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AN EXCEL PROGRAM TO DESIGN ROCK CHUTESFOR GRADE STABILIZATION

by
Eric A. Lorenz, P.E., Morris N. Lobrecht, P.E., and Kerry M. Robinson, Ph.D., P.E.

I ntroduction

Chutes, in general, are used to transport water from a higher elevation to alower elevationin a
non-erosive manner. Examplesinclude flow from one waterway to another waterway, flow from a
waterway to a drainage ditch, flow from alake to a channel, etc. Chutes are composed of three parts. a
level inlet apron, the chute dope, and alevel outlet apron. The chute is assumed to have a uniform cross
section throughout. Rock is commonly used to protect the underlying soil from erosion. Specifying the
correct rock size and chute thickness are only a small portion of rock chute design. Proper design is very
time consuming when several options are considered. This program will reduce design time by selecting
the stable median angular rock size based on chute geometry and discharge. The output can be used for
preparing final plans and field layout. The word angular is shown in bold in this paper and refers to rock
that is 50% round and 50% cubical. The equations given in this paper are intended for use with English
units. They can be used for cross sections having a trapezoidal, triangular, or rectangular shape. The
equations are shown without proof and their verification isleft up to the reader.

General Chute Hydraulics
Figure 1 shows atypica rock chute profile and defines various hydraulic properties of chutesin general.

d = depth of the outlet apron below the outlet channel (1-foot suggested minimum), feet

Dso = median angular rock size (50% of the sample isfiner by weight), inches

g = acceleration due to gravity, 32.2 ft/sec®

Harop = height of drop from the weir crest elevation to the outlet channel elevation, feet

Hc. = minimum specific energy head corresponding to a given discharge (at critical depth), feet
H, = static head required to force the discharge through the weir (H,e is the energy head), feet
h, = velocity head associated with the critical depth, feet

S = chute bed slope (1/2), ft./ft.

Tw = tailwater depth in the outlet channel, feet

Y. = critical depth in the chute, feet

Y = normal depth in the inlet channel, feet

z = horizontal component of the chute slope (z:1)

z, = normal depth in the chute slope, feet

Z = hydraulic jump height, feet
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The most important property defining the chute is the weir head (H,). The H,, determines the amount of
flow that will go through the weir entrance (at the crest or brink) and down the chute. The shape of the
welir entrance and the velocity of the approach channel affect the weir head. A method to control H,, will
be discussed later in this paper. Asthe water approaches the inlet apron the flow accelerates. Several
references define different locations upstream of the weir crest at which accelerated flow begins. The
most conservative distance of 10y, was used to set the inlet apron length. Critical depth occurs between
2y and 4y, upstream of the weir crest. Depth at the weir crest is 0.715y. (brink depth). Whenever the
chute dope is steeper than critical ope, normal depth in the chute dope (z;) is below critical depth
resulting in supercritical flow. For rock chutes, the flow will reach normal depth, generally in the middle
1/3 of the slope, and continue down the slope without accelerating (roughness offsets the accel eration due
to gravity). Asflow reachesthe outlet apron (near the toe) it will transition from supercritical flow to
subcritical flow in the form of a hydraulic jump. The hydraulic jump height (z;) varies with the chute
slope (thus the velocity) and the chute cross section. The hydraulic jump height will normally be less
than the weir head (H,) for flat chute slopes. As the chute slope increases, z, will exceed Hp,. Figure 2
illustrates a typical cross section of arock chute.

My, = horizontal component of the chute side slope
Bwe, = bottom width of the chute, feet

Berm r Freeboard Berm
Rock
H orz 2D
p 2 50 o
i r : J 1
< ; 3 2 M,
Bedding/ Bw, Non-woven

geotextile

Figure 2 — Typical Rock Chute Cross Section

The height of protection along the side slope shall be the greater of H, or z,. The tailwater may be greater
than the height of riprap along the side slope in the outlet apron. 1f good vegetation has been established
above the riprap this is adequate to prevent erosion. Problems may occur during long duration discharges
from flat watersheds or those below a watershed detention dam. Longer peak flows can be expected to
have a greater potential for scouring on the side slopes. Consider placing riprap (or other types of
protection) above H, or z, and up to the tailwater depth (or higher) for this case. The hydraulic jump
length is given as 15Ds, from the research performed on rock chutes'. A rock thickness of 2Ds," is
recommended in addition to a non-woven geotextile over sand bedding. The geotextile acts as afilter and
prevents materia under the chute from being pulled up through the rocks. A non-woven geotextileis
used because there is less chance of soil particle migration through this material as compared with a
woven geotextile. The bedding should prevent migration of fine soil particles that may plug the non-
woven geotextile. Also, the bedding provides better contact between the rock and the underlying soil and
provides a cushion when the rock is placed. The cushion helps prevent damage to the non-woven
geotextile.

Design Approach

The approach for designing rock chutes presented in this paper is given in sequentia order (Equations 1
through 16). An example design is presented later to familiarize the reader with the design procedure and




equations. The spreadsheet program output is included with this paper and shown in Appendix A. See
the instructions in the spreadsheet program for further explanation of the input and output.

Channd Geometry

The Excel program (Appendix A) requires values to define the inlet channel section, the chute section,
and the outlet channel section geometry. The bottom width (Bw), side dopes (m:1), Manning's
roughness coefficient (n), and the bed dope (S) are used to specify each section. In this paper, the inlet
channel, the chute, and the outlet channel cross sections are denoted with subscripts “i”, “ch” and “0”,
respectively. Note the maximum values for Sy, and mg, in the chute section (see Rock Chute Parameters).
This program checks norma depth in the inlet and outlet channels (y, and Tw, respectively) for stability
of therock chute. Tailwater depth may be determined outside the program and input to override the
program calculations. This program is not intended to be a design tool for the inlet and outlet channel
sections. It is assumed that the user has designed these components by some externa method and are
stable for the given site conditions. The n-vaue for the rock chute is determined by an equation presented
later in this paper. The outlet apron depth (d) should have a suggested minimum value of 1 foot, and the
value of d must be entered such that Tw + d will equal or exceed z,. Freeboard refersto the height of the
berm (or the embankment that directs water through the weir entrance) above the rock chute in the inlet
apron. This should provide a safety factor so the berm is not overtopped unless the design storm is
significantly exceeded. A base flow (or additional flow) may be entered for the outlet channel although
the base flow may be small compared to the design storm. An example would be base flow in adrainage
ditch prior to any storm events.

Design Storm Data

NRCS guidance for selecting the appropriate design storm is given in National Handbook of
Conservation Practices, NRCS Grade Stabilization Structure Standard No. 410, Table 2. This section is
used for guidance only and it isleft up to the engineer to determine the chute design capacity. The
selected design storm (Qrigr) IS based on the drainage area, the height of drop in the chute (from the inlet
apron to the outlet channel), and the amount of rainfall for a 5-year, 24-hour storm. The 5-year, 24-hour
rainfall amounts range from O to 3 inches, 3 to 5 inches, or greater than 5 inches. A required chute
capacity (principal spillway storm) and total required capacity are given. The total required capacity is
routed through the chute or in combination with an auxiliary spillway. Qug, and Q. (both in ft¥sec) are
entered for the flow through the chute, and the corresponding tailwater elevations must be checked for
both storm events. This program does not design the auxiliary spillway; however, based on the weir
head, a portion of the flow can be diverted through the auxiliary spillway, thus reducing flow in the rock
chute and controlling the fluctuation in Hp,.

Normal Depth in theInlet Channd

Normal depth in theinlet channdl is calculated using Manning’ s equation for open channel flow. See
Equation 1 below. Geometric properties have been substituted for a trapezoidal shaped channel. By
entering the appropriate values for the inlet channel (Bw;, m;, n; and S) the designer may solve for y.
The normal depth in the inlet channel should be less than the weir head, i.e., the weir capacity is lessthan
theinlet channel capacity (restricted flow). This causes the flow to “pond” upstream of the weir entrance
reducing velocities and preventing erosion.
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Generaly, the normal depth will be less than Hp, except for flatter inlet channels. Narrowing the chute
will increase Hp, but this may not be practical. Design of the inlet channel can be completed before using
this program. Some programs will calculate “n” based on the type of vegetative retardance. The designer
should be aware that n-values will vary based on the age of the vegetation. An initialy constructed
project may have low n-values, which should be used to check theinitia stability of the channel.

Critical Depth in the Chute

The critical depth, based on the rock chute cross section and design discharge Q, is given by Equation 2
below. Propertiesfor atrapezoidal shaped channel are substituted in Equation 2. By entering appropriate
values for the rock chute cross section (Bwg, and mg,) the designer may solve for y..

Q_2 - (BWch ><yc + mch ><yc2 )3
g BWch + chh ><yc

(Equation 2)

As discussed previoudly the critical depth occurs between 2y, and 4y upstream of the weir crest (brink),
refer to Figure 1. Depth at the crest is 0.715y, given for afree overfall. When the normal depth in the
rock chute islessthan y. the flow is supercritical. Where critical depth occurs on the inlet apron the
specific energy head, He, is the minimum specific energy head corresponding to a given discharge Q.
Accelerated flow exists upstream of the crest for a distance of 10y., which occurs during the worst inlet
channel condition, y, > H,. Protection shall extend upstream a minimum of 10y..

Tailwater in the Outlet Channd

Tallwater elevation is a critical element when considering the design of rock chutes. The stability of the
outlet apron is directly related to the tailwater depth (Tw). The Tw must equal or exceed the hydraulic
jump height for energy to be dissipated. The loss of energy resulting from the hydraulic jump is absorbed
by the rock in the outlet apron. The Tw must be checked for both high and low flow conditions (Qrig» and
Qiow, Where Qrign is the design discharge and Qo is @ smaller discharge). Normal Tw can be cal culated
using Manning's equation given by Equation 3. Appropriate values for the outlet channel cross section
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where n, isManning’'s roughness for the outlet channel

(Bwo, My, No, Sy and base flow) can be input by the designer to solve for Tw. If thetailwater is
determined using another program, the depth can be input into the rock chute program. In some
instances, the outlet channel geometry may not provide adequate tailwater for either high or low flow
conditions, or both. For this case the outlet apron shall be lowered below the outlet channel elevation a
distance d such that Tw + d will equal or exceed z,. However, this aone may not insure adequate scour
protection downstream of the outlet. If the hydraulic jJump height is always below the tailwater, the jJump
will be drowned out by the tailwater but little energy may be dissipated. Submerged flow may continue at
high velocity along the channel bottom for a considerable distance. Asaresult of this possihility, we
strongly recommend lowering the outlet apron a minimum of 1 foot and forming an upturned bucket as
shown in Figure 1. Also, the protection should extend a minimum of 15Ds; (times a safety factor)
downstream of the toe to offset submerged flow. The difference in elevation between the water surface
upstream of the chute and the tailwater surface will have a considerable impact on the continuation of



submerged flow downstream. For cases where the hydraulic jump is submerged during high and low
flow and the difference in water surface elevation (upstream to downstream) is small, the discharge
through the weir may spread out over the surface of the tailwater. A high drop (or large elevation
difference) may result in continuation of submerged flow. Lowering the outlet apron and forming an
upturned bucket may also prevent unraveling of the chute™.

Head for a Trapezoidal Shaped Weir (Broad-crested)

The weir head (Hp) is determined based on the chute cross section and the velocity of the approach or
inlet channel, V;. Solving for aV; that corresponds with H, is a trial-and-error procedure using Equations
4,5, and 6 below. V; will be equal to the velocity calculated using normal depth, y, if Hp is equal to y.
The downstream static head, H, above the weir crest (T — Harop) Can be assumed zero if H, is 0.715y.or
less. The flow through the weir is grouped in two different categories, submerged and unsubmerged.
When the tailwater elevation is at or above the weir crest elevation the weir is considered submerged. For
low submergence, when Tw is at the brink depth or lower, the discharge can be considered as free
flowing. Submerged flow (Qua) through the trapezoidal shaped welir is equa to the sum of the free flow
(Q) through the rectangular portion (with 2 end contractions)” and the triangular portion (v-notch)® of the
weir multiplied by a function of the upstream and downstream heads (submergence ratio® shown in
Equation 5). The approach velocity does not appreciably affect flow through the v-notch portion and
therefore the velocity head is neglected.

e i el 5
Q=0385C, /29 (Bw,, - 020H , xéaeH + V_? a“"_? 0+ Ec:nv\/Z (my)H,2  (Equation4)
295 éZg 5. 15
e u
. 144 20385 where
g & o 3 Cnv = 0.581 for v-notch weirs and
& g H - 0 ' Cyq = 1.0 for broad-crested weirs
Qua =Q&- 25+ (Equation 5) (Cq and C,, are average values),
€ CcH +Vi + U Vi isthe inlet channel
g é " 295 { velocity, ft./sec,
H, is the downstream static head
above the weir crest, feet,
Qrota =Vi(Bw; xH ; +m xH pz) (Equation 6) Quta = Q for unsubmerged flow

The reader should note that the rectangular broad-crested weir equation given by Q; = 3.1(Bwe)Hpe ~ isa
good approximation to Equation 4 for shallow flows or very wide weir crests. Where Hy, in this equation
is the sum of the static head (H,,) and the velocity head (Vi%/2g). For narrow weir crests, the portion of
flow through the two ends (v-notch) is alarge percentage of the total flow, thus the deviation from the
rectangular weir equation and Q, << Q. The reader should verify that critical depth is about two-thirds of
the total upstream energy head or y, = 2/3(Hpe). Here Hye is used instead of He, and Hpe is equal to Hee
plus head loss due to friction (hy). For practical purposes h; can be neglected, and due to the difficulty
locating Hee, the weir equation is expressed in terms of Hy.. For trapezoidal chutes, y. is afunction of
He/BWg, and my, and varies from /5 (for arectangular or wide trape20|dal shape) to Y5 (for atriangular
shape) times Hee. Since Hye is about equal to Hee, Ye = 7/a(Hpe) OF Hpe = */2(Ye) Will give good results. The
formula and coefficient (C,,) for determining the v-notch flow in Equation 4 comes from Reference 3.
This equation can also be derived by integrating the standard differential weir formula (dQ = 3.1Hdx)
over the width of the v-notch weir and Q, = 2.48(mw,)H,>°, which is the same as in Equation 4. From
Reference 2 a coefficient (C) is given for atrapezoida shaped weir with 4:1 side dopes and substituted
iNto Qyap = C(BWen)Hpe->. This equation defines a Cipoletti weir with C = 3.367. The formula becomes
Quap = 3.367(Bwer)Hpe > and gives similar answers to Equation 4 when my, = 4.



TheH, isacritica value for design of rock chutes. To safely convey flow through the chute without
exceeding the chute capacity (or the stable rock size), an auxiliary spillway may be used as shown in
Figure 3. Thetotal flow isthe sum of the weir flow given by Equation 5 or 6 and the auxiliary spillway
flow. The auxiliary spillway alows for greater fluctuation in discharge with asmall increasein H,. For
example, in Figure 3 below a chute is designed for a 10-year, 24-hour storm (200 cfs) and the total
capacity (chute plus auxiliary spillway) is a 25-year, 24-hour storm (400 cfs). When a 100-year, 24-hour
storm (total of 675 cfs) flows through the chute and auxiliary spillway, H, would increase by 0.50 feet.
Without an auxiliary spillway H, would increase by 1.40 feet.

Example: The use of an auxiliary spillway allows for greater fluctuationin Q
without a largeincreasein H,. Anincreasein Q of 275 cfsincreases H,, by only
0.50 feet, from 2.0 feet to 2.5 feet. Without an auxiliary spillway the same
increasein Q would raise H, 1.40 feet. Thisincrease may be accounted for by a
factor of safety.

Water level for 100 year discharge
Berm / 15
—\ S N - /
.,,n“‘ 5.}' !
)

100

Auxiliary Spillway

Note: required freeboard above this type of structureis 1 foot, therefore the 0.50-foot rise for the
Q100 Storm should be one-half the way to the top of the berm (embankment).

Figure 3 — Auxiliary Spillway

The H, isrelatively constant for alake or pond during most storm events. The velocity head
corresponding to H,, is approximately zero. Outflow through the rock chute must equal the inflow (Qi,).
For a given cross section, find the inlet apron elevation that gives the correct H,, where H, is the lake
elevation minus the inlet apron elevation. A Q can then be found using Equations 4 and 5 and must be Qj,
or greater.

Rock Chute Parameters

Severa parameters must be considered when designing rock chutes. An appropriate safety factor (Fs)
must be applied to the equations. The safety factor isamultiplier that increases the Dsy Size (along with
rock weight), the bed thickness, and the outlet apron length. The value selected should reflect the
importance of the structure, the probability of exceeding the design storm, and appropriate engineering
judgement. Also, use of an auxiliary spillway may reduce the Fs as explained in the previous section.
The Dx, is selected based on the normal depth in the chute (which is afunction of chute bed dope and
equivalent unit discharge). When the weir crest is submerged, normal depth is never achieved on the
chute dope. Normal depth may not be achieved for short chute dopes either. Therefore, the program
may over estimate Ds, for these cases and the Fs may be reduced. The user may select aFs of 1.0 and
increase the design discharge if desired (to account for under-sizing of the rock). The user must not round
the Dsp Size down unless an appropriate safety factor has been applied (Fs > 1.0). The safety factor is




applied to ensure that the hydraulic jump length and the continuation of submerged flow won’t extend
beyond the end of the chute. The flow through the mantle (g.,) or rock will be taken as zero. The rock
will tend to silt in and block flow. The maximum side doperatio is 2 horizontal to 1 vertical (mg,:1 of
2.0:1 or flatter), and the maximum chute doperatio is 2.5 horizontal to 1 vertical (S of 0.40 ft./ft. or
flatter). A uniform angular rock gradation is required”. The coefficient of uniformity (Dey/D1o) shall be
2.0o0r less. The closer the sampleisall to the Dsy size (uniform), the more stable the rock chute will be
for agiven discharge. Although poorly graded materials (uniform) withstood higher discharge than well-
graded material (non-uniform), the failure was much more sudden®. Well-graded materials tend to go
through a process called healing where dislodged rocks are replaced by small stones from upstream”.
Also, rounded stone failed at a unit discharge of approximately 40% less than angular shaped stones of
the same median stone size®. Equations 7 through 11 are based on research in Reference 1 and modified
dlightly for use with English units. Equations 12 through 15 are the final values modified with a F..
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gm= flow through the
L mant.l e, assumed_zero,
éq (S )0.58 OLso Specific gravity = 2.65
= g=ch ¥ S, 3010 (Equation 9) in Equation 15,
S0 ~ -2 7 ch
83.93(10) “ g q = equivalent unit
discharge in ft¥/sec/ft.,
Dso = rock diameter, in.,
ng, = 0.047(D50 xS, )0.147 (Equation 10) W5, = rock weight, 1bs.
3
Zl=§nCh(qt- qm) HS .
61486(Sch )0-50 Q (Equatlon 11)

Final rock chute calculations (use Ds, from either Equation 8 or 9).

Dso gesign = Pso (Fs) Median angular rocksize  (Equation 12)

Round results from Equation 12 to the nearest even dimension and use in Equation’s 13 - 15.

2Dg e gn Rock chute thickness (Equation 13)
15 ,

T Deoceson Outlet apron length (Equation 14)
Weg, =00275( 2'65)(D50design )3 Rock weight (Equation 15)



The g in Equation 7 gives the unit discharge in ft¥/sec/ft. For arectangular shaped channel, the unit
discharge isthe total discharge divided by the bottom width and is the same as Equation 7. For
trapezoidal shaped channels, the total discharge divided by the bottom width will over estimate the unit
discharge (conservative) and Equation 7 will give more appropriate answers. Equation 8 is used for chute
slopes less than 10%, and Equation 9 is used for chute slopes 10% or greater. The normal depth
determined empirically using Equation 11 matches Manning's equation very closely. The Ds, Size given
by either Equation 8 or 9 will be modified by F; as shown by Equation 12. The curve radius of 40Ds; (not
modified by F) is used to improve flow at the transition from the inlet apron to the chute dope. The rock
chute program calculates the stationing and elevation for this circular curve. The chute bed slope affects
Equations 8 through 11. A steeper bed dope increases the stable rock size and n-value and decreases z;.
A flatter bed dope decreases the stable rock size and n-value and increases z;.

Hydraulic Jump Height at the OQutlet Apron

Substituting properties for atrapezoidal shaped channel into the momentum equation, the hydraulic jump
height (z,) is given in Equation 16. The bottom width and side slope vaues correspond to the chute cross
section, which assumes that the jJump forms on the chute slope or outlet apron. The jump will form at the
toe or dightly upstream provided that the hydraulic jump is submerged by the tailwater. Reference 1
noted that the hydraulic jump height ranges from 2-3Ds;, which matches Equation 16 very closely.
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A steeper dope increases the flow velocity and reduces the normal chute depth. As aresult the hydraulic
jump height will increase. Chute lopes that are not steeper than the critical dope will not have a
hydraulic jump at the toe.

Rock Gradation Envelope

The rock gradation is characterized by a coefficient of uniformity (Dey/D1g) Of 2.0 or less. This describes
arock samplethat is poorly graded or uniform. A sample with alow coefficient of uniformity
(approaching 1.0) resultsin less small rock and more uniform rock size. During the first large storm
event, generaly, the small rock is washed downstream. The riprap gradation envelope is shown on semi-
log paper, with the grain size in inches plotted on the x-axis (log scale) and the percent finer by weight
plotted on the y-axis (normal scale). A plot of the rock gradation envelope will be more vertical asthe
coefficient of uniformity approaches 1.0. A range of sizes defines the gradation envelope for different
rock diameters, i.e., D, refersto 50% of the sample that is finer by weight. The gradation envelope
values are given below. The rock gradation envelope for a 10-inch Dsy sample is shown in Figure 4
below. By interpolating, Dey can be given arange of 1.09Ds, to 1.59Ds,. The coefficient of uniformity
for the lower and upper limit line is calculated as 1.36 and 1.22, respectively. A diagonal line between
the Dgp 0on the upper limit line and D4, on the lower limit line would produce a coefficient of uniformity
value of 1.99. Therefore, al gradationsin this band should satisfy the requirement that the coefficient of
uniformity be lessthan 2.0. The rock weight is determined based on research in Reference 1. The
angular rocks used in research were considered 50% angular (cubical) and 50% rounded (spherical).
From Minnesota Technical Release 3, Loose Riprap Protection, July 1989, Table 2-1, p. 17, the specific
gravity of the rock is assumed to be 2.65 and Equation 15 above is used to calculate the rock weight.




Do, =1.5Dy, - 2.0D,, - 100% of the total sampleis smaller by weight

Dgs =1.3Dg, - 1.8Dg, - 85% of the total sample is smaller by weight
Dy, =1.0D,, - 1.5D, - 50% of the total sampleis smaller by weight
D,, =0.8D, - 1.3D, - 10% of the total sampleis smaller by weight

Valuesfor Rock Gradation Envelope

Riprap Gradation

Dso = 10"

100 9
£ 90
g 80 T Lower Limit Lin€
2 70 /4
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£ 407 [
= 30 T /
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0

Lo 10.0 100.0

Grain Size in Inches
Figure 4 — Rock Gradation Envelope

Example Design

Given

A waterway with a 20-foot bottom width, 4:1 side dopes, and bed slope of 0.0060 ft./ft. was designed
using an n-value of 0.035 for vegetated conditions (mowed twice per year). The waterway drops over a
steep bank into a dry watercourse (5-foot drop). The watercourse was surveyed and defined by the
following properties: a 40-foot bottom width, 4:1 side slopes, bed slope = 0.0050 ft./ft., n-value of 0.045,
and base flow of 0.0 cfs. Total discharge = 330 cfs (10-year, 24-hour), chute discharge = 249 cfs (5-year,
24-hour), and 75 cfs was the 1-year, 24-hour storm. Assume that no auxiliary spillway will be used (total
discharge through the rock chute and chute discharge is not used).




Find
The rock chute cross section, the hydraulic properties, and a corresponding stable angular rock size.

Solution

The hydrology has been determined and the design discharge given for the structure. Using the equations
presented in this paper (1 through 16) provides alogical approach for design. Assume that the chute cross
section will remain the same as the inlet channdl (waterway), i.e., Bwg, = 20 ft. and my, = 4. Selecting
the proper rock chute dope is based on availability of space and minimizing the stable rock size (flatter
slopes require a smaller stable rock size). Use achute sope of 5:1 or 0.20 ft./ft. A safety factor of 1.20
will be appropriate for design. Calculations are shown for the high flow discharge (Q = 330 cfs). Also,
the designer must check low flow discharge. A printout from the rock chute program isin Appendix A.

Sepl
Determine the normal depth by substituting inlet channel geometry into Equation 1,
Bw; = 20 ft., m; = 4, n; = 0.035, S = 0.0060 ft./ft., Q = 330 cfs
and solving, y, = 2.34 feet.

Sep 2
Determine the critical depth in the chute by substituting the rock chute geometry into Equation 2,
Bwe, = 20 feet, ms, = 4, Q = 330 cfs
and solving, y. = 1.80 feet.
Note: the length of theinlet apron is 10y, = 18 feet, critical depth occurs between 2y, and 4y, (3.6 feet
and 7.2 feet) upstream of the weir crest, and the depth at the weir crest is 0.715y. or 1.28 feet.

Sep 3
Find the tailwater depth by substituting outlet channel geometry into Equation 3,
Bw, =40 ft., m, = 4, n, = 0.045, S, = 0.0050 ft./ft., Q = 330 cfs, Base flow = 0.0 cfs
and solving, Tw = 2.04 feet.
Note: H, = 0.0 feet (use zero when Tw is a or below the weir crest) and the chute has unsubmerged flow.

Sep 4

Find the weir head using rock chute geometry in Equations 4 and 5 and inlet channel geometry in
Equation 6 and solving smultaneously,

Bwg, = 20 ft., mg, = 4, Q = 330 cfs (rock chute cross section)

Bw; = 20 ft., m; = 4 (inlet channel cross section)
which gives, H, = 2.30 feet and V; = 4.91 fps and is approximately equa to the inlet channel velocity or
4.79 fps at normal depth (sincey, = 2.34 feet is approximately equal to H, = 2.30 feet).
Note: the total Hpe including velocity head is 2.67 feet and when substituted into the rectangular
broad-crested weir equation Q; = 3.1(Bwa)Hpe ", Qr = 271 cfs. Asthe weir becomes wider (or the water
depth shallower), Q, would be a better approximation for the design discharge. Quap = 3.367(BWen)Hpe ™
and Qya = 294 cfs, which agrees well with Equation 4. Also, 2/3(Hpe) =178isequa toy..

Sep 5
Determine the rock chute parameters using Equations 7 through 11, which will give g; = 13.65 cfd/ft.,
Dso = 13.5inches, n = 0.054, z; = 1.07 feet, and aradius of 40D, = 45 feet. Modifying the Dgy with a
safety factor of 1.20 using Equation 12 gives Dspgesign = DsoFs Or 16.2 inches. Round to the nearest
convenient dimension, or Dspgesign = 16 inches. Then using Equations 13 through 15, the bed thicknessis
2Dsogesign = 32 inches, the outlet apron length is **/12(Dsodesgn) = 20 feet, and the rock weight is 298
pounds.
Note: since a safety factor greater than 1.0 was applied, rounding down dightly is acceptable.
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Sep 6

Find the hydraulic jump height using Equation 16 and substituting rock chute geometry,
Bwe, = 20ft., mg, =4, z; = 1.07 ft.

and solving, z, = 2.76 feet.
Note: z, exceeds the tailwater depth by 0.72 feet. Here the designer chooses to submerge the outlet apron
1.0foot so that Tw +d = 3.04 feet and is greater than z,. The outlet should function adequately for this
design. A 5:1 bed dope was selected arbitrarily for thisexample. If a10:1 sope was used the Ds, Size
would have been reduced to 13.0 inches. For this example, z, exceeds H,, but is less than the tailwater.
The designer should consider the possibility of erosion above the riprap protection in the outlet channel
side dope. Other properties can be calculated for rock chutes, including the Froude Number and the
energy lost through the jump (absorbed by the rock). These are shown in the program output in Appendix
A and left up to the reader to calculate.

Conclusions

The materia in this paper is presented to aid in using an Excel program for rock chute design (output is
given in Appendix A). General chute hydraulics are combined with the research for selecting a stable
rock size and are given in a sequential design order. The reader should refer to the Instructions (pages 1
to 3 of 3) within the Excel program for more information about its use. This paper shows steps to
calculate normal depth in the inlet channel, critical depth in the chute, tailwater in the outlet channel, the
head for atrapezoidal shaped weir (broad-crested), various rock chute parameters, the hydraulic jump
height at the outlet apron, and the rock gradation envelope. Included with this paper is a printout of the
rock chute design, which corresponds with the example design in the previous section. Refer to the Rock
Chute Design Calculations pages 2 and 3 of 3 in Appendix A.

Spreadsheet Program L ocation

The spreadsneet program may be found in the lowa Natural Resources Conservation Service home page
under the following web address: www.ia.nrcs.usda.gov/design and link to Engineering Programs. Itis
listed under the name “Rock Chute Design Program”. Version 4.0, dated 7/10/00 is the spreadsheet
program presented at the ASAE conference.
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Appendix A
(Output from the Rock Chute Design Program)

ASAE, 2950 Niles Rd., St. Joseph, M| 49085-9659 USA
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Rock Chute Design Data

(Version 4.0 - 07/10/00, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)

Project: Spillway protection County: Woodbury
Designer: Jim Villa Checked by:
Date: 9/27/00 Date:
Input Channel Geometry
—> Inlet Channel —> Chute —> Qutlet Channel
Bw = 20.0 ft. Bw = 20.0 ft. Bw = 40.0 ft.
Side slopes = 4.0 (m:1) Factor of safety = 1.20 (Fs) Side slopes = 4.0 (m:1)
n-value = 0.035 Side slopes = 4.0 (m:1) —> 2.0:1 max. n-value = 0.045
Bed slope = 0.0060 ft./ft. Bed slope (5:1) = 0.200 ft./ft.>2.5:1 max. Bed slope = 0.0050 ft./ft.
Freeboard = 0.5 ft. Outlet apron depth, d = 1.0 ft. Base flow = 0.0 cfs
Design Storm Data (Table 2, NHCP, NRCS Grade Stabilization Structure No. 410)
Drainage area = 450.0 acres Rainfall= O 0-3in. ® 3-5in. O 5+in. Note: The total required capacity is routed
Apron elev. --- Inlet = 105.0 ft. --- Outlet= 99.0 ft. --- (Hgop = 5ft) through the chute (principal spillway) or
Chute capacity = Q5-year Minimum capacity (based on a 5-year, in combination with an auxiliary spillway.
Total capacity = Q10-year 24-hour storm with a 3 - 5 inch rainfall) Input tailwater (Tw):

Qnigh= 330.0 cfs High flow storm through chute ——————————> Tw (ft.) = Program
Qow=75.0 cfs Low flow storm through chute ——— > Tw (ft.) = Program

Profile and Cross Section (Output)

Notes:
hpv = 0.38 ft. (0.18 ft.) 1) Output given as High Flow (Low Flow) values.
pe = 2.67 ft. = 0.71 ft. (0.32 ft.) 2) Tailwater depth plus d must be at or above the
Energy Grade Line Hee = 2.51 ft. hydraulic jump height for the chute to function.

C— 3) Critical depth occurs 2y, - 4y, upstream of crest.

———————————— 0.715y, = 1.28 ft. 4) Use min. 8 oz. non-woven geotextile under rock.
_______ > (0.521t)
Channel (0931t) y.= 181t . > — A LA Hydraulic Jump
(0.721t) ) - (0.44 ft.) Height, ;= 2.76 ft. (1.09 ft.)

Slope = 0.006 Tt/

1Y = 2.34 ft. Tw+d = 3.04 ft. - Tw o.k.
(1.03 ft.) (1.86 ft.) - Tw 0.k.
_ 40(Dso) = 45 ft. A
VeloCityinet = 4.79 fps radius 2.04 ft. (0.86 ft.) Outlet
at normal depth 8 oz Mi Channel
0z. Min.
. - e Slope = 0.005 ft./ft.
1 Note: When the normal depth (y,) in the inlet Geotextile .. : 3
channel is less than the weir head (H,), ie., the weir capacity is less == [’ -—-20ft.----F" d=1ft. {1 ft. minimum
than the channel capacity, restricted flow or ponding will occur. This  Rock 15(Dsp)(Fs) suggested}
reduces velocity and prevents erosion upstream of the inlet apron. Chute Bedding Velocityouer = 3.37 fps
at normal depth
Profile Along Centerline of Chute
Auxiliary Spillway g:= 13.65 cfs/ft. Equivalent unit discharge
P Freeboard = 0.5 ft. Fs= 1.20 Factor of safety (multiplier)
Bermn Z; = 1.07 ft. Normal depth in chute
8 0z. Min. n-value = 0.054 Manning's roughness coefficient
@ Geotextile Dso(Fs) = 16.2 in. (309 Ibs. - 50% round / 50% angular)
o (5"~~~ Rock Chute 2(Dso)(Fs) =  32.4in.  Rock chute thickness
m = 4 %A Ry Bedding Tw+d=  3.04ft.  Tailwater above outlet apron
* Use H,, along chute \T"' U " RockK thickness = 32.4 in. Z;= & Hydrgulic jump height
but not less than z,. (Bw) *** The outlet will function adequately

Typical Cross Section High Flow Storm Information
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Rock Chute Design Calculations
(Version 4.0 - 07/10/00, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)

Project: Spillway protection County: Woodbury
Designer: Jim Villa Checked hy:
Date: 9/27/00 Date:

|. Calculate the normal depth in the inlet channel.

High Flow Low Flow
Yn = 2.34 ft. Yn = 1.03 ft. (Normal depth)
Area = 68.9 {2 Area = 249 ft* (Flow area in channel)

Qnigh = 330.0 cfs Qiow = 75.0 cfs (Capacity in channel)

Il. Calculate the critical depth in the chute.

High Flow Low Flow

Ve = 1.80 ft. Ve = 0.72 ft. (Critical depth in chute)
Area = 48.8 ft? Area = 16.5 ft° (Flow area in channel)
Qhigh = 330.0 cfs Qiow = 75.0 cfs (Capacity in channel)

Hee = 2.51 ft, Hee = 1.04 ft. (Total minimum specific energy head)

he, = 0.71 ft. hey = 0.32 ft. (Velocity head corresponding to y,)
10y, = 17.95 ft. (Required inlet apron length)

0.715y, = 1.28 ft. 0.715y, = 0.52 ft. (Depth of flow over the weir crest or brink)

Ill. Calculate the tailwater depth in the outlet channel.

High Flow Low Flow
Tw = 2.04 ft. Tw = 0.86 ft. (Tailwater depth)
Area = 98.0 ft° Area = 37.4 ft*> (Flow area in channel)
Qnigh = 330.0 cfs Qiow = 75.0 cfs (Capacity in channel) 5.00 = Hgrop
H,=  0.00 ft. H,=  0.00 ft. (Downstream head above weir crest,

H, =0, if H, < 0.715%y,, nedlect velocity head)

V. Calculate the head for a trapezoidal shaped broad-crested weir.

Cy=1.00 C,, = 0.581 (Discharge coefficient for rectangular & v-notch
High Flow broad-crested weirs, respectively)
Ho= 247 ft. 230 ft.  (Weir head)
Area= 739 ft° 67.1 ft°  (Flow areain channel)
V= 0.00 fps 491 fps (Approach velocity)
hpy = 0.00 ft. 0.38 ft. (Velocity head corresponding to H,)
Qngh =  330.0 cfs 330.0 cfs (Capacity in channel)
Trial and error procedure solving simultaneously for velocity and head
Low Flow
H,=  1.03 ft. 0.93 ft. (Weirhead)
Area= 249 ft? 22.0 ft® (Flow areain channel)
Vi = 0.00 fps 3.41 fps (Approach velocity)
hpy = 0.00 ft. 0.18 ft. (Velocity head corresponding to Hy)
Qow=  75.0 cfs 75.0 cfs (Capacity in channel)

Trial and error procedure solving simultaneously for velocity and head
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Rock Chute Design Calculations
(Version 4.0 - 07/10/00, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)

Project: Spillway protection County: Woodbury
Designer: Jim Villa Checked hy:
Date: 9/27/00 Date:

V. Calculate the rock chute parameters (w/o a factor of safety applied).

High Flow Low Flow
g; = 1.27 cms/m O = 0.32 cms/m  (Equivalent unit discharge)
Dgo (Mm) = 342.66 —> (13.49in.) Dsp = 166.21 mm (Median angular rock size)

n=  0.054 n=  0.049 (Manning's roughness coefficient)

z, = 1.07 ft. z;= 0.44 ft.  (Normal depth in the chute)

A= 25.9 ft? A= 9.6 ft° (Area associated with normal depth)
Velocity = 12.72 fps Velocity = 7.81 fps (Velocity in chute slope)

Zmean = 0.91 ft. Zmean = 0.41 ft. (Mean depth)

F,= 2.35 F, = 2.15 (Froude number)

Liockapron = 16.86 ft. (Length of rock outlet apron = 15*Ds)

VI. Calculate the height of hydraulic jump height (conjugate depth).

High Flow Low Flow
Z,= 2.76 ft. Z,= 1.09 ft. (Hydraulic jump height)
Qhigh = 330.0 cfs Qiow = 75.0 cfs (Capacity in channel)
A, = 855 ft° A, = 26.6 ft (Flow area in channel)

VIl. Calculate the enerqy lost through the jump (absorbed by the rock).

High Flow Low Flow
E, = 3.58 ft. E,= 1.39 ft. (Total energy before the jump)
E, = 2.99 ft. E,= 1.22 ft. (Total energy after the jump)
Rg = 16.61 % Reg = 12.38 %  (Relative loss of energy)

Calculate Quantities for Rock Chute

——————— Rock Riprap Volume------- -------Bedding Volume-------
Area Calculations Length @ Rock CL Area Calculations
h=276 Inlet = 17.87 h=15.46 Bedding Thickness
X; = 11.13 Outlet = 20.39 X; = 2.06 t;,t; =6.00 in.
L=11.38 Slope = 30.59 L=2251
A;=30.73 2.5:1Lip=2.41 A, =11.26 Length @ Bed CL
X, = 10.80 Total = 71.27 ft. X, = 2.00 Total = 71.24 ft.
Ap = 84.95 Rock Volume Ap=11.39 Bedding Volume
Ap+2*As = 146.41 ft? 386.44 yd® A,+2*A, = 33.01 ft? 89.47 yd?®
------- Geotextile Quantity------- Note: 1) The radius is not considered when calculating
Width Length @ Bot. Rock quantities of riprap, bedding, or geotextile.
2*Slope = 45.02 Total = 71.25 ft. 2) The geotextile quantity does not include over-
Bottom = 20.66 Geotextile Area overlapping (18-in. min.) or anchoring material
Total = 65.69 ft. 520.01 yd2 (18-in. min. along sides, 24-in. min. on ends).
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Rock Chute Design - Plan Sheet

(Version 4.0 - 07/10/00, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)

Project: Spillway protection

Designer: Jim Villa

Date: 9/27/00

County: Woodbury
Checked by:
Date:

Design Values
Angular Dsydia. = 16.2 in.
RocKgnue thickness = 32.4 in.
Inlet apron length = 18
Outlet apron length = 20 .
Radius = 45 ft.

\Will bedding be used? Yes

Rock Gradation Envelope
% Passing

Diameter, in. (weight, Ibs.)

Quantities #
Angular Rock = 387 yd®

o Y 24 - 32 (1046 - 2479)
o YSR— 21 - 29 (681 - 1807)
[0 P— 16 - 24 (310 - 1046)
(D YPR— 13 - 21 (159 - 681)

Top width =39 fi.

Geotextile (8 0z.)’ = 521 yd®
Bedding (6in.) = 90 yd®
Excavation = 700 yd®
Earthfill = 500 yd®

Seeding = 1.0 acres

Notes: ? Rock, bedding,_and geotextile quantit_ies are determined ROCK Chute Cost Estimate
from the x-section below (neglect radius). - T Cost S
P Geotextile shall be overlapped (18-in. min.) and anchored unit unit 033
(18-in. min. along sides and 24-in. min. on the ends) e Sy /yd2 ALY
Il e S ’ ’ ' Geotextile $1.00 /yd X $521.00
Channel % & vlnlet apron elev. = 105 ft. Bedding  $8.00 /yd3 $720.00
Siope = 0,053 ? 11 Excavation $1.25 /yd $875.00
P06 1/t TP ROCK tickness =32.4 in. Earthfil  $2.50 /yd®  $1,250.00
(TR 18- AN Seeding  $300.00 /ac. $300.00
Rock Chute Total $9,47100
Bedding /
Radius = 45 ft. Outlet apron
Stakeout Notes ) elev. = 99 ft. Outlet
Sta. Elev. (Pnt) 8 oz. Ml_n. . 7 7 v Channel
0+00 105 ft. (1) Geotextile 5.5 6y Slope = 0.005 ft/ft.
0+135 1051t (2) 5 Y 17 Outlet apronc D7 L
0+18  104.8 ft. (3) 30 ft. S----- 20 ft.——--k%l d=1ft.
0+22.4 104.1 ft. (4) = e
0+48 99 ft. (5) Profile Along Centerline of Rock Chute **Note: The outlet will
0+68 99 ft. (6) function adequately
0+70.5 100 ft. (7) Auxiliary Spillway

\ 20 ft.

Inlet Channel Cross

Freeboard =0.5 ft.

Section

< Top width =

Rock Chute Cross Section

8 0z. Min.
Geotextile

Rock Chute
Bedding

Rock thickness = 32.4 In.

* Use H, throughout chute

Profile

but not less than z,.

, Cross Sections, and Quantities

56 ft.

Outlet Channel Cross Section

Project:
Location: Woodbury County

Spillway protection

U.S. Department of Agriculture

Natural Resources Conservation Service

Designed: _Jim Villa_ ______ Approvedby:
Drawn: NRCS Standard Dwg. T oo
Title: _ _ oo
Traced: Sheet Drawing No.
No.
Checked: _ _____________. of




Cut and paste on the Plan Page 1 of 1 Rock_Chute.xls
9/27/00
Design Values Rock Gradation Envelope Quantities *
Angular Ds, dia. = 16.2 in. % Passing  Diameter, in. (weight, Ibs.) Angular Rock = 387 yd®
RoCKp e thickness = 32.4 in. Digy - 24 - 32 (1046 - 2479) Geotextile (8 0z.)° = 521 yd’
Inlet apron length = 18 ft. Dgs --------- 21-29 (681 - 1807) Bedding (6 in.) = 90 yd®
Outlet apron length = 20 ft. Dy - 16 - 24 (310 - 1046) Excavation = 700 yd3
Radius = 45 ft. Dyp - 13-21 (159 - 681) Earthfill = 500 yd®
Will bedding be used? Yes Coefficient of Uniformity, (D 6 )/(D 10) < 2.0 Seeding = 1.0 acres
Notes : # Rock, bedding, and geotextile quantities are determined from x-section below (neglect radius).
® Geotextile shall be overlapped (18-in. minimum) and anchored (18-in. minimum along sides
and 24-in. minimum on the ends) --- guantity not included .
Inlet 518
Channel 213 Inlet apron elev. = 105 ft. Point No.  Description
ZAN ( 2 Point of curvature (PC)
S’Ope = 2 < 3
0.006 ft /ft. Inlet apron{y Ypé  ROCK thickness = 32.4 in. 3 Point of intersection (PI)
“““ 18 ft.- == =~A2 4 Point of tangency (PT)
Stakeout Notes NN
Sta. Elev. (Pnt) s N
0+00 105 ft. (1) Radius = 45 ft. — N Outlet apron
0+135 105t (2) ) elev. = 99 ft. Outlet
0+18  104.8ft (3) 8 0z. Min. IR . Channel
0+22.4  104.1ft. (4) Geotextile BN - &@7 Slope = 0.005 ft./ft.
0+48 99 ft. (5) 5 \\ Outlet apron ‘t
0+68 991t (6) 30 ft. 1 20ft----fJ1 d=1ft.
0+70.5 100 ft. (7)
Profile Along Centerline of Rock Chute —Rock Chute

Top width = 39 ft.

\ 20 ft.

Inlet Channel Cross Section

Top width = 56 ft.

Tw =
2.04 ft.

Qutlet Channel Cross Section

Freeboard = 0.5 ft.

Bedding
Auxiliary Spillway

‘ Top width = 42 ft.

C.)'
=

8 0z. Min.
Geotextile

Rock Chute
Bedding

Rock thickness — 32.4 in.

* Use H, throughout chute

Rock Chute Cross Section
but not less than z,.

Profile, Cross Sections, and Quantities

Project: Spillway protection
Location: Woodbury County

U.S. Department of Agriculture
Natural Resources Conservation Service

Designed: JimVilla_ _______ Approved by: _
Drawn: NRGS Standard Dwg, |0 ~====7== === ===
Title: _ _ o __________
Traced: ___ Sheet Drawing No.
No.
Checked: _ ______________ of
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Instructions - Rock Chute Design Program

This Excel spreadsheet is included as a tool to design rock chutes for conservation practices. Median size for
anqular rock is determined along with the chute hydraulics and dimensions. This spreadsheet is based on "Design
of Rock Chutes" by Robinson, Rice, and Kadavy, ASAE Vol. 41(3), pp. 621-626, 1998 (Ref. 1). One Spreadsheet
version is included. Rock_Chute.xls is intended for Excel in Microsoft Office 97. The Excel file (.xIs) is password
protected. A Glossary is included below. All equations are available from the lowa NRCS Design Staff by request.

Glossary

A, (ft3) =
A, (ft?) =
Bw (ft.) =

d (ft.) =
Dy (ft.) =

E, (ft.)=
E, (ft.) =
F,=
Freeboard =
Fs =

H, (ft.) =

Hee (ft.) =
he (ft.) =
H drop (ft) =
Hp (ft.) =
Hpe (ft.) =
ho (ft.) =
m=

n=

Q high (cfs) =
Qiow (cfs) =
g (cfs/ft.) =
Re (%) =
Tw (ft.) =
Tw+d (ft.) =
Vi (fps) =

y(ft) =
ye (ft) =
Yo (ft) =

Area of flow corresponding to normal depth in the chute.

Area of flow corresponding to the hydraulic jump height in the chute.

Designates the bottom width for the inlet channel, the chute, and the outlet channel sections.
Lower the outlet apron a depth d to submerge the hydraulic jump (1-ft. suggested minimum).
Median angular (cubical) rock size (angular rock is stable at a unit discharge approximately 40%
greater than that for rounded (spherical) stone of the same diameter).

Total energy before the jump.

Total energy after the jump.

Froude number corresponding to normal chute depth.

The berm (or embankment) height above the top of rock in feet.

Factor of safety (multiplier) applied to the median angular rock size, D5, The designer may use
Minnesota Technical Release 3, Loose Riprap Protection, July 1989, page 17, Table 2-1 for help.
Downstream head above weir crest, affects weir flow if H, is greater than 0.715y . or the brink depth
(When H, >0 submerged weir flow exists and normal depth (z,) will not occur in the

chute slope, and the program may over-estimate the D 5, size for this condition.)

Total minimum specific energy head (sum of critical depth and velocity head).

Velocity head (V2/29) corresponding to velocity at critical depth.

The difference in elevation between the inlet apron and outlet channel.

Head upstream of the weir crest required to force flow through the weir.

Total energy head (sum of H, and the velocity head).

Velocity head (V 2/2g) corresponding to velocity at depth H b,

Horizontal component of the side slope ratio (m:1).

Manning's roughness coefficient measured in the middle 1/3 of the chute calculated by

Equation 7 in Ref. 1, and also used to designate the inlet and outlet channel roughness.

High flow storm (The user shall make sure that tailwater depths are at the hydraulic
Low flow storm jump height or greater for high and low flow conditions.)

Equivalent unit discharge in the rock chute.

Relative loss of energy = (1-E,/E 1)*100

Tailwater depth above the outlet channel (determined by Manning's equation or input by user).
Tailwater depth above the outlet apron (must be z, or greater).

Approach velocity upstream of weir crest (trial and error procedure solving simultaneously for
approach velocity and head).

Height of riprap (vertically) along the rock chute side slope, the greater of H, or z,

Critical depth occurs 2y to 4y . upstream of the rock chute crest (0.715y . occurs at the crest).
Normal depth in the inlet channel determined by using Manning's equation (accelerated flow
continues upstream of the weir crest approximately 10y ;).
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z; (ft.) = Normal depth in the middle 1/3 of the chute, calculated by Equation 6 in Ref. 1.
z, (ft.) = Conjugate depth or hydraulic jump height due to the transition from supercritical to subcritical
flow at the base of chute slope.
Z mean (ft.) = Mean depth in the rock chute.

Factor of Safety - The factor of safety (or multiplier, F) is used to safeguard against possible undersizing of the
rock chute's median rock size (Dsg). F adjusts the D rock size, the rock chute thickness, and the outlet
apron length . The lowa NRCS Design Staff also considered modifying (with F) the unit discharge (cfs/ft.), Qpign,
and the bed slope (hydraulic grade line) instead of the Dgy. Applying a F to the D5y will give a more conservative
(larger) median rock size than applying the same F to the other above mentioned parameters. The user must
decide what value of Fs to use. See Minnesota Technical Release 3, Loose Riprap Protection, July 1989, page 17,
Table 2-1.

Maximum values (or limits) were not considered in the spreadsheet. Only values that were outside the scope of
the research were limited (chute bed slope and chute side slope). Each designer should consider what limits or
maximum values they want for various parameters, such as the height of drop (Hgp), high flow storm (Qpgn), bottom
width (Bw), etc.

The program has 2 sheets, (Rock Chute Design Data and Rock Chute Design - Plan Sheet) that are available to the
user by selecting the appropriate icon, besides the Instructions sheet. They are described below.

1) Rock Chute Design Data

The Instructions button (in the upper right) switches the user to this page (select the Back to Design button to
return). The Plan Sheet button takes the user to the Profile, Cross Sections, and Quantities sheet (see below). The
Solve Spreadsheet button (in the center of the sheet) must be selected after changing the design information. The
Tailwater from Program button will enter the word "Program” in the tailwater cells (or the user may specify a
tailwater by typing the value corresponding to high and low discharge). There are three main areas in the Design
Data sheet: 1) Input Channel Geometry, 2) Design Storm Data, 3) Profile and Cross Section (Output). No print
button is available on this sheet. The user should refer to the Rock Chute Design - Plan Sheet for print buttons. The
user should not print with the print icons (standard icons) or menus in Excel, not all the design information will

print.

Input Channel Geometry

This is the major input area for setting channel geometry. All red, italicized values and text can be entered (or
changed) by the user. The user should note the Solve Spreadsheet button in the center of the spreadsheet.
Changing any value, with the exception of Freeboard under the inlet channel column, Outlet apron depth, d, and the
Factor of safety (multiplier) under the chute column will blank the output values in the Profile and Cross Section area
(see below). The user must select the Solve Spreadsheet button when finished inputting. The program sets a limit
on the steepest side slope allowed in the chute (2:1) and the steepest bed slope (2.5:1). Values steeper than these
will blank the output area and the program can not be solved or printed (just to the right of these cells will indicate
Too Steep). Also, the user should input a 1.0-foot "suggested” minimum for d (always make sure that T, + d is

greater than or equal to z ,).
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Design Storm Data (Table 2, NHCP, NRCS Grade Stabilization Structure No. 410)

Here the user is prompted to input the Drainage area and the Inlet and Outlet apron elevation. The program will
determine the NRCS minimum capacity (storm frequency year) for a full-flow open structure (chute and auxiliary
spillway). The user must select the rainfall amount (0-3 in., 3-5 in., or 5+ in.) for a 5-year frequency, 24-hour
duration storm. Input the high and low frequency storm (in cfs) flowing through the chute portion of the structure
(this program does not design the auxiliary spillway). The tailwater must be adequate for both high and low flow
events. The tailwater can be entered by the user or computed by the program for corresponding high and low flow
storms. The Tailwater from Program button enters the word "Program” in the tailwater cells indicating that the
spreadsheet will calculate the tailwater. The user should note that changing Q gn 0r Q i, Will require the Solve

Spreadsheet button to be selected.

Profile and Cross Section (Output)

No values need to be input. These results display chute hydraulics and dimensions for both high and low flow
conditions. Low flow results are given in parenthesis and units are listed with the value. The user should make sure
that T,, + d is greater than or equal to z, as indicated by T, o.k. in the output. If output values give a dashed line or
say "Not Solved" the user must select the Solve Spreadsheet button. If this doesn't work check the chute Bed
Slope and Side Slope values and make sure they are not too steep. The High Flow Storm Information shows the
D5, rock size by diameter (inches) and weight (pounds) for 50% angular and 50% round rock with a specific gravity
(Gs) of 2.65. The weight comes from Minnesota Technical Release 3 (MN TR-3), Loose Riprap Protection, July
1989, page 18, Figure 2-2.

2) Rock Chute Design - Plan Sheet

This sheet gives the Profile, Cross Sections, and Quantities (along with a cost estimate) for the design. The user
may input all red, italicized values and text. The design values can be changed by the user to make them more
appropriate for construction (we strongly discourage reducing the design values below what the program
calculated). The user must enter the quantity of Excavation, Earthfill, and Seeding (if needed). Input the unit cost
for each item in the cost estimate box. There are two print buttons in the upper left: Print Documentation will print
this page as it appears on the screen (in addition to 3 pages of design information), and Print Plan will print a
modified page that is a copy of the Plan Sheet (without the cost estimate). This page can then be pasted on the
plan and includes stakeout notes for the finished rock chute grade. Use the Back to Design button to return to the
design data sheet. The Instructions button (in the upper right) switches the user to this page. A uniform rock

riprap size is required. Uniformly sized materials remained stable at hiaher flow rates than non-uniform (well araded)
A coefficient of uniformity (Dgo/Dp) Of 2.0 or less was used to define the D,y size. The remainder of the values

(D100, Dgs, and Dgp) came from MN TR-3, Loose Riprap Protection, July 1989, page 21, Table 2-2.

Any guestions or comments please contact:

NRCS

lowa Design Staff

693 Federal Building

210 Walnut Street

Des Moines, IA 50309-2180



