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ASCE assigned a gracie of “D+” to our nation’s

wastewater infrastructure in 2021.




Wastewater Systems Are In Trouble!

The EPA estimates that there are more than
20 million manholes throughout the US!

Approx. 9 million manholes indS-are over 30 years old

Estimated 3.5 million of these manholes are likely in very poor
condition and in need ofimmediate attention.

Treatment plant structures-are facing problems similar to what is
happening in collection;systems

Concrete manholes;and wastewater structures are under attack!



Common causes of degradation cangﬁclude:
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The big culprit: Microbial-Induced Corrosion (MIC)

Deterioration of wastewater structures fromymicrobial induced corrosion
Headspace (vapor phase) environments above flow of the waste stream

Characterized by elevated hydrogen sulfide (H,S) levels

Biological oxidation of H,S.to H4SO, within headspace areas of enclosed
wastewater structures

HZS + 02 Thiobacillus 'SOB HZSO4

+ H,SO, attacks|the matrix of the concrete above the waterline
(i.e. pipe crewns, manhole barrels, clarifers, etc)



MIC Corrosion Bacterial Progression'on Concrete
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Microbial-Induced Corrosion (MIC)

Corrosion in lift stations & treatment facilities
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What can corrode in wastewater systems?

Does Corrode:

« Unlined concrete manholes, pipes, faeility structures
« Steel & metallic pipe, structures, components

* Mortar in brick manholes &pipes

Does Not Corrode:

« PVC, HDPE & plastic materials

* Fiberglass/ FRP,composite materials

« Clay pipe &dbricks

« High performance coating/ lining materials
* Polymer'concrete
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Typical wastewater corrosion hotspots

\\
Elevated H2S levels & MIC aé@ﬁ%zg'non in:
o>
+~ + Force main outfall locations
» Locations with turbulent flows
* Areas with poor air handling
* Drop manholes
« Junction structures
 Wet wells
» Clarifiers
« Siphons
« Headworks areas
* Larger systems

* Areas with higher
temperatures




\Q’é

So what can we do? Rehabilitation %/sé\QReplacement

\\\
* Trenchless concrete rehabllltatloﬁDls \§83t effective

v Typically much Iowergﬂf)agi\?’eplacement cost
* Less disruptive and faste@ﬁag?eplacement

 Most manholes are gg@@ cc)@ﬁdldates for rehabilitation
N A0
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Rehabilitation of concrete manholes and
wastewater structures sounds great,
but how do l.ensure that it will be
successful for my project?
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Keys to a Successful Concrete Rehalggﬁbtatlon Project
Work with good U“derSta"d O 6@ c:pﬂzi?:r:atlon ,,,,,,
condition design e
assessment criteria 6 \0.> i
Define information ,’: KQ -
rehabilitation @)

objectives and
evaluate risks .

comprehensive
Good final inspection

specifications
\#@derstand rehabilitation
roduct options




Define your rehabilitation objectives

What kind of problems are your wastewater structures facing?
» Corrosion?
* Inflow and infiltration, exfiltration?
e Structural issues?
* Industrial waste issues”?
* Poor construction?

Evaluate risk and .consequence of failure
Understanding. the. problems will help guide rehabilitation approach
Define rehabilitation objectives to address identified problems



. . @
Work with good inspection mfgé?natlon
S
O
%&pections identify & quantify

Q@?d%@ of concrete
CEnfry | tions by qualified
‘ ® .22 Entry inspections by qualifie
L - &ﬁ%pectors are most accurate
' c’jéo Systematic & detailed documentation,
#° including photos, top to bottom within
manhole or structure

| + NASSCO MACP, AMPP (NACE)
certified inspectors are recommended

. Safety is key during any inspection
.\ process!



Work with good inspection information

Inspection and condition assessment info is;only as good
as the expertise of the people doing the actual inspection
work and subsequent data’assessment

Proper training, experiencé & safety is essential!




With so many different rehabilitation prodtcts available,
what ones will meet my objectives?

* Understand what problems can be remedied by the various types of
rehabilitation products available

Research product information and references

Review and consider independent testing data
* (CIGMAT, TTC, LACounty Redner Study, Greenbook, etc)

Compare concrete rehabilitation material properties, chemical
resistance, bond‘strength, and hydrostatic pressure performance

Discuss & sharedinformation with other municipalities

Consult experienced engineers and good contractors



Concrete Rehabilitation Product dypes

Resin-based polymer coating/lining systems
v Epoxies, poly-ureas, polyurethanes
Cementitious coatings/linings

v'Calcium aluminate mortars; microsilicas,
geopolymers

Prefabricated Insert Systems
v Fiberglass inserts, polymer concrete units
|&| Elimination products
v Chemical.grout, chimney seals




Resin Based Coating/Lining Materials

100% solids epoxies

» Suitable for aggressive environments (pli@@) Q\
» Select products with no VOC’s ?‘ o
 Bis A chemistry most common ( 0"@% iric acid resistant)

» Bis F chemistry (novolacs) are rg?ﬁe nswe but more chemically resistant and
heat tolerant (~98% sulfuric ac% sbgtant)

 Typical thickness is 125 mil r wastewater applications
 Typically needs bundba @'surfacmg prior to application
* Important to use com bI <b ildback and water stop products

» Typically more mmst@e @brant compared to other polymeric coating/lining
materials O ™

« Curing time is séve@ ours



Resin Based Coating/Lining Materials

Polyureas and Poiy-tirethanes

« Suitable for aggressive enviroQ rq@?pH<2)

» Polyureas are often more fl@?ﬁl@)ﬁoly-urethanes more rigid

« Common specified thickg_eﬁs is’250 mils for wastewater applications
» Often needs less buil%b legn resurfacing compared to epoxies

« Significantly more rqf)ﬁst%% reactive compared to epoxies

« Curing time is seg ag(ﬂlnutes

» Typically Iowe\(ﬁ Q@lon strength to substrate compared to epoxies
« Caution with%&g@anate chemistries



What About Stand-Alone Cementitious
Coating/Lining Materials?

Geopolymers, Calcium Aluminates, Cementitious Mortars

 Suitable for moderate enviro @(pH>2)
 Specified thickness must bg\ ~1§r‘ more for wastewater applications
« Can be trowel applied @r@@apphed

» Less expensive thans\@) Xies & polymeric high performance
coating/linings <b

* More moisture t@@r%@‘t/\fhan polymeric coating/linings
« Curing time @gé\@?al hours
« Verify 100% CAM, XRF and XRD composition analysis for geopolymers



But not all products are created.equal...

Concrete rehabilitation products each-have their unique
strengths & limitations

« Select the right product or system for your circumstances and
design appropriately. Compatibility is critical!

Material properties & performance can differ greatly
Significant cost differences exist

A good rehabillitation product applied by a bad contractor will likely
result in a poor job

Be cautious with .approval of “or-equal” products

CASTON




Well-written Specifications are Critical

Specifications must meet rehabilitation-objectives and be
developed for the unique needs of your.project

« Specs need to be fair to both owner«and contractor
« Clear & concise, performance-based specs preferred

* If substrate build-back for'an epoxy or polyurethane is needed, is
this specified? Thickness needed?

 Are surface preparation requirements well-defined?
» Are bond-strength requirements specified?

* QA/QC:and inspection requirements?

* Flow management?



Good Specifications & Project Documents

Beware of cut & paste specifications:and specifications
“borrowed” from other municipalities

Understand the standards‘referenced (ASTM, AMPP, ICRI) and
make sure the design methodology used is appropriate

Measurement & paymernt section needs to be well-defined and
consistent

Applicable design criteria and QA/QC requirements



Good Specifications & Project Documents

Unit price contracts help define quantities & control costs

« Performance specs & unit-price contracts account for unknowns

v'Chemical grout for infiltration.control (per gallon basis)
v'Substrate build-back material (per kit or per bag basis)

« Be specific with unit pricemeasurement & payment items
« Estimated quantities will provide a basis for contractor bids
* Quantities tracked@anddectified at end of project

* Provides a better basis for project budgeting

Owner gets whatthey pay for, contractor paid for what they install



Understanding Concrete Rehabilitation Design

Significant differences exist between sftructtiral,
semi-structural & non-structural rehabilitation methods

Ibtiin"2)

1837.151
1476.474
1115.798
756.1206
384.4437
33.76681

Coatings & linings:
v Semi-structural for high build-applications
v Non-structural for thin DF Fapplications

Structural rehabilitation solutions:

v' H-20 load rated composite inserts

v Polymer concrete|systems

v New manholes;or prefabricated structures

v Other systems proven by FEA

— Point A
(2nd worst)
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Choose H-20 or other load rated products that are QKO
truly fully structural for structural applications (&\ O{\

@

Q (13 )
o> “Fully structural

S
Structural means it can stand completely on its own > d&SIgn needs to be

and resist loading both vertically and horizontally approached like any

: B\ S other structural
Strength of “semi-structural” coatings & linings is . .
dependent on individual product material properties engineering problem:

and bond to substrate to create an interactive
system

Make them prove it!

“Semi-structural” will need to rely on some degree
of structural integrity of the host substrate-
interactive
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The Importance of Surface Prqﬁ%ration
QK

D
 The most important step during the cor@?g{@?ehabilitation process
* Most rehabilitation failures are attrib%tg,?g g\&mproper surface preparation

« Especially critical for bonded coa@s{ﬁh\mgs and close-fit liners, less so
for structural pre-fabricated inseg%y) ms
S
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Surface Preparation”
Process Beg'ﬂ@owith

Visual Ins%écq}iéh
0(\

All concrete surfaces need to be
visually inspected for defects,
physical damage, corrosion,
chemical contamination, and
excess moisture



Inspection Procedures Prior to Surface Preparation:

The condition of the concrete will determine the appropriate
cleaning, preparation & subsequent.rehabilitation approach(es):

1. Verify Concrete Cure (hydration) — for new concrete installations
2. Visual Inspection

3. ldentify Concrete Defects .= Extent of Damage
= Physical Damage or Defects
= Severity of Corrosion

= Chemical Damage.and Contamination / =
4. Moisture Situation v/ —
“ ]



Examples of defectsQ«
S




Addressing chemical damage and contaminants

Concrete can be attacked by \@ /

a variety of chemicals,
including acids, that may
affect adhesion and

performance of the specified

coating system.

Contaminants include all
materials that may affect
adhesion and performance
of coating applied.

Chemical damage and
contamination may be
detected or identified using
visual inspection, pH test,
or other analytical testing.

Chemically damaged
surfaces shall be tested
using test patch to see if
contamination affects the
adhesion & performance of
coating.
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pH measurement be used to
determine cgmgl@ e removal of

contaminants ;=
oS
& O
> &

8

N
. g\%sgz?, pH testing should be specified in the
@%E)O}Burement documents
)

& ‘éan be used during initial inspection to
bQ" assess severity of environment

%
* Can be used to help ensure all
contaminants are removed after preparation
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Moisture on concrete should be mspectQéP to determine

if it is within limits of the intended goam\glllnmg system
OQ O

 Assessment cg@% ure on substrate

» Adequ @c@& rete hydration (evaporation of
free %e

In&ﬂiﬁ@ﬁ issues

. Otg@ er‘ns of moisture, such as water infiltration

33 s from hydrostatlc pressures, should be

Q‘I @cted and noted prior to proceeding to
<I'\}Trface preparation

\<\w Some rehabilitation systems are more sensitive
' than others

» Excessive moisture to be addressed using
compatible water stop material and/or grout



N
Surface Preparation — Consmtengy‘is Critical
O
O° S
* High pressure water blasting, abrasive blas&m %‘
acid etch are commonly used QG \6

« Removal of soft, corroded concrete, o@ﬁ? mination,
debris down to clean and sound sugétr@*

« Surface roughness reqmrement,g\%v%ﬁefmed

v ICRINo. 310.2R2013, .o L

v AMPP (NACE No. 6/83@%1?3[3)

‘1/ &
Abrasive blasting s@ﬁu[g@e specified & required

N
\)




Example of high pressure water blast surface
cleaning (pre-cleaning) at 5,000 psi (min)
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Example of dry-abrasive blasting

(Typically uses a slag abrasneé gfé t media)
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How can you make sure that surface preparation is
performed correctly and consistently?

Clean again using?,000
psi (min) water blasting

,5‘0’\’

Abrasive blasting

) ) ‘ ' Inspect
with slag abrasive
S
c‘ —
5,000 psi (min) g, j |
water blasting for T Repeat process if
initial cleaning, "¢ j E— necessary

It is best not to rely on just

water blasting alone!
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ICRI CSP surface profile comparators are ég@eful tools for
surface preparation inspection Q (\Q‘
(ICRI No. 310. 2R-2013) %o‘\ 3°
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0 ‘i ICRI CSP suﬁac%ab\?'ofile
. comparators, a(\@ useful tools for
- surface p%@?)@i’ation inspection and
. verification (ICRI No. 310.2R-2013)
] @ ©
v~ O
> &
AW T \é\'(a 60 _
T Ae %@RI CSP surface roughness profiles from
»2CSP-1 to CSP-10

« CSP-4 or CSP-5 profiles commonly specified
for wastewater applications

! Y
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New concrete: Example of removal of laitance *&Qeak concrete
through abrasive blast to expose subsu e voids and to produce
a sound concrete surface with adequat@ﬁl\;@me and porosity

Pre-Preparation

g S Post-Preparation
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Concrete must be adequately cured prlor@ coating/lining
N <"
S
Concrete Cure: 6@6 :

 Concrete should be cured using the Q)Qb Q\%
procedures described in ACl 308R C%ﬂ}dedo
Curing Concrete b \OQ

* Maintaining moisture & temps ¥
minimum period @ %

» Insufficiently cured or Iom(%fr h concrete
may create an exces% y_coarse surface
profile, overall wea@e §(lg’r removal
excessive concr@

Require 28 day (mﬁ? cure for new concrete



Product Application Best Practices

For coatings/linings: Ensure proper thickness is being applied

v'Specify and use wet mil thickness gaugées (ASTM D4414)
v'Typical minimum thicknesses for-resurfacing material = 2" (13 mm)
v'Typical thickness for coating/lining topcoat = 125 mils (~ 3.18 mm)

Make sure environment is;appropriate for application

Make sure all active infiltration is stopped

Line the manhole;inverts or ensure proper terminations

Use appropriate;andswell functioning application equipment & PPE

Safety first! Beware of exposure to hazardous chemicals
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0 | Acoating/lining application without
restoration proper concrete restoration will not
provide lonig-term protection
O” &
O
v o
IR

@ _
s Inconsistent coating/lining application

Q.Q)q-@ in areas
@@QT Pinholes (concrete offgassing)
» Bughole-induced offgassing

Without proper concrete
restoration
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Substrate resurfacing, patchlng algcf’repalrs




High build cementitious build back
used here (minimum thickness of
approx. 1” applied). i




Cementitious resurfacing materials must beapplied at
proper thickness & most are not suitable’as thin overlays

Man?{._cementitious repair mortars can forntca weak laitance layer, if applied
too thin or as a parge coat

e Calcium aluminate-based mortars
* Micro-silica mortars

* Portland-based mortars
 Acrylic-based mortars

More material is needed; comparatively, if cementitious is used
compared to epoxy-modlfled resurfacing material

Minimum of 2" thickhess needed for cementitious materials to develop
self-strength, and must be compatible with top coat!



Thin overlays can create a smooth, consistent surface for
topcoating, without the need for high build application

o b
Profile view showing a thin overlay Profile view showing the monolithic
applied to concrete toicreate application of a high-performance
contiguous surfacefor application of protective liner over a smooth

a monolithic protective liner. substrate.



Now we’re ready for the coatlnglllgmg application!
W
O




Stringent QA/QC & Inspection is a Good Investment

QC & inspection ensures specifications:are being met throughout the
rehabilitation process

QC expert is highly recommended and provides knowledge &
experience throughout project

v’ Independent thirdbparty or in-house expert (i.e. AMPP certified)

Agreed upon inspection& quality control testing provides valuable
feedback

Increases contractor accountability and protects owner
Makes sure the'job is done right!



Hold points allow inspectors to confirm-quality and
specifications are being met

v'Surface preparation hold point
v'Application hold point
v'Final inspection

* Inspector should have-authority to stop project
if there are issues

* Review process-in pre-construction meeting
« Communication is key to procedural conformity
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When things go wrong... Failure of a prote@ﬁve lining due
to insufficient anchor profile on exisgnggé%ncrete surface,

no resurfacing 0 §OQ

%‘
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: : O
Failures frequently occur wﬂho%&ﬁroper

surface preparation! S
®9 s\Qo
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Failure of a protective liner due to insuft@ﬁ:?ent removal
of the laitance layer from a new cg(@cgéie surface
&S
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Don’t take shortcuts: Failure due to dir%’é?\-to-aggregate
application without proper surfac%pg\ébaration &
. O
adequate resurfacing of substrg%gg,\\
207 N
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Commonly Specified QC and Inspection Procedures

v" Visual inspection of surface preparation prior to.coating/lining installation
(ICRI 310.2R-2013)

v' Ensure AMPP (SSPC-SP 13/NACE No: 6)‘standards are being followed
throughout

v Observation of coating/lining instaltation & verification of thickness
(wet mil gauge testing ASTM D4414)

Specific to resin-based polymercoatings and linings:

v" Once cured, holiday (spark).test on all coated/lined surfaces (NACE SP0188)
v Adhesion testing to.verify, bond strength (ASTM D7234)

v' Comprehensive final visual inspection

Provide written verification of inspection process
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QC & Inspection Procedures Commqﬁﬁ/ Specified
Q\

Holiday (spark) test on all coate@m\\ﬁgﬁ\suﬁaces
AMPP (NACE SP0188) %bcﬂ%@)olts/mil

s NTE



QC & Inspection Procedures Commonly Specified

Pull Force
 — ¥
Test dol
Coating and ° ' / v
adhesive cut /
down to
Subgtrate Adhesive
) Coating
p— : n
V'O
G
Substrate ) 0@0

c DFD Instruments



Bond Strength Testing per ASTM D7234 Standard

* Typically a minimum of

250 psi+ adhesion strength
g ; * Be sure to calibrate test
i _ — unit for dolly size (10mm,

20mm, 50mm)

Py o ..

[ SO .. M g
™ . o e © e e, . . o BL® . e oo © et

| ’ v “' . _' p o' a4 ! s @ '."o of yo "o T o s b '4' . .' BN R Y
= g% o-...c.. ‘.O'Ill ' AN’ A o TR B b, N ‘.'oo .-.. i A A e
- A . . a8 . X x .
L - M . ‘. e "'.. - l"" . . ‘. .. i.l..' .f.. .-.Q' . »
- . . . . .

. » .-0. o . . _.. .‘ § 2 A i ",
Concrete Substrate O AT Lk - SO Ay
‘ " .w % » I.‘ '.-' - - A ‘o' *af |' . " a
F e o ¢z les 1 s .'.a‘l'.' -‘...'o. "-" *» . -. ag ? 5 .}' s
- T S Tt M e K G L B 3, L T e
B A R AN - A T L P R A SO LW




>
X9
So when the process is done ccg?}\ectly...
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Final Inspection — Looking Good!




Concrete rehabilitation is a less disruptive KO
and cost-effective alternative to replacement \\\ <

I-!,é]g&Qave Your Concrete!

It is important to understand differences in @ \ﬁ\
rehabilitation products & methods

eoncrete Rehabilitation is
Rehabilitation requires unique design and a Wlnnlng Strategy:

planning considerations

Surface preparation is the most important - Minimize disturbance
step. This must be done right! _ Save money
- Save time

Quality control & inspection are critical



Questions?

Jeff Maier, PE
Dewberry Engineers, Inc.
Associate Vice President

jmaier@dewberry.com

% Dewberry





