Put Your
Drainage Asset Management
System to Work

P/ Bonnie Peterson
#l MnDOT Hydraulics




Big storm + bad pipe = wrecked road

We could have fixed it cheaper, sooner g(h
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In 2014

MnDOT’s Transportation Asset Management
(TAMP) committee

ranked Culverts as

#1 priority




HydInfra = Hydraulic Infrastructure

MnDOT's
Culvert and Storm Drainage System
Inventory and Inspection Program




HydInfra sprang from the
1986 Culvert Inspection Manual

with some
iImportant
differences . ..




MnDOT Hydraulic Engineers
designed HydInfra in 1996

Condition Ratings 1 —4

Flags and Measures record defects
Criteria for each Material type
Culverts less than 10 foot span

Automated from the get-go
— Centralized database

— GPS

— GIS

— Hired a specialist for development
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Hydlnfra Drainage Feature Types

*‘ Pipes — Culvert, Storm Drain, Drain Tile, Tunnels, etc.
 Structures — MH, CB, DI

e Special Structures — Aprons, Weirs, (catch all)

* Ponds - Infiltration, Wet, Dry, etc

* WQ devices - swirling separators, skimmers etc.

* Ditches

* Discharge Points — Outfalls (MS4) Infalls , etc.

* |llicit Discharges

* Environmental - pH, resistivity locations




HydInfra Inspection Manual
»

Culvert and Storm Drainage Systems

Condition Rating Codes:

W Excellent — like new condition
o ok

Fair — some wear, but structurally sound

Very Poor — serious deterioration

ect
F'“dﬂ 'Ptola 3 Poor — deteriorated, consider for repair or replacement

W Not able to rate, not visible

Simple ratings codes suggest repair needs



http://www.dot.state.mn.us/bridge/pdf/hydraulics/HYDINFRA_Culvert_and_Storm_Drainage_System_Inspection_Manual.pdf

HydInfra’s 1 — 4 ratings system came from
bridge element condition ratings

Pontis Element Condition Ratings

Bridges are divided into separate elements, which are
rated based upon the severity and extent of
deterioration. There are 7 culvert elements...

m #240: Steel Culvert (1-4, LF)

m #241: Concrete Culvert (1-4, LF)

m #242: Timber Culvert (1-4, LF)

m #243: Masonry/Other Culvert (1-4, LF)

m #388: Culvert End Treatment (1-4, Each)
m #421: Culvert Footing (1-4, LF)

m #987: Roadway over Culvert (1-3, Each)




Pipe Materials & ATERIA:
TYPE

1t
Concrete CONGRE

Corg. Steel (CSP)

A\
Structural Plate
Polymeric-Coated
Bituminous-Coated
\\*\\’N\

_ W\
Aluminized Steel  ®

m Corg. Aluminum (CAP)

m Timber

&

m Other

to track
performance

m Corg. Plastic (HDPE) .
= PVC NS

m Perforated Plastic

“Liner” materials
describe a lined pipe:

Liner HDPE
Liner PVC
Liner Cured in Place

N\

Liner Metal
Liner Other




Materials differ

* Metal gets holes

* Concrete joints separate

* Plastic deforms or floats

* Odd materials require overarching criteria
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HydInfra Ratings Guide

Each Material oncrete Pipe & Speciz .

Factors: Structural integrity, Integrity of surrounding material

1 Excellent Condition
ty p e h a S = Miner chipping at joints/ogenings
= Hairline cracks
= Insignificant spalling or scaling

[} o e
explicit rating |
= Joints broken or pulled apart up to 1" (anywhere along joint)

= Agagregate exposed
= Cracks evident with widths up to 1/3 inch

[ ] [ ]
C r I t e r I a = Spalling or scaling to 1/4 inch depth

3 Poor Condition

lminta lhrmbom Aar maillad anard A7 2 jlanuuubhars alans thaa iAaindl

4 Very Poor Condition
« Joints pulled apart or broken (more than 3" at any point along joint)
« Cracking evident with widths > 1/4 inch Lath road
=« Reinforcement fully exposed in places
« Eroded holes through concrete or bottom gone
Deformation
Cracks showing movement — pipe pieces have shifted
Pipe condition is causing soil loss beneath road surface

Pipe condition I8 causing scil loss beneath road surface

Notes:
Special Structures include Aprong, Slotted Drain, Headwal's, Wingwalls, open Flumes, Weirs,

Expander/Reducers, Floodgates, Energy Dissipaters and other items that are not 9@@#
Structures, SPCDs (Structural Pollution Control Devices), Ponds or Ditches. ,{

Attributes such as crack width and spalling depth wen’t be measured in most ca%?\ f

|nspectors must estimate sizes based con what they see. @f?\'—‘ ai:é':a-
\gk'_‘-l_ri_‘r\


http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf
http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf

HydInfra Condition Rating Criteria
aim to

protect the roadway

Holes or Joint Separations
In pipes create
Piping and Road Voids
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With “Flags” and “Measures”

we can identify and correlate problems

Condition Indicators Roadway Indicators

—Needs Repair? &Void in Road>
—Road Distress

—Cracks —Inslope Cavitation
—Erosion/Scour

—Deformation

—Misalignment Not in Condition Rating
EMax Joint Separation> —Needs Clean?

—# Separated Joints —Plugged

—Separated Apron _Silt

—Spalling/Flaking —Sediment % Full
—Pitting/Rusting —Standing Water
—Infiltration Ay



Correlate sets of defects —“flags”

with Material

Material/Flag combinations that we see in MnDOT photos:

Concrete Deformation Cracks Spalling
Concrete Joint Separation Road Void

Concrete Inslope Cavity Joint Separation

Concrete Joint Separation Infiltration

Steel Holes Road Distress

Steel Holes Deformation

Steel Holes Piping

Steel Holes Road Void

HDPE Cracks

HDPE Misalignment (floating)

Liner Deformation P,
HDPE {4
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GPS Inspections for mapp




GIS provides context and tools

File Edit View Bookmarks Insert Selection Tools Window Help

DS B X | o | & |38 - |2 &N
Queryorace | X X MG 4 * *0 £ (Pl = OF | PE | Help | HIHelp | Change SearchDist | Labeling ¥ &5 & <3 & 4 & l—_l

CEBR N,

Select using...

Selection Criteria IDate | Feature ID(s) | Oracle Geo Table]

Location Criteria
Route:

County: Al System MM ] Number (62 ¥
District: all v BegnRP o EndRP |24

I Limit returned features to those within current map extent Reset Choices

Feature Criteria

i A

Status: Abandoned £ ANKATE)N& =
Audit i Condition: All ) o I >

Material Type: All

Shape: Al
To be deleted

[ Span:

Limiter Size Unit

Structures [—:I (— lﬁ
Special Structures

Ponds

SPCDs Only return pipes that:
(check as many as desired)

™ Need cleaning

Tlicit Discharge [~ Need repair Reset Choices
Environmental

Layer name in ArcMap: v Zoom to layer(s) in &rcMap

Close/Mo Clear Close and Clear
! 300673.044 4859627.796 Meters

all Features




Together
condition, flags, material
and GIS

create solutions







HydInfra Capabilities:

o ke oo bl s B e =

[EN
o

Lifecycle Cost gcao
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Performance Measures

Prioritize Repairs

Estimate Costs — “Suggested Repair Method”
Maintenance Tasks

Project Pre-design

Respond to flood damage

MS4 Water Quality record keeping

Utilities locations — “Call before you dig”
Research

OFTR pa



1. Performance Measures with worthwhile goals

(If you measure it, it will happen)

Inspection Cycle for Drainage | InspeCt |
e
OverallCndition Fl‘;*{‘l:CY ———— ConditiOn years

Pipes with no
inspections

— Start with inventory and inspection cycle

— Later target to reduce numbers of bad pipes :



2. Prioritize based on today’s requirement

Choose your
biggest, worst culverts
that have piping and road voids
with shallow cover,
and highest ADT
(and highest price tag)
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Or Prioritize based on today’s funds

Choose the pipes that
Maintenance can repair now
with little cash:

Resets, Paved Inverts, Joint Repair
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3 . Automate State-wide Repair Estimates

with Pipe Suggested Repair Method

Suggested Repairs

Bad plpes are SOrted |nt0 Sugg_Repai
Repair Methods from traits No Suggeston

’ CIPL Misaligned
, CIPL Not Round
/ ’ CIPL Smail
' Grout Joints
’ Jack

N Paved Invert




Suggested Repair sorting process covers

the most common problems

Flowchart of HydInfra Report:
Pipe Suggested Repair Method
Concrete Pipes
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Web-based HydInfra Report
selects bad pipes for 7 potential repairs

Suggested Repair Method
Condition 3 and 4 Concrete or Steel Pipes
District 6, May 30, 2012
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B
ATE ge Pipe Repa 0 0
0 oogested Repailr Repa
[ ) J
Repair method
i A G H | L R
1 Repair me ctaveragebid Contract
2 - . it Yract| Total Cost
3 Distict District | 1 Cost ‘_
4 CIPL 73
5 Grout El I:'L- 5 1 339’?3 387
6 Jack 65|
7 Paved Invi Grout | 977.387 12
8 Reset $2, 374
8 Rasel_ Jack | $968.165 B
1‘(1) S— Trench Paved Imert S40 292 B010[  $5.405.504|
g gth Reset %$323.374 gg
J. Tou . .
14 Jack Slipline $1.652 3873 k|
15 Paved Invi 2 | 597
16 Reset Trench 52, $2.260 810 Fas
17 Slipline _ 3562 )93 22 |foot $365.255
18 Trench 21 1633]  $65.37foot 526,362 84|each $726.406]  $1.893.341]
19 |District ' ‘ ‘ f
20 CIPL 23 3637|5129 .65]foot $516,691]
21 Grout 5 644 $32.48|foot $23.009|
22 Jack 8 1286]  $725.00[foot 51,025,585
23 Paved Invert 2 152]  516.24 $2.715
24 Reset 11 1029 $2.449.80|each 529,643 iy
25 Slipline 44 3833]  $93.22[foot $393,043 2.
26 Trench 27 1848 $65.37 |foot $26.362 84 |each $915.860 $2 905:EG6]



http://ihub/bridge/hydraulics/hydinfra/pdf/2010723hydinfrarepairmethodsworkplan.xlsx
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5. Predesign
for
Construction
Projects

Stimulus projects and construction scoping
get a head start with

‘b\‘{ﬂES

HydInfra inventory and inspection data i(ﬁ*%

4}05- TR




Know which pipes to fix before
the pavmg prOJect (not after)




Use GIS to identify culverts for fish
‘ - enV|ron mental permits
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◦DNR-MnDOT Best Practices for Meeting DNR General Public Waters Work Permit GP 2004-0001
◦DNR-MnDOT Best Practices for Meeting DNR General Public Waters Work Permit GP 2004-0001
◦DNR-MnDOT Best Practices for Meeting DNR General Public Waters Work Permit GP 2004-0001

6. Respond to flood damage

when heavy rains wash out culvert

Roadway is out

Culvert data is known

FEMA disaster declared
= special forms and
records

Asset Management to
find spare parts
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8. Storm utility locations for
“Call before you dig”
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9. Research .

22%
18%

Pipe Materials 7= e

21% L 28%

64 o299

Inspection flags | = A N
show

All Conditions Concrete Pipes
f 4. k = ' 09— £ Percent with Joint Separation
O r 9% £ 06JAN11 HydInfra data

Joint Separation
In Concrete Pipe




% Convert

10. Lifecycle Cost St —
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* Maintenance captures culvert repair costs
with Mobile App

* Construction costs are being estimated
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Mobile App captures Culvert Repair Cost

nome ~ CULVERT COST NEW

[Z] Details + add | BE pasemap ‘ Share i | @ Directions @ Measure [I_'J Bookmarks |Fin|:| address or

Add Features p—
+

CULVERT_REPAIRS

+ 47 FIPEID: 607319

Pending Complete

EQUIPMENT

™ |3

Air Broams
Compressor

REPAIR. ID Q77
Loaders- - EQUIPMENT
Shovels ; CATEGORY
P d

EQUIPMENT : -
DESCRIPTION Fxcavat{:r, Hydraulic, Truck Mounted - HR| |

UNIT COST 760 4 Wheel Drive Loader-Hough, Pettibone - HR

Loaders-Shovels

Planti :
and Care QUANTITY 770 Shovels 1/2 C.Y.. or 34 C.Y. - HR

o - B | 772 Excavator, Hydraulic, Truck Mounted - HR
L] - [

Boilers and Tractor-
Heatars Loaders

E -
Trailers- Trucks
TrailerHous
as-
BunkHouse

s




Preliminary Repair Costs for
Trench New Pipe are coming in

Repair Total Culvert Type Highway/ Material Width

Made Cost B (Roadwav B Not Hiahwavkd M (inches M
Trench New Pipe $2,924 Entrance Not Highway Corg. Plastic (HDPE) 24.00

Trench New Pipe $19,163 Centerline Highway Corg. Plastic (HDPE) 24.00
Trench New Pipe $10,058 Field Entrance Not Highway Corg. Steel (CSP) 36.00
Trench New Pipe $0 Centerline Highway Corg. Plastic (HDPE) 24.00
Trench New Pipe $3,258 Entrance Not Highway Corg. Steel (CSP) 8.00

Trench New Pipe $8,197 Field Entrance Not Highway Corg. Plastic (HDPE) 36.00

Trench New Pipe $4,423 Field Entrance Not Highway Corg. Steel (CSP)
Trench New Pipe $7,228 Farm Entrance Not Highway Corg. Steel (CSP)
Trench New Pipe $6,311 Other Not Highway Corg. Steel (CSP)




MnDOT will choose Asset
Management Software this Fall.

HydInfra will be perfected!




Sad Reality:
Competing needs edge out culvert repairs

Legislature granted $S for Maintenance to repair
pavement.

Money has to be used this year, or it’s gone.

So, culvert repairs waited because Maintenance
forces were fixing pavement instead.



HEAVEN ON EARTH

States sharing databases
to improve
Lifecycle performance

END?




Repair is too late when
road voids have occurred

Cause: Bad Pipe

Piping: water runs
outside the pipe
causing void in road

Effect: Bad Road



http://www.dot.state.mn.us/bridge/hydraulics/hydinfra/training/lookunderthepavement.pdf

The road had
collapsed.

The culvert was
still standing

Concrete pavement
will span a road
void for awhile,
before it collapses. gk
(1
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Use it — HydInfra Tasks:

Provide condition rating codes everyone can understand and use
Record drainage feature inventory data

Track multiple inspections over time

Track repairs or maintenance tasks and other activities

Track tasks to comply with water quality, required by MS4

Track performance measures for inspection cycle or condition targets
Assist with project scoping and pre-design

Speed response to capture hazardous spills

Prioritize repairs based on feature attributes, roadway type and
location

Automate estimating for statewide repair needs and costs (costs in
development)

Track and research pipe materials’ failure modes and performance
over time (Correlations -- map materials’ attributes to find patterns)

Assist in flood/storm recovery
Track and sum lifecycle costs over time (in development)
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Set up Drainage Asset Management System:

1. Condition ratings that everybody can understand
* 1-4ratingis self-clear,
* Ratings suggest maintenance action needed, or not

2.  Explicit criteria describe failure modes

* Avoid words like “Moderate” or “Excessive”
* (no one knows what those words mean)

* Include measureable, or estimate-able criteria
* Like Holes, or maximum joint separation
* Odd materials require an overarching criteria
3. Pipe Materials differ and defects need to be described
* Metal gets holes
* Concrete joints separate
* Plastic deforms or floats

4. Drainage feature types

* Pipes, Structures, Ponds, Water Quality devices, Ditches, Special Structures,
Discharge Points, etc

* Rate all features with similar criteria, based on materials
5. Use GPS and GIS to identify features
* Map it and you understand the context
6. Hydraulics and Maintenance people are in this together
* Flow of ideas helps us ask the right questions
* Maintenance Performance Measures for Culverts caused it to happen

7. User support people get continuous feedback from Users and
develop improvements




Use it — HydInfra Tools:

—Web-based data access

* Reports

e Data upload (internal and external access)

* Map service for information in the field

e GIS data access tools simplify access in the office
* Mobile App for Maintenance’ Repairs




HydInfra Credentials:

— 2005 Federal Highway Administration Transportation
Asset Management Case Studies “Culvert
Management Systems Alabama, Maryland,
Minnesota, and Shelby County”

— 2014 MnDOT Map21 TAMP Federal study with MN,
Louisiana and NY.

— 2010 Federal Lands Highways’
of the “
borrowed elements from

— Currently NCHRP 14-26 Culvert Inspection Manual
panel member



http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/04_Chapter_2_Culvert_Assessement_Tool.pdf
http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/04_Chapter_2_Culvert_Assessement_Tool.pdf
http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/04_Chapter_2_Culvert_Assessement_Tool.pdf
http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/04_Chapter_2_Culvert_Assessement_Tool.pdf
http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/04_Chapter_2_Culvert_Assessement_Tool.pdf
http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/index.cfm
http://www.cflhd.gov/programs/techDevelopment/hydraulics/culvert-assessment/index.cfm
http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf

