Developing a Statewide Hydraulic Modeling Tool
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Agenda

* Massachusetts Regulations (310 CMR 10.00)
e Stream Crossing Standards

e Statewide Policy and Guidance under Development for Maximum
Extent Practicable

e Statewide Hydraulic Modeling Tool Development
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Thousands of culverts in MA, many undersized and need
replacement over the next two decades
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Poorly Designed Culverts Disrupt
Aqguatic Organism Passage

Undersized culverts create
high water velocities, scour,
and outlet drops that
impede the upstream
movements of fish and
other aquatic organisms.
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Massachusetts Stream Crossing Regulations

* New Stream Crossings - 310 CMR 10.54(4)(a)6 & 10.56(4)(a)(5)

* Massachusetts River and Stream Crossing Standards developed by the River and Stream
Continuity Partnership

* Replacement Stream Crossings - 310 CMR 10.53(8)(a)

 Maximum Extent Practicable Standard requires evaluation of 12 metrics including engineering
design constraints, stream stability, and cost.
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Massachusetts Stream Crossing Standards (SCS)
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Maximum Extent Practicable (MEP)

M
Unacceptable Maximum Extent Practicable
Minimum Stream
Hydraulic Crossing
Design Standards
Criteria
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MassDOT
Hydraulic Design Flow Requirements

Highway Functional Classification Hydraulic Design Flow
Interstate, or limited access highways 100-year
Rural principal arterial 50-year
Rural minor arterial 50-year
Rural collector, major 25-year
Rural collector, minor 10-year
Rural local road 10-year
Urban principal arterial 50-year
Urban minor arterial street 25-year
Urban collector street 10-year
Urban local street 10-year

MassDOT, 2013, LRFD Bridge Manual, Part I, Chapter 1, Table 1.3.4-1
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Maximum Extent Practicable
Cost-Benefit Analysis

 How much additional cost is “practicable”
= Relative to crossings built to hydraulic design criteria
= Basedon

e Habitat quality
* Connectivity restoration potential

* Still Need to maximize aquatic organism passage when it is not
physically possible to meet the Stream Crossing Standards, Examples:

=  Maximize crossing width
= Rock or log weirs to backwater the outlet and/or reduce velocities

= Roughened channel within the crossing structure to reduce velocities and
ensure adequate water depth

UMassAmbherst
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Habitat Quality

* Biomap aquatic core

Cold water fisheries resource

e Diadromous fish run (Mass F&W development)

Wild and scenic river

Area of Critical Environmental Concern (ACEC)

Highest Quality: two or more of the above categories apply

High Quality: one of the above categories apply

General Quality: All other stream and river segments

science for a changing world
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Connectivity Restoration Potential

Highest Restoration Potential: Top 5% of statewide Critical Linkages or top 10% of Coldwater
Critical Linkages Effect scores for crossings on streams with a projected mean summer temperature
<16C

Very High Restoration Potential: 5-10% of statewide Critical Linkages or top 10-20% of Coldwater
Critical Linkages Effect scores for crossings on streams with a projected mean summer temperature
<16C

High Restoration Potential: 10--20% of statewide Critical Linkages or top 20-30% of Coldwater
Critical Linkages Effect scores for crossings on streams with a projected mean summer temperature
<16C

Medium Restoration Potential: 20-25% of statewide Critical Linkages or top 30-40% of Coldwater
Critical Linkages Effect scores for crossings on streams with a projected mean summer temperature
<16C

Other: All other crossings (below top 25% for Critical Linkages; below top 40% for Coldwater Critical

Linkages)
IR UMassAmbherst
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Maximum Extent Practicable Cost Factors

Connectivity

Restoration Potential

Highest Habitat Quality

High Habitat
Quality

General Habitat
Quality

Highest restoration
potential

50% above baseline

30% above baseline

25% above baseline

Very high restoration

potential

40% above baseline

25% above baseline

20% above baseline

High restoration
potential

30% above baseline

20% above baseline

15% above baseline

Medium restoration
potential

20% above baseline

15% above baseline

10% above baseline

Other

10% above baseline

10% above baseline

Baseline

ZUSGS
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MassDEP Draft Policy and UMass Guidance under Development

Wetlands Program Policy 22-02: Replacing Stream Crossings to the
Maximum Extent Practicable

Wietlandks Pragram Policy 32-0F (RS RSAND 22-3] This policy desnibaes BlasshiFFs standands tor stream
crossing replacements and how ba st the maminnim extent practicabds stardand persuant 310 CRE
10CEAE0) anc F10 CMN 2005315,

FHectiee Date and Applicability
Effective Date: INSERT DATE

Frogram Applicability: municipal conservation commitssions, MessDEF Wietlands sta™f, ard applicants
flirag, Mobees of Intent o condect aclrabies mowetbrd resvame greas and bulfer zones

Gupsrasdes Pabcy: Hore

Approveead fy: Stephanie Mowra, Director, Watlands and 'Watenways Division
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Project Goals and Status

Goal:

* Provide communities a preliminary design for small (<10’) stream crossing
infrastructure.

e Streamline permitting review in certain scenarios.

Status:

* Phase 1 - Feasibility (7/19 — 9/22) USGS Geonarrative published
* Phase 2 (7/21 - 6/23) — Pilot Watershed and MEP Guidance

* Phase 2A (7/22 — 6/24) — Ground Comparison, Statewide Terrain Development, and
Methodology Publication

 Phase 3(5/23 - 6/25) - Deerfield, lower Housatonic, and Hudson watersheds

* Phase 3A—(7/23 —6/25) — Upper Housatonic and Westfield watersheds

UMassAmbherst
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Statewide Hydraulic Model as a Stream Crossing Planning Tool

Statewide
— Hydraulic Model
Stream Crossing |

Planning Tool

No Statewide TRIGGER
Hydra;"c |M°d9| s ([ Flooding or Failure Event
o0 Deteriorating Culvert

No Planning

Formal Design &
Alternatives Analysis

- A formal design may
include a survey, design
criteria (design storm), scour
analysis

1

No / Minimal Design

(Non-compliant)

- Municipalities may forgo a
design analysis due to limited
resources/time.

RESILIENT
1 REPLACEMENT STRUCTURE
VULNERABLE Minimum Hydraulic Stream Crossing
REPLACEMENT-IN-KIND Design Criteria | :ta“da{fds
- Does not meet DOT design criteria - Flood prevention MEP - Flood prevention

. . - Storm damage
- Does not improve resilient structure - Storm damage

prevention prevention
- Protects fisheries

- Protects wildlife

UMassAmbherst
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Pilot =Squannacook Watershed — North Central MA

" EXPLANATION
N NAACC Evaluation
¥ © Minor barrier

© Moderate barrier

1 @ Severe barrier
" © Significant barrier

* Field surveyed 16 stream crossing
sites in Sept 2021

* drainage area from 0.1 to 2.0 mi?

e varied basin slope

* stream crossing assessment of | R TRt il
minor, moderate, or severe ' &5 9 A
barrier)

* Remainder of stream crossings with
no NAACC assessment were
completed by UMass and the Nashua
WS Association
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GIS Derived Elevation Data
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Example: Trout Brook, Shirley Road, Townsend, MA

XSEC locations are
selected along a profile
from elevation changes
and inflection points

An inflection point
algorithm is also used
to determine
embankment width and
estimate culvert length

Approach and exit
XSEC are spaced from
the structure faces by a
certain number of
bankfull widths
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Burned Channel Geometry
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Lidar does not capture
channel geometry

Bankfull Depth equations
are used to approximate
channel geometry by
‘burning’ in a new channel

Currently using a trapezoid
to approximate shape,
plan to use a parabola for
more realistic geometry.
(Bjerklie and others,

2020)
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GIS Derived Elevation Data

4071 USSACE
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Creation of Geometry File for HEC-RAS

*Features created by
automation script are
broken down into
points and translated
into a HEC-RAS
geometry file.

*Dimensions of initial
structures derived
from channel
geometry using
standards defined by

| the modeling team

UMassAmbherst

science for a changing world




HEC-RAS Model for “Current” Culvert Design

» Culvert is a 2.5 ft diameter concrete pipe

Squannacook

for all flows except, the 10-percent AEP

» Current culvert design: weir flow
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Culvert:
Span/BFW = 0.2
Openness Ratio = 0.08
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HEC-RAS Model for Preliminary Design

Box (3-sided) culvert: span ratio = 1.2 x BFW, height = (0.82 x length)/span
Natural bottom based on SCS

Current culvert design with 10- to 0.2-percent AEP WSE

Length estimated from embankment width

Squannacoak  Plan

bbbbbbbbb

m""‘-.. Culvert meets SCS:
}"-T:\\ ._ * Span Ratio =1.2
s S ey « Openness Ratio = 0.82

UMassAmbherst
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Difference in elevations, in feet

Comparison between
GIS- and Field-Based Elevations

Difference between selected GIS- and field-based cross-section
elevations at 16 stream crossing sites

Note, the

locations of
the field- and

GIS-based
cross sections
do not

necessarily
coincide

science for a changing world
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Difference in water-sruface elevations (WSEs), in feet

Comparison between
Field- and GIS-Based Modeled WSEs

G15- and field-based hydraulic models meeting the MRSCS for the 10-, 4-, 2-, 1-, and 0.2-percent AEP flood flows
5
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Comparison between
Field- and GIS-Based Culvert Dimensions

 Box culvert (14 of 16 sites)

» Median “span, height, and cross-sectional area” | | S

difference = 0.0 ft

e Conspan arch culvert (12 of 16 sites)

» Median “span, height, and cross-sectional area”

difference = 0.0 ft
 Pipe culvert (14 of 16 sites)

> Median “diameter” difference =-1.0 ft
> Median “cross-sectional area minus SCS

embedded area” = -8.7 ft?

science for a changing world
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USGS StreamStats Hydraulic Modeling Tool Web Application

O Aboa F ke

Information presented:

£ e

Faaanciiiaeriz &

e Site location

IBENTIFY & STUDY 4REA R S

* North Atlantic Aquatic Connectivity
Collaborative (NAACC) -

e Aquatic habitat quality, stream i ® Ut v i ; i e
connectivity restoration potential, and RS o W TN el |
Maximum Extent Practicable (MEP) scores KO 3w - 25 | o S R

« MassDOT highway functional classification WEIRT P G IR
and hydraulic design flow [t I i ok gt Sy

* USGS peakflow and bankfull channel StreamStats: https://streamstats.usgs.gov/ss/

eometry equations
& Y€ SHM Web Application: https://dev.streamstats.usgs.gov/ma-culverts/

*SHM will be on public StreamStats this summer/fall

* Preliminary 3-sided box and conspan arch,
and pipe culvert dimensions and relation

\

to Mass SCS % USGS
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https://streamstats.usgs.gov/ss/
https://dev.streamstats.usgs.gov/ma-culverts/

Hydraulic Modeling Tool Web Application —1

? USGS Streamitars [Development Yersion: Mot for public consumption] M Report @ About  # Help

* Click on your e |
. Massachusells s ream Lrossings .' ;
St re a m C rOSS I n g Of . i L ': Survey ID: 55571 . Base Maps w
i nte re St Baszin Delineated ekl -;.:|u.-||n-,- Snnr-i-'.l:ii:;" o :Il.i'u . P (O] application Layers w BN

[ ] TO O I d ra WS d ra i n a ge - ; i Maximum Ex'.e‘m Practicable (MEP) Cost Factor: 20-

: 3 lional Layers
5 parcent sDove DasEne L 0, TR
a rea to t h at St rea m 1 *? Hydraulic Design Flaod: 70 Year ‘?:.-, Tow [

=N Lo -

2 gl ¥ Slream Crossings
H . Build R L -
C rOSS I n g a n d b u I I d S Lelect available reports to display ’ il T - ',2

: - T § 4
o % T § by g
report v himbotiod fepor ; A o N it

& Open Report J ; n o
| oo | ® 4

) CIiCk On blue llOpen '.-'II'-.;. SEX - V2T t,;s-"*\*
Report” button on - Sy AW - &
Ieft to VieW re port ._:‘|.~:-:;E::|-:;; & ERanT LGS S ek S0 -z_:,,:,ml_wel_ 1;_ A | e : ; '-_'_:1%‘

essibility FOIA Privacy Policy & Notices Map Scale: 1:72,223 S ] ; \ T E
Lat: 42,6480, Lon: -71.6712 T P = = 13 e =
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Hydraulic Modeling Tool Web Application — 2

Culvert Replacement Report Cuvert Replacement Reports

e User can enter a report
title and add comments

StreamStats Report

Region ID: BA

Waorkspace |1D:

Clicked Point {Latitude, Longitude): 42 65301, -71.75888

Time: 2023-04-25 11:43:37 -0400

UMassAmbherst




Hydraulic Modeling Tool Web Application — 3

StreamStats Report
Culvert Replacement Report

Region ID; WA

Warkszpace |D:

Clicked Point {Latitude, Longitude): 42 65301, -71.75BBE

Time: F023-04-25 11:43:37 -0400
r, - I -

e Latitude and longitude of
location

] + ==

— 3 ] g = i ok S,

. ‘?1,‘&9 willard 7 _-: f’.{wn
e User can zoom in and out R i

1_-& T rm._':.. - _‘5,, . ﬁ}” g
on the map [ go& | ;
* Drainage basin boundary ;? Ry < Ji e e
is delineated from high- e S et o 2
resolution elevation data i N e

derived from lidar

Disclaimer for delineated basin:

The basin presented an this map and available for downlead was delineated from LiDAR
and nol by StreamStals

——

a USGS

\

-4H{UMass Amherst

science for a changing world




Hydraulic Modeling Tool Web Application —4

Site Information

Culvert Replacement Report

Parameter Name Value Unit
NAACC Survey ID @ 55571
([ ] S|te |nfo rm at|on NAACC Code @ xy4265209571758875
NAACC Type @ Culvert
. . . Road @ New Fitchburg Road
* Basin characteristics used e
Town Townsend

to solve the Massachusetts
peakflow and bankfull
channel geometry
equations

Site Information Citations

North Atlantic Aquatic Connectivity Collaborative, 2021, NAACC Data Center: website accessed
August 3, 2021 at https://naacc.org/naacc_data_center_home.cfm.

Basin Characteristics

Parameter Name Value Unit
[ User Ca n hover Over the Drainage Area @ 0.85 Square Miles
Mean Basin Elevation @ 613 Feet
b I a C k 0 b utto n n eXt to Percent Storage from NLCD2006 @ 5.76 Percent
Mean Basin Slope from 10m DEM @ 7.539 Percent

the parameter name to get
a description

Basin Characteristics Citations

Drainage area determine from digital elevation models derived from lidar data (Massachusetts

QIR 4 UMassAmbherst
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Hydraulic Modeling Tool Web Application — 5

Stream Habitat and Connectivity Characteristics

Culvert Replacement Report
Coldwater Fisheries Resources @ 0
PY St rea m H a b itat a n d :ir:::a:fzc:c:::aatli:r;\::r:entaI Concerns @ ;
Connectivity .

Cold Water Critical Linkages @

Characteristics

Habitat Quality Score @ High Quality

* Habitat Quality and
Restoration Connectivity
Potential Scores

Restoration Connectivity Potential Score @ High Restoration Potential

Maximum Extent Practicable (MEP) Cost Factor @ 20-percent above baseline

Stream Habitat and Connectivity Characteristics Citations

Massachusetts Division of Fisheries, 2022, Coldwater fish resources, website accessed April 30,
2022 at https://www.mass.gov/info-details/coldwater-fish-resources.

Massachusetts Department of Conversation and Recreation, Ecology and ACEC Program, 2022,
ACEC program overview: website, accessed April 30, 2022 at https:/www.mass.gov/service-
details/acec-program-overview.

* Maximum Extent
Practicable (MEP) Cost

Massachusetts Department of Fish and Game, Natural Heritage Endangered Species Program,
2022, BioMap2 web site, accessed April 29, 2022 at
http://maps.massgis.state.ma.us/dfg/biomap2.htm

National Wild and Scenic Rivers System, 2022, Massachusetts: website, accessed April 30, 2022
at https://www.rivers.gov/massachusetts.php.

University of Massachusetts at Amherst, Conservation Assessment and Prioritization System,
2022, The critical linkage project: website, accessed April 30, 2022 at
http://www.umasscaps.org/applications/critical-linkages.html.

sAmbherst
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Hydraulic Modeling Tool Web Application — 6

Road Crossing Characteristics

Parameter Name Value Unit
Culvert Replacement Report i o e 7
Roadway Classification @ Urban collector or rural minor

Road Crossing Characteristics Citations

* MassDOT roadway
classification and
associated hydraulic
design flood

Massachusetts Department of Transportation, 2020, Load and resistance factor design (LRFD)
Bridge Manual - Part |, Chapter 1 bridge site exploration, January 2020 revision, 26 p, accessed
October 1, 2021 at https://www.mass.gov/doc/chapter-1-bridge-site-exploration/download.

Massachusetts Department of Transportation, 2021, Roadway culverts, accessed October 20,
2021 at hitps://geo-massdot.opendata.arcgis.com/datasets/MassDOT::culverts-1/about.

Peak-Flow Statistics Flow Report

* USGS Massachusetts AL v d
pea kfIOW recu rrence 25-year Peakflow @ 130 Cubic Feet per second
50-year Peakflow @ 160 Cubic Feet per second

Inte rval a nd magnItUde 100-year Peakflow @ 192 Cubic Feet per second

Peak-Flow Statistics Citations

Zarriello, P.J., 2017, Magnitude of flood flows at selected annual exceedance probabilities for
streams in Massachusetts: U.S. Geological Survey Scientific Investigations Report 2016-5156,
54 p., https://doi.org/10.3133/sir20165156.

)

\
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Hydraulic Modeling Tool Web Application — 7

Peak-Flow Statistics Flow Report

Parameter Name Value Unit
CU|Ve rt Replacement Re po rt 10-year Peakflow @ 94 Cubic Feet per second
25-year Peakflow @ 130 Cubic Feet per second
50-year Peakflow @ 160 Cubic Feet per second
* USGS Massachusetts _
100-year Peakflow @ 192 Cubic Feet per second

peakflow recurrence
interval and magnitude

Peak-Flow Statistics Citations
Zarriello, P.J., 2017, Magnitude of flood flows at selected annual exceedance probabilities for

streams in Massachusetts: U.S. Geological Survey Scientific Investigations Report 2016-5156,
54 p., https://doi.org/10.3133/sir20165156.

e USGS Massachusetts
bankfull width, mean

Bankfull Statistics Flow Report

Parameter Name Value Unit
depth’ and cross-sectional Bankfull Width @ 1.2 Feet
Bankfull Mean Depth @ 0.91 Feet
a rea Bankfull XS Area @ 12.8 Square Feet

Bankfull Statistics Citations

Bent, G.C., and Waite, A.M., 2013, Equations for estimating bankfull channel geometry and
discharge for streams in Massachusetts: U.S. Geological Survey Scientific Investigations Report
2013-5155, 62 p., http://dx.doi.org/10.3133/5ir20135155.

UMassAmbherst
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Hydraulic Modeling Tool Web Application — 8

Mote: HEC-RAS Model Files are available for downleed below.

Culvert Replacement Report

Box  Arch  Pipe

e User can select culvert
design: Box, Arch, or Pipe

Disclaimer for preliminary culvert designs:

The intent of this tool is to provide a preliminary design. Mot all design conaideration
[i.e. specific bathymetric elevations, backwater ettect, freeboard, adjacent structures,
s50il type, scour, channel migration, elc.) could be incorporated into this preliminary
design tool. Field review and verification sheuld be performed, and the final design
shauld be reviewed by a licensed engineer

* This example will be for a
3-side box

Preliminary 3-Sided Box Culvert Design meeting the 10- and 25-Year Flood
Flows and Stream Crossing Standards

* Preliminary culvert
designs to convey the 10-
and 25-yr flood flow with
no backwater and to meet
the Stream Crossing
Standards

science for a changing world




Hydraulic Modeling Tool Web Application — 9

10-Yr 25-Yr Meets
C | rt R I m nt R rt Parameter Name Flow Flow SCs Unit
u Ve e p a Ce e e po Box Culvert Span @ 5.0 5.0 18 Feet
Box Culvert Height @ 4.0 5.0 8 Feet
° Cu|ve rt info rmation: span, Box Culvert Length @ 66.2 66.2 66.2 Feet
. . Box Culvert Area ©@ 20.0 25.0 144 Square Feet
helght’ dlamete r’ |ength’ Box Culvert Material @ Concrete  Concrete  Concrete
o o Box Culvert Upstream Channel Invert 416.5 416.5 416.5 Feet -
XSEC area, material, invert clovation ©
Box Culvert Downstream Channel 414.6 414.6 414.6 Feet -
and road deck elevations’ Invert Elevation @ NAVD88
Box Culvert Road Deck Elevation @ 429.0 429.0 429 Feet -
d M NAVD88
a n m aXI m u m recu rre n Ce Box Culvert Maximum Flow to Pass 10 25 500 Year
. f f Through @
I nte rval IOOd IOW passed Box Culvert Type @ 3-sided 3-sided 3-sided
. . Box Box Box
Wlthout fl OWIng Over the Box Embedment @ None None None Feet
Box Substrate @ Natural Natural Natural
road deCk Box Span Ratio @ 0.4 0.4 1.3
Box Openness Ratio @ 0.30 0.40 2.2

e Stream Crossing Standard
results

Hydraulic Model Citations

Massachusetts Department of Fish and Game, Division of Ecological Restoration, 2012,
Massachusetts stream crossing handbook, 2nd edition, accessed August 1, 2021 at
https://www.mass.gov/doc/massachusetts-stream-crossing-handbook/download.

QIR 4 UMassAmbherst
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Hydraulic Modeling Tool Web Application — 10

Massachusatts Department of Fish and Gama, Division of Ecological Restoration, 2013,
Masz=zachusetts stream crossing handbook, 2nd edition, accessed Auvgust 1, 2021 at
hips: Ywww. mass. govidoc/massachus etls-stream-crossing-handbook/dewnload.

Culvert Replacement Report

[ U S e r Ca n ri n t t h e re O rt USGSE Cata Disclaimer: Unless otherwize stated, all data, meladata and related materials are considered o satisfy the
p p quali Ly standar ds relative Lo the purposa for wehich Lhe cata were collectad. Al augh these data and assodia ted

ata hiave bean reviewsd Far accuracy and completeness and approved for ralease 3y the L5, Gealagical Survey

IWSGS), mo warranty exgressad or implied i= made regarding the display or utilicy of the data for other purposes, nor

an all computer systems, ner shall the act of distribution constiute any sech wastanty.

* User can download the
HEC-RAS hydraulic
modeling files (input and
output files) associated
with this stream crossing
and culvert design

UsES Software Disclaimer: This software has bean approved for releasa by the U5, Gaological Survey USGS,
Although the software nas baen subjected to riporaus reviaw, the USGS resarves tha right to updata the softeare as

needed pursumnt ta further analysis and rewiew. Mo warranty, expressed arimplied, is made by the USGS orthe LLS

Gowernment a5 10 the functionality of the software and related matesial nar shall the fact of relaase constitute any

such wiarranty. Furthermn ther the LISGS nar the L5 Government

shall be Aeld liable for =

USES Product Narmes Disclaimer: Any vse of trada, fim, or product names is fior gescriptive purposes only and does

nat imply endarsement by the U.5. Government

Application Version: 4.7.0 [Developrent Wersian: Nat for public consumgtion]
StreamStats Sarvices Version: 1.7.22 [:-.-'!'.--:'ﬂ-.":.‘: ment Wersian: Mot far pulbibic o '.-":‘:lll'l'l|'|r|l.":|'l:
WSE Serices Versian: ||‘.|E'!'\.'E|fl|.'i|'l'IErT wersion: Mot far public consummgt ﬁll'll

& CeolSON ‘

o [

& o5y

&. ShapeFile
& KML

& HEC-RAS Modal Files

USGS
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David Hilgeman: david.hilgeman@mass.gov

Scott Jackson: sjackson@umass.edu

Gardner Bent: ghent@usgs.gov

science for a changing world
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