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Boomers retire and millennials move in.
Gen-xers bridge the transition.
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o Collaborative Efforts between Dam Safety
& Permits and Plan Review Division

. Gu-ida»n;ce on da?n breach analysis (draft posted)

* Policy/technical memos (some posted; more coming)
 Small pond guidance (in progress)

 SHA small pond delegation (in progress)

« CMAC guidance (general guidance forthcoming)

* Electronic approvals (in progress)



2 Technical Memoranda
42 from the Plan Review Division
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Twin Box Culverts
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Video of Culvert Failure




“In Climate Change Preparation, the
Humble CUIVert |S Key” Susan Sharon, Maine Public Radio

Culverts must be
adequately sized!



The PROBLEM

Roadway/railroad embankments sometimes
function as dams, intentionally or unintentionally,
and they are not constructed to impound water.

Culverts fail and dams fail, but the more water
impounded behind the roadway/railroad
embankment, the greater the hazard and the
greater the likelihood of failure.



History — 1981 Drainage Manual

HIGHWAY
DRAINAGE T

DRAINAGE
o -  MANUAL

EVAPORATION

DECEMBER- 198}

Maryland Department of Transportation
State Highway Admimistration

MARYLAND DEPARTMENT OF TRANSPORTATION
STATE HIGHWAY ADMINISTRATION
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History

E.

Detention Faciiity Types

1.

Highway Projects R

Detention areas adjacent to State Highway Administration culverts or
grassed areas in medians or interchanges will probably prove to be the
most practical and economical means of meeting storage reguirements,
although in some cases, underground storage may be necessary.

Detention may be accomplished upstream or downstream from the highway.
Practical considerations, such as the amount of storage required, cost
or availability of the right of way or easement, cost of the facility
and the amount of maintenance needed to assure reliable operation will
all influence the location. When a sizeable amount of storage capacity
is required, storage upstream from the highway will usually prove more
practical since the highway embankment will serve to confine the water.

The storage capacity reguired to manage a 100 year freguency storm must
be provided within the State Highway Administration right-of-way or
easement and the maximum storage elevation must not exceed the lowest
pavement edge elevation.

The State Highway Administration must acquire any area on which it is
responsible for raising the 100 year flood plane elevation.

The Chief, Bureau of Highway Design should be consulted to determine

which facilities should be fenced to protect the public.
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History

Control Structures

-

In general, control structures can be any arrangement of simple culverts or
“orifice and weir® structures which will provide the multipie stage release

required for the 2 year, 10 year and the 100 year storms.

When simple pipes are used, size, roughness and slope should be selected so
that culvert operation (either entrance or outlet control) will not
discharge more than the allowable release rate when operatxng under the
head resulting from maximum storage.

A transverse highway culvert may not be used as a control structure if it
does not provide the proper release rates for all storms. In these cases,
the proper release rates will be achieved by a suitable orifice and/or weir
type control structure. Orifice and weir structures shouid be designed

using the following formulas:



Federal Guidance — Highways as Dams

7

https://www.fhwa.dot.gov/engineering/hydraulics/policymemo/20080910.cfm

Highway Embankments versus Levees and other Flood Control Structures — September 10, 2008

Embankments and Permanent Dams

The FHWA floodplain regulations do recognize that there are times when embankments may interact with or function as
permanent dams. In these cases, the FHWA has no design standards. Instead the FHWA regulations require the design
have the approval of the State or Federal Agency responsible for the safety of dams or like structures within the State.

Even in this case, the FHWA floodplain regulations distinguish between permanent structures and those affected during

floods.

Design of Highway Embankments

Both new and existing highway embankments reflect the following typical design philosophy and approach:

* Highway embankments do not include design features, such as an internal impervious core and freeboard,
required for a levee or other flood control structures;

« The fill material used in the construction of a typical highway embankment is not a sufficient barrier against
water; therefore, a highway embankment is subject to piping, seepage, and infiltration; and

* Typical highway embankment construction does not require the same level of geotechnical engineering
analysis as required for flood control structures.


https://www.fhwa.dot.gov/engineering/hydraulics/policymemo/20080910.cfm

fna The Problems with Culvert Crossings

————

4=’ Functioning as Dams

= Pipe
= Fmbankment

* Hydraulic Capacity



o The Conduit -
=" Dam Spillway Pipe vs. Road Culvert

Dam Embankment

Dam Spillway Pipe
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Roadway Culvert

No concrete cradle
Gravel bedding
Pipe material
Joints probably not watertight
Construction methods
* Trench
e Jack and bore

— Concrete cradle
— ASTM C-361 concrete pipe
— Watertight joints

e — Construction methods

* Pipe laid prior/during
embankment construction

Roadway Embankment



oo

ey Dam Embankment

Zoned Dam with Upstream

Slope Protection Impervious Fill

Phreatic Surface
Cutoff Trench
Berm

Chimney Filter
and Drain

— Materials Riprap
— Construction .
— Foundation |
— Cutoff trench , Ui

— Impervious core

— Seepage Control
— Freeboard

Source: Paul Schweiger, Gannett Fleming, ASDSO, “Dam Failures and Lessons Learned”



Wy Roadway Embankment

Roadway Embankment



The Drivers

* Poor submittals.
 Debates over what Code 378 says.
* MS4 restoration projects.

 P3 push. The Purple Line. Desire to designate SHA as
small pond approval authority. The need for clear
and improved guidance.

e Climate change, micro-bursts, more frequent and
more severe flooding (like Ellicott City and SC).



Flood Damage from Crazy Weather




The SOLUTION

Policy Memorandum #2!

Basis of policy memo comes from COMAR, State law,
Maryland Pond Code 378, Federal Highway
Administration, ASDSO survey, Bureau of Reclamation,
and policies in other states.



Culvert vs. Spillway?

Roadway Embankment vs. Dam?

2.2.5 Allowable Headwater

a. Economic Considerations. Although the use of ponding can reduce the barrel size
required, detrimental economic consequences can occur from increased headwater
elevations. For example, high headwater can lead to embankment piping around the culvert
exterior causing damage and possible failure. Increased headwater can also cause higher
outlet velocities and severe outlet scour that might require an energy dissipater. Areas with
significant debris loading potential that might clog a culvert may use a lower allowable
headwater to minimize potential damage from overtopping. Site specific constraints often

d.  Agency Constraints. Some state or local highway agencies place limits on the
headwater produced by a culvert. For example, the headwater depth may not be allowed to
exceed the barrel height or some multiple of the barrel height, expressed as HW/D. The
allowable HW/D ratio varies throughout the country, but commonly ranges from 1.0 to 1.5.
Although very low HW/D constraints will severely limit the flexibility inherent in culvert
design, they must be followed unless a design exemption is granted.

April 2012

Pubiication No. FHWA-HIF-12-026

Hydraulic Design Series Number 5

HYDRAULIC DESIGN OF
HIGHWAY CULVERTS

Third Edition

New Jersey: Hw — Tw < 5 feet

Maryland: Intent, Hw-Tw < 10 ft, Hw/D < 2

or
or

ASDSO Survey — Modifying a Dam to a Roadway Culvert

or

1) Will failure result in loss of life, etc.?

2) Is storage x effective height of dam' > 3000 ac-ft?

YES

3) Is contributing drainage area > 640 acres?

#)|Is embankment from upstream toc to top of dam > 20 ft? |

January 2016

Figure 1. Determine Design Category of Pond Embankment

.(

Dam Safety review
required.

)




Poad MD-378-28

APPENDIX B
ROATWAY EMBANEMENT
DESIGN CRITERIA
HW.-TW = 10" anp HW/D =2, He
ORPERMANENT POOL > 3' OR b NGO SPECIAL
PROPOSED RISER DESIGN
Yes
r
MEETS SMALL POND CRITERIA, AND i MDE DAMSAFETY
CLASS "A™ REVIEW
Yea
h
8:1 PROJECTION LINE INTERSECTS Ho SPECIAL
DOWNSTREAM SLOPE OF THE EMBEANKMENT
EMBANKMENT RESIGN
Yen
r
MD :_}TE Use any nonorgamc soils for the
Design embankment, ebmination of the cut-
off trench and core based on ap-
proval of gestechnical engmeer and
acceptable to local junsdictions
100-yr A
e oy e Filter diaphragm 1s required
le 81 k,\;: LW - T All other MI» 378 criteria apply.
/ \
b |, T,V
X EHT——\ =
B o L AR —

® Use HW wien TW is below
1he inlet mvert slavansn.

MRS - MARVEAND

JANUARY 2068




Maryland Dam Safety Regulations

Title 26 DEPARTMENT OF THE ENVIRONMENT

Subtitle 17 WATER MANAGEMENT ADMINISTRATION
Chapter 04 Construction on Nontidal Waters and Floodplains
.02 Definitions.

(4) "Dam" means any obstruction, wall, or
embankment, together with its abutments and
appurtenant works, if any, in, along, or across any
stream, heretofore or hereafter constructed for the
purpose of storing or diverting water or for creating
a pool upstream of the dam, as determined by the
Administration.




na Policy Memo #2 - Roadway/Railroad
7  Embankments with Culvert Crossings

Maryland P

Departrment of “‘;’:’“:::"“
r -
the Environment Suacia Tabiad, Degasy Geciesy

DAM SAFETY
POLICY MEMOBRANDUM#2

T Diasn Owmers, Opsrators, and Enghesrs

FROAL: Sechment, Stomwater, wd Dam Safery Program
Water and Science Administration

DATE: Jupe 11, 2019 [Updated October 9, 2015)
SUBJECT: ReadwayRalkosd Embaikoeat wih Cobverr Crosong

Palley Snaremivir

Ttis the potioy of the Manlmd Depamment of the Emvircament the Deparmsent) that boeer
embankments consructed as tramportation ways should be dedpmed to avoid mpcunding water
axzesvely, oo mmy purposs, theough the use of adequatsly aoed cuberts, bridges or shaller
alements. Whers Inear embankonents mmp<und excessie depihes of water, they will be chasified as
Ao sl e e deagaed, coasimucted, and operated as such

Conditions Where this Policy Appliss

The critenia kel are used to determine whether 2 roadway or raircad embankment is fimcioning
a5 & dam. Thess crtels spply ovespecove of smbankmient widh and may be apphed 1o likosr baker
pathz, poif cart paths, and nawow access roads. The citeria provide a meanre for adequatelr szing
the cubvert crossing o Bmit the mpounded water mnd eliminate the embarkment from being
corsdered & dam Appheation for a dess safery pesnat & requred for cnbankoueats hgher than 35
feet. For ropdwayrs, the smbankment height is meanred from the lowest point of excavation or Al
cn the upstrean dope of the smbekoent 10 the Boplear pont of overmoppung. For raloads, the
embankment height = measmed from the lowest pont of sxcavstion or G on the upstream dope of
the embankment tothe aubballict at the Boplen pomnt of Gvaoppeg.

1 Headwater ad tdwater coaditons are based oo the 100-year, 24 howr stoem event
Headwater depeh (HW i) & mezamed fom the mpeream oe of 61 6o the peresn
hydraubic grade koe (HGL) or 100-year waler suface sbevation [HWi) sasmsag tere &
no velocity head Tadwater depth [TWaget) is measmred fom the dowmeiream ioe of 61 b
the downsream HGL (TWae ). In the equations below, “HW-TW™ refers to the differential
between bendwater and talwater dlevaions. When the 100-year TWaris Jower than the

1800 Warkingron Bouievard | Sawrnoss, MO S350 | 1o GILE0N | 40517 3300 | TTY Usors 800 715 235

A TV P BT e

Dz Safery Prbioy Murmenndas o2
Herard ChmsScation: Sezal] [rpoeaduets
18 (Updated October 5, 201)

elevatica of the pipe vert o the upstream end, the HWaga shal be subssitped for “HW-
TW™ D is the diameter of the cuvert. For box cuiverts, twin cubrerts, md eliptical pipes,
comader D 1o be the heaght of the opemng, Refer to Figures 1 and 2 for dustratica of the
definitions  peovided above.

- Ve,
HW s,
! TWirrw
TWawts
(

Figarw 1 Mnstrarion of conivions witere T, i Jighes thavs apamenw bnest elevariooy,

veg HW-TW = HWae -TWaer

w HWee,
HWisue
{
fw...!
TWon
|

Figwre 2. Ristrarion of conditioos wiwwre Tl i Jower sium npstrecwe iver? élovarion;

wrg HW-TW = HW agen
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D Sufety Poliey Memorundum £2
Hazard Classi Beulion: Small Tupoundiments
June 11,2019 (Updated October 9. 2019)

A conduit penetraling a roadway or railroad embankment is considered a dam when any one
of these three conditions exists:

a, HW-TW =10 feet and HIW ggun/D = 2; or
b. Permanent pool = 3 feet: or
¢. The culvert includes a structure to control water surface clevations
(c.g.. riser, weir).
The Rational Method or other suitable method, determined by best professional judgment,
may be used to calculate the HHW and TW. Land use shall be based on ultimate development.

Conversely, a conduit penetrating a roadway or railroad embankment is considered a culvert
when all four of these conditions are met:

a. HW-TW < 10 feet or HWgepun/D = 2;

b. Permanent pool = 3 feet;

c. There is no structure to control water surface elevations: and

d. ‘The embankment heiglht is = 35 feet
Crossings consisting of multiple pipes at significantly different invert elevations (more than
one (1) foot difference in inverts or as stipulated for animal passage) or box culverts that are
taller than they are wide are disqualified from using the criteria above when the capacity of
the pipe(s) has been reduced such that it manages stormwater discharges. In these situations,
ng will be considered (o act as a dam. A dam breach analysis will be required, and
the embankment will have to be designed in accordance with Dam Safety regulations and

policies. The Department encourages the designer 1o re-configure the crossing and size the
culvert(s) to not store water and to address stormwater management requirements in a
separate BMP.

‘The above criteria for evaluating whether the roadway/railroad embankment is acting as a
dam shall be applied 1o crossings that are interrupted by a structure (manhole or inlet) or
consist of more than one section of pipe. If the downstream pipe scetion is smaller than the

upstream pipe, D shall correspond to diameter of the smaller pipe.

Note that based on the roadway/railroad geometry alone, it may be possible to eliminate
smaller embankments from consideration without calculating the head and tail A
the crest of roadway/railroad embankment is less than or equal to ten (10) feet above the
downstream Loe, then the crossing will be considered a culvert, assuming there is no riser (or

similar water control structure) or no permanent pool deeper than three (3) feet.

Deu Sufety Poliey Memorundum £2
Hazard Classi Beulion: Small Tupoundiments
June 11,2019 (Updated October 9. 2019)
Page 1

7. Embankments taller than 35 feet shall be submitted to the Dam Safety Division for review
through the Joint Perinit Applicant process. The hvdrologic & hydraulic analysis shall be
based on NRCS methodology and ultimate development land use. A dam breach analysis
shall be provided unless the embankment meets the all following criteria:

P

HW-TW = 10 feet or HWaqun/D < 1.5;

Permanent pool = 3 feet;

There is no structure to control water surface elevations; and
Smaller of brim-full storage volume or probable maximum flood
(PMF) storage, is less than indicated in the following table.

e T

Embankment Max. Storage
Width*(ft.) Volume (acre-it.)
8 to 25 feet S
25.01to 50 20
50.0110 75 60
75.01 to 100 100
100.01 and greater | Less than 150

*When brim-full storage volume controls, embankment width shall be measured at one (1)
foot below the crest of the dam. When the PMI” water surface clevation is less than the brim-
full elevation, embankment width shall be measured at the PMF water surface elevation.

Embankments that meet criteria (a), (b). (c). and (d) will be considered low hazard and may,
at the Department’s discretion, be considered a culvert and will not require a Dam Safety
Permit

Additional Information

Questions about this policy or other items relating to ponds and dams can be directed to the Chief of
the Dam Safety Division at 410-537-3538.




Dam Safety Permit

A Dam Safety Permit is required for a dam higher
than 20 feet.

An application for a Dam Safety Permit is
required for a conduit penetrating a roadway or
railroad embankment higher than 35 feet.



20'x32" arch pipe with > 5000 ac-feet of storage at brim full
embankment height = approximately 90 feet




Embankment Height = #5%"?

For roadways: For railroads:

The embankment height is measured The embankment height is measured
from the lowest point of excavation or fill  from the lowest point of excavation or fill
on the upstream slope of the embankment on the upstream slope of the

to the incipient point of overtopping. embankment to the subballast at the

incipient point of overtopping.

Referred to as the “REGULATORY HEIGHT”



Upper Limit

The incipient point of overtopping may not occur on
the same section as the culvert. Consider the profile of
the roadway, not just the profile of the pipe.

AT

- ——

&

lowest point of excavation



The engineer's wife
A wife asks her husband, an engineer, "Darling,
can you please go to the shop, buy one pint of

milk, and if they have eggs, get a dozen!"

Off he goes. Half an hour later the husband
returns with 12 pints of milk.

His wife stares at him and asks, "Why on earth did
you get 12 pints of milk?"

"Well... they had eggs" he replied.

https://newengineer.com/insight/10-jokes-only-engineers-will-find-funny-1111728



.!! Meaning of “or” and/or “and”??7??

A conduit penetrating a roadway or railroad embankment is
considered a dam when any one of these three conditions exists:

a. HW-TW >10 feet and HW,,,/D > 2; or
b. Permanent pool > 3 feet; or

c. The culvert includes a structure to control water surface
elevations.

Conversely, a conduit penetrating a roadway or railroad embankment is
considered a culvert when all four of these conditions are met:

a. HW-TW < 10 feet or HW, /D < 2;
b. Permanent pool < 3 feet;

c. There is no structure to control water surface elevations; and
d. The embankment height is < 35 feet



Culvert Criteria

A conduit penetrating a roadway or railroad
embankment is considered a culvert when all four of

these conditions are met:

a. HW-TW <10 feet or HW,.,/D < 2;

b. Permanent pool < 3 feet;

c. There is no structure to control water surface
elevations; and

d. The embankment height is < 35 feet




Headwater (HW) and Tailwater (TW)

TW elevation is
lower than

w HWeIev

upstream invert
elevation.
HW-TW = HW o4,

HW gepth

The head on the
embankment is
HW depth.

TWeIevv

TWdepth

TW elevation is
higher than

h 4 HWeIev
upstream invert t
elevation.
HW-TW = HWaepth
HW, ., —TW

elev elev

The TW reduces the
head differential on
the embankment.

TWeIevv

)
FSAN

Y

F 3

TWdepth




! Design Capacity vs. Criteria for Evaluation

MDE is not saying that culverts
must be designed to convey 100-
year storm.

Design capacity is dependent on
criteria for the class of road.

From a dam safety perspective,
the concern is not whether a road
overtops for 100-year storm or
even the 10-year storm. The
concern is how much water is
impounded behind the roadway
or railroad.




Culvert locations that can be eliminated
as dams based on geometry

Assuming there is no control structure or no permanent pool deeper
than 3 feet, then a crossing will not be considered a dam:

if the distance from the upstream toe to if the crest of roadway/railroad
the crest of the roadway/railroad is less embankment is < 10 feet above the
than twice the diameter of the pipe downstream toe

Note that D = diameter of single pipe,
not the effective diameter of three pipes.







A TRAIN IS COMING!!

4

-




Acceptable Hydrologic Modeling

NRCS methodology (TR-55 and TR-20) - yes v
Routing that includes storage behind culvert - yes v
Rational Method - no X

PM #2 currently states that the Rational Method is
acceptable for embankments under 35 feet, but that
IS going to be revised.



“structure to control WSEL”

A conduit penetrating a roadway or railroad embankment is considered a dam when
any one of these three conditions exists:

a. HW-TW >10 feet and HW,,,,,/D > 2; or
b. Permanent pool > 3 feet; or

c. The culvert includes a structure to control water surface elevations.

Conversely, a conduit penetrating a roadway or railroad embankment is considered a
culvert when all four of these conditions are met:

a. HW-TW < 10 feet or HW,,,/D < 2;
b. Permanent pool £ 3 feet;

c. There is no structure to control water surface elevations; and
d. The embankment height is < 35 feet



What Constitutes a Control Structure?

Riser

Weir or orifice plate

Valve

Multiple culverts set at different elevations
Weir wall upgrade of culvert

Gabion baskets configured in a horseshoe around
culvert entrance

Upstream “dam” that really isn’t a dam

In short, any structure that controls the flow into the
culvert!



Two culverts under the roadway

* Lower culvert to convey the

Tall, narrow box culvert
10-year storm

* Higher culvert to convey the
100-year storm.

The only reason for doing this is to intentionally attenuate 10-year flow attenuation.



Control Structure vs. Interior Dam
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Wy Control Structure vs. Interior Dam

The proposed
embankment
upstream of
the roadway
acts as dam
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Culvert? Small pond? Dam?

A roadway/railroad embankment with a culvert crossing
will fall into one of three categories:

= |f H < 35 feet and culvert criteria is met, the embankment is a
culvert crossing.

= |f H <20 feet and the culvert criteria is not met, then a DBA is
needed to determine the hazard class of the dam. Low hazard
structures are Code 378 small ponds (reviewed by small pond
approval authority), and higher hazard structures require a Dam
Safety Permit.

= |f 20 feet < H < 35 feet and the culvert criteria is not met, then
the embankment is a dam and requires a DBA and Dam Safety
Permit.

= |f H> 35 feet, an application for a Dam Safety Permit and DBA
are required, and MDE Dam Safety will decide the category.



Confused? Here’s a flow chart.

MDE Sediment, Stormwater, and Dam Safety Program

Flow Chart for Determining Embankment Design Category

roadway or
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The Objective

1. Size new culverts to avoid damming behind
railway/roadway embankment.

2. ldentify existing problem spots through screening,
— when culvert repairs or extensions are being proposed
— when existing culverts are present on a project

3. Consider competing interests:
- Controlling peak discharge rates
- Avoiding hydraulic trespassing upstream and downstream

4. Work together to determine corrective measures.



What can you do?

e Evaluate culverts within the footprint of your project.

(Hopefully, it will only take a quick screening.)

* Include your evaluation in the SWM report and
submit to the approval authority.

 Be up front. It’s in everyone’s best interest to flag
problem locations.



The Million Dollar Question

What happens when an existing culvert crossing does not meet
the culvert criteria?

Provide as much information as possible: dam breach analysis,
full inspection, compaction tests, as-built plans.

Case-by-case evaluation, taking into consideration:
— Proposed work, if any;
— Integrity of embankment and pipe;
— Girth of embankment;
— Results of dam breach analysis and hazard classification;

— Purpose of transportation way (type of road, freight rail, or passenger
rail);

— Potential upstream and downstream impacts from changing design;

— Effectiveness and feasibility of no action vs. remedial action vs.
corrective action;

— Everything else that’s important.
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ilroad Culvert Replacement
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The newest addition to the Dam Safety team.



