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335:8, 335.10, 335.12,
335.14, 335.16, 335.18

Government Code Sections 11346.1 and
11349.6

OAS Matter Number: 2018-0703-02

OAL Matter Type: Emergency Readopt (EE}'

This is the. second readoption of emergency rulemaking action no. 207 7-1009-03E by
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This emergency regulatory action is effective on 7/1.8/209 8 and will expire on
90/17I2t?18, The Ger#ificate of Compliancy for-this action is due n~ aaterthan
10/16/2018.

Date: July 12, 2018
Nicole .Carrillo
Attorney

For: Debra M. Cornez
Director

Original: Karla Nemeth, Director
Copy: Kristen Martin



57ATEOfCAL~FORNtA—OFFICE OFADMINIST .~E~uat ~~ 
~ ~$eg ji'jStl'IIC~IO(lS OhP~OT1C PUBLICATIOI~l~C~i~L~Fl~"lo~ ~~'~I~ilj~~~i{~ -everse)

STD. 400 /REV. 01-2073)

SAL FILE NOTICE FILE NUMBER REGULATORY ACTION NUMBER ~ . -nor1, 1'.Nl_ ~

tVUMBERS

For use by Office of Administrative

For use by Secretary of State only

-~ ~__c ' ! ,.~

dt~ 
" ~~

o#~e~: ,

;I ~

NOTICE

AGENCY WITH RULEMAKING AUTHORITY

REGULATIONS

A. PUBLICATION OF NOTICE (Complete for publication in Notice Register)
1. SUBJECT OF NOTICE TITLES) FIRST:

re Nroposed
itory Action ❑Other

4. AGENCY CONTACT PERSON

~Q~ ~$~ HG i wry t)ry rftVPUStu NU r IGr_ NpT~CE REGfSTER NUMBER ! PFIBLICATI6N DA?F_
~~~Y ApProvecl as ~~difie~d as ~sapprovej i

Submitted ~ ~ ~ ithdrew❑

B. Sl1BMI5S10N OF REGULATIONS (Complete when submitting regulations)

1a. SUBJECT OF REGU~ATION(S) 1b. ALL PREVIOUS REUITED OAL REGULATORY ACTION NUMBERS)

Inundation Maps 2017-1009-03E, 2018-0404-01 EE
__

2. SPECIFY CAIfPORMA CODE OF REGULATIONS TiTLE(5) AND SEC710N(5) (Including title 26, if toxics related)

SECTIONS) AFFECTED 
Auer ~

(List all section numbers) 335, 335.2, 335.4, 335.6, 335.8, 335.10, 335.12, 335.14, 335.16, 335.18

IflC~1VIt~Ud~I~/. At#dCtt 
AMEND

aclditianat sheet if needed.)
TIT~E(S)

23

3. TYPE OF FILING

Regular Rulemaking (Gov. ~ Certificate of Compliance: The agency officer named Emergency Readopt (Gov. ~ Changes Without RegulatoryCode 411346)
below certifies that this agency complied with the Code, §11346.7 (h)) Effect (Cal. Code Regs., title

❑ Resubmittal of disapproved or provisions of Gov. Code 4§11346.2-713473 either 1, §100)
withdrawn nonemergency before the emergency regulation was adopted or 

F~~e &Print Print Onifiling (Gov. Code §§t 73493, within the time period required by statute. ~ ❑ y
11349.4)

Emergency (Gov. Code, ~ Resubmittal of disapproved or withdrawn ~ Other (Specify)
§17346.1(p)) emergency~ling(Gov.Code, §11346.7)

4, ALl6EGfNNING AND ENDING DATES OFAVAILABIUTYOF MODIFIED REGULATIONS AND/OR MATERIAL ADDEDTO THE RULEMAKING FILE (Ca1. Code Re9s. title t, §44 and Gov. Code §71347.1)

5. EFPEC7IVE DATE OF CHANGES (Gov. Code, §§ 17343.4, 11346.1(d); CaI.Code Regs., title 7, §100 J
Effective January 1, April 1, July 1, or Effective on filing with §740 Changes Without Effective 

~U ~ 18 2018October 1 (Gov. Code §11343.4(a)) ~ Secretary of State ~ Regulatory Effect ~ other (Specify) y_ +

6. CHECK IF THESE REGULATI6NS REQUIRE NOTICE TO, OR REVIEW, CONSULTATION, APPROVAL OR CONCURRENCE BY, ANOTHER AGENCY OR ENTITY

Department of Finance (Form STD.399) (SAM §b6b0) ~ Fair Political Practices Commission ~ State Fire Marshal

Other (Specify)

7. CONTACT PERSON TELEPHONE NUMBER FAX NUMBER (Optional) E-MAIL ADDRESS (Optional)

Kristen Martin (916) 227-2170 mapregs@water.ca.gov

$• 1 certify that the attached copy of the regulations) is a true and correct copy For use by Once of Administrative Law (DAL) only

of the regulation{s) identified on this form, that the information specified on this form
is true and correct, and that i am the head of the agency taking this action,
or a designee of the head of the agency, and am authorized to make this certification.

SIGNAT E OF AGENGY HEAD OR DESI NEE DATE

TYP A E AND TITLE OF SIGNATORY

Karla Nemeth, Director



Emergency Regulations —Inundation Maps

California Code of Regulations

Title 23. Waters

Division 2. Department of Water. Resource$

Chapter 1. Dams and Reservoirs

Article 6. Inundation Maps

§ 335. Scope of Regulations

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 responsible for preparing and
submitting these documents to the department.

(b) The t~rovisians of this article apply to all owners of state iurisdictianal 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

For purposes of this Article, the terms listed below shall have the meanings noted

(lam) ̀ Breach" refers to a~~ ~t~opening through a dam or critical ap~ui tenant structure.

« ~,

(~~ "Critical appurtenant structure" refers to a nz~.~.~barrier or hydraulic control
structure that impounds the same reservoir as the darn and is 25 feet or more in height;
impounds a minimum of 5,000 acre-feet of water at ~ •" ~°^u~~ ~° ;~~ ~v ~u~~~~ ~~the maximum
possible stara~e elevation; or that the department determines poses a significant or higher

June 
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Emergency Regulations —Inundation Maps

downstream hazard ~s-~l~e-potential per section 335.4(a).{~ ~~~k x~u~~ u;,.Y~n * ~ ~'~'

(A) Tvpical critical appurtenant stl uctures include emergency spillways, gated spillways,
and saddle dams. A critical a~~~zrte~ant str~ct~re may c6ntain anulti~le water-b~rrie~
fea~ur~~, irac3udzn~ but nr~t Ii ~ted to gates f~ashboart~s end concrete onc~~itl~s The height
of a critical appurtenant structure shall ~^ a~~~~ ~:~ ~~a u~ ~ yy„ aa~ a h » be~, u' ,~
measured from the

upstream toe of downstream
toe, whichever elevation is higher to the maximum possible storage elevation except for
the following cases

1. For a structure comprisingL~ates constructed on a concrete control structure such as a
spillwav with multiple iadial dates 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 passible storage elevation
vv viia.. i11U 11 Ci 111 YY

9 ~ 5 ti

Z

„ra~+;,,r „,.,,gin A penstock ar low-level outlet shall be considered a critical 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 ~~~^~~~^ ~n~ ̂n'-N + ~ alaw enforcement facilities,.
~~„a;r~. ~,,,+ ,,~+ ~; •+ a + fiie stations, schools, hospitals, ~r~"^a N ~' ~''+' prisons

and major roads, ,
a C 'l, ,~ C,,,,+' ocean c ..r+l, ~'+------- -------~ r-~'- i-
QG CT Z'I~V—R~li—f'T

(4€) "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.

1. 9. 9.

.5.

June 18, 2018 
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Emergency Regulations —Inundation. Maps

(6~) "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. mi,,, ,~.,,r+ „~ ~~y~~~ ~ ~ ~m ,,~ ~~~ ~~~ +;,, n +~, c +_

uv~.vxiw~

(~) "Failure scenario" refers to the modeled simulation of a complete failure of a dam or
critical appurtenant structure which results in the ~~M^^r+~~^"^~' unintended release of
water.

(8~) "FEMA P-946" refers to the "Federal Guidelines for Inundation Mapping of Flood Risks
Associated with Dam Incidents and Failures" dated July 2013, ~^,~^'~-, ;r^^Nr^N^+„a ~,<,

rte.

u n

~i u5~ .,i r ~ivii ~. iiis iscrsriz~ .~rv1~z—.

(~9) "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-~~~:.N~~~~rb u „~.; ~~ti ~'~~~ ~°

~~re~

(~10) "Hydraulic model" refers to a computer madel used to simulate the spatial and
temporal changes of water depth and velocity convened throu h a watercourse.si~~~'-~~~-~

(x-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.

{12) "Inundation boundary":refers to the perimeter of the inundation area.

June 1$ 
..
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 ~~^^ +~,.,+ ~:,,,,,~a

X14) "Maximum possible storage elevation" refers to the maximum reservoir elevation to
which water can be ph shy impounded without spilling

(15) "NA~D88" refers to the North American Veitical Datum of 1988 computed by the
National Geodetic Survey.

r

•. ~.

« »

(16) "Pioiection" refers to a method by which the curved surface of the Earth is portra„~ed
onto a flat surface.

X17) "Raster" refers to a data format that represents ~ea~raphic information as a grid of
cells where each ce11 contains a value

(1_8~) "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 conditionf~~e" refers to a failure scenario in which the
extent of the inundation area is greater than that of a sunny day failure scenario.

(~) "Sunny day failure" refers to a failure scenario of the dam system ~r~=gat €the
maximum possible storage elevation N~~^~T,̂ ;,~ ^^~a;+;^r~ with non-flood season inflow.

(~21) "Toe" refers to the junction of the slope of a dam or critical appurtenant structure
with the natural ground surface.

(22~) "Two-dimensional hydraulic model" refers to a ~=,z«~~,~.-hydraulic model in which
variables such as velocity and depth vary in two horizontal directions along a watercourse.

(23c-E) "Watercourse" refers to a stream or open conduit, including but not limited to
canyons and floodplains.

June 18
...
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Emergency Regulations —Inundation Maps

{24) "Vector" refers to a data format that represents~eographic information as point line
or bolv~on features.

Note Authority cited Sections 6078 and 6162, Water Code. Reference Section 8589.5,
Government Code; Sections 6002, 6002.5, 6004.5, 6005, 6001.5, 6008 and 6161, Water Code.

§ 335,4. I3ownstream Hazard Potential Classification

a~The department classifies the downstream hazard potential of all state iurisdi.ctional
dams based on a sunn~ay loading condition u~u'u ̂ ~u~~~~ ti~~ N u; ,, ~ ~' + ~ ~ 71 ~-

ra;,,+;,,~„~ a,,,~,~ as follows

(~1) Low Hazard Potential.

No probable loss of
human life and low economic and~a~ environmental losses. Losses are expected to be
principally limited to the owner's property.

(2~) Significant Hazard Potential_. n^r^U ~ ups ~v~ ~~~ ~;~ ~~~^^r*'~^ -a=te-.~ + +~ i~u~~~ ~~u~ ~~

No probable loss of human life but can cause economic loss, environmental damage,
~~^~~~~^+°^^ ̂ ~''~~^'~n^impacts to critical facilities, or other significant impacts.

(3E) High Hazard Potential

Expected to cause loss
of at least ozle human life.

L~) Extremely High Hazard Potential.

__ _ --- -- ------ ------ _ ----- -----_ .. _ __w~ wua_s ~ . __.,~.,

Expected to cause considerable
loss of human life ~~or would ~#~'eEt result in an inundation area with a population of
1,000 persons or more; ~ s,~^~^ ~~~+;,,~~ ~~,,;~;+;,,n „ .,~a h + ,a

(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 iustification 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 5
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Note Authority cited Sections 6078 and 6162, Water Code. Reference Section 6002.5,
6009, 6160 and 6161, Water Code.

§ 335.6. Inundation Map Updates

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

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

' {~2) There is a significant change in downstream development that involves people and
property.

{~3) The department changes the hazard classification of the dam.

(~4) No less frequently than every 10 years.

fib) When an inundation map is being updated for its 10- e~vcle anew model simulation

may ~Zot be required.

(1) If all the fallowing 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 assurnptians and

(D) Na significant changes to inundation modeling state-of-practice.

(2} If a new model simulation is not performed fora 10-vear map update, the dam owner
shall submit the fallowin~~

(A) Updated maps) with updated aezial ima~v, critical facilities, map preparation date
the California-Iicensedprofessronal civil engineer's seal, along with all map requirements in
section 335.14.

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

June 18, 2018 6
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(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 maps)
~eospatial files, and technical stud~per section 335 16 The technical studv must include a
description of all changes to the model and mab(s)

Note Authority cited Sections 607$ 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 61.61, 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.

(~~ Elevations shall be reported in feet above a specified vertical datum such as NAVD88
~~'`T ̂ _-~~. Elevations may also be reported relative to an established local datum.

{de) Geospatial data shall be submitted in NAD 1983 Tea1e (California) Albers projection,
with the units specified in feet.

June 18 
...
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Note Authority cited 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 ID number, and name or
description of any critical appurtenant structures.

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

(3) 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, meteorologic; 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.

(S) 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 hydragraph immediately downstream of the dam-or-critical-
appurtenant structure.

June 18, 2018 
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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 justification 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) ~r~~Geospatial files of the flood wave arrival time, ma~mum depth, and peak
velocity, ̂ ra a„~,,,,a +;,,,., For inundation maps developed using atwo-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 +===~_a;,,,,,,, ;,,„„i r ~, ~, unsteady hydraulic model appropriate for the
_downstream development andterlain shall be used'~v .:,~~?~~~~ ,.,u„~ u~~,,~,ti ~
u~,,., n~,n+,,,,, ,,. „ ~- a ~:~..;a ,..~,~___ The model must be capable of performing dynamic
routing to appra~mate the temporal and spatial changes in inundation magnitude and
extent. In areas of lateral st~readin~ atwo-dimensional hydraulic model is eg nerally
appropriate.

y.

{23) Upon pre_approvalaf the department, the dam owner ~~' ̂  ̂~ ~ ~~~+ ~,., a au~b~.~.~~u~~~ ~~u~u~u A~~~rmay
submit an alternative model for review that produces the inundation extent and timing
described in section 335.12(b)(1}~~~~~a,~~,~„n; ,a ~ +~, +~, ~, a ~~ a , ~~uroxc~xc ~ u ia.Y ~

June 18, 2018 g
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(34) .Each model shall utilize +~,,, ~,,,n+ ,,.,~;i.,~.~„ +,,,~,~.,;~ elevation data that is a,~propriate
for the downstream development and terrain that would potentiallS= be impacted by the
failure scenario. The horizontal resolution of the data shall be ten meters or finer;

(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 followin~~

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

(B) A breach of the full height of the dam ar critical appurtenant structure The height of
the dam is defined in Water Code saction 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 darn o~~vner chooses to include the effects of sediment the owner may 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~~;~~:l~Failure .scenarios for dams shall comply with the following

(A) The dam owner shall select one of the followingmethods that are applicable to the dam
for estimating breach parameters, except breach height, prescribed in section.
335.12(c)(1){B)~

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

2. Chapter 2, Appendix II-A, Table 1 of Federal Energy Re~ulatory Commission's
En~ineerrn~ ~urdelines for the Evaluation of Hydropower P~oiects (August 2015)
incorporated here by reference.

June 18, 2018 10 ̀
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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 Ernbalskmer~t Dam Breach
Parameters (July 1998) incorporated here by reference that produces the lamest 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) Far saddle dams, failure scenarios shall be modeled as described in section 335 12(c)(2)

(B} For gated critical appurtenant structures alI gates shall be breached si~nultaneausly
together with the control structure

~~ Multiple gates affixed to concrete dams shall be failed collectively but separately from
the dam.

(D) All critical appurtenant structures except for saddle dams shall assume a nearly
instantaneous and complete failure.

~E) Far any type of critical appurtenant structure and u~aonpre-approval b
department, the dam owner maY assume an alternative failure mode that produces the
lamest peak outflow, as substantiated by a sensitivity anal

(4) If a failure scenario is expected to cause the failure of any downstream dams or critical
atapurtenant structures, the failure of those downstream dams and critical appurtenant
structures shall be included in the model and map.

r..i~. uavu-c.xti.

_.

June 18, 2018 11
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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. ~~~s~~ ~e-~,~4 ~4&
~~n, ~~ .,ra +~~ ~v +~ ~~y~~~~~~as described in section 335.12. Inundation mapsK~
must contain the follawin~ model outputs as rasters contours points ar cross sections at
appropriate time and space intervals displayed over current aerial imager

(1} Inundation boundary.

(2) Flood wave arrival time,

(3) Maximum depth, and

(4) Maximum velocity

~ a ~+~ as ~ a+~

(b)

. If using
a raster for items in section 335.14(a}, the opacity ̂~''-?~~ m ~ ~!„ u ,, u.,, u N~~ ; ,~v u a.x

shall be adjusted to display the underlying ~~ aerial iniage~°y.

(c) The inundation boundary shall be displayed 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 lamer
poses a threat to life or critical facilities.

(cd) General information. Each inundation map shall contain the following general
information

(1) The_name of the dam, the department's dam number, the national dam ID number, and
the county in which the dam is located.

June 18 ..2018
....... _ 
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(2) The failure scenario. If astorm-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 scale.

($) 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 signature, 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.

>n vr„<tr~„an„

{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 beyond the inundation boundary_

June 
18....
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(16) Labels identifvin~ low-lvin areas where the flood recession is expected to be slow and -
affect lives or critical facilities.

(d) Map. Layout. All inundation maps shall beprepared at a scale and quality to clearly
display an aerial view bf the extent of flooding. A map scale such as that described in
Section 11.3.3 of FEMA P-946 may be applied.~~^'~ v~' ~'~~ ~~~~ :au~~~ ~ uN,, ,,~u~~ ~ ~ ' avc, ciririca

r

v

n +1,,,,, .. nl,.,.,f-

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. Technical5tudy

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 ~eospatial files fal the inundation boundary flood wave arrival
time, maximum depth, and maximum velocity. For inundation maps developed using a two-
dimensional hydraulic model the ~eospatial file format of the flood wave arrival time
maximum depth, and maximum velocity shall be faster :files.

{b~ Technical Study ova-Qne hard cop~s~ and an electronic copy ~~^'S1:~9~~ '• •+~~ * ~

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

§ 335.18. Department Review and Approval

_ _
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+~,.,+ ~~+;nom, +~-,;n ~,~+;,,~,;

Upon receipt of a complete submittal pursuant to section 335.16, the department shall
evaluate it for cansistenc~ith 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 Cade 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

circumstancas to fulfill the purpose of the requirements. Upon approval of the inundation
mats, the department will provide written notification to the dam owner.

Note Authority cited Sections 60'78 and 6162, Water Code. References Section $589.5,
Government Code; Sections 6161 and 6431, Water.Code.

June 18, 2018 15
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Esdee~n~ ~r Viers

Table 9-3: Typical Breach Parameters or Range of Parameters

Dam breach parameter selection guidance published in Chapter 2, Appendix II-A of FERC's
Engineering Guidelines for the Evaluation of ~Iydropower Prajecrs (FERC, 1993) is widely
referenced as an acceptable method by regulating authorities and is provided in the following
table. Refar to pages 2-A-10 and 2-A 11 of that document for camrnents on using Table 9-4.

T'~ble 9-4s FEItC Suggested ~reaeh Parametea~

9-AUG-13N 9~ 1 Q



<F~~2~2~~8° ;-- FERC: Hydropower -Safety and Inspection - Engin{rtng Guidelines

- ~ ~' FED~R~I ~~ER~Y R~11L,41~ORY GOM~ee15SE~~P7

Engineering Guidelines for the Evaluation of Hydropower Projects ENGINEERING

..:GUIDELINES
PretC~Ce ~ Testing and Reportin on Spillway

Gate Operations

Annum Spillway Gate Operation
Drilling ~ ~~~ -About Drilling at Embankment Dams Read More ~ert~r=at=rooc~~POF~

Revised Dam Safety Surveillance

~hapter 1 ~ G~n~ra~ ReC~u~r~ments Read.Mdre 

MONtoringPlanandReport
(DSSMP/DSSMRj -Appendices l
and K

Status of Proposed New Chapters
Chapter 2 ~ -Selecting and Accommodating Inflow Design Floods for a~a P~oPoSea Re~~s~o~5
Dams Read More

Chapter 3 ~ -Gravity Dams Read More

Chapter 4 ~ -Embankment Dams Read More

Chapter 5 ~ - Geotechnicai Investigations and Studies

Chapter 6 ~ -Emergency Action Plans Read .More.

Chapter 7 - .Construction Quality Control Inspection Program

Chapter 8 ~ -Determination of the Probable Maximum Flood

Chapter 9 ~ -Instrumentation and Monitoring

Chapter 10 -Other Dams

Chapter li -Arch Dams

Chapter 12 -Water Conveyance

Chapter 13 -Evaluation of Earthquake Ground Motions Read More
_ _

Chapter 14 -..Dam Safety Performance Monitoring Program

Updated: June 4, 20.T 8

https://www.ferc.gov/industries/hydropower/safety/guidelines/eng-guide.asp 111
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APPENDIX II-A

TABLE 1
SUGGESTED BREACH PARAl1rIETERS
(Definition Sketch Shown in Figure 1)

Parameter Value TXpe of Dam

Averase width of Breach (BR) BR =Crest Length------------------------------- Arch
(See Comment No. 1)*

BR=Multiple.Slabs-•--------------------------•- Buttress

BR =Width of 1 or more---------------------- Masonry, Gravity.
Monoliths

Usually BR < 0.5 W

I3D c BR < SHD .....................................Earthen, Rocicfi2'1,
(usually between.; ...................................Timber Crib
2HD & 4HD)

BR > 0.8 x Crest ..................................... Slag, Refiuse
Length

Horizontal Component of Side 4 < Z < slope of valley walls .................. Arch
.Slope of Breach (Z) Z = 0---- --------- - -- ---------- Masonry, Gravity
(See Comment Na 2)* Timber Crib,
Buttress

~/a < Z < 1 ................................................ Earthell(Etlgineered,
Compacted.)

1 < Z < 2 .................. .......................... Slag, Refuse

Time to Failtue (TFI-~ TFH ~ 0.1 ............................................... Arch
{iu hours) 0.1 ~ TFH < 0.3 .......:............................. Masonry, Gravity,

(See Comment No. 3)* Bumess
0.1 < TFH < 1.0 ..................................:...Earthen {Engineered,
- — Compacted) Timber

Crib

0.1 < TFH < 0.5 ......................................Earthen (Non
Engineered

Poor Construction)
0.1 < TFH < 0.3 .....................................Slag, Refuse

Defuution:
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

Note: See Page 2 A-I1 for definition Sketch
*Comments: See Page 2 A-9 - 2 A-10

2-A-8
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Prediction ~f Embankment Dane
Breach Parameters

A Liferature Review and Needs Assessment-
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generally :only qualititative or visual in nature. The digital image database is .especially
interesting.

Predicting Brach Parameters from Case Study Data

Table 2 summarizes the relations proposed by previous..investigators forpredicting 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 an dam-#allure case studies.
For exolanati~ns of svmh~is see the Notation section at the end of this 'reo~rt_

Reference Number of Relations Proposed
-- _ Case Stud6es 5.1. ~a~~ts, rreters,_m3-/s, hours

Johnson and )Iles (1976) 0.5ha ~ ~ ~ 3hd #or earthfiil dams
Singh and. Snorrason (1982, 20 2ha ~ B <- 5hd
1984) 0.15 m s damp ~ 0.6i m

0.25 hr s tf<- ~..0 hr
MacDonald 42 Earthfiil dams:
andlangridge-Monopolis Ver = 0.0261(Uoyr*hw)o.rsa jbest-fit]
(1984} tr= 0.0179(t~er)o.~9 [uPPer envelope]

Non-earthfill cSams:
_ _-~e~ = 0.0034~([~oue*hw~~8s2 #3est~i# =-

FERC (1987) B is normally 2-4 times hd
Bcan range dram 1-5 times ha
Z-x.25 to 1,d {engineered, compacted dams]
Z= 1 to 2 [non-engineered, slag or refuse dams]
t~= 0.1-1 hours. [engineered, compacted earth dam]
tr= 0.1-0.5 hours [non-engineered, poorly.
com acted

Froehiich(1987) 43 B*=0.4?KoC~`lo.zs
1

Ko = 1.4 over#opping; 1.0 otherwise

Z = Q.75 Kc lhw 1
1.5? r~~ 0.73

l

I4 = 0.6 with corewali; 1.0 without a corewall
tt' = 79( o.a~

Reclamation. (1988). - B=(3)hW
fir= 0,011 8

Singh .and Scarlatos {1988} 52 Breach'geometry and time of failure tendencies
B /Bn~~ra aysra es 1.29

Von Thun and Gillette 1990 57 B, Z, t~ uidance see discussion
Qewe and Gillette 1993. 57 Breach initiation model; 8, Z, tr uidance
Froehlich j1995b) 63 . B = 03803KoVwo.s2hb.~9

tf = 0.00254 V~.s3hbt-o.so)
Ko= 1.4 for overto in ; 1.0 otherwise
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