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COMPARATIVE LIMITING CRITERIA FOR DAMS AND APPURTENANCES

DESIGN ITEM

SCS. .
(SOIL CONSERVATION SERVICE)

COE.
(CORPS OF ENGINEERS)

USBR
(BUREAU OF RECLAMATION
DIV. DAM_SAFETY)

B.L.M.
(BUREAU OF LAND MANAGEMENT)

FS.
(FOREST SERVICE)

ructure s Class of Dams Ca tegory Logs of Life Econonic Loss ‘Anticipated Hazard Potential for Loss Potential for Property
o A (Extent H‘ Classification Loss of Life Econamic Loss Category of Wuman Life Damage
A Hazard Classification | (a) Dams located in rural or sgricultural areas where failure |low None expected (No per-  Minimal (Undeveloped |Low [ Minima] (Undeveloped ™ Mo known potentfal for No known potential for Low Hazard. This applies to dams built
may damage farm buildings, agricultural land, or township manent structures for to occassional struc-| agriculture, occasional Yoss of human 1ife if significant property Tn undeveloped areas where failure would
and country roads.* human habitation) tures or agriculture)) N uninhabited structures the dam should fai damage 1f the dam should result in minor economic loss and damege
or minimal outstanding fail. would be 1imited to undeveloped or
natural resources. agricultural lands, and improvements
not planned in the foreseeable future.
© Loss of life would be unlikely.
(») I)-s Tocated in predominately rural or agricultural areas [Bignificant  Few (No urban mclu— Appreciable (Notable JSignificant 1-6 Appreciable (Rural ares - J2. ard. This applies to
:.:m:‘ir.c-:s: ::ohu:tm :::n':im{:'v mul:m nh-a: agriculture, ;nduury 9" with notable agriculture, [STGNIFICANT L‘::‘:m”&:‘ﬂv:‘:' ::“::;0:’; t-og“’"‘” n areas where "1?:"' ""“‘::«'l
or structures industry, or worksites, f in 1able econamic loss with
of nlutin\y important public utilfties.* inhabitable structures) or nu{nniw natursl Gl shou e fut] H i She3g ot H-m“ ements, such as .c:
resources). clal and industrial structures, public
. utilities and transportation systems, and
serious environomental . No urban
development and no more than a -ull
number of habitable structure:
involved. Loss of life would u wnmuly
(c) Dams loaht m nnuu may cause 10ss of 1ife, serious igh + More than few Excessive (Extensive JHigh More than 6  Excessive (Urban ares  MIGH Potential for lon of  Potential for Inm 3 This applies to dams built
e to hames, industrial and comsercial buildings, comunity, industry including ex at least one human amount of proper . ol lore wme1d 1ilely reselt
b-rhﬂ public mmm. main hghways, or raflroads. or agriculture) comunity, industry, 1ife if the dam should damage if the 4- should n loss of 1ife or economic 10ss -{m
agriculture, or fail. fail. be excessive. Generally thi d |
outstanding natural - y this would in-
resources). volve urban or comunity type development
Pams are classified for hazard based on the potential for “oss with more than a small number of habit-
- z lite and proverty dowmstresn fran the structure.  Struc- sble structures.
) res less 'eet high, regardless of impounding capac-
*Note: Breach analysis is used to evalvate potential damages. B ity and structures with impounding capacity of lnsnv.hnn 15
hcre-feet, regardless of height, are exempt from hazerd
klassification. A1l other dams -nl h classified for
poten [ The hazard ¢! on the amount of
fevelopment that -1gh¢ be nnmlly nu:m to occur during
the 1ife of the structure as well as upon the degree of
. ex isting development.
*Hone Admin.
B. Ssize Classification Lategory None size Wydraulic Height Maxfmm Storage Class  Helght (ft) Storage (f
torage (Ac ight (Ft) (feet) (hc-foet) A 100 or 50,000
> > 50,
Small <1000 & > 50 <40 8> 25 Minor 6t 25 15 to 50 "= =
- = ] <1008 > 40 or < 50,000 &
Intermediate 21000 & < 50,000 > 40 & < 100 mall 25 to 40 50 to 1,000 > 1000
Large > 50,000 > 100 Intermediate 40 to 100 1,000 to 50,000 ¢ 40822 or <1008
>
Large > 100 > 50,000 2 1000
0 <25 and < 50
*Class (a) dams less mc 35 ft. high and with a product of A1l COE dams are considered high hazard for design. The 1 ined by efther
ISBR dams are considered high hazard for design. The size classification of the dam is determ y ¢
. storage times height less than 3000 are covered under less above hazard and size dmmmm is for uis!i dams ? i . if 1 m: the hydraulic height or the detention/impoundment capacity
Coment: Stringent criteris not inciuded in this comparison (PS 378). only and {s for dam uf " e e (SREIOS 8 1% G5 xting doms of m{‘;-. hichever ylelds the larger §ize category.
11, Hydrology NOAA Atlas 2, Vol. IV; MMS-iMR's 438, 49, 51, & sz ™ Dul §' NS m Atlas 2 for specific frequency floods for certain
study on Rio Grande 'ﬂlq (tn -) ' e upcaming untd mm Pndniuuan sites; NWS-HMR's #36, 43, 49, 51, 52, 55 for PWP in
A, Precipitation (mul-t-uu) appraisal and feasibility level studies. Site specific
adaptations for final design.
Qurve Mumber procedure & SCS unit hydrographs (NEM 4 & hﬂ-linl Snyder Unft Mydregraph; coefficient based on PMF Storm - Runoff determined using a constant loss rete Same as SCS No specifics used, similar to SCS. .
8. Runoff § Hydrographs ﬁg" ™ studfes). tua] reproduced rumoff events. hluﬂ on soils and underlying geology. . bkl
Storms - Runoff and hydrographs for events in the
nvhnm'.y range are determined from stresm flow records
when they are available. For lai storwms runoff is
determined using an umn loss ::: a constant loss
rate based on same parameters as above.
Snownelt {5 4150 4 frequent consideration for both P Same a5 SCS - Top o T ol o e e
nd other ums. because many control large o “." h;s ~ e '°"" and USER Des ign
C. Principal Spillweys ainage a runoff fros suo-ﬂt or rainfall or hydrographs
N ¢ Flood (SPF) s used. Dorett . on snow u . slgnmunl factor. %o separste criteria for muuu or flow
1. st 24-br. or 10-day whichever 1s more critical when routed Seatrd Prafes s S0P, tion varies ograph duration is a function of rainfall duration rotes. Separate criteria not used for w*»t'-
Mj! (1n ). fram 6 b "‘;1 hr. and depends on the storm size and the Z’Inn characteristics, and 189 based on the tu:n char- her 1 and energency spillways. FSM Secti
3 "M-' - acteristics. $31.2.
. Tetl Precipitation Data for | M0 specific frequency 3 .signed t 1s in excess of 100 | Service spillways provide the primary flood discharge p. I. Dams. All detention structures greater than 25 ftd 7531.33 - §j lllna Protection. Limit the
n::l N:ru m: :' 2_ “.:u m':.'-;i ;‘y Telor. event (typically 40-60% of PHF). (m.“,.] ;,m.., doed] capability at USBR structures and, in most um, are auTic height, or impounding more than 50 acre-feef Trequency o of unlined earth a»; :.«
= lom | Dea Effective | Upstream | Use of E.S5. Types: not operate). May release through outlet conduit (we the only spillway used. They are designed to (!u udes. 11, intermediate, and large size dams os etated spmmys to once in 50 years. Providef
wy rates Height Dams supply purpose). charge the total inflow design hydrographw in c-tiuum defined fn Table IV), and a1l retention dams impounding | a lined spillway capable of handling up to 50
Wmenisdy [Earth — |Vegeatad | with other outlet works facilities as applicable more than 15 acre-feet, regardless of height (includes year frequency flood to limit use of and
(See footnote (Principal spillways, as such, are not applical minor, small, intermediate, and large size dams). protect unlined spillways.
a) e 2/ | < 30,000 None 1/2 12 USBR structures).
bkl frrig. design | design ) for ) tor | Emergency spitvmay:
only ife Tife mmy spillway operates for event only. Crest of 4. Reservoir Capacity. The design capacity must be
spillway is set at SPF elevation or other design sufficient to meet the use requirements after
< deternined appropriate for the specific site. Provided only for protaction of dn from overtopping. Mot making appropriate allosances for evaporati
> 30,000 3/4 3/4 intended to operate except in emergency where other systen Toiton. Soiaans Nessts, a0 3t o Tomrvete
l::::n ‘“2' '(.x:uary spillway, outlet works, etc.) have failed to ;;1‘# e to sedimentation (ses II.I‘I.‘“-:‘.“\ Section
single < 30,000 None P“ ’25 ¥y 1.  Retention dams must be designed with the
or storage capacity at the spillway elevation
mulitiple such that the project objectives are met for
y the design 1ife. (Refer to Table 1 for design
criteria).
» 30,000
11. Retentfon dams with outlet structures should
an any §/ have the entrance elevation of the outlet
structure at least 3 feet below the spillway
(b) | single an none ﬂultio-. Outlet structures fnstalled in &
or or any fon reservoir must be flood routed. The
muitiple - outln should be of sufficient size to route
at least & S5-year frequency, 6-hour duration
c) | single an none LT Plo0 rein with no flow through the emergency spill-
or or any
mltip
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\ITEM SCS. CO. E. USBR. B.L.M. F.S.

{11, Dention structures must be designed fal|uumq .
the design criteria in Table I so tha
sufficient dead storage (storage area be\ou

1/ Precipitation amounts by return periods in years. In same
areas direct runoff amounts determined by figure 2-1 and 2-2

or procedures in chapter 21, NEH-4 should be used in 1ieu of

pm:munm data. outlet structure entrance) is provided to
accommodate anticipated sediment, and the

2/ Applies to irrigation dams on ephemeral streams in areas storage capacity between the outlet structure

- entrance and spillway elevation is such thit

where the annua infall fs less than 25 iriches.
the design storm can be safely flood rovted

through the structure.

3/ The minimum criteria are to be increased from P, to Pygy foy

2 ramp spillway.

. Minor Dams. (A1 detention dams less than 25 feet in
4/ Class (a) dam involving industrial or municipal water are to hydraulic height, and impounding less than 50 acre-
= be designed with a minimum criteria equivalent to that of feet, and all retention dams impounding less than 15

class (b). acre-feet).
5/ Applies when the upstream dam fs located so that its failure a. Reservoir Capacity. Retention dams must be de-
~ could endanger the lower dam. signed so that the storage capacity at the spill-
way elevation is approximately the same as the

total runoff from the design storm plus the
sediment yield. The design storm should be the
frequency shown in Table 1, for a 6-hour duration
rainstorm. The sediment storage should be that
shown in Table 1. Judgement must be used when
good, natural spillways exist at a different

(levllinn
TABLE 1
DESIGN CRITERIA GUIDE
n Minimum
Inflow Design Sed iment
R Type of Structure Flood Frequency Storage yrs.
A.  Retention & Detention 25-yr. 15-yr.

Reservoirs (less
than 50 acre-feet)

B. Retention & Detention 50-yr. 30-yr.
Reservoirs (more than

: 50 acre-feet)

D. Emergency Spillways
1. Storw Duration A minimm of 6-hr. or the Time of Concentration (Tc) whichever |Duration varies from 6 to 72 hr. |Emergency Spillway: 6-hour No specific criteria for duratfon. Typically
'or_Design is greater. use SCS criteria and USBR Design of Small
i provided only for protection of dam from overtopping. Mot e
{intended to operate except in emergency where other systems TABLE 11
(auxiliary spmuy. outlet works, etc. ) have failed to DAM_SPILLWAY CAPACITY*
No frequency .ss!gned Sa!nuy dcs»lgud to pass PMF with operate. spilluay Design Flood (SDF) Capacity Required
2. Frequency & Precipitation Data for 1/ P 2 minimum of 3 ft. freeboard below Auxiliary Spillway: RECOMMENDED SPILLWAY DESIGN FLOOD
Tt e = R e = = for Each Size Category of Retention and - ) R
.l - Used in combination with service spillway and/or flood 2ard Size SpiTiway Design
of ®i % Planned eec I Hydrograph RECOMMENDED WAY M Fi outlet works designed to operate less frequently than ser- | Taz& | Potential Class Flood -
— sl - by ot Wydrograp Vice spillway. Probability of operation is 1 percent or |Class of Winor small Intermediate  Large
ective ol Al i sign F) Jess for any given year. Thus designed to lower standards| Dsm
(<)) than service spillway.
(a) 2/ <30,000  MNone P00 Ploo * Low small 50 to 100-yr frequency LOw 25-50 yr.  50-100 yr. 100 yr.-k  IPMF-PHF| Low A i PHF to PHF
0.12(PHP-P, 1) Intermediate 100-yr to 1/2 PHF PHF - 8 100 yr. to 'y PHF
. il ¢ Large 1/2 PWF to PMF 3 50 yr. to 100 yr.
> 30,000  Nome P00 * P00 *
0.06(PMP-P ) 0.26(PMP-P; o)
an Yy | Pgt e *
0.12(PHP-P, 00)  0.40(PHP-P, )
Significant  Small oo-;r © 1/2
" (») an Io:ww Ploo * Ploo * Intermediate m SIGNFICANT  50-100 yr. 100 yr. 100 yr.-l  WPWF-PNF |Moderate A ol
0.12(PHP-P, o) °"°"""1m) Large PuF B iy PMF to PMF
3 100 yr. to 'y PNF
(c) an None or Pro0 * L High small 1/2 PF to PWF 16K 100 yr. 100 yr.-ly  IPMF-PNF | wigh A o
any 0.26(PHP-P, ) . Intermediate [} L
100 - Large c iy PMF to PMF
pu.s. army Cofgs of Enineers. Guidelines for 0 100 yr. to %
* 17 fod. floods in this column represent the of ety
. 1/ Pygq - Precipitation for 100-year return period e (Tode of " the spi1ieay gesign flood (SOF): wich s .
PMP = Probable maximum precipitation. intended to represent the largest flood that need m above criteria should be used to design the dam's spillway
" fconsidered in the evaluation of a given project, rq.rdlass br emergency overflow. The spillway should pass the desired
2/ Dams involving industrial or municipal water are to use of whether a spillway is ided; f.e., a |iu.. project bolume of floodwater without serious structural damage to the
minfsum criteria equivalent to that of class (b). should be capable of .safely passing appropriate SOF. l . For flood routing, the worst-case assumption is that
pihere a range of SOF is inﬂuuﬂ. the nlwu thn most reservoir is filled, that any cutlet works are not opera-
3/ Applies when the upstresm dam s lmu‘ so that its closely relates to the involved risk should be selected. . tiun-l and that the entire additional volume of water is
failure could endanger the lower dam Fouted through the emergency spillway or overflow.
IThe recommended design floods in Table 11 represent
Note: If Tc > 6 hr. the precipitation amounts are to be hagnitude of the spillway design flood (SOF), which cs in-
increased by the values in the applicable g : tended to represent the largest f1ood that need be considered
referenges. n the evaluation of the safety of a given project. Where a
Frange of SDF is indicated, the nitude that most closely
- Felates to the involved risk should be selected. (These are
sad on £ hour duration stomms.)
ter storage capacity afer loss of volume
111. Sedimentation from sedimentation. ad Provide design capacity after loss of vohﬂ from sedimen- Sufficient storage u-:c s provided such that the re- Provide design capacity after loss of volume fram sedimen- | Provide for a sediment pool to compensate for
SCS procedures (TR-12 & NEN-3) and MUSLE. iation. Sediment quantities are based and camputed on actual | quired active capacity of the reservoir is mn mnm. tation. the volume of sediment expected to accumulate
A Required Sediment Storage| " o L r required sed 1 m‘ prodicted tor [00 easurenents where available. Procedures have varied from  |at the end of the -cou:;c 11fe of »:'rvuw ofr. USBR during the design 1ife of the reservoir.
volume of requ ment storage l roject to ect. has 1fic criteria res its own. Use BLM procedure, Manual 73)7
T Tt o e e trocerre wied In the progect gustif- [ oorct 10 Prodee e Praces ™
!utiu\ (lﬂ m.. w yrs., ete). Iblh- Tegislative limita-
1
V. Hydravlics
A Principal Spillways
1. capacity requently restricted to late flows to the levels assumed for|As a minimum, low level discharge nmmn will be sized  JUSBR does not the it Drawdown time for detention dems t also be considered, as | For a flood control dam, provide pillway
trem benefits and e orauTation: otherwise full pipe |to reduce the pool, within 4 period of four months, to the for pdoes not use the comention] SCS Principal Spillvay | LQlired by State law. on dems ms * 5 | Capacity to empty the flood pool in 10 days or
ow 15 wsed. . higher of the MIM-' ml Tevels: (-) . pool level that |30" minimum for fr- flow outlet works - limit free flow A smaller spillway may be used (f it is
15 within 20 feet of the pre-project “full channel” eleva- | cross section to 75 percent of pipe srea. Normally use to 1imit flood damage downstrean from
o capacity s as required to reduce the floodwater pool to [tion, or (b) a pool level -Mcn will result in an mmount of | cast-in-place conduits with m,...,, reinforcement the dam or to comply with legal requirements.
of the maximum floodwater pool in 10 days or less storege in the reservoir that is lc percent of that at the | theough joints. When & smaller spillway s used, take measures
- :-.:l. u;:uml. Jnh;.n u, pool level 1: drawdown to offset demage that may result from prolonged
ass at sp’ crest for uncontroll, 111 storage or outflow.
i Ty o e e G . T T T
O O e oy aod WE N Whether the releases are limited to channel capacity.

deve | oped 1 obtaining the aversge flow for ucﬁ month of
e drawdown

year. perfod inflow will then be assumed |y, (0 yait discha
rge for open chutes fs usually limited
equivalent h m average flow of the highest consecutive 0 500 cfs/ft of wigth. y
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ITEM

S.C.S.

COE

USBR.

BLM

2.

Crest of low-or
singTe-stage
eTevation

E

Risers

b. Stabilfty

c. Lintngs

R,

At the sediment pool or other permanent pool (recreation, etc.).

1f 80% or more of the retarded floodwater volume {s not esptied

in 10 days begin routing at the 10-day drawdown elev. from a
routed PSH. If 80X or more is emptied begin routing at the
filled (end of 1ife) sediment pool or permanent pool whichever

1s higher.

Weir or pipe control for single stage risers. Orifice control
also employed for two stage risers. Special un% conf igura-
tion is required 1f the conduit velocity exceeds fps, or for
conduits greater than 48%. Model studies normally required if
velocity > 50 fps.

Standard riser designs available.

Begin at the top of the sediment pool or top of conservation
pool.

36" minimum,

on \ on
Class Fin ylelding non-yielding
D Height 1 %
RCP: (a) e 30°
< 50°
3 1
(») ale | 30" 2"
an 4" .
(¢) an 30" "
“Unless & joint extension safety margin > 1.5% 1s provided in

which case the smaller sizes can be used.

O4P or WSP may be used for single purpose class (a) dams with
a product of tunr times height less than 10,000 when the
height of 7111 15 less than 25 ft. and the pipe is structurally
:‘mnu and watertight. In this case the minimm dimeter is
8.

The cutlet structures are to adequately dissipate energy
and be stable.
standard designs available.

Must be stable for the principal spillway design release rate
using the *aged” Mannings *n" value for the site conditions.

Design to be non-aggrading and non-degrading using the
appropriate methods in TR-25.

1. allowble velocity
::i tractive force
iv.  Sediment transport

min. thickness = 6°, V < 10 fps
. - =7°, ¥V >10 fps

", r%ﬂ" 12¢| pesign to provide protection against degradation and local
¥ gradation| scour. NHCRP Report 108 Monog

Emergency spillway
Minfmum capacity

1.

2.

3

A

Crest elevation

Routing

Lypes

Closed Conduit

. , USBR raph No. 25 and TR-59 are
often used. Draft criteria s being developed. Thickness is
usually 1.5 to 2 times maximm size. Filter beddings are
usually 6" to 1 ft. thick,

Must pass the routed freeboard storm identified by the pre-
| cipitation in Section 11.D.2, Emergency Spillway Frequency
and Capacity, with reservoir at the top of dam.

t Elevation is set at the elevation of the routed principal
i1lway storm identified by the precipitation in Section
1.C.2., Principal Spillway Frequency and Capacity.

Routing begins at the highest elevation associated with 1) the
lowest ungated outlet, 2) sediment storage, 3) significant
base flow water surface or 4) water surface after the 10 day
drawdown of the principal spiliway hydrograph.

Conduit must have a minimum width to height retio of 0.75 to 1

IThe outlet structures are to adequately dissipate energy and
be staule.

Design to prevent erosion. Specific COE guides and criteria
are used.

Pust pass the routed freeboard storm identified by a pro-
portion of the PMP in Section 11.D.2, Emergency Spillway
frequency and capacity with reservoir 3 feet below the top
jof dam.

Crest elevation is set at the elevation of the Standard
Project Flood (SPF) or other design floods determined
appropriate for the specific site.

Routing begins after 5 days drawdown of the SPF.

Varies

but not wore than 1.33 to 1
Class of Drainage Area,  Minimum cross-sectional area
[ —sq.-mf. conduit, sq. ft.
(a) an 12
(b).(c) <10 20
> 10 40

*(30 w/o std, 2-way
covered risers)

trol pool.

Begin at the top of the active conservation pool or ele-
vation where the starting fnflow is equa’ to outflow -
whichever is higher. Inflow design floo” series gener-
ally includes an anticedent flood.

Glory hole spillways are designed for throat contro) at
maximum water surface, unless earlier throat control fs
needed for limiting downstream releases.

Conduit size is not limited to dam classification.
Usually try to go to tunnels when embankment exceeds
150 feet over conduit.

The outlct structures are to adequately dissipate energy
and be <table

Degradation is taken into consideration with respect to
1ife of dam. Stilling basin floors are lowered to allow
the degradation, otherwise special protection such as
riprap, afterbays, etc., are used.

%o criterfa on dam structures or for concrete channels
downstream from basin.

Usually use a 3-foot riprap thickness fn outlet channels;
however, Monograph No. 25 is used as a guide. Filter is
Jusually one half of the riprap thickness.

Wi11 operate only if all other systems fail to operate
properly. The other systeus are already proportioned to
pass the PHP. Depth fs 1imited and based on erosion
potential.

Crest elevation is set above maximum water surface from
normal flood routings. Usually Jocated above the influencel
of any wave action at the maximum water surface.

Routing begins at the normal reservoir water surface; how
ever, with the other specific spillway systems not operat-
ing .

Mo specific classifications.

At the top of the active conservation or top of flood con- |At the sediment pool or other permanent poo! (recreatfon, etc))
ust be at least 3 feet below crest of Emergency Spillmay.

Major dams - 18" minimum

Minor_dams - none

None specific.

Mot specifically proportioned as to capacity. Provide only
to protect dam from overtopping. Not intended to operate
except in an emergency when other systems (auxi1tary spill-
way, outlet works, etc.) have fatled.

dcrest elevation of auxiliary spillway fs set at 13 frequency
[level (100 year precipitation) sbove the service spillway.
Crest of the emergency spillway is set higher than the
baux{11ary but determined on a site by site basis.

Start routing of the spillway design flood for
flood control dams at the elevation of the
water surface that would exist after 10 days
of drawdown from the flood pool.

For a reservoir without a flood pool, start
routing of the spillway design flood at the
Jowest uncontrolled spillway crest elevation.

24" minimum

The outlet structires are to adequately
dissipate energy and be stable.
Proportioning of earth channels and the estima
tion of the capabilities of natural crannels
should be based on full consideration of :

1. The erodibility of materials in banks and
stream bottom, bank stability, suspended
sediment load, bedload and natural stream
morphology.

2. The effects on the natural stream regime
of cnanges in alinenent, grade, suspended
'h‘m!. quantity of flow and duration of

oo

IThe prooortioning of lined channels should be

based on the determination of the most economi-

a1 an¢ feasible combination of grade and cross

Jsection.

the lower value of "n* should be used in flow

anputations intended to analyze channel

ktability. The upper value of “n” should be
sed in flow computations fntended to analyze
khanne! capacity.

None specific.

Pust pass the routed freeboard storm identified
by a proportion of the PMP in Section 11.0.2.,
[mergency Spiliway Capacity with reservoir at
[top of dam.

ICrest elevation of unlined emergency spillway
15 se frequency level (50 year precipi-
tation). Lining fs required for floods up to
[the 50 year flood.

30 5
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ITEM SC.S. CO.C USBR, BLM )
b. Open Channel
f. Structursl Minimm depth 1s 3'; sidewalls must be to top of dam; may be
[hydraulically proportioned for 2/3 maximum required c pacity.
11, Earth or
Vegetated Minimum depth 1s 3'; divider dikes required for each 200’ in So11 erodability is considered based on durstion and what A 20' Level Control section is required Exit channel slopes | Design open-channel spillways to conform to
pridth, exit channel must be supercritical for discharges above lcan be tolerated. Usually 'imit depth of f w to 10 ft. Jmust equal or exceed $=0.03. the criteria for channel design as set forth in
ST of the ust%n discharge; exit channe) slope need not be Irax mum and 1f possible limit velocity to 7 fps in FSM 7540. Spillways may be designed for sub-
jsteeper than S=0.04. jerosive materials. Pinor dams - The spillway must be capable of handling the peai critical flow throughout or for supercritical
discharge from the design storm. The surcharge |flow in the exit channel. Supercritical flow
Minimum bulk lengths in the direction of flow are required and Vegetation is used where enough moisture is available to storage may be considered in determining the in the exit channel is preferred.
re a function of the volume of flow through the spillway per sustain growth. spillway size, but the spillway should be no less)
nit width and plasticity of sofl. (Using SCS Technical Release than 25 feet in width unless & good natural spilljUnlined spillways must be able to pass the de-
No. 52 [Riprap 1s used on and near the crest structure to reduce wey exists. sign discharge without erosion damage to the
Exit cf 1 velocities must be shown shown stable during erosion or dams - The spillway for a dam 1s often & cut section crest of the spillway. When the design velo-
ssage of the ESH (using SCS Technical Release No. 25 through existing material near one end of the city cannot be kept to 2 nonerosive value,
echnical Release No. 60, m fatlure may allow flow to im- dam. Spillways should not be located on erosive | 1ning is required.
pinge on the toe of the dam. materfals that will wash out in a few years or
Pegetation is established wherever possible for improved pose an expensive maintenance problem. When a No specific criteria, it is left up to the de
pilowable velocities. dam must be constructed at a site where a stable | $19n engineer
spillway section in natural earth material cannoy
Riprap 1s used on and near the crest and other areas to reduce be obtained consider using mechanical outlet
ocal erosfon. works, such as a drop inlet pipe, a chute, or an
open drop spillway. Seeding or riprapping the
spilluay should be performed where necessary.
The designer must consider that the mean annual
inflow is the average amount to be received every]
year over a given number of years. The probabil-|
ity of excessive rainfall has to be considered
when setting the emergency spillway elevation.
If an earth spillway is used frequently, it will
wash out or, at the very least, require excessivel
* . maintenance. Secondly, the reservoir may have
water in storage when inflow is received. Con-
sidering these factors, the emergency spillway
could be set at an elevation that will give addi-|
tional reservoir storage of up to the mean|
. annual inflow. The exact elevation of the

emergency spillway depends on the available .
spillway site, runoff potential of the site,
emergency spillway site erosive character-
istics.

The spiliway must be tapable of handling the peak
discharge from the design storm, as outlined in
Table 1, without serious spillmay degradation.
Fu those structures that meet the criteria for
. e and hazard classification as outlined in
lel!s 111 and IV, Table II must be used to
u\«l the storm dvs!gn of a spillway. The
rchage storage may be used when calculating
uilluy widths.

The spillway should be designed for velocities
that will not erode the spillway materials, and
for & maximum flow depth of 2 feet, but the

spillway width should not be less than 25 feet.

¥.  Structural Design
A.  Reinforced Concrete

The same criteria as SCS is used axcept that the Load Varies
factor = 1.7 and Percent steei is limited u 0 !75 Py

in strength design.
fc = 0.45 f'c and fs = 24 ksi are used in working stress
design.

Acx-m 15 used except that frw ksi 1s used for grades 40, 50 Varies

factor 1.8 {s used for .ll -;1-
1: = 20 ksi are used in working
stress design. SF = 1.5 c—nly used for floating and s)iding
analysis.

Different ufny factors are used for concrete s uvc-
tures depending on the type of structure and load con
8. feinforced Concrete  The minteum load assumption {3 12 ft. of earth 1111, Projecting eten.
pe jcondu it condition is a required assumption for earth dams.
I:lnﬂrmd concrete pipe 1s generally not used in dams.
When AMMA (300 1s used elsewhers individual structura)
analysis 1s made using Olanders Method, a Load factor of
1.8, fy = 33,000 psi for the cylinder and fy = 40,000 psi
for the reinforcement

When AWMA C301 is used a stress design method is used.

Elsewhere Fed. Spec. WW-P405S s used
€200 and Manual W-11 is used for WSP.

chdhle and compaction of outlet structure must be select
backfi1], compacted to 951 maximum density (AASHTO T-99).
In addition, concrete pipe must be supported fn & concrete
cradle.

No specific criteria, it is left up to the de-
sign engineer.

SF for AMMA C 300 fs 1.33 with a 0.01" crack in 3 edge bearing.

SF for AMMA C 301 15 1.00 with & 0.001° crack in 3 edge bearing.
A corrosion investigation {s required.

Corrugated meta! pipe fs not used in dams. The
Juse of welded steel pipe is up to the designer;
Jaccepted standards are used for this.

Mot used in dams.
for OW and AWNA

C. Corrugated Metal
Pioet oed Stee)
Zipe

A s01) test should be performed to determine “years to per-
foration® to afd in the selection of the conduit type and

Vud uly h; class (a) dams with a storage times reight less tha
11
any necessary coating to extend the life of the ronduit

1 heights less than 25 ft. Maximum dimmeter in
Fed. Spec. WW-P405 is used for OMP and Marual N-11

V1. Earth Embenkment The top of dam is set at the ter Of the routed FBH or ESH JThe top of dam is set at the routed PF plus the greater of | Top of dam excluding cember, crown and crest surfacing is |Minor Dams - Freeboard. The freeboard between the spillway e is “: at the design storm ele-
A height plus that needed for wave action and post construction settle- fthe following: set at the reservoir level obtained by routing the inflow elevation and elevation of the dam crest must be | ¥41'0n PIus wave actfon.
went. design flood plus the following: s mintmum of 3 feet, unless otherwise required
1. 3' (min) freeboard Reservoir wind setup and wave runup (3' min.) by State law.
2. post construction settlement + wave rumy 2. Post construction setting and
3. 3% of embankment height (Seismic Zones 2 and 3 only) 3. Provision for frost and desiccation cracking. Major Dams - Freeboard. The minimum freeboard between the
4. Effects of possible malfunction of spillway or crest of the dam and maximum high waterline
outlet works. (f1ow depth in spillway)must be 3 feet, unless
5. Allowance for crest deformation due to seismic otherwise required by State law.
effects if deformation is inw tun un differ-
ence between the normal water: nd the
of dam as determined by other em
B.  Floodwater Storage Maximum by legislation is 12,500 Ac-ft. Varies - no specific limit Mo specific 1imit. No specific limit No specific limit
feet]*
C.  Top Width Total Height rpose, Varies - depends on other uses of top of dam (road, etc.) 30 feet minimum required in most cases. It may be in- 12 1t minimum For dams up to 100 feet fn height, the minimum
of Embankment Floodwater creased to accommodate highways; and may be decreased for top width required is 10 feet, but not less
(H) (feet) Retarding A1l Other low, homogeneous dikes which provide freeboard only. than
< 4 8 8 WK 3s
15-19 10 10 ‘§
20-24 12 12
5-34 14 " Minimum top width required for dams over 100
feet in height is 28 feet
35-95 14 H+ 35
9%+ 16 2 ~

If used for public roadway minimum the width is 16 ft. for 1-
raffic and 26 ft. for 2-way traffic.
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ITEM S.C.S. Cc.O E USBR. B.LM 1 ES.
D. Slope Stability a. Use ICES-LEASE or STABL (incl. RANDOM & WEDGE) a.  Same as SCS s\
. opes. The upstream slopes must not be steeper Embankment Cross-Section. Design the fill
Min. seisaic coefficlent by special sudy or ™-808-10 6. Liwitios Hweem Sethed of Spencer-vs i IR eurst than 3:1 and the downstream slope must not be  fzoning plan & Tross-sections] shape of
WFAC 1358 W 855 b Seme as SCS Sk steeper than 2:1. fthe dam to ensure that the dam and its founda-
ion of
0ad ing Class [ Strength : b, Seismic coefficients not used fn stability analysis tion will remain stable under any condit
Minimum Factors of Safety 1/ H Minor Dams - Compaction. Semicompaction is required as & oading and internal seepage that may reasonabl
fordition | 0= Tt e & pracetics - displecsnsat Is sstimstad b fowierk's I ainwmm. emiciaraction somns Bt Compaction [be expected to develop during the 1ife of the
End of an excess Case  Design Factor of Shear £nd o: ::m ¥ obtained by nlu::ng !M1ukn—¢nt u;uhl‘by nn;:mre. Rub(\ily analyses and settlement
Kons: . iterd fe Strength Remarks ruction scraper type equipment in approximately horizon- fanalyses will be:
. truction el trond No. ~(Criteria  Safety ~ Strength  Remr%s Iﬁmﬁ'ﬂs—' safety Factors %l layers, 6 inches in thickness, and distri-
press 1 End of 1.3 2/ Qor §3/ Upstream and U0 Tor cTays and silts w/no (a) Pore #m«m in ting the equipment travel over the entire widthl. ~Performed by methods conforming to ac-
Construction = = downstre drainage. dam and foundation. of the embankment 50 as to obtain uniform campac| cepted engineering practice.
; 1 tion while placing the material.
::;:‘{,:" - Cojorau)| 1.4 1.0 Shaee CD for drained conditions 1.3 for effective 2. Based on realistic assumption of applied
Highest Prin- mic: Il Sudden draw- 1.04/ R, S Upstrean slope stress analysis with For dams which will impound more than 15 acre- conditions.
cinal Spwy. e B 2 oy Use con. |Foundation Soils: laboratory deter- feet of water and for all dams where failure
crest max imum pool posite envelope]00 TOr clays and most silts mination of pore would present a hazard to life or property, . Based on data obtained from campetent
See fig. 4 5 pressure and moni- compaction to 95 percent of maximum density as investigations and the testing of represend
w/seismic, U or 1.5 1.0 CD for sands, gravels, and toring during obtained by AASHTO T-99 is required. tative samples of materials.
use t 0{orfl) . 111 Sudden draw- 1.2 &/ R, S Upstresn siope [Permesble silts. construction.
more 1im- down from only. Use com- 1.5 for total stress Semicompacted fill heights may be increased by
iting of spillway posite envelope [0 for over-consol idated clays or effective stress 10 percent to offset settlement
~y crest or top See fig. & m: ch{ shﬂ:s ;’rtﬂ a;e' analysis and no
" shear strengths shear or- field monitoring Major Dams - Compaction. Al embankments over 25 feet and
:o:nd _n- Eg(::m) 1.5 1.1 of gates ration has occurred in the of pore pressures. any dams with outlet structures must be compacted
Use the v Partial pool 1.5 RS Upstrean slope [P25t - Thixotropic strength (watered and rolled) to 95 percent maxfmum den-
wore 1im- with steady S5 for RS, o1y Use in- [931n may be investigated (b) Pore pressures in sity (AASHTO T-99).
i of Sospope e Btorl to modify residual strengths. enbankment only
s envelope. See 13 - Either Winor Dams - Catoff Trench. Cutoff trenches should extend
. fig. § effective or total into an impervious layer but be no less than 3
hmc:n an ‘E‘n‘: only; g(;:iw) . - S for R>S 9 stress analysis. feet in depth. The minimum bottom width of the
plete and/or lowest Y trench must be 12 feet with 1:1 side slope.
partial from a v Steady See- 1.5 RYS gor Res, DOWRSEr High Leve] Steady State 1.5
compos i page with =z * slope only. Use or t a
strength max fmum stor- intermed ia foundation soils. See
envelope age pool envelope. See | remarks under End of
of: fig. § Construction state for
residual shear strength
Found. in- CU or VI Steady See- 1.4 S for R>S consideration.
< "m; CD(or U page with
use ( ) surcharge 1.3 for drawdown
more 1im- 1 CD (or TU) for embankmen! from either normal
1ting of: materials (¢ or maximum water
T Factor of safety for wn iafinits siope amiyits 15 3o |'  foyoeele 10 Y Upstrean and | permesbility of materia)). srface.
exceed 1.0 for class (a) and 1.1 for classes (b) & (c) (Clases 1, strean €0 (o TU) for foundation
. < 1V and V ::h slopes :omi ‘l:u of loading in
2/ A factor of 1.3 may be used where 1imiti seismic load- est s Extremely Critical
Ts entirely '"..7:«'-..“‘ Vimiting failure surface 1ng) :: a:v g:::ibu‘ Clays
1/ Mot applicable to embankments on clay shale foundations. d
A 3/ A factor of 1.2 may be used where limiting failure surface

€. seepage Control

F.  Foundation Design

a.
b.
<.
d.

is entirely within the embankment

Site specific, but typically includes:

foundation cutoff trenches

embankment drains for steady seepage or embankment crack
interception

blanket drains or toe drains

reservoir blankets

grouting of surface cracks in rock or rock formations.

Site specific, but typically includes:

ace I-ﬂuu’:wﬂly in the order of 90% or
ter of standard proctor densi

tiement and collapse upon wetting analysis.
Strength and stability analysis in conjunction with

the compacted fill.
“of cracking caused by
(or collapse in

ty.

or dif

excess of about 52) by remova

::i.n drainage, or lment
t

recompaction,
ains or conbinations

For embankments over 50 ft. high on relatively weak
foundations use mintmum factor of safety of 1.4.

3/ In zomes where no excess pore witer pressures are
anticipated, use S strength.

4/ The safety factor should mot be less than 1.5 when draw-|
down rate and pore water pressures develop from flow netj
(Appendix 111) are used in stability analyses.

5/ Use shear strength for case amalyzed without earthquake
except that it is not necessary to analyze sudden drow-
down for earthquake effects.

§/  Q=u; RCU; SaCD.

site specific; similar to SCS.

mance

Site spe:ific, but typically fncludes:

Foundation cutoff trenches

Toe drains (and relief wells if needed)

Treatment of surface cracks in rock foundations
Greuting of permeable (secondary) rock foundations
Vertical ard horizontal internal drainage zones

ir. the embankment.

Major Dams - Cutoff Trench. Cutoff trenches should extend
into an impervious layer, but must not be less
than 3 feet in depth. The trench must extend to|
a depth that will erase all traces of top sofl,
shrinkage cracks, root channels, and organic
debris. Where the dam is underlain by pervious
materials, the trench must be keyed into an fm-
previous stratum, or to a depth below the ground|
surface of one-half the height of the dam embanki
ment, whichever is less. The cutoff trench must
have a minmum bottom width of 12 feet and
minimum side slopes of 1 to 1.

Toe Drains. Toe drains should be incorporated
{nto the design where appropriate, based on em-

bankment and foundation materials.

Include such embankment and foundation drains
and associated filters as are needed to:

Prevent the uncontrolled emergence of
water on the downstream slope of the dam.

b.  Reduce or neuturalize seepage pressures td
prevent failure by piping or heaving.

c. Reduce pore pressures in confined founda-
tion strata.

d. Prevent saturation of zones where shear
strength is critfcal to the stabil'ty of
the structure.

e. Ensure safe interception and disposal of
water from zones that are susceptible to
cracking resulting from differential
settlement.

When embankments or foundations contain mater-
fals that are susceptible to interna) erosion
or cracking caused by settlement, drainage fil
ters should be provided at all critical dis-
charge faces.

Where adequate quantities of free draining,
coarse materials are available, internal drai
age needs may often be met by zoning of fill
within the dam. When suitable drain fill
materials are not avail near the site:

a. Drains may be waived for moderate- and
low-hazard class D dams so long as the de.
sign risk is acceptable and accounted for
in the maintenance plan.

b.  For all other classes of dams, suitable
materials must be imported.
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