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6.41 Tail-water depth—Determine the tail-watcr depth immediately below the 6.32 ' e e L .
OUTLET STABlLlZAT!ON STRUCTURE culvert or pipe outlet based on the design discharge. The ratio of tail-water j TsD j TEMPGRARY SLOPE DRAINS
depth to pipe diameter must be determined in order to select the appropriate i = -
riprap apron or plunge pool design method.
- . - . Ph : Definition A flexible tubing or conduit extending temporarily from the top to the bottom
Definition A structure designed 1o control erosion at the outlet of a channel or conduit. &::]ggniﬁmmc ﬁpﬂzzéﬂug@m;mﬂmmfﬂ-g of a cut or filf slope.
P - -~ " USDA Riprap Lined Plunge Pool for Cantilevered Outlet. Software from the
urpose Toprevent erosion at the outlet of a channe? or conduit by reducing the velocity Fe&wﬂIﬁghwuyAdmnnwhaﬂoncanhednwukmdedaihnpjhwunvﬂMWLdot T H
GF o el v : s ing/hydraulics/soft i i et Purpose © convey concentrated runoff down the face of 2 cut or fill slope without
methnds are available through the Land Quality wcb-s:te at hitp/Awwwdlr.
e " . . . 5 < eni.state.nc.us/pages/links him,
Conditions Where ‘;‘m practice applies where the discharge velocity of @ pipe, box culvert, . Conditions Where This practice applies to canstruction areas where stormwater runoff above a
Practice Appl;es va’sw_l::l:pe'n %‘” L5 waltﬂ ’ct;lisposalﬂ::ne the m:’“‘Twﬁ}lvimger% PractrceAp lies cut or fill slope will cause crosion if allowed to flow over the slope. Temporary
permissy Y g howing variabl P! siupedﬂnnsmgwmﬂylmdmmunmmmﬂ:dﬂmmsmmmymuﬁ
+ . down a slope until p water disp czn be installed
Planning Theoutlets of channels, condnits, and other structures are points of high erosion E iT 3
Considerations ' gb[glmnfm‘{:gym. ,mnﬂ;wsxtvﬂommlgazmﬂn h Fa 1T L Planning Thero is often a significant lag between the time 2 cut or fil slope is graded
allow downstream. To prevent scour and undermining, 4 = . ) and the time it is permanently stabilized. During this period, the slope is very
an outlet stabilization structure is needed to absorb the impact of the flow and L Considerations mwcmum,mdmmslmemmgemﬂmmm
reduce the velocity to non-erosive levels. A riprap-lined apron is the most
Iy used ice for this et o b el i Ls tﬁvmms)un provide valuable protection (Practice 6.20, Temporary
and case of installation. The riprap apron should be extended downstream
until stable conditions are reached even though this may exceed the length [— It is very important that these temporary structures be sized, installed, and
calculated for design velocity control. I maintained properly because their failure will nsually result in severe erosion
. - H . R of the slope. The entrance section to the drain should be well entrenched
Riprap-stilling basins or plunge pools reduce flow velocity rapidly. They 1 We and stable so that surface water can enter freely. The drain should extend Figure 6328 Cross seciion of MporalY siope drain.
should bcfunﬂdaed in lie of aprons where pipe outlets are cantilevered l downslope beyond the toe of the slope o a stable arca or appropriately
or where high flows would require excessive apron length (Figure 6.41a). stabilized outlet.
Consider other energy dissipaters such as concrete impact basins or paved Entrance—Construct the entrance to the slope drain of a standard flared-end
outlet structures where site conditions warrant. — Other points of concemn are failure from overtopping from inadequate pipe section of pipe with a minimum é-inch metal toc platc (Figure 6.32a). Make
o o can bo found in Hycraulic Design inlet capacity and lack of maintenance of diversion channel capacity and ridge :Lﬁttﬁnwswmhdn- A standard T-section fitting may 2lso be used at the
of Energy Dissipaters for Culverts and Chamnels, Hydraulic Engineering
w N‘? 14, US. Department of Transportation, Federal Highway Riprap Aprons size—The apron length and width can be determined ‘Temporary diversion—Generally, use an earthen diversion with a dike ridge
Administration. according to the tail-water condition. If the water conveyance structure Design Criteria Capecity—Peak runoff from the 10-year storm. to direct surface runoff into the temporary slope drain. Make the height of the
. discharges directly into a well-defined channel, extend the apron across the sign Gl L * z D i " ridge over the drain conduit 2 minimum of 1.5 feet and at least 6 inches higher
The installation of a culvert in a stream is subject to the conditions of a U.S. channel bottom and up the channel banks to an elevation of 0.5 foot above the Figa ainiUiler: they, ace EncEviinally flexignad, e drukos scooing 30 than the adjoining ridge on either side. The lowest point of the diversion ridge
Ammy Corps of Enginers 404 Perit and a NC. Divison of Wter Qulity mairmam tail-water depth or to the top of the bank, whichever is less (Figure Table 6.325. should be a minimum of 1 foat abave the top of the drain sa that design flow
Certification. These permit conditions may not allow th use of a riprap 6.41c). Table 6.32a Maximum Drai Pips Diametor can freely enter the pipe.
apron, and may require that the bottom of the culvert be buried below the rai ores o
Bstural s b scvation. Apee-Soesiscour poo orphgo ool thacidbe Determine the maximum allowable velocity for the recsiving siream, and Siea of Slope Draln e {inchas) Outlet protection—Protect the outlet ofthe slope drain from erosion (Practice F O R R E V I EW
dered in these situations. Plunge pool designs in streams should not usca design the riprap apron to reduce flow to this velocity before flow leaves 0.50 12 6.41, Outlet Stabilization Structure).
cantilevered outlet because it would pose a barrier to migration of aquatic life the apron. Calculate the apron length for velocity control or use the length 0.75 15
throngh the culvert. Reducing the outlet velocity may require 2 combination required to meet stable conditions downstream, whichever is greater. 1.00 18 ! i L .
of techniques, including a culvert with a flat bottom, a downstream cross vane >1.00* as designed Construction A commen failure of slope drains is caused by water saturating the soil and
to croate tail-water at the pipe outlet, and/or a preformed scour pool. Grade—Ensure that the apron has zero grade. There should be no overfall Speci . seeping along the pipe. This creates voids from consolidation and piping and
e SR i S e CONCEPTUAL
. . ) ) ownstream same as the elevation of the bottom of the with stable soil material and hand compacting in 6-inch lifis to achieve firm
Design Criteria Capacity—10-year, peak runoff or the design discharge of the water iving channel ar the adjacent ground i is 116 chanmel : e wwil] elind ;
g conveyance structure, whichever is greater. feecving ey if there is no Conduit—Construct the slope drain from heavy-duty, flexible materials such failure. the pipe and the soil af all will this type of
Alignment—The apron should be straight throughout its entire length, but if as nonperforated, cormugated plastic pipe or specially designed flexible tubing
a curve is necessary to align the apron with the recciving stream, locate the (Figure 6.32a). Install reinforced, hold-down grommets or stakes to anchor 1. Place slope drains on undisturbed soil or well d fill at k
cwve in the upstream section of riprap. the conduit at intervals not to exceed 10 ft with the outlet end securely fastened and elevations shown on the plan.
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Practice Standards and Specifications IEI Practice Standards and Specifications
Vinyl washout container 6.20 downhillside with the spoil than to build diversions by other mefhods. Where Channel design—  shape:  parabolic, trapezoidal, or Veshaped
. EMPORARY DIVERSION space is limited, it may be necessary to build the ridge by hauling in diking side slope:  2:1 or flatier
The vinyl washout — 1D — , material, or using a silt fence to divert the flow. Use gravel to form the 3:1 or fiatter where vehicles cross
VINYL CONTAINER H g i diversion dike when vehicles must cross frequently (Figure 6.20b). N . B B 3
container (Fig. 11) is . el - 8 T Grades— Either a uniform or a gradually increasing grade is preferred
Definition A temporary ridge or cl or ation ridge and channel Sudden decreases in grade accumulate sediment and should be expected to
BIODEGRADABLE pDrtﬁb!e, reusable, and constructed across sloping land on a predetermined grade. cause overfopping. A large increase in grade may erode.
FILTER BAGS easier to install than a _ _ Outlet— Design the outlet to accept flow from the diversion plus any other
hay bale washout pit Purpose To protect work areas from upslope runoff, and to divert sediment-laden water contributing arcas. Divert sediment-laden runoff and release through a
=!l r ; '. to appropriate traps or stable outlets. 18" min  cyow sedilt_lenbtmppi:'tg device (Practice 6.60, Temporary Sediment Trap and
| ;: Fi s . L The biodegradable filter Practice 6.61, Sediment Basin). Flow from undisturbed arcas can be dispersed
> e T3 VT wasttul pWI T Dag ba (F]g 12) assists in Conditions Where This practice applies to construction areas where runoff can be diverted and by a level spreader (Practice 6.40, Level Spreader).
x : 9 . " ¢ Practice Apphes disposed of properly to control erosion, sedimentation, or flood damage. Small diversions—Where the diversion channel grade is between 0.2 and
LIFT STRAPS £19° SQUARE +9 extracting the concrete solids and prolongs the life of the vinyi Specific locations and conditions inchude: 3%, 2 pormanent vegetative cover s required. A parabolic charmel and ridge
- - container. Wh the b is lifted. th ter is filtered out and « above disturbed existing slopes, and above cut or fill slopes to prevent 1.5 feet deep and 12 feet wide may be used for diversions with flows up to 5
er. en tne Dag Is lifteq, the wate! runofF over the slope; cfs. This depth does not include freeboard or settlement. Side slopes should
/ SECTION the remaining concrete solids and the bag can be disposed of = across unprotected slopes, as slope breaks, to reduce slape lengthy; Figure 6.20b Temporary gravel diversion dike for vehicle crossing (macifiad from Va SWCC). be3:1 or flatier, and the top of the dike must be at least 2 fect wide.
i together in a landfill, or the hardened concrete can be delivered * below slopes to divert excess numoff to stabilized outlets; ' . :
: i 7 +» where needed to divert sediment-laden water to sediment traps; Plan temporary diversions to function 1 year or more, or they may be Construction 1. Remove and properly dispose of all trees, brush, stumps, and other
to a recycler. After the solids have been removed several times e o i i W o PO consiructed anew at the end of each day’s prading operation to protect new fill Specifications *Piectiomble maerial
. . = at or near perimeter of the construction area to keep sedimen m & g - o ) )
1. WHEN OUITER FILTER BAG IS FULL OF and the container is full of washwater, the washwater can be leaving the site; and 35:£Zﬁ?ﬁﬁ;;";mﬁ’gtﬁ:§::ﬁi§:ﬂg md::d?:; 2. Ensure that the minimum constructed cross section meets all design
SOL/DS, DRA/N BA G AND REMO VE TO allowed to eVapora[e‘ 50 the container can be reused. The = above disturbed areas before stabilization to prevent erosion, and maintain maintenance. reme
APPROVED DISPOSAL SITE. ickly by placi th T W ST T ———— o 3. Ensure that the top of the dike is not lower at any point than the design
. washwater can be removed more quickly by placing another  Tvactsnyibveasions sy b ey peibmesd Toags et siishan Wc;t sign ok Ao se;,;:?ﬂ iner is usually necessary ot s Aol st st
2. AFTER SOLIDS REMOVAL ALLOW WASHWATER filter bag in the container s an Tl ey ey e e mel A mpgcion o ) ] . 4. Provide sufficient room around diversions to permit machine regrading and
TO EVAPORATE OR ADD GEL GRANULES AND i i e e RS paay SRy A inplace SeRiect (RO i cnoRiaid 1 cleanout.
and spreading water gelling to 2 feet and placed on a nearly flat grade. The dike serves to divert water as
. - i . the i . A bination silt f d channel in which fll fro E i i iately constructi it wi ini
REMOVE INNER FILTER BAG WITH GEL TO granules evenly across the Planning I is impoteat (e Hresions wo ey desigoel, consumced st i chnel o o sl th fence ca rap sdiment and vt ol B s S0 g s
) ) . . maintained since they concentrate water flow and increase erosion potenti 5 = =
PLAN APPROVED DISPOSAL SITE. water. In about five minutes, Considerations (ggure 6.20a). Particutar care must be taken in planning diversion grades. simbimogushy
f . . Too much slope can result in erosive velocity in the diversion channel or at the H i ilize diversi initiati i HEmy 5 ; ot
h pe o Wherever feasible, build and stabilize diversions and outlets before initiating Maintenance Inspecttemporary diversionsoncen week and after every rainfall. Immediately
the v!.fater in the filter bag will outlet. A change of slope from stecper grade to flatter may cause deposition to other land-disturbing activities. remove sediment from the flow area and repair the diversion ridge. Carcfully
turn into a gel that can be oceur. The deposition reduces carrying capacity, and may cause overtopping check outlets and make fimely repairs as necded. When the area protected is
- and failure. Frequent inspection and timely maintenance are essential to the . o . permanently stabilized, remove the ridge and the channel to blend with the
VINYL CONCRETE WASHOUT CONTAINER removed with the bag. Then proper functioning of diversions. Design Criteria Drainage area—S acres orless. sanural g lovel s appropriseely stabizs i
W / TH F / L TE R B A GS the gel and filter bag can be Sufficient area must be available to construct and properly maintain diversions. Capacity—peak runoff from 10-year storm.
H Tt is usually less costly to excavate a channel and form a ridge or dike on the . Py - : 3 References Surface Stabilization
N O SC A L E dlSpOSBd to together. Figure 12. Extracting the concrete X;h;tg;:g; ‘Tal:lc 8.05a, Permissible Velocities for Erosion Protection, 10, Taipanicy '.
solids or gelled washwater Compacted sail o 6.11, Permanent Sceding
Ridge design—  sideslope:  2:1 or flatter 6.14, Mulching
\ I"' min | 3:1 or flatter at points where cross Outlet Protecti
T " top width: 2 ft minimum L Fratection
e frecboard: 0.3 ft minimum 6.40_ Level Spreachr )
%%_ " settlement:  10% of total fill height minimum 641, Outlet Stabilization Structure
«———— & typical ———>
Figure 6.20a Temporary earthen diversion dike.
6.20.1 6.20.2 6.203
Practice Standards and Specifications E Practice Standards and Specifications E Practice Standards and Specifications
660 e SR B Design Criteria Summary: Temparary Sediment Trap size of 14 inches. The entire upstrcam face of the rock siracture should be o s - 10. Ensure that the stone spllfway outlet section extends downstream past the
oy TEMPORARY SEDIMENT TRAP g Primary Spillway: Stone Spillway covered with fine gravel (NCDOT #57 ar #5 wash stone) a minimum of 1 foot . Table 6.60a Drainage Area Weir Length’ toe of the embankment until stablc conditions are reached and outlet velocity
" 'S v Maximum Drainage Area: 5 acres thick to reduce the drainage rate. Design of Spillways (acres) ) is acceptable for the receiving stream. Keep the edges of the stone outlet
L) Minimum Volume: 3600 cubic feet per acre of disturbed area X 4 1 40 section flush with the surrounding ground, and shape the center to confine the
| o Minimum Surface Area: 435 square feet per cfs of Q,, peak inflow Side slopes—Keep the side slopes of the spillway section at 2:] or flatter. 2 6.0 outflow siream (Ref Qutlet Protection),
Definition A small, temporary ponding basin formed by an embankment or excavation Minimum L/W Ratio: 2:1 Tk_rplmeﬂﬂnﬂnbankment,kgepﬂgsidesnfﬂn:pmwxymlmnimhu 3 8.0 )
to capture sediment. Minimum Depth: 3.5 feet, 1.5 feet excavated below grade thick. ; :g_g ll.mzu:cte:i;rgu:wbypmﬂ:nnmﬂ,mwm Locate bypass outlets
Maximum Height: Weir elevation 3.5 feet above grade . L low will not damage the embankment.
Purpose nmmmmmxmm:d diment to protect receiving Dewa:mguechmn;_ ;,Tsﬂm Depth—The basin should be excavated 1.5 feot below grade. ' Dimensions shown are minimum. 12. Stabilizs the embankmeat and all disturbed arcas above the sediment pool
ams, lekes, drainage systems, and protect adjacent property. Minimum Dewatering Time: Stone spillway height—The sediment storage depth should be a minimum downstream immediatel ion (Refe
Baffles Required: 3 2 feet and @ mavimum of 3.5 fmeonmm i ) Condatiintion ) - — ;:;m&awmf:)n N pen X ’
Conditions Where Specific criteria for installation of a temporary trap arc as foll Storage capacity—Provide a minimum volume of 3600 ft¥acre of disturbed Protection from pipi fiter cloth on the i i ificat ;ﬁmm::: ; mmmmmeﬁm'mu::mﬁ fvmmaﬂerm ; i
Practice Applies iversi i area draining into the basin. R e volume may also be determined from piping —Place on the foandation below the riprap Specifications 4. Removs ce soil containing high amounts of organic 2 13. Show the distance from the top of the spiliway to the sediment cleanout
pl « At the outlets of diversions, channels, slope drains, or other runoff e odet thesnﬂhsswnhthe d starag: i to prevent piping. An alternative would be to excavate a keyway trench across and stockpile ar dispose of it properly. Haul all objectionable material 1o the level (1/2 the design depth) on the plans and mark it in the field.
conveyances that discharge scdiment-laden water. hiAmetn dunr e el e e S ipmpe st s on shlem 10 Tl Mg ot e Serbas 14, Tnstall porous baffies as specified in Practice 6.65, Porous Baffes.
* Below areas that arc draining 5 acres o less. spillway outlet. Weir length and depth—Keep the spillway weir at least 4 feet long and sized 2. Ensure that il material for the s free of roots, woody = " i "
* Where access can be mainfained for sediment removal and proper " o . topassﬂupﬁdinﬂmgaofﬂ:elﬂqarm(ﬁgmtﬁjoa). A maximum vegetation, organic matter, and other objectionable material. Place the fill in i
i i ::l]’ e i fmm ﬂnehmh'ip, mdm!m; the capnmtyf = flow depth of six inches, a minimum freeboard of 1 foot, and maximum side lifis not to exceed 9 inches, and machine compact it. Over fill the embankment Maintenance :::Ee; tempu:)xymsedmmmlmumut“;ﬂstm mwatldﬂm!dymandgw ml!emmwessemdmaﬁ
= In the approach [o a stormwatcr inlet located below a disturbed area as design depth. m:ﬁ;:;:mm w%ﬂlmg&mlybescwmmé.sﬁa 6 inches to allow for sctement. rtestore the trap to its original di ions when the sedi has accumulated
part of an inlet protection system. North Carolina. 3. Construct the outlet section in the embankment. Protect the to one-half the design depth of the trap. Place the sediment that is removed in
+ Structure life limited to 2 years. Trap eﬂidmfyg—egc:iﬂf:l;owh:g design elements must be provided for between the riprap and the soil from piping by using filter fabric or a keyway medealg:;ayiaddmztsdmandmphuthepthfMgmvelﬁnmgﬂutm
) Scaginte tmppia ; i . cutoff trench hetween the riprap structure and soil. impaired by sedim
;mwzﬂm*mpﬂwﬂmhwmmhmﬂt or -f;tzvideasnrf?mmnfﬂ.ﬂlm(4355quareﬁ=ei]p=rnfshamdmﬂm Cross-Section 12" min, of NCDOT #5 « Place the filter fabric betwoen the riprap and the soil, Extend the fabric Cris i g i et o g, Py ke
Tennial stream. Co:vearmrm, e bt across the spillway foundation and sides to the top of the dam; or depth of the spillway fo ensure it is a minimum of 1.5 feet below the low point
- " ; . E 5 . ey runoff into the basin through stable diversions or temporary slope , o : of the embank Fmmediately fill any seitlement of the embank to
Select locations for sediment durin evaluation. i Excavate a keyway trench along the center line of the spillway foundation o A 0 s
Planning e T e e et drains; extending up the sides to the height of the dam. The trench should be at slightly sbove design gradc. Any riprap displaced from the spillway must
Considerations . ucing areas can easily be diverted into the traps. m’““&emge .@mmmmmmmwdmmmm least 2 feet deep and 2 feet wide with 1:1 side slopes. be replaced immediately.
areas Tor each trap does not exceed 5 acres. Install temporary sediment traps circuits to the outlet; 4 Clear the below the elevation of the crest of the spi to After all sediment-producing areas have been per ly stabilized,
before land disturbing takes place within the drainage area. « Provide porous baffles (Practice 6.65, Porous Baffes); btk ahorsi e o Py g‘f“: Spctars mﬁm "‘f:ﬂym: Smooth the area “_;:;"‘“" "."";""
« Excavate 1.5 fect of th f i i ljoining areas, pro (References: Surjace ilization)
Makatrapsm‘ty am;ﬂﬂfﬁ::pa;dm‘sedmﬁn retno::lprdu:: et m:f“;ll’];“ “""““’_"“"“’5“"“"“’1’“’“"‘ 5. All cut and fill skopes should be 2-1 o flatter.
5 . . References Outlet Protection
mese!ecuon. Clearly designate all disposal areas on the plans. Embagk " E_ : that embank for rary sediment traps do 6._ Enmeboﬂ]mibfsm:;m) s.ectms:ifl:;e mb:lll?;m;!::hsn 6.41, Outlet Stabilization S
In preparing plans for traps, it is imp id jons to not exceed 5 feet in height. Measure from the center line of the original ground mmmmummmu:;nmw:dﬁ:spﬂ&‘ymmmmm e slopes of 1: extend tracry
Pmtmmgnbmﬁomﬁi]weﬁmnmmnmoﬂ‘ﬂmmmedﬁ@ sutface ko ‘hjfﬁ;’g‘ﬁ;mmﬁem?ymm e e e Rs";;f%"“” Mopuniss
capacity. Locate bypass outlets so that flow will not damage the embankment. 4 menimvm ! embankment. Freeboard 7. G the mini finished stone bottom width, as shawn poran
Direct b o undisturbed natural, stable areas. 1fa bypass is maybe‘add?dmﬂnmhnkmmhmgh&o‘albw:ﬁ?wﬂnmgh?dqignmd Il 6° for untheplans,wnhz.‘.l side slnpﬁexﬁwd::;:agnmp!zfﬂw o:rﬁiled 21, Remoaasir Digetsiges P .
ot possible and failure would have severe conseq v bypass > hankmeats willis fop width of $ feet kment. Keep the thickness of the sides of the spillway outlet structure :%E st
i and side slopes of 2:1 or flatter. Machine compact embankments. ot um of 21 inches. The weir must be level and constracted fo énafwswamﬁhterBars)
Sediment trapping is achieved primarily by settling within a pool formed by E!nv-lﬁon—%msedimmtpoolsmﬁ}medarcnlmgedbycmvaﬁm, g"demmm'dwuplﬂt" Surface Stabilization :
an embankment, The sediment pool may also be formed by excavation, or by keep side slopes at 2:1 or flatter for safety. 8. Material used in the stone section should be a well-graded mixture of stone g.i{l,‘;‘memmuanmsweeﬁ:g
a combination of excavation and embankment. Sediment-trapping efficiency 3 7 5 5 with a d,, size of 91 B crosion control stone i d ey
is a function of surface area and inflow rate (Practice 6.61, Sediment Basir). &nﬂetluchﬂn—cll mxkuct!ﬂtebsedm_em_ lr::;nl "ﬂ.a IS A stons §ecuon of ammmuu" mﬂ?l:ne sﬁ;lﬁ;u%mbmumwmte 533, Ripety
Therefore, maximize the surface area in the design. Because parous baffles . fn;l)w‘w“swo‘:mtm ‘I?em}e“wmm for smaller stones worked into the voids of the larger stones. ‘The stone shonld be Sediment Traps and Barriers
jmprove flow distribution across the basin, high length to width ratios arc not i et s deaven M & hotcxoulve sy ottey hard, angular, and highly weather-resistant. 6.61, Sediment Basi
necessary to reduce short-circuiting and to apimize efficiency. o Doy et P LS BotioR Scctich ooy s monns o dopcting ) 6.64, Skimmmer Basins
- 9. Discharge inlet water into the basin in a manner to prevent erosion. Use ”
B wrel) ilaniiod: et toky e ey, fadaities 10 prsvcing G- Stone size—Con i sraded stones wi i temporary slope drains or diversions with outlet protection to divert sediment- 6.65, Porous Baffles
site sedimentation, they should be installed in the first stages of project m(mnﬁi;mmz];mm)mrﬁ Figure 6.60a Plan view and cross-section view of a femporary sediment rap. laden water to the upper end of the pool area to improve basin trap efficiency North Carolina Depariment of Transportation
development. o (References: Runoff Control Measures and Outlet Protection). Standard Specifications for Roads and Structures
Rev. 6106 6.60.1
6.602 Rev. 6/06 Rev. 606 6.603 6.60.4 Rev. 686 Rev. 6106 6.60.5
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