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Westerly Creek 1993




s ik t-_s';“
g

s N s ke
E o ] 1 -t

i S

A o e ok e M N

i e e L
: SR T e mé.n.-.(-.A..

e g

Aunwwo)
uonelasdapn

e A

ASojoydiowoan

.ﬂ R e % ooty A



Development Analytics
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Increase collaboration?

L

Criteria - Develop Framework for High
Functioning Low Maintenance Stream
Training — Stream Management Academy

Fee-In-Lieu Improvement Option ‘.

Development




Resolution No. 38, Series of 2017:

Authorization to Establish a Development Services Enterprise (DSE)

The DSE may:
= Collect voluntary fees from land developers.

» Use fees to hire contractors to complete preliminary designs,

final designs, cost estimates, and to construct regional
Infrastructure.

= District, Land Developer, and all affected Local Governments
must agree in writing to proceed.

NARANID MHED € Matrix

CIVILCONSTRUCTORS™  MILE HIGH FLOOD DISTRICT



Y@ W A DSE/FILI Project




When to Consider FILI

* Create an Amenity
" Permit
= Schedule
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When to Consider FILI

“Create an Amenity
* Permit

\/Schedule
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L essons Learned

= Project Partners
* Relationship based process

» Fast Tracking Trust
= Assume the best
= Stay positive
= Open communication

Developer

Designer

\
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L essons Learned

= Communication Plan

= Early coordination meetings
= Design
= Construction

Other Local Developer
Designers &RSEICHGIEE:
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L essons Learned

* Design Elements
= Equestrian trall
= Qutfalls
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L essons Learned

* Trying new things
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—

W :
ARANJ S Matrix

CIVIL CONSTRUCTORg MILE HIGH FLOOD DISTRICT




L essons Learned

EST. l‘ 1982
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FIRST FILI PROJECT _
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A perfect
marriage...
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An arranged
marriage...
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It takes effort
and training...

= Attitude
= Culture
» Expectations
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Staging
= Organized
» Sighage

= No Trash

@
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Safety

» Corporate Compliance
= Adaptation

= Teamwork
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FIRST FILI PROJECT _
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Takeaways

sBest intentions
=Open mind

=Early and often
communication

=Build trust
=Be flexible
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Naranjo Civil Constructors

20 years a Tier 1 Contractor with MHFD

10 Riverine Construction Crews

38 Years in the Industry
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A perfect
marriage...
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An arranged
marriage...
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It takes work...

Attitude
Culture
Expectations

1982
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Safety
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L essons Learned

* Trying new things

1982
—

W
ARANJ

CIVIL CONSTRUCTORS

MILE HIGH FLOOD

DISTRICT



NARANID MHFD $ Matrix

CIVIL CONSTRUCTQRg MILE HIGH FLOOD DISTRICT




i ik
4 __---ui_.l\r.J\”I.'_],rmlﬂ”“m“l”

1982

NnD MEFD §1 Matrix

NAiiA

DISTRICT
RUCTORg MILE HIGH FLOOD

T
IL <&IVIL CONSTRUCTORS >

civ







Lessons Learned in Developing Wetlands on Stream Restoration Projects

Ecologists Don’t Know How to Get Engineers to Listen — And Other Lessons on
Wetland Development

Presentation for 2020 CASFM Conference

Presentation Web Link | Presentation Abstract

Full Presentation Web Link: As project teams have evolved to have more specialists at the table,
collaboration between all team members becomes critical to a
successful design and construction implementation. However, as
ecologists who are not always in the driver’s seat when it comes to
Presenters | design or construction, it becomes difficult to voice concerns or speak
in “engineer” talk to communicate what elements are necessary for
Moneka Worah ecology of the site to be successful. What is considered a success for
geomorphology or sediment transport does not always equal success
for wetland or riparian development — but how can we learn from
these mistakes and improve communication between team members?
This presentation will discuss the ecologist’s point of view and several
example projects where communication or collaboration failed and
construction of the projects resulted in a lack of wetland or riparian
vegetation success. This includes discussion of the common failures

; observed, including the term “bankfull” compared to wetland

Natural Resources Specialist/ elevations. How can we improve in communicating together to find

Principal project solutions that result in successful outcomes for all project
goals? How can ecologists improve in discussing elevation and
ERO Resources Corporation hydrology needs for successful vegetation outcomes? Some recently

constructed Mile High Flood District high functioning low maintenance
mworah@eroresources.com stream projects will be discussed where the different perspectives on
the design, bankfull, and wetland development were apparent.

Mary L. Powell
- e Lessons Learned

COMMUNICATE EARLY AND OFTEN

ESTABLISH GOALS AND HOW TO MEET THEM

SPEAK UP ON YOUR SUBIJECT MATTER

EQUAL VOICES ON A COLLABORATIVE TEAM

USE GRAPHICS AND MAPS TO CONFIRM UNDERSTANDING
RIGHT PEOPLE, RIGHT TIME FOR CONSTRUCTION INSPECTION

Environmental Manager
Mile High Flood District

mpowell@udfcd.org

ERO Resources Corporation in collaboration with Mile High Flood District



https://youtu.be/ResfXj19nWc

Why are the Wetlands Dry?

Lessons Learned When Ecologists Don’t Know How To Be Heard On
Multidisciplinary Teams

Moneka Worah Mary L. Powell
ERO Resources Corporation Mile High Flood District




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Multudisciphinary Teams




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Common Terms

Flood prone area
Bankfull elevation
Inner berm
Stream bed
Base flow
Channel forming flows
Channel toe
Rosgen stream type

Groundwater table

Wetland bench/terrace
Saturation zone
wetland fringe

Riparian overbank
Hydrogeomorphic Classification
Trickle flow

Top of channel bank

Mean annual flood

Below ordinary high water mark




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Where Common Terms Intersect

Flood prone area .. .. Wetland bench/terrace
Bankfull elevation ~._ - _~ Saturation zone
Inner berm " : ~ . wetland fringe

Stream bed

~ Riparian overbank
Base flow Hydrogeomorphic Classification
Channel forming flows . 7 Trickle flow

Channel toe = Top of channel bank

Rosgen stream type i " Mean annual flood

Groundwater table  Below ordinary high water mark




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Successes

Plum Creek at Chatheld State Park
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ZONE 1 TYPICAL SECTION
ZONE 1 VEGETATION TYPE: WETLAND, MAINLY HERBAS
TYPICAL PLANT SCHEDULE INSTALLATION METHODS
HERBACEOUS:
Seed Mix 1A Wetland Mix for Sandy to Clay Loam Sroadcast seeding
Seed Mix 18: Wetland Mix for Sandy Loam or Coarse 5oil Broadcast seeding
SHRUBS:
Quantity/Ac  Common Name Seientific Mame Plant Material Distribution Minimasm Spacng
183 Sandbar willow Salx exiguo dormant live stakes Groups of 1530 ¥
e Sandbar willow Soix exgue 60ci pots Groups of 15-30 z
7 Strapleal willow Sofx figulifoia dormant live stakes Scattered >
7 Strapleal willow Sofx fgufifolo 60ci pots Scattered z
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Total a0
TREES:
None iradequate aerted soll volume
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TYFICAL PLANT SCHEDULE
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SHRLBS:

Total
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Flant Materfal

INSTALLATION METHODS

Brosdcmst and drill seeding
Breadeast and drill seading

Mintmurm speciog

Sali exigua #0di pot: 7
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an

Cuantity/Ae Commaon Name Scentific Name Plant Mat erial Distribution Minimum Spacing

0 Peach-deaved willow Salin avygcaloides &0d pots® Scattered by

Lise deagp plantir

Yaof above ground heighs of potted plantwhen deep planting, U

s deeper hand dug or stinger dug hioles for daep planting.

Iy abicve water table [standing water/ saturated soil} (f plant height aflows. Bury nomors than
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Communication Successes - Plum Creek at Chatfield State Park




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Successes

Sulphur Gulch at Riva Ridge
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CQOCONUT BLANKET AND COIR

1%-3%

MAT WRAP (DOUBLE LAYER)
COIR MAT
13' WIDE ROLL
VARIES
6" LIFT, TYP b l
1“{’* Y ' >
1% 3% _ - 10 SEE PLAN ‘ _ i
I A .I|| wl 1 =) _"+ 18" n \
INVERT ELEV. 4, TYP. J
18" WOOD STAKES, TYP. SEE PLAN

LOW FLOW CHANNEL

SCALE: 1"=2-0"

18" WOOD STAKES
(TRENCH C DETAIL)




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Challenges

Newlin Gulch at Chambers Road
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Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Challenges

Iirst Creek Upstream of 'T'ower Road
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Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Challenges

West Fork Second Creek
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Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Communication Successes

Cherry Creek at It
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Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Lessons Learned

s Communicate early and often

a Lstablish goals and how to meet them

a Speak up on your subject matter

a Lqual voices on a collaborative team

m Use graphics and maps to confirm understanding

a Right people, right ime for construction mspections




Why are the Wetlands Dry?

Lessons learned when ecologists don’t know how to be heard on multidisciplinary teams

Questions or Comments

RGO Mi+HD

ERO Resources Corporation MILE HIGH FLOOD DISTRICT




D
P
ne only mistake in lifg”
the lesson not | learned.

Albert Einstein

™ .
-
b




i










SO . Englewood t o . e 1t d Alr Force
/—=¥ - ; o Cherr Creek a Reservation
- | r‘ Che"y Hills : |'l y £ Quincy
=1 Zamnl g8 Village . | S Tl
QP = o aemce:RESEIVOIr
\ Il
Y i T Littleton & < At Croek
W.Bowles Ave rflfl?:vgoeo Greenway
S  Centennial
Columbine "
i &
| -
Lot /80 JraciE| | .
e Y 4 L) =3
f '. m
’ Highlands Lone Tree E47O E Inspiration Dr
. Ranch
Chatfield State
Park Stonegate ¢
\ Parker E Parker Rd t¥1 R
; .
L
‘S'-o ‘r’ I 2 5 SE’
=) /" Q@
® O Hiy, E
s o W %
} .
P Castle Pines b C k
Timbers Cree
L B County Road,1
(K : The Pigery
|
.~ l
A )
5\ I — \ m
Roxborough I I T




N N
.4‘ £ (]

Flow 641 cfs ’ g
r j.' weorfme b ) :




=
=
a
Sk
%
2







= ., -
ST S

- Ao | A Er
{e r@_\.-'. LUAET S




o -

1 T f! | S
Begowl Wape




L PN

jpe

i &7 £ g
As2be 4 o¥




4

'
-

TS =
















CXSTING GRCUNKD

SROP 3 CREST

“— SHECT PLE, TYP

R_OF 4T

ETA Bedf
















I—— e SRS
; ”“"“"‘ . e
















-

T ol T oy
¥ S e da@vetE W Tl
Jislh e ) o





















1. Buried concrete structures throughout reach.

— e -

.

2. Large amounts of aggradation. No defined active channel.




Lesson Learned 1
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Lesson Learned 2






SILOED DESIGN APPROACH

Project Construction
Begins Starts
30% 60% 90% LA/Env. Contractor
\ Plans Plans Plans } Selection

n
=
=
©
L .
©
>
I

*Slide Credit: Ryan Taylor/Muller




ENGAGE A MULTI-DISCIPLINE TEAM

STEP 1

DEFINE

THE PROBLEM

Project
Goals &
Objectives

System
Integration

System
Integration

STEP &

MPROV

YOUR DESIGN

STEP 2

COLLECT

INFORMATION

THE DESIGN
PROCESS¢m

A

STEP 3

BRAINSTORM
& ANALYZE

IDEAS

STEP 5
PRESENT YOUR IDEAS
T0 OTHERS FOR

FEEDBACK

System
Collaboration

System
Collaboration

STEP 4

DEVELOP

SOLUTIONS/
BUILD A MODEL

System
Integration

47



Areas of Concern
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BEDROCK PRESENT SINGLE-THREAD ANASTAMOSING CONSTRUCTED /MAINTAINED

1‘H w ‘_.
Bedrock Presen Single Thread

Anastomosed Constructed

U “—-\)
l BEDROCK UNI-LATERAL WIDENING INCISING /
a—1
—>
U

BEDROCK DEGRADING + WIDENING l DEGRADING + WDENING

BEDROCK DEGRADING

ANASTAMOSING GRASSLAND

LEGEND l

AGGRADING + WIDENING

SAND

COHESIVE MATERIAL PRESENT -

ANASTAMOSING FORESTED

QUASI-EQUILIBRIUM




TIMBERS CREEK

STREAM EVOLUTION :
MODEL RE QHES ot guranecd o

Date:




1B —Bedrock Degrading

Bedrock Present
eSEM Stages

2



3S —Degrading + Widening

Single Thread
eSEM Stages



Anastomosed
eSEM Stages

ed Forested
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The Balance of Sediment and Water in Streams

< D., > & | - S >
, A B
TaTriitell mm o L L 1)
500 coarse 0.01 fine 0.001 flat 0.1 steep

ﬁ ~ \
Sediment size | JL\ | Bed slope
.Imi I,-':I:‘ L!!!
/ [
' *

R Ay

DEGRADATION © AGGRADATION

Discharge

Bed-material
discharge
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Flow Variability

Intermediate

Flashy

Our Reality



Upstream Reach Sediment Transport Model
“U\‘pstream

. ‘ Road Crossing Temp Crossing

~ 2 10000

2 5 5000 l I

S > 1 =1 -
I #

c ‘ [l 1
€ &
5000

g & -5C
S -100(
Q -150(
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Figure 29: Sediment transport capacity balance plot using Brownlie (1981), 14 Reaches, and
Version 1 (Orange) and Version 2 (Blue) data inputs for Qso event.
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Floodplain - High Elevation @

in the middle and lowst reaches of the project area. a more dry. sedic foodplan wes
obwerved adjacent o Timbers Cress Typcally Pie edges of stteam systems have pererrial
fiparian vegelaton iotated along the edge of the channel, but this was not obsefved N
hese sections of the cresk. Encroachrenl of xeric plart species into the Roodpisin bypicaly
oty when riparian species sbandon a Boodplan die o unnabral flows of waler. The
partcudar socion of Timbers Creek, within Te projoct as0a, has besn aliered by man mads
erverdtons including regrading of T creol bed. and the addiion of permanest structures
within the channel, These interventions have impacted the ecosysiems witin and adacent
o the channel

Upland - Shortgrass Prairie @

The upiard shodgrass prane vegelaliee fone was presenl on Tie sés n pockets within cpen
areas of the ponderces pine park zone, a3 well 33 reaching down io the channel in the lower
elevations of Timbers Creek. Upland shorigrass prame ecotysiems are ory, wam, and
sunny durmyg the summer monthe, and much colider during the winter monthe. Rainfal
relatively kow. and vegetatian in this zone is adapted to lower momsture and windy condibions.
Shorigrass praine econystems can thrive n a wide varety of landforma, and were cheorved
on the propect uite on fat areas. rafing hils. and steap sided hiludes. The vegetabon in
this ecowyshem & crucial in holding valuable solls in place when atorm evorts and windy
canditions acour on ste  Thit sod-domming atpect of shorigrata praine Systems i wry
Important to maintain tha statiity of the varying siopes alang Timbars Crec.

-

. Floodplain - Low Elevation

Wide Roodpinins wete cbserved on sbe in mullipis locations along Timbers Creek, with
the taro largest loodplainy coouring upstream of magor foad crossings. Hatorcally Tese
Toodplainy would have provided halstal for many deciducus rparan rees and shnibs.
but v wide Soodplains abserved on sie had litle diversity of this vegetation type. The
Meoadpiams on site were dominated by grasses. small sphemersl welland poceets. and
pordarona pre poovysiems of the adges Typecaly foodpiain systems are contmually
changing as e siresen charns fuctusies through the side srean of the foodpian As
the channel meandens actoss the floodpian, sand i deposted in bars and aiong the adge
Siowly fiose sandy areas are popuiated with wilows, lolowed by cotiomwoo rees that heip
wiabiize and hold the sal in place. As fash fioods ooour, vegetabon i remonved from the
floodpiasn and the cydie beging agan

Off-Channel Wetlands

Of-channel welands are naturaly found n steam systern in areas where the channel
has beon abandanded, wuch a1 cebows. ude charmeh and ponds. These festures are
canstandy bemg created and sbandoned s he waler migrates across the foodplan

and changes course. These e by bulnun
I Schoencpiectus lacusis), broad: leaved cat-tal {Typha Astfods). sedges and rushes.

——4@ Riverine Wetlands

The charmel, or the path of flowing water ard sediment within o stream system, is present
in arTy wilerwry wih wister flowrg seasonally andicr year-tound  Natural channels ate
comtantly svolving and moving depending on Pre sireamfiow, sediment loads, Mioodplain
tiopes. and vegetaton. Because Bua i genecally the most consatently wel part of & strearn
wysiom, welland vegotslon i prosent within this zane, Matural channel sysiers lypeaily do
mof have 2 sirmght and narrow paih, bul rather weave in and oul of the landscape, changng
courss as waler fows srode banks, and deposil on sandbars.

Upland - Ponderosa Pine Overstory
_Grassland Understory

The upiand ponderoia pina pan vogulalive Jane inchides aras above tha focdplan
and channel, and i3 antirely lcated within the woodiand arcas of the project ste. The
domnant vegelahion within s ecological Zons Incle fire-acapive ponderssa pine (Paus
POMAADSR) AN SHONGTIGS Praing grass speces. This pan-Ake scosystam is charactarzed
by largs opsen araas of grassas. shrubs and widflowers. As T forest density noreases

e underslony Bagin 10 lasd dhverully and becomes more sparte  Thats ponderced

ping ecomystems as found af elevations from 5600 1 BO00 A on dry mouniain sopss and
Pollsides The Large of<n a1aas pratant on Sile ard rameants of Nssore RafFal Condimans
white a fire regume managed he et dverkty

L@ Floodplain Riparian Fringe

The cdge botween the charnel and the upland areas is typically vegetated with rparian
species. Within the propect area. ripanan vegelation located n the floodpian was cbeerved
oy in small pockets in wet aress within the charmal Riparian frings habital in crucisl for
siream hasfn, provadng not orfy Important habitst for bisds. mammais. and repiies., but this
ecosysiem sl provdes berofts 1o natural siream maorpheiogy



Riverine Wetlands
Off-Channel Wetlands

Floodplain Riparian Fringe

Wide Floodplain - Low Elevation
Xeric Floodplain - High Elevation
Upland - Shortgrass Prairie

Upland - Ponderosa Pine Overstory /
Grassland Understory




>
8
5
3
2
o
3
E
3
=
=]
o

>
2
2
[
©
c
=2
°
c
2
%
e
Q

s mgge e e s e e

W Upland




P poetetaie)

[
Butwh gracii)

e B
Andopogon grewl

Development

Upland Zone

I tufiak gase
(awerias s anith) Bction daitAadmil

s s

(.umm ,..-o.m Bustmbana graiial

e gy
(Camticarinm ool

skl s it
L ———

e T Dot B wid rps
Bt s [Lmpmiat Snreiit)

[Chrptsthasn st

W wha s
Prscoppm ey

hott b
(At cane

tmsde & brad gres
(eerialisg vt

o
Wit phaccs

LA e
By cormaunl

Water Quality Management Infrastructure

Floodplain/Riparian Zone

Peach wminad aa b ke - B archard grase
(Sakls arprhetatn (SaAs warpn] Cantals ghommiatey WNM o
s St Auezsaam b Iyt st i st sy

Forkr W Erag aeae [———

Aetsanaring eges)

Canatan thais
Cormwan snmnse)

- tae
Toarm e by

Ak avha g
[Caves Artentomna

i i
(Bt namin

Channel

Riparian Fringe

Channel/Wetlands Zone

Ghomat B wied ryw
L

e L LT

o) Db
i g gueard] Tyt ifishal

(Cara .—u.t.

sy M1 o
Fhaks pabcgeal

Pt b
(v canbhon

[err.
Y e

ey aghas e
i gt

ViR W
i e momber)

Wkt et
Pbco e Ll

Wacraha b
(T Antwnscmarin)

s nah
iEuvielus Aymane]

Development

Upland

P



uoI323uuo)
uewny

AJlunwwo)
uoIle}93aN

soljnelJpAH

A3ojo4pAH










Existing Channel




Spectrum of Urbanization

Landscape Ecology and (Human) Social Systems in Drainage Infrastructure strean Jesse Clark, Principal, Stream Landscape Architecture
landscape architeeture + planning




RIPARIAN EDGE ZONE
UPLAND ZONE

WILLOW FASCINES KEYED INTO
BANK TO STABILIZE STEEP SLOPE . 1~ -l

LOG DROPS KEYED INTO BANKS &' -_ _ T v S A T / i
. . . 9 4 - , Z % = - . v .

CHANNEL

EXISTING WALK TO REMAIN
EPAEMERAL WETLAND / CHANNEL ZONE

PEDESTRIAN CROSSING




Log Grade Control Structure




Clay Cutoff Wall

_TOE
“~ ELEVATION

CREST FLOW SEE PLAN AND PROFILE |
(" ELEVATION ~ SHTS. FOR CHANNEL |
DROP HEIGHT | <@==! / INVERT ELEVATIONS
SEE PLAN AND PROFILE VARIES, SEE PLAN / VARIES
SHTS. FOR CHANNEL ~ — £
| ]
NVERT ELEVATIONS 1* TAN HEAVYWEIGHT

- POLYPROPYLENE
STRAP, 5'0.C

= WASH IN NATIVE SOIL
I TOFILL IN VOIDS
BETWEEN LOGS
___(3)18"DIA. LOGS
{TYP.)

__ COMPACTED
CLAY FILL

WEAVE POLYPROPYLENE ]
STRAPS IN FIGURE 8 —
PATTERN BETWEEN LOGS

140" (MIN.) —a=i
6-0" (MIN.)

o C-—

TYPE 2 GRADE CONTROL STRUCTURE SECTION m

0 2 4
—— | q
— )




prairie cord-grass
Carex nebrascensis  Spartina pectinata

western wheatgrass bulrush peach-leaved willow
Pascopyrum smithii Schoenoplectus lacustris Prunus Wrgwana Salix amygdaloides

mmgamagrass WOOdSI'OS&

dactyloides

Indian rice grass prairie cord-grass
Fesmca ovina Stipa hymenoides Spartina pectinata

mountain mahogany needle-and-thread grass  threeleaf sumac wax currant American plum plains
Cercocarpus montanus Stipa comata Rhus trilobata Symphoncamos ooc:denta#s MWSB ﬁ"Qlda Symphoncarposomdenwa‘rs Ribes cereum Prunus americana Populus delfoides
oz
whitestem gooseberry
Ribes inerme Alisma subcordatum  Helianthus nuttallii
m MULLER [I H M [] [S | []l N @ @ Proposed Creek Improvements - Plantlng Zones
ENGINEERING Stillwater Sciences TIMBERS CREEK - MAY 10, 2019




WILLOW FASCINES
KEYED INTO BANK TO
STABILIZE STEEP SLOPE

UPLAND ZONE

EXISTING WALK TO REMAIN

RIPARIAN EDGE

EPHEMERAL WETLAND ZONE

LOG DROPS
KEYED INTO BANKS

PEDESTRIAN CROSSING




After

Before




Before After




Before After




Before
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ENGAGE A MULTI-DISCIPLINE TEAM

STEP 1

DEFINE

THE PROBLEM

Project
Goals &
Objectives

System
Integration

System
Integration

STEP &

MPROV

YOUR DESIGN

STEP 2

COLLECT

INFORMATION

THE DESIGN
PROCESS¢m

A

STEP 3

BRAINSTORM
& ANALYZE

IDEAS

STEP 5
PRESENT YOUR IDEAS
T0 OTHERS FOR

FEEDBACK

System
Collaboration

System
Collaboration

STEP 4

DEVELOP

SOLUTIONS/
BUILD A MODEL

System
Integration

80



S1100/ft

S50,000 Geomorphology/
Vegetation for 2 miles



2D Collaboration without Borders

2D Technical Consistency & Recommendations
CASFM: September 30, 2020 - 10:30to 11 am

Geoff Uhlemann — Michael Baker
Josh Hill - Wood




Geoff Uhlemann - PE, CFM, PMP Josh Hill - EIT, CFM

Michael Baker — Denver, CO Wood — Denver, CO
Water Resources Project Manager 5 Water Resources Engineer



2D Collaboration without Borders Sooo

2D Technical Consistency and Recommendations
Overview + Rain-on-Mesh Best Practices

_ #1 2D Result Communication & Use
. End products & their use

2D National Efforts
Floodway IPT




Benefits of Collaboration

Mapping

Stormwater

Hydrology

Policy



Rain on Mesh
Best Practices Initiative

A=COM

e . | INTERNATIONAL

1 ) Consistency among contractors and teams

Improved product, methodology, & reviews

Resources/info for training and reference
2) (internal & external)

Recommendations to FEMA for revised
SIDs and refined guidance




Participants & Format veod

12-meeting series from Dec 2019 — Aug 2020
26 individuals from 7 states (CO, KS, KY, NJ, NY, UT, VA)
~350 hrs

A=CoMil\vood

ChN




Michael Baker

Desired Session Outcomes wood

& Articulate importance and influence
of each topic component

& Share common practice and agree on
items that are best made consistent vs
non-consequential differences

% Define principles, not processes —
allowing flexibility in implementation
but with guidance

<> Document decisions & resources

') SharePomt




Topics Covered (& showcased)

Model Setup & Basin Delineation
Hydrology (Development & Application)
Model Detail & Refinements

Stormwater & Development Applications

Model Settings & Tolerances
Model Calibration & Validation
2D Mapping & Rendering
Unsteady 2D Floodway
Updates to FEMA SIDs




Model Detail & Refinements wood

& Refinement Regions

Channel Refinement Regions Floodplain Refinement Regions Urban Refinement Regions

Automate generation of refinement regions by buffering flow accumulation grid lines
or hydroflattened areas of DEM



Model Detail & Refinements wood

& Breaklines
e
gLnEEEHHﬁgﬁ"‘

&5

2
N
L

pERBCoy |
, !!!!!Q’ﬁ?ﬁgm
Stream Banks/Centerline Roadways/Dams/Embankments
* Mapped Streams = Use Stream Bank Breaklines * Multiple Sources 2 Review & Manually Edit.
* Unmapped Streams - Can use Stream Centerline » Use appropriate cell spacing along overtopping features to
* Ensure channel cell faces capture channel Manning’s n. properly show continuous inundation.

10



Model Detail & Refinements wood

& Approximating Structures
T ‘4

7

Profile Graph Title

Ofiset-Breakiines V-Notch Breaklines Hydroconnectors
Quickly approximate the hydraulics near structures without defining structure geometry/rating curves.

11



Terrain Modification

& Bathymetry

* Depends on level of study
* Base Flow Considerations
« Bathymetry Incorporated = Add baseflow
using lateral hydrographs (for wholly-contained
tributaries)
* No Bathymetry = Remove baseflow from
inflow hydrographs

12



Terrain Modification

% Building Footprints

Il 1Y

* Default Approach = Increase Manning’s n
» If flow direction matters, enforce building
footprints.
* Enforce footprints as breaklines
* Plot floodplains through buildings

13



Michael Baker

INTERNATIONAL

2D Floodway wooc
3 A
w, i 7

14



2D Floodway wooc

j’% Flow Checkpoint //

®e, Lateral Inflow

\ Tributary Inflows

15



Model Calibration & Validation
Hierarchy of Sources

1. Mining Recent Events 2. Gauge Data (stage & discharge)
aerial coverage/lateral extent
people capture notable events
(examples later)

A) Replicate specific event (rain & flow)

B) Matching Rating Curve

50,000 100,000 150,000
Q (cfs)

C) X% NOAA ~ X% LP-III

16



Model Calibration & Validation
Hierarchy of Sources

4. Regional Comparison
gauged unit discharges

3. Effective Data (stage & discharge)

A) Along a full reach
5. Regression Eqns

last resort - check within band
do not force to median

Discharge +
>
)
eh
<
i
)
Mesh Alignment Cell Size

+ Manning’s N

v Crossing Type

Knobs to turn

B) Fixed Locations (crossings)
b7



Model Calibration & Validation
Aerial Validation with Social Media

'wood.

18



_Michael Baker

2D Mapping & Rendering
: wood.
Mapping Approaches

coe == mm Sloping WS

Cell Face

$ == wm Horizontal WS
Y

Cell Face

a.)

o .
inundatiowaepin.

19



MANY THANKS TO MANY
ENGINEERS!

Contact: Geoff.Uhlemann@mbakerintl.com
720.653.5928

A


mailto:Geoff.Uhlemann@mbakerintl.com

2D RESULT
COMMUNICATION
AND USE

CASFM 2020

Thuy Patton, CFM
Terri Fead, PE, CFM by

Rigel Rucker, PE, CFM




THE START

« 2D Floodways are difficult to produce and
manage

* New technology should be utilized if it
creates a better understanding of risk

« FEMA's Standards were cumbersome for 2D
product development and effective use

« Needed more consistency with surcharge
calculation approach

@ Calculate surcharge ateach @ Calculate unit discharge for each
cell, and divide BFE line into segment

segments

4 Unit Discharge, q (ft?s?)
//é- N 20

//%- W B 0
//%- -//// Calculate unit discharge weighted

ﬁ Insurable Structure surcharge average (Agpg) for all

Floodplain Boundary segments along BFE line

s BFE Line

= — A q T+ A aq + A q
%////% Encroachment Agpe= 2 .21514_-;25:_2'_ ‘Fs:? =

Surcharge, A (ft.) F— (—0.1)(2.0) + (0.3)(3.0) + (0.6)(4.0)
0.1 BEE 20+30+40

- Rgre=0.14 ft.

Evaluate weighted surcharge average and individual cell surchargesagainst criteria. Adjust
criteria where more restrictive state surcharge requirements exist.

Criteria Description

1 BFE average is within allowable surcharge range of 0.0 to 1.0 feet.

2 All cells overlapping insurable structures are within the allowable surcharge
range of 0.0 to 1.0 feet.

3 All cells considered in the BFE average are within the allowable surcharge

ranget 0.5 feet (-0.5t0 1.5 feet)

QSIS

4 All cells not considered in the BFE average are within the allowable surcharge
rangex 0.5 feet (-0.5 to 1.5 feet)

Caan”



Colorado Water

o) A p
Corssr iation Board “ Colorado Hazard Mapping & Risk MAP Portal _

Home  Fioop Hazaro  Lisrarv  Map FAQs  Communimy Rating System (CRS)  CatenoaR LIDAR  CO Hazaro Mapping ¥ CoLorapo Risk MAP ~

Welcome to the Colorado Hazard Mapping & Risk MAP Portal page. From this portal you can access various resources and websites using the links below.

| Library
y

: ¥
’

FLOOD RISK INFORMATION FOR
HOMEOWNERS, FLOODPLAIN ACCESS AND DOWNLOAD DOCUMENTS STATEWIDE SPATIAL LAYERS AND MAPS
MANAGERS, AND ENGINEERS
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http://slidesgo.com

Water Surface
Elevation Grids

Conversion to Digital
O 2 FIRM

Interim Guidance for

O 3 Managers and

Engineers

%
=

)

Some Slide Graphics by Slidesgo >



http://slidesgo.com

WATER SURFACE
ELEVATION GRIDS

» Graphical representation of model results

50932, -105.013075
Preaminary Floodplains Regulatory Floodway

1% Water Surface Elevation (WSEL): 4866.8
Annual Chance: 10%

» Benefits and needs for floodplain managers
- One click for BFEs
- Will need outreach and training on online
viewers and data interpretation
- Will allow cataloging of historic info

» Benefits and needs for FEMA and partners
- Eliminate FIS Profiles, FWDT in most cases
- Eliminates graphical BFEs/labeling, etc.
(some may still be used for evaluation)
- FIS becomes narrative, could be digital
- Grids will need more detailed review process
- Need LOMC Process
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Colorado Water
Conservation Board

‘ &, “ Colorado Hazard Mapping & Risk MAP Portal

Boulder Coumy Overview Outreach  Temrain Development Swrvey Hydrology Hydraulics Floodplain Mapping CSLF  DepthGrids WSELGrids %AnnualGnds %

A \ gy A 6
Rozra Dr
During floodplain mapping the raw hydraulic results are q =
cleaned, filling small holes and connecting disconnected flow Y = O _ %
AR ED o [

During this process floodplains were also manually inspected
comparing results with terrain

EPreumharyFloo(thns i . . '/“ e’ .“"A" S C O N V E I t S I O N I O

e 8 ’ 0.17815. 5171518 |
R~ '"\.,4 reliminary Floodplains Regulatory Floodway b
o o S % 241
© A 1% Water Surface Elevation (WSEL). 5059 4 ft
a\ Chance: 4%
e t Vral ) N

O NFHL Flood Hazard Zones

« FEMA converting would help with

consistency
« Will eliminate need for paper FIRM products
ot  Panel creation cost reduction
« Can have draft/prelim/effective available on
som__ | similar viewers

 Move to a nationwide format
* Reduce discrepancies between panels

« Make access easier and improve resolution

« Communities without web capabilities could
be worked with one on one




Ip— >

B FEMA's National Flood Hazard Layer (NFHL) Viewer with Web AppBuilder for ArcGIS _'-1\

\ ";” » R - 4
). 4 o8 “ - ¥
) y % | .' ol e
\ " ‘ b e S
) R |
) ‘ >t )
'tt:’\' » i
y ’ \::'\,\ -
-\ '\}\ \,
3 g Y s
\ . \\
'.\’c.\? " \}{\
To print NFHL FIRMette or Full FIRM: ‘ ot b A 3
1) Click the pin tool, and click on the map to place the o 2 / fif i \\
s full ‘ I8 f l\; y b =
2) Choose to create a print-size FIRMette or full-size 3 J SR i > ' ”
FIRM. 4 - Y ‘Ff' oo e 9
3) Press "Execute” - The process may take up to 1 [ B I ‘\ ) d
minute.* ™ Nk & " ; .
|
3
i
[*} u S ! b " Bouldeiebunty
Size® | I ¥ 7 . \ -_==::__==;=___ﬁ=======—;&\\\
FIRMETTE - AN 'e e
e
File Format* -_F\gl\h’mﬁ{)gl.q ”‘ 0R, a oy
08013003573 s

o
eﬁ 12/18/2012




INTERIM DIGITAL DATA FOR
FLOODPLAIN MANAGERS
AND ENGINEERS

P Interim Recommendation

3 .




RECOMMENDATIONS UNTIL NATIONAL

i DATASET DIGITAL

o WSE grids, Depth Grids, DxV . Effectlve and reV|sed model Wlth
Requested versioning

,,, - Beston wep viewer  Typical spatial data
. - Second Option Map Package

- WSE Grid standalone for local GIS * GIS map packages

* Floodway surcharge grid and floodplain
+~ changes for LOMR, and Effective
i“ method for 1D interface

n- « Comparison of pre and post project

* Model stability report




Colorado Water
Conservation Board

-, ” Colorado Hazard Mapping & Risk MAP Portal

% % 30
Annual Year
Grids Grids

Travel
Time

Terrain
Development

WSEL
Grids

Floodplain
Mapping

Velocity

Outreach Gitda

Overview Survey Hydrology  Hydraulics CSLF  DepthGrids Conclusion

Depth grids were created for the 10%, 2%, 4%, 1%, 1+%, and
0.2% annual chance flood analysis for all studied streams.
These grids show the depth of flooding for an area

& 1% Depth Grids A
Shows the anticipated depth of flooding during a 1%
event

37.308629, -107.853746 [
1% Depth: 9.8 ft R

©o

Spring Creok
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Flood Risk Products for
Effective 1D Floodplain
Studies

MHFD  wood.

Percent Chance of Flosding
| 30-vear Vimdow

Figure 1- FHAD to Flood Risk Products

v - = :
e ¥ : s High : 70.6

Flood Risk Product Guidelines oy 8§ : ‘ g Fusa], © o
™ ) = -~ ; oy ) - : > - ow !

Guidance on Producing Flood Risk Products from FHADs

Prepared for:
Mile High Flood District

3 - : ' ™
Prepared by: _p ] ; . p ! ‘ e : h
Wood Environment and Infrastructure Solutions " ) -y : v : Figure 19 - Percent Annual Chance Output - Example View .
2000 5. Colorado Bivd Suite 2-1000

Denver, CO 80222

Figure 12 - Mapped Flood Severity Grid




DIGITAL DATA USE BY
ENGINEERS

« Trainings for output
manipulation of required
grids.

« Ability to “check out” part of
a large model still an issue.

« Transitioning from effective
1D models and floodways




ade. s date.s o

SUGGESTED"APPROACH
AND TRAINING

Q Recommendation




This Photo by Unknown Author is licensed under CC BY-SA-NC

APPROACH

« WSE grids as regulatory products is recommended as

an immediate step.

* This change does not require a revision to current
regulatory products, it is just an addition of a new one.

» This will create a mandatory tool that will help with all of
the items identified in the analysis above.

» Will need to be generated in many areas.

* C2DC asks that FEMA allow the publication of WSE
grids in addition to or instead of water surface profiles
based on floodplain manager preference.

* Move toward regulatory digital flood hazard layers

instead of FIRMs.

» Access to a universal platform, such as the NFHL, for
information is recommended.

* A method to view historic and superseded information is
also recommended. Create revised quality standards,
such as floodplain boundary standards, that can be
applied to 2D results.

» Pursue outreach and develop training documentation
and references related to the use of all digital
products

« Develop a more effective check in/check out and
guality assurance processes for model and map
revisions. This needs to include storage and size
considerations

15
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Colorado Water
Conservation Board

™ # Colorado Hazard Mapping & Risk MAP Portal

ONR

Boulder County Overview Outreach Temain Development Survey Hydrology Hydraulics FloodplainMapping CSLF  DepthGrids ~ WSEL Grids

RESE VO IT

% Annual Grids

Ute Hwy

During floodplain mapping the raw hydraulic results are
cleaned, filling small holes and connecting disconnected flow
During this process floodplains were also manually inspected
comparing results with terrain

Burch Lake

Rozzra Or

‘f M &3rd St

 Preliminary Floodplains

N-75th St

Regulatory Floodway

B8 Administrative Floodway

I A (1% Annual Chance, 100 Year Floodplain)

Bl AE (1% Annual Chance, 100 Year Floodpiain)

[ AO (1% Annual Chance, 100 Year Floodplain)
AH (1% Annual Chance, 100 Year Floodplain)
1% Depth < T ft

B X (0.2% Annual Chance, 500 Year Fioodpiain)

Reduced Risk Due to Levee
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When is 2D Beneficial?
What to review for 2D?

GIS data, use and
symbology.

What to request for 2D?
What non-regulatory Products
are used for?

Insurance.
Common pitfalls/issues to look
for before signing MT2
Review of model

stability/convergence.

How to manage without a
floodway.

General Floodway Training.
How effective data is filed
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FAQs

~ ” Colorado Hazard Mapping & Risk MAP Portal

CommuniTy RaTiNG System (CRS)  MasTer CALENDAR

ACCESS AND DOWNLOAD DOCUMENTS
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2D Models
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Technical Session: 2D Modeling
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Background

« FHWA started using 2D modeling for complex bridge hydraulics in 1988

« In 2012 FHWA's reference documents (HEC-18, HDS-7) recommended
2D modeling for bridge hydraulics and scour analysis

« FHWA partnered in 2013 with the US Bureau of Reclamation in the
ongoing development of SRH-2D for transportation hydraulics and
initiated a graphical user interface in SMS (by Aguaveo)

« The application of 2D models for floodway delineation and assessment
was not clearly defined.

« In 2018, a Colorado floodway workgroup was initiated and ultimately
provided recommendations to FEMA

« In 2019, FEMA formed and Interagency Project Team (IPT) to update

the standards and guidelines for 2D modeling .\
@ :

US. Department of Transportation
Federal Highway Administration
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Overview

« 1D versus 2D modeling assumptions that affect
floodway development

« Evaluating surcharges in a 2D model
 Two methods for delineating floodways in 2D models

e

US. Department of Transportation
Federal Highway Administration



1D versus 2D Modeling Assumptions

Hydraulic Variables One-dimensional (1D) Modeling Two-dimensional (2D) Modeling

Flow direction Assumed by user Computed
Flow paths Assumed by user Computed
: Assumed constant across cross

Water surface elevation ) Computed at each element

sections
: Averaged at each cross section Magnitude and direction Computed

Flow velocity : .
Assumed in one direction at each element

Flow distribution Computed based on conveyance Computed based on continuity

Assumed constant between cross

Channel roughness Represented at each element

sections
Ineffective (blocked) flow areas Assumed by user Computed
Flow contraction and expansion through bridges Assumed by user Computed

e

US. Department of Transportation
Federal Highway Administration
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Case Study Project Example: Elkhorn River NE

7

\

* Q100 = 86,000 cfs
e ~9 mile reach

* Floodplain is 1.5 - 3 miles
wide

* Project objective: US30
road/bridge improvements

Elevation (ft)

-1285
1265

1245
1225
-1205

5 |i1185
- " 1165
81145

Image Source: Nebraska Department of Highways 5
US. Department of Transportation
Federal Highway Administration
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Case Study Project Example: Elkhorn River NE

7 K

Q100 = 86,000 cfs
~9 mile reach

Floodplain is 1.5 — 3 miles
wide

Project objective: SR30
roadway/bridge
improvements

Mesh developed using new
feature delineation tools in
_ SMS
| Elevation (ft)

| Iy e 0 . ~87,000 elements (3 ft -
T s SR 200 ft)

Calibrated to HWM data

Model runtime (CPU) = 12
£ TR el e 4 8. minutes (20 hour steady
G R S e o state sim
| " *uik}ﬁ{g}_,-‘! p Dir g __ @

Image Source: Nebraska Department of Highways

US. Department of Transportation
Federal Highway Administration
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Evaluating Surcharges with Evaluation Lines

™

SMS Tools / Process

Display linear WSEL
Contours at desired spacing

Save As .shp file (Mesh
Contours -> Arc Shapefile

Open new shapefile and

convertittoa 1D XS
coverage

ol B Dot AL TRNLS o DR | : _ ] ]
werey =i \‘ R = | °* Define a centerline (for
e [ n O e, stationing)
S MSEETTRCER e \ \} R Generate a Summary Table
= EaarsieadiEe S e SR of average WSELs for each
1154 8 :! ; : .I= | A Le: 4 i A kk \l I ‘ ‘*I": H‘\‘hi_‘\l:\\\ : .‘.‘\‘ Scena rio

[, S e P ARage Compare results

. =3 x
Image Source: Nebraska Department of Highways

US. Department of Transportation
Federal Highway Administration
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Current Effective 1D Floodway Modeled in 2D

R

US. Department of Transportation
Federal Highway Administration

Image Source: Nebraska Department of Highways / FEMA Flood Hazard Map




Current Effective 1D Floodway Modeled in 2D

SMS Tools / Process

* Floodway corridor defined in
materials coverage

« The materials outside of
floodway boundary are
‘disabled’ using an
unassigned material type

« Simulation is rerun
« Results are compared

I unassigned
- Range, Pasture, Grass

| Irrigated Soybeans
— Feature Arc

W : :
Image Source: Nebraska Department of Highways

e 9

US. Department of Transportation
Federal Highway Administration
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Current Effectwe 1D Floodway Modeled in 2D

« In many cases the floodway
surcharges estimated with a
2D model for current
effective 1D floodways are
higher than predicted with
the 1D model

@ 10

US. Department of Transportation
Federal Highway Administration

Image Source: Nebraska Department of nghways



Evaluatlng Surcharges in a 2D Model (1D Floodway)

Floodway Surcharge Summary

Resulting Surcharge for

Q100 Base Flood | Current Effective 1D
1D FIoodway Modeled in 2D Evaluation Lines Floodway in 2D
| WSELAve | WSELAve | Surcharge
(ft) (ft) (ft)
1158.00 1159.82 1.82
1160.00 1162.08 2.08
1162.00 1163.28 1.28
1164.00 1165.72 1.72
1166.00 1166.96 0.96
1168.00 1168.75 0.75
1170.00 1170.45 0.45
1172.00 1172.27 0.27
1174.00 1174.42 0.42
1176.00 1177.36 1.36
1178.00 1179.13 1.13
1180.00 1180.89 0.89
1182.00 1182.79 0.79
1184.00 1185.44 1.44
1186.00 1188.25 2.25
1188.00 1190.62 2.62
1190.00 1191.75 1.75
1192.00 1193.80 1.80
Image Source: Nebraska Departme oleghys e 11

US. Department of Transportation
Federal Highway Administration



Elhorn Floodway Summary

		CL Station		Q100 Base Flood Evaluation Lines		Current Effective 1D Floodway in 2D				Equal Discharge Reduction Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge																								Equal Discharge FW								Unit Q FW

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)						Reach		Station		Width		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE

		854		1158.00		1159.82		1.82		1158.70		0.70		1158.73		0.73						reach_1		854.254		7721.26		1159.82				reach_1		854.254		1158				reach_1		854.254		1158.7				reach_1		854.254		1158.73

		3897		1160.00		1162.08		2.08		1160.55		0.55		1160.52		0.52						reach_1		3896.64		9269.58		1162.08				reach_1		3896.64		1160				reach_1		3896.64		1160.55				reach_1		3896.64		1160.52

		6784		1162.00		1163.28		1.28		1161.92		-0.08		1162.19		0.19						reach_1		6783.98		1263.46		1163.28				reach_1		6783.98		1162				reach_1		6783.98		1161.92				reach_1		6783.98		1162.19

		7725		1164.00		1165.72		1.72		1164.48		0.48		1164.53		0.53						reach_1		7724.54		11176.48		1165.72				reach_1		7724.54		1164				reach_1		7724.54		1164.48				reach_1		7724.54		1164.53

		11154		1166.00		1166.96		0.96		1166.43		0.43		1166.48		0.48						reach_1		11153.6		520.76		1166.96				reach_1		11153.6		1166				reach_1		11153.6		1166.43				reach_1		11153.6		1166.48

		14159		1168.00		1168.75		0.75		1168.11		0.11		1168.16		0.16						reach_1		14158.9		14214.82		1168.75				reach_1		14158.9		1168				reach_1		14158.9		1168.11				reach_1		14158.9		1168.16

		17937		1170.00		1170.45		0.45		1170.00		0.00		1169.90		-0.10						reach_1		17937.4		7459.81		1170.45				reach_1		17937.4		1170				reach_1		17937.4		1170				reach_1		17937.4		1169.9

		21612		1172.00		1172.27		0.27		1172.09		0.09		1171.95		-0.05						reach_1		21612.2		11192.61		1172.27				reach_1		21612.2		1172				reach_1		21612.2		1172.09				reach_1		21612.2		1171.95

		24414		1174.00		1174.42		0.42		1174.21		0.21		1173.97		-0.03						reach_1		24413.8		3358.68		1174.42				reach_1		24413.8		1174				reach_1		24413.8		1174.21				reach_1		24413.8		1173.97

		28266		1176.00		1177.36		1.36		1176.66		0.66		1176.26		0.26						reach_1		28266		10507.84		1177.36				reach_1		28266		1176				reach_1		28266		1176.66				reach_1		28266		1176.26

		33195		1178.00		1179.13		1.13		1178.56		0.56		1178.24		0.24						reach_1		33194.6		10844.92		1179.13				reach_1		33194.6		1178				reach_1		33194.6		1178.56				reach_1		33194.6		1178.24

		36177		1180.00		1180.89		0.89		1180.69		0.69		1180.11		0.11						reach_1		36177.4		9774.49		1180.89				reach_1		36177.4		1180				reach_1		36177.4		1180.69				reach_1		36177.4		1180.11

		38807		1182.00		1182.79		0.79		1182.47		0.47		1182.06		0.06						reach_1		38807.3		9725.9		1182.79				reach_1		38807.3		1182				reach_1		38807.3		1182.47				reach_1		38807.3		1182.06

		45090		1184.00		1185.44		1.44		1184.58		0.58		1184.07		0.07						reach_1		45089.7		6027.67		1185.44				reach_1		45089.7		1184				reach_1		45089.7		1184.58				reach_1		45089.7		1184.07

		48630		1186.00		1188.25		2.25		1186.83		0.83		1186.12		0.12						reach_1		48629.7		4493.93		1188.25				reach_1		48629.7		1186				reach_1		48629.7		1186.83				reach_1		48629.7		1186.12

		53119		1188.00		1190.62		2.62		1188.77		0.77		1188.14		0.14						reach_1		53118.8		9612.55		1190.62				reach_1		53118.8		1188				reach_1		53118.8		1188.77				reach_1		53118.8		1188.14

		59384		1190.00		1191.75		1.75		1190.76		0.76		1190.08		0.08						reach_1		59383.7		8307.72		1191.75				reach_1		59383.7		1190				reach_1		59383.7		1190.76				reach_1		59383.7		1190.08

		62722		1192.00		1193.80		1.80		1192.80		0.80		1192.08		0.08						reach_1		62721.5		4949.17		1193.8				reach_1		62721.5		1192				reach_1		62721.5		1192.8				reach_1		62721.5		1192.08





Sheet1

		Station		Q100 Base Flood Evaluation Lines		FEMA 1D Floodway in 2D				Equal Conveyance 2D Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)

		1490		1158.00		1159.59		1.59		1158.51		0.51		1158.48		0.48

		4849		1160.00		1161.78		1.78		1160.46		0.46		1160.54		0.54

		7635		1162.00		1163.97		1.97		1162.48		0.48		1162.56		0.56

		8825		1164.00		1165.71		1.71		1164.51		0.51		1164.56		0.56

		12121		1166.00		1167.46		1.46		1166.62		0.62		1166.66		0.66

		15503		1168.00		1169.05		1.05		1168.44		0.44		1168.47		0.47

		20191		1170.00		1170.90		0.90		1170.49		0.49		1170.40		0.40

		23461		1172.00		1172.75		0.75		1172.66		0.66		1172.47		0.47

		25444		1174.00		1174.77		0.77		1174.52		0.52		1174.36		0.36

		29126		1176.00		1177.44		1.44		1176.74		0.74		1176.35		0.35

		34003		1178.00		1179.20		1.20		1178.66		0.66		1178.36		0.36

		37120		1180.00		1180.94		0.94		1180.72		0.72		1180.36		0.36

		39710		1182.00		1182.93		0.93		1182.63		0.63		1182.30		0.30

		45841		1184.00		1185.64		1.64		1184.67		0.67		1184.15		0.15

		49429		1186.00		1188.30		2.30		1186.86		0.86		1186.14		0.14

		53424		1188.00		1190.53		2.53		1188.72		0.72		1188.09		0.09

		60249		1190.00		1191.58		1.58		1190.76		0.76		1190.06		0.06

		63335		1192.00		1193.83		1.83		1192.79		0.79		1192.09		0.09





Sheet2

		March 2019 WSEL Comparison

						n0						n1				n2				n2				n3				base				n1

				Observed Values (ft)		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference				SRH-2D		Difference

		1		1171.90		1171.53		-0.37		1171.69		-0.21		1172.02		0.12		1172.01		0.11		1172.19		0.29				1171.86		-0.05		1172.141		0.24

		2		1170.60		1169.65		-0.95		1169.82		-0.78		1169.93		-0.67		1170.13		-0.47		1170.33		-0.27				1170.24		-0.36		1170.52		-0.08

		3		1170.20		1168.83		-1.37		1169.02		-1.18		1169.41		-0.79		1169.37		-0.83		1169.67		-0.53				1169.69		-0.52		1169.959		-0.24

		4		1169.50		1168.85		-0.65		1169.02		-0.48		1169.32		-0.18		1169.38		-0.12		1169.61		0.11				1169.55		0.05		1169.444		-0.06

		5																				1167.38										1166.861

		6		1166.10		1164.86		-1.24		1165.05		-1.05		1165.38		-0.72		1165.38		-0.72		1165.58		1.28				1165.96		-0.14		1166.145		0.05

		7		1166.00		1164.99		-1.01		1165.17		-0.83		1165.48		-0.52		1165.50		-0.50		1165.71		-0.42				1165.77		-0.23		1166.025		0.03

		8		1166.40		1165.99		-0.41		1166.16		-0.24		1166.41		0.01		1166.45		0.05		1166.66		-0.69				1166.04		-0.36		1166.101		-0.30

		9		1165.40		1164.87		-0.53		1165.02		-0.38		1165.26		-0.14		1165.26		-0.14		1165.41		1.26				1164.42		-0.98		1164.696		-0.70

								-0.82				-0.64				-0.36				-0.33				0.13						-0.32				-0.13

		alfalfa				0.045				0.05				0.055				0.055				0.065						0.07				0.065		0.18

		barren				0.032				0.035				0.035				0.035				0.035						0.065				0.035		0.00

		corn				0.04				0.045				0.05				0.055				0.065						0.065				0.065		0.18

		open water				0.032				0.035				0.035				0.035				0.035						0.035				0.035		0.00

		other ag. lands				0.045				0.05				0.055				0.06				0.065						0.65				0.065		0.08

		potatoes				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		range/pasture/grass				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		riparian forest and woodlands				0.065				0.07								0.08				0.1						0.1				0.1		0.25

		small grains				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		sorghum				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		soy beans				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		sugar beets				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		summer fallow				0.035				0.04				0.055				0.06				0.065										0.065		0.08

		urban land				0.07				0.08				0.09				0.09				0.09						0.09				0.09		0.00

		wetlands				0.065				0.07				0.065				0.06				0.065						0.065				0.065		0.08








Two Methods for Delineating 2D Floodways

1. Equal Discharge Reduction

2. Unit Discharge (Depth x Velocity)

Elevation (ft)
-1285
1 l1265
y | -1245
~1225
-1205

1185
.-1165

age Source: Nebraska Department of Highways @

12

US. Department of Transportation
Federal Highway Administration



Equal Discharge Reduction Floodway Delineation

O o-FC0 Foodway
\ -[]&® FW 1D
&P FW Unit G5
- []&¥ FW Boundary Eq Conv
-[]&5 FW Boundary 10 1ft Rise
- []&% BFE Evaluation Lines {1D-Hyd X5}
- [J&% FP Boundary G100

« Most consistent with 1D Equal Conveyance
method

 Flow area is removed from either floodplain
limit, based on equal discharge reduction,
until a target rise is achieved

Rename

18 10-Hy

Ml Cinln

ate

_ Floodwa

Floodway methad

« Cross sections are required for evaluation, but
alignment is not critical
SMS/SRH-2D Tools and Process
 Define channel centerline and banks
 Add reference cross sections

e Select Encroachment Method and
appropriate data set and target surcharge
to Coverage

* An |n|t|a| FW boundary and matel"la|S Mumber of divisions: |;‘_D[J | k...

X

Encroachment Method -

Geometry: select, ., MeshEC

Depth: Select... | Water_Depth_ft res to Mesh

Wlesh to Arcs
Velocity: Select... Velodty

timn..

Cross section coverage: Select... 1D-Hyd Cross Section FW/ i
ect...

Material coverage: Select... Mannings n Calibrated

WSE maximum rise: | 1.0000 | ft

coverage are automatically generated ies..
« Run encroachment simulation oK
L]
i R ji_ _:E iy
* ReVIeW/ Compare rESUItS ?mageSource: Nebraska Department of Highways e

13

US. Department of Transportation
Federal Highway Administration



Equal Dlscharge Reduction Method Results

Floodway Surcharge Summary

Resulting Surcharge for

. ¢ Q100 Base Flood Equal Discharge
2D Equal DISCharge REdUCtIOI’\ FW Evaluation Lines | Reduction Floodway
' | | WSEL Ave WSEL Ave | Surcharge
(ft) (ft) (ft)
1158.00 1158.70 0.70
1160.00 1160.55 0.55
1162.00 1161.92 -0.08
1164.00 1164.48 0.48
1166.00 1166.43 0.43
1168.00 1168.11 0.11
1170.00 1170.00 0.00
1172.00 1172.09 0.09
1174.00 1174.21 0.21
1176.00 1176.66 0.66
1178.00 1178.56 0.56
1180.00 1180.69 0.69
1182.00 1182.47 0.47
1184.00 1184.58 0.58
1186.00 1186.83 0.83
1188.00 1188.77 0.77
1190.00 1190.76 0.76
1192.00 1192.80 0.80

US. Department of Transportation
Federal Highway Administration



Elhorn Floodway Summary

		CL Station		Q100 Base Flood Evaluation Lines		Current Effective 1D Floodway in 2D				Equal Discharge Reduction Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge																								Equal Discharge FW								Unit Q FW

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)						Reach		Station		Width		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE

		854		1158.00		1159.82		1.82		1158.70		0.70		1158.73		0.73						reach_1		854.254		7721.26		1159.82				reach_1		854.254		1158				reach_1		854.254		1158.7				reach_1		854.254		1158.73

		3897		1160.00		1162.08		2.08		1160.55		0.55		1160.52		0.52						reach_1		3896.64		9269.58		1162.08				reach_1		3896.64		1160				reach_1		3896.64		1160.55				reach_1		3896.64		1160.52

		6784		1162.00		1163.28		1.28		1161.92		-0.08		1162.19		0.19						reach_1		6783.98		1263.46		1163.28				reach_1		6783.98		1162				reach_1		6783.98		1161.92				reach_1		6783.98		1162.19

		7725		1164.00		1165.72		1.72		1164.48		0.48		1164.53		0.53						reach_1		7724.54		11176.48		1165.72				reach_1		7724.54		1164				reach_1		7724.54		1164.48				reach_1		7724.54		1164.53

		11154		1166.00		1166.96		0.96		1166.43		0.43		1166.48		0.48						reach_1		11153.6		520.76		1166.96				reach_1		11153.6		1166				reach_1		11153.6		1166.43				reach_1		11153.6		1166.48

		14159		1168.00		1168.75		0.75		1168.11		0.11		1168.16		0.16						reach_1		14158.9		14214.82		1168.75				reach_1		14158.9		1168				reach_1		14158.9		1168.11				reach_1		14158.9		1168.16

		17937		1170.00		1170.45		0.45		1170.00		0.00		1169.90		-0.10						reach_1		17937.4		7459.81		1170.45				reach_1		17937.4		1170				reach_1		17937.4		1170				reach_1		17937.4		1169.9

		21612		1172.00		1172.27		0.27		1172.09		0.09		1171.95		-0.05						reach_1		21612.2		11192.61		1172.27				reach_1		21612.2		1172				reach_1		21612.2		1172.09				reach_1		21612.2		1171.95

		24414		1174.00		1174.42		0.42		1174.21		0.21		1173.97		-0.03						reach_1		24413.8		3358.68		1174.42				reach_1		24413.8		1174				reach_1		24413.8		1174.21				reach_1		24413.8		1173.97

		28266		1176.00		1177.36		1.36		1176.66		0.66		1176.26		0.26						reach_1		28266		10507.84		1177.36				reach_1		28266		1176				reach_1		28266		1176.66				reach_1		28266		1176.26

		33195		1178.00		1179.13		1.13		1178.56		0.56		1178.24		0.24						reach_1		33194.6		10844.92		1179.13				reach_1		33194.6		1178				reach_1		33194.6		1178.56				reach_1		33194.6		1178.24

		36177		1180.00		1180.89		0.89		1180.69		0.69		1180.11		0.11						reach_1		36177.4		9774.49		1180.89				reach_1		36177.4		1180				reach_1		36177.4		1180.69				reach_1		36177.4		1180.11

		38807		1182.00		1182.79		0.79		1182.47		0.47		1182.06		0.06						reach_1		38807.3		9725.9		1182.79				reach_1		38807.3		1182				reach_1		38807.3		1182.47				reach_1		38807.3		1182.06

		45090		1184.00		1185.44		1.44		1184.58		0.58		1184.07		0.07						reach_1		45089.7		6027.67		1185.44				reach_1		45089.7		1184				reach_1		45089.7		1184.58				reach_1		45089.7		1184.07

		48630		1186.00		1188.25		2.25		1186.83		0.83		1186.12		0.12						reach_1		48629.7		4493.93		1188.25				reach_1		48629.7		1186				reach_1		48629.7		1186.83				reach_1		48629.7		1186.12

		53119		1188.00		1190.62		2.62		1188.77		0.77		1188.14		0.14						reach_1		53118.8		9612.55		1190.62				reach_1		53118.8		1188				reach_1		53118.8		1188.77				reach_1		53118.8		1188.14

		59384		1190.00		1191.75		1.75		1190.76		0.76		1190.08		0.08						reach_1		59383.7		8307.72		1191.75				reach_1		59383.7		1190				reach_1		59383.7		1190.76				reach_1		59383.7		1190.08

		62722		1192.00		1193.80		1.80		1192.80		0.80		1192.08		0.08						reach_1		62721.5		4949.17		1193.8				reach_1		62721.5		1192				reach_1		62721.5		1192.8				reach_1		62721.5		1192.08





Sheet1

		Station		Q100 Base Flood Evaluation Lines		FEMA 1D Floodway in 2D				Equal Conveyance 2D Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)

		1490		1158.00		1159.59		1.59		1158.51		0.51		1158.48		0.48

		4849		1160.00		1161.78		1.78		1160.46		0.46		1160.54		0.54

		7635		1162.00		1163.97		1.97		1162.48		0.48		1162.56		0.56

		8825		1164.00		1165.71		1.71		1164.51		0.51		1164.56		0.56

		12121		1166.00		1167.46		1.46		1166.62		0.62		1166.66		0.66

		15503		1168.00		1169.05		1.05		1168.44		0.44		1168.47		0.47

		20191		1170.00		1170.90		0.90		1170.49		0.49		1170.40		0.40

		23461		1172.00		1172.75		0.75		1172.66		0.66		1172.47		0.47

		25444		1174.00		1174.77		0.77		1174.52		0.52		1174.36		0.36

		29126		1176.00		1177.44		1.44		1176.74		0.74		1176.35		0.35

		34003		1178.00		1179.20		1.20		1178.66		0.66		1178.36		0.36

		37120		1180.00		1180.94		0.94		1180.72		0.72		1180.36		0.36

		39710		1182.00		1182.93		0.93		1182.63		0.63		1182.30		0.30

		45841		1184.00		1185.64		1.64		1184.67		0.67		1184.15		0.15

		49429		1186.00		1188.30		2.30		1186.86		0.86		1186.14		0.14

		53424		1188.00		1190.53		2.53		1188.72		0.72		1188.09		0.09

		60249		1190.00		1191.58		1.58		1190.76		0.76		1190.06		0.06

		63335		1192.00		1193.83		1.83		1192.79		0.79		1192.09		0.09





Sheet2

		March 2019 WSEL Comparison

						n0						n1				n2				n2				n3				base				n1

				Observed Values (ft)		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference				SRH-2D		Difference

		1		1171.90		1171.53		-0.37		1171.69		-0.21		1172.02		0.12		1172.01		0.11		1172.19		0.29				1171.86		-0.05		1172.141		0.24

		2		1170.60		1169.65		-0.95		1169.82		-0.78		1169.93		-0.67		1170.13		-0.47		1170.33		-0.27				1170.24		-0.36		1170.52		-0.08

		3		1170.20		1168.83		-1.37		1169.02		-1.18		1169.41		-0.79		1169.37		-0.83		1169.67		-0.53				1169.69		-0.52		1169.959		-0.24

		4		1169.50		1168.85		-0.65		1169.02		-0.48		1169.32		-0.18		1169.38		-0.12		1169.61		0.11				1169.55		0.05		1169.444		-0.06

		5																				1167.38										1166.861

		6		1166.10		1164.86		-1.24		1165.05		-1.05		1165.38		-0.72		1165.38		-0.72		1165.58		1.28				1165.96		-0.14		1166.145		0.05

		7		1166.00		1164.99		-1.01		1165.17		-0.83		1165.48		-0.52		1165.50		-0.50		1165.71		-0.42				1165.77		-0.23		1166.025		0.03

		8		1166.40		1165.99		-0.41		1166.16		-0.24		1166.41		0.01		1166.45		0.05		1166.66		-0.69				1166.04		-0.36		1166.101		-0.30

		9		1165.40		1164.87		-0.53		1165.02		-0.38		1165.26		-0.14		1165.26		-0.14		1165.41		1.26				1164.42		-0.98		1164.696		-0.70

								-0.82				-0.64				-0.36				-0.33				0.13						-0.32				-0.13

		alfalfa				0.045				0.05				0.055				0.055				0.065						0.07				0.065		0.18

		barren				0.032				0.035				0.035				0.035				0.035						0.065				0.035		0.00

		corn				0.04				0.045				0.05				0.055				0.065						0.065				0.065		0.18

		open water				0.032				0.035				0.035				0.035				0.035						0.035				0.035		0.00

		other ag. lands				0.045				0.05				0.055				0.06				0.065						0.65				0.065		0.08

		potatoes				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		range/pasture/grass				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		riparian forest and woodlands				0.065				0.07								0.08				0.1						0.1				0.1		0.25

		small grains				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		sorghum				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		soy beans				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		sugar beets				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		summer fallow				0.035				0.04				0.055				0.06				0.065										0.065		0.08

		urban land				0.07				0.08				0.09				0.09				0.09						0.09				0.09		0.00

		wetlands				0.065				0.07				0.065				0.06				0.065						0.065				0.065		0.08








Unit Discharge Floodway Delineation

« Based on a user specified depth*velocity (DxV)
threshold

« A specific unit discharge does not correspond to
a specific rise

Unit Discharge Contours
(Depth x Velocity)

Outer limits of DxV =
5 cfs/ft

 Internal DxV ‘Islands’ are excluded

« An iterative process is needed to identify the unit
discharge that corresponds with the desired rise

\
L -
Ty @ Floodway

: \| Floodway method |Ur1itDisd’13rge Method b

SMS Tools / Process

« Select Unit Discharge Method and
appropriate data sets

« Set target Unit Discharge threshold

Geometry: Select... MeshEC
| Depth: Select... Water_Depth_ft

Velocity magnitude: Select... Vel Mag_ft p =

Unit Q (cfs/ft)
] 10.0

8.0 Material coverage: Select... Mannings n Calibrated

+ An initial FW boundary and materials 8 s -
coverage are automatically generated | 2o
. . 0.0
« Run encroachment simulation l \
« Review/compare results i, g
3 e, | =
Image Source: Nebraska Department of Highways e
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Unit Discharge Floodway Delineation Method

Floodway Surcharge Summary

Resulting Surcharge for

4 . Q100 Base Flood Unit Discharge 2D
2D Unit DISCharge FW (5 CfS ft) Evaluation Lines | Floodway (q=5cfs/ft)
' WSEL Ave WSEL Ave | Surcharge
(ft) (ft) (ft)
1158.00 1158.73 0.73
1160.00 1160.52 0.52
1162.00 1162.19 0.19
1164.00 1164.53 0.53
1166.00 1166.48 0.48
1168.00 1168.16 0.16
1170.00 1169.90 -0.10
1172.00 1171.95 -0.05
1174.00 1173.97 -0.03
1176.00 1176.26 0.26
1178.00 1178.24 0.24
1180.00 1180.11 0.11
1182.00 1182.06 0.06
1184.00 1184.07 0.07
1186.00 1186.12 0.12
1188.00 1188.14 0.14
1190.00 1190.08 0.08
1192.00 1192.08 0.08

US. Department of Transportation
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Elhorn Floodway Summary

		CL Station		Q100 Base Flood Evaluation Lines		Current Effective 1D Floodway in 2D				Equal Discharge Reduction Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge																								Equal Discharge FW								Unit Q FW

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)						Reach		Station		Width		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE				Reach		Station		Discharge WSE

		854		1158.00		1159.82		1.82		1158.70		0.70		1158.73		0.73						reach_1		854.254		7721.26		1159.82				reach_1		854.254		1158				reach_1		854.254		1158.7				reach_1		854.254		1158.73

		3897		1160.00		1162.08		2.08		1160.55		0.55		1160.52		0.52						reach_1		3896.64		9269.58		1162.08				reach_1		3896.64		1160				reach_1		3896.64		1160.55				reach_1		3896.64		1160.52

		6784		1162.00		1163.28		1.28		1161.92		-0.08		1162.19		0.19						reach_1		6783.98		1263.46		1163.28				reach_1		6783.98		1162				reach_1		6783.98		1161.92				reach_1		6783.98		1162.19

		7725		1164.00		1165.72		1.72		1164.48		0.48		1164.53		0.53						reach_1		7724.54		11176.48		1165.72				reach_1		7724.54		1164				reach_1		7724.54		1164.48				reach_1		7724.54		1164.53

		11154		1166.00		1166.96		0.96		1166.43		0.43		1166.48		0.48						reach_1		11153.6		520.76		1166.96				reach_1		11153.6		1166				reach_1		11153.6		1166.43				reach_1		11153.6		1166.48

		14159		1168.00		1168.75		0.75		1168.11		0.11		1168.16		0.16						reach_1		14158.9		14214.82		1168.75				reach_1		14158.9		1168				reach_1		14158.9		1168.11				reach_1		14158.9		1168.16

		17937		1170.00		1170.45		0.45		1170.00		0.00		1169.90		-0.10						reach_1		17937.4		7459.81		1170.45				reach_1		17937.4		1170				reach_1		17937.4		1170				reach_1		17937.4		1169.9

		21612		1172.00		1172.27		0.27		1172.09		0.09		1171.95		-0.05						reach_1		21612.2		11192.61		1172.27				reach_1		21612.2		1172				reach_1		21612.2		1172.09				reach_1		21612.2		1171.95

		24414		1174.00		1174.42		0.42		1174.21		0.21		1173.97		-0.03						reach_1		24413.8		3358.68		1174.42				reach_1		24413.8		1174				reach_1		24413.8		1174.21				reach_1		24413.8		1173.97

		28266		1176.00		1177.36		1.36		1176.66		0.66		1176.26		0.26						reach_1		28266		10507.84		1177.36				reach_1		28266		1176				reach_1		28266		1176.66				reach_1		28266		1176.26

		33195		1178.00		1179.13		1.13		1178.56		0.56		1178.24		0.24						reach_1		33194.6		10844.92		1179.13				reach_1		33194.6		1178				reach_1		33194.6		1178.56				reach_1		33194.6		1178.24

		36177		1180.00		1180.89		0.89		1180.69		0.69		1180.11		0.11						reach_1		36177.4		9774.49		1180.89				reach_1		36177.4		1180				reach_1		36177.4		1180.69				reach_1		36177.4		1180.11

		38807		1182.00		1182.79		0.79		1182.47		0.47		1182.06		0.06						reach_1		38807.3		9725.9		1182.79				reach_1		38807.3		1182				reach_1		38807.3		1182.47				reach_1		38807.3		1182.06

		45090		1184.00		1185.44		1.44		1184.58		0.58		1184.07		0.07						reach_1		45089.7		6027.67		1185.44				reach_1		45089.7		1184				reach_1		45089.7		1184.58				reach_1		45089.7		1184.07

		48630		1186.00		1188.25		2.25		1186.83		0.83		1186.12		0.12						reach_1		48629.7		4493.93		1188.25				reach_1		48629.7		1186				reach_1		48629.7		1186.83				reach_1		48629.7		1186.12

		53119		1188.00		1190.62		2.62		1188.77		0.77		1188.14		0.14						reach_1		53118.8		9612.55		1190.62				reach_1		53118.8		1188				reach_1		53118.8		1188.77				reach_1		53118.8		1188.14

		59384		1190.00		1191.75		1.75		1190.76		0.76		1190.08		0.08						reach_1		59383.7		8307.72		1191.75				reach_1		59383.7		1190				reach_1		59383.7		1190.76				reach_1		59383.7		1190.08

		62722		1192.00		1193.80		1.80		1192.80		0.80		1192.08		0.08						reach_1		62721.5		4949.17		1193.8				reach_1		62721.5		1192				reach_1		62721.5		1192.8				reach_1		62721.5		1192.08





Sheet1

		Station		Q100 Base Flood Evaluation Lines		FEMA 1D Floodway in 2D				Equal Conveyance 2D Floodway				Unit Discharge 2D Floodway (q=5cfs/ft)



				WSEL Ave		WSEL Ave		Surcharge		WSEL Ave		Surcharge		WSEL Ave		Surcharge

				(ft)		(ft)		(ft)		(ft)		(ft)		(ft)		(ft)

		1490		1158.00		1159.59		1.59		1158.51		0.51		1158.48		0.48

		4849		1160.00		1161.78		1.78		1160.46		0.46		1160.54		0.54

		7635		1162.00		1163.97		1.97		1162.48		0.48		1162.56		0.56

		8825		1164.00		1165.71		1.71		1164.51		0.51		1164.56		0.56

		12121		1166.00		1167.46		1.46		1166.62		0.62		1166.66		0.66

		15503		1168.00		1169.05		1.05		1168.44		0.44		1168.47		0.47

		20191		1170.00		1170.90		0.90		1170.49		0.49		1170.40		0.40

		23461		1172.00		1172.75		0.75		1172.66		0.66		1172.47		0.47

		25444		1174.00		1174.77		0.77		1174.52		0.52		1174.36		0.36

		29126		1176.00		1177.44		1.44		1176.74		0.74		1176.35		0.35

		34003		1178.00		1179.20		1.20		1178.66		0.66		1178.36		0.36

		37120		1180.00		1180.94		0.94		1180.72		0.72		1180.36		0.36

		39710		1182.00		1182.93		0.93		1182.63		0.63		1182.30		0.30

		45841		1184.00		1185.64		1.64		1184.67		0.67		1184.15		0.15

		49429		1186.00		1188.30		2.30		1186.86		0.86		1186.14		0.14

		53424		1188.00		1190.53		2.53		1188.72		0.72		1188.09		0.09

		60249		1190.00		1191.58		1.58		1190.76		0.76		1190.06		0.06

		63335		1192.00		1193.83		1.83		1192.79		0.79		1192.09		0.09





Sheet2

		March 2019 WSEL Comparison

						n0						n1				n2				n2				n3				base				n1

				Observed Values (ft)		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference		HEC-RAS2D		Difference				SRH-2D		Difference

		1		1171.90		1171.53		-0.37		1171.69		-0.21		1172.02		0.12		1172.01		0.11		1172.19		0.29				1171.86		-0.05		1172.141		0.24

		2		1170.60		1169.65		-0.95		1169.82		-0.78		1169.93		-0.67		1170.13		-0.47		1170.33		-0.27				1170.24		-0.36		1170.52		-0.08

		3		1170.20		1168.83		-1.37		1169.02		-1.18		1169.41		-0.79		1169.37		-0.83		1169.67		-0.53				1169.69		-0.52		1169.959		-0.24

		4		1169.50		1168.85		-0.65		1169.02		-0.48		1169.32		-0.18		1169.38		-0.12		1169.61		0.11				1169.55		0.05		1169.444		-0.06

		5																				1167.38										1166.861

		6		1166.10		1164.86		-1.24		1165.05		-1.05		1165.38		-0.72		1165.38		-0.72		1165.58		1.28				1165.96		-0.14		1166.145		0.05

		7		1166.00		1164.99		-1.01		1165.17		-0.83		1165.48		-0.52		1165.50		-0.50		1165.71		-0.42				1165.77		-0.23		1166.025		0.03

		8		1166.40		1165.99		-0.41		1166.16		-0.24		1166.41		0.01		1166.45		0.05		1166.66		-0.69				1166.04		-0.36		1166.101		-0.30

		9		1165.40		1164.87		-0.53		1165.02		-0.38		1165.26		-0.14		1165.26		-0.14		1165.41		1.26				1164.42		-0.98		1164.696		-0.70

								-0.82				-0.64				-0.36				-0.33				0.13						-0.32				-0.13

		alfalfa				0.045				0.05				0.055				0.055				0.065						0.07				0.065		0.18

		barren				0.032				0.035				0.035				0.035				0.035						0.065				0.035		0.00

		corn				0.04				0.045				0.05				0.055				0.065						0.065				0.065		0.18

		open water				0.032				0.035				0.035				0.035				0.035						0.035				0.035		0.00

		other ag. lands				0.045				0.05				0.055				0.06				0.065						0.65				0.065		0.08

		potatoes				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		range/pasture/grass				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		riparian forest and woodlands				0.065				0.07								0.08				0.1						0.1				0.1		0.25

		small grains				0.045				0.05				0.055				0.06				0.065						0.065				0.065		0.08

		sorghum				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		soy beans				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		sugar beets				0.04				0.045				0.055				0.06				0.065						0.065				0.065		0.08

		summer fallow				0.035				0.04				0.055				0.06				0.065										0.065		0.08

		urban land				0.07				0.08				0.09				0.09				0.09						0.09				0.09		0.00

		wetlands				0.065				0.07				0.065				0.06				0.065						0.065				0.065		0.08
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Comparison of Floodway Delineation Methods
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Please contact me if you are interested in
the following resources:

« 2D hydraulic modeling bi-monthly
webinars on 2D modeling best practices

» Floodway modeling updates

« Two-Dimensional Hydraulic Modeling for
Highways in the River Environment -

THANK YOU! Reference Document (FHWA 2019)

« Training resources

Scoit Hogan . Tutorials and videos

FHWA Resource Center

Scott.hogan@dot.gov
(720) 575-6026 www.fhwa.dot.qov/engineering/hydraulics/bridgehyd/bridge.cfm

e 18

US. Department of Transportation
Federal Highway Administration

Image by John Gussman
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Two-Dimensional
Floodway Updates

FEMA Updates

cOmpass
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Integrated Project Team (IPT)

223 0 Q 0 2
-~ ~ ~
MEMBERSHIP PURPOSE OUTCOME
Executive Sponsor: * Define how FEMA will evaluate regulatory * Define recommendations for short-term changes
Luis Rodriguez, FEMA Risk Management Directorate compliance for floodways developed from 2D and additions to existing standards and guidance.
Executive Sponsor: models. ] - ) )
Rachel Sears, FEMA Mitigation Directorate * Define addltlo_nal recommfandatlons in the long-term
for senior leadership on CFR changes.
Vice-Chair:

Laura Algeo, FEMA Risk Management Directorate

Membership:
Production and Technical Services (PTS)
Cooperating Technical Partners (CTP)
FEMA Regions
Federal Highway Administration (FHWA)
Colorado 2-Dimensional Consortium (C2DC)
United States Army Corps of Engineers (USACE)
Community Engagement and Risk Communication (CERC)

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020 Efgmpgﬁﬁ§



IPT Goals

Short-Term (Phase 1) Long-Term (Phase 2)

Allowable Approaches Revisiting Encroachment-Based Floodway
Determine allowable approaches to define floodway when base Alternatives to encroachment-based floodway that still help
analysis has been performed in 2D (1D floodway, steady state effectively manage floodplain development

equivalent, 2D unsteady only, etc.)

@ @

Surcharge Compliance Criteria Code of Federal Regulations (CFR)
Identify floodway surcharge compliance criteria (new floodways @ Definition of path to accomplish CFR changes
and no-rise) that will ensure we meet regulatory descriptions of

compliance

Guidance & Standards

)

Other 2D guidance/standards updates needed for how to
display the results; such as profiles, Floodway Data Tables (FDT),
Base Flood Elevation (BFE) on Flood Insurance Rate Maps
(FIRM), etc.

Training Needs

Identify training needs for floodplain managers to effectively administer
and manage floodplains and floodways developed from 2D models

®

cdOmpass

Identify. Interpre!, Integrate

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020
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Timeline

Publish and distribute
Standards, Guidance,
Technical References, and
Maintenance Cycle

Publish Standards Public
Review Announcement

Publish Maintenance Publish Guidance Public
Announcement Review Announcement Summary
i ' i
Octoberyear 1 (Nov '19 [Dec 19 [Jan ‘20 Feb 20 [Mar 20 Apr 20 \May i Jun 20 .Jul '20 Iﬁug 20 Sep 20 {Oct 20 {Nov ‘20
. FIMA andFEMAReview | Finish
Identify significant changes Identify ad hoc maintenance changes Draft and publish of Risk MAP Poli
2 standards Public Review - Nov year 2
. - : Draftand publish snnouncement Draft Maintenance
Identify routine maintenance changes Maintenance ke o
Announcement Public Review L Y
Draft standards ::a:::::: Finalize standards
] d Te : PublicReview Finalize Guidance and
Draft Guidance and Technical References Perliad fot S i
Guidance and
Technical
References AugUSt 3rd - AU gUSt 318t

July 15t - July 31st

* The monthly FEMA Engineering and Mapping Community of Practice meetings will announce
the Public Review Periods to highlight internal/external comment collection on proposed

revisions to identified Guidance & Standards

cdOmpass

Identify. Interpre!, Integrate

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020
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IPT Future Considerations

]-i-l-i-l Testing Floodway Alternatives

. Pushing New Tools to Expediate 2D Floodway

‘n‘ Analysis

Continue identifying needed long term updates and
g best practices

Slide Source: FEMA, Two-Dimensional Floodway Modeling Presentation, ASFPM 2020 E.-.:SEEEE&?
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THANK YOU!

QUESTIONS?

Isaac Allen
Water Resources Engineer
AECOM, a member of the Compass PTS JV
Isaac.allen@aecom.com

cdOmpass
Identify. Interpre!, Integrate


mailto:Isaac.allen@aecom.com
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LAFAYETTE-LOUISVILLE BOUNDARY S
AREA DRAINAGE IMPROVEMENTS

SEPTEMBER 21, 2017
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2017 Project
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Louisville

City of
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(A Tale of Two Contractors:
Lessons Learned from a
L $9 Million Drainage Project )

\

Contractor Comparison Summary
Lafayette-Louisville Boundary Area Drainageway Improvement Project

Contractor |

Contractor Il

Jinitial Bid

$3,569,146

$3,434,556

INext closest bidder

$3,983,111

$3,632,942

Ilncrease in Cost from Change Orders

$95,381

$143 689

ITotaI Cost After Contract Changes

$3,664 527

$3,578,247

IFinaI Cost

$3,664 527

$3,122,921

IVaIue of Removed and Uncompleted Work

$0

($455,326)

INotice to Proceed

1/20/2016

2/8/2016

|Original number of contract work days

160

130

INumber of days contract was extended

43

=)

. OLSSON

ASSOCIATER

A Tale of Two Contractors: Lessons Leamed from a $9 Million Drainage Project

mtreduction

The City of Lowsvile, along with 1he Lirban Orainage and Flood Controt Diswnct (UOFCD) and
CRy of Latayede, undenock 2 JrEnage MErcyements Rrosct with the purmose of signdicantny
reducing B 100-ya Aoodpiain n downiown Loussvile. Dlsson Associates provided dosign
and construction ongmeering services for the dramage improvement prowct, The project
nlarged the $100M Aran SYS1EM 1N COWNOWN LOWSYiZe, Conveyed SIOMwaler LR the BNSF
raikoad, across Higtaay 42 theoogh the Haeney Lastoka open space and inlo Coal Creek, The
cpen space is jortly owned by Louksvile, Lafayelte, and Boulder Counly, The profect inchuded
CONEIRIENON of over 3000 feal of Kl Sawel pipe and box Culeddt, and 1.3 mied of cpen
channal and grack eoserol, Tus 10 1 anticated timing of fkviews by rguiatary entities, o
EUTHECt WS DI NID W0 DRASES RO DIGOING AN COMINCToN
Each phase had s own unique issues and obstacles. Each contractor dealt with mclement
wuather, deadings, and sometmes 2ealous rusidents, However, It was cear that ong
Contractor partormied thar work in 3 B, Bonetl, 3nd Smely Manner whis he alher

IRt propect, and d stress and Fod Bt SpONECrs
This is theekr story

Deigw SNOWS (e General Crowedt extents for @2Ch phase, Priase | was ioCated in
open sgzace and farmiand o the eust of Mighway 42 Piase 1| was located
1 And SOWROWN: 21834 in B heaet of Louisville

! CNoLsson.

Latuyetin-Loumvise Bourndary Ares Drainsge improvements: Felraary 3047
& Tale of Twe Contrazines

Ehase | Contiacior | - Progec Oveldie Enase I Conlracion |1 = Eroiect Oveoviey

+  Construcsion of 1,800 inear feet of
stom wigls, el ankoes
outsvile, and 1,400
Caal Cresk, pedestrian F O B Culvdt uncier 3 Cify
, ] It PaIAITLEN BOOGH 1304 stats highay
cressings * 100 Bnear #hot of 72nch S100m pips
= Coomsnation ameng e Cay of funneled below 3 raiFoad
Lowigwilly, the City of Lalayette, Exiensive coansnation with dry
Boulder County Open Space, and wities NCuong apgraamatety 40
pivate Lndownes ulibty odpstment
Dwver 72,000 cubat yards of Tight deadine to end construction
Barthwatk ana 23 prouted and ptioe 1o star of summer dawriiown
ungroused poulder dIg SUCTUTES strowt far

B Progess

Dufing tha 140 procaas, Contracnc | §1650 cat 3¢ 1 250 chaics 1or Phats | Contracor | was
2 low bioder, AnE 3 hisiney of quality work in Colormdo, and Ma SPONSOrs were fansiar witt
oo war:

Bt ROf PRa%A 01 £3Ta N Bgnar 1an Sapactnd, wilh CoATACIOn 1| Bamg M ooy Balder kiwer
AN h0 engineers astimate for PRase Il NOENEr e profct Sponsnes nor (MS0N 13t wer
ware of oimer Colorado projects completed by Commracior ||, Despis the ok of history of
qualéy woek, Controcir i was selecied due 1o e low bid

Hi Statistics
Contmctor | Cantracior i
Initial u 3 3560 145 53438 558
e cesas] e 33883111 33632842
Amsount beiow enginesr's estimate $800,000 0,000

Consirucrien; Project Inisiasion and Requests

Fiom the oulsol of the project, Contraciar | handiod e work and infial ssues a5 expecied of
nractns, and requ¥ed very Btie xira efon from e SpONsans 3nd engrears 1o

pieie work. Conaractor | iooked ahead and asked QUESHON in advance, reducing the
mamber of “cris” Fsues encountened

Contracor

M, in con&rast, did not handie work cr work-neated quesons in an acceptabie
manner i 0 "

4" 1hat requined Mmmodiate ansans Theds wad BN orstheaght
tor |1 Boc] mana
Bired manths Thes Gtk of

bwice, once,
VU (BUINGT Prinicus distus:
repeated and, subsequently, fiems were missed n the process, Gverall, Contractor B had
goubis the rumbsar of fieid orders ana RFIs as Coetracsor | These numbers Nighkgnt ne

2 CAoLsson.

IW eather Days

64

8

[Field Orders

5

11

IOverﬁme Requests

0

2

|Request5 for Information

6

20

Submittals

32

Avg. Reviews/Submittal

1.6

IChange Orders/Work Change Directives

Average Cost/Contract Change

|Pay Applications

|Avg. Reviews/Pay Application

INumber of Project Manager Changes

INumber of Superintendent Changes

INumber of Foreman Changes

Ingress Meetings

ITotaI Meetings

INumber of Email Correspondence

INumber of Emails per day

|Public Complaints

13

Safety Concerns

13

JQuality Issues

17

|Punchiist items

57

86

Total Engineer's Time Spent

1,318

1,739

Average Engineer's Time Spent/Day

4

8

Total Value of Engineer's Time

$135,348

$175,235

Average Value of Engineer's Time/Day

$403

$776




Personnel Changes

2 Project Manager Changes

I'M JUSTNOT GOING T0'GO-
ANYMORE

memegenerator ek




Safety & Quality Issues

| 13
‘ Public Complaints | |

Contractor | © Contractor I




Change Order Requests

Contractor |  Contractor |l




20
18
16
14
12

I == R S I N =L T = =

Contractor Requests

L.E

Field Orders

® Contractor | ® Contractor Il










Reviews per Pay App

Contractor | © Contractor |l




Emails per Day

>

® Contractor | ® Contractor Il




Engineering Cost per Day

°H (s M

$403 $776

® Contractor | ® Contractor |




$455,326

Value of removed and
uncompleted work

for Contractor Il



From:
Sent: Friday, January 27, 2017 9:43 AM

To:
Subject: Trucking release form




(A Tale of Two Contractors:

N\

Lessons Learned from a
L $9 Million Drainage Project )

Contractor Comparison Summary

Lafayette-Louisville Boundary Area Drainageway Improvement Project

Contractor |

Contractor Il

[initial Bid $3,569,146 $3,434,556
INext closest bidder $3,983,111 $3,632,942
Ilncrease in Cost from Change Orders $95,381 $143,689
ITntaI Cost After Contract Changes $3,664 527 $3,578,247
[Final cost $3,664 527 $3,122,921

Value of Remo)

Notice to Procd

Original numb,
Number of daj

OA\oLsson

ASSOCIATER

A Tale of Two Contractors: Lessons Leamed from a $9 Million Drainage Project

MErQuetion
The City of Lowtsvlle. along with the Liban Orainage and Fieed Control District (WOFCD) and
CAY of Latayetle, undenock a dranage L b

of
reducing tho 100-year foodplain m downdown Lousvile. Olsson Associades provided design
d 4 for 290 proyect. The project
entanged th $10rm drain System n Cownlown Lousvile, Conveyed stomwater unded the BNSF
raikoad, across Higtaay 42 theoogh the Harney Lastoks open space ard inlo Coal Creek, The
open space is jortly owned by Loufsvile, Lafayetie, and Boulder Cournty, The project inchuded
of awer 3,000 teat of PP and b Cuteddt, and 1.3 miled of open
channal and grack eoserol, Tus 10 1 anticated timing of fkviews by rguiatary entities, o
Pt WaS SR INiD fwo PRASES for DIDING And consinicnon

Each phase had it own unique issues and obstacies. Each contracior dealt with inclement
weather, deadines, and sometmes. Jealous residents. However, it wos cleat thal ong
COAraCion PAIomed T work in 3 E3¢, BOnet], 300 Bmely Mannes, whis the olfer

[Rir progact, slress and Fof S Sp0nscis.
This is theekr story

Brgiect Overvigw

The map below shows the general proc sxdents for sach phase, Phase | was jocaied in
primarity open sgace and larmiand o the et of Highway 42, Phase || was locsted in
fasidontial and GOWRIOWT: 1834 in i hadrt of Loaisuile

! OMotsson.

Latuyetin-Loumvise Bourndary Ares Drainsge improvements: Felraary 3047

& Tale of Twe Contrasion
Esas | Coniiacion | - Promtl Ovelie

«  Construction of 7,200 inear feet of
open channol spstem 10 comvey the
100-yerar stoem o dowriown

Enase Il Coniracion || = Eroincl Sty

«  Comstruction of 1,800 inear feet of
101 pipe, wile, nd manhoRs
dowetown Louisvile, and 1,400
Louisville to Coal Crask, pedestrian Bnear feat of bax cufvert under 3 Cify
B, 30 e pedaatrian Bnogh trat 3nd glats highway
cressings * 100 Bnear #hot of 72nch S100m pips

= Coonsnation ameng the Cay of munneka bekw 3 raioad

Louisalle, the City of Lafayette, = Extensive coonsination with dry

Boulder County Open Space, and wities NCuong apgraamatety 40

prvate ndowned ity addustment

Crwer 72,000 cubst yaras of Tight deadine ko end conatrucion

sarthwork and 23 grouted and ptioe 1o star of summer dawriiown

NGroReT DOUlter Qg BIRICILIES stroed far

B Progess

Dufing tha 140 procaas, Contracnc | §1650 cat 3¢ 1 250 chaics 1or Phats | Contracor | was
i low higder, nad 2 hesiney of quaiity work in Colomaa, and Ma SpOnsars weee famiar wih
ol work

B far FRash 1l C3ma 0 hghar 1han Sipeciad, wilh COAMrAEor 1| bang e oty Bilder kwer
AN h0 engineers astimate for PRase Il NOENEr e profct Sponsnes nor (MS0N 13t wer
aware of omer Colorgedo projests completed by Coraracior |, Despits the tck of higtery of
qualty work, Contractor Bl was selected due 1o the low bid

Hid Statistics
Canbtadtor | Cantracior B
Indial big § 3 hES 148 § 3434868
Y8 Dises] bR 1383011 FELEATH
Amsount beiow enginesr's estimate $500.000 £0,000

Construction: Proect niziasion and Requasts

Fiam ihe culsel of the project, Contracar | handiod i work and infial ssus a5 expecied of @
quakty coniractns, and requed very Btie xira eflon from e SpONSONs ARG ENgNBars o
compheie work. CONFacio | i0oked ahead and Jsked QUESDONE IN Advande. reducing ihe
mamber of “cris” Fsues encountened

COoNractod I, i Corarast. G Not hanche work of work-reialed QuUeswons in an acceciabie
RIS, U8 DOCAME "CreS" TRt required Imanndiate answis Thede wad Kb forethought
In addBon, Confractor managers teice, ., and foremen
GRCE WIR 1 fitst Bired MANITS TRes K3tk Of CONTNURTY fquIned previous dISCLSS0nS 10 B
repaatid dnd, subsequently, fems were misted i the process, Overall, Contractor B had
souble the rumber of fiedd orders and RFIs a3 Contractor | Thesa numbers highight the

2 O\ oLsson.

Weather Day|

Field Orders

Overtime Ref
Requests fo
Submittals
Avg. Revie

JChange O

Average C

Pay Applig
Avg. Revi

Public
Safety
Qualitft §, |
Punci® *,
Total

Average Enin -

$0

($455,326)

Why Bein
Smart By,
E

ga Good Client ig
SIness in th i

. . e Architec
ngmecnng’ itecture,

an 1 i
d Co Struction Industries

Total Value of Engineer's Time

2/8/2016
130

=)

8

11

2

20

32

1.6

$2,307

13

13

17

86

1,739

8

$175,235

—
Average Value of Engineer's Time/Day $403

3776










Lessons Learned from a “Small Project”

House flooded seven times in 17 years, records
show house was built 12” lower than it should
have been based on the original drainage study

Crawl space constructed below grade but with
vapor barrier, garage and living room slab on
grade and less than required 18” inches above
gutter flow line

Nearly 100 acres drained to a single inlet and
24” pipe

CASFM 2020 TCONENGINEERING




Design, Construction and Success!?

Project designed street-width gallery inlets
and new 34” elliptical pipe threaded between
other utilities

Design took just a few months and
construction took just over seven weeks
including several weather days

After a large rain in early July, the homeowner
called us to say how pleased she was with the
improvements and the project.

CASIFM 2020 JCONENGINEERING




A Little Rain Must Fall

An afternoon storm on August 10t brought
1.5” rain in the first 15 minutes, 2” overall

| shifted to forensic engineer mode, trying to
gather information and determine cause.
Neighbors and homeowners were upset and
needed to vent.

CASIFM 2020 JCONENGINEERING



187211 pns - a4sRaHIRRRETN: :
Further investigation found construction per plan except for fence, bottom g THLTEERLLL
designed 18” above grade, constructed at 6”. Homeowner request to fence

sub, City inspector and prime may have known, no engineers were aware

One design flaw was exposed in the review, the back fence should have also
had an opening to allow water to continue to flow and not pond in the yard.

Post-storm flow modeling showed changes to fence would allow a 10-year
flow in pipe, and up to 100-year flow in swale through yard before water

would impact the house. This was the original level of protection intended “'n!m; e wl mu

PR ¢
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Takeaways

Take the time to explain design to ALL who are impacted long term,
and ALWAYS get an agreement in writing

Don’t forget your sympathy/empathy, be able to take some venting

and still be kind

Solutions don’t have to be perfect, know when to say good enough

CASFM 2020 TCONENGINEERING






Thanks for sending me an
email asking me to do
something for you that it
would have taken less
time for you to do than it A4
took for you to send me

an email. & '
by

someecards.com

- yourg@cards










GROUTED RIPRAP

Wait...thatis not what |
designed!
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Client: S
« Municipal Maintenance Division b
« Self Perform the work e - 5 B : :
» Desires Hard Improvement i) v
Problem 5 y

« Sediment Accumulation _
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« NOT Vegetated VFR Lining










Stuck in the
details!
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Lessons Learned

Design:
e Step back
 Evaluate the Big Picture

 Project Management:
Get team buy-in

Ownership in “new” approach
Manage for success

g



LEGAL ACTIONS

EEEEEEEEEEEEE




EXAMPLE CASE

a8 ©

BACKGROUND I'T WILL FEEL LEGAL FOCUS ON
PERSONAL PROCESS THE FACTS




CDOT REGION 4 2D MODELING
REVIEW AND THE D-27-G
BRIDGE REPLACEMENT

Steven Griffin, PE, CFM
CDOT R4 Hydraulics

Steven.Griffin@state.co.us
970-350-2338

. Anthony Alvarado, PE, CFM
\ \ Ayres, Hydraulics




TOUR OF COMING ATTRACTIONS

» History of 2D Models

« 2D Advantages

« 2D Challenges

« Common Pittalls and the QC Review process
« Case Study — Wray, CO
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HISTORY OF HYDRAULIC MODELING

AREMA
formulas SRH-2D

FESWMS-2DH 4

, 4 HEC-RAS
experience and RMA?2 V5 (2D)
historical performance 2D

models

—e
I V.T.Chow

. (standard step ® ADH
Manning method) HEC-2

equation &
L [°"PC RECRAS

HDS-1 ¢ o
HEC-2 WSPRO
SOURCE: FHWA TWO-DIMENSIONAL HYDRAULIC MODELING FOR HIGHWAYS IN THE RIVER ENVIRONMENT




THE 2D
ADVANTAGE

Hydraulic Variables 1D Modeling 2D Modeling

Flow direction Assumed I::‘J,Jr user

Flow paths Assumed I::g,fr user Computed

Aeriimatl chrstant Roughness values at
Channel roughness balween erass sactions individual elements used in
cam putations.
Ineffectwe flow areas Assumed by user Computed
Flow contraction and
enansion thronah brdbes Assumed by user Computed
Flow velocity Ave_raged at each cross Computed at each
section element
Elow distribiition Approximated based on Conjlpurted based on
conveyance continuity and momentum
Water Soracs Elevatisn Asgumed mnstgnt across | Computed at each
entire cross section element




THE PROBLEM

Powerful New Tech

+

New Users

+

New Reviewers

What Could Go Wronge




.
COMMON PITFALLS!

NON-CONVERGING
SOLUTION OF PAIN!




Project {Sub-

Account and
Description) 23010 Eastern Timber BR
Model Run 100 yr Existing
Str # and//or
Reach G-21-A Sand Creek

Review Date

COLORADO

Department of Transportation

Original Form [credit): Clark Barlow,

Nov 11, 2019 Region 4 Hydraulics Unit Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Mumber: 1.0
. Form Revision Date: November 2019 by
SMS Version 13.0.10 Steven Griffin
Comment i . .
Review tem OC Comments Designer Response Follow Up Review ltem
Mumber
Input Review [Date of Response:

Boundary Conditions

Upstream Boundary Condition

Does the location of the inflow boundary

1
condition seem appropriate?

7 Does the flowrate match the event being
modeled?

3 Are the flowrate units correct?

Do the upstream boundary conditions in the




UPSTREAM
BOUNDARY

« Where water enters
» Location

« Data source

« Correct numbers

* [mpacts to results




DOWNSTREAM
BOUNDARY

« Where water exits
e Location

« Data source

» Elevation Datum
« Correct number
* Impact to results




L L

Feature Object Legend

= Feature Arc

Gravel - 0.025
Field - 0.035

Main Channel - 0.03
I Building - 1.0

Lawn - 0.03
Pavement - 0.016
Med Veg - 0.05

| |Riprap - 0.045

_____,.--‘*




TERRAIN

Elevation Datum

Merging data sources
Necessary resolution
Dealing with missing data
Check min/ max
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Size fransifions

Angles

Resolution
Number of elements
« Mesh quality
* Maximum slope
Holes in the mesh




STRUCTURES

Vertical faces

Snapping pressure flow to
grid
Representing piers:
« Mesh holes (best)
« Obstructions (ok-ish)
« Roughness (kind of bad)
 Neglect (Not OK)

Culverts and HY-8




Stability and Convergence
Monitor points

Monitor Line

Conftinuity
Steady state

EX100.DAT
EX100_DIP.dat
EX100_INF.dat
EX100_LM1.dat
EX100_LMN2.dat
00_LM3.dat
LM4.dat
LM5.dat
X100_LM6.dat
X100_LN7.dat
A100_LME.dat
X100_LMN9.dat
X100_LN10.dat
X100_0OUT.dat
EX100_PT1.dat
EX100_PT2.dat

*EXT00_LMT.dat - Notepad
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Tinnﬂ_l"'f"lr'HI

SeggeeeE-e1
j'JleFijFPE g1

o R ws Bl w5

V]

]

.EEEEEEEEE @1
.B4166667E-B1

V]

]

LU N I Vo Y o Y

(]

. 288
.25888800E -81
.29166667E-81

Ps RN e R N w Y

%]

.SBBBBBBBE—Bl
.54166667E- Ei

W0

%]

W)

L]

V]

L]

(]

—

95833333E-01
_ARARARAAF +AA

[ T o B o R S W

] =l

89943E+01

.91195852E+81
.B8275417E+81
.?J’qquBE+Bl

79435439E+81

8.64215383E+01

.JRB?BbJRE+Bl

.22696420E+82

1.32118828E+82

2.48585159E+82
.618871B8E+02
83242176E+82

.75525963E+82

3817245E+82

.38532447E+82

68602E+02

. 81171719E+82

-BRATARSTF+A2

..55 rw-F.u-LJ:-lE+IE|'I
IEa“w-_UEiE+Ei'I

»/93698E+83
.55885162E+83
.GRAR1593T7F+A3

e L L L L



RESOURCES

« CDOT Region 4 SRH-2D QC Checkilist
« FHWA SRH-2D QC Checkilist
« NHI Course 135095

* BI-Monthy Webinars — Scotft Hogan, FHWA
» hitps://www.thwa.dot.gov/engineering/hydraulics/



CASE STUDY: D-27-G

Timber Bridge replacement
Wray, CO (Eastern Colorado
« Assumed Design: Two Span bridge
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EXISTING
CONDITIONS

Timber Bridge

Three 24-foot spans

Wall piers

Velocity (ft/s)
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Questioned source of terrain data
Minor mesh quality issue

Water fouched model extents
Questioned roughness

Recommended additional monitor
lines

C

DOT MODEL R

el R

EVIEW




2D MODEL RESULTS
Passes the QA Checklist
No adverse impact
The 112ft Two span bridge works!
So what's wronge
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2D MODEL RESULTS

Single Span, 80ft bridge
Passes the QA Checklist
No adverse impact
- $400k Lower Cost



SUMMARY

« Review checklist
 Avoid mistakes
« Save money




COLORADO

W) | Department of Transportatio

Steven Giriffin, PE, CFM
CDOT R4 Hydraulics
Steven.Griffin@state.co.us
970-350-233

. Anthony Alvarado, PE, CFM
3 ®\  Ayres, Hydraulics

| alvaradoa@ayresassociates.com

il 970-797-3501




Project:

2-D Hydraulic Model Review Checklist

River:

Project Purpose:

Item

Comment

Action Needed

Reviewer:

Date:

Screen Shot

|

Data

Project Vertical Datum

1<

W IN| =

Project Horizontal Datum

1<

IS

Does final surface accurately represent site
(are hydraulic controls represented)

Topography

Source/Date

Stated Accuracy

Datums verified

V| (Nl |lw

Bathymetry

Source/Date

Datums verified

Additional Survey

Source/Date

Datums verified

Bridge/Culvert/Structure Data

Source/Date

Datums verified

Mesh

Is the upstream mesh limit sufficient

Is the downstream mesh limit sufficient

Are the lateral extents sufficient

22

Does mesh accurately represent the site
(are hydraulic controls represented)

23

Is mesh quality sufficient

24

Source of material types (imagery)

25

Are material types correctly assigned

26

Are appropriate n values used

27

Is mesh size reasonable (element count)

28

Appropriate monitor lines (# and location)

29

Boundary Conditions

30

Upstream Boundary - Verify correct
inflow(s) amount and type

31

Downstream Boundary - Verify correct
stage and type

3

N

Structures

33

Bridge

34

Is bridge geometry correct

35

Are pier locations correct

36

Are piers modeled correctly

37

Is pressure flow accounted for correctly

38

Culvert

39

Is culvert correctly represented

40

Other Structures

41

Is structure correctly represented

4

N

Hydraulic Analysis

43

Are simulation settings reasonable

44

Verify steady state conditions

4

wv

Verify continuity

46

Do results contain any oddity's




47 |Does model calibrate to known data

50
51
52
58




Project (Sub-
Account and
Description)

23010 Eastern Timber BR

COLORADO

Model Run 100 yr Existing Department of Transportation
Str # and/or
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven

SMS Version 13.0.10 Griffin

Comment . . .

Number Review Item QC Comments Designer Response Follow Up Review Item

Input Review (Date of Response:

Boundary Conditions

Upstream Boundary Condition

Does the location of the inflow boundary condition

1 .
seem appropriate?
2 Does the flowrate match the event being modeled?
3 Are the flowrate units correct?
Do the upstream boundary conditions in the BC
4 coverage match the computed flowrates in the

model as evidenced by monitoring lines, monitoring
points, etc.?

Downstream Boundary Condition

Does the location of the outflow boundary
condition seem appropriate?

Does the input downstream water level match the
event being modeled?

Are the water level elevation units correct?




— | T—_ 5
Model Run 100 yr EXisting BESP 77 | Department of Transportation
Str # and/or g -
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven
SMS Version 13.0.10 Griffin
Comment . . .
Review Item QC Comments Designer Response Follow Up Review Item
Number
Does the downstream boundary condition in the BC
8 coverage match the water surface elevation shown
in the model at the model boundary? (As
evidenced by the output data)
9

Are the locations of the Monitor Lines and Monitor
Points sufficient and appropriate?

Hot Start File

10 Is the correct hot start file being used?
11 Is the hot start file working?
Terrain
12 Are the correct scatter sets or terrain image data
being interpolated to the mesh?
Are there any outliers in the scatter data (e.g. zero
13 value elevations, high or low values relative to

surroundings)?
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Model Run 100 yr EXisting BESP 77 | Department of Transportation
Str # and/or g -
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven
SMS Version 13.0.10 Griffin
Comment . . .
Review Item QC Comments Designer Response Follow Up Review Item
Number
14 Does the scatter set triangulation seem reasonable?
15 Have breaklines been employed where necessary?
16 Was the correct priority assigned when merging
scatter sets (if applicable)?
Does the merged surface contain any artificial
17 artifacts from the merge? Significant "ledges" or
drops in elevation across the merging boundary,
etc.?
18 Is the terrain extent sufficient to cover the modeling
domain?
19 Are the elevation units in the terrain data correct?
Mesh/Geometry
20 Are all significant mesh quality checks satisfied?




— | T—_ £
Viodel Rum 100 yr Existing Ry [ Department of Transportation
Str # and/or o
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven
SMS Version 13.0.10 Griffin
Comment . . .
Review Item QC Comments Designer Response Follow Up Review Item
Number
71 Are minimum and maximum element sizes
appropriate throughout the model?
99 Is the model domain sufficiently large to contain the
computational extent and the desired reach?
Are the roadway toes of slope, centerlines, edge of
23 pavement, and other pertinent features correctly
captured by the mesh?
Roughness
24 Do manning’s roughness values seem reasonable?
55 Do the boundaries and extent of material polygons
seem reasonable?
Model Control Inputs
26 Do model control settings, particularly the time
step, seem reasonable?
Have other settings been introduced to maximize
27 model run efficiency? Setting the Inflow BC to
"steady" if a steady simulation etc.




Model Run 100 yr Existing Ry [ Department of Transportation
Str # and/or o
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven
SMs Version 13.0.10 Griffin
Comment . . .
Review Item QC Comments Designer Response Follow Up Review Item
Number
Structures
)8 Is the bridge deck included, and pressurized if
necessary?
59 Are bridge abutments, retaining walls, and other
bridge features represented appropriately?
30 Are the bridge piers correctly represented in the
mesh and materials coverage?
Are all pertinent insurable structures blocked out
31 within the mesh and unassigned via the materials
coverage?
Are all culverts accounted for in the model, and has
32 the culvert definition (arcs, HY-8 input) been
verified?
Have other hydraulic structures (irrigation ditches,
33 offtake gates or weirs, other features) been
appropriately modeled?
Model Calibration
34
Are any external references to aid in calibration and
tie-ins present? Cross-section locations, previous
model results, observed WSE, etc.
Output Review
Numerical Health
35 Are there any warnings/messages in the SRH-2D
output file?
Has a steady state solution been reached? Do the
36 INF file, monitor line/point files, HY output file,
demonstrate convergence of the model?

Depths/Water Surface Elevations
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Model Run 100 yr Eisting Ry [ Department of Transportation
Str # and/or
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven
SMs Version 13.0.10 Griffin
Comment . . .
Review Item QC Comments Designer Response Follow Up Review Item
Number
37 Are there any abnormally high or negative depth
values?

38 Are extracted water surface elevations accurate?
Flowrates

39 Are extracted flowrates accurate?
Velocities

40 Are there any abnormally high velocities? Any

negative velocities?

Froude Number

41

Do Froude Numbers appear reasonable?

Data Set Comparisons

42

Is there good "data hygiene" in the model? (Are
different data sets easily distinguished from one
another, are there old model runs that need to be
cleaned up or deleted, etc.)

43

Are pertinent data sets (i.e. Existing vs. Proposed)
able to be directly compared via the data calculator
or other appropriate method?

Other Notes




Viodel Rum 100 yr Existing Ry [ Department of Transportation
Str # and/or o
Reach G-21-A Sand Creek
Review Date Nov 11, 2019 Region 4 Hydraulics Unit Original Form (credit): Clark Barlow, Atkins
Reviewer Steven Griffin, CDOT SMS / SRH-2D Quality Check Form Revision Number: 1.0
] Form Revision Date: November 2019 by Steven
SMS Version 13.0.10 Griffin
Comment

Number

Review Item

QC Comments

Designer Response

Follow Up Review Item
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Sierra Valley?

— Approximately 50 miles NW of
Reno, NV & 140 miles NE of
Sacramento, CA

— Leeward slope of the Sierra
Nevada range, mountains on
all sides

— Surrounded by National
Forests

— Headwaters of the Middle Fork
Feather River

— 586 sg. mile watershed
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Flooding History

— Driven by rain-on-snow from Annual Peak Flows for Middle Fork Feather River
atmospheric rivers during Pineapple CDWR Gage MFP at Portola, CA
Express events from the Pacific Ocean V¥ater Date PeazkfF;ow

ear CTS

— Flood of record: February 10, 2017 2017 =y 1), 017 B

2007 November 16, 2006 6,918
2018 March 23, 2018 6,108
2019 March 1, 2019 5,652
2011 March 17, 2011 4,851
2016 March 15, 2016 1,649
2008 March 16, 2008 1,382
2012 March 19, 2012 1,342
2013 December 5, 2012 942
2009 March 5, 2009 881
2010 February 28, 2010 775
2015 February 10, 2015 706
2014 February 12, 2014 394
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Restudy Need

Significant Community
Feedback:

— “Rain-on-snow assessment in
earlier study did not

sufficiently represent
observed floods of record.”

— SNODAS predictive snow
data could not be calibrated.

— Qutdated Rainfall

1% Annual Chance Event
| 0.2% Annual Chance Event
| Political Boundary

| National Forest

" Rail
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Uplands Hydrology

— 86 Sub-Basins

(o) 2357 235523%//’% 2355 :
— 36% above 6,000 feet il
— NOAA Atlas 14, 24-hour Gridded Rainfall ' 30

< 2321
ik s 2320 \\
-'\\2323

\-, ! 2313 208 3311? Hﬁ :
o= % Er o ¥
._,,.-=-..T:1‘23'_§r 2311, 2310 2307 \231&-; ‘,"‘
Vs | 2304 T < O W00 ST
P 2303 72312 % Y Ph s
22292‘93 2301 ﬂ—'-,;—/ 08 e
A7 2295”“‘\“‘;32295 2305 f2n N
ES F .
\(zzaa 2289 %78 gy 2387 3 T {
IR 2287 "22,\8.5‘3‘:-""’

Plumas

— Initial & Constant Loss
— SCS Lag transform
— Constant baseflow 4° s
— Temperature Index Snowmelt = NN

C3 Watershed ]
ources: Esn, DeLgrme, USGS, NPS, Sources: Esni,

— Muskingum-Cunge Channel Routing G sttt L 2= R

>

paso Vs I }\ 1
. gt ( e A 3 i
— 2 Reservoirs o ol B o
e
<
_— 'f'
: T 7__ > 2387
""" un Sourc s;Esri, Delorme,
Rt S, Sources: Esri,
s usc;s N AA
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Valley Floor Hydrology

— 3 Subareas

— Very Flat topography

— NOAA Atlas 14 24-hour Gridded Rainfall
— Initial & Constant Loss

— Constant Baseflow

— Temperature Index Snowmelt pomas. : )
— No Routing

“Vallgy Floor

| valley =
Floor W

’ Valley
. Upland'sw

49 e / MO UNYA

LEGEND
N
C3 Watershed A
Va"ey Floor . 2 Sources: Esri, DeLorme, USGS, NPS, Sources: Esri,
Subsheds 1in = 6.5 miles USGS, NOAA
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Source Data — 13 CDWR Gages!

GRIZZLY
RIDGE %

Siecrea

Plumas

LEGEND
C3 Watershed
7% Subsheds
CDWR Gages
& RAIN

RAIN,
@ STORAGE

% SNOW

SNOW, RAIN,
* TEMP

£% SNOW, TEMP
W STREAM

ROWLAND CREEK,

FRENCHMAN
. DAM

(""\--J'\r ; 5 5y
s P
1
;

LAKE DAVIS

(DWR) FRENCHMAN COVE $/%

,
;
Y

1

)
:

]

;
i
D

:

MIDDLE FORKZ™y 7 =, \ - o £ e
FEATHER RIVERY [ ¢~ 3 ) { e S
NEAR PORTOLA/W-- 0 ——-—- SN -~ #‘ P

S LI A of 22" o
BRI ] VINTON 8’

s ol

YUBA PASS 3 =
- SSIERRAVILLE™S .
*=5/-RS (USFS) 4
£ Y SIERRAVILLE

N o
A INDEPENDENGE
CREEK
= & Sources: Esn, Del-orme, USGS, NPS, Sources: Esn,
1in =7 miles TSas, HOAd

o 3 5 >
s 3 _| 3 ssz &5 _
£ 5§25 ST| _f 5|83 §35 5% 2
— - - =
& E2 E3| g8 5 5|8< o> T3 . 2
c S8 32| BE B E|l=¥ =5 g2 EggE
§ Ly 4| Gf TEgles, 22 g Esv
Gage 3 .%% .gﬁ %g %E% §3§’ §'&'; "8 338¢
Gage Name ID b e£ e2£| 6% 68E|eSS € 3T Al
1963- 1963-
Abbey BT S - ~  |Present Present] - - -
. 1987- 1984-  1984-
Lake Davis (DWR) DAV 5,768 Present - - Present Present -
Frenchman Cove FCV 5,800 -- -- 1963-  1963- = - - -
Present Present
Frenchman Dam FRD 5,517 1987- - - - 1984- ~ 1984- - -
Present Present Present
. . 1987- 1984- | 1965- 1965- 1999-
SN2 HEED SRz BRI Present Present| Present Present Present
1999- | 1937- 1937- 1999-
Independence Creek INN 6,500 - Presentl 1995 1995 -- Present -
Middle Fork Feather 2006-
River Near Portola ™Mt 4,850 - - - - - - ~  Present
Portola PRT 4850 1989 i ~ - - _ ~ -
Present
Rowland Creek  RWL 6,700  -- | 1950- 1950- | - - _
Present Present
Sierraville (USFS) SRR 4,975 1989 - - - - - .
Present
Sierraville DWR) ~ SVL 4,975 _1987- 1984 | - - ~ . -
Present Present
Vinton VUNT 4044 1989 ~ - - - - -
Present
Yuba Pass YBP 6,700 - .~ | 987 1937- | - - -

Present Present




LEGEND
C3 Watershed
7% Subsheds

100-yr 24-hr
Precipitation

Value
= 13.80 inches

- 4.39 inches

100-year, 24-hour Precipitation from NOAA Atlas 14, Volume 6.

Cumulative % of Storm

100

90

Grizzly Ridge Observed 24-hour Precipitation
Events vs. NOAA Atlas 14 Temporal Distributions.

80

Jo

@
=]

—— Observed Storms
w— MEAN of Observed Storms
=== 20% Temporal
- =~ 10% Temporal
- -~ 30% Temporal
- -~ 40% Temporal
- 50% Temporal
- == 80% Temporal

18

2

Cumulative % of Storm

100 I

el Sierraville (SVL) Observed 24-hour Precipitation
Events vs. NOAA Atlas 14 Temporal Distributions.

80

T0

60

—— Observed Storms
— MEAN of Observed Storms

L] S
- "
'II /,"a

20 el

=== 20% Temporal
- == 10% Temporal

=== 30% Temporal
=== 40% Temporal

10—

- 50% Temporal
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Baseflow

|

ra
w
(=]

K — Field observations and review of
stream gage record showed baseflow

\\\{ \ ' ' \ in the watershed
“\m Ul } | — Earlier study included it, but provided

[}
[=3
o

—

no source info

ncated to only show lowest flows,

i }‘ il'i “ <] - Middle Fork Portola gage included 15-
.un! L llL ﬂlh,m / 1 ‘\ minute data
; | Ao m« 1"‘"51 (W "‘N — Average baseflow visually interpreted
i . W/ Iw from Late Winter record.
' _‘ — Unit Baseflow = Average
i baseflow/watershed area = 0.17 cfs/mi?

Total Minutes in Late Winter (February 1 -March 31)
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Snowmelt Inputs

Average March Snow Depth and Water Content and Dominant Aspect

Average March

Average March Snow Water Dominant
Gage Elevation Snow Depth Content Aspect

Gage Name ID (feet) (inches) (inches)
Abbey ABY 5,560 31.3 10.1 North
Yuba Pass YBP 6,700 68.1 24.8 North
Grizzly Ridge GRZ 6,900 69.9 24 .4* North
Frenchman Cove FCV 5,800 14.6 4.6 South
Independence Creek  INN 6,500 35.5 12.0 South
Rowland Creek RWL 6,700 46.2 14.5 South

*Manually adjusted to 24.8 inches for use in the analysis to provide for a consistently increasing

interpolation curve.

Elevation Bands for
Snow Assessment

Plumas

Siefra

— 6 gages evenly distributed around watershed, over the
elevation range, and across the dominant aspects

— Observed Average March SWE and Depth used to
develop rating curves across bands

— GIS methods used to

— Estimate Snow Water Equivalent by Elevation &

Aspect, composited to each band by aspect

— Locate Basin Centroid
— Initial Liquid Water = 0.4*Initial SWE

— Diurnal temperature series taken from 5-day period in
March with widest range

LEGEND
C3 Watershed
724 Subsheds

Elevation
Range

#d <= 5000
5000

&4 5000 - 8000
>= 6000

N

A

“hin = 6.5 mi

e L

Assignment of generalized directional
aspect of watershed areas.

Plumas

Siefra

40

LEGEND
Aspect
N
cas
C3 Watershed

ources: Esri, Delorme, USGS, NPS, Sources: Esn,

hin = 6.5 miles
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Mesh, Connections, Flows...

— Mesh
— Initial 200-ft grid
— Breaklines placed to refine mesh at
channels, ridges, roadways
— Region Connections
— Physical feature (roadway
— Dummy storage areas (to resolve
instabilities for direct connections)
— Flows/Boundary Conditions
— Rain-on-grid on Valley Floor
— 68 Hydrographs from Upland basins
— Used DSS file to connect HMS to
RAS (Pro tip!

— Adaptive timestep based on Courant
number, 20 iterations

— Diffusion Wave Equation

lr
Portcla

Hydrograph Boundary
Conditions







Calibration Events

February 10, 2017

12,891 cfs @ MFP

4-12 inches total rain over
11 days

151-208% of February
Average Snowpack

Max temp above freezing
for few days

March 23, 2018

6,108 cfs @ MFP

5-15 inches total rain over
16 days

17-70% of March Average
Snowpack

Max temp above freezing
for 8 days

Middle Feather River Nr Portola Annual Peaks
14,000 - : : _ 12,891
12,000 - i - £
@ i i
9 6,918 5 |
8,000 & : —
£ S0 PS ; 6,108 65
T 6,000 - 4,8‘51 | = a—
"4 [ I 1
& 4000 - ' | ! 1,649 i
a : 1,382 1,342 = 1 |
2,000 881-775 — 942 — 394 -706 4 :
0 == = == ?
© ) o © = 9~ m & w ol ~ v | o o
3 8 8 8 8 8 &8 B8 B8 =8| 3|83|838 8
~ ™~ ™~ ~ ~ ~ ™~ o~ ~ ~ [ ] o~ ~ ~
WATER YEAR
3.50 5.00 "
o 2/2017 Rainfall == - 3/2018 Rainfall A=
’ [ =f=FRD
(Incremental Inches) / \ s 400 | —@—=FRD |
2.50 | 350 ’
2.00 3.00
2.50 IA
130 1 2.00 F 1 A l
0.1 5 [\__/\ 4/
- ]\ \
0.50 4 £
9 \l’ 050
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Calibration Rainfall — Unit Hyetographs

— Grizzly Ridge and Sierraville

— Accumulated data converted to
incremental

Sierra

49

Selected storm for each calibration event
Converted to unit hyetograph

Used NOAA NEXRAD historical radar to
review storm tracks and assign basins to
gages

February 2-10 2017, 15-Minute Incremental Precipitation

Grizzly Ridge

Frocaip fin.]
=

Plumas

LEGEND

C3 Watershed
= SVL_Hyetogr...
7 GRZ_Hyetogr...

& - ;:urces: Esri, DeLorme, USGS, NPS, Sources: Esri,
1in = 6.5 miles

e Gy ik
e rravile
I March 2018, 15-Mi Incr al Precipitati
[Eh1]
l 4]
1 L |
e Girlerby Riddge
i 11 il
— D0
| £
k3
2 E ] E 3 5 ] i
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g g g g g g LU
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Apply Observed Gage Data

— Rainfall

— Theissen Polygons used to
spatially distribute gages to
basins (GIS tool!)

— Estimate total basin rainfall
— Develop basin-specific
hyetographs

— SWE, temperature applied directly

using same methods as frequency
events

— Baseflow event unit flow
calculated and applied

— Reservoir storage; no outflow

GRIZZLY RIDGE |

. (DWR)

LEGEND
C3 Watershed

Rain Gage
[] Theissen
Polygons

Rain Gage

.. FRENCHMAN
- DAM

GRIZZLY
*¢ RIDGE

LAKE DAVIS
(DWR)

" PORTOLA

SIERRAVILLE
" DWR)

=3

&4 VINTON

LAKE DAVIS

SIERRAVILLE
(DVWR)

S

1in=7 miles— —

Sources: Esri, DeLorme, USGS, NPS, Sources: Esfi,
~ USGS NOAA — = - — F
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— Calibrating to observed flow at MFP Portola
— Use Constant Infiltration, the land-use and soil-based parameter to calibrate
(Everything else from observed info!)

Winner! We’re
calibrated!

Ultimately.....
— Reduced Constant Infiltration to 20% of original value
— Consistent with literature review for winter conditions

Comparison of Observed Peak Flows (cfs) to Comparison of Observed Peak Volumes (ac-ft) to
Calibrated Model Flows Calibrated Model Volumes
Middle Fork Middle Fork
Calibration Feather River Hydraulic Percent Calibration Feather River Hydraulic Percent
Storm near Portola Model Difference Storm near Portola Model Difference
(MFP) (MFP)

February 2017 113,320 103,501 8.7

February 2017 12,891 4.9

March 2018 6.2 March 2018 44,963 1.2
W S
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Flooding at the A-23 Bridge Over the Middle Fork Feather River

Widespread Flooding at along Harriet Lane

N =7 ¥4 i S :
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Possible Post-Fire Analysis...

20 sg. miles burned in the
Loyalton fire in August

.
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Sources: Esn, USGS, NOAA, Sources: Esri, Garmin,
USGS, NPS







Kimberley.Pirri@aecom.com
Lead Hydrologist
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— Imagine it.
A:COM Delivered.
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