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MANHOLE REHABILITATION COATING INSPECTION
1.0

INTRODUCTION

RBF prepared a report for Victor Valley Wastewater Authority (VVWRA) that recommended
raising and rehabilitating 22 manholes in the Spring Valley Lake Interceptor (SVL-5 through
26) area. Based on this recommendation, VVWRA staff prepared a solicitation to
accomplish this work. The specification for manhole coating was provided by Carollo
Engineers at no expense to VVWRA. By purchase order, Carollo Engineers was requested
to provide inspection services of the 22 manholes to be rehabilitated by an interior epoxy
coating by ProTech Coatings utilizing Warren Environmental, Inc. structural 2-part 100%
solids epoxy materials. By change order to the applicator’s sub-contract with Downing
Construction Company, six (6) additional manholes were added to the project. The
additional manholes were South Apple Valley 5A, 4-8, 4-8A, 4-8B, 4-27, and Hesperia 1,
located at the discharge point from Hesperia into the Spring Valley Interceptor.

1.1

CORROSION MECHANISM

As indicated above, RBF’s visual manhole inspection recommended the manholes be
rehabilitated. Normally, a full condition assessment would have been done to determine the
extent of corrosion based on the National Association of Sanitary Sewer Companies
(NASSCO).
VVWRA has adopted the National Association of Sanitary Sewer Companies (NASSCO)
system for the identification and coding of manhole, lateral and pipeline defects. NASSCO
has established the Manhole Assessment and Certification Programs (MACP) to train
personnel in the coding system to identify operational and structural defects in manholes
constructed from a variety of materials. The NASSCO coding system provides uniformity in
terminology and in the degree of operational or structural defects. The inspection and
condition grading of the manholes for this project should have been performed by personnel
trained and certified in the NASSCO MACP. The most common defects observed in the
field were surface aggregate code including visible, projecting, or spalling aggregate.
Carollo recommends a lining or coating system be applied as noted in our standard
specification used on this project. This is especially important in all of the bench sections
since unlined concrete is susceptive to hydrogen sulfide (H2S) acid attack. Over time,
surface damage continues to get progressively worse. The phases of concrete surface
damage are listed below in order of severity:
1.

Roughness increased

2.

Aggregate visible

3.

Aggregate projecting
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4.

Aggregate missing

5.

Reinforcement visible

6.

Reinforcement projecting

7.

Reinforcement corroded

8.

Missing wall

Anaerobic bacteria in sanitary sewers live in the slime layer below the waterline. Sulfate in
the wastewater is reduced to sulfide in the slime layer. Sulfide is produced along with
alkalinity and forms H2S gas, which is released by turbulence of the wastewater. The H2S
gas forms relatively weak thiosulfuric and polythionic acid and naturally occurring carbon
dioxide forms carbonic acid. These acids work together to slowly lower the pH of the
concrete, which is typically in the range of 11 to 12 in newly constructed manholes.
Thiobaccilus, a bacterium that lives in the slime build-up on the manhole walls above the
waterline, reacts with oxygen and H2S gas to form sulfuric acid. This bacterium does not
begin to grow until the pH reaches about 9. At that time, the growth of the thiobaccilus
bacteria starts to appear and the associated sulfuric acid production begins. Over time,
colonies of the bacteria evolve from a strain that produces an acid of pH 9 to one that
produces an acid strength of as low as pH 1.
Sulfuric acid that condensates runs back down the manhole walls into the wastewater to
destroy the alkalinity produced earlier and become sulfate and the biological sulfur
transformation starts all over again. The sulfuric acid also weakens the concrete through
two different mechanisms. The acid first reacts with the calcium in the concrete and allows
it to be removed in solution. Secondly, the sulfates in the sulfuric acid react with calcium
hydroxide, displacing the calcium hydroxide with ettriginite (gypsum), which is an expansive
material with virtually no strength. The structure of the concrete is deteriorated by both
actions. This deterioration can be very aggressive and with a number of years can cause
complete failure of the concrete structure.
Concrete sewer manholes that are exposed to this corrosion mechanism can deteriorate
quickly and can lead to potentially catastrophic failure. Therefore, Carollo recommends
coating or lining systems necessary to protect the concrete from acid attack.
For this application, Carollo recommends an epoxy lining, which uses a 100 percent solids
epoxy resin, containing no VOCs, cures at both high and low temperatures, and is
corrosion resistant. For application, the manhole should be cleaned using a high-pressure
wash. Exposed rebar and ladder rungs should be cutoff flush with the wall. The epoxy
would be spray applied by trained professionals. The epoxy protects the manhole from
further deterioration and extends its operational life.
The Clark County Water Reclamation District (CCWRD) completed a test manhole about
three and one-half years ago, using the Warren Environmental lining system. During the
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summer of 2011, Carollo observed adhesion testing of the manhole on behalf of the
CCWRD. The results indicated no deterioration and showed in excess of 350 psi of
adhesion with glue failure only.

1.2

MANHOLE PREPARATION AND COATING

Carollo observed the manhole preparation, coating application and testing from January 4
through January 20, assisted by Latiff Laari from VVWRA. The preparation began with a
5,000 psi water blast to remove loose material and help prepare the substrate for coating.
Examples of photos from the coating inspection are presented in Photo 1.1 through 1.8.

Photo 1.1 Manhole 4-8: Manhole Preparation
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Photo 1.2 Manhole 4-8: Manhole Preparation with Tripod Entry
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Photo 1.3 Manhole 4-8: Prepared for Coating
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Photo 1.4Manhole 4-8: Exposed Rebar After Preparation for Coating
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Photo 1.5 Manhole 4-8: Coating Being Applied
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Photo 1.6 Manhole 4-8: Coating Being Applied.
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Photo 1.7 Manhole 4-8: Finished Coating System
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Photo 1.8 Manhole 4-8: Finished Coating System
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1.3

MANHOLE TESTING

Each coated manhole was spark tested from the bench to the top of the manhole to ensure
that no pinholes are in the coating system. The pinholes that were found were repaired by
sanding the area and applying the epoxy coating with a trowel. See Photo 1.10.

Photo 1.9 Manhole 4-8: Spark Testing
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In addition to spark testing, the specifications required that one of every four manholes be
tested for coating adhesion to the substrate in accordance with ASTM D 7234-05. Pull
testing was performed with 20 mm dollies attached to a random spot in each manhole. The
dollies were attached with Germann’s 60X Rapid Adhesive Epoxy, mfg. by Germann
Instruments, Inc and allowed to cure overnight. Pull Test Equipment was DeFelsko
PosiTest® Adhesion Tester Model No. AT-CM S/N#; 2401AE43421, Calibration Cert: #
02-38197 with Full Scale Accuracy (%) @ 1,000 (psi) on Pressure System Gauge = 0.45%. All test pull dollies were scored (cored) to substrate. All test pulls were initially held
@ 80 psi for 1 minute per the specifications.

Photo 1.10 Manhole 4-8: Dollie Position
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Photo 1.11 Manhole 4-8: Adhesion Meter Position at 1150 psi
Adhesion Testing was performed on seven of the twenty-eight project manholes, or every
fourth manhole, as per the specifications.
Spring Valley Lakes
Manhole I.D. Area

SVL- 23
SVL- 22
SVL- 17
SVL- 14
SVL- 9
SVL- 5

Rehab Cone
New Barrel
Rehab Cone
Rehab Barrel
Rehab Bench
Rehab Cone

Cemex
Structure I.D.

Area

MH 4-8 Rehab Barrel

Thickness

Failure Mode

>150 mils epoxy
800 psi Glue Failure
>125 mils epoxy
350 psi Glue Failure
>250 mils epoxy
475 psi Glue Failure
>250 mils epoxy
725 psi Glue Failure
>250 mils epoxy 90 psi Substrate Failure
>250 mls epoxy
1,100 psi Glue Failure

Thickness

>500 mils epoxy

Failure Mode

1,150 psi Substrate Failure
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1.4

SUMMARY

As indicated above, the Warren Environmental, Inc. epoxy coating material, as applied by
Pro-Tech Coatings, far exceeded the project specification requirements and will provide
VVWRA with many years of service. The project specifications also required the Contractor
and Applicator/Manufacturer to provide a 5-year bonded warranty. Carollo recommends
that VVWRA schedule an annual inspection to ensure long-term performance.
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