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Emergency Regulations — Inundation Maps

California Code of Regulations
Title 23. Waters
Division 2. Department of Water Resources
Chapter 1. Dams and Reservoirs
Article 6. Inundation Maps

§ 335. Scope of Regulations

(a) Inundation maps shall be prepared for dams and critical appurtenant structures
regulated by the state, except dams classified by the department as low hazard as described
in Section 335.4. The regulations in this article apply to inundation maps and supporting
technical studies necessary to develop the maps. Owners are responsﬂole for preparing and
submitting these documents to the department.

b) The provisions of this article apply to all owners of state jurisdictional dams except
dams classified by the department as low hazard, including those regulated pursuant to
Title 18, Code of Federal Regulations, Part 12.

Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Sections 6002, 6160
and 6161, Water Code. Title 18, Code of Federal Regulations, Part 12.

§ 335.2. Definitions

(a) For purposes of this Article, the terms listed below shall have the meanings noted:

(1a) “Breach” refers to an sudden-opening through a dam or critical appurtenant structure.

(d2) “Critical appurtenant structure” refers to a man=made-barrier or hydraulic control
structure that impounds the same reservoir as the dam and is 25 feet or more in height;
impounds a minimum of 5,000 acre-feet of water at full reserveirconditionsthe maximum

possible storage elevatlon, or that the department determines poses a significant or hlghe
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Emergency Regulations — Inundation Maps

downstream hazard has-the-potential per section 335.4(a).to-inundate-downstream lifo-or
- includine] Liitod

(A) Typical critical appurtenant structures include emergency spillways, gated spillways,
and saddle dams. A critical appurtenant structure may contain multiple water-barrier
features, including but not limited to gates, flashboards, and concrete monoliths. The height

of a critical appurtenant structure shall b%%ﬁ%ﬁ%ﬂ%%&d%&%ﬁ&a&be

measured from the d

%ealﬁppf%eﬁ&ﬁw%ﬂmﬁmﬁ%eﬁm&&em—%upsweam toe or downstream

toe, whichever elevation is higher, to the maxnnum possible storage elevation, except for
the following cases:

1. For a structure comprising gates constructed on a concrete control structure, such as a
spillway with multiple radial gates, its height shall be measured from the upstream toe of

the concrete control structure to the maximum possible storage elevation.

2. If gates are affixed to a concrete dam. the height shall be measured from the base of the
gates to the maximum possible storage elevation. :

}H&Hé&&ea—m—aps—A penstock or low-level outlet shall be consulered a crltlcal appurtenant
structure if the department determines it poses a significant or higher downstream hazard

potential, as defined in section 335.4(a).

(e3) “Critical facilities” refers to kifeline-infrastruecture-andlaw enforcement facilities,
melﬁémgbﬁ&ﬂe%—lmﬁ%ed—%ﬁre statlons, schools hospltals skﬁleéﬁﬂ%smg{iaeﬂg}esgmson

(4f€) “Cross-section” refers to a linear representation perpendicular to a watercourse and its
adjacent floodplain, capturing the topography perpendicular to the flow direction.

(5g) “Dam system” refers to a dam and all critical appurtenant structures that impound the
same reservoir.
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Emergency Regulations — Inundation Maps

(63 “Dynamic routing” refers to hydraulic flow routing based on the shallow water
equations to compute changes in discharge, velocity, and stage with respect to time at

various locations along a watercourse. The-mest-common-form-of the-equations-is-the-Saint-

(73) “Failure scenario” refers to the modeled simulation of a complete failure of a dam or
critical appurtenant structure which results in the uneentreled-unintended release of
water.

(8k) “FEMA P-946” refers to the “Federal Guidelines for Inundation Mapping of Flood Risks
Associated with Dam Incidents and Failures” dated July 2013 -herebs—inecorporatedby

(39) “Flood wave arrival time” refers to the elapsed time from the initiation of the failure
scenario until the arrival of the leading edge of the flood wave

o
AVl Lo 0 LYY '
it » v .

o H G *
SN 3

(»10) “Hydraulic model” refers to a computer model used to simulate the spatial and -
temporal changes of water depth and velocity conveyed through a watercourse simulation-of

(£11) “Inundation area” refers to the area downstream of the dam or critical appurtenant

structure that would experience a rise in water surface elevation as the result of a failure

scenario.that-would-experieneesa se-in-water-surface-elevationofg ea one 06t-86

(12) “Inundation boundary” refers to the perimeter of the inundation area.

June 18, 2018 - 3



Emergency Regulations — Inundation Maps

(13s) “Inundation map” refers to a map showing the impacts of a failure scenario. such as

where and when flooding would occur, and may contain multiple sheets. area-that-would
1 in foodine £ il N

(14) “Maximum possible storage elevation” refers to the maximum reservoir elevation to

~ which water can be physically impounded without spilling.

(15) “NAVD88” refers to the North American Vertical Datum of 1988 computed by the
National Geodetic Survey.

alongthe-thalweg:

(16) “Projection” refers to a method by which the curved surface of the Earth is portraved

onto a flat surface.

(17) “Raster” refers to a data format that represents geographic information as a orid of
cells, where each cell contains a value.

(18w) “Sequential dam failure” refers to a failure scenario of an upstream dam system that
results in the failure of one or more downstream dam systems.

(19%) “Storm-induced loading conditionfailure” refers to a failure scenario in which the
extent of the inundation area is greater than that of a sunny day failure scenario.

(20%) “Sunny day failure” refers to a failure scenario of the dam system during-at fullthe
maximum possible storage elevation reservoir-eonditions-with non-flood season inflow.

(8a21) “Toe” refers to the junction of the slope of a dam or critical appurtenant structure
with the natural ground surface.

(22bb) “Two-dimensional hydraulic model” refers to a numerieal-hydraulic model in which
variables such as velocity and depth vary in two horizontal directions along a watercourse.

(23ee) “Watercourse” refers to a stream or open conduit, including but not limited to
canyons and floodplains.
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Emergency Regulations — Inundation Maps

(24) “Vector” refers to a data format that represents geographic information as point. line.
or polvgon features. ‘

Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 8589.5,
Government Code; Sections 6002, 6002.5, 6004.5, 6005, 6007.5. 6008 and 6161, Water Code.

§ 335.4. Downstream Hazard Potential Classification

(a) The department classifies the downstream hazard potential of all state jurisdictional

dams based on a sunny-day loading condition shall-elassifi—the-publiesafety-riskof all-state
jurisdictional-dams-as follows:

(al) Low Hazard Potent1a1 —Dams—&ss&gﬁeé—ehﬂewha%aﬂi—pe%eﬁﬁakehsaﬁeaﬁeﬁaw—ehese

-1No probable loss of
human life and low economic and#ef env1ronmental losses. Losses are expected to be
principally limited to the owner’s property.

(Zb) Slgmﬁcant Hazard Potential. —Dams—&ss&gﬁeé—%he—agmﬁeaﬁt—hazafd@eteﬁ&ai

POSE-GH -SR-S -0 R0 -F S5 RO -GPSR O RS Lo n-—-od-t h a9

}H—-BNO probable 1oss of human life but can cause economic loss, env1r0nmenta1 damage,
disruption-of lifelineimpacts to critical facilities, or other significant impacts.

(3e) ngh Hazard Potentlal —Da{ﬁe—&ee&gﬁed—the—h&gh%&&&pe&e&&a&el&ss&ﬁe&ﬁe&a%e

of at Ieast one human 11fe.

(48 Extremely ngh Hazard Potential. —Dams—&ssg&ed—ﬁ&ee*&emeﬁ%&gh—ha—za%é—pe%eﬂﬁal

a &t Al -6

; : ; Expected to cause considerable
loss of human life and-or would affeet-result in an inundation area with a population of

1,000 persons or more—ewhe%e—e&t&ea%ﬁaeﬂﬁw&ee&%ae&mpaefeed

(b) If a dam owner contends that their dam should be assigned a different hazard potential
classification, the dam owner may request a re-evaluation by providing a justification and
supporting documentation to the department for its re-evaluation. The dam owner shall
comply with this article during the re-evaluation of the hazard potential classification.

June 18, 2018 i : - 5



Emergency Regulations — Inundation Maps

Note: Authority cited: Sections 6078 and 6162, Water Code. Referenéei Section 6002.5,
6009, 6160 and 6161, Water Code.

§ 335.6. Inundation Map Updates

(a) The owner of a dam shall update all inundation maps for the dam system under each of,
but not limited to, the following circumstances:

(al) The department determines there is a significant change in the dam or critical
appurtenant structure. '

(b2) There is a significant change in downstream development that involves people and
property. ' v

(e3) The department changes the hazard classification of the dam.
(d4) No less frequently than every 10 years.

(b) When an inundation map is being updated for its 10-vear cycle. a new model simulation

may not be required.

(1) If all the following conditions are met, a new model simulation is not required:

(A) No significant change to the dam or critical appurtenant structures

(B) No significant change to downstream development or terrain,
(C) No significant changes to model assumptions. and

(D) No significant changes to inundation modeling state-of-practice,

(2) If a new model simulation is not performed for a 10-yvear map update, the dam owner

shall submit the following:

(A) Updated map(s) with updated aerial imagery, critical facilities. map preparation date.
the California-licensed professional civil engineer’s seal, along with all map requirements in
section 335.14.

(B) A written explanatiori of why a new model simulation is not required. as desciibed in
section 335.6(b)(1). and all changes made to update the inundation map(s).

June 18, 2018 | | 6



Emergency Regulations — Inundation Maps

(c) A new model simulation must be performed if there is a significant change to the dam

- critical appurtenant structures, downstream development or terrain, model assumptions. or
inundation modeling state-of-practice. In this case, the dam owner shall submit the map(s)
geospatial files, and technical study per section 335.16. The technical study must include a -
description of all changes to the model and map(s).

Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 6006, 6007
and 6161, Water Code

§ 335.8. Civil Engineering
Inundation maps and technical studies shall be prepared by, or under the direction of, a
civil engineer who is registered pursuant to California law and authenticated as provided in

the Business and Professions Code, Division 3, Chapter 7 commencing with Section 6700.

Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 6161, Water
Code; Section 6700, Business and Professions Code.

§ 335.10. Reporting Standards

Inundation maps and technical studies prepared in accordance with this Article shall
utilize the following standards and conventions, unless otherwise indicated:

(a) Reservoir storage and other water volumes shall be reported in acre-feet.

(b) Water discharge shall be reported in cubic feet per second.

(do) Elevations shall be reported in feet above a specified vertical datum such as NAVDSS
ex-NAVD29. Elevations may also be reported relative to an established local datum.

(de) Geospatial data shall be submitted in NAD 1983 Teale (California) Albers projection,
with the units spemﬁed in feet.

June 18, 2018 ‘ ’ - | 7



Emergency Regulations — Inundation Maps

Note: Authority c1ted Sections 6078 and 6162, Water Code. Reference: Section 6161, Water
Code.

§ 335.12. Technical Study

A single technical Study shall be prepared for each dam system for which inundation maps
are required.

(a) Study contents. The technical study shall include the following:

(1) The name of the dam, department dam number, national dam D number, and name or
description of any critical appurtenant structures.

(2) The location of the dam and all critical appurtenant structures.

(8) The name and location of cities, towns, counties, and any populated area that could be
affected by a failure scenario.

(4) A brief narrative of the hydrologic, meteorologlc and topographic features of the
watershed, dam site, and downstream areas.

(5) An engineering description of the dam, including the type of construction (e.g., earth,
rock, or concrete). Include a description of the features comprising each critical appurtenant
structure (i.e., a description of all the gates and concrete structures comprising a gated

spillway structure).

(6) Elevation of the crest and upstream toe for the dam and each critical appurtenant
structure. Report the elevation of the downstream toe of the dam.

(7) A reservoir storage capacity curve that shows the relationship between reservoir
elevation, surface area, and volume from the base of the reservoir to the dam crest.

(8) A spillway rating curve that shows the relationship between stage and discharge.
(9) The type of terrain data used, including any modifications made to the terrain.
(10) A summary of the modeled failure scenarios for the dam system. For each failure

scenario, include the breach hydrograph immediately downstream of the dam or critical
appurtenant structure.

June 18, 2018 , ' . 8



Emergency Regulations — Inundation Maps

'(11) The modeling methodology, the reasons for its use, and the name, version, release date
and author of the modeling software. Report all assumptions, failure parameters,
calibration and sensitivity analyses of the model, including the model’s response to changes
made to the roughness or other friction coefficients. Report modifications made to stabilize
the model or accelerate its computational runtime, and the effects such modifications have -
on the modeled inundation results. Describe known limitations of the modeling method
utilized. Provide Justlﬁcatlon for determining the downstream extent of the inundation
boundary.

(12) Digital files comprising the following for each failure scenario:

(A) A vector file of the inundation area boundary.

(B) Raster-Geospatial files of the flood wave arrival time, maximum depth, and peak
velocity;-and-deflood-time. For inundation maps developed using a two-dimensional

hydraulic model. the file format of the flood wave arrival time, maximum depth and peak
velocity shall be raster files.

(13) The department may request additional information during the course of its review.

(b) Modeling Requirements.

(1) An two-dimensional-open-channel-unsteady-flew; hydraulic model appropriate for the
downstream development and terrain shall be used—ée—e%alﬂate—eaeh—faﬂafe—seeﬁaﬂe—fe}-a

dam-system-except-as-deseribed-below. The model must be capable of performing dynamic

routing to approximate the temporal and spatial changes in inundation magnitude and
extent. In areas of lateral spreading, a two-dimensional hydraulic model i is generally

appropriate.

(28) Upon pre-approval of the department, the dam owner ef-a-signifieant-hazard-dam-may

submit an alternative model for review that produces the inundation extent and timing

described in section 335. 12(b)(1\ﬂseﬁ~%¥d¥eleg&eﬁrede%&ﬂq%&ﬁﬂ4&yd¥&ahemeéelﬂ£
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Emergency Regulations — Inundation Maps

(34) Each model shall utilize the-best-available-terrain-elevation data that is appropriate

for the downstream development and terrain that would potentially be impacted by the
failure scenario. The horizontal resolution of the data shall be ten meters or finer;

tine of tho & Ltiondi . Tablo,

(c) Failure Scenarios. A sunny day failure scenario is required for each dam and critical
appurtenant structure. A storm-induced failure scenario is not required, but may be
submitted in lieu of a sunny day failure scenario.

(1) Each failure scenario shall assume the following:

(A) The reservoir is at the maximum possible storage elevation.

(B) A breach of the full height of the dam or critical appurtenant structure. The height of
the dam is defined in Water Code section 6002 and the height of the critical appurtenant
structure is defined in section 335.2(a)(2). .

(C) The impoundment associated with the full height shall consist entirely of water.

(D) If a dam owner chooses to include the effects of sediment. the owner mav also submit a
second failure scenario depicting the effects of sediment release along with supporting

documentation to the department for consideration. However, modeling sediment release is
not required.

(2) Baeh-fFailure scenarios for dams shall comply with the following:

(A) The dam owner shall select one of the following methods that are applicable to the dam
for estimating breach parameters, except breach height, prescribed in section
335.12((M(B):

1. Table 9-3 of FEMA P-946 (2013), incorporated here by reference.

2. Chapter 2. Appendix 11-A, Table 1 of Federal Energy Regulatory Commission’s

Engineering Guidelines for the Evaluation of Hydropower Projects (August 2015)
incorporated here by reference.
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3. A sensitivity analysis using equations appropriate for the dam in Table 2 of U.S.

Department of the Interior’s DSO-98-004 Prediction of Embankment Dam Breach

Parameters (July 1998), incorporated here by reference, that produces the largest peak
outflow. '

4. Upon pre-approval by the department, alternative breach parameters that fulfill the
purpose of section 335.12(c)(2)(A). :

(3) Failure scenarios for critical appurtenant structures shall comply with the following, as

- applicable:

(A)‘For saddle dams, failure scenarios shall be modeled as described in section 335.12(c)(2).

(B) For gated critical appurtenant structures, all gates shall be breached simultaneously

together with the control structure.

(C) Multiple gates affixed to concrete dams shall be failed coilectivelv but separately from
the dam.

(D) All critical appurtenant structures, except for saddle dams, shall assume a nearly

instantaneous and complete failure,

(F) For any type of critical appurtenant structure and upon pre-approval by the
department, the dam owner mav assume an alternative failure mode that produces the

largest peak outflow, as substantiated by a sensitivity analysis.

4) Ifa failure scenario is expected to cause the failure of any downstream dams or critical
appurtenant structures, the failure of those downstream dams and critical appurtenant

structures shall be included in the model and map.

June 18, 2018 . - o1
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Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 6161, Water
Code.

§ 335.14. Inundation Maps

(a) Inundation maps shall be prepared for each failure scenario to-satisfy-the EEMA-P-946
(2013)-and-the-requirements-of this-seetionas described i in section 335.12. Inundation maps

must contain the following model outputs as rasters, contours, points, or cross-sections at
appropriate time and space intervals displayed over current aerial imagery:

(1) Inundation boundary

(2) Flood wave arrival time,

(8) Maximum depth, and

(4) Maximum velocity.

~1f using

a raster for items in section 335 14(3) CFthe opamty eﬁ%hem&m—ﬂeeéwave—éep&h—}ayef

shall be adjusted to display the underlying base-mapaerial imagery.

(¢) The inundation boundary shall be displaved as a one-foot maximum depth. except where

the flood wave would be confined to a channel or canyon or where the flood wave no longer

poses a threat to life or critical facilities.

(ed) General information. Each 1nundat10n map shall contain the following general
information:

(1) The name of the dani, the department’s dam number, the national dam ID number, and
the county in which the dam is located.

June 18,2018 | ; 12
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(2) The failure scenario. If a storm-induced failure scenario is depicted, the return period
shall be reported on the inundation map.

(3) The map background with suitable aerial imagery.

(4) Callouts identifying the location of the dam, all critical appurtenant structures, and all
critical facilities affected by the failure scenario. The downstream watercourse and flood
control features, such as dams, levees, weirs, pumps, and control structures shall be
labeled.

(5) The identity of any jurisdictions, including boundary delineations or place marks
identifying the city, county, or other governmental agency jurisdictional boundaries affected
by the inundation area.

(6) An arrow indicating north.

(7) An appropriate scale bar and the stated map sc_ale.

(8) Vertical elevation datum.

(9) Map collar information, including horizontal reference grid ticks.

(10) An index showing the relationship of the map sheet to the other map sheets if the map
has multiple sheets.

(11) The date of preparation of the map -and the simulation date of the model.

(12) The s1gnature seal, and licensed civil engineer number of the engineer responsible for
preparing the map.

(13) All features on maps shall be clearly labeled with text boxes and legends, as
appropriate.

(14) A statement that the information shown is approximate and should be used as a
guideline for emergency response and preparation purposes.

(15) For flood waves that are confined within a channel but not shown within the

inundation boundary as allowed by section 335.14(c), a statement indicating high flows may
continue bevond the inundation boundary.

June 18, 2018 13
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(16) Labels identifying low-lying areas where the flood recession is expected to be slow and
affect lives or critical facilities.

(d) Map Layout. All inundation maps shall be prepared at a scale and quality to clearly

display an aerial view of the extent of flooding. A map scale such as that described in
Section 11.3.3 of FEMA P-946 may be applied.

ek akkaa: 0 Pats
v 0

s00-dets-perineh—A

. w i

Note® Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 8589.5,
Government Code; Sections 6160 and 6161, Water Code. Business and Professions Code

section 6700.

§ 335.16. Submission of Inundation Maps and Technical Study

The owner of a dam shall submit inundation maps and the supporting technical study to
the department as specified below:

(a) An electronic color copy of each new and revised inundation map in portable document
format (PDF extension) and geospatial files for the inundation boundary, flood wave arrival

time. maximum depth, and maximum velocity. For inundation maps developed using a two-

dimensional hydraulic model. the geospatial file format of the flood wave arrival time,

maximum depth, and maximum velocity shall be raster -files.

(b) Technical Study: Twe-One hard copiesy and an electronic copy-ineluding-digital-content.

Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 6161, Water
Code.

§ 335.18. Department Review and Approval

June 18, 2018 o 14
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Upon receipt of a complete submittal pursuant to section 335.16. the department shall

evaluate it for consistency with the requirements of this article. The department shall

provide comments to the dam owner and an opportunity to correct deficiencies and provide

further explanation. The department may approve inundation maps upon a demonstration
of compliance with Water Code sections 6160 and 6161 and substantial compliance with
this article. Substantial compliance means that the submittals were made in a good faith
attempt to conform to requirements in this article and other applicable law. and the

department determines that the submittal is sufficient in view of the particular
circumstances to fulfill the purpose of the requirements. Upon approval of the inundation

maps, the department will provide written notification to the dam owner.

Note: Authority cited: Sections 6078 and 6162, Water Code. Reference: Section 8589.5,
Government Code; Sections 6161 and 6431, Water Code.
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Table 9-3: Typical Breach Parameters or Range of Parameters

Average breach width % to 5 times the dam height
Side slope of breach ' 0:1to1:1 :
Breach formation time ~ 0.1 to 4 hours B
|
Breach width : A multiple of monolith widths
Side slope of breach : 0:1
Breach formation time ‘ 0.1 to 0.5 hours
7 v Concrete Arch Dams
Breach width A Entire dam width
Side slope of breach 0:1 to valley wall slope .
Breach formation time - Nearly instantaneous, <0.1 hour

Dam breach parameter selection guidance published in Chapter 2, Appendix II-A of FERC’s
Engineering Guidelines for the Evaluation of Hydropower Projects (FERC, 1993) is widely

referenced as an acceptable method by regulating authorities and is provided in the following
table. Refer to pages 2-A-10 and 2-A-11 of that document for comments on using Table 9-4.

Table 9-4: FERC Suggested Breach Parameters

Parameter % Value ‘ Type of Dam

Average width of breach (BR) | BR = Crest length | Arch
BR = Multiple slabs Buttress
BR = Width of 1 or more .| Masonry, Gravity monoliths
Usually BR<0.5W
HD <BR<SHD....oooeerererernrenenn, Earth-fill, rock-fill
(usually between 2HD to 4HD)........ Timber Crib
BR > 0.8 x Crest Length................... Slag, Refuse

Horizontal component of side slope | 0 < Z < slope of valley walls............. Arch

of breach (Z)

' Z=0 e, Masonry, Gravity Timber Crib,
» Buttress -

VaSZ S Tiiccrnnencnisenennecssenns Earthen (engineered and compacted)
1SZ <2t ceeeerenens Slag, Refuse (non-engineered)

gAvGaam 9-10
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Engineering Guidelines for the Evaluation of Hydropower Projects
Preface
Drilling @@ s# - About Drilling at Embankment Dams Read More
Chapter 1 @ - General Requirements Read More

Chapter 2 @m - Selecting and Accommodating Inflow Design Floods for
Dams Read More

Chapter 3 em - Gravity Dams Read More

Chapter 4 @ - Embankment Dams Read More

Chapter 5 @@ - Geotechnical Investigations and Studies
Chapter 6 @ - Emergency Action Plans Read More

Chapter 7 @m - Construction Quality Control Inspection Program
Chapter 8 & - Determination of the Probable Maximum Flood
Chapter 9 s - Instrumentation and Momtormg

Chapter 10 @@ - Other Dams

Chapter 11 @ - Arch Dams

Chapter 12 @ - Water Conveyance

Chapter 13 m Evaluatlon of Earthquake Ground Motnons Read More

Chapter 14 Dam Safety Performance Momtormg Program
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Note: See Page 2-A-11 for deﬁnitioh Sketch
*Comments: See Page 2-4-9 - 2-4-10

2-A-8

- .
' . APPENDIX II-A
TABLE 1
SUGGESTED BREACH PARAMETERS
(Definition Sketch Shown in Figure 1) ‘
- Parameter Value Tvpe of Dam
Average width of Breach (BR) BR=CrestLength __________ Arch
(See Comment No. 1)* -
BR=Mulltiple Slabs . . . Buttress
BR=Widthof 1ormore_ Masonry, Gravity
' Monoliths
Usually BR <0.5 W ‘
HD<BR SSHD... ot Earthen, Rockfill,
(usually between..........cvuverveveeeererererennn Timber Crib
2HD & 4HD)
BR > 0.8 X CIESt ceunmmmmnrrreereveeesoeoen. Slag, Refuse
Length ' ‘
Horizontal Component of Side - 0 <Z < slope of valley walls .................. Arch
Slope of Breach (Z) Z=0 e Masonry, Gravity
(See Comment No. 2)* Timber Crib,
Buttress '
3 /2.0 O Earthen (Engineered,
Compacted)
1 SZES2 e Slag, Refuse e
_ N ~ (Non-Engineered)
Time to Failure (TFH) TFH 0.1 cereercercereneneseveesesnieennnn. Arch
(in hours) . 0.1 <TFH <03 .o, Masonry, Gravity,
(See Comment No. 3)* Buttress
0.1 <TFH< 1.0........uucevceuevureeeennnnin.. Barthen (Engineered,
‘ Compacted) Timber
Crib :
0.1 <STFH 0.5 ueeereeeceereeeeresrnns Earthen (Non
Engineered :
) Poor Construction)
0.1 STFH <03 cteeceerereeneseeneennns .. Slag, Refuse
Definition:
HD -  Height of Dam
Z -  Horizontal Component of Side Slope of Breach
BR -  Average Width of Breach
TFH -  Time to Fully Form the Breach
W - Crest Length
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generally only qualititative or visual in nature. The digital image database is especially
interesting. : ' ' v

Predicting Breach Parameters from Case Study Data

Table 2 summarizes the relations proposed by previous investigators for predicting breach
parameters (e.g., geometry, time of formation) from case study data. The earliest
contributions were made by Johnson and Illes (1976), who published a classification of
failure shapes for earth, gravity, and arch dams. For earth dams, the breach shape was

- described as varying from triangular to trapezoidal as the breach progressed. The great
majority of earth dam breaches are described as trapezoidal in the literature.

Table 2. — Breach parameter relations based on dam-failure case studies. ‘
For explanations of symbols see the Notation section at the end of this report.

Reference Number of ~ Relations Proposed
N ____| Case Studies | . (S.l. units, meters, m¥s, hours)
Johnson and liles (1976) 0.5h4 < B< 3ha for earthfill dams
Singh and Snorrason (1982, | 20 | 2ha< B< 5hq
| 1984) A ' | 0.15m < doviep < 0.61 M
' . 0.25 hr < #r< 1.0 hr

MacDonald 42 Earthfill dams:

| and Langridge-Monopolis - Ver = 0.026 1( Vour*hy)0.769 . [best-fit]
(1984) ‘ tr=0.0179( Ver)0-364 [upper envelope]

: Non-earthfill dams: ' '
. i Ve = 0.00348(Vour 2B 9852 o ~[bestfit]-|-

FERC (1987) Bis normally 2-4 times ha

' : B can range from 1-5 times hq

Z=025t101.0 [engineered, compacted dams]

Z=11t02 [non-engineered, slag or refuse dams]

tr=0.1-1 hours [engineered, compacted earth dam]

tr=0.1-0.5 hours - [non-engineered, poorly
' compacted]

Froehlich (1987) . _ 43 —B;* = 047K ( S.)o.zs

Ko = 1.4 overtopping; 1.0 otherwise

Z=0.75K, (h)* (W )°7

K. = 0.6 with corewall; 1.0 without a corewall

t = 79(S")047

Reclamation (1988) : B = (3)hw
tr=(0.011)B
Singh and Scarlatos (1988) 52 Breach geometry and time of failure tendencies
Bhop/Bpottom averages 1.29
Von Thun and Gillette (1990) 57 B, Z, trguidance (see discussion)
| Dewey and Gillette (1993) 57 Breach initiation model; B, Z, trguidance
Froehlich (1995b) 63 "B =01803K,V,*? )"

tr = 0.00254 V053 hy-0-90) | -
K= 1.4 for overtopping; 1.0 otherwise
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