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L. Purpose and Scope. This regulation sets forth hydrol ogi c engineering
requirenents for selecting and accommodating |nflow Design Floods (IDF) for
dans and reservoirs.

2. Applicability. This regulation applies to all HQUSACE/ OCE el enents,
maj or subordinate conmands, districts, and |aboratories having civil works
responsi bility.

3. Ref er ences, Listed in Appendix A

4, Ternmi nol ogy. Appendi x B contains explanations of special terms used in
this regulation. More conplete glossaries may be found in the references.

5. CGeneral Policy. It is the Corps of Engineers policy that dams designed,
constructed, or operated by the Corps will not create a threat of loss of life
or inordinate property danmage. Departures from accepted policy or practice
will not be nmade in the design of a damsinply to reduce cost. Every phase of
the planning, design, construction, and operation of a damwll be
acconplished to assure that it is safe, efficient, and reliable.

6. Di scussi on.

a. The basis for application of design guidance is the policy set forth
in paragraph five above. Wen a dam inpounds water upstream from a popul at ed
area, a distinct hazard to that area frompossible failure of the damis
created. This requires that extrene care be exercised in every phase of the
engi neering design, construction, and operation of the project to assure
conplete safety. Deliberately accepting a recognizable risk to life in the
design of a damsinply to reduce the cost of the structure has been generally
discredited from an ethical and public welfare standpoint. Legal and
financial capability to conpensate for economc |osses associated with dam
failure is inadequate justification for accepting such a risk, when hazard to
life is involved. There are nunerous exanples where failure of even small dans
with small storage capacity has resulted in large loss of life and heavy
property damage. It is essential that design guidance be geared to safety,
consi dering both the upstreaminpacts of an inposed ponding and the downstream
consequences of dam failure.

This regul ati on supersedes EM 1110-2-1101 (19 February 1968) Design Criteria
for Systems of Small Dans.
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h. A large earthen enbanknent dam can be cited as the upper end of the
scale insofar as avoidance of risk is concerned. For such a structure, a
desi gn shoul d be established on the basis that the possible loss of life is
obvi ously unacceptable and that potential danages coul d approach disaster
proportions; and, therefore, failure cannot be tolerated. At the other end of
the scale would be a small dambuilt in an agricultural area where failure
woul d not jeopardize human life nor create danages beyond the capabilities of
the owner to recover. For such a structure, design criteria can be estab-
lished that allows for the possibility of failure. Between these two extremnes
there mght appear to be a wide range of internediate types of dams with
est abl i shed guidance to govern their design, but such is not the case. The
requirenent that a damfailure must not present a hazard to hunman |ife remains
a fixed condition that nmust be met by all designs.

7. Saf ety Dam St andards.

a. GCeneral. The selection of IDF's and the design of dam el ements
necessary to meet mninum safety requirements will conformto one of the
following standards. The standard enployed will be governed by circunstances
associated with specific projects and associ ated upstream and downstream
devel opnent s

b. Standard 1 Standard 1 applies to the design of danms capabl e of
placing human life at risk or causing a catastrophe, should they fail. Dam
height with appropriate freeboard, spillways, regulating outlets, and
structural designs will be such that the damwill safely pass an | DF computed
from probabl e maxi mum precipitation (PMP) occurring over the watershed above
the dam site

c. Standard 2: Standard 2 applies principally to the design of run-of-
river hydroelectric power or navigation dans, diversion dans, and simlar
structures where relatively small differentials between headwater and
tailwater elevations prevail during major floods. \Wile no unique |IDF needs
to be established, the structure should be able to safely pass major floods,
typical of the region. wthout excessive structural damage and remain
operable. Project design will be baaed on upstream inpact, sedinment
dredging, life cycle cost, operational, and other considerations.

d. Standard 3: Standard 3 applies to dans where an analysis clearly
denonstrates that failure could be tolerated at sonme flood nmagnitude. The
recommended plan should be for a dam which meets or exceeds a base safety
standard. The base safety standard will be net when a damfailure related to
hydraulic capacity will result in no measurable increase in population at risk
and a negligible increase in property damages over that which woul d have
occurred if the dam had not failed. Determ nation of the IDF that identifies
the base safety standard will require definition of the relationship between
flood flows and adverse inpacts (population at risk and property damages) with
and without damfailure for a range of floods up to the probable maxi mum fl ood
(PMF).  Appropriate freeboard will be included for all evaluations. Selection
of a base condition predicated on the risk to life fromdamfailure wll
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require supporting information to denonstrate the increment of popul ation that
woul d actually be threatened. The evaluation should distinguish between

popul ati on downstream of a dam and the population that would likely be in a
life threatening situation given the extent of prefailure flooding, evacuation
opportunities, and other factors that night affect the occupancy of the
incremental ly inundated area at the tine the failure occurs. The occurrence
of overtopping floods nust be relatively infrequent to make standard 3 accept-
able. One-half of the PMF is the mnimum acceptable IDF for standard 3 dams.

e. Standard 4: Standard 4 is applicable to many snall recreational type
| akes and farm ponds generally containing twenty acre-feet or |ess of storage.
IDF's for small projects corresponding to Standard 4 are usually based on
rainfall-runoff probability anal yses and nmay represent events of fairly
frequent occurrence. In such cases it is often preferable to keep freeboard
al | onances conparatively small, in order to assure that the volume of water
i npounded wi Il never be large enough to create a major flood wave if the dam
is overtopped and fails. In some instances adoption of Standard 4 nay be
mandatory in spite of the owner's desire for a higher damto reduce the
frequency of dammge to the structure due to overtopping floods, unless
appropriate safety to downstream interests can be assured

8. Inflow Desian Flood Devel opnent and Application.

a. Under procedures used by the Corps of Engineers, |DF estimtes consist
of hypothetical flood hydrographs devel oped fromrainfall intensity, duration
area relationships (and snownelt if pertinent) and runoff characteristics
applicable to the drainage basin involved. Generalized rainfall criteria are
used, insofar as applicable, to assure consideration of regional influences on
storm potentials. Special hydroneteorol ogical studies of individual project
basins are made if unusual conditions in a particular drainage basin or |ack
of refinenment in generalized estinmates warrant such action. corps of
Engi neers field offices will subnmit requests' to HQUSACE (CECWEH for any
assi stance needed from the Hydroneteorol ogical Section of the National 'Wather
Service (Hydronet) in the devel opment of specialized neteorol ogi cal anal yses.
Corps field offices will use generalized or specialized rainfall PMP anpunts
devel oped by Hydronet to conpute a PMF

h. Rainfall to runoff conversion (unit hydrographs) and loss rates will
be derived to correspond to patterns favorable for rapid concentrations of
runof f from the drainage basin. Reservoir inflow unit hydrographs for |DF
determ nations should be peaked 25 to 50 percent to account for the fact that
unit hydrographs are usually derived fromsmaller floods. |[|nflow design flood
hydrographs will be conputed as inflowinto a full reservoir in order to allow
for the effects of the reservoir in accelerating concentration of runoff under
critical conditions. This requires separate inflow hydrographs for
tributaries, main stem local areas, and the pool area. It is commn practice
to assune a zero travel tinme through the pool unless the pool is very |ong.
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c. The water control plan assunmed in routing the |IDF should be consistent
with the water control plan that is expected to be followed in actua
practice. Any uncertainties that might influence safety of operation should
be evaluated by a sensitivity analysis of the nmaxi num expected water surface
el evation during occurrence of the IDF. Foreknow edge of rainfall will not be
assumned.

d. Reservoir regulating outlets should not be assumed operable during the
occurrence of an IDF, unless they are specifically designed for such purpose.

e. Wien a spillway or outlet is gated the possibility that personnel wll
not be present or able to regulate a project in a prescribed manner nust be
consi dered. It should not be assuned that regulating outlets or spillway
gates would be attended or that water control would be reliable during the
occurrence of an IDF if the lag time between intense rainfall and occurrence
of peak reservoir inflowis less than 12 hours. Therefore, msoperation wll
be considered, tested, and consequences determ ned. A regulation plan that
assunes all conmmunication is interrupted and the operator nust operate with
only know edge of pool elevation and pool rate of rise will be devel oped, and
the design will be tested using this plan

f. An antecedent flood will be assuned to occur prior to the IDF and wl|
be devel oped using sound hydrol ogic engineering principles. Reallocations of
flood control storage to some other use in the future that may result in
hi gher pool levels at the beginning of the |IDF should be considered.
Experience has denonstrated that an unusual sequence of floods can result in
filling all or a nmajor portion of the flood control storage in a reservoir
i medi ately before the beginning of the IDF. In view of the uncertainties
involved in estimating reservoir levels that mght reasonably be expected to
prevail at the beginning of the IDF, the mininum starting elevation for
routing the IDF will be assuned as the full flood control pool |evel or the
el evation prevailing five days after the last significant rainfall of a storm
that produces one-half the |DF, whichever is nost appropriate. If the IDF
estimate is associated with a particular season, the determnation of initia
pool level will consider flood conditions during conparable tinmes of the year
A conparison of surcharge elevations conputed under alternative starting
el evation assunptions is required to reveal the sensitivity of the maxi num
pool to the starting elevation

9. Freeboard on Dans:

a. Ceneral, Freeboard is an integral part of any dam The objective in
selection of design freeboard is to assure that failure of the damw |l not
result fromw nd set-up, wave action, uncertainties in analytical procedures,
and uncertainties in project function in conbination with the nmost critica
pool elevation. Zero over-wash is not always required under infrequent high
pool conditions, but it is required that the over-wash will not be of such a
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magni tude and duration as to threaten the safety of the dam  Geotechnica
consi derations, e.g. settlement and canber, nay require an additiona
increment of dam height above the freeboard described herein.

b. For reservoirs with surcharge above the full pool, where wave
overtoppi ng woul d not be of such nmagnitude or duration to endanger integrity
of the dam the freeboard, except as required by c. below, will be a m nimm
of three feet (enbanknment and concrete dans) or greater as determi ned by
considerations in a. above

Cc. Reservoirs with surcharge pool elevations within three feet of the
mexi mum pool |evel for a substantial period of time, 36 hours or |onger, have
i ncreased probability that high winds in the critical fetch may coincide with
this level. Therefore when the |DF pool hydrograph is within three feet of
t he maxi mum pool for 36 hours or longer or where the project has been designed
with little surcharge for the maxi mum pool above the full pool elevation, the
m ni num freeboard will be five feet for enbanknent dans and three feet for
concrete dans or greater as determned by considerations in a. above.

10. Additional Proj ign nsiderations. The analysis leading to the
sel ection of an appropriate |IDF and project design will generally be an
iterative process. This process will consider several factors including
downstream inpacts, upstream inpacts, cost, and other design considerations.
Sone ot her rel evant hydrol ogi ¢ engineering considerations are as foll ows:

a. A cost analysis will be performed to select the project design with
the least life cycle cost' that will pass the IDF selected in accordance with
t he above policies, requirements, and considerations.

b. The selected project design nust always result in the sane or smaller
di scharges than those that woul d have occurred wthout the project under the
same flood conditions up to the |DF.

c. An inmportant objective of a project design will be to limt storage
accunul ation during floods to avoid excessive danage or a threat to life
within reservoir areas upstreamfromthe dam During the |IDF selection and
project design process careful consideration will be given to limting the
hazard to popul ated areas |ocated in the upstream pool area to acceptable
limts. A reservoir pool will not create a risk to human life or excessive
damage. The analysis of upstream flood inpacts within the pool area wll
consider warning time, rate of rise, and depth for all floods up to the PMF

11. Approval of IDF. Inflow design flood and top of dam determ nations that
fully comply with the policies and other requirenments of this regulation wll
be reviewed and approved by the division water managenent branch. Infornation
copi es of the approval document along with all supporting correspondence will
be forwarded to CECWEH within 15 days of the division approval. If a
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district or division contenplates any deviations fromthis regulation, if
there are questions of interpretation, or if a district and division disagree,
CECWEH should be immediately consulted. Deviations fromthis regulation or
nornmal Corps practice will be approved by CECWEH and shoul d not be

communi cated in any way for any reason to any person or entity outside the
Corps until such approval has been obtained.

12. Reporting. Reporting of |DF determinations and dam design will be

t hrough the normal reporting process as defined in references 1 and 2.
Reporting requirenents are outlined in references 1, 2, 5 and 8. In addition
to the above, reports should provide the follow ng:

a. IDF rainfall and runoff, in tables and graphs.

bh. Gaphs of without project damsite unit hydrograph and reservoir
inflow unit hydrograph.

c. Gaphs of IDF hydrographs: reservoir inflow hydrograph, pool stage
hydr ograph, outfl ow hydrograph, and without project dam site hydrograph.

d. Antecedent flood devel opnent and routing: present information simlar
to a through ¢ above.

e. Water control plan on which routing of the antecedent flood and |DF
are based.

f. Discussion and justification for the dam safety standard, selection of
the antecedent flood, and the |DF.

. If a damdesign is to be based on the Cass 3 safety standard, provide
i nundation areas, population at risk, econom ¢ danages, etc., essentially in
accordance with Guidelines for Evaluating Mdifications of Existing Dans
Rel ated to Hydrol ogi c Deficiencies, Oct 1986, |WR Report 86-R-7.

h. Results of sensitivity analyses assum ng various types of
m soperations and |IDF routing starting el evations.

i. Freeboard conputations including fetch, wind velocity, setup, and
runup.

FOR THE COWANDER:

2 Appendi ces ROBERT L. HERNDON
APP A - List of References Col onel, Corps of Engineers
APP B - dossary - Explana- Chief of Staff

tion of Terns
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APPENDI X A

LI ST OF REFERENCES

ER 1110-2-1150: Engineering After Feasibility Studies.

ER 1110-2-1460: Hydrologic Engineering Mnagenent.

EM 1110-2-1405: Fl ood- Hydrograph Analysis and Conputations.
EM 1110-2-1406: Runoff from Snownelt.

EM 1110-2-1411 (Civil Wrks Engineer Bulletin): Standard
Project Flood Determ nations.

EM 1110-2-1602: Hydraulic Design of Reservoir Qutlet Wrks.
EM 1110-2-1603: Hydraulic Design of Spillways.

EM 1110-2-1605: Hydraulic Design of Navigation Dans.

EM 1110-2-3600: Managenment of Water Control Systens.

ETL 1110-2-230: Hydrologic and Hydraulic Engineering for Survey
I nvestigations.

FEMA 148 (Feb 1988): dossary of Ternms for Dam Safety, prepared by
I nteragency Committee on Dam Safety Task Group on d ossary of Terns.

Criteria and Practices Utilized in Determning the Required Capacity
of Spillways (1970) prepared by USCOLD Conmittee on "Failures and
Accidents to Large Dans, other than in connection with the Foundations".

Determi nation of Spillway Requirements for Hi gh Dans, by Gail A
Hat haway (March 1950). distributed to Corps of Engineers offices
with CWEngineer Bulletin 50-6, issued 9 June 1950.

Federal Guidelines for Selecting and Acconmodating I nflow Design Floods
for Dans, prepared by The Working Goup on Inflow Design Floods
Subcommittee 1 and the Interagency Conmittee on Dam Safety.

Unit Hydrographs: Part 1, Principles and Determnation. U S. Arny
Engi neer District, Technical Report on CW Project 152, Balt., MD (1963).
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APPENDI X B
GLOSSARY
EXPLANATI ON OF TERMS

A flood or series of floods assumed to occur prior to the
occurrence of an |DF.

The IDF where there is no significant increase
in adverse consequences from dam failure conpared to non-
failure adverse consequences.

A gap, rift, hole, or rupture in a danmmng structure;
providing a break; allowi ng water stored behind the damto
flow through in an uncontrolled and unplanned nanner.

A sudden and great disaster causing msfortune, destruction,
or irreplaceable | oss extensive enough to cripple activities
in an area.

A barrier that obstructs, directs, retards, or stores the
flow of water. Usually built across a stream

Destroyed and nade useless, ceases to function as a dam
Mre severe and hazardous than a breach.

The area in which waves are generated by a wind having a
fairly constant direction and speed.

Vertical distance between the maxi num pool stillwater
surface elevation and the top of the dam w thout canber.

that woul d be attained when the
proj ect purposes,

The reservoir |evel
reservoir is fully utilized for all
including flood control.

A graphical representation of the stage or discharge as a
function of tinme at a particular point on a watercourse.

The flood hydrograph used in the design of a dam

and its appurtenant works particularly for sizing the
spillway and outlet works, and for determ ning maximm
tenporary storage and height of dam requirenents.

The hi ghest pool elevation resulting fromthe |DF.

The highest wave in a wave group.

B- I
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Probabl e Maxi mum The nost severe flood that is considered reasonably
Fl ood (PMF): possible at a site as a result of hydrologic and
met eorol ogi ¢ conditions.

Probabl e Maxi mum Theoretically, the greatest depth of precipitation for

Precipitation a given duration that is physically possible over a

(PMP): given size stormarea at a particular geographic location at
a certain tine of year.

Regul at i ng Qutlet works or just outlet; an opening or structure by

Qutlets: which water is discharged froma dam The release rate nay

be controlled by gates or by the outlet geometry and pool
el evation. Designed primarily for normal operation of a dam
and reservoir for water quality, low flow, and flood control'

rel eases.

Ri sk: The exposure to injury or |oss; a hazardous or dangerous
chance.

Runup: The vertical distance above the setup that the rush of water

reaches when a wave breaks on the dam enmbankment .

Setup (Wnd): The vertical rise in the stillwater level at the upstream
face of a dam caused by wind stresses on the water surface.

Significant Wave The average height of the one-third highest waves of a given
Hei ght : wave group.

Spi | | way: Any passageway, channel, or structure designed to discharge
surplus water from a reservoir. May be operationally
conpl ementary to and/or structurally conbined with
regulating outlets. My be gated or uncontroll ed.

Sur char ge: Any storage above the full pool.
Unit hydrograph: A hydrograph representing a runoff volume of one inch

resulting froma stormof a specified areal distribution and
runof f duration.



