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Presenter
Presentation Notes
Rodney Taylor – Former Roadway Drainage Engineer wanted to be here today but only 2 people from the Department were approved to attend.


WisDOT AOP Design Study Presentation
Outline
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. Site Locations

. Field Data Collection
a. Survey — Cross Sections (At least 3 US and DS)

b. Survey — Stream Thalweg (> 200 ft US and DS)
and Existing Culvert Data

c. Stream Bed Samples — Upstream and
Downstream

d. Stream Crossing Field Data
e. Site Photos
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WisDOT AOP Study Overview

 WisDOT currently does not have a procedure
for AOP design.

* WDNR is requesting consideration of AOP
more frequently on projects.

e Evaluate HEC-26 as an appropriate tool for
AOP Design

e Compare current culvert design procedures
with recently released HEC 26 — Culvert Design
for Aquatic Organism Passage



Presenter
Presentation Notes
Although WisDOT does not have a procedure, we have been working closely with the WDNR to design appropriate AOP culverts.  Occasionally we have seen some fairly large culverts that have been scaled back considerably. We are currently in our final push to final this study and develop design procedures for AOP to be places in our FDM.  The biggest issue will be where and to what extent to use AOP design.  We see HEC 26 as a tool to only be used on those streams that a significant water resources.


WisDOT AOP Study Overview

 WisDOT is working in cooperation with the
WDNR on this study

e Results used to develop policy to define where
AOP should be applied and to what extent

 And develop AOP design procedures based on
results of the study


Presenter
Presentation Notes
WDNR has been involved in this study from the beginning.  Help to establish scope and methodology.  They even participated in selecting sites and initial field data collection.
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Site Locations

Wisconsin AOP Study Culvert Locations

oSl sTH13
i ————___ Saxine Creek
Designated Water
Class | Trout Stream
Notin a mapped flood plain| | gTH 21

West Branch White River
Designated Water

Class | Trout Stream

In mapped flood plain

_Unnamed Tributary to Long Lake
,,:___ Unidentified water body

STH 32
STH 80 Unnamed Tributary to Lake Michigan
Little Platte River . Not a designated water
Designated Water - - ~" Not a fisheries water
Not a fisheries water - <~ Notin a mapped flood plain
Not in a mapped flood plain — % '



Presenter
Presentation Notes
Site Locations
1 location was chosen in each of WisDOT’s 5 Regions.
3 are designated waters
2 are Class I trout streams
1 is in a mapped floodplain.
1 STH 32 is basically a continuous flowing ditch.
1 STH 67 is an unidentified water body.  Locals have indicated prior to the perched culvert fish would spawn upstream.



STH 13 — Saxine Creek in Bayfield County

Table 2.2.6

Stream Crossing Field Data


Presenter
Presentation Notes
Class I Trout Stream located in the northern part of the state that discharges into Lake Superior.  This culvert was obviously perched and was of particular interest to WDNR and Fish and Wildlife. Service.  Existing culvert was a 8’ dia. corrugated steel plate culverts.  Through grant money this culvert is being replaced this summer with a 16’ dia. CSP culvert embedded 4 to 5 feet.  This is larger than the bank full width and what was recommended by analysis with HEC 26.  The only reason this was done was done was because alternate funds were available.


O
STH 21 - White River in Waushara County
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Figure A-3
STH 21 over White River
Drainage Basin A
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Presentation Notes
Class I Trout Stream located in the central part of the state.  This river is one of the few that has a self sustaining population of broke, brown and rainbow trout in the state.  This culvert is a 5’ dia CSP culvert that is slightly perched and a velocity barrier.  Grant money has been secured for this project and a bridge will be used to replace this culvert.    




O
STH 80 — Little Platt River in Grant County

ructure water velocity greater
than 3 feet/second during baseflow?
Is the depth ratio less than 0.17



Presenter
Presentation Notes
These 2 60” CSP pipes were obviously perched and based on the scour hole downstream of the culverts they were undersized.  At this location the Little Platt River is a designated water.  Much to the surprise of WisDOT staff, fish were observed upstream during the field survey. 


STH 80 — Little Platt River in Grant County
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Presentation Notes
The 2 culverts have been replaced by a 13’-3” X 9’-3” CSP arch with an embedment of 2.67’.  The embedment was based on a two layer embedment 1.67’ of medium rip rap backfilled with a 1’ of course aggregate No. 2.  There does seem to be some shifting of the course aggregate in the culvert.


STH 67 — Unnamed Trib to Long Lake in Fond du Lac County



Presenter
Presentation Notes
This unnamed tributary is very interesting.  It was not even identified as a water body by the WDNR.  Yet locals claim that fish use to spawn up the creek prior to the perched culvert.  There are wetlands upstream of the culverts that would support spawning and fish were observed upstream of the existing culverts. (you can show wetlands on the USGS map) (note close proximity to house to the south) 


O
STH 32 — Unnamed Trib to Lake Michigan — Racine County
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Presenter
Presentation Notes
This is a very unremarkable site.  It is not a designated water or fisheries water.  We would not recommend a full blown HEC 26 analysis for such a culvert.  Yet since it is a perinnial stream, some degree of over sizing and embedment may be warranted.


Field Data Collection

Survey — Cross Sections (At least 3 US and DS)
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Presentation Notes
Leaning toward recommendations of 2 or 3 cross sections upstream and downstream trying to obtain representative stream cross sections.


Field Data Collection

Survey — Stream Thalweg
(> 200 ft US and DS) and Existing Culvert Data
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Presentation Notes
(note Bobbi-Jo Fischer WDNR and Rodney Taylor WisDOT in photo) (Bobbi-Jo is very pregnant and Rodney can’t decide if his waders should be up or down)  As we look at this stream profile you notice the following:
Upstream profile is very flat compared to downstream profile.
Fairly good sized scour hole.
Also not seen in the profile, house to the south on the downstream side is very close to the creek.

We are very concerned about head cutting upstream and possible downstream flooding if we construct a larger embedded culvert. 



Field Data Collection

Stream Bed Samples
Upstream and Downstream

Particle Size Distribution
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Presenter
Presentation Notes
Two stream bed samples were collected at each site.  One upstream and one downstream.  At this location, the bottom was very armored and difficult to get a sample.


=
Field Data Collection

Stream Crossing Field Data

Stream Crossing Data Sheet

‘General informailon

Table 2.2.6
Stream Crossing Field Data

5
Bank Flow Width (ft _

Measured Structure Water
Velocity (ft/sec]

Stream Velocity (ft/sec

Stream Flow:
Most spécies and life stages eannot pass at most (16w
Bankful =0.

(e stages cannat pass at mast (IWs.

Upstream Pond Length and Width
(ft]

Mot a batiier,

Upstream Pond Depth

Is the outlet of the structure
perched?

Additional Comments

Is the structure water velocity
greater than 3 feet/second during
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Presentation Notes
At each crossing a WDNR – “Stream crossing Data Sheet” was completed.  Data collected was bank full width, pipe geometry and size, observed water depths and velocities and other various filed observations.
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Presentation Notes
Photos are very important part of the field investigation and will become invaluable during the design phase.  Due not skimp on the photos.
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Hydrology Analysis

Drainage Basin Mapping

L-THIA 2.0 Watershed Delineation and Runoff Analysis Page 1 of 1

: 3 separate ways fo locate
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Gheck the cheakbox t display streaming WS layer

¥ Streaming Layer [HIT Sediment [”|HIT Erosion [\Wisconsin HUC 8, 10, and 12 TINHD water layer
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Presentation Notes
We looked at several methods for hydrology.  We also did field observations.


Hydrology Analysis
USGS Regression and HydroCAD

Cralags Basin Chisracteriet

Area Equations =
Drainage Area =

Slope (S):
@ 10% , Elevation is approximatety =
(@ 85% , Elevation is approximately =
total length is approximately =

124 ft.mi.

Storage (5T)= 1.0 %

Forest Cover (FOR) =

Precipitation Intensity Index (INTENS):

|24 25 value to be used in computations =

Annual Snowfall (SN):
Value from chart =

Soil Permeability (SP):
Value from chart = 0.12 in.fhr.

Area Equation Number =
Drainage Area (&) = Ave. Annual Snow. (SN} = r 70 inches
Slope (S) = Precip Int. Index (124 25) = r 479 inches

Storage (ST) = Soil Permeabilty (SP) = " 0.12 in.Jhr.
Forest Cover (FOR) =
Q2) =
Q(s) =
Qago) =
Q(25) =
Q(s0) =
Q[100) =

Gage Station # 4026200 Sand River Tributary near Red CIiff, Wl
| Project Site Gage Stafion |

Routing Diagram for STH13
Prepared by {enter your company name here}, Printed 5/1/2012
HydroCADE 10.00 sin 03574 & 2011 HydroCAD Software Solutions LLG




=
Hydrology Analysis

Flow Selection

Flow Value Summa
Peak Flows (cfs)
USGS

Recurrence — ' Regression
Interval Equation

"L and QH are the low and high flows, respectively, used to
evaluate the AOP culvert size, as descrnbed in HEC-26. QH is
25% of the 2-year flow.
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Presentation Notes
Flow determination using HydroCAD and USGS regression and used engineering judgment for final selection.


=
Hydraulic Analysis — HEC-RAS Modeling

For -

e Sizing culverts for
peak and low flows

« Evaluating channel
velocities
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Presentation Notes
HEC RAS models were developed at each locations to evaluate peak and low flow conditions.


=
Stream Profile Analysis

Stream Profile Analysis

Stream Profile - STH 13 Saxine Creek
With Existing and Proposed Pipes

300,00
Distance [ft)

.. . to set pipe slope and embedment depth
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Presentation Notes
Stream profiles are the most important part of the field investigation.  You have to get wet to get a good profile survey.  It is important to give detailed instructions to your survey teams on what you are really looking for as far as pools and riffles.


Culvert Bed Gradation Selection

Particle Size Distribution

GRAIN SIZE DISTRIBUTION TEST DATA 9/19/2011
Project: STH 13

Project Number: 60220570

Sample Number: STH-13 8-21-11

Material Description: Poorly graded sand with silt

Date: 8/26/11

USCS Classification: SP-SM

Sieve Test Data

Dry Cumulative
Sample Pan Sleva
and Tare Tare Tare Weight Opening Retained Percent
(grams) (grams) {grams) Size (grams) Finer

1267550 0.00 0.00 73 0.00 100.0
281.00 978
375 298.10 976
#4 804.50 932
#3 1844.20 855
#10 2117.00 83.
#16 3120:20 754
#30 511070 597
#0 717820 43.4
#30 1025970 19.1
#100 11830.90 6.5
#200 11931.40 59

Fractional Component

Cumulative
Weight

GRAIN $IZE DISTRIBUTION TEST DATA 9/19/2011
Project: STH 13

Project Number: 60220570

Sample Number: STH-13 8-17-11

Material Description: Poorly graded sand with silt

Date: §/26/11

USCS Classification: SP-SM

Sieve Test Data

Dry Cumulative
Sample Pan Sieve
and Tare Tare Tare Weight Opening
(grams) {grams) (grams) Size (grams) Finer

12353.70 0.00 0.00 o) 0.00 100.0
375 245 80 98.0
1331.60 892

265510 785

2846.30 770

3669.90 703

5052.60 39.1

.30 470

243

#1100 1130660 69
#200 11620.40 S

Fractional Components

Cumulative
Weight
Retained Percent

Cobbles

Coarse \

Gravel

Fine Total

Sand

Coarse | Medium \ Fine

Total

Silt

Fines
Clay

| Total

0.0

0.0

6.8 6.8

9.9

99 | 37s

873

| s

D1g
0.1968

D2p
0.3049

Dap
03328

Dsp
0.6056

Do
1.5837

Dgs
57983

Fineness
Modulus

Ce

263

Gravel

Sand

Fines

Cobbles

Fine

Total

Coarse | Medium | Fine | Total

Clay

0.0

10.8

108

122 | 300

T

D1g D15
0.2016 0.2447

D2o
0.2763

D3o
0.328]

Dsg
04516

Dgo Dga
0.6246 26785

Dgs5
3.6994

Dao
1.9855

Dg5
71070

Fineness
Modulus

2

Cy

Cg
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Presentation Notes
We are sieve analysis on our stream bed materials.  Then trying to match particle distribution to already specified materials in the WisDOT Standards Specifications.  Some are actual bid items and some are materials used in other bid items.


Culvert Bed Gradation Selection

Site and WisDOT Standard PSDs

Particle Size Distribution
Section 312 - Select Crush Material
Section 475 - Seal Coat Aggregate

Section 501 - Concrete Aggregate
Section 518 - Mortar Sand
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—

Particle Size [in}

il 312-Zelect Crushed Material e 475 Seal Coat Aggregate ==gh, = 501 Fine Concrete Aggregate = = 501 Coarse Concrete Aggregate Mo.2

=4 = 501 Coarse Concrete Aggregate Mol —@— 518 Mortar Sand i STH 13 PDEL —5TH 13 P502

D5 —+— D16 —i— D&3 D35
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Presentation Notes
Here are some examples from Sections 312, 475, 501 and 518.


HEC-26 Analysis

Iterative Desigh Approach Using HEC-26
and HEC-RAS
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Presenter
Presentation Notes
We have taken the FHWA HEC 26 spreadsheet and modified it slightly to better fit WisDOT needs.  Still an iterative process.


Study Results

Culvert Sized for « Evaluation of Suitability
AOP at each Site of HEC-26 Process for
WisDOT Highways

Proposed
Standard Proposed AOP
Chara{:tenstlc Exlstln Culvert Desin Culvert Culvert I -
e Policy

::h ape ,lrcul ar Dircular _.|rcul ar

_ Jormgated Metal | Comugated Metal | Corrugated Metal i
R ' ' Recommendations to

___
End Treatment From Fill Headwall Headwall
o4 [ ora [ qora | W DOT f Add I
st v Elovaien IS or ressing
[ I R IS TR BT AOP Issues
o - - - ]
I

-
-_-_



Presenter
Presentation Notes
Note comparing HDS 5 procedures with HEC 26 to see the difference.  HDS 5 will continue to be used on most culverts.  But significant water resources with AOP issues will be considered for use of HEC 26.  We are working internally on the next steps:
Final report
Develop AOP design procedure for Chapter 13 of WisDOT FDM.
Develop attachment to WisDOT/WDNR for AOP.  This will be an MOU between WisDOT and WDNR about where and to what extent AOP will be considered.
Help WDNR develop guideance for WDNR Transportation Liaisons reviewing WisDOT project.
Develop training for both WDNR and WisDOT staff on AOP design.


Study Results

Existing and Proposed Culverts - Draft

Sstne it ot
ighway Creek xisting Pipe . roposed Pipe
Width Depth

STH 12 & Dia. CM Pipe 12' Dia. CM Pipe
STH21 |White River 6' Dia. CM Pipe 23.75' 5'x 20' Box Culvert

Little Platte River 2 - 5' Dia. CM PIFIE: ' 9.33' x 12.25' CM Arch Pipe

3' Dia. CM Pipe
STH67 |[Unnamed Trib to Long Lake 2' Dia. CM Pipe 11.2' 5.92"x 8.39' CM Arch Pipe 2.33'

STH32 |Unnamed Trib to Lake Michigan | 6'x4'Box Culvert 8'x 6' Box Culvert



Presenter
Presentation Notes
Preliminary results from study at the 5 locations.


.

Questions


Presenter
Presentation Notes
Here is another recently constructed culvert with embedment material to allow for AOP.  HEC 26 analysis was not performed.  The culvert was sized using HDS 5 and then slightly oversized to account for embedment and embedment materials.  Thank you for your time!
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