It is necessary to input the em­
bankment slope, the side slope, and the end slope for the riprap basins. 
The embankment slope is actually the embankment slope at the culvert out­
let. The side slope is the slope of the channel downstream of the culvert 
outlet. The end slope is the slope at the end of the basin which is similar 
to a cutoff wall to protect the basin. Consideration should be given to the 
angle of stability for rock to eliminate sliding. Figure (42) is of value 
in estimating this parameter. 

The basic design procedure common to all three basins is derived from scour 
research at Colorado State University. Design is controlled by the sub­
routine HYDPRK. Initially the culvert outlet flow parameters are used to 
determine if the culvert is performing in a steep slope or mild slope con­
dition. 

Steep sloping pipes cause the outlet flow to be parallel with the walls and 
floor of the conduit. IvIild sloping pipes cause considerable curvature of 
the streamlines at the outlet and direct the velocity more into the rock 
bed. A culvert flowing full aligns the streamlines approximately straight 
and parallel at the outlet. This minimizes the effect of culvert slope on 
scour depth. The velocity, tailwater depth, and culvert size are then the· 
important parameters in scouring. 

The determination of steep sloping or mild sloping conditions is achieved 
by use of Figure (11) or Figure (12). The effect of tailwater on brink 
depth is evaluated by these curves. Entering the appropriate graph (rec­
tangular or circular shape) with the tailwater depth/ culvert rise for w~e 
discharge flow parameter yields a brink depth/culvert rise ratio. If this 
latter ratio is greater than the actual brink depth/culvert rise ratio, 
the culvert is steep sloping and will require conversion. If this ratio 
is less than or equal to the actual ratio, the culvert is mild sloping and 
will not require conversion. Tnese figures are represented by data coor­
dinates in the subroutine HYDBTW. 

The Colorado State university conversion method employed transforms the 
outfall flow conditions of the steep sloping culvert into equivalent con­
ditions for a mildly sloping culvert flowing full. In effect, the culvert 
rise is set equal to the brink depth to sinrulate full flow conditions. A 
new discharge flow parameter is computed as well as a new·tailwater depth/ 
culvert rise ratio. 

Another conversion employed regardless of steep sloping or mild sloping 
conditions is to convert the discharge flow parameter from rectangular 
(circular) to circular (rectangular) by Eigl..l-Te (ll)~ This provides aaili­
tional data poil""lts from the existing scour depth curves. An equation for 
this curve was developed from multiple regression of data points. 

The next step common to all three basins is to obtain scour depths for 
various effective rock diameters by use of Figure (14), Figure (15), 
Figure (16), Figure (17) and Figure (18). These figures are represented 
by data coordinates in the subroutine HYDPRK. Tailwater depth/ culvert 
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rise ratio and disdlarge flow parameter are used to obtain the scour depth/ 
culvert rise ratios for a specific effective rock diameter/culvert rise 
ratio. Tne program provides interpolation. At least two sets of effective 
points must be available to effect a solution. The end result is the ele­
ments of a curve shown in Figure (19). The curve is divided into three 
zones which are the three types of basins. The division between the Non­
Scouring Riprapped Basin and the Hybrid Riprapped Basin occurs at a scour 
depth of zero. The division between the Hybrid Riprapped Basin and the 
Scouring Riprapped Basin occurs at a point where the scour depth is twice 
the effective rock diameter. The scour length, scour width, basin length, 
basin thickness, and basin volumes are more appropriately discussed under 
the specific types of basin later. 

The resultant volumes and rock sizes should then be considered in conjunc­
tion with available materials and requirements to effect an optimum solu­
tion. 

It is possible to use mUltiple barrels if all barrels are the same size and 
carry equal discharges. The scour depth and s~our length of a multiple 
barrel culvert carrying the total discharge is the same as a single barrel 
culvert carrying its equal fraction of the total disdlarge. The width of 
the scour hole is computed by the multiple barrel scour width equation. If 
one barrel of a multiple barrel becomes blocked with debris, more flow is 
diverted to the other barrels, greatly increasing dlance for failure of the 
basin. 

Limitations: 

1. Maximum discharge flow parameter (Q/CWo) (HQ) 1.5) is 15. 

Design Modules: HYDPRK, HYDSCR, HYDBTW, HYDVOL, HYDll.1 

Colorado State Unviersity Rock Riprapped Basin General Equations: 

Wsn = Ws + (N-l)(Wo + T) Multiple Barrel Scour Width (ft) 

10 
DM = (( ~l ((D(i-l)lO + D(i)lO)/2.)3)/lO.)1/3 Effective Rock Diameter (ft) 

(Q/WoI-Ia 1.5) / (Q/Do 
2 .5) = 2.53211- 3. 52885x+2. 26965x2 Discharge Ratios for the 

Two-Dimensional Flow An­
proximation-Figure (13) 

References: Simons, D. B., Stevens, M. A., and Watts, F. J. (5) 
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Colorado State University Rock Riprapped Basin Volume Equations 

Non-Scouring and Hybrid Types (Figures (8), (9)) 

VI = C/2.((A+B)E+(F-E)/4.)(3.A+B)) Apron Volume 

Vz = E(B)E(Z32+l.) 1/2 End Slope Volume 

V 3 = 2. Z'SE (D) 2 Zz (Z12+ 1. ) 1/2 Embankment Slope Volume 

V4 = (E/2.)(Z12+l.)1/2E(A) Under Slope Volume 

Vs = (z.C(tan2S+l.)1/2+Z.E(Z32+l .)1/2+l.SD(Zl)) 

(E(l. SD) (ZZ2+ 1.) 1/2+ (E) 2 (Z22+ 1. )/(2'. Z2)) Side Slope Volume 

Total Volume (cu. yd) 

Scouring Type (Figure (10)) 

Vl= C(E)B+.S3C(B) (F-E) Apron Volume 

V2= E(B)E(Z32+l.) 1/2 End Slope Volume 

V3= ECB-Wo+l.SD(Z2)) (1.SD(Z12+l.)) Embankment Slope Volume 

V4= (E/Z.)(Z12+l.)1/2(F)B Under Slope Volume 

Vs= E(3.D(ZZ2+l.)1/2+E(Z22+l .)/Z2) (l.SD(Zl) 

+C+E(Z32+l.) 1/2) 

V = (VI + Vz + V3 + V4 + VS)/27. 
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C. 1 Colorado State University Non-Scouring Riprapped Basin 

The basic function of this basin is to allow the high velocity jet at the 
culvert outlet to expand laterally until the flow velocity is reduced to a 
stable level in the natural channel. The expansion angle of the velocity 
jet is duplicated by the basin geometry to eliminate scour. No advantage 
is gained in protecting for velocities less than those that occur naturally. 

Two design procedures are employed in the Non-Scouring Riprapped Basin. 
The first case is the low tailwater design where the tailwater is less than 
the culvert rise. The second case is the high tailwater design where the 
tailwater is equal to or greater than the culvert rise. The methods are 
identical excepting the basin length and flare angle calculations. In both 
cases, the scour hole depth, length, and width will be zero if a non-scouring 
rock size is used. 

In the low tailwater case, the length of basin depends on the channel allow­
able average velocity. Figure (20) and Figure (21) for circular and rectan­
gular shapes respectively, yield estimates of the required flare angle. The 
curves are entered with a tailwater depth/brink depth ratio to obtain the 
flare angle in terms of the tangent of the angle. The curves are based on 
outlet Froude numbers of 1.5 and 1.4. Compensation for larger or smaller 
Froude numbers is accomplished by multiplying the flare angle by 1.5/Froude 
number for circular culverts and 1.4/Froude number for rectangular culverts. 
Using the tangent of the angle, the discharge, the tailwater depth, the" 
allowable average channel velocity, and the basin inlet width, the basin 
outlet width is then obtained by the continuity equation based on conserva­
tion of mass. The basin inlet width is combined with the basin outlet width 
and flare angle to compute the basin length. 

The high tailwater case employs Figure (22) to compute the basin length by 
using the arithmetic mean of the velocities measured along a vertical center­
line at the culvert outlet and the arithmetic mean of the velocities measured 
along a vertical centerline at X distance downstream. The former is computed 
by multiplying the culvert outlet average velocity by 1.10 (smooth pipe) or 
1.15 (rough pipe). The latter is estimated by using the channel maximum 
velocity. The distance X or basin length is then obtained from the curve. 
The outlet width of the basin is found by using the continuity equation. The 
possible diversion of the jet from side to side depends on the ratio of 
basin outlet width to basin inlet width. If the basin outlet width is greater 
than four times the basin inlet width, the danger of jet attachment to a wall 
is minimum. The high tailwater problem can also be solved by riprapping the 
downstream channel banks. 

Equations: 

C=(1./2. tan 8) ((Q/((TW) (f a))) -Wo) 

B=Q/ ((1W) tV aJ ) 
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Non-Scouring Basin Length (ft) Figure (8) 

Non-Scouring Basin Outlet Width (ft) 
Figure (8) 



ill Estimate of the Angle of Lateral Expansion for Horizontal and lYri.ld 
Sloping Circular Culverts - Figure (20) 

These equations were derived from multiple regression analysis of Figure (20) 

tan8 = 1. 8-5. 5 (dt!Yo) 

tan8 = O.0714(dt/YO)-1.42 

tan8 = 0.0495(dt /Yo)-1.82 

Minimum tan8 = 0.05 

(dt/Yo range 0.0-0.23) 

(dt/Yo range 0.23-0.40) 

(dt/Yo range 0.40-1.20) 

An Estimate of the Angle of Lateral Expansion for Horizontal and Mild 
Sloping Rectangular Culverts - Figure (21) 

Tnese equations were derived from multiple regression analysis of Figure (21) 

tan8 = 0.90 + 4.67(0.20-dt/Yo) 

tan8 = 0.05 + 1.3l58(1.-dt/Yo)1.91624 

Minimum tan8 = 0.05 

(dt/Yo range 0.0-0.20) 

(dt/Yo range 0.20-1.20) 

Distribution of Centerline Velocity for Flow from Submerged Outlets-Figure (22) 

x = 6. Wo Voave/Vxave (Vxave/Voave 0.1-0.6) 

x = Wo(22. 62474+98. 61093 (Vxave/Voave) 3-33. 01651 (Vxave/Voave )5-87.13084 
(Vxave/Voave) 2) 

(Vxave/Voave 0.6-1.0) 
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C. 2 Colorado State University Scouring Riprapped Basin 

This type of basin permits scouring in the basin which dissipates the flow 
energy of the jet in a boil and roller that forms in the hole. The basin 
is constructed by placing the riprap apron level with the culvert outlet 
flowline and on the same slope as the barrel. The formation of a scour hole 
and mound is done by the water. The mound is an essential part of the basin 
and its absence would increase scour. The basin length is not governed by 
the allowable channel velocity downstream, but by the need for a suitable 
mound base to prevent its failure. If an adequate base downstream exists, 
this part of the basin is not necessary. An adequate mound base is charac­
terized by a rock size gradation that prevents leaching of fine material 
underneath the mound and its consequent failure by collapse. If a suitable 
gradation exists, the portion of rock basin underlying the mound in Figure 
(10) may be eliminated. This is usually not the case, however. 

For a selected effective rock diameter, the length of scour hole is obtained 
from Figure (23). Similarly the basin length is found from Figure (24). 
The width of scour is obtained from Figure (25). The volume of basin rock 
required increases with decrease in effective rock diameter size. 

Equations: 

For ds/~ < 27.5 

Length of Scour Hole (ft) 
Figure (23) 

Ls = (0.01503 (27.5 - (ds/dm))2.22123 + 11.)(1. + S.S) (dt/Yo + ds ) 

For ds/dm ~ 27.5 

Ls = 11. (1. + S.S) (dt/Yo + ds) 

L = 1.9 Ls 

For ds/dm ~ 10. 

Length of Basin (ft) 
Figure (24) 

Width of Scour Hole (ft) 
Figure (25) 

Ws = 11.474 dm(ds/dmJo.64489 

For ds/dm > 10. 

Ws = dm (3. (ds/dm) + 20.) 
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C. 3 Colorado State University Hybrid Riprapped Basin 

The Hybrid Riprapped Bas in is a compromise between the Scouring Rip rapped 
Basin and the Non-Scouring Riprapped Basin. It scours slightly but does 
not give the efficient type of energy dissipation common to large scour 
holes. The scour depth is limited to twice the effective rock diameter. 
This is because the thickness of the Non-Scouring Riprapped Basin is equal 
to twice the effective rock diameter and scouring deeper than this value 
presumes failure of the Non-Scouring Riprapped Basin. In the range of this 
type of basin, the basin dimensions are obtained by interpolation between 
the scouring and non-scouring extremes. These extremes are determined by 
computing the maximum effective rock diameter Scouring Riprapped Basin and 
the minimum effective rock diameter Non-Scouring Riprapped Basin. 
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D. Vertical Stilling Well 

This basin shown in Figure (26) consists of a vertical section of circular 
pipe connected to an incoming pipe outlet. Energy dissipation is effected 
by flow expansion in the well, jet impact on the wall and base of the well, 
and JlK)mentum change as a result of flow redirection. Advantages of this 
basin include a no tailwater depth requirement and economical construction 
without concrete formwork. The top of the well must be located at the flow­
line elevation of the drainage channel. The area surrounding the well may 
be protected with riprap or paving. If there is no erosion problem within 
tw"O well diameters of the periphery of tl)e well, this protection is not re­
quired. Debris could be a problem if it were capable of clogging the basin. 

The height of the stilling well above the incoming pipe is twice the 
incoming pipe diameter. The depth of the well below the incoming pipe 
invert is dependent on the incoming pipe slope and well diameter. Figure 
(27) indicates this relationship. 

Limitations: 

These limitations are based on research tests. 

1. Circular incoming pipe. 

2. Maximum discharge parameter Q/Do 5/2 is 10. 

3. Maximum incoming pipe slope is 450 (1.00) 

4. Not recommended for debris-laden flow. 

5. Open well is potentially dangerous in urban areas. 

6. Maximum well diameter is five incoming pipe diameters. 

Design Modules: VSWELL 

Equations: 

A = 0.53Do(Q/D05/2) 

C = DW(0.0004l+l.3725S-l.30498S2+0.50383S 3) 

B = 2.Do 

Stilling Well Diameter (ft) 
Figure (26) 

Well Depth Below Invert (ft) 
Figure (26), (27) 

Well Height Above Invert (ft) 
Figure (26) 

References: Grace, J. L., Jr. and Pickering, G. A. (2) 
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E. U.S. Bureau of Reclamation Type VI Basin (Impact Stilling Basin) 

This basin shown in Figure (29) is an impact type of energy dissipator 
which is an effective stilling device even with deficient tailwater Where 
the discharge is relatively small and the incoming velocity into a basin 
does not exceed 30 feet per second. It can be used with either an open 
chute or a closed conduit structure. The design is satisfactory for dis­
charges up to 400 second-feet as shown in Figure (30). Larger discharges 
have been accommodated by placing multiple basins side by side. 

Energy dissipation is initiated by flmv striking the vertical hanging 
baffle and directing upstream by the horizontal portion of the baffle 
and the floor, in vertical eddies. The structure, therefore, requires 
no tailwater for energy dissipation as is necessary for a hydraulic jump 
basin. Best hydraulic action is obtained when the tail water height ap­
proaches but does no exceed a level halfway up the height of the baffle. 
For proper performance, the bottom of the baffle should be at the same 
level as the invert of the culvert outlet. The entrance pipe ~y be 
tilted downward slightly without affecting performance adversely. A 
limit of 150 is a suggested maximum although the loss in efficiency at 
200 may not cause excessive scour. For greater slopes, use a horizontal 
or sloping pipe (up to 150) two or more diameters long just upstream 
from the stilling basin. 

The notches shown in the baffle are provided to aid in cleaning out the 
basin. When the basin is full of sediment before the start of the spill, 
the notches provide concentrated jets of water to clean the basin. If 
cleaning action is not considered necessary, the notches need not be con­
structed as the basin is designed to carry the full discharge over the top 
of the baffle if the space beneath the baffle becomes Clogged. Performance 
is not as good, but is acceptable. With the basin operating normally, the 
notches provide some concentration of flow passing over the end sill, result­
ing in minor erosion. Riprap, as shown, will provide ample protection in 
the usual installation, but if the best performance is desired, it is recom­
mended that the alternate end sill and 450 end walls be used. The extra 
sill length reduces flow concentration, scour and waves in the dmvnstream 
channel. 

This type of basin is subject to large dynamic forces and turbulences Which 
must be considered in the structural design. The structure must be stable 
to resist sliding against the impact load on the baffle wall. The entire 
structure must resist severe vibrations inherent in this type of device, and 
the individual structural members must be sufficiently strong to withstand 
the large dynamic loads. 

Limitations: 

1. Best hydraulic action is obtained when the tailwater elevation ap­
proaches, but does not exceed, a level halfway up the height of the 
baffle. Excessive tailwater, on the other hand, will cause some 
flow to pass over the top of the baffle. 

19 



2. With outlet velocities less than 2 fps, the incoming jet could possibly 
ride underneath the hanging baffle. Consequently, this basin is not 
recommended with velocities less than 2 feet per second. 

3. This ,program limits the outlet velocities to a maximum of 30 feet per 
second as a result of research. 

4. Maximum discharge limit is 400 cubic feet per second. 

5. Not reconnnended for debris-laden flow. 

Design Modules: USBR6 

Equations: 

A = 1.56025 QO.4034 

B = 0.167 A 

G = 0.375 A 

F = .167 A 

C = 1. 333 A 

D = 0.75 A 

H = 0.42 A 

K = 0.58 A 

E = 0.0833 A 

I = 0.0833 A 

J = 0.125 

M = 4 WO 

L = 1. 5 (ft) 

Basin Width (ft) Figure (29), (30) 

Baffle Height Above Floor (ft) Figure (30) 

Baffle Height (ft) Figure (30) 

Baffle Lip (ft) Figure (30) 

Basin Length (ft) Figure (30) 

Basin Height (ft) Figure (30) 

Basin Outlet Height (ft) Figure (30) 

Basin Top Length (ft) Figure (30) 

Basin Top Ridge (ft) Figure (30) 

Baffle Notch Width (ft) Figure (30) 

Baffle Notch Height (ft) Figure (30) 

Rock Length (ft) Figure (30) 

Rock llipth (ft) Figure (30) 

References: Bradley, J. N. and Peterka, A. M. (1) 
U. S. Bureau of Reclamation (4) 
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F. Hydraulic Jl.lItP Energy Dissipators 

One of the IIDst effective means of energy dissipation is the hydraulic 
jUl1"[). Rectangular stilling b:l.sins provide the best sh.ape for a stable 
and coIrq?lete hydraulic jl.lItP . Five stilling b:l.sins that qualify as rec­
tangular, hydraulic jl.lItP basins include the St. Anthony Falls Basin, 
and the U.S. Bureau of Reclamation Types I, II, III, and IV Basins. 
For best hydraulic perfonuance, the energy dissipator sidewalls should 
be v€-rtical since the geometry of trapezoidal basins produces jl1IlP inter­
ferences along the triangular sidewalls. 

Due to the flo~T confinement by a culvert, it is often desirable hydrau­
lically to provide a stilling basin wider than the culvert outlet span. 
In order to effect a satisfactory jl.lItP, the depth of flow and velocity 
entering the basin must be uniform across the basin width. High Froude 
numbers at culvert outlets are uncommon and it is o:f'-l..eIl necessary to 
increase the Froude number to effect a hydraulic jUlT!p consistent with 
the tailwater depth to use one of the basins. Low Froude numbers do not 
produce stable hydraulic jl.lItPS and adequate energy dissipation. Con­
sequently, Froude numbers may be increased to the desired range by incor­
porating a basin depression belCM the streambed and/or a flared transi­
tion to spread the flow into a uniform sheet. Figure (41) illustrates 
the geometry of a typical spillway transition to a depressed basin. 

A long, gradual transition is usually best for hydraulic perfoIIlJaIlce, 
but is often uneconanical. A short transition is often undesirable as 
it does not allCNT uniform spreading. The flare angle is of primary 
iIrpJrtance in providing the cor.cect transition. Enpirical equations 
have been developed to ccrnpute the required transition flare al1d transi­
tion length for both circular and rectangular culverts. In the case of 
the circular shape, a short, rectangular section e.:rual to one-half the 
culvert diameter should precede the transition. '!his allows the circular 
jet to adjust to the rectangular section prior to the transition. 

Selection of the basin width for the u. S. Bureau of Reclamation 'IYPes I, 
II, III, IV, Basins is done by the designer. '!his allows the designer 
to input a width that will be conpatible with existing channel geometry 
and economics. The min.inrurn width designed is equal to the culvert spa71. 
Basin width also influences the depth of b:l.sin depression belmv the 
streambed at the culvert outlet. Generally, a srraller width will require 
a deeper depression than a larger width. In some cases the basi..71 outlet 
velocity is smaller than the average channel velocity and the basin may 
be over designed. However, varying the basi..71 width will result in the 
basin outlet velocity and average channel velocity being more OOIr{)atible. 
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The specific energy equation is used to carnpute the depth-velocity rela­
tionship at the basin entrance to effect a hydraulic jurrp. It is neces­
sary to depress the basin floor in many cases to achieve the required 
Froude number for a basin, to prevent extent of the chute blocks into 
the culvert and to effect the hydraulic jurrp. The user is required to 
use judgment in deciding if the depression is excessive. A transition 
head loss due to boundary friction and shock loss is deducted fran 
the culvert outlet energy prior to carnputing the basin inlet or entrance 
energy. The hydraulic jurrp equation is used to compute the required 
sequent or conjugate depth. The sum of the tailwater depth and basin 
depression IIlllSt at least equal the sequent depth. The floor of the 
basin is zero datum. In order to stabilize the jurrp at the basin entrance, 
it is recorrm::mded to use a 3:1 slope. Flatter slopes than 4:1 tend to 
destroy the quality of the hydraulic jUIT!P. 'Ihe jet should be supported in 
the transition to aid spreading and eliminate separation from the floor. 

'Ihe subroutine HYDENG carnputes specific energy data and the subroutine 
FLARE computes spillway flare transition georretry. 

Design M:>dules: HYDENG, FIARE 

Equations: 

R = (W/Db-l.)1/3/(4.+1.7Fo) 

R = (W/B-l.)1/3 /(4.+1.6Fo) 

Lr = (W-Do )/2.R 

hL = O.lSV0
2 /2g 

Eo = Yo + Z + Vo 2 /2g 

El = dl + v12 /2g - hL 

E2 = TW + Z + V22 /2g 

References: Smith, C. D. (6) 

22 

Transition Sidewall Flare-Circular 
Culvert (ft) Figure (41) 

Transition Sidewall Flare-Rectangular 
Culvert (ft) Figure (41) 

Spillway Transition Length (ft) 
Figure (41) 

Transition Head lDss (ft) 

Culvert Outlet Energy (ft) 

Basin Inlet Energy (ft) 

Basin Outlet Energy (ft) 



G~ St. Anthony Falls Stilling Basin 

This energy dissipator is a hydraulic jump basin similar to the U.S. Bureau 
of Reclamation Type III Basin, but is applicable to a greater range of 
Froude numbers from 1.73-17.3 and is considerably shorter. The reduction 
in length is due to the chute blocks, baffle blocks, and end sill. The St. 
Anthony Falls Basin is shown in Figure (28). The rectangular version was 
selected in lieu of the trapezoidal for hydraulic jump stability. This 
type of basin is used with a spillway transition as described under F. 
Hydraulic Jump Energy Dissipators. The designer has no direct control over 
the width of this basin. If direct control over the width is desired, the 
U.S. Bureau of Reclamation Type III basin is recommended. 

In spite of the similarity between the St. Anthony Falls and the U.S. Bureau 
of Reclamation Type III basins, there are notable differences. The SAP basin 
does not dissipate energy as completely as the Type III basin and the down­
stream channel will be subject to scour. The end sill of the SAP basin pro­
tects the stream bed and the basin perfonnance is satisfactory, hovrever. 
The baffle blocks of the Type III basin are not staggered with the chute 
blocks. It is desirable to employ staggering with the SAP Basin for best 
performance. Baffle piers reveal desirable action in helping to correct 
non-uniform depths at the basin entrance. 

Limitations : 

1. Froude number range 1.73-17.32 

2. Maxinrum discharge parameter (Q/Wo-%l.S) is 9.5. 

Design Modules: SAP 

Equations: 

dZ = (dl /Z.)(-l.+(8.F12+l.)1/2) 

Z = dZ/3. 

D = dZ
I + Z 

C = 4.5dZ/(F12)O.38 

O.07dZ 

A = O.3Do(Q/Do2.S) 

dZ' = (l.lO-F12/l20. )dZ 

dZ I = O.85dZ 
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Sequent Depth (ft) 

Basin Sidewall Freeboard (ft) 

Basin Height (ft) Figure (Z8) 

Basin Length (ft) Figure (Z8) 

End Sill Height (ft) Figure (Z8) 

Basin Width (ft) Figure (28) 

Tailwater Depth (ft) 
(Froude numbers 1.73-5.48) 

Tailwater Depth (ft) 
(Froude numbers 5.48-10.95) 

Tailwater Depth (ft) 
(Froude numbers 10.95-l7.3Z) 



H. U. S. Bureau of Reclamation Type I Basin 

This type of basin shown in Figure (31) is a hydraulic jump energy dissi­
pator. It is basically a horizontal, concrete apron with side walls. No 
basin devices such as blocks, baffles, or sills are necessary. The use of 
this basin is restricted to the range of Froude numbers from 4.5 to 9. A 
stable, well-balanced jump with confined turbulence and a relatively smooth, 
downstream water surface is then available. Energy dissipation varies from 
forty-five to seventy percent in this range. Above the Froude number of 9, 
the jump turbulence increases and rough surface waves persist downstream. 
The jump also becomes more sensitive to the tailwater depth with increasing 
Froude mnnber and a very deep, uneconomiCal basin is often required. Below 
the Froude number of 4.5, the hydraulic jump is in a transition stage or a 
prejump stage. The U.S. Bureau of Reclamation Type IV Basin is applicable 
in the transition range where oscillating flow is a problem. The prejump 
stage is characterized by relatively smooth flow and very low energy dissi­
pation in the jump. Other basin types are more efficient and practical in 
this area. 

Figure (3Z) indicates the length of jump (basin) to be used for a specific 
Froude number applicable for the U.S. Bureau of Reclamation Type I Basin. 
TIle designer may input a selected width for this basin. 

Limitations: 

This limitation is based on research and field tests. 

1. Froude number range 4.5 - 9. 

Des ign Modules: USBRl 

Equations: 

dZ = (dl /Z.)((1.+8.F12)1/2_l.) 

1W = dZ 

L = ]vlinimum((.ZdZF1+4.9dZ),6.ldZ) 

C = L 

D = l.ldZ+.lvl 

Sequent Depth eft) 

Minimum Tailwater Depth (ft) 

Length of Jump (ft) Figure (3Z) 

Basin Length (ft) Figure (31) 

Basin Height (ft) Figure (31) 

References: Bradley, J. N. and Peterka, A. M. (1) 
U. S. Bureau of Reclamation (4) 
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1. U.S. Bureau of Reclamation Type II Basin 

This basin shown in Figure (33) is most appropriately used for incoming 
velocities in excess of 50 feet per second and Froude numbers from 4.5 to 
14.5. Dissipation is accomplished primarily in the hydraulic jump with 
chute blocks and a dentated end sill decreasing the jump length. The chute 
blocks tend to corrugate and lift the jet to improve the jump action. 

The jump is sensitive to tailwater depth deficiency and it is recommended 
to incorporate a five percent safety factor in the conjugate depth. Figure 
(34) provides the length of jump (basin) to be used for a specific Froude 
mnnber. The designer may input a selected width for this basin. 

Limitations : 

These limitations are based on research and field tests. 

1. Froude mnnber range 4. 5 - 14.5 

Z. Discharge limit of 500. cfs per foot of basin width. 

Design ~bdules: USBRZ 

Equations: 

dZ = (dl/Z.)((1.+8.F12)1/2_l.) 

1W = 1.05dZ 

Conjugate Depth (ft) 

Minimum Tailwater Depth (ft) 

L = d2(1.97363+0.573Z5Fl-0.0457ZF12+0.00ll9F13) Length of Jump (ft) Figure (34) 

C = L 

.2dZ 

.15d2 

.15dZ 

.02dZ 

25 

Basin Length (ft) Figure (33) 

Basin Height (ft) Figure (33) 

Chute Block Width (ft) 
Figure (33) 

Chute Block Spacing (ft) 
Figure (33) 

Chute Block Height (ft) 
Figure (33) 

Dentated End Sill Element 
Height (ft) Figure (33) 

Dentated End Sill Element 
Width (ft) Figure (33) 

Dentated End Sill Element 
Spacing (ft) Figure (33) 

Dentated End Sill Element 
Top Width (ft) Figure (33) . 



J. U.S. Bureau of Reclamation Type III Basin 

This impact dissipation type of basin shown in Figure (35) is used where 
incoming velocities do not exceed 50 feet per second and Froude numbers 
vary from 4.5 to 16.5. The bas in employs chute blocks, impact baffle 
blocks, and end sill, and jump turbulence for energy dissipation. Stilling 
basin action is very stable and satisfactory for all Froude numbers in the 
applicable range. The front of the hydraulic jump is steep and wave action 
downstream is minimal. This type of basin is superior to either the Type I 
basin or Type II basin. It has a large safety factor against hydraulic 
jump sweepout. 

It is important to follow the recommended position and dimensions of the 
baffle blocks on the apron to obtain the best action. Full conjugate tail­
water depth is advised for best operation. Figure (36) is used to obtain 
the length of jump (basin) for a selected Froude number. Figure (37) is 
employed to compute the height of the baffle blocks and the end sill. The 
designer may input a selected width for this basin. 

Limi tations : 

These limitations are based on research and field tests. 

1. Froude number range 4.5 - 16.5 

Z. Discharge limit of ZOO. cfs per foot of basin width. 

Design Modules: USBR3 

Equations: 

dZ = (dl/z.)((1.+8.F12)1/2_l.) 

1W = dZ 

L = dZ(0.9Zl79+0.40607Fl -O.OZ953F12+0.00070F13) 

D = l.ldZ+.lvl 

C = L 

dl (.17Fl +.57) 

Z6 

Conjugate Depth eft) 

Minimum Tailwater Depth (ft) 

Length of Jump (ft) Figure (36) 

Basin Height (ft) Figure (35) 

Basin Length (ft) Figure (35) 

Chute Block Height (ft) 
Figure (35) 

Chute Block Width (ft) 
Figure (35) 

Chute Block Spacing (ft) 
Figure (35) 

Baffle Block Height (ft) 
Figure (35), Figure (37) 



·75dl(.17Fl+.57) 

. 75dl (. 17Fl+· 57) 

. 2dl (.17Fl +.57) 

dl(·0555Fl +1.) 

Baffle Block Spacing (ft) Figure (35) 

Baffle Block Width (ft) Figure (35) 

Baffle Block Top Surface 'Width (ft) Figure (35) 

End Sill Height (ft) Figure (35), (37) 

References: Bradley, J. N. and Peterka, A. M. (1) 
U. S. Bureau of Reclamation (4) 
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K. U.S. Bureau of Reclamation Type IV Basin 

This type of basin shown in Figure (38) is applicable for the range of 
Froude numbers from Z. 5 to 4.5. Hydraulic jlDTlps in this range are of an 
immature, oscillatory nature causing excessive wave action downstream of 
the jump. 

1he chief purpose of the Type IV basin is to minimize wave action by 
stabilizing the jlDTlp. Large chute blocks are installed to direct the 
flow jet into the base of the roller to intensify its action. If designed 
for maximum discharge, the basin will perform adequately for lower dis­
charges. The jump is very sensitive to tailwater depth in the lower Froude 
number range and it is advised to use a tailwater depth ten percent greater 
than the conjugate depth. A small tailwater deficiency could allow the 
jlDTlp to escape the basin. The upper block surfaces are sloped down slightly 
to improve the action at lower discharges. Figure (39) indicates the length 
of jump (basin) to be used for a specific Froude number. The designer may 
input a selected width for this basin. 

Lirnita tions : 

This limitation is based on research and field tests. 

1. Froude number range 2.5 - 4.5 

Design Modules: USBR4 

Equations: 

dZ = (dl/Z.)((1.+8.F12)1/2_l.) 

1W = 1.ldZ 

L = 3.50d2Fl O.358 

C = L 

2dl 

dl 

2. 5dl 

2dl 

D = 1.ld2+.lvI 

1. 25dl 

28 

Sequent Depth (ft) 

Minimum Tailwater Depth (ft) 

Length of Jump (ft) Figure (39) 

Basin Length (ft) Figure (38) 

Chute Block Height (ft) Figure (38) 

Chute Block Width (ft)_ Figure (38) 

Chute Block Spacing (ft) Figure (38) 

Chute Block Top Length (ft) Figure (38) 

Basin Height (ft) Figure (38) 

End Sill Height (ft) Figure (38) 



L. Colorado State University Smooth-Floor Flared Basin 

This basin shown in Figure (40) is a hydraulic jump basin. It is charac­
terized by flared vertical walls and a horizontal, smooth floor. The basin 
is generally constructed with concrete, but may be built of wire-enclosed 
rock. The wire is subject to abrasion and failure more rapidly, however. 

Energy dissipation is produced by a hydraulic jump which reduces the cul­
vert exit velocity to a subcritical level compatible with the downstream 
channel. The momentum flux and resultant pressure force at the basin inlet 
TIRlSt balance the resultant pressure force and momentum flux at a point X 
slightly downstream of the hydraulic jump. Hydrostatic pressure variation 
and lll1iform velocity distribution are assumed. A flare angle based on the 
culvert outlet Froude number assures that the entire width of cross section 
at point X will be used by flow in the downstream direction. 

Equating the outfall section rromentum and the X section momentum creates a 
quadratic equation yielding two solutions of basin length. The maximum 
length is selected as it is the IIDst stable jump position. In contrast, the 
minimum basin length is too close to the culvert outlet and may be inundated. 
The basin floor shear force and the diverging walls pressure force were not 
evaluated in the design. The forces tend to cancel each other and a conser­
vative estimate of basin length is obtained. 

In computing the position of the hydraulic jump and basin length, it is as­
sumed that the tail water depth is constant across the width of the basin. 
It is recorrnnended to incorporate a safety factor against a downstream shift 
in the hydraulic /jump position. A minimum distance of six times the tail­
water depth is added to the basin length to contain the jump. 

Exit velocities from the basin should be checked for minimum tailwater con­
ditions. The basin walls must be high enough to prevent tailwater from 
flowing over the walls and submerging the high velocity jet. This would 
result in downstream scour. 

In some cases, this design results in lll..realistically large structures. The 
method seems most appropriate for higher culvert outlet velocities. It is 
possible that the minimum basin length solution is adequate, but lack of 
field verification required use of the ·conservative maximum solution. At 
any rate, caution and judgment should be employed with this design. 

Limitations: 

1. Culvert outlet Froude number must exceed 1. 00 

Design Modules: HYDPPA 

Equations: 

29 



Momentum at Basin Inlet Section 

Momentum at Section X 

Basin Flare Angle 

tan8 = 1./(3.Fo) 

Basin Length 

C = Ll - Wo/2 tan8 + 6Yx 

A=W o 

B = A + 2C tan8 

Basin Inlet Width 

Basin Outlet Width 

Basin Height 

D = 1. 5 (Maximum value of Yo or Yx) 

References: Simons, D. B., Stevens, M. A., and Watts, F. J. (5) 
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DESCRIPTION OF INPUT 

This section describes the input parameter requirements of the program. 
This includes data types, card types, coding format instructions, and 
batclling procedures. The designer is advised to use the glossary in 
SECTION II for resolving parameter terminology questions. A diagram of 
proper card type order and multiple job batching is provided. Please 
follow the instructions below carefully. 

1. Refer to the standard input form (C-16) for coding input data. 

2. The COMMENT CARD line is intended for site identification or com­
mentary. This line represents one card. There must be one comment 
card for each data set. 

3. Below the COJVMENT CARD line, DATA CARD lines are available. Each 
line contains a WORK CODE entry, a DATA mDE entry, ENTRY 1, ENTRY 
2, ENTRY 3, ENTRY 4, ENTRY 5, ENTRY 6, and a mNT entry. The WORK 
CODE entry contains an integer for card type identification to in­
sure proper ordering of data cards. It must be coded for each card 
or the program will not TIm. No entry is required in the DATA CODE 
entry. ENTRY 1 - ENTRY 6 are intended to contain specific data in 
floating point form. Be certain to mDE IN ALL DECIMAL POINTS for 
data in these entries. The CONT entry is a continuation indicator 
and should be used as specified later. 

4. Below the DATA CARD lines is a TRAILER CARD line used for program 
termination. It should only be used once at the end of all input 
data. Cross this line out on all C-16 forms except the last one. 

5. Eight types of DATA CARDS are available for input. Each type will be 
described in detail in succession. Acceptable orders of cards fol­
lowing the mMMENT CARD by wom< CODE are (1,2,3,4,5,6,7,8), (1,2,3,4, 
6,7,8), (1,2,3,6,7,8), (1,2,3,4,5,6), (1,2,3,4,6), (1,2,3,6), (1,2,3, 
4,5,), (1,2,3,4) and (1,2,3). Additional sites or data sets may fol­
low each other if these arrangements are used. Remember to precede 
each data set with a COMMENT CARD and provide only one '999' TRAILER 
CARD at the end of all input data. Refer to Figure (43). 

6. CULVERT EROSION PROTECTION CONTROL CARD 
AI ways inc1 ude this card. 

WOrn< mDE - Code 1 

ENTRY 1 - This entry contains two options to control the direction of 
analysis. Code 1. for user selected energy dissipators to alert the 
program that specific basin designs are requested. Code 2. for all 
applicable energy dissipators. TIle U.S. Army Waterways Experiment 
Station Scour Extent will always be computed lIDder this option. In 
both cases, the energy dissipators will be tested and excluded if 
outside the basin design limitations. 
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ENTRY 2 - Code 1. if debris passage through the basin is desired. 
This results in exclusion of the Vertical Stilling Well and U.S. 
Bureau of Reclamation Type VI basins. No entry will include these 
designs. Engineering judgment is recorrrrnended. 

ENTRY 3 - This entry restricts type of basin material. Code 1. if 
only concrete basins are to be designed. Code 2. if only rock basins 
are to be designed. No entry is necessary if no restriction is im­
posed. 

ENTRY 4 - This entry designates the culvert shape and roughness. 
Shape refers to circular or rectangular. Roughness refers to con­
crete (smooth) or corrugated metal (reugh) culverts. Code 1. for 
smooth, circular culvert. Code 2. for sIOOoth rectangular culvert. 
Code 3. for rough, circular culvert. Code 4. for rough, rectangular 
culvert. 

ENTRY 5 - This entry affords the designer the opportunity to use 
judgment in selecting the width of the energy dissipator. This is 
mandatory in order to obtain designs for U.S. Bureau of Reclamation 
Basin Types I, II, III, and IV. These are the only designs applicable 
to this control. The selected width of the basin nrust be based on 
downstream charmel width and economics. 

7 • CULVERT P ARfu\ffiTER CARD 
Always include this card. 

WORK CODE - Code 2 

ENTRY 1 - Code duration of culvert peak discharge in minutes. This 
is used in computing scour extent in sandy material. 

ENTRY 2 - Code number of culvert barrels. Multiple bar.cel design is 
possible only for the Colorado State Univ. Rock Riprapped Basins. 

ENTRY 3 - Code culvert barrel spacing in feet. No entry for one barrel. 

ENTRY 4 - Code rnax:im:um culvert barrel rise or height in feet. 

ENTRY 5 - Code maximum culvert barrel span or width in feet. 

ENTRY 6 - Code culvert slope in feet/feet. 

8 • CULVERT FLOW CARD 
Always include this card. 

WORK CODE - Code 3 

ENTRY 1 - Code culvert discharge per barrel in cubic feet per second. 

ENTRY 2 - Code culvert brink or outlet depth relative to invert in feet. 

ENTRY 3 - Code culvert outlet average velocity in feet per second. 

ENTRY 4 - Code charmel tailwater depth relative to invert at outlet in 
feet. 
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ENTRY 5 - Code channel average velocity in feet per second. 

ENTRY 6 - Code channel maximum velocity in feet per second. 

9. BASIN SELECTION CARD NO. 1 
1his card is necessary only if ENTRY 1 of the CULVERT EROSION PRO­
TECTION CDNTROL CARD is 1. It indicates user selected basins. No 
entry is required if a basin is not desired. 

WORK CODE - Code 4 

ENTRY 1 - Code 1. if U.S. Army Waterways Experiment Station Scour 
Extent in sandy material is desired. 

ENTRY 2 - Code 1. if U.S. Army Waterways Experiment Station Rock 
Riprapped Basins are desired. 

ENTRY 3 - Code 1. if Colorado State University Rock Riprapped Basins 
are desired. 

ENTRY 4 - Code 1. if Vertical Stilling Well is desired. 

ENTRY 5 - Code 1. if St. Anthony Falls Stilling Basin is desired. 

ENTRY 6 - Code 1. if U.S. Bureau of Reclamation Type VI Basin is 
desired. 

CDNT - Code 1. if BASIN SELECTION CARD NO. 2 follows. 

10. BASIN SELECTION CARD NO. 2 
This card is necessary only if the CONT column. of BASIN SELECTION 
CARD NO. 1 is 1 

worne CODE - Code 5 

ENTRY 1 - Code 1. if U. S. Bureau of Reclamation Type I Basin is 
desired. 

ENTRY 2 - Code 1. if U. S. Bureau of Reclamation Type II Basin is 
desired. 

ENTRY 3 - Code 1. if U.S. Bureau of Reclamation Type III Basin is 
desired. 

ENTRY 4 - Code 1. if U.S. Bureau of Reclamation Type IV Basin is 
desired. 

ENTRY 5 - Code 1. if Colorado State University Smooti1-Floor Flared 
Basin is desired. 

11. RIPRAP PARAMETER CARD NO. 1 
Tnis card is necessary unless ENTRY 3 of the CULVERT EROSION PRO­
TECTION CONTROL CARD is 1. or ENTRY 3 of the BASIN SELECTION CARD 
NO. 1 has no entry. 
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WORK CODE - Code 6 

ENTRY 1 - Code effective diameter :in feet of rip rap rock if available. 
No entry is required if not available or RIPRAP PARAMETER CARDS NO. 2 
and 3 are submitted. 

ENTRY 2 - Code specific gravity of riprap rock if available. No entry 
is required if ENTRY 1 is not coded. If ENTRY 1 is coded and no 
specific gravity is available, code 2.70. 

ENTRY 3 - Code maximum diameter :in feet of rip rap rock if available. 
No entry is required if ENTRY 1 and ENTRY 2 are not coded. 

ENTRY 4 - Code rip rap embankment slope :in feet/feet. This is the slope 
of the embankment at the culvert outlet. 

ENTRY 5 - Code rip rap side slope :in feet/feet. Tnis is the slope of 
the exist:ing channel or channel change sides downstream of the culvert 
outlet. 

ENTRY 6 - Code riprap end slope :in feet/feet. This is the desired slope 
of the outlet end of the bas:in. 

CONT - Code 1 only if ENTRY 1, ENTRY 2, and ENTRY 3 have no entries 
and RIPRAP PARAMETER CARDS NO. 2 and 3 follow with riprap gradation 
data. 

12. RIPRAP PARAMETER CARD NO. 2 
This card is :included only if RIPRAP PARAMETER CARD NO. 1 has ENTRY 1, 
ENTRY 2, ENTRY 3 with no entries and the CONT cohmlll with a 1,. This 
indicates that a gradation of riprap rock is available to compute the 
effective diameter. 

WORK CODE - Code 7 

ENTRY 1 - Code the 0% f:iner by weight rock _diameter in feet. 

ENTRY 2 - Code the 10% f:iner by weight rock diameter in feet. 

ENTRY 3 - Code the 20% f:iner by weight rock diameter in feet. 

ENTRY 4 - Code the 30% f:iner by weight rock diameter in feet. 

ENTRY 5 - Code the 40% f:iner by weight rock diameter :in feet. 

ENTRY 6 - Code the 50% f:iner by weight rock diameter :in feet. 

13. RIPRAP PARAMETER CARD NO. 3 
This card is included only if RIPRAP PARAMETER CARD NO. 2 is 
included. 

WORK CODE - Code 8 

ENTRY 1 - Code the 60% finer by weight rock diameter in feet. 

ENTRY 2 - Code the 70% finer by weight rock diameter in feet. 
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ENTRY 3 - Cbde the 80% finer by weight rock diameter in feet. 

ENTRY 4 - Code the 90% finer by weight rock diameter in feet. 

ENTRY 5 - Code the 100% finer by weight rock diameter in feet. This 
is equivalent to the maximum rock diameter. 

ENTRY 6 - Cbde specific gravity of riprap rock available. If not 
available, code 2.70 

14. Include additional data sets (no limit) if desired. At the end of all 
input data always include a '999' TRAILER CARD. There is only one '999' 
TRAILER CARD per batch. 
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999 

DATA SET NO. 2 

FIGURE 43 INPUT DATA BATCH ORDER 
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DESCRIPTION OF OUTPUT 

Three basic types of computer output are presented to the designer. Tne 
first type of output displays all input data for verification. It is 
important to check each item for validity before using any design output. 
Input data is classified into four groups specifying culvert geometry, 
culvert outlet flow, downstream channel flOW, and rip rap parameters. 

The second type of output presents design computations for selected energy 
dissipators. Each culvert protection method is titled and various dimen­
sions are described and referenced alphabetically to a corresponding figure 
of the energy dissipator. An important message stating til at the design is 
for a single culvert barrel only is printed for each method except the Colo­
rado State University Rock Riprapped Basins. In this case, multiple culvert 
barrel design is permitted, but is more susceptible to failure. The designer 
is referred to Section V, Sample Problems for specific examples of output. 

The third type of output provides diagnostic description of errors or pro­
gram problems related to input parameters or design terminations. An ex­
planation of each type of error is beneficial at this point. 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

***INPUT PARAMElER CARD ERROR - NO. CARD TIPE OUT 
OF SEQUENCE*** --

Input parameter card errors are associated with improper 
card sequence and cause immediate program termination. 
The identification number for the first card out of 
sequence is printed. The designer should refer to Sec­
tion III, Description of Input, for proper card order. 

***INSUFFICIENT NUMBER OF EFFECTIVE ROCK DIAMElER, SCOUR 
DEPTH VALUES AVAILABLE*** 
***COLORADO STAlE UNlVERSITI ROCK RIPRAPPED BASIN DESIGN 
TERMINATED*** 

Less than two scour depth, effective rock diameter points 
are available from research data for specified input data. 

***NO ENERGY DISSIPATOR DESIGN MEETS LIMITS*** 

All methods exceed their limitations for specified input 
data. 

***TAILWATER EXCEEDS SEQUENT DEPTH OF CULVERT BRINK 
DEPTH*** 

This message applies to the St. Anthony Falls and U. S. 
Bureau of Reclamation Types I, II, III, and IV Basins. 
It indicates that a hydraulic jump will occur at the 
culvert outlet. 
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Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

Error: 

Explanation: 

***CHUTE BIDCKS EXTEND INTO THE CULVERT*** 

This message applies to the St. Anthony Falls and U. S. 
Bureau of Reclamation Types II, III, and IV Basins. The 
required chute block height exceeds the fall from the cul­
vert outlet :invert to the bas:in floor. Selecting a nar­
rower bas:in width may resolve this problem. 

***ALLOWABLE BASIN ENTRANCE FROUDE NUMBER EXCEEDED*** 

This message applies to the hydraulic jump energy dissipa­
tors requiring a specific Froude number to effect a hy­
draulic jump or best pe!forrnance of the basin. 

***BASIN ENTRANCE FROUDE NUMBER OF IS LESS THAN MINI-
MUM VALUE - RECOMMEND INCREASING BASIN WIDTH TO COMPLY 
WITH MINIMUM FROUDE NDMBER*** 

This message applies to hydraulic jump basins to insure 
that the minimum Froude number for a basin is observed. 
Increas:ing the width of a basin will decrease the initial 
depth which will increase the Froude number. 

***VERTlCAL STILLING WELL DESIGN TERMINATED - WELL DIAMETER 
EXCEEDS FIVE INCOMING PIPE DIAMETERS*** 

This indicates an upper limit established by research and 
testing. 

***VERTlCAL STILLING WELL DESIGN FOR CIRCULAR PIPE ONLY*** 

An attempt by the user to design a Vertical Stilling Well 
for a rectangular culvert has occurred. 

***DISCHARGE P~1ETER LIMIT EXCEEDED*** 

The discharge parameter Q/WoHo 3/ 2 is exceeded for a selec­
ted bas:in and specific input data. 

*** U. S. BUREAU OF RECLAMATION TYPE VI BASIN TER\ill{ATED -
BARREL DISCHARGE EXCEEDS 400. CFS*** 

Optimum performance limit exceeded. 

***U. S. BUREAU OF RECLAMATION TIPE VI BASIN TERMINATED -
TAILWATER EXCEEDS HALF OF BAFFLE HEIGHT*** 

Optimum performance limit exceeded. 

***U. S. BUREAU OF RECLAMATION TYPE VI BASIN TE~lINA.TED -
OUTLET VELOCITY IS LESS THAN 2 FPS OR GREATER THAN 30 FPS*** 

Optimum performance limit exceeded. 
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Example No.1 

Predict scour extent and design rock riprapped basins for the mild slope 
culvert parameters below. 

CuI vert Type: 1 circular, structural plate pipe 

Culvert Rise: 9 ft 

Culvert Span: 9 ft 

Culvert Slope: 0.017 ftjft 

Culvert Brink Depth 5.3 ft 

Peak Discharge: 680 cfs 

Channel Tailwater Depth: 3.6 ft 

Peak Discharge Duration: 360 min. 

Culvert Outlet Velocity: 17.4 fps 

Culvert Outlet Froude No: 1.46 

Maximum. Channel Velocity: 13.2 fps 

Average Channel Velocity: 8.8 fps 
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U.S. Army Waterways -ExperimeIitStatiort Estimate of Scour Extent 

This is an estimate of the scour extent in sandy material with an approxi­
mate effective rock diameter of 0.001 ft. 

The first procedure is to determine if the minimum tailwater or the maxi­
mum tailwater case applies. 

Since the tailwater depth (3.6ft) is less than half of the culvert rise 
(4.5ft), the minimum case applies. 

Estimate the maximum depth of scour 

Dsm = 0.80 Do(Q/Do2.5)0.375tO.10 

Dsm = (0.80)(9.)(680/92.5)0.3753600.1u = 19.1 ft 

Estimate the maximum width of scour 

w = 1 OOD (Q/D 2.5)0.915tO.15 sm . a a 

Estimate the maximum length of scour 

Lsm = 2.40Do(Q/Do2.5)0.71tO.125 

Lsm = (2.40)(9.)(680/92. 5)°. 71360°.125 = 93.6 ft 

Estimate the maximum volume of scour 

Vs = O. 73Do3(Q/Do2. S)2tO. 375/27 

Vs = 0.73 (9)3(680/92• 5)2360°.375/27 = 1403 cu. yd. 

In many cases this data can be used with the CSU rock riprapped basin design 
values to define the scour extent without protection. It represents the 
probable maxirnlHll scour that will occur. If the charmel material is signifi­
cantly different, this data will exceed the actual situation. Layers of 
rock, soil plastic, index, and material gradation are examples of scour con­
trol. 
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U. S. Army Waterways Experiment Station Rock Riprapped Basins 

Horizontal Riprap Blanket Option 

Compute the stable, median stone diameter 

DSO = (0.02(Do)2/TW) (Q/Do2.5)1.333 

DSO = (0.02(9)2/3.6) (680/92•5)1.333 = 1.77 ft. 

Compute the basin length 

C = 1.7(Do) (Q/Do2.5) + 8. 

C = 1.7(9.) (680/9 2•5) + 8. = 50.8 ft. 

Compute the basin thickness 

D = O.S(Do)Fo 

D = 0.S(9J (1.46) = 6.6 ft. 

Compute the basin inlet width 

A = 3.Do 

A = 3.(9.) = 27. ft. 

Compute the basin outlet width 

B = A+C 

B = 77.8 ft. 

Lined Channel Expansion Option 

Compute the stable, median stone diameter 

DSO = (0.016(Do)2/lW) (Q/Do2.5)1.333 

DSO = (0.016 x 92/3.6) (680/9 2•5)1.333 = 1.42 ft. 

Compute the basin length 

C = S.Do 

C = 5.(9.) = 45. ft. 

Compute the basin inlet width 

A = 3.Do 

A = 3.(9.) = 27. ft. 
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Compute the basin outlet width 

B = 5.Do 

B = 5.(9.) = 45. ft. 

Compute the basin thickness 

D = 2.D50 

D = 2.(1.42) = 2.8 ft. 

Preformed Scour Hole Option 1 

Compute the basin depression 

F = .5Do 

F = .5(9) = 4.5 ft. 

Compute the stable, median stone diameter 

D50 = (.0125(Do)2/TW) (QlDo2.5)1.333 

D50 = (.0125(9)2/3.6) (680/92•5)1.333 = 1.11 ft. 

Compute the basin length 

C = 3.Do + 6.F 

C = 3.(9) + 6.(4.5) = 54. ft. 

Compute the basin inlet width 

A= 2.Do + 6.F 

A = 2.(9.) + 6.(4.5) = 45. ft. 

Compute the basin outlet width 

B = 2.Do + 6.F 

B = 2.(9.) + 6.(4.5) = 45. ft. 

Compute the basin thickness 

D = 2.D50 

D = (2.) (1.11) = 2.2 ft. 

Compute the culvert span 

E=D o 

E = 9. ft. 
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Preformed Scour Hole Option 2 
+ 

Compute the basin depression 

F = Do 

F = 9. ft. 

Compute the stable, median stone diameter 

DSO = (.0082(Do)2/TW) (Q/Do2.5)1.333 

DSO = (.0082(9)2/3.6) (680/92•5)1.333 0.73 ft. 

Compute the basin length 

C = 3.Do + 6.F 

C = 3.(9.) + 6.(9.) = 81. ft. 

Compute the basin inlet width 

A = 2.Do + 6.F 

A = 2.(9.) ~ 6.(9.) = 72. ft. 

Compute the basin outlet width 

B = 2.Do + 6.F 

B = 2.(9.) + 6.(9.) = 72. ft. 

Compute the basin thickness 

D = 2.DSO 

D = 2.(.73) = 1.5 ft. 

Compute the culvert span 

E = Do 

E = 9. ft. 
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Colorado State University Rock RiprappedBasin Design 

Compute outlet flow parameters 

Q/D2.5 = 680/92• 5 = 2.80 cfs/ft5/ 2 

dt/D = 3.6/9 = 0.40 

~/Yo = 3.6/5.3 = 0.68 

Yo/D = 5.3/9 = 0.59 

Test if culvert is in a mild slope case 

For Q/D2.5 = 2.80 cfs/ft5/ 2 

and dtlD = 0.40 

Figure (12) indicates that for a mild slope culvert Yo/D = 0.59. No modifi­
cation for a steep slope culvert is required as the Flgure (12) value is 
equal to or greater than the original Yo/D value. 

Scour Depth Values 

Reference Figures (14), (16), (17), (18) for scour depth values. 

Since Figure (14) is for rectangular culverts, it is necessary to apply a 
conversion factor for circular culverts. 

From Figure (13), for Yo/D = 0.59 

(Q/WOHo 1 • 5 )/(Q/D2.5) = 1.26 

Q/WoHo 1 • 5 = 1.26 x 2.80 = 3.53 cfs/ft5/ 2 

for the same relative brink depth 

YT. 'U~ V '.n n r-n 
OIL~ = LO/V = u.~~ 

Then, from Figure (14), for dt/D = dt/Ho = 0.40 

and Q/WoHo 1 • 5 = 3.53 
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ds (ft) 

ds/Ho = 1. 67 
The depth scour is ds = 1.67 x 9.0 = 15.0 ft 

dm/Ho = 0.049 
The effective rock diameter is dm = 0.049 x 9 = 0.44 ft 

From Figure (16), for dt/D = 0.40 and Q/D2.S = 2.80 cfs/fts/ 2 

ds/D = 0.63 

ds = 0.63 x 9.0 = 5.7 ft 

dm/D = 0.0945 

dm = 0.0945 x 9.0 = 0.85 ft 

From Figure (17) for dt/D = 0.40 and Q/D2.S = 2.80 cfs/fts/ 2 

ds/D = 0.0 

ds = 0.0 x 9.0 = 0.0 ft 

dm/D = 0.205 

dm = 0.205 x 9.0 = 1.84 ft 

There is no need to obtain-a value from Figure (18) as it only represents 
a larger, non-scouring rock size. 

The next step is to plot the values of scour depth and effective rock diameter. 
Straight lines connect these points for interpolation. 

l5T-______ ~ ______ ----------------------_, 

10 

5 

Scouring 
Basins 

ds/ dm = 2 .............. __ - - ----
o --- ---
o 0.5 1.0 

elm (ft) 
98 

Hybrid 
Basins 

--

1.5 

Non Scouring 
as ins 

--

2.0 



The division between scouring and hybrid basins occurs at a point on the 
scour depth curve where the scour depth is' twice the effective rock diameter. 
The division between hybrid and non-scouring basins occurs at the minimum 
effective rock diameter where the depth of scour is zero. 

The next step is to compute the length of scour hole by Figure (23) for the 
scouring and non-scouring basins. 

The multiplication factor for a slope of 1.7% is M = 1.+0.05 x 1.7 = 1.085 
and dt/Yo = 0.68 

Compute scour depth and effective diameter ratios. 

ds/dm = 15.0/0.44 = 34.1 

By Figure (23) 

(Ls/ds)/Cdt/Yo) = 11 

M(Ls/ds)/Cdt/Yo) = 1.085 xlI = 11.9 

Ls/ds = 11.9 x 0.68 = 8.1 

Compute length of scour hole 

Ls = 15.0 x 8.1 = 121.5 ft 

Similarly, for 

ds/dm = 5.7/0.85 = 6.71 

By Figure (23) 

MCLs/ ds ) / C dt/Yo) = 1. 085 x 24 = 26.0 

Ls/ds = 26.0 x 0.68 = 17.7 

Ls = 17.7 x 5.7 = 101.0 ft 

Similarly, for 

ds/dm = 2.7/1.37 = 1.97 

Fro~ Ei.gure (23) 

M(Ls/ds )/ Cdt/Yo) = 1.085 x 31 = 33.7 

Ls/ds = 33.7 x 0.68 = 22.9 

Ls = 22.9 x 2.7 = 62.0 ft 
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Ls (ft) 

For ds/dm = 0.0/1.84 = 0.0 the length of scour, Ls = 0.0 ft 

Plotting the values of length of scour and effective rock diameter, results 
in the curve shown below. 

150~------------------------------------~ 

100 
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The next procedure is to compute the length of bas in for each type. The 
scouring basins are computed by Figure (24). 

L = 1. 9Ls 

For dm = 0.44 ft 

L = 1.9 x 121.5 = 231 ft 

For dm = 0.85 ft 

L = 1.9 x 101.0 = 192 ft 

For dm = 1.37 ft 

L = 1.9 x 62.0 = 118 ft 

In the non-scouring basin case, the length of basin is computed differently. 
It depends on the maximum allowable average velocity in the downstream 
channel. Figure (20) is used to obtain the angle of lateral expansion for 
the jet. 

For dt/Yo = 0.68 

tan e = 0.10 

The depth, at a distance L, downstream of the culvert outlet is 

dt = 3.6 ft 

The average velocity at L will be Va = 8.8 fps 

By continuity, the length of basin is 

L = (1/2 tane) (Q/(dtVa)-D) 

L = (1/0.2)(680/(3.6 x 8.8) - 9) 

L = 62.3 ft 
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A plot of the basin lengths is necessary to provide interpolation points 
for the hybrid basin range. 

30~------------------------------------~ 

20 
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The next step provides scour widths for the selected effective rock diameters. 
Figure (25) is used in computing the scour width. 

For ds/dm = 15.010.44 = 34.1 

By Figure (25) 

Ws/dm = 123 

Ws = 123 x 0.44 = 54.1 ft 

For ds/dm = 5.710.85 = 6.71 

Ws/dm = 39 

Ws = 39 x 0.85 = 33.2 ft 

For ds/dm = 2.7/1.37 = 1.97 

Ws/dm = 18 

Ws = 18 x 1.37 = 24.7 ft 

For ds/dm = 011.84 = 0 

Ws/dm = 0 

Ws = 0 x 1.84 = 0.0 ft 
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The basin widths for scouring basins are computed by adding twice the 
cul vert span to the appropriate width of scour. 

For dm = 0.44 ft 

Wb = Ws + 2 x D 

Wb = 54.1 + 2 x 9 = 72.1 ft 

For dm = 0.85 ft 

Wb = 33.1 + 2 x 9 = 51.1 ft 

For dm = 1.37 ft 

Wb = 24.7 + 2 x 9 = 42.7 ft 

These widths are applicable to both basin inlet and outlet. 

The width of the non-scouring basin is obtained by 

Wb = 2 L tanS + D 

Wb = (2)(62.3)(0.10) + 9. = 21.5 ft 

A plot of the scour widths, basin widths and effective rock diameters is 
required for interpolation in the hybrid basin range. 
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Example No.2 

Design Colorado State University rock riprapped basins for the steep slope 
culvert parameters below. 

Culvert Type: 

Culvert Rise: 

Culvert Span: 

Culvert Slope: 

Culvert Brink Depth: 

Peak Discharge: 

Channel Tai1water Depth: 

Culvert Outlet Velocity: 

Culvert Outlet Froude No. : 

Maximum Channel Velocity: 

Average Channel Velocity: 

103 

1 circular, structural plate pipe 

9 ft 

9 ft 

0.05 ft/ft 

4.5 ft 

680. cfs 

3.6 ft 

21.4 fps 

2.00 

13.2 fps 

8.8 fps 
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Colorado State University Rock Riprapped Basin Design 

Compute outlet flow parameters 

Q/D2.5 = 680/92. 5 = 2.80 cfs/ft5/ 2 

dt/D = 3.6/9 = 0.40 

dt/Yo = 3.6/4.5 = 0.80 

Yo/D = 4.5/9 = 0.50 

Test if culvert is in a steep slope case 

For Q/D2.5 = 2.80 cfs/ft5/ 2 

And dt/D = 0.40 

Figure (12) indicates that for a mild slope culvert Yo/D = 0.59. Since 
the outlet flow parameter Yo/D = 0.50 is less than Yo/D = 0.59, lIDdifi­
cation for a s~eep slope culvert is required. 

Convert Q/D2.5 to an equivalent Q/D2.5 for a pipe flowing full with the 
culvert rise equal to the brink depth 

Culvert Rise D = Yo = 4.5 ft 

CuI vert outlet velocity Vo = 21. 4 fps 

The rationale behind the conversion is if a culvert flows full, the stream­
lines are essentially straight and parallel at the outlet. The slope of 
the culvert then has, little or no effect on the depth of scour. Only the 
culvert outlet velocity, tailwater depth, and the culvert size are impor­
tant. 

Compute an equivalent Q/D2 • 5, recognizing that Q is computed as the product 
of a 4.5 ft diameter pipe and the culvert outlet velocity. 

The equivalent Q/D2 .5 = (21.4 x ~/4 x 4.52)/4.52. 5 = 7.93 cfs/ft5/ 2 

The equivalent tailwater/culvert diameter ratio is dt/D = 3.6/4.5 = 0.80 

and the- @quivalent culvert brink depth/culvert d.-iametel' ratio is Yo!D = 
4.5/4.5 = 1.00 

From Figure (13) for Yo/D = 1.00 

CQ/WoHo 1• 5)/(Q/n2. 5) = 1.275 
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Q/WoHo 1 • S = 7.93 x 1.275 = 10.1 cfs/ftS/ 2 

and dt/Ho = 3.6/4.5 = 0.80 

Q!D2.S and dt/D is valid for circular pipe scour depths. 

Q/WoHo 1• S and dt/Ho is valid for rectangular pipe scour depths. 

Scour Depth Values 

From Figure (14), for dt/Ho = 0.80 and Q/WOHo 1 • S = 10.1 cfs/ftS/ 2 

ds/Ho = 2.9 dmlHo = 0.049 

The scour depth ds = 2.9 x 4.5 = 13.1 ft 

The effective rock diameter dm = 0.049 x 4.5 = 0.22 ft 

dt/D = 0.80 and Q/D2's = 7.93 cfs/ftS/ 2 are applicable to Figures (16), 
(17) and (18). 

From Figure (16) 

ds/D = 2.04 dmlD = 0.0945 

The scour depth ds = 2.04 x 4.5 = 9.2 ft 

The effective rock diameter dm = 0.0945 x 4.5 = 0.43 ft 

From Figure (17) 

ds/D = 0.60 dm/D = 0.205 

The scour depth ds = 0.60 x 4.5 = 2.7 ft 

The effective rock diameter dm = 0.205 x 4.5 = 0.92 ft 

From Figure (18) 

ds/D = 0.36 dm/D = 0.264 

The scour depth ds = 0.36 x 4.5 = 1.6 ft 

The effective rock diameter dm = 1.19 ft 
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Plot the values of scour depth and effective rock diameter. 
15~--------------------------------------, 

ds (ft) 

10 

5 Scouring 
Basins 

---0---o 0.5 1.0 

dm (ft) 

Hybrid 
Basins 

1.5 

Non-Sea ing 
Bas' ---

2.0 

The division between scouring and hybrid basins occurs at a point on the 
scour depth curve where the scour depth is twice the effective rock diameter. 
This occurs at dm = 1.06 ft. The division between hybrid and non-scouring 
basins occurs at the minimum effective rock diameter where the depth of 
scour is zero. This occurs at dm = 1.58 ft. 

The next step is to compute the length of scour hole by Figure (23) for 
the scouring and non-scouring basins. 

TIle multiplication factor for a slope of 5.0% is M = 1.+0.05 x 5.0 1.25 

Compute scour depth and effective diameter ratio. 

ds/dm = 13.1/0.22 = 5.95 

By Figure (23) 

(Ls/ds)/(dt/Yo) = 11 

M(Ls/ds)/(dt/Yo) = 1.25 xlI = 13.75 

Ls/ds = 13.75 x 0.80 = 11 

Compute length of scour hole 

Ls = 13.1 x 11 = 144. ft 
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Ls (ft) 

Similarly, for 

ds/drn = 9.2/0.43 = 21.4 

By Figure (23) 

M(Ls/ds)/(dt/Yo) = 1.25 x 12 = 15.0 

Ls/ds = 15.0 x 0.80 = 12 

Ls = 12 x 9.1 = 109. ft 

Similarly, for 

ds/dm = 2.7/0.92 = 2.94 

By Figure (23) 

M(Ls/ds)/(dt/Yo) = 1.25 x 28 = 35 

Ls/ds = 35 x 0.80 = 28 

Ls = 28 x 2.7 = 76. ft 

Similarly, for 

ds/dm = 2.1/1.06 = 2.04 

By Figure (23) 

M(Ls/ds)/(dt/Yo) = 1.25 x 31.5 = 39.2 

Ls/ds = 39.2 x 0.80 = 30.4 

Ls = 30.4 x 2.1 = 66 .. ft 

Plotting the values of length of scour and effective rock diameter results 
in the curve shown below. 

200~----------------------------------~ 

100 

O+---------~------~---------r._----~ 
o 0.5 1.0 1.5 2.0 

dm eft) 
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The next procedure is to compute the length of bas in for each type. The 
scouring basins are computed by Figure (24). 

L=1.9Ls 

For elm = 0.22 ft 

L = 1.9 x 144 = 274 ft 

For elm = 0.43 ft 

L = 1.9 x 109 = 207 ft 

For elm = 0.92 ft 

L = 1.9 x 76 = 144 ft 

For elm = 1.06 ft 

L = 1.9 x 66 = 125 ft 

In the non-scouring basin case, the length of basin is computed differently. 
It depends on the maximum allowable average velocity in the downstream. chan­
nel. Figure (20) is used to obtain the angle of lateral expansion for the 
jet. 

For dt/Yo = 0.80 

tan e = 0.07 

1he depth, at a distance L, downstream of the culvert outlet is 

dt = 3.6 ft 

The average velocity at L will be Va = 8.8 fps 

By continuity, the length of basin is 

L = (1/(2 tan e)) (Q/(dt Va)- D) 

L = (1/.14) (680/(3.6x8.8)- 9) 

L = 88.5 

A plot of the basin lengths is necessary to provide interpolation points 
for the hybrid basin range. 

III 



L (ft) 

30~---------------------------------------. 

20 

10 

o 0.5 1.0 1.5 2.0 

dm eft) 

The next step provides scour widths for the selected effective rock di­
ameters. Figure (25) is used in computing the scour width. 

For ds/dm = 13.1/0.22 = 59.5 

Ws/clm = 195 

Ws = 195 x .22 = 43. ft 

For ds/dm = 9.2/0.43 = 21.4 

Ws/clm = 85 

Ws = 85 x 0.43 = 36.6 ft 

For ds/dm = 2.7/0.92 = 2.94 

Ws/dm = 23 

Ws = 23 x 0.92 = 21.2 ft 

For ds/dm = 2.1/1.06 = 1.98 

Ws/dm = 18 

Ws = 18 x 1.06 = 19.1 ft 

The basin widths for scouring basins are computed by adding twice the cul­
vert span to the appropriate width of scour. 
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For elm = O. 22 ft 

Wb = Ws + 2 x D 

Wb = 43. + 2 x 9 = 61. ft 

For dm = 0.43 ft 

Wb = 36.6 + 2 x 9 = 54.6 ft 

For dm = 0.92 ft 

Wb = 21. 2 + 2 x 9 39. 2 ft 

For dm = 1.06 ft 

Wb = 19.1 + 2 x 9 = 37.1 ft 

These widths are applicable to both basill illlet and outlet ill the scourillg 
range. 

The outlet width of the non-scourillg basin is obtained by 

wt>=2Ltan8+D 

Wb = (2)(88.5)(.07) + 9 = 21.4 ft 

The inlet width of the non-scouring basin is equal to the culvert outlet 
span. Wb = 9. ft 

A plot of the scour widths, basin widths and effective rock diameters is 
required for illterpolation in the hybrid basin range. 

100 ~------------------------------------~ 

04---------~--------~--------_r~------~ 
o 0.5 1.0 

dm (ft) 

1.5 2.0 
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Example No.3 

Design a Colorado State University Non-Scouring Basin for the high tail­
water case below. 

Culvert Type: 1 circular, concrete pipe 

Culvert Rise: 6 ft 

Culvert Span: 6 ft 

CuI vert Slope: 0.001 ft/ft 

Cul vert Brink Depth: 6 ft 

Peak Discharge: 330 cfs 

Channel Tailwater Depth: 6 ft 

Culvert Outlet Velocity: 11. 7 £ps 

Maximum iliannel Velocity: 7.7 £ps 

Average Channel Velocity: 5.1 fps 
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Colorado State Uniyersity Rock Riprapped Basin Design 

Compute Culvert outlet flow parameters 

Q/D2.S = 330/62. S = 3.75 cfs/fts/ 2 

dt/D = 6/6 = 1.00 

Yo/D = 6/6 = 1.00 

From Figure (16) it is apparent for dm/D = 0.0945, Q/D2.S = 3.75 cfs/ftS/ 2, 
and dt/D = 1. 00 that ds/D = 0.0 ft. 

The rock size required to prevent scour is dm = 0.0945 x 6 = 0.57 ft 

Compute the average culvert outlet velocity on the culvert centerline 
vertical 

Voave = KVo 

K = 1.10 for smooth pipe. This factor relates Vo to the arithmetic mean 
of the vertical velocity profile. 

Voave = 1.10 x 11.7 fps = 12.9 fps 

The average maximum channel velocity on the vertical centerline is 

Vxave = 7. 7 fps 

Refer to Figure (22) 

Vxave/Voave = 7.7/12.9 = .60 

The distance downstream from the plane of the culvert outlet to where the 
basin can be safely terminated is-

X/D = 10 by Figure (22) 

X = 10 x 6 = 60 ft 

The required basin outlet width is computed by applying the continuity 
equation using the average channel velocity. 

B = Q/dtVa 

B = 330/(6 x 5.1) = 10.8 ft 

The basin inlet width equalS the culvert span 

A = 6 ft 
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Example No.4 

Design a St. Anthony Falls Stilling Basin and U. S. Bureau of Reclamation 
Types I, II, and III Basins for the culvert parameters given below. 

Culvert Type: 

Culvert Rise: 

Culvert Span: 

Culvert Slope: 

Culvert Brink Depth: 

Peak Discharge: 

Channel Tailwater Depth: 

Culvert Outlet Velocity: 

Culvert Outlet Froude No.: 

Maximum Channel Velocity: 

Average Channel Velocity: 

1, rectangular, reinforced box culvert 

4 ft 

5 ft 

0.0645 ft/ ft 

0.7 ft 

70 cfs 

0.3 ft 

20.6 fps 

4.40 

2.6 fps 

2.6 fps 
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St. Anthony Falls Stillmg Basm Design 

Reference Figure (Z8) 

Basin width (A) = 0.3 Do (Q/D02.5) = 0.3(5)(70/52. 5) = 1.87 ft 

Since computed basin width (A) is less than the culvert width, let tile 
basm width (A) equal the box span or 5 ft. 

Energy at culvert outlet = (V02/Zg) + Yo = (ZO.62/(Z)(3Z.Z) + 0.7 = 7.Z9 ft. 

Transition head loss (hL) = 0.15(V02/Zg) = 0.15(ZO.6 /(Z)(3Z.Z)) = 1.0 ft. 

Let Eo - hL + Zo = Energy at basin m1et (E1) + Zl 

Determine required basin fall 

Let Zl = 0 

Try Zo = 3 ft. 

7.Z9 - 1.0 + 3 = (V12/Zg) + dl 

Where V12= Q2/Area2 = Q2/A2d12 

9.Z9 = (Q2/(ZgA2d12)) + dl = (702/(Z(3Z.Z)(5)2d12)) + d1 

9.Z9 = (3.04/d12) + dl 

Try dl = 0.59 ft. 

9.Z9 = (3.04/(.59)2) + .59 = 9.3 

Compute basm entrance velocity 

VI = Q/(Ad1) = 70/(5(0.59)) = Z3.7 ft/sec 

Compute basin entrance Froude No. 

Frl = Vl/~ = Z3.7/132.2(0.59) = 5.44 

dZ = d1 (-1 + 18Fr L+l) /Z = 0.59 (-1 + ~(5.44)L+l) /Z = 7.51 ft. 

for 1.73 ~ Fr < 5.48 

dZ 1 = (1.1 - Fr2/lZ0) dZ = (1.1 -(5.44)2/1Z0) 7.51 = 6.4 ft. 

Tai1water depth + Zo = 0.3 + 3 = 3.3 ft 

lZ6 



Note 3.3 ft < 6.4 ft 

. Therefore: Zo must be greater than 3 ft. 

Try Zo = 3.4 ft 

7.Z9 - 1 + 3.4 = (3.04/d12) + dl 

9.69 = (3.04/d12) + dl 

Try dl = 0.578 ft. 

9.68 = (3.04/(0.578)2) + 0.578 = 9.68 

VI = Q/(Adl) = 70/(5(0.578)) = 24.22 fps 

Fr = Vl//gdl = 24.22/i32.2(O.518) = 5.61 

dZ = dl(-l + ~Frz+lJ/Z = 0.578(-1 + ~(5.61Jz+lJ/Z = 4.3 ft 

for 5.48 < Fr < 10.98 

dZ I = 0.85d2 = 0.85(4.3) = 3.66 ft 

Tailwater depth + Zo = 0.3 + 3.4 = 3.7 ft 

Since 3.66 "" 3. 7 Zo = 3.4 is an adequate fall depth in the transition 
to the basin 

Basin lengtll (C) = 4.5 dZ/(Fr2) 0. 38 = 4.5 (4.3)/(5.612)°.38 = 5.Z ft 

Basin sidewall freeboard (Z) = dZ/3 = 4.3/3 = 1.4 

Basin height (D) = d21 + Z = 3.66 + 1.4 = 5.06 ft 

Block height (F) = dl = 0.578 ft 

Number of blocks (N) = A/(1.5dl) = 5/(1.5(0.578) = 6 (round off to nearest 
integer) 

Width of blocks (B) = Block Spacing (B) = A/(2N)= 5/(2(6)) = 0.42 ft 

Block distance from wall (E) = B/Z = 0.4Z/Z = 0.21 ft 

Block distance from wall (G) = B + E = 0.42 + 0.21 = 0.63 ft 

Block Row Spacing (I) = C/3 = 5.Z/3 = 1.73 ft 

Sill Height (H) = 0.07dZ = 0.07(4.3) = 0.3 ft 
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Basin outlet depth = Zo + TW = 3.4 + 0.3 = 3.7 ft 

Basin outlet velocity = Q/((3.7) (5)) = 70/(3.7(5)) = 3.78 ft/sec 

Basin outlet Froude number = 3.78/132.2(3.7J = 0.35 

Basin outlet energy = (3.78)2/(2(32.2)) + 3.7 = 3.92 ft 

Since the basin widel equals the box Width, there is no flare in the transi­
tion. 

The fall in the transition = Zo = 3.4 ft. 

At a 3:1 slope the transition length = 3Zo = 3(3.4) = 10.2 ft. 

128 



u.s. Bureau of Reclamation Type I Basin Design 

Reference Figure (31) 

Basin width parameter (A) = 8 ft. (designer's choice) 

Energy at culvert outlet = CV02/2g) + Yo = (20.62/(2)(32.2) + 0.7 = 7.29 ft 

Transition head loss O1L) = 0.15 (V02/2g) = 0.15(20.62/(2)(32.2) = 1.0 ft 

Let Eo - hL + Zo = Energy at basin inlet (E1) + Zl 

Let Zl = 0 

Select basin depression or fall 

Try Zo = 3.2 ft 

7.29 - 1 + 3.2 = V12/2g + d1 

V12 = Q2/ (A2d12). 

9.49 = (Q2/(A2d122g)) + d1 = (702/((82)(2) (32.2)d12)) + d1 

9.49 = (1.19/d12) + d1 

Try d1 = 0.361 ft 

9.49 = (1.19/(0.361)2) + 0.361 = 9.48 

Compute the basin entrance velocity 

VI = Q/Ad1 = 70/(8(0.361)) = 24.23 ft/sec 

Compute the basin entrance Froude No. 

Fr1 = V1/1gal = 24.23/132. 2 (0. 361] = 7.1 

Compute the conjugate depth 

d2 = d1 (- 1 + ISFr 2 + 1)/2 = 0.361(- 1 + 18(7.1)L+1)/2 = 3.5 ft 

Compute the length of bas in 

From Figure (32) and Fr = 7.1 
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C/d2 = 6 

C = 6 x d2 = 6(3.5) = 21.0 ft 

Compute the basin height 

Basin height (D) = 1.ld2 + .1Vl = 1.1(3.5) + 0.1(24.23) = 6.27 ft 

Since the basin width (A) is greater than box width, there is a flare in 
the transition. 

The transition fall is 20 = 3.2 ft. 

Reference Figure (41) 

R = (W/B - 1.0)1/3/(4. + 1.6 Fro) 

Where W :: A 
B :: Box width 
Fro = Froude number of culvert outlet 

The flare parameter is-

R = (8/5 - 1)1/3/(4. + 1.6(4.4)) = 0.0764 

The length of transition is-

Lt = (A - B)/2R = (8 - 5)/2(0.0764) = 19.63 ft 
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U.S. Bureau of Reclamation Type II Basin Design 

Basin Width (A) == 8 ft. (designer's choice) 

Energy at culvert outlet = (VoL/Zg)+do = (ZO.6 L /(Z)(3Z.Z))+0.7 = 7.Z9 ft. 

Transition head loss (hL) = 0.15(VoL/2g) = 0.15(20.6L/2(32.2)) = 1.0 ft. 

Let Eo - hL + Zo = Energy at basin inlet (El) + Zl 

Let Zl = 0 

Detennine required bas in fall 

Try Zo = 3.4 ft. 

7.29 - 1.0 + 3.4 = (VIL/2g) + dl 

where V1 L = QL/dlLAL 

9.68 = QL/(2gd1LAL) +d1 = 70 L/(2(32.2) (8) LdlL) + d1 

9.68 = (1.19/diL) + d1 

Try d1 = 0.357 ft. 

9.68 = (1.19/(0.357)2) + 0.357 = 9.68 

Compute basin entrance velocity 

VI = Q/d1A) = 70/(0.357(8)) = 24.5 ft/sec 

Compute basin entrance Froude number 

Frl = V1/1gdf = 24.5/132.2(0.357) = 7.22 

Compute conjugate depth 

dz = <11 (-1 + ISFr12+1}/2- = O~357(-L+/alOo-351F+lJ!2 = 3.47 

Minimum tai1water depth (TW) = 1.05d2 for a 5% safety factor = 1.05 (3.47) = 
3.65 ft. 

Actual tailwater = Zo + tailwater = 3.4 + 0.3 = 3.7 ft 
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Since the actual tailwater (3.7 ft.) is greater than the minimum tailwater 
(3.65 ft.), a fall of 3.4 ft. is sufficient. 

From Figure 34 L/d2 = 4.15 

L = C = 4.l5d2 = 4.15 (3.47)= 14.4 ft. 

The height, width, and spacing of the chute blocks are equal to d1 or 
(B = 0.357 ft.) 

Number of blocks and spaces (N) equals the integer of (A/2d1) or N = 
(8/2 (0. 357) = 11 

The blocks distance from the wall (E) = (A-d1(2N-1))/2 or E = (8 - 0.357 
(2(11) -1))/2 = 0.25 ft. 

Note F = d2 

Therefore: 

Dentated end sill element height = 0.2F = 0.2(3.47) = 0.69 ft. 

Dentated end sill element width = 0.15F = 0.15(3.47) = 0.52 ft. 

Dentated end sill element spacing = 0.15F = 0.52 ft. 

Dentated end sill element top width = 0.02F = 0.02(3.47) = 0.07 ft. 

Since the basin width is greater than the box width, there is a flare in 
the transition. 

The transition fall is Zo = 3.4 ft 

Reference Figure (41) 

R = (W/B - 1)1/3/(4 + 1.6 Fro) 

Where W -= A 
B = Box width 
Fro = Froude number of culvert outlet 

R ;;;: (-8/-5 - 1) 1/3/(-4 + 1.6(4.-4) ""0.0764 

Lt = (A - B)/2R = (8-5)/2(0.0764) = 19.63 ft. 

Basin outlet depth = Zo + Tailwater depth or 3.4 + 0.3 = 3.7 ft. 
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Basin outlet velocity = Q/Area ~ V = 70/3.7(8) = 2.36 ft/sec 

Basin outlet Froude number = V/132.2(out1et depth) or Fr = 2.36/ 
132.2(3.7) = 0.22 --

Basin outlet Energy = ~/2g + Outlet depth or (2.36)L/2(32.2) + 3.7 = 3.79 ft. 
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U. S. Bureau of Reclamation Type III Basin Design 

Basin width (A) = 8. ft (designer's choice) 

The following parameters are equivalent to the U. S. Bureau of Reclamation 
Type I Basin design and the computational process will not be repeated. 

Energy at culvert outlet (Eo) = 7.29 ft 

Transition head loss (hL) = 1.0 ft 

Basin depression (Zo) = 3.2 ft 

Basin inlet depth (dl) = 0.36 ft 

Basin inlet velocity (VI) = 24.26 fps 

Basin inlet energy (El) = 9.50 ft 

Basin inlet Froude number (Frl) = 7.12 ft 

Basin outlet depth (d2) = 3.50 ft 

Basin outlet velocity (V2) = 2.50 fps 

Basin outlet energy (E2) = 3.60 ft 

Basin outlet Froude number (Fr2) = 0.24 ft 

Transition flare length (Lt) = 19.46 ft 

Compute the length of hydraulic jump 

From Figure (36) 

Frl = 7.12 

L/d2 = 2.58 

L = 2.56 x 3.50 = 8.95 ft 

The basin length is c = L = 8.95 ft 

Compute the chute block height, width, and spacing 

B = dl = 0.36 ft 
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The number of chute blocks (N) equals the integer of (A/2B)or 
N = (8/2(.36)) = 11 

The block's distance from the wall equals 

E = (A-B(ZN-1))/Z 

E = (8-0.36(Z(11)-1))/2 = 0.22 ft 

Compute the baffle block height (F) from Figure (37) for F1 = 7.1Z 

F/d1 = 1.8(.36) = 0.65 ft 

The width of the baffle blocks and interior spaces equals O. 75F or 0.49 ft 

The number of baffle blocks (1'0 equals the integer of A/I. SF or 
N = (8/1.5(0.65)) = 8 --

The block's distance from the wall 

G = (A-0.75F(2N-1))/2 

G = (8-0.75(.65)(2(8)-1))/2 = 0.38 ft 

Compute the end sill height 

H = d1(.0555F1 + 1.) 

H = 0.36(.0555(7.12)+ 1.) = 0.50 ft 

Compute the· row spacing I 

I = 0.8dZ = 0.8(3.50) = 2.8 ft 

Compute basin height 

D = 1. 1d2 + . 1 VI 

D = 1.1(3.50) + .1(24.3) = 6.28 ft 
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Example No.5 

Design a Vertical Stilling Well, a U. S. Bureau of Reclamation Type VI 
Basin, a U. S. Bureau of Reclamation Type IV Basin and a Colorado State 
University Smooth Floor Flared Basin for the culvert parameters below. 

Culvert Type: 1, circular, concrete pipe 

.culvert Rise: 3 ft 

Culvert Span: 3 ft 

Culvert Slope: 0.02 ft/ft 

Culvert Brink Depth: 2.4 ft 

Peak Discharge: 85 cfs 

Channel Tailwater Depth: 1.0 ft 

Culvert Outlet Velocity: 14.3 fps 

Culvert Outlet Froude No: 1. 59 

Average Channel Velocity: 4.0 fps 

Maximum Channel Velocity 5.0 fps 
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Vertical Stilling Well Design 

Compute the stilling well diameter 

A = 0.53Do (Q/Do5/2) 

A = 0.53(3)(85/35/ 2) = 8.67 ft 

Compute well depth below invert - Reference Figures (26) and (27) 

C = DW(0.00041+1.3725S-1.30498S2+O.50383S 3) 

C = 8.67(0.00041+1.3725(.02)-1.30498(.02)2+0.50383(.02)3) 

C = .24 ft 

Compute well height above invert - Reference Figure (26) 

B = 2Do 

B = 2(3) = 6 ft 
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u.s~ Bureau of Reclamation Type VI Basin 

The input parameters do not exceed the limitations established for the 
impact stilling basin. Refer to Figure (29) for a diagram of the basin. 

Compute the basin width (Figure(30)) 

A = 1.56025 QO.4034 

A = 1.56025 (85)0.4034 = 9.37 ft 

Compute the baffle height above the basin floor 

B = 0.167A 

B = 0.167 (9.37) = 1.56 ft 

Compute the baffle height 

G = 0.375A 

G = 0.375 (9.37) = 3.51 ft 

Compute the baffle lip 

F = 0.167A 

F = 0.167 (9.37) = 1.56 ft 

Compute the bas in length 

C = 1. 333A 

C = 1.333 (9.37) = 12.48 ft 

Compute the basin height 

D = 0.75A 

D =0.75 (9.37) = 1.01 ft 

Compute the basin outlet height 

H = 0.42A 

H = 0.42 (9.37) = 3.93 ft 
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Compute the bas in top length 

K = 0.58A 

K = 0.58 (9.37) = 5.43 ft 

Compute the bas in top ridge 

E = 0.0833A 

E = 0.0833 (9.37) = 0.78 ft 

Compute the baffle notch width 

I = 0.0833A 

I = 0.0833 (9.37) = 0.78 ft 

Compute the baffle notch height 

J = 0.125A 

J = 0.125 (9.37) = 1.17 ft 

Compute the rock length 

M = 4Wo 

M = 4 (3) = 12. ft 

Compute the rock depth 

L=1.5ft 
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U. S. Bureau of ReClaJli.atiortType IV Basin Design 

Selected basin width (A) = 3. ft 

Compute the culvert outlet energy 

Eo = (V02/2g) + Yo = (14.32/(2)(32.2))+ 2.4 = 5.58 ft 

Compute the transition head loss 

hL = 0.15 (V02/2g) = 0.15(14.32/(2)(32.2)) = 0.48 ft 

Set up the energy balance 

Eo-hL + Z = E1 

Select basin depression 

Try Z = 5.70 ft 

Compute the basin inlet energy 

5.58 - 0.48 + 5.70 = E1 

10.80 = V12/2g + d1 

10.80 = Q2/(A2d12Zg) + d1 

10.80 "" 852/(32d12(Z)(3Z.Z))+ d1 

10.80 = 1Z.5/d12 + d1 

Compute basin inlet depth 

d1 = 1.14 ft 

COJll.iYllte bas:in inlet velocity 

VI = Q/Ad1 = 85/(3)(1.14) = 24.95 fps 
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Compute basin inlet Froude number 

Fl = Vl/(gdl) 1/2 = Z4.95/(3Z.Z X 1.14)1/2 = 4.13 

Compute sequent depth 

dZ = (dl/Z) ((1 + 8F12)1/2 - 1) 

dZ = (1.14/Z) ((1 + 8(4.13)2)1/2 - 1) = 6.10 ft 

Compute the minimum tailwater depth 

nr = 1.ldZ = 1.1(6.10) = 6.71 ft 

Compute basin outlet velocity 

Vz = Q1(A) (1W) = 85/(3 x 6.71) = 4.Z3 fps 

Compute basin outlet Froude number 

FZ = Vz/(g(1W)) 1/2 = 4.Z3/((3Z.Z)6.71) 1/2 = 0.29 

Compute basin outlet energy 

EZ = VZ2/Zg + TIr = (4.Z3)2/Z(3Z.Z) + 6.71 = 6.98 ft 

Compute the hydraulic jump length by Figure (39) 

L = 3.50dZF10.358 

L = (3.50)(6.10)(4.13)°·358 = 35.4 ft 

Compute the basin dimensions shown in Figure (38) 

Basin Length = C = L = 35.4 ft 

Chute block height = Zdl =. Z(1.14) = Z.Z8 ft 

Chute block width = d1 = 1.14 ft 
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Chute block spacing = 2.5d1 = 2.5(1.14) = 2.85 ft 

Glute block top length = 2d1 = 2(1.14) = 2.28 ft 

End sill height = 1.25d1 = 1.25(1.14) = 1.43 ft 

Basin Height = D = 1.lTW + .lV1 = (1.1)(6.71) + .1(24.95) = 9.86 ft 

One chute block will be required with a spacing from the wall of E = 0.93 ft 

Basin Flare Geometry 

No flare will be required as the basin width equals the culvert width. 

The basin depression is 5.70 ft 

A 3:1 floor slope is achieved by a basin approach length of (3)(5.70) = 
17.10 ft 
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Colorado State UniversitySmoth Floor Flared Basin Design 

COITqlute basin flare angle 

tane = 1./3.Fo = 1./(3. x 1.59) = 0.21 

Compute the nonuniform pressure distribution factor 

Sl = 0.46452 + 0.35468(dt/Yo) + 0.02237 Q/W0 2.S 

Sl = 0.46452 + 0.35468(1.0/2.4) + 0.02237(85/32•5) = 0.74 

Test if 6S1 is less than Q/Wo2•S 

6(0.74) < 85/32. 5 

4.44 < 5.45 

Since this test is true, Sl must be recalculated 

Sl = 0.82666 + 0.75654(dt /Yo) - 0.10305 Q/W0
2.s 

Sl = 0.82666 + 0.75654(1.0/2.4) - 0.10305(85/32• 5) = 0.58 

Compute the nonuniform velocity distribution factor for circular pipe 

S2 = 1.02 

Compute culvert outlet (basin inlet) momentlll1l 

~ = Slyyo2Wo/4 + S2PVoQ/2 

MQ = 0.58(62.4)(2.4)2(3)/4 + 1.02(1.94)(14.3)(85)/2 = 1330 1b 

Compute section x momentlll1l 

MX = ~2/(4L1 tane Yx) + (L1 tane) (yYx2/2) 

MX = 1.94(85)2/(L1(4) (0.21) (1.0)) + (0.21L1)(62.4(1.0)2/2) 

Mx = 16686/L1 + 6. 55L1 
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The hydraulic jump fOTIllS at the point where fllo = Mx 

1330 = 16686/L1 + 6.55L1 

L12 - 203.3 + 2547.5 

Solution by quadratic equation yields 

L1 = 203.3 ± ((203.3)2 - 4(1} (2547.5))1/2 = 189.9 ft (maximum solution) 

2 (1) 

L = L1 - Wo/2 tans 

L = 189.9 - 3/2(0.21) = 182.75 

COmpute basin length with safety factor 

C = L + 6Yx 

C = 182.75 ft + 6(1.0) = 188.8 ft 

COmpute basin inlet width 

A = 3.0 ft 

.. Compute basin outlet width 

B = A + 2C tans 

B = 3.0 + 2(188.8)(0.21) = 82.3 ft 

Compute basin height 

D = 1. 5 (Maximum value of Yo or Yx) 

D = 1.5(2.4} = 3.6 ft 

150 



SECTION VI 
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PROGRAM DESCRIPTION 

The program is composed of a ma:in control program and eighteen subrout:ines. 
A detailed description of each module is presented :in the section :in addi­
tion to an outline of general program operation. The required storage is 
12K bytes exclusive of the supervisor. 

IDDULE 

HYDCEP 
HYOOUT 
HYDERR 
HYDIM 
HYDPRK 
HYDSCR 
HYDBTW 
HYDVOL 
HYDCDE 
HYDENG 
HYDPPA 
SAP 
USBRl 
USBR2 
USBR3 
USBR4 
USBR6 
FLARE 
VSWELL 

DESCRIPTION 

Main control module 
Output printing 
Diagnostic error messages 
CSU rock bas:in effective rock diameter 
CSU rock basin design 
CSU rock basin scour data 
CSU rock basin tailwater effect 
Volume of rock bas:ins 
U. S. Anny scour and rock basin design 
Energy calculations 
CSU Smooth-Floor Flared basin design 
St. Anthony Falls basin design 
U.S. Bureau of Reclamation Type I design 
U.S. Bureau of Reclamation Type II design 
U.S. Bureau of Reclamation Type III design 
U.S. Bureau of Reclamation Type IV design 
U.S. Bureau of Reclamation Type VI design 
Spillway transition design 
Vertical Stilling Well design 

Execution commences in the main program HYDCEP where each input data card 
is read and edited for proper sequence. In the event a card is out of 
order, the run is terminated with a diagnostic message printed by HYDERR. 
A m:inimum of four cards containing identification, program control, culvert, 
outlet, and channel input is always read and printed by multiple entry into _ 
an output subrout:ine. 

At this point in the oodule a branch controlling energy dissipator or bas:in 
selection is encountered. If the selections are manual instead of auto­
matic, one or two bas:in selection cards must be read. Selected basins are 
initialized to a value of one by the user. Any remaining basins are auto­
matically initialized to zero. If the selections are automatic; the bas:ins 
are first initialized to zero and set to one if required limitations are 
met. 

If a material restriction has been imposed by a user selected program con­
trol variable, either rock bas:ins or concrete basins will be excluded. 
This is done by equating the excluded bas:ins to zero. 

The next step involves limitation testing of the basins. Each basin will be 
tested under automatic selection only for conformance to specific design 
ranges. If a basin meets its limitations it is :initialized to one. User 
selected bas:ins will not be :interrogated in this area, but will be tested 
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in the design subroutines. 111is provides an error message in the event a 
user selected basin does not meet its limitations. Under automatic selec­
tion, this is not warranted as the user is not expecting the design of a 
specific basin. 

If the Colorado State University Rock Riprapped Basins are selected auto­
matically or manually, the first riprap parameter card must be read and 
printed as input data. If a gradation is submitted for computation of the 
effective rock diameter, the second and third riprap parameter cards must 
also be read. The effective rock diameter will then be computed by the 
subroutine HYDITvI alld will be printed with the standard rip rap material 
input. 

With the completion of basin initialization, the appropriate design sub­
routines are called in a loop :which tests if a specific basin is equal to 
one or zero. 

Design and design support modules include HYDPRK, HYDSCR, HYDBTW, HYDVOL, 
HYDCOE, HYDENG, HYDPPA, SAP, USBRl, USBR 2, USBR 3, USBR 4, USBR 6, FLARE 
and VSWELL. 

If a specific design cannot be concluded, a diagnostic error message will 
be printed by HYDERR. Valid design output will be printed by HYDJUf. 

If another set of data is encOl.m.tered, the process is repetitive. Program 
termination results whenever a "999" trailer card is read. 
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SECfION VII 

DEFINITION OF PROGRAM SYMBOLS 
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DEFINITION OF PROGRAM SYMBOLS 

The following is a list of significant symbols used in the computer program 
together with their definitions. The symbols are grouped according to the 
subroutines with which they are associated. A given symbol name may be used 
in ITDre than one subroutine, and can have a different definition depending 
upon the subroutine in which it occurs. 
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MAIN PROGRAM HYDCEP 

TITLE: Culvert Erosion Protection Control 

CALLING MODULES: 

CALLED MJDULES: HYDOUT, HYDERR, HYDCOE, HiDPRK, VSWELL, SAP, USBR6, 
USBIU, USBRZ, USBR3, USBR4, HYDPPA 

DESCRIPTION: This module directly or indirectly controls all subroutines. 
It performs input and output device initialization ruld reads all input 
data. Testing is provided to insure that proper input data card order is 
observed. Culvert outlet flow parameters are computed for use in sub­
sequent testing. 

Two basic paths are incorporated in this module. One method employs 
basin selection by the user. In this case basin limitation testing and 
error diagnosis is provided in the specific subroutine selected. The 
other method employs automatic basin selection which selects energy dis­
sipators based on limitations testing in the main program. 

After all input data has been verified, printed and basin selection is 
complete, the program calls each selected basin subroutine for its computa­
tions. Upon completion of one site the program checks for additional sites. 
The process is repetitive for additional sites until a trailer card is 
encountered to terminate tile run. 

SYMBOLS: 

EC 

B 

IRD 

IWT 

IWC 

IDC 

IC 

IERR 

I DENT 

BWS 

KAPPA 

PK 

Intermediate input data array 

Basin type array 

Input device 

Output device 

Work code variable 

Data code variable 

Card continuation column indicator 

Error number index 

Site identification array 

Selected basin width Cft) 

Culvert shape-roughness indicator 

Culvert vertical velocity profile constant 
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TIME 

PIPES 

T 

HO 

WO 

SO 

QD 

YO 

VO 

'TIll 

VS 

VM 

QDP 

FR 

EO 

M 

I 

J 

DE 

RSG 

IMAX 

Z2 

Zl 

Z3 

PHI 

Culvert peak discharge duration (min) 

Number of culvert barrels 

Culvert barrel spacing (ft) 

Culvert rise (ft) 

Culvert span (ft) 

Culvert slope (ft/ft) 

Culvert discharge/barrel (cfs) 

Culvert brink depth (ft) 

Culvert outlet velocity (fps) 

iliarmel tailwater (ft) 

iliarmel average velocity (fps) 

Olarmel maximum velocity (fps) 

Discharge flow parameter (cfs/ftS/ 2 ) 

Culvert outlet Froude number 

Culvert outlet energy (ft) 

Intermediate index 

Array index 

Intermediate index 

Effective rock diameter of rip rap (ft) 

Riprap rock specific gravity 

Maximum rock diameter of rip rap (ft) 

Riprap embankment slope (ft/ft) 

Riprap side slope (ft/ft) 

Riprap end slope (ft/ft) 

Riprap rock sieve diameter array 
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SUBROUTINE BYrom 

TITLE: Culvert Erosion Protection Output 

CALLING MJDULES: HYDCEP, HYDPRK, HYDCOE, VSWELL, SAP, USBRl, USBR2, USBR3, 
USBR4, USBR6, HYDPPA 

CALLED MJDULES: 

DESCRIPTION: Prints output for control modules consisting of basin titles 
and dimensions, scour data, hydraulic jump data, and commentary. TIlis is 
a nru1tip1e entry subroutine with a specific section allotted to each basin. 

SYMBOLS: 

DIM 

KAPPA 

M 

VO 

TW 

SO 

YO 

VM 

HO 

FR 

VS 

WO 

QD 

PIPES 

T 

I BAS IN 

IWT 

IM 

DS 

SL 

Array containing dimensions and title words 

Culvert shape-rouglmess indicator 

Array Index 

Culvert outlet velocity (fps) 

Tai1water depth (ft) 

Culvert slope (ft/ft) 

Cul vert brink depth (ft) 

Maximum channel velocity (fps) 

Culvert rise (ft) 

Culvert outlet Froude number 

Channel average velocity (fps) 

Culvert span (ft) 

Culvert discharge/barrel (cfs) 

Number of culvert barrels 

Spacing between culvert barrels (ft) 

Basin type indicator 

Output device index 

Effective rock diameter (ft) 

Scour depth (ft) 

Scour length (ft) 
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WS 

BWl 

BW2 

SVOL 

IDENT 

BL 

Bill 

TF 

TS 

VOL 

DE 

RSG 

DMAX 

Zl 

Z2 

Z3 

PHI (6) 

IFLARE 

PHI 

EZ 

Fl 

VZ 

DZ 

EZZ 

FZ 

VZZ 

HTW 

Scour width (ft) 

Inlet basin width (ft) 

Outlet basin width (ft) 

Scour volume (cu yd) 

Site identification 

Basin length (ft) 

Basin height (ft) 

Basin floor thickness (ft) 

Basin side thickness (ft) 

Basin volume (cu yd) 

Effective rock diameter (ft) 

Riprap rock specific gravity 

M:lximum rock diameter (ft) 

Riprap under slope (ftjft) 

Riprap embankment slope (ftjft) 

Riprap end slope (ft/ft) 

Median rock diameter (ft) 

Transition flare index 

Basbl dimension array 

Basin inlet energy eft) 

Basin inlet Froude number 

Basin inlet velocity (fps) 

Basin inlet depth (ft) 

Basin outlet energy (ft) 

Basin outlet Froude number 

Basbl outlet velocity (fps) 

Basin outlet depth (ft) 
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SUBROUfINE HYDERR 

TITLE: Culvert Erosion Protection Error Diagnostics 

CALLING MODULES: HYDCEP, HYDPRK, USBR6, VSWELL, HYDVOL, USBRl, USBRZ, 
USBR3, USBR4, SAP 

CALLED MJDULES: 

DESCRIPTION: Receives error number index from control modules and prints 
a diagnostic message revealing the nature of the error. 

SYMBOLS: 

IERR Error number index 

rWf Output device index 

IBASIN Basin type indicator 
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SUBROUTINE HYDThi 

TITLE: COlorado State University Effective Rock Diameter Computation 

CALLING IDDULES: HYDCEP 

CALLED MODULES: 

DESCRIPTION: 

Computes effective rock diameter of a given rip rap gradation expressed in 
terms of 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100% finer 
by weight. 

SYMBOLS:· 

SUM 

PHI 

DI 

DE 

Gradation Sum 

Array containing sieve gradations 

Array containing average sieve gradations 

Effective rock diameter Cft) 
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SUBROUTINE HYDPRK 

TITLE: Colorado State University Rock Riprapped Basins 

CALLING MODULES: HYDCEP 

CALLED M)DULES: HYDB1W, HYDSCR, HYroUT, HYDVOL, HYDERR 

DESCRIPTION: Performs and controls three Colorado State University rock 
riprapped basin design calculations The three classes of basins include 
non-scouring, hybrid, and scouring designs. All dimensions of basins, 
scour extents, and basin volumes are determined for each rock size and 
basin type. 

SYMBOLS: 

SIZE 

IM-IO 

QDP 

QD 

YO 

WO 

HO 

OH 

1W 

1WD 

DrY 

YTD 

YCD 
-

FPC 

FPR 

KAPPA 

AO 

Array containing effective rock diameters and scour 
depths for minimum non-scouring and hybrid rock sizes 
and a user selected rock size 

Array containing effective rock diameter/culvert rise 
ratios 

Discharge flow parameter (cfs/fts/ 2 ) 

Culvert discharge/barrel (cfs) 

Culvert brink depth (ft) 

Culvert span (ft) 

Culvert rise (ft) 

Steep slope culvert rise (ft) 

Tailwater depth (ft) 

Tailwater depth/culvert rise 

Tailwater depth/culvert brink depth 

Culvert brink depth/culvert rise 

Mild slope culvert brink depth/culvert rise 

Circular culvert flow parameter 

Rectangular culvert flow parameter 

Culvert shape-roughness indicator 

Culvert outlet flow area (sq ft) 
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VO 

x 
y 

NP 

V 

I 

IERR 

ZERO 

HYBRID 

DE 

SD 

J 

MP 

VS 

RSG 

VM 

PK 

U 

ZL 

ZW1 

ZW2 

FO 

TO 

Culvert outlet velocity (fps) 

Array of effective rock diameters (ft) 

Array of scour depths (ft) 

Number of effective rock diameter, scour depth co­
ordinate sets in V array 

Array of effective rock diameters and scour depths (ft) 

Array index 

Error index number 

Minimum non-scouring effective rock diameter (ft) 

Minimum hybrid rock diameter (ft) 

User selected effective rock diameter (ft) 

Scour depth corresponding to user selected effective 
rock diameter (ft) 

Array index 

Number of effective rock diameter, scour depth co­
ordinate sets in SIZE array 

Average channel velocity (fps) 

User selected rip rap rock specific gravity 

Maximum channel velocity (fps) 

Culvert vertical velocity profile constant 

Maximum channel velocity/adjusted culvert outlet 
velocity (fps) 

:Minimum non-scouring effective rock diameter basin· 
length (ft). 

r~imum non-scouring effective rock diameter inlet 
basin width (ft) 

Minimum non-scouring effective rock diameter outlet 
basin width· (ft) 

Mild slope culvert outlet Froude number 

Tangent of basin flare angle 
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SUBROUTINE HYDSCR 

TITLE: Colorado State University Rock Scour Depths 

CALLING M)DULES: lNDPRK 

CALLED MJDULES: 

DESCRIPTION: Obtains and relays scour depth/culvert rise ratios within 
tai1water/cu1vert rise ratios, flow parameters, and effective rock diameter/ 
culvert rise ratios. Scour depth/culvert rise ratios not available are 
relayed to control module as negative values. Subroutine contains data 
arrays that provide values by indexing and interpolation. 

SYMBOLS: 

F48, F49, FSO, 
FS1, FS2 

R48, R49, RSO, 
R51, R52 

z 

I 

NC 

CN 

C 

NROW 

1WD 

FPR 

FPC 

J 

DSD 

SDEPR 

R 

NR 

Arrays containing scour depth/culvert rise values for 
various effective rock diameter/culvert rise ratios, 
tailwater depth/culvert rise, and flow parameters. 

Arrays containing flow parameters 

Array containing starting tai1water depth/culvert rise, 
maximtnn number of rows, ending tail water depth/ cul vert 
rise 

Array index 

ColUJml index 

Intermediate co1UJml interpolation factor 

Final colUJml interpolation factor 

Ntnnber of Rows 

Tai1water/cu1vert rise ratio 

Rectangular culvert flow parameter 

Circular culvert flow parameter 

Array index 

Intermeditate scour depth/culvert rise ratios 

Final scour depth/culvert rise ratios 

Row interpolation factor 

Row index 
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PIPES 

HLS 

T 

HL 

HWl 

HW2 

Bill 

DM 

DS 

WS 

S1 

IMAX 

BWl 

BW2 

B1 

TS 

TF 

Number of culvert barrels 

Minimum hybrid effective rock diameter scour length eft) 

Spacing between culvert barrels eft) 

Minimum hybrid effective rock diameter basin length eft) 

Minimum hybrid effective rock diameter inlet basin 
width eft) 

Minimum hybrid effective rock diameter outlet basin 
width eft) 

Basin height eft) 

Effective rock diameter eft) 

Scour depth eft) 

Scour width eft) 

Scour length eft) 

Maximum riprap rock diameter eft) 

Inlet basin width eft) 

Outlet basin width eft) 

Basin length eft) 

Basin side thickness eft) 

Basin floor thickness eft) 
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SUBROUTINE I-NDB1W 

TITLE: Colorado State University Tailwater Effect on Brink Depth 

CALLING M)DULES: HYDPRK 

CALLED MJDULES: 

DESCRIPTION: Evaluates tailwater effect on culvert brink depth to determine 
if culvert is mild sloping or steep sloping. Returns brink depth/culvert 
rise ratio to control module for comparison with original ratio. Subroutine 
contains data values in a two-dimensional array that are selected by indexing 
and interpolation. 

SYMBOLS: 

Rl6 

C17 

KAPPA 

1WD 

QDP 

NC 

CN 

C 

NR 

RN 

R 

YOD 

yeD 

Array containing rectangular culvert brink depth/culvert 
rise ratios for various tailwater/culvert rise ratios 
and flow parameters 

Array containing circular culvert brink depth/culvert 
rise ratios for various tailwater/culvert rise ratios 
and flow parameters 

Culvert shape-roughness indicator 

Tailwater/culvert rise ratio 

Flow parameter 

Column index 

Intermediate column interpolation factor 

Final column interpolation factor 

Row index 

Intermediate row interpolation factor 

Final row interpolation factor 

Intermediate brink depth/culvert rise ratio 

Final bri:r..kdepth/cul vert ris-e ratio 
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SUBROurINE HYDVOL 

TITLE: Rock Riprapped Basin Vo1Ullle Calculations 

CALLING MODULES: HYDPRK, HYDCOE 

CALLED MJDULES: 

DESCRIPTION: This module is a multiple entry subroutine. The first sec­
tion computes vo1Ullles for the Colorado State Uhiversity rock riprapped 
basins. The total vo1Ullle is the summation of the apron, end slope, em­
bankment slope, under slope, and side slope portions. The second sec­
tion provides vo1Ullles for the U. S. Army Waterways Experiment Station 
rock riprapped basins. 

SYMl30LS: 

VOL 

BL 

BWl 

BW2 

TF 

DS 

TS 

Bill 

Zl 

Z2 

Z3 

WO 

IBASIN 

Basin vo1Ullle (cu yd) 

Basin length (ft) 

Basin inlet width (ft) 

Basin outlet width (ft) 

Basin floor thickness (ft) 

Scour depth (ft) 

Basin side thickness (ft) 

Basin height (ft) 

Riprap under or side slope (ft/ft) 

Riprap embankment slope (ft/ft) 

Riprap end slope (ft/ft) 

Culvert span (ft) 

Basin type indicator 
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SUBROUTINE HYDCOE 

TITLE: D. S. Anny Waterways Experiment Station Scour Extent and Stable 
Rock Riprapped Basins. 

CALLING MJDULES: HYDCEP 

CALLED MJDULES: HYOOUT, HYDVOL 

DESCRIPTION: This is a multiple entry subroutine. The first section com­
putes anticipated scour hole extent for a-sandy material with an estimated 
effective rock diameter of .001 ft. Length of scour, width of scour, depth 
of scour, and volume of scour are computed for minimum and maximum tail­
waters. 

Stable horizontal blanket, lined channel expansion, and preformed scour 
hole riprap basins are computed directly in the second section. 

SYMBOLS: 

TIME 

1WD 

DS 

QD 

WO 

WS 

SL 

SVOL 

PIPES 

T 

BWI 

BW2 

BL 

BHT 

DSO 

PHI (6) 

Duration of culvert peak discharge (min) 

Tailwater depth/culvert rise 

Scour depth (ft) 

Culvert discharge/barrel (cfs) 

Culvert span (ft) 

Scour width (ft) 

Scour Length (ft) 

Scour volume (cu yd) 

Number of culvert barrels 

Spacing between culvert barrels (ft) 

Basin inlet width (ft) 

Basin outlet width (ft) 

Basin length (ft) 

Basin height (ft) 

Median rock diameter (ft) 

Median rock diameter (ft) 
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I 

TW 

HO 

Array index 

Tai1water depth eft) 

Culvert rise eft) 
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SUBROUTINE HYDENG 

TITLE: Hydraulic jump basin energy 

CALL ING MODULES: USBRl, USBRZ, USBR3, USBR4, SAP 

CALLED M)DULES: 

DESCRIPTION: This rodule deternrines the basin inlet depth and velocity 
for any value of basin inlet energy. It is situated in an iteration loop 
of the calling rodules and returns depth and velocity values until Froude 
number and conjugate depth constraints are met. 

SYMBOLS: 

DELTA 

ISET 

P 

EZ 

G 

BW1, W 

QD 

DZ 

VZ 

Incrementation variable (ft) 

Accuracy indicator 

Intermediate basin inlet depth (ft) 

Basin inlet energy (ft) 

Gravitational acceleration (ft/sec2 ) 

Basin inlet width (ft) 

Culvert discharge/barrel (cfs) 

Basin inlet depth (ft) 

Basin inlet velocity (fps) 
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SUBROUfINE HYDPPA 

TITLE: Colorado State University Smooth-Floor Flared Basin 

GALLING MODm,ES: HYDCEP 

CALLED MJDill,ES: HYOOUf, HYDERR 

DESCRIPTION: Initially the module checks the Froude number to insure that 
it is supercritical. Dependent on the culvert shape, the momentum correc­
tion factors are computed and used to obtain the culvert outlet momentum. 
The momentum slightly downstream of the hydraulic jump is computed to 
balance the culvert outlet momentum. Employing the momentum balance, the 
culvert outlet Froude number flare angle, and a hydraulic jump safety fac­
tor, the basin geometry is then directly computed. 

SYMBOLS: 

RHO 

IERR 

QD 

va 

NJ 

KAPPA 

Bl 

B2 

1W 

YO 

WO 

FR 

TO 

XCOF(l) 

XCOF(2) 

XmF(3) 

Mass density of water (slugs/ft3) 

Unit weight density of water (lb/cu ft) 

Error number index 

Culvert discharge/barrel (cfs) 

Culvert outlet velocity (fps) 

Culv3rt outlet water area (sq. ft) 

Culvert shape-roughness factor 

MOmentum correction factor for non-uniform pres­
sure distribution at culvert outlet. 

MOmentum correction factor for non-uniform veloc­
ity distribution at culvert outlet. 

Channel tailwater depth (ft) 

Culvert outlet brink depth (ft) 

Culvert span (ft) 

Culvert outlet Froude number 

Tangent of flare angle 

Quadratic equation constant c 

Quadratic equation constant b 

Quadratic equation constant a 
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QUAD 

BL 

(NO 

Bill 

Quadratic equation radical term 

Basin length (ft) 

Culvert outlet J1K)mentum (lb/ft) 

Basin height (ft) 
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SUBROtITINE SAP 

TITLE: St. Anthony Falls Stilling Basin 

CALLING M)DULES: HYOCEP 

CALLED MJDULES: HYDENG, HYIXJtIT, HYDERR, FLARE 

DESCRIPTION: This subroutine designs the St. Anthony Falls Basin. It 
provides testing of input parameters to insure that the energy dissipator 
limitations are met. \ It determines required basin depression for selec­
ted basin width in order to comply with required Froude number range and 
hydraulic jump conjugate depths. The basin length is computed from the 
basin sequent depth and basin inlet Froude number. The basin height is 
determined by the maximum depth of water in the basin and the baSin 
sequent depth to insure that freeboard is present. Chute block, baffle 
block, and end sill dimensions are computed. Transition geometry is also 
controlled by this program. Energy, depth, velocity, and Froude number 
values are computed for both basin inlet and outlet. 

SYMBOLS: 

I BAS IN 

IERR 

FR 

YO 

1W 

H, PHI (9) 

EZ 

EO 

va 
BWI 

WO 

F1 

vz 
DZ 

DZZ 

Basin type indicator 

Error number index 

Culvert outlet Froude number 

Culvert brink depth (ft) 

Tailwater depth (ft) 

Basin depth below culvert outlet invert (ft) 

Basin inlet energy (ft) 

Culvert outlet energy (ft) 

Culvert outlet velocity (fps) 

Bas in width (ft) 

Culvert span (ft) 

Basin inlet Froude number 

Basin inlet velocity (fps) 

Basin inlet depth (ft) 

Basin sequent depth (ft) 
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BL 

HIW 

F2 

EZZ 

VZZ 

QDP 

F 

PHI (1) 

PHI (2) 

PHI (3) 

PHI (4) 

PHI (5) 

PHI (6) 

PHI (7) 

PHI (8) 

Basin Length (ft) 

Basin outlet depth (ft) 

Basin outlet Froude number 

Basin outlet energy (ft) 

Basin outlet velocity(fps) 

Discharge flow parameter (cfs/ftS/ Z) 

Basin inlet Froude number squared 

Basin height (ft) 

Olute block, baffle block height (ft) 

Chute block, baffle block width (ft) 

Chute block, Baffle block interior spacing (ft) 

Chute block wall spacing (ft) 

Baffle block wall spacing (ft) 

Row spacing between chute and baffle blocks (ft) 

End sill height (ft) 
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SUBROUTINE USBRl 

TITLE: U. S. Bureau of Reclamation Type I Basin 

CALLING ~{mULES: HYDCEP 

CALLED ~·{)DULES: HYDEi\JG, HYIDUT, HYDERR, FLARE 

DESCRIPTION: This subroutine designs the USBR Type I Basin. It pro­
vides testing of input parameters to insure that the energy dissipator 
limitations are met. It detennines required basin depression for selec­
ted basin width in order to comply with required Proude number range and 
hydraulic jump conjugate depths. The hydraulic jump length is equivalent 
to the required basin length. The basin height is detennined by the maxi­
mum depth of water in the basin and the basin inlet velocity to insure 
that freeboard is present. Transition geometry is also controlled by this 
program. Energy, depth, velocity, and Proude number values are computed 
for both basin inlet and outlet. 

SYMBOLS: 

IBASIN 

IERR 

FR 

YO 

1W 

H, PHI(9) 

EZ 

EO 

VO 

BWI 

BWS 

wo 
PI 

vz 

DZ 

Basin type indicator 

Error number index 

Culvert outlet Proude number 

Culvert brink depth eft) 

Tai1water depth (ft) 

Basin depth below culvert outlet invert eft) 

Basin inlet energy eft) 

Culvert outlet energy eft) 

Culvert outlet velocity efps) 

Basin width eft) 

Basin width (Designer's choice) eft) 

Culvert span eft) 

Basin inlet Proude number 

Basin inlet velocity efps) 

Basin inlet depth eft) 
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DZZ Basin sequent depth eft) 

BL Basin Length eft) 

H1W Basin outlet depth eft) 

BHT Basin height eft) 

F2 Basin outlet Froude number 

EZZ Basin outlet energy eft) 

VZZ Basin outlet velocity efps) 
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SUBROUTINE USBRZ 

TITLE: U S. Bureau of Reclamation Type II Basin 

CALLING ~UDULES: HYDCEP 

CALLED MODULES: HYDENG, HYDOUf, HYDERR, FLARE 

DESCRIPTION: This subroutine designs the USBR Type II Basin. It pro­
vides testing of input parameters to insure that the energy dissipator 
limitations are met. It determines required basin depression for selec­
ted basin width in order to comply with required Froude munber range and 
hydraulic jump conjugate depths. The length of basin is equivalent to 
the hydraulic jump length. The basin height is computed by using the 
basin outlet depth and the basin inlet velocity to insure that freeboard 
is present. The chute block dimensions are based on the basin inlet depth. 
The dentated end sill dimensions are based on the basin outlet sequent 
depth. Flare transition geometry is controlled by this module . 

. SYMBOLS: 

IBASIN 

IERR 

FR 

YO 

1W 

H, PHI (9) 

EZ 

EO 

va 

BWl 

BWS 

WO 

Fl 

VZ 

DZ 

DZZ 

Basin type indicator 

Error number index 

Culvert outlet Froude number 

Culvert brink depth (ft) 

Tailwater depth (ft) 

Basin depth below culvert outlet invert (ft) 

Basin inlet energy (ft) 

Culvert outlet energy (ft) 

Culvert outlet velocity (fps) 

Basin width (ft) 

Basin width (Des igner l s choice) (ft) 

Culvert span (ft) 

Basin inlet Froude number 

Basin inlet velocity (fps) 

Basin inlet depth (ft) 

Basin sequent depth (ft) 
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BL 

HIW 

BHT 

F2 

EZZ 

VZZ 

QD 

PHI 

PHI 

PHI 

N 

A 

(1) 

(2) 

(3) 

Bas in length (ft) 

Basin outlet depth (ft) 

Basin height (ft) 

Basin outlet Froude number 

Basin outlet energy (ft) 

Basin outlet velocity (fps) 

Culvert discharge/barrel (cfs) 

Chute block height, width (ft) 

Chute block wall spacing (ft) 

End sill parameter (ft) 

Number of chute blocks and interior spaces 

Number of chute blocks 
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SUBROUTINE USBR3 

TITLE: U. S. Bureau of Reclamation Type III Basin 

CALLING MODULES: HYDCEP 

CALLED MODULES: HYDENG, HYOOUT, HYDERR, FLARE 

DESCRIPTION: This subroutine designs the USBR Type III Basin. It pro­
vides testing of input parameters to insure that the energy dissipator 
limitations are met. It determines required basin depression for selec­
ted basLn. width in order to comply with required Froude number range and 
hydraulic jump conjugate depths. The hydraulic jump length is equivalent 
to the required basin length. The basin height is determined by the maxi­
mum. depth of water in the basin and the basin inlet velocity to insure 
that freeboard is present. Chute blocks, baffle blocks, and end sill 
dimens ions are computed for the bas in. Trans i tion geometry is also con­
trolled by this program. Energy, depth, velocity, and Proude number values 
are computed for both basin inlet and outlet. 

SYMBOLS: 

IBASIN 

IERR 

FR 

YO 

TIlT 

H, PHI (9) 

EZ 

EO 

VO 

BWl 

BWS 

WO 

Fl 

VZ 

DZ 

Bas in type indicator 

Error number index 

Culvert outlet Proude number 

Culvert brink depth (ft) 

Tailwater depth (ft) 

Basin depth below culvert outlet invert (ft) 

Basin inlet energy (ft) 

Culvert outlet energy (ft) 

Culvert outlet velocity (fps) 

Basin width (ft) 

Basin width (Designer's choice) (ft) 

Culvert span (ft) 

Basin inlet Proude number 

Basin inlet velocity (fps) 

Basin inlet depth (ft) 
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DZZ Basin Sequent depth (ft) 

BL Bas in Length (ft) 

HTW Basin outlet depth (ft) 

BHT Basin height (ft) 

F2 Basin outlet Froude number 

EZZ Basin outlet energy (ft) 

VZZ Basin outlet velocity (fps) 

QD Culvert discharge/barrel (cfs) 

N Number of chute or baffle blocks and interior spaces 

A Number of chute blocks 

B Number of baffle blocks 

PHI (1) Chute block height, width (ft) 

PHI (2) Chute block wall spacing (ft) 

PHI (3) Baffle block height (ft) 

PHI (4) Baffle block wall spacing (ft) 

PHI (5) End sill height (ft) 
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SUBROUTINE USBR4 

TITLE: U. S. Bureau of Reclamation Type IV Basin 

CALLING MODULES: HYDCEP 

GALLED MODULES: HYDENG, HYroUT, HYDERR, FLARE 

DESCRIPTION: This subroutine designs the USBR Type IV Basin. It pro­
vides testing of input parameters to insure that the energy dissipator 
limitations are met. It determines required basin depression for selec­
ted basin width in order to comply with required Froude mnnber range and 
hydraulic jump conjugate depths. The hydraulic jump length is equivalent 
to the required basin length. The basin height is determined by the maxi­
mum depth of water in the basin and the bas:in inlet velocity to insure 
that freeboard is present. Chute blocks and end sill dimensions are com­
puted for the bas:in. Transition geometry is also controlled by this 
program. Energy, depth, velocity, and Froude number values are computed 
for both basin inlet and outlet. 

SYMBOLS: 

IBASIN 

IERR 

FR 

YO 

TW 

H,PHI (9) 

EZ 

EO 

VO 

BWl 

BWS 

WO 

Fl 

VZ 

DZ 

Basin type indicator 

Error number index 

Culvert outlet Froude number 

Culvert brink depth (ft) 

Tailwater depth (ft) 

Basin depth below culvert outlet :invert (ft) 

Basin inlet energy eft) 

Culvert outlet energy (ft) 

Culvert outlet velocity (fps) 

Basin width (ft) 

Basin width (Designer's Choice) (ft) 

Culvert span (ft) 

Basin inlet Froude number 

Basin inlet velocity (fps) 

Basin inlet depth eft) 
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DZZ Basin sequent depth (ft) 

BL Basin Length (ft) 

HIW Basin outlet depth (ft) 

Bill Basin height (ft) 

F2 Basin outlet Froude number 

EZZ Basin outlet energy (ft) 

VZZ Basin outlet velocity (fps) 

PHI (1) Chute block width (ft) 

N Number of chute blocks and interior spaces 

A Number of chute blocks 

PHI (2) Chute block wall spacing (ft) 
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SUBROUTINE USBR6 

TITLE: U. S. Bureau of Reclamation Type VI Basin (Impact Stilling Basin) 

CALLING lVDDULES: HYDCEP 

CALLED M)DULES: HYDERR, HYIDUI 

DESCRIPTION: Limitation testing is initially performed on the USBR Type 
VI Basin input data to insure that the discharge flow parameter, the 
culvert outlet velocity, and the barrel discharge criteria are met. If 
this is the case, the various dimensions of the basin are then directly 
computed. 

SYMBOLS: 

BWl 

BW2 

WO 

PHI (1) 

PHI (2) 

PHI (3) 

PHI (4) 

PHI (5) 

PHI (6) 

PHI (7) 

PRIeS) 

PHI (9) 

PHI (10) 

QD 

IBASIN 

IERR 

Basin inlet width (ft) 

Basin outlet width (ft) 

Culvert Span (ft) 

Height of baffle (ft) 

Height of baffle above floor, length of baffle lip (ft) 

Length of basin (ft) 

Height of basin (ft) 

Height of basin outlet (ft) 

Top length of basin (ft) 

Top ridge of basin, width of baffle notch (ft) 

Height of baffle notch (ft) 

Length of rock (ft) 

Depth of rock (ft) 

Culvert discharge/barrel (cfs) 

Basin type indicator 

Error number index 
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SUBROUTINE FLARE 

TITLE: Spillway flare transition geometry 

CALLING MODULES: USBRl, USBR2, USBR3, USBR4, SAP 

CALLED MODULES: 

DESCRIPTION: This module initially determines if the basin inlet width 
is equal to the culvert span. If it is equal, no flare is required and 
only the basin depression is checked for proper slope. If the basin in­
let width exceeds the culvert span, a transition sidewall flare and spill­
way transition length are also computed based on tile culvert outlet Froude 
number. 

SYMBOLS: 

BWl 

WO 

FR 

R 

PHI (9) 

PHI (10) 

Basin width (ft) 

Culvert span (ft) 

Culvert outlet Froude number 

Transition sidewall flare (ft) 

Depression of basin floor below culvert outlet invert (ft) 

Spillway transition length (ft) 
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SUBROUfINE VSWELL 

TITLE: Vertical Stilling Well 

CALLING MJDULES: HYOCEP 

CALLED MODULES: HYOOUf, HYDERR 

DESCRIPTION: Initially this IOOdule performs limitation testing of cul­
vert shape and discharge flow parameter. If the limitations are met, 
direct <;.:omputations of the Vertical Stilling Well dimensions are then 
perfonned. 

SYMBOLS: 

IERR 

KAPPA 

QDP 

PHI (1) 

WO 

QD 

SO 

PHI (2) 

PHI (3) 

Error number index 

Culvert shape-rouglmess indicator 

Discharge flow parameter (cfs/ft5/ 2 ) 

Stilling well diameter (ft) 

Culvert span (ft) 

Culvert discharge/barrel (cfs) 

Inflow pipe slope (£t/ft) 

Well depth below inflow pipe invert 

Height of well above inflow pipe invert 
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SECfION VII I 

PROGRAM FLOWCHART 
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CULVERT EROSION PROTECTION SYSTEMS FLOWCHART 

Start 

Input Data 

Read 
Input 
Data 

Write 
Input 
Data 
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Write 
Error 

Message 

End 



Manual 
Basin 

Selection 

Select 
Basins 

U. S. Army 
Scour 

Extent 

CSU 
Rock 

Basins 

St. Anthony 

Selection ~ ____ ~ 
Type? 

Basin 
Design 

Falls ~----------4---------~ 
Basin 

188 

Automatic 
Basin 

Selection 

Initiate 
Limitation 
Testing 

Select 
Basins 

U. S. Army 
Rock 

Basins 

Vertical 
Stilling 

Well 

USBR 
Type VI 

Basin 



USBR 
Type I 
Basin 

USBR 
Type III 

Basin 

CSU 
Smooth-Floo 
Flared Basi 

\-Trite 
Error 

Message 
End 
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USBR 
Type II 

Basin 

USBR 
Type IV 

Basin 

\-Trite 
Design 
Output 



SECTION IX 

SOURCE PROGRAM LISTING 
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