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D-15 Expansion Joint Detail (concrete channels)

D-19 Special Design Curb Inlet Detail*

D-20 a,b,e,d Storm Sewer Manholes and Covers
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D-26 Metal Culvert Pipe
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SUBSECTION 1
STORM DRAINAGE AND EROSION CONTROL

Storm Drainage Provided

Storm drainage shall be provided for the development by the developer based on
plans submitied by him to the District Manager and approved by the District
Engineer. Design standards shall be in accordance with the TMD Master
Drainage Study which is similar to a Drainage Basin Planning Study (DBPS), and
applicable sections of the City of Colorado Springs/El Paso County Drainage
Manual. The developer shall install all storm drainage improvements (the
developer shall also comply with the Town of Monument’s Flood Plain
Ordinance). The TMD Master Drainage Study will control the drainage concept
of proposed improvements within the District. Section 4, Appendix A, contains
Standard Drainage Details which are applicable to storm drainage improvements
within TMD. Storm inlet protection should provide safeguards against entry by
small children and animals. Grates shall be provided only at the inlet ends of
drainage pipes.

Effects of Surface Runoff Provided

Development Plan/Preliminary Plat must address the effects of surface runoff on
the proposed development/subdivision. This should cover the approximate size of
the drainage basins with a map on 1:24,000 U.S.G.S. scale, approximate size of
proposed structures and method of handling on-and off-site drainage waters.

A map incorporating the Jackson Creek coordinate system is available from the
District Engineer.

Lot Drainage

The developer shall ensure that all lots drain away from the proposed site of
residential or other structures, and that such drainage not interfere with other
structures in adjoining developments or other lots in the subdivision.

Erosion Contrel Plan

All cuts, fills and other areas disturbed during construction shall be treated to
prevent erosion, whether by planting or other methods, according to an approved
erosion control plan. The subdivider shall prepare said plan and submit it to the
District Engineer for evaluation and approval (see Section 1-6 Erosion Control
Guidelines).

Erosion Control Specifications
a. General Principles - The required erosion control plan is a plan for

controlling erosion during construction in compliance with applicable
laws, ordinances, regulations, resolutions, standards, and specifications.
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This plan shall be a part of the total site development plan and prescribe
the steps necessary including scheduling to assure erosion control during
all phases of construction including final stabilization.

b. Preliminary Drainage Report - Planning for erosion control shall begin
with the Preliminary Drainage Report to be submitted with the
Development Plan and shall include first-hand knowledge of the site by
the development engineer.

ey
(2)

3)

4

)

(6)

M

(8)

The plan shall be based on a sufficiently accurate topographic map.

Adjacent offsite areas affecting the site or affected by the site as
developed shall be shown on the plans in sufficient detail to
identify conditions. Examples of this are areas draining onto the
site or areas where storm runoff leaves the site and travels to a
stream or public drainage system.

The erosion control plan shall consist of the best selection of
erosion control practices and sediment trapping facilities in
conjunction with an appropriate implementation schedule to
accomplish adequate control. Adequate erosion control measures
shall be constructed prior to land-disturbing activities such that no
adverse effect of site alteration will impact swrrounding properties.

Particular attention shall be given to concentrated flows of water,
either to prevent their occurrence or to provide appropriate
conveyance devices to prevent erosion.

Sediment trapping devices shall be required at a point where
sediment-laden water might leave the site.

The plan must include permanent structures for conveying storm
runoff, final site stabilization, temporary erosion control features
including sediment basins, and finally, stabilization of the site
where temporary features have been removed.

Plans showing improvements ot construction to be completed
outside the property line of the site will not be approved unless the
plan is accompanied by an appropriate legal easement of the area in
which such work is required.

Statements or copies of permit submissions shall be provided
documenting compliance with state requirements for non-point
source pollution prevention, and county requirements for fugitive
dust control.
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(9)  The plan will take into account the federal mandate to protect
against destruction of threatened or endangered species and their
habitats.

c. Plan Standards - The plan shall be annotated with appropriate symbols as
shown on the List of Standard Symbols. The symbols should be bold and
tend to “stand out” on the plans. See Section 1-6. Unless otherwise
approved, one of the following scales shall be used for the erosion control
plan: 17 =20"; 1" =30"; 1”7 =40’; or 17 =50". The coniour interval for
these plans shall be two feet or closer.

d. Information to be included in the Erosion Control Plan - The plan shall
provide the following information for the entire tract of land to be
disturbed whether or not the tract will be developed in stages:

(1) A vicinity map indicating the proposed development in relationship
to roadways, jurisdictional boundaries and streams,

(2) A site plan showing soil types, existing and proposed contowrs,
existing vegetation, existing and proposed water courses, critical
erosion areas, adjacent existing and proposed development
affected, and the proposed features of the site.

(3) A plan for temporary and permanent vegetative and structural
controls which specify the conservation measures to be used during
all phases of clearing, grading, filling, construction, and permanent
development.

(4) A schedule of anticipated starting and completion dates for each
sequence and stage of land-disturbing activity depicting
conservation measures anticipated including the expected date on
which the final stabilization will be completed.

(5) All plats, maps, or other drawings submitted for this site shall be
compatible with the erosion control plan as approved.

e. Additional Information Requirements - Additional data may be required
for all projects where the Triview Metropolitan District deems that soil
erosion control problems exist. Such data as specified by the District in
writing may include, but not be limited to:

(1) A detailed description of the maintenance program for erosion
control facilities including inspection programs, vegetation
establishment on exposed soils, method and frequency of removal

TRIVIEW METROPOLITAN DISTRICT — 8/99
Seclion 4 - Storm Drainage and Erosion Control - Page 3



1-6

and disposal of waste materials from control facilities, and
disposition of temporary structural measures.

(2) Soil borings and tests.

(€)] Other engineering studies, computations, schedules, and supportive
data deemed necessary by the District.

4) After reviewing the proposed plan and additional information, if
required, the District shall approve the plan if it is found to be
adequate to control erosion for the site.

Scope and Exclusions - This criteria shall apply to any land-disturbing
activity undertaken by any person on any lands, except minor land-
disturbing activities such as individual home landscaping and gardening,
maintenance and repair work, and those land-disturbing activities which in
the judgment of the District as set forth in writing, will not result in
significant soil erosion or the movement of significant sediment into
waters or onto lands off the project site.

Plan Implementation - Prior to construction, the Erosion Control Plan
must have the required approval signatures of the District Manager or
his/her representative in the appropriate space provided on the plan, and
show proof of any required dust control permit. No clearing, grading,
excavation, filling, or other land-disturbing activities shall be permitted
until approval of the Erosion Control Plan is received from the District.
Once approval is received, approved conservation measures must be
installed before land-disturbing activities are initiated such that no adverse
effect of the site alteration will impact surrounding property. These
conservation measures shall apply to all features of the construction site
including, but not limited to, street and utility installations, as well as to
the protection of individual lots. During all phases of construction, it shall
be the responsibility of those initiating such land-disturbing activities to
maintain all erosion control features in a functional manner.

Guidelines for Erosion Control

The objectives of erosion control design are to prevent damage to adjacent
properties due to sediment, dust, or storm water runoff from the construction site;
and to minimize the onsite effects of erosion; e.g., undermined curbs and gutters,
gullying, sedimentation in storm sewers, ot natural drainages.

Basic Principles - Erosion occurs when water or wind acts upon unprotected
soil to detach, transport, and deposit soil particles. Five generalized factors
are involved in water erosion (sediment generation) - climate, soil
erodibility, slope gradient, length of slope, and surface cover. Of these, the
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cover factor is the easiest to control, followed by the length of slope.
Essentially, the same factors apply to wind erosion (dust blowing).

There are three stages in the erosion process. Controls may be applied to
any of these three stages, but preferably all three stages will be addressed.
They are as follows:

(1) Detachment Stage
(2) Transport Stage
(3) Deposition Stage

In most situations it may be least expensive to control erosion in the first or
detachment stage. Examples of control during detachment include phased
grading, which limits the amount of soil exposed at any one time, mulches,
seedings, or these methods which will limit the power of water or wind to
detach soil.

Control during the second or transport stage must disrupt or control the flow
of water (slow-moving water is less able to carry sediment or detach soil in
the first place). This may be accomplished by installing diversion ditches on
slopes using filter strips, silt fences, and straw bale barriers throughout the
drainage system and using temporary or permanent slope drainage to convey
water safely down slopes. Streets can act as diversions as long as effective
protection of storm drainage inlets is provided.

Control in the final or deposition stage also means intetrupting transport of
sediment, but is applied at drainage outlets or at property boundaries rather
than throughout the project. Sediment traps are the primary structures -
debris basins, over-excavated detention ponds, straw bales or silt fences at
outlets and/or property lines, etc. NOTE: Silt fences are not suitable for
concentrated or channelized flow situations and should only be used where
sheet and rill erosion occurs.

While the following information deals mainly with water erosion, many of
the practices (especially the non-structural methods) are also beneficial for
controlling wind erosion.

b.  Control During Grading - There are operational procedures that can reduce
the amount of erosion that occurs during construction. Phased grading is the
best place to start - limiting activity to one relatively small area that can be
graded, developed, and landscaped before beginning a new area. In terms of
“large equipment use efficiency”, phasing is not always economically
feasible. If the entire site is graded at one time, but construction is expected
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to last several months or years, use one of the following vegetative
procedures outlined below.

Other erosion and sediment control procedures include staying away from
creek/drainage banks and leaving a filter strip of natural vegetation on the
shoulders, not using drainageways as roadways (tire tracks provide a channel
for water that can lead rapidly to gullying), and using a “stabilized
construction entrance”.

¢.  Non-Structural Erosion Control Methods

(1) Mulch - Mulching may be accomplished by the crimping method using
straw or hay, or by the hydraulic method using wood cellulose fiber
mulch, or by other material or methods approved by the District
Manager. A mulch layer provides soil stabilization for a relatively
shott period of time ~ usually a few wecks to six months.

An effective mulch consists of 4,000 pounds of long stemmed (10” or
more) weed and seed free straw or hay applied per acre or an
equivalent amount of other materials such as wood chips, grass and
leaf clippings, etc. Erosion control fabrics, including excelsior mats
and jute netting, are suitable too.

All mulches must be anchored to the soil. Crimping is usually used for
straw or hay, Jute netting placed and pinned over the straw is also vetry
effective for small areas where equipment is difficult to use. Fabrics
are typically anchored with pins.

A mulch must always follow a seeding for at least two reasons - it
reduces, or even prevents, erosion during the establishment period and
it greatly increases the chance of success for non-irrigated seedings by
holding moisture in the soil.

(2) Temporary Seeding - Application of seeding and mulch shall be per
the Soil Conservation Service Standards. Seeding rates and types shall

be as follows:

Transition Turf Mix

Smooth Broime 50%
Perennial Rye 20%
Tall Fescue 20%
Canadian Blue 10%

Spread Rate 25 1bs PLS/acre
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Low Grow
Ephriam Crested Wheat 30%
Dwarf Perennial Rye 25%

Canadian Blue 15%
SR 3200 Blue Fescue 20%
Chewing Fescue 10%

Spread Rate 25 1bs PLS/acre

A temporary seeding (plus mulch) is the preferred erosion control
method on sites that will be exposed and inactive for approximately six
months to one year.

Irrigation expands seeding opportunities, Most grasses can be seeded
at anytime during the growing season with irrigation. Exceptions, for
grasses, include forage sorghum, sundangrass, and millet - they require
warin soil for germination and are, therefore, restricted to summer use.

An added benefit with temporary seeding is a neutral background for
weed control. Noxious weeds tend to dominate a disturbed site which
eventually become a maintenance problem for future owners. The
weeds also produce seeds which are easily transported off-site,
adversely affecting neighboring propetrty, especially open space. Weed
control in a temporary seeding generally means mowing weedy areas
to maintain about a six inch height. If the weeds persist, herbicides
may be used as the grass approaches maturity.

A mulch could also be used for protection for six months to a year, but
it will need to be reapplied since it is biodegradable.

(3) “Permanent” Seeding - Application of seeding and mulch shall be per
the Soil Conservation Service Standards. Seeding rates and types shall
be as follows:

There are several aspects to “permanent” seeding as used for erosion
control. It may be temporary, in that protection is provided for a year,
or more, before replacement with landscaping plant materials. It also
may be truly permanent, a part of the landscape plan.

The purpose of this seeding will determine which grasses are used. A
“naftural” area, which will not be maintained or irrigated, will require
different grasses than the bottom of a detention pond that will be moist
and frequently flooded. If irrigation is provided, the grass selection
will rely more on introduced grasses than on native species.
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A permanent seeding is site-specific, a function of intended use,
maintenance, site conditions, etc.

d.  Structural Erosion Control Methods

(1)

)

3

)

&)

(©)

(7

Temporary Erosion Control Methods - A gravel pad, located at points
of vehicular ingress and egress on a construction site, to reduce mud
transported onto public roads and other paved areas.

Construction Road Stabilization - Temporary stabilization with stone
of access roads, subdivision streets, parking areas, and other traffic
areas immediately after grading to reduce erosion caused by vehicles
during wet weather, and to prevent having to regrade permanent
roadbeds between initial grading and final stabilization.

Straw Bale Barriers - A temporary sediment bairier composed of straw
or hay bales properly placed and anchored across or at the toe of a
slope or in a minor drainageway to intercept and detain sediment and
decrease flow velocities from drainage areas of limited size; applicable
where sheet and rill erosion from low-to-moderate channel flows may
be a problem.

Silt Fence - A temporary sediment barrier constructed of posts, filter
fabric and, in some cases, a wire support fence, placed across or at the
toe of a slope or in a minor drainageway to intercept and detain
sediment and decrease flow velocities from drainage areas of limited
size; applicable where sheet and rill erosion or small concentrated
flows may be a problem.

Storm Drain Inlet Protection - The installation of various kinds of
sediment trapping measures around drop inlet or curb inlet structures
prior to permanent stabilization of the disturbed area. Examples
include block and gravel, gravel and filter fabric, gravel and wire
mesh, and straw bales and filter fabrics.

Diversions - A temporary or permanent channel with a supporting
ridge on the lower side, installed across the slope, used to divert runoff
away from slopes to a protected, stabilized outlet, or to carry sediment-
laden runoff to traps or filters.

Sediment Traps - A temporary or permanent steucture designed to
detain sediment-laden water long enough to cause sediment deposition.
They may be as simple as earthen embankments placed across a small
drainage swale and equipped with a gravel filter outlet, or they may be
larger ponds with structures to regulate the release of stormwater.
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(8) Slope Drains ~ The intent is to conduct concentrated runoff from the
top to the bottom of a slope without causing erosion. Temporary
structures include the use of flexible tubing or conduit. Permanent
conveyance may be in a concrete-lined “chute” or flume.

(9) Outlet Protection - The installation of paved and/or rip-rap channel
sections and/or stilling basins below storm drain outlets to reduce
erosion from scouring at outlets and to reduce flow velocities before
stormwater enters receiving channels below these outlets.

(10) Rip-rap - A permanent, erosion-resistant ground cover of large, loose,
angular stone installed wherever soil conditions, water turbulence and
velocity, expected vegetative cover, etc., are such that soil may erode
under design flow conditions. It must include a gravel blanket placed
below the rock.

(11) Grade Control Structure - Provides temporary protection with properly
designed and installed check dams; used in small open channels, not
live streams. Permanent protection may be provided with drop
structures. Both operate by reducing the velocity of concentiated flow.

(12) Level Spreader - An outlet for dikes and diversions consisting of an
excavated depression constructed at zero grade across a slope to
convert concentrated, sediment-free runoff to sheet flow and release it
onto arcas of undisturbed soil stabilized by existing vegetation.,

e.  Maintenance - For an erosion and sediment control system to remain
effective, it must receive timely inspection and maintenance. Sediment
needs to be removed from sediment traps; straw bales need to be replaced;
inlets need to be cleaned; protective mulches may need to be reapplied;
weeds need to be controlled; water control structures need to be checked for
integrity, etc.

1-7  Design and Construction Requirements for Drainage Improvements
Grates shall be provided only at the inlet ends of drainage pipes, and shall be
appended to the drainage report.

Hydraulic grade line profiles are NOT to be shown on construction drawings.

All pipes are to be installed according to manufacturer’s recommendations.
Among the drainage products and materials which are acceptable for use in the
Triview Metropolitan District:

(D Reinforced Concrete Pipe (RCP)
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Class II may be used in parks and open space areas. Class III is the
’ minimum allowed in areas subject to traffic loadings. See ASTM

C-76.

) Corrugted Metal Pipe (CMP)
Where a designer is contemplating the use of corrugated metal pipe
(soil resistivity testing is required)

3 Corrugated aluminum, as long as there is only a slight to moderate
potential for scour.

(4 Ribbed Plastic

Bedding material shall conform to section 635.14 and 637.06 of the Standard
Specifications of the City of Colorado Springs.

All construction shall conform to the Standard Specifications of the City of
Colorado Springs latest revision.
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SECTION 4

APPENDIX A
STANDARD DRAINAGE DETAILS

NOTE: Standard Drainage Details contained in Appendix A of
the Storm Drainage and Erosion Control Section of this
Manual have been prepared by the City of Colorado
Springs and have been adopted by the Triview
Metropolitan District.
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ANGLE 12 "x 112"

*x W8 —— (TN 727 777

. ANCHOR 3/8" NON-SLIP RAISED PATTERNED

FLOOR PLATE TO ANGLE IRON, USING TACK
WELDS @ 4' C/C STAGGERED ALONG BOTH
SIDES OF PLATE.

ll/z" @ 6"

5/'6" f\
|74

AT

5/16"

'|/2n @ 6"

PROVIDE 6" LONG No.3 REBAR —— 4.
ANCHORS AT 12" ¢/C, WELDED
TO ANGLE FRAME.

DETAIL (D

1" x '," STEEL SPACE BARS, CONTINUOUS
ALONG PERIMETER OF FLOOR PLATE

TYPE OF WALK MIN. TOTAL LENGTH

1" x 3/4 " SUPPORT BAR REOQUIREMENTS

(L) OF AATE FLOOR PLATE WIDTH(W)

SUPPORT SPACING(S)}

ATTACHED WALK WIDTH+10%, "

DETACHED
OR ROADWAYS
WITHOUT WALKS

VARIES, HOWEVER
ENTIRE CHASE SECTION
SHALL BE COVERED
WITHIN PUBUC RO W.

{ SEE NOTE 5 )

Db W -

NONE REQUIRED

0" ¢c/c
27" c/c
15" c/c
10" ¢c/c
7" ¢/C

NOTE: EACH END QF FLOOR PLATE SHALL BE SUPPORTED
8Y SUPPORT BARS, WHEN SUPPORT BARS ARE SPECIFIED.

CHASE OPENING (C)= wW-2 %"

NOTES:
—_——

| ALL EXPOSED METAL TO BE HOT DIPPED ZINE COATED.
FIELD WELDS TO BE TOUCH-UP WITH COLD ZINE COATING.

2. WHEN OTHER THAN TYPE I (8") CURB EXISTS, THE
CONTRACTOR SHALL REMOVE THE EXISTING CURB TO ALLOW
FOR THE REQUIRED TRANSITIONS, AS FOLLOWS:

BEGINNING AT THE EDGE OF THE CHASE SECTION, THERE
SHALL BE A MINIMUM OF 5 FEET OF TYPE { CURE PLUS 10
FEET OF TRANSITIGN TO EXISTING CURB TYPE.

3. ALL REMOVAL OF EXISTING CURB SHALL BE BY SAW-CUT,
OR BY REMOVAL TO AN EXISTING EXPANSION OR TOLD
JOINT REMAINING SECTION AFTER SAW CUTTING TO BE MINIMUM
4' IN LENGTH.

4. CHASE SECTION TO BE POURED MONOLITHICALLY WITH CURB &
GUTTER SECTION AND CUT- OFF WALL.

5, WHEN CHASE SECTION LENGTH{L)} EXCEEDS I5' PROVIDE TOOL
JOINT IN CONCRETE AT MAXIMUM OF 10' SPACING FABRICATE
FLOOR PLATES IN MULTIPLE SECTION NOT TO EXCEED 10" IN
LENGTH.

CITY OF COLORADO SPRINGS

CURB OPENING DETAIL

APPROVED BY .
) iTY ENGINEER

SCALE:
NO SCALE

DATE:

DRAWN:

JAN. 89 | PL.B.

SHEET: D-2!

20F2

——— |
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I SOUFCE: AMERICAN CONCRETE PIPE ASS0CIATION

7(__RENCH BEDDING CLASSIFICATION- ROUND PRECAST CONCRETE PIPE

\

: CLASS A
Reinlorced 4,5 1.0% L = 4.8
Reinforced 4,3 0,65 Ly 7 3.4
- Ploin Ly 2.3
i . Bt 8" min. | B, + B min. |
: 1-1.74 B¢ i 1-1/74 By ]
f ;. K % '.:_'.'-_ c ) t"B'
: e § : . 178 1 SRV RS o V)Y
X . B & min. R A N A T I
K £ A3 e g—f
“ % o ot
Demrety 7 i 1oin o Reinlorced g, - 4
g::\:'ollzllel ' §sbnnele 2000 _p)i F\H’.\-_—§ 3
) B 2 y
1448, % = Comporied
._l > Gionuler
Ve — AP Vg > Monvrial
h ot ¢

CLASS B
1.9 {
5= R ——
; 17 : ?
| R\ B
B . T g“—"—'—' Densely
. Campocred
3 Docklilt
"R
EN
B
: % (s Compocied
( E G \ -Gronulur
B . L. envial .
: < |||=H.:|¢|:‘|I Haiel
,-”_‘ SHAPED SUDGHADE WITH GRLNULAR FDUNDATIOH
GRAHUL AR FOUNRDATION
CLASS C
| Lp= 1.5
| - B " P - » !
" [~ I . .
Vik— - : 3 —1/8 H
smn 3 N T 4 AN
q - Lightly
& [P § Compocicd
et v Bockhill -—-———9 .
. i 2
Q i 3 Iy Compacied
\ . z Grenulor
b . z h A
) 7 Malerial or
LR ~ 1/6 B, Censely
Compacied
. Baeklill

1 v
b SHAPED SUBGRADE GRAHULAR FOUHDATION

Dapih of Bedding

Metcriol Below Pipe Ltqend
z o d (min} B, = suiride duameter
! H = backlill cover obeve 10p of pips
‘ 21 & amalle ¥ D = intide diamelor
i} 10710 807 a" ¢ = deplh of bedding moturiol
G below pipe
; be" & lerger ¢ £, = oree of ronsverse sieed in the
cradle or brch espresicd o3 o
peicentoge of sica of concrere
Notes: Gl invarl 6r tiown,
For Class B and C beddings, subgrades should
excavaled or over excavated, if necessary, X
. ;a unilorm foundation free of piotruding CITY OF COLORADO SPRINGS s
N ks may be provided. i
© Specip) care mby be necessary willh Clats A TRENCH BE%PING GLASSIFiCATlON

i or other unyiclding loundatiohs 10 cushion — )/ .
i pipe from shock when blagting can be onti- APPROVED BY
cipzted inihe arvd, TY ENGINEER
! SCALE: DATE: | DRAWN: | SHEET
i NO SCALE | JAN.S0 | RL.B. D-30



SOURCE: AMERICAN CONGRETE PIPE ASSOCIATION

TRENCH BEDDING CLASSIFICATION PRECAST CONCRETE SECTIONS

HORIZONTAL ELLIPTICAL PIPE

ISR 1
'.;:'3 Compacled
}

CLASS B

;=19

Granular

Malerial Lightly Compacled

Backlill

Fine Granular Fill
Malerial 2° Min.

VERTICAL ELLIPTICAL PIPE

Fine Granular Fill

LAN

Compacled
Granular
Material

Material 2" Min. Shaped lq F“
CLASS B CLASS C
ti=1.9 Li=1.5
PRECAST BOX SECTION
7 AN
\ 12 a0 B
N % N 7
q N 3 N y
g o1 . ‘. ._- .- . ‘... ‘_‘i..:\ llzu ?" k 15
NI b : N7
:5 ([ s j] N2 § 7
SRR 3 i \[‘.qmpaund PN n o Lightly
5 . -. '-.Ié Gfanl.l.lar é ' » T ’ -:/‘\—cun‘paclEd
q :__/_. g Q Material 2 - Backfill
NTZIZANN 77N NCZZZNNN LN
NN NATIVE GRANULAR

CLASS B

6" min.

CLASS C

e
CITY OF COLORADO SPRING

TRENCH BEDDYYG CLASSE ATION
APPROVED BY

scaLfn
NO SCALE

i

z-.




( ]r'*D_{JRCB ASTM A-T798 " INSTALLING FACTORY - MADE. CORRUGATED STEEL SEWER PIPE.

PN TAY B IO 777NN 77
Y ) K
4 /
4
N ~———— UNCLASSIFIED TRENCH
\ }§ “B BACKFILL.{ UNLESS CLASSIFIED
\ /] l;; MATERIAL IS SPECIFIED)
/]
/1
SLOPE mencn—/'\
AS REQUIRED
ABOVE TOP OF
PIPE ZONE. MIN, D/8 LEVEL LIFTS OF BEDDING
{12°MIN.) BACKFILL,PLACED IN LAYERS
pe T, — 6" T0 12" THICK, AND THEN
2 COMPACTED, ( GRANULAR
{ 7 MATERIAL)
N %
>
SPRING LINE __4
AF PIPE o BEDDING BACKFILL COMPACTED
A2 """ NDER HAUNCHES TO SPRING LINE.

h | e = \\'\VM\“\l
GRANULAR . : ' \:\
MATERIAL 6 MIN, w l FOR NARROW TRENCH, W< 24 ",

i:gogfcfgff w?r\rffggeﬁgms w ADDITIONAL, FOUNDATION PREPARATION
GRANULAR MATERIAL PER CONDITION MAY.BE REQUIRED IN UNSTABLE
SPECIFICATIONS, MINIMUM TRENCH CONDITIONS AS DIRECTED BY
‘COMPACTION 90 % STANDARD THE ENGINEER,
PROCTOR DENSITY.
TR - - FP7ANNN
MIN, D/8B —_— ~—— UNCLASSIAED BACKFILL
(127 MIN) ~ .

;
|
"

:

BIL FINE GRADED TO SHAFE OF -
JTTOM OF PIPE ARCH OR BEDDING : CITY OF COLORADO SPRINGS
SLANKET OF GRANULAR MATERIAL TRENCH BEDDING FOR FLEXIBLE PPE
LSHAPED WITH TEMPLATE. - A —_— —
SHAPED BEDDING APPROVED BY £ —2
(PPE - ARCH ) TY ENGINEZR R
SCALE: pate: | DRAWN: | SHE
NO SCALE JAN. 80 | PL.B, D- 32 |

ASTM D- 232! UNDERGROUND INSTALLATION OF FLEXIBLE THERMOPLASTIC SEWER PIPE.

TRENCH BEDDING FOR FLEXIBLE PIPE

)y
T

7

! SHAPE BEDDING TO PIPE INVERT

b o ]
/ FOR A WIDTH OF 0/2.
WHERE UNSUITABLE MATERIAL IS — \

N5 FRiED | LEVEL UFTS OF BEDDING BACK-

' FILL, PLACED IN LAYERS 6
70 (2" THICK, AND COMPACTED.
{ GRANULAR MATERIAL )

PP A

CORNER SUPPORYT ZONE —_ |
EXCELLENT MATERIAL,
HIGHLY COMPACTED.
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TRIVIEW METROPOLITAN DISTRICT .\
STORM SEWER OUTFALL BASIN 7
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DRAINAGE CRITERIA MANUAL #MAJOR DRAINAGE

5. RIPRAP

Riprap has proven to be an effective means to deter erosion along
channel banks, in channel beds, upstream and downstream from hydraulic
structures, at bends, at bridges, and in other areas where erosive
tendencies exist. Riprap is a popular choice for erosion protection
because the initial installation costs are often less than alternative
methods for preventing ero$ion. However, the designer needs to bear
in mind that there are additional costs associated with riprap eresion
protection since riprap jnstallations require frequent inspection and
maintenance, MWire enclosed riprap {(gabion} in most cases requires
complete renovation every 10 to 15 years.

One problem which the designer often neglects is the "erosive"
effect of neighborhood children in urban areas on the riprap itself.
It has been found by many engineers and public works officials that
sometimes the riprap is almost completely lost within the first month
or two after project completion. It is usually thrown into the water
by the children purely for the sake of causing splashes. Increased
police observance and meetings with neighborhood leaders have Tittle
effect, This non-hydraulic problem often makes the use of light or
very 1ight riprap impractical in urban areas.

In 1980 the Urban Drainage and Flood Control District staff began
investigating riprap design and installation practices. Clear and
concise procedures for design and installation were found to be
lacking, and it was decided to develop a set of riprap design and
installation guidelines for the District. DOr. William Hughes of the
Unjversity of Colorado at Denver was retained by the District in 1981
to research the topic and to develop draft riprap criteria. The draft
criteria was then distributed, on a trial basis, to engineering
professionals in the Denver metropolitan area. This permitted the
District staff to gain experience for approximately nine months with
the draft documents.

11-15-82
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Tre Type I and Type I bedding specifications shown in Table 5-3
were developed using the T-V filter criteria and the fact that beddi
which will protect an underlying noncohesive soil with a mean grain
size of 0.045 mm will protect anything finer. Since the T-V filter
criterion provides some latitude in establishing bedding gradations,
it was possible to make the Type I and Type 1I.bedding specifications
conform with Colorado Division of Highways aggregate specifications.
The Type T bedding in Table 5-3 is designed to be the lower layer in a
two layer filter for protecting fine grained soils and has a gradation
identical to Colorado Division of Highways concrete sand specification
AASHTO M-6 (Section 703,01). Type I bedding, the upper layer in a
two layer filter, is equivalent to Colorado Division of Highways Class
A fitter material (Section 703.09) except that it permits a stightly
larger maximum rock fraction. When the channel is excavated in course
sand and grave) (50 percent or more by weight retained on the #40
sieve), only the Type Il filter is required. Otherwise, a two layer
bedding (Type I topped by Type 11} s reauired. Alternatively, a
single 12 inch layer of Type Il bedding can be used except at drop
structures. For required bedding thickness see Table 5-4, At drop
structures a combination of filter fabric and Type Il Eedding is
acceptable as an alternative to a two layer filter. The specifications
for the T-V reverse filter relate the gradation of the protective
Tayer (filter) to that of the bed material (base) by the following
inequalities:

DlS(filter) €5 dBS(base) (Equation 5-1)
* d5(base) = Pas(rirter) <%0 dig(nase)  (Equation 5-2)
O5o(fitter) < #5 950(base) (Equation 5-3)

where the capital "D" refers to the filter grain size and the lower
case "d" to the base grain size, The subscripts refer to the percent
by weight which is finer than the grain size denoced by either "D" or
"d". For example, 15 percent of the filter material is finer “han
DlS(filter) and 85 percent of the base material is finer thap
dSS(base)' Application of the T-V filter criteria is best described
using an example (see Paragraph 5.7.1).

11-15-82
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Before printing the final vorsion of the criteria, the District
retained Dr. Michael A. Stevens to provide an independent technical
review. Dr. Stevens concluded that the basic document was technically
sound and atso offered suggestions to ¢larify the decument and to make-
the text more consistent with commonly used terminology. The fipal
version of zhis section is considered to be state-of-the-art as it is
known today. Never-the-less changes are expected in the future as the
technology continues to evolve.

5,1 Ordinary Riprap

Ordinary riprap, or simply riprap, refers to a protective blanket
of large Toose stones, which are usually placed by machine to achieve
a desired configuration. The term ordinary riprap has been introduced
to differentiate loose stones from grouted riprap and wire enclosed
rock, which are discussed later,

Many factors govern the size of the rock necessary to resist the
forces tending to move the riprap. For the riprap jtself, this '
includes the size and weight of the individual rocks, the shape of the
stones, the gradation of the particles, the blanket thickness, the
type of bedding under the riprap, and the slohe of the riprap layer.
Hydraulic factors affecting riprap include the velocity, current

direction, eddy action and waves.

Experience has shown that riprap failures result from undersized
individual rocks in the maximum size range, improper gradation of the
vock which reduces the interlocking of individual particles and
improper bedding for the riprap which allows leaching of channel
particles through the riprap blanket. )

5.1.1 Rock Properties

" Rock used for riprap or wire enclosed riprap should be hard,
durable, angular in shape, and free from cracks, overburden, shale and
organic matter, Neither breadth nor thickness of a single stone
should be less than 1/3 its length and rounded stone should be
avoided, The rock should sustain a loss of not more than 40 percent
after 500 revolutions in an abrasion test {Los Angeles machine - ASTH
C-535-69) and should sustain a loss of not more than 10 percent after

11-15-82
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12 cycles of freezing and thawing (AASHTO test 103 for ledge rock
procedure A). Rock having a minimum specific gravity of 2.65 is
preferred; however, in no case should rock have a specific gravity
Yess than 2.50. Classification and gradation for riprap are shown in
Table 5-1 and Figure 5-1 and are based on minimum specific gravity of
2.50 for the rock. Because of its relatively small size and weight,
riprap types VL and L must be buried with native top soil and
revegetated to protect the rock from vandalism.

5.1.2 Grouted Riprap

Grouted riprap provides a relatively impervious channel lining
which is less subject to vandalism than dumped riprap. Grouted riprap
requires less routine maintenance by reducing silt and trash accumu-
Tation and is particularly useful for 1ining low flow channels and
steep banks. The appearance of grouted riprap is enhanced by exposing
the tops of individual stones and by cleaning the projecting rocks
With a wet broom, Grouted riprap should meet all the requirements for
ordinary riprap except that the smallest rock fraction {smaller than
the 10 percent size) should be eliminated from the gradation, A
reduction of riprap size by one size designation is permitted for

grouted rock.

"As with ordinary riprap, grovted viprap should be placed on an
adequate bedding. The grout should contain air entrainment, have a
28-day strength of at least 2400 pounds per square inch and should
have a high slump (5 to 7 inches) in order to penetrate either the
full depth of the riprap layer or at least 2 feet where the riprap
layer is thicker than 2 feet. Grout penetration may be accomplished
by redding, vibrating, or pumping of the grout into the riprap voids.
Concrete having maximum aggregéte size of 3/4-inches may be substi-
tuted for grout when using Type M riprap or larger riprap. Weep holes
should be provided at least every 4 to 6 fect at the toe of channel
stopes and channel drops to reduce uplift forces on the grouted
channel 1ining.

11-15-82
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FIGURE 5-1. GRADATION OF ORDINARY RIPRAP

11-15-82
URBAN DRAINAGE 8 FLOOD CONTROL DISTRICT



DRAINAGE CRITERIA MANUAL MAJOR DRAIMNAGE

Table 5-1
CLASSIFICATION AND GRADATION OF ORDINARY RIPRAP

*

Riprap % Smaller Than Intermediate Rock deq
Designation Given Size Dimension
By Height {(Inches) (Inches)
Type VL 70-100 12.
50-70 9
35-50 6 G**
z-10 2
Type L 70-100 15
50-70 12
35-50 9 g
2-10 3
Type M 70-100 21
50-70 18
35-50 12 12
2-10 4
Type H 100 30
5070 24 .
35-50 18 18
2-10 6
Type VH 100 42
50-70 33
3550 24 24
2-10 9

*d50 = Mean partic1e size

** Byry types VL and L with native top soil and revegetate to protect
from vandalism.

5.2 Wire Enclosed Rock
Wire enclosed rock refers to rocks that are bound together in a

wire basket so that they act as a single unit. One of the major
advantages of wire enclosed rock is that it provides an alternative in
situations where available rock sizes are too small for ordinary
riprap. Ancther advantage is the versatility that results from the
reqular geometric shapes of wire enclosed rock. The rectangular
blocks and mats can be fashioned into almost any shape that can be

11-15-82



DRATNAGE CRITERIA MANUAL " MAJOR DRAINAGE

formed with concrete. The durability of wire enclosed vock is
generally Yimited by the service 1ife of the galvanized binding wire
which, under normal conditions, 1% considered to be about 15 years.
Water carrying silt, sand or gravel can reduce the service 1ife of the
wire; also water which rolls or otherwise moves cobbles and Jarge
stones breaks the wire with a hammer and anvil action and cnnsiderab1y
shortens the 1ife of the wire. The wire has been found to be suscep-
tible to corrosion by various chemical agents and is particularly
affected by high sulfate soils. If corrosive agents are known to be
in the water or soil, a plastic coated wire should be specified.

Wire enclosed rock is not maintenance free and must be period-
ically inspected to determine whether the wire is sound. If breaks
are found while they are still relatively small, they may be patched
by weaving new strands of wire into the wire cage. Wire enclosed rock
installations have been found to attract vandalism. Flat mattress
surfaces seem to be particularly susceptible to having wires cut and
stones removed, It is recommended that, where possible, mattress
surfaces be buried, as it has been found that wire enciosed rock
buried under a few inches of soil is less prone to vandalism. Hire
enclosed rock installations need to be inspected at least once year
under the best circumstances and may require inspection every three
months in vandalism prone areas in conjunction with a regular mainte-
nance program. Mattresses on sloping surfaces must be securely
anchored to the surface of the soil as discussed in Section 5.5.3.

fock filler for the wire baskets should meet the rock property
requirements for ordinary riprap. Minimum rock sizes and basket
characteristics are shown in Table 5-2. The maximum stone size should
not exceed 2/3 the basket depth or 12 inches, whichever is smaller,
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- Table 5-2

GABION BASKETS
(Standard U.S.A, Sizes)

Drainage Letter Rumber Capacity Minimu
manual code ' of cubic _rock_
designation of size length width depth diaphragms yards dimens)
A 6' x 3' x ¥ 1 2 4"
636 B g' x 3' x 3 2 3 4"
C 13 x 3' x I 3 4 4"
D 6' x 3' x 1 1 1 4"
G18 E g' x 3 x 1 2 1.5 4"
F 13 x 3' x 1 3 2 4"
G 6' x 3' x 1' 1 0.66 4"
G12 H 9 x 3* x 1 2 1 4"
1 13* x 3' x 1 3 1.33 4"
SLOPE MATTRESS
SM9 T 9" x &' x 0'-9" 5 1.80 KA
u 12" x 6' x 0'-9" 6 2.20 3"

5.3 Bedding Requirements

Long term stability of riprap and gabion erosion protection is
strongly influenced by proper bedding conditions. A large percentage
of all riprap failures are directly attributable to bedding failures,
which 1s particularly disturbing in 1light of the fact that over hailf
of all riprap installations experience some degree of failure within

10 years of construction,

A properly designed bedding provides a buffer of intermediate
" cized material between the channel bed and the riprap to prevent
leaching of channel particles through the voids in the riprap. Two
types of bedding are in common use: 1) a granular bedding filter and
2) filter fabric.

5.3.1 Granular Bedding

Two methods for establishing gradation requirements for granular
bedding are described in this section. The first, a one or two layer
bedding, shown in Table 5-3 is adequate for most ordinary riprap,
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grouted riprap or wire encased riprap applications. The second
utilizes a design procedure developed by Terzaghi, which is referred
to as the T-V (Terzaghi-Vicksburg) design (7}(19). The T-V filter
criteria establishes an optimum bedding gradation for a specific
channel soil. The latter requires channel soil information, including
a gradation curve, while the Type I and Type 1] bedding specifications
given in Table 5-3 (and Figure 5-2) are applicable whether or not soil
information is available.

Table 5-3
GRADATION FOR GRANULAR BEDDING

U. S. Standard Percent Weight Square Mesh Sieves
Sieve 5ize By Passing
Type 1 Type 11
a - 90 - 100
1-1/2" - -
3/4" - 20 - 90
3/8" 100 -
#4 95 ~ 100 0-20
#16 45 - B0 -
#50 10 - 30 -
#100 2 - 10 -
#200 ) 0 -2 0 -3
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Table 5-4
THICKNESS REQUIREMENTS FOR GRANULAR BEDDING

Minimum Bedding Thickness {Inches)

Riprap Fine Grained Soils* Course Grained Soils**
Designation
Type 1 Type I1I Type 11
L, G, SM 4 4 6
y 4 4 6
H 4 6 8
VH 4 6 8

*May substitute one 12 inch layer of Type II bedding. Substitution
of one layer of Type Il bedding shall not be permitted at drop
structures, Use of a combination of filter fabric and Type 11
bedding at drop structures is acceptable, see Section 5.3.2 for use
of filter fabric¢ at drop structures,

**Cjfty percent or more by weight retained on the #40 sieve.

5.3.2 Filter Fabric

Filter fabric is not a complete substitute for granular bedding.
Filter fabric provides filtering action only perpendicular to the
fabric and has only a single equivalent pore opening between the
channel bed and the riprap. Filter fabric has a relatively smooth
surface which provides less resistance to stone movement. As a result,
it is recommended the use of filter fabric be restricted to slopes no
steeper than 2.5h to lv, Tears in the fabric greatly reduce its
effectiveness so that direct dumping of riprap on the filter fabric is
not allowed and due care must be exercised during constructijon. None-
theless, filter fabric has proven to be an adequate replacement for
granular bedding in many instances. Filter fabric provides an ade-
quate bedding for channel 1inings along uniform mild sloping channels
where leaching forces are primarily perpendicular to the fabric.

At drop structures and sloped channel drops, where seepage forces
may run parallel with the fabric and cause piping along the bottom
surface of the fabric, special care is required in the use of filter
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fabric. Seepage parallel with the fabric might be reduced by folding
the edge of the fabric vertically downward about 2 feet (similar to a
cutoff wall) at 12-foot intervals along the installation, particularly
at the entrance and exit of the channel reach. Filter fabric has to
be 1apped a minimum of 12 inches at rol]l edges with upstream fabric
being placed on top of downstream fabric at the lap.

Fine silt and clay has been found to clog the openings in filter
fabric. This prevents free drainage which increases failure potential
due to uplift. For this reason, a double granular filter is often a
more appropriate bedding for fine silt and clay channel beds. See
Figures 5-3 a through 5-3 ¢ for details on acceptable use of filter
fabric as bedding. 1

5.4 Channel Linings
Channel 1inings constructed from ordinary riprap, grouted riprap.,

or wire encased rock to control channel erosion have been found to be
cost effective where channel reaches are relatively short (less than
1/4 mile}. Situations for which riprap linings might be appropriate
are: 1) where major flows, such as the 100-year flood are found to
produce channel velocities in excess of allowable non-eroding values
(5 feet per second for sandy soil conditions and 7 feet per second in
erosion resistant soils); 2) where channel side sTopes must be steeper
than 3:1; 3) for low flow channels, and 4) where rapid changes in
channel geometry occur such as channel bends and transitions, Design
criteria applicable to these situations are presented in this section.
Section 5.4 emphasizes design requirements associated with ordinary
riprap, while Section 5. 5 c0nta1ns additional design considerations

specifically related to wire enclosed rock. Both Sections 5.4 and
5.5 are valid only for subcritical flow conditions where the Froude

number is 0.B or less.

5.4.1 Roughness Coefficient
The Manning's roughness coefficient {n) for hydrau]1c computa-
tions has been found to be about 0.035 for wire enclosed rock and may
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be estimated for ordinary riprap using:
0395 dgy H°

in which d50 = the mean stone size in feet.
This equation does not apply to grouted riprap (n = .023 to .030), or
to very shallow flow (hydraulic radius is less than or equal to 2
times the maximum rock size)} where the roughness coefficient will be

]

n

greater than indicated by the formula.

5.4,2 Rock Size and Lining Dimensions

Table 5-5 summarizes riprap requirements for a stable channel
1ining based on the following relationship which resulted from Smith
and Murray's model studies {24):
0.17

VS
0.5 .66
deg (Ss_l)

= 4,5 (Equation 5-4)

in which, V = mean channel velocity in feet per second
S = 7longitudinal channel slope in feet per foot
S, = Specific gravity of rock (minimum S_ = 2.50)
deg = rock size in feel for which 50 percent of the riprap

by weight is smaller.

The rock sizing requirements in Table 5-5 are based on the rock
having a specific gravity of 2.5 or more. Rock having specific
gravity less than 2.5 is considered unacceptable.

Table 5-5 represents a significant departure from past practices
by recognizing that rock size does not need to be increased for
steeper channel side slopes, provided the side slopes are no steeper
than zh:1v {24), Rock lined side slopes steeper than 2h:1v are
considered unacceptable because of stability, safety, and maintenance
considerations. Proper bedding is required both along the side slopes
and the channel bottom for a stable lining. The riprap blanket thick-
ness should be at least 1.75 times dgj (at least 2.0 times dg, in
sandy soils) and should extend up the side slopes at least one foot
above the design water surface. At the upstream and downstream termi-
nation of a riprap lining, the thickness should be increased 50
percent for at least 3 feet to prevent under cutting.

5-1-84



P

TU HILY WY L T

PR

DRATNAGE CRITERIA MANUAL MAJOR DRATNAGE

vede

e ke

Table 5-5
RIPRAP REQUIREMENTS FOR CHANNEL LININGS **

VS0'17/(SS—1)0'66* Rock Type ***
(ft}/sec)
1.4 to 3.2 VL
3,3 to 3.9 L
4.0 to 4.5 M
4.6 to 5.5 H
5.6 to 6.4 VH

Use SS = 2.5 unless the source of rock and its densities are
known at the time of design.

Table valid only for Froude number of 0.8 or less and side
slopes no steeper than 2h:lv.

Type YL and L riprap shall be buried after placement to
reduce vandalism.

SM2 siope mattress with toe protection may be substituted
for Type VL or L riprap.

G12 gabion with toe protection may be substituted for Type M
and Type H riprap.

5.4.3 Toe Protection

Where only the channel sides are to be lined, additional riprap
is needed to provide for long term stability of the Tining. In this
case, the riprap blanket should extend at least 3 feet below the
existing channel bed and the thickness of the blanket below the
existing channel bed increased to at least 3 times dg, to accommodate
possible channe)l scour during floods {see Figure 5-4a). For sandy

soils, consult specific criteria for channels on sandy soils. If wire
enclosed rock 1ining is used, the toe must be protected by placing
riprap at the toe. This is needed to protect against frequently

occurring abrasion, (see Figure 5-4b and 5-4c),
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5.4.4 Channel Bends

The potential for erosion increases along the outside bank of a
channel bend due to the acceleration of flow velocities on the outside
part of the bend. Thus, it is often necessary to provide erosion
protection in channels which otherwise would not need protection. In
erosion resistant soils, no extra protection is required by these
criteria along bends where the radius is greater than 2 times the top
width (as measured for the major flows) but in no case less than 100
feet,

For bank protection requirements in sandy seils, consult the
specific criteria for channels on sandy soils. However, for channels
in erosion resistant soils not requiring riprap protection along
straight sections, channel bends with radii smaller than stated above
require Type L or SM3 riprap protection. As stipulated earlier, such
riprap needs to be covered with native soil and revegetated in accord-
ance with Section 5.1.1. The minimum aljowable radius for a riprap
Jined bend is 1.2 times the top width of the design fiow water surface
and in no case less than 50 feet. The riprap protection should be
placed along the outside of the bank and should extend downstream from
the bend a distance equal to the length of the bend.

Where the mean channel velocity exceeds the allowable non-eroding
velocity so that riprap protection is required for straight channel
sections, increase the rock size by one category (e.g., Type L to
Type M) around bends. The minimum allowable radius for a riprap lined
bend in this case is also 1,2 times the top width of the design flow
water surface.

5.4.5 Transitions

Scour potential is amplified by turbulent eddies in the vicinity
of rapid changes in channel geometry such at transitions and bridges.
Table 5-5 may be used for selecting riprap protection for subcritical
transitions (Froude numbers 0,8 or less) by increasing the channel
velocity by twenty (20%) percent.
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Since the channel velocity varies through a :yvansition, the maximum
velocity in the transition should be used in selecting riprap size
after it has been increased by 20%,

Protection should extend upstream from the transition entrance at
least 5 feet and extend downstream from the transition exft at least
10 feet.

5.5 Wire Enclosed Riprap Linings

The geometric properties of wire encliosed rock permit placemént
in areas where ordinary riprap is either difficult or impractical to
place. Proper desfgn and construction is important to successful
operation and lifetime performance. Figures 5-5a and 5-5b depict some
of the more common ways wire enclosed rock is configured along channel
banks. However, use of wire enclosed riprap 1ining is 1s not encour-
aged, particularly in areas exposed to annval floods, and it fis
reconmended that ordinary riprap be used whenever it is feasible.

5.5.1 Side Slope Steeper Than 2h to lv )

Where channel side slopes must exceed 2h to 1lv, gabion baskets
(636) may be stacked to form a retaining wall as we)l as erosion
protection along the channel banks as shown in Figure 5-5b, Adjacent
baskets should be tied together with heavy gauge wire and adequate
protection against channel bed degradation must be provided at the toe
of the Tining. Stacked baskets must be stoped, or stepped into the
bank as shown in Figure 5-5b. Vertical stacking is not acceptable.

5.6.2 Counterforts

Channel 1inings should be tied to the channel banks with gabion
(636) counterforts at least every 12 feet. Counterforts should be
keyed at least 12 inches into the existing banks with slope mattress
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linings (see Figure 5-5a) and should be keyed at least 3 feet by
turning the counterfort gebions end-wise when the lining is designed
to serve as a retaining wall (see Figure 5-5b).

5.5.3 Slope Mattress Staking

Mattresses and flat gabions on channel side sltopes need to be
tied to the banks by 2-inch diameter steel pipes driven 4 feet into
tight solid (clav) and 6 feet into loose sofil (sand) (see Figure
5-5a). The pipes should be located at the inside corners of basket
diaphraams along an upslope (highest) basket wall, so that the stakes
are an integral part of the basket. The exact spacing of the stakes
depends upon the configuration of the baskets, however the following
is the suogested minimum spacing: Stakes every six feet along and
down the slope, for slopes 2,5 to 1 and steeper and every 9 feet along
and down the slope for slopes flatter than 2.5 to 1, Counterforts are
optional with slope mattress 1inings. Slope mattress staking, however,
is required, whether or not counterforts are used.

5.6 FErosion Protection at Conduit Outlets

Scour resulting from highly turbulent rapidly decelerating flow
is a common problem at conduit outlets, The following riprap protec~
tion is suggested for outlet Froude numbers up to 2.5 (i.e., Froude
parameters Q/Dz‘5 or Q/HHl‘5 up to 14 ft.U'slsec) where the outlet of
the conduit slope is parallel with the channel gradient and the
conduit outlet invert is flush with the riprap channel protection.
Here Q is the discharge in cubic feet per second, D is the diameter of
a circular conduit in feet and W and H are the width and height of a

rectangular conduit in feet,-

5.6.1 Confiouration of Riprap Protection

Figure 5-6 illustrates a typical ripraped basin at a conduit
outlet. The additional thickness of the riprap just downstream from
the outlet is to assure protection from extreme flow conditions which
might precipitate rock movement in this region. Note that protection
is required under the conduit barrel and an end slope is provided to
accommodate degradation of the downstream channel.
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5.6.2 Required Rock Size
The required rock size may be selected from Figure 5-7 for circu-
lar conduits and from Ficure 5-B for rectangular conduits. Figure 5-7
‘s valid for Q/B%'5 of 6.0 or less and Figure 5-8 is valid for Q/WH! >
of 8.0 or less. The parazmeters in these two figures are:
a. Q/ 01‘5 or Q/‘n'HO'5 in which Q is the design discharge in
cubic feet per second and D is a circular conduit diameter
in feet and W and H are the width and height of 2
rectangular conduit in feet.
b.  Y./Dor Yt / H in which Yt js the tailwater depth in feet, D
is the diameter of a circular conduit and H is the height of
a rectanguiar conduit in feet. In cases where Yt is unknown
or a hydraulic jump is suspected downstream of the outlet,
use Y, /D =Y, /H= 0.40 when using Figures 5-7 and 5-8,
c. The riprap size requirements in Figures 5-7 and 5-8 are
based on the non-dimensiona) parametric equations 5-5 and
5-6 (11)(25).

Circular Culvert:

(d5p/0) (¥, /D)2 / (q/b%+%) = 0.023  (Equation 5-5)
Rectangular Culvert:

(dgg/D) (Y, /H) Y/ (q/wnl-®) = 0.014  (Equation 5-6)

The rock size requirements were determined assuming that the flow in
the culvert barrel is not supercritical. It is possible to use
Equations 5-5 and 5-6 when the flow in the culvert js less than pipe
full and is supercritical if the value of D or H is modified for use
in Figures 5-7 and 5-8. Whenever the flow is supercritical in the
cutvert, substitute D_ for D and H_ for H, in which D, is defined as

D, = (D + ¥ ) (Equation §-7)
in which maximum Da shall not exceed D, and

Ha = §(H + Yn) (Equation 5-8)
in which maximum Ha shall not exceed H, and

Da = A parameter to be used in Figure 5-7
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whenever the culvert flow is supercritical.

D = Diameter of a circular gu1vert in feet.

Ha = A parameter to be used in Figure 5-8 whenever
the culvert flow is supercritical

H = Height of a rectangular culvert in feet,

Yn = Normal depth of supercritical flow in

the culvert.

5.6.3 Extent of Protection

The length of the riprap protection downstream from the outlet
depends on the degree of protection desired. If it is to prevent all
erosion, the riprap must be continued until the velocity has been
reduced to an acceptable value. For purposes of outlet protection
during major floods the acceptable velocity is set at 5.5 fps for very
erosive soils and at 7.7 fps for erosion resistant soils, The rate at
which the velocity of a jet from a conduit outlet decreases is not
well known. For the procedure vecommended here it is assumed to be
related to the angle of lateral expansions, 9, of the jet. The velo-
city is related to the expansion factor, (1/(2tan e)), which may be
determined directly using Figure 5-9 or 5-10.

Assuming that the expanding jet has a rectangular shape:

L = (1/(2 tan ) )(A /Y, - W) (Equation 5-9)
in which:
L = length of protection in feet,
W = width of the conduit in feet (use diameter for circular

conduits),
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Yt = tailwater depth in feet,
e = the expansion angle of the cﬁ]vert flow.
A,=Q /¥ {Equation 5-10)
Q = design discharge in cubic feet per second
V = the allowable non-eroding velocity in the downstream
chanpel in feet per seconc.
At = required area of flow at allowable velocity in square

feet.

In certain circumstances, Equation 5-9 may yield unreasonable
results. Therefore in no case should L Le less than 30 or 3H, nor
does L need to be greater than 10D or 10H whenever the Froude para-
meter Q/HHI'S or Q/Dz'5 is less than 8 or 6 respectively. Whenever
the Froude parameter is greater than these maximums, increase the
maximum L required by one-fourth D or H for each whole number the
Froude parameter is greater than 8 or 6 for rectangular or circular
pipe respectively.

5.6.4 Multiple Conduit Installations

The procedures outlined in Sections 5.6.1, 5.6.2 and 5.6.3 can be
used to design outlet erosion protection for multi-barrel culvert
jnstallations, by hypothetically replacing the multiple barrels with 2
single hydraulically equivalent rectangular conduit. The dimensions of
the equivalent conduit may be established as follows: First, distri-
bute the total discharge,.Q, among the tndividual conduits. Hhere all
the conduits are hydraulically similar and identically situated, the
flow can be assumed to be egually distributed, otherwise, the flow
through each barrel must be computed. Next, compute the Froude para-
meter QilDiz'5 (circular conduit) or Qi/HiHil'5 (rectangular conduit),
where the subscript i indicates the discharge and dimensions associ-
ated with an individual conduit, If the installation includes dissii-
ilar conduits, select the conduit with the largest value of the Froude
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parameter to determine the dimensions of the equivalent conduit., Make
the hefght of the equivalent conduit, He’ egual to the height, or
diameter, of the selected individual conduit. The width of the equiv~
alent conduit, we, is determined by equating the Froude parameter from
the selected individual conduit with the Froude parameter associated
with the equivalent conduit, O/HeHel‘s.

5.7 Examples

5.7.1 Example - Design of Granular Bedding
Given: Sandy-silt channel bed with gradation shown by the

solid Tine in Figure 5-11.
Find: The gradation band for granular bedding required to
protect the given sandy-silt channel bed,

Step 1: From the gradation curve read:

d15(base) -016 mm
d50(base) = 051 mm
dg5(base) = 0.10 mm

Step 2:  The upper Timit of DlS(fi]ter) =5 x dBS(base)
(Equation 5-1, the upper 1imit of DlS(fi]ter) =
5x.1=.5nm).

Step 3:  The upper limit of Dys(fitter) = 20 X 915(base)
{(Equation 5-2, the upper Timit of DlS(filter) = 20 x
.016 = .32 mm).-

Since .32 m < .5 mm, requirement 2 controls. The upper
limit for DlS(fi]ter) = .32 mm.

Step 41 The lower limit for DlS(fi]ter) = 4 x dyp (Equation
5-2, the lower limit for DlS(filter) =4 x .016 =
.064 mm),
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Step 5:

Step 6:

Step 7:

Step B:

Step 9:

Step 10:

The upper 1imit for Depreiyiar) 25 x dgg (Equation
5-3, the upper limit for DSO(fi1ter) = 25 x 051 =

1.28 mm.

Plot the results from Steps 2 through 5 as shown on
Figure 5-11.

Sketch the upper and lower limits of the gradation
requirements for the lowest layer of the bedding. Use
the shape of the sandy-silt gradation curve and the
plotted points to establish the 1imits as shown by the
dashed Jines on Figure 5-11.

Establish a gradation for the 1oﬁest bedding layer
which fits within the gradation band from Step 7.
Repeat Steps 1 through 8 using the gradation curve from
Step 8 as the base; to establish the required gradation
band for the second layer of the bedding. Usually two
layers are sufficient. '

Set the granular bedding thickness of each layer to the

tiickness of each layer specified in Table 5-4,

5.7.2 Example - Single Conduit Outlet Protection

Given:

11-15-82

72 inch (ﬁ—ft) diameter culvert at S0 = 0.010 ft/ft
and n = 0,012,
D 6 ft

Q
Taflwater depth (normal depth downstream} = 3.0 ft.

11

500 ft3/s (pipe full flow)

Allowable channel velocity downstream = 5.5 ft/s.
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Q = 270 ft3/s
Tajlwater depth = 2.1 ft
Allowable channel velocity downstream = 7.7 ft/s
Step 1: Determine flow in each conduit ang determine if they
are flowing at supercritical depths.
Q = 270/3 = 90ft /s
Critical depth at 90ft3/s = 1.02 ft
Normal depth Yn at 90 ft3/s is pipe full flow.
Therefore flow is subcritical and no adjustment is
needed to the diameter when using Figure 5-8.
Step 2:  Compute Froude Parameter
F o= q/m%% = 907325 = 5,77,
Step 3: Set height of equivaient rectangular conduit
He =D =3 ft
Step 4: Calculate the width of an equivalent rectanguiar culver

we by equating Froude Parameters using He = 3.0 ft.

W 270
e = = 9 ft
(5.77)(3)1"
Step 5: Determine type.of riprap
Yt/He = 2,1/3,0 = 0,7
oM H 0% = 270/(9x30°5) = 17.3
From Figure 5-8: Type L riprap

From Table 5-1: d =9 in

50

11-15-82



APK-gY¥—v3 WLV UI«U1 hil UL LUnIOUY Bl e L divi wee mew e s -

DRAINAGE CRITERIA MANUAL MAJOR DRAINAGE

Step 6: Determine the expansion factor
270

HE HBB/Z (9)(3)1-5
From Figure 5-10: 1/(2tan e} = 4.3

= 5,7]

Step 7: Calculate length of protection

A, = (270/7.7) = 38,1 Ft2 (Equation 5-10)

L = 4,3{35.1/2.1 -9,0) = 33 ft (Equation 5-9)
Step 8: Check if maximum or minimum 1imits govern
Since Q/D%*° is less than 6.0, then

Lmax

Therefore, use L = 30 ft for basin length.

i

10H = 10(3) = 30 ft

Step 9: Determine maximum riprap depth
From Figure 5-6, maximum depth is 2dgq = 2(.75) = 1.50 -

Example 2 - Dissimilar Pipes

Given:  Double 36 inch (3 ft) culvert
Single 48 inch {4 ft) culvert
A1l pipes at So = 0,030 ft/ft and n = 0.012
A1l outlet inverts are at the same elevation. This
procedure can be applied only to such cases. If
inverts are not at the same elevation, suggest using.a

concrete energy disipator.

Q = 315 /s
Headwater depth = 8 ft
Tailwater depth = 3.0 ft

Allowable channel velocity downstream= 7.7 ft/s
Step 1: Determine the flow in each conduit

Assume inlet control governs

HY

Dy

= é.: 2 ﬂH.: §
4 ) 02 .3

= 2.67
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Step 2:

Step 3:

Step 4:

11-15-82

From highway cﬁ]vert nomographs for circular pipe
having 2 squarc edged headwal) {ype entrance

0; = 15 §t¥/s; Q, = 85 ft/s

Determine if any of the pipes are flowing at
supercritical &epths.

Critical depth for a 48 in circular pipe at 145 ft3/s
is 3.5 ft. Normal depth (Yn), is 2,12 ft, Therefore,
this pipe is flowing supercritical,

Critical depth for a 36 inch circular pipe at 85 ft3/s
is 2.79 ft. Normal depth (Yn), is 1.80 ft, Therefore,
this pipe is flowing supercritical and inlet control
assumption in Step 2 is also valid.

Since the culverts are at supercritical flow, determine
the modified pipe heights.

For the 48 in pipe

D, = 1/2 (4.0 + 2,12) = 3,06 ft {Equation 5-7)
For the 36 in pipe

D, = 1/2(3.0 + 1.80) = 2,40 ft

Compute Froude Parameters and determine equivalent
rectangular height

Fy = 145/3.06%°° = 8,85

F, = 85/2.40% = 9,53

Fz governs, therefore use Ha = Da = 2,40 ft. MNote

that because D, is less than the tailwater and the pipe
is flowing at supercritical depth, a hydravlic jump

downstream of outlet is suspected. Also note that F1
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and F, exceeds the upper limit of 6.0 for circular pipe
and the use of riprap or Figures 5-7 and 5-8 would not
normally be acceptable, However, for the sake of
i1lustrating the procedure this example utilizes these
two Figures for rock size selection.

Step 5: Calculate width of equivalent rectangular culvert we
for‘the 3 foot pipe by equating Froude Parameters using
Hy = 2.40 ft.
M A0 = 9.53
W, = 315/(9.53)(2,4)""7 = 8.9 ft.

Step 6: Determine type of riprap
Yt/He = 3.0/2.40 > 1.0
Tailwater is greater than approach flow and a hydraulic
jump is suspected, therefore in accordance with
Paragraph 5.6.2, set Yt/He = 0,40 for use with Figure 5-8.
/(W O2) = 315/(8.9x2.400-°) = 22.8
From Figure 5-8: Type M riprap

From Table 5-1: den = 12 in

50
Note the qualification in Step 4 of this exampie
Step 7:  Determine expansion factor 1/(2tan e).
oM A0 = 9.53
Yt/He = 2.4/1.76 = 1.36
Note that the value of these'two parameters is beyond
the range of Figure 5-10, Never-the-less, a value of

1/(2tan o) is chosen using

1.5 _
am At = 6

11-15-82
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Step 8:

Step 9:

11-15-82

and

YtIHe =1,0
Set 1/(2tan e) = 5,6
Determine length of protection
B, = 315/7.7 = 40,9 ft” (£quation 5-10)
L = 5.6 {40.9/3.0 -8.9) = 26.5 feet.  (Equation 5-9)
Check if maximum 1imit governs using the tallest cul~
vert of the three. Since the Froude Parameter for the
controiling c{rcular pipe is greater than &, the upper
1jmit must be increased by one-fourth for each whole

Froude Parameter greater than 6, Thus,

Lnax © (10 + 0.25 (9.53 ~6))H
or

Lnax = 10,94

Lmax = 10.9(4.0) = 43.6 ft

Since the basin length in Step 8 is less than Lmax’ use

basin length L = 26.5 ft,
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Step 1:

Step 2t

Step 3:

Step 4:

Step 5:

Determine the required type of riprap for erosion
protection, -

First check to see if culvert is supercritical. Since
the pipe is flowing full Da =D =6 ft

Then, |

Y,/ = 3.0/6.0 = 0.5

/!5 = soos6lt = 34

From Figure 5-7 -- Type VH riprap wil) be required
From Table 5-1 -~ dgy = 24 in '
Determine the expansion factor 1/(2tan. e).

0/02- = 500/6%°° = 5.67

From Figure 5-9 -- 1/(2tan e) = 2.8

Determihe the length of riprap protection

A, = 500/5.5 = 91 Ft° (Equation 5-10)
L = 2.8 {91/3 -6) = 68 ft (Equation 5-9)
Check if maximum or minimum }imit governs

Since Q/b°*> is less than 6.0, then

Lmax = 100 = 10(6) = 60 Tt

Therefore, use 60 feet for basin length.

Determine the maximum riprap depth

From Figure 5-6, maximum depth = 2 dgg = 2(2) = 4 ft

5.7.3 Examples - Multiple Conduit Outlet Protection

Example 1 - Similar Pipes

Given:

11-15-82

Triple 36 inch (3-foot) culvert at 5 = 0.010 ft/ft
n=0,012
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FIGURE 5-2. GRADATION CURVES FOR GRANULAR BEDDING
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Use Dg insleod of D whenever flow is supercritical in the barrel,
*%Use Type L for a distance of 3D downstream.

FIGURE 5-7. RIPRAP EROSION PROTECTION AT CIRCULAR
CONDUIT QUTLET,
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Q/ wHOP?

Yy/H

Use Hgy insteod of H whenever culvert has supercriticol flow in the borrel.
*¥se Type L for a distoance of 3H downsireom.

FIGURE 5-8. RIPRAP EROSION PROTECTION AT RECTANGULAR
CONDUIT OUTLET.,
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FIGURE 5-9. EXPANSION FACTOR FOR CIRCULAR CONDUITS
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B = Expansion Angle
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FIGURE 5-10. EXPANSION FACTOR FOR RECTANGULAR CONDUITS
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FIGURE 5-11, EXAMPLE GRANULAR FILTER ODESIGN






