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Executive Summary 
 
Seabrook Island Property Owners Association owns and maintains 684 stormwater structures 
on Seabrook Island. Stormwater structures consist of manholes, curb inlets, grate inlets, and 
any other structure that is part of the system that conveys stormwater. The condition of each of 
these structures was individually inspected and assessed as either good, moderate, poor, or fail 
condition. Summary statistics of the condition assessment are shown in Table 1. 
 
         Table 1: Condition Assessment Summary 

Condition 
Structure 

Count 
Vertical Feet Percentage 

Good 228 852 ft 35% 

Moderate 264 987 ft 42% 

Poor 121 452 ft 19% 

Fail 27 101 ft 4% 

Total 640* 2392 ft 100% 
        *Less than 684 because 44 structures were unable to be located 

 
This project is a continuation of the stormwater pipe rehabilitation program drafted in 2016. 
While the 2016 study focused on pipes, this study focuses on the stormwater structures that link 
the pipes.  Since the 2016 pipe study, over 30,000 feet of aging stormwater pipe has been 
rehabilitated using cured-in-place pipe (CIPP).  There was limited stormwater structure condition 
assessment completed between 2011 and 2013, but no structures have been rehabilitated. This 
study combines the stormwater structure condition assessment data shown above with an 
impact from failure rating to create a stormwater structure rehabilitation prioritization.  This 
priority rating combined with provided costs estimates can be used for planning future 
stormwater structure rehabilitation projects.  After reviewing several rehabilitation methods, the 
recommended structure rehabilitation mechanism is lining the structures with a cementitious 
grout.  This rehabilitation technique should be applied to structures prioritized as “high need” 
and “most need”.  Table 2 shows the results of this study with cost considerations. 
 
Table 2: Stormwater Structure Rehabilitation Prioritization Summary 

Structure Rehabilitation Cost Estimate Summary 

  Most Need High Need Medium Need Low Need Total 

Structure 
Count 

20 83 226 311 640 

Vertical 
Footage 

75 310 845 1162 2392 

Percentage 3% 14% 36% 47% 100% 
Avg. Est. 

Rehab Cost 
$1155/vertical 

foot 
$770/vertical 

foot 
$770/vertical 

foot 
$770/vertical 

foot 
 

Cost $86,625 $238,700 No rehab No Rehab $325,325 
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I. Introduction 

 
For rehabilitation of stormwater structures to occur, location, condition, material, and 

other characteristics must be as well-known as possible. Stormwater structures which are curb 
or grate inlets are important to consider because water flows in from the surface level into the 
pipe network through them. Manhole structures with no inlet act as nodes on the pipe network 
where water must pass before moving into the next pipe. These structures are primarily made 
from three materials, brick and mortar, concrete blocks, or precast concrete. Appendix A 
includes more information on construction methods. Each building material consists of 
approximately 1/3 of the structures on Seabrook Island. Ensuring that the initial place where 
water flows into a pipe system functions as designed is essential to the well-being of the whole 
system. A blockage or failing storm structure can back up flow into and through the pipe network 
because storm structures are the intersections of these networks. 
 

The most common issues identified for stormwater structures on Seabrook Island in 
need of rehabilitation is a combination of inflow and infiltration, and sand. Appendix B contains 
more information on all stormwater structure defects and issues. Inflow is surface water flowing 
in from precipitation or irrigation into a structure from an opening other than designed. Infiltration 
is specific to groundwater and occurs during dry periods at baseflow through usually tiny, or 
potentially large cracks, in the substrate. Both infiltration and inflow increase magnitude in 
conjunction with intense precipitation. Determining the true rate of inflow and infiltration, 
abbreviated as I/I, is near-impossible during significant rainstorms due to safety and practical 
concerns, so it must be estimated during dry periods. Presence of sand or debris in a structure 
can be human caused from construction or landscaping, enter during precipitation at a curb or 
grate inlet, or from one or more cracks in the walls of the structure. An overaccumulation of 
sand in a structure can block pipes and significantly reduce the functioning of a system. Other 
foreign objects such as mulch and asphalt are also common causes of reduced functioning. 
 
 Rehabilitation seeks to alleviate these issues, and multiple forms of rehabilitation were 
considered. The rehabilitation method chosen for Seabrook Island was a cementitious lining 
because it is the most cost-effective solution. Appendix C contains more information on 
rehabilitation methods, preparation, and testing. The primary purpose of a cementitious lining in 
the case of stormwater structures is to alleviate the problem of inflow and infiltration. Equally as 
important as preventing I/I is cleaning to remove sand, debris, and foreign objects. Cleaning and 
cementitious lining work together to give the structures a desired monolithic surface as well as 
keeping the flow rate constant. It is essential that a structure is clean for the lining to be applied, 
and the lining should help keep the structure clean. Cement can be either sprayed or spun onto 
the walls of a structure, and if manufactured and applied well, should create a barrier that inflow 
and infiltration cannot penetrate. Other lining systems such as epoxy, polyurea, and composite 
liners have additional benefits, especially with chemical resistance, but are significantly more 
expensive. Polymer lining is more common for wastewater infrastructure, and the chemical 
resistance provides insignificant benefit to stormwater structures in the context of Seabrook 
Island. 
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II. Methods 

Because this project is an overview survey of all manholes, no manholes were entered. 
This was partially done for time, cost, and safety constraints, and partially because entering a 
manhole is required for inspections before, during, and after rehabilitation, while the purpose of 
this project was to determine which manholes have the potential need to be rehabilitated. The 
majority of the manholes were shallow enough that inspection from the surface provided 
sufficient information. 

            The manhole inspections were done using the ESRI application ArcCollector. This 
application allowed SIPOA to plot points on a map where each manhole structure is located and 
add data to them during field work. Manhole lids or grates were removed, then inspected from 
the surface. Data added from each inspection included whether the material was brick and 
mortar or concrete, the condition of the manhole on a scale of “Good”, “Moderate”, “Poor”, or 
“Fail”, and any notable characteristics. One to a few pictures were taken for each manhole. If 
the manhole was unable to be located, the manhole was marked as “Buried”. After data was 
gathered with the ArcCollector application, the data was processed with ArcGIS Pro. 
 

A structure can be constructed of brick and mortar, concrete blocks, or precast concrete. 
Each construction method of brick and mortar, concrete bricks, or precast concrete have unique 
and similar issues. Overall inspection remains the same. The method is to look for defects 
which can be structural, operational, construction, and/or maintenance related. The grading 
scale for a manhole’s condition ranges from Good, Moderate, Poor, and Failing. The section 
below explains each condition category. 
 
Good Condition 
 

 Very minimal cracking 
 No infiltration or inflow 
 No missing bricks or mortar 
 Little to no sediment or debris 
 Minimal root intrusion 
 Pipe seal is solid and intact 
 Lid and frame are seated properly 
 Frame seal has no cracks 
 Little to no visible rebar 
 No sinkholes or broken pipes 
 Pipe joints inline 
 Pipe holds its original shape 
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Examples of “Good” condition: 

 
Moderate Condition 
 

 Minimal to some cracks 
 Very minimal infiltration and inflow 
 No missing bricks or mortar 
 Some sediment and debris 
 Minimal root intrusion 
 Pipe seal may have some separation 
 Lid and frame are seated properly and may have minimal cracks 
 Frame seal may have minimal cracks 
 Minimal visible rebar 
 No sinkholes or broken pipes 
 Pipe joints inline 
 Pipe could lose shape in the future 

 
Examples of “Moderate” condition: 

 
Poor Condition 

 Medium sized holes, cracks and fractures 
 May have some infiltration and inflow 

Unbroken seems 

No cracks around 
pipe seal, perfectly 
round pipe 

Debris buildup 
Imperfect, but 
well-sealed joint 

Exposed rebar 

Pipe seal with 
no visible faults 
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 Missing mortar or bricks, broken bricks 
 Large amount of sediment and debris 
 Root intrusion affecting structural integrity 
 Pipe seal separation 
 Lid and frame imperfectly seated 
 Frame seal has cracks 
 Visible rebar 
 No sinkholes or broke pipes 
 Pipe joints may not be inline 
 Pipe has lost some shape 

 
Examples of “Poor” condition: 

 
 

 
Failing Condition 

 
 Large holes, cracks and fractures 
 Significant infiltration and inflow 
 Missing large amount of mortar or several bricks 
 Sediment or debris blocking more than half of pipe 
 Structural failure due to roots 
 Pipe seal severely damaged 
 Lid and frame not seated properly 
 Frame seal has cracks and missing pieces 
 Whole section of rebar visible 
 Sinkholes around structure 
 Broken pipes 
 Pipe joints far out of line 
 Pipe is significantly deformed 

 
 
 
 

Debris buildup, 
full of water 

Root intrusion, 
sand buildup 

Asphalt 
blockage 
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Examples of “Failing” condition: 
 

 
Impact from failure 
 

Impact from failure of a storm water structure is equal to the highest impact from failure 
out of all connecting pipe to each structure. Storm water structures and pipes are inextricably 
linked, so the definitions for each category of impact from location for structures is the same as 
for pipes. As nodes on the pipe network, a well-performing structure does not impede the flow of 
water, while a poor or failing structure physically impedes water flow because of sand or debris, 
or has too much water in the structure to work as designed due to I/I. The primary reason that 
impact from failure may be significant is due to flooding. Besides flooding, impact from failure 
comes from sinkholes, structural failure, or deterioration that harms aesthetics of the 
streetscape.  

 
The potential for impact of pipes and structures is based on a series of observations 

related to pipe material, diameter, liner (if applicable), length, load (weight applied above 
ground), and where the pipe fits into the general scheme of drainage at Seabrook Island. The 
frequency by which cars and trucks drive over a section of pipe and corresponding stormwater 
structures can contribute to increased rates of failure. Similarly, areas with greater fluctuations 
in water content such as ponds or areas close to the marsh can show increased rates of failure.   

  
Natural forces are being applied to all pipes and structures on a consistent basis, but the 

rate at which the deterioration takes place will be different from one place to another. These 
attributes are key in creating a comprehensive rehabilitation prioritization list.   

  
With these elements being considered, a score of low, medium, high, and very high 

impact was given based on a series of criteria.   
  

 Low Impact: Pipe does not cross a road, within a small collection pipes, and is not an 
outfall for a network of pipes. Features in this category can be seen in associated maps 
in green.  

Significant 
deformation 

Structural 
failure Visible 

groundwater 
infiltration 
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 Medium Impact: Downstream of road drains, can be a connection between smaller water 
storage areas such as small ponds or lakes, and does not cross a road. Features in this 
category can be seen in associated maps in yellow.  
 

 High Impact: Crosses a secondary road branching from Seabrook Island Road, may be 
an outfall in a smaller network of pipes, or could cause pools of standing water in the 
event of a failure. Features in this category can be seen in associated maps in orange.   
 

 Very High Impact: Any section of pipe that crosses Seabrook Island Road, may be an 
outfall for a large network of pipes, a pipe that may connect medium to larger sized 
ponds, or outfalls into various marshes within larger systems. Features in this category 
can be seen in associated maps in red.    

 
Prioritization matrix 
 
 The prioritization matrix combines the condition assessment and impact from failure 
study to create four levels of rehabilitation need. After a condition was added to the data for all 
structures, and the highest immediate connecting pipe impact from failure determined for each 
structure, rehabilitation need was created using an algorithm that assigned a unique prime 
number to each impact and condition category. Unique prime values were created so there 
were no repeats in the matrix values. 
 
     Table 3: Impact from failure matrix values 
 
 
 
 
 
 
 
 
 
 
 
 
Next, these quantities were multiplied to create 16 unique categories that were reduced to 
formulate four qualitative rehabilitation need categories. 
 
22, 26, 33, 34, 38, 39 = low rehabilitation need 
51, 57, 55, 65 = medium rehabilitation need 
77, 85, 91, 95 = high rehabilitation need 
119, 133 = most rehabilitation need 
 
The table below shows the method of determining rehabilitation need using the matrix. 
 
 
 
 

 Impact from Failure 

 

Low Medium High Very High 

11 13 17 19 

C
o

n
d

it
io

n
 Good 2 22 26 34 38 

Moderate 3 33 39 51 57 

Poor 5 55 65 85 95 

Fail 7 77 91 119 133 
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        Table 4: Final matrix method consisting of condition and impact from failure 
 
 
 
 
 
 

 
 

 
  
 
 

III. Results 
 
 The first output of this study is Figure 1, which provides an overview of the assessed 
condition of stormwater structures and pipes. It is evident when observing the map that there 
are portion of the stormwater infrastructure that are more clustered and more dispersed. In 
addition, poor and failing condition structures and pipes are more often located in the older parts 
of the island. Larger versions of these maps are in Appendix D. 

Impact from Failure 

 Low Medium High Very High 

C
o

n
d

it
io

n
 

Good Low Need Low Need Low Need Low Need 

Moderate Low Need Low Need Medium 
Need 

Medium 
need 

Poor Medium 
Need 

Medium 
Need 

High Need High Need 

Fail High Need High Need Most 
Need 

Most 
Need 

Figure 1: Overall Condition Summary 
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Figure 2 shows the results of the condition assessment on structures. This map removes 
pipes from visual representation so that structures are isolated in this analysis. Table 5 shows the 
summary statistics of the data collection. 

 
Table 5: Condition summary statistics  

Condition Summary 

Condition 
Structure 

Count 
Vertical Footage Percentage 

Good 228 852 ft 36% 
Moderate 264 987 ft 41% 

Poor 121 452 ft 19% 
Fail 27 101 ft 4% 

Total 640 2,392 ft 100% 

 
 
 
 

Figure 2: Condition Survey 
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 Figure 3 shows the results of the study on the potential impact from failure. Along 
Seabrook Island Road, there are many structures earning a very high impact from failure rating 
because it is common for these structures to have at least one pipe connecting to them that 
crosses it. Table 6 shows the summary statistics of this analysis. 

 
Table 6: Impact from Failure 

Impact from Failure Summary 
Impact from 

Failure 
Structure 

Count 
Vertical Footage Percentage 

Low 69 258 ft. 11% 
Medium 270 1009 ft. 42% 

High 190 710 ft. 30% 
Very High 111 415 ft. 17% 

Total 640 2,392 ft. 100% 

 
 

Figure 3: Impact from failure study 
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 Figure 4 is a combination of the previous two map utilizing the prioritization matrix. 
This map, along with the others, also exist as live versions where the map can be panned through 
a web browser. Table 6 displays summary statistics of these calculations.  

 
Table 6: Need Summary 

Rehabilitation Need Summary 

Rehab Need 
Structure 

Count 
Vertical Footage Percentage 

Low Need 311 1162 ft. 49% 
Medium Need 226 845 ft. 35% 

High Need 83 310 ft. 13% 
Most Need 20 75 ft. 3% 

Total 640 2,392 ft. 100% 
 
 
 
 

Figure 4: Rehabilitation Need 
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IV. Cost Estimates 

 
 This analysis arrived at a cost estimate for rehabilitation need based on the prioritization 
matrix compared to cost estimates based on condition alone. First, a focus was placed on a 
smaller scale analysis of the pump station 1 (PS1) watershed to use as a demo for rehabilitation 
across the island. There are three pump stations on the island: station 1 near Pine Needle Lane 
and Seabrook Island Road, station 2 near the corner of High Hammock and Seabrook Island 
Roads, and station 3 bordering the beach near Loggerhead Court, and. PS1 was chosen 
because many of the pipes have been rehabilitated with CIPP recently, so rehabilitating the 
structures in this system would create a fully rehabilitated pump station system. In addition, 
there are nine poor condition structures in this network. 
 
 There are 31 total stormwater structures and outfalls in this network including the pump 
station itself. There are 2 outfalls consisting of 2 parts, each an open-end pipe and a ditch. The 
outfall closest to the pump station empties into a golf course pond, while the other outfall is a 
ditch. As a rule, outfalls were not included in this analysis unless they have a manhole lid or 
grate on top of them, so open-end pipes were not included. Out of the 27 structures, one is 
owned by the Seabrook Island Club and not included in this analysis, and 5 are buried or 
otherwise unable to be located. The remaining 21 structures were included in the analysis.  
 
 Out of the 21 structures in this analysis, none achieved the rehabilitation level of most 
need, 6 structures earned a high need, 9 structures earned a medium need, and 6 structures 
earned a low need. The condition assessment found that there are no structures failing in this 
network, 9 poor condition structures, 7 moderate condition structures, and 5 good condition 
structures. 6 of the 9 structures that are in poor condition are in high need of rehabilitation 
because of connecting pipes crossing underneath Seabrook Island Road. The remaining 3 
structures that are in poor condition and in moderate need of rehabilitation travel alongside 
Seabrook Island Road and Gnarled Pine. These values indicate that the pump station 1 
watershed is a priority for rehabilitation.  
 
 Since PS1 was determined to be a priority for rehabilitation, a rehabilitation method had 
to be chosen. The issues with the structures in this watershed are common for Seabrook Island 
with a significant amount of I/I and sand in the structures. For these kinds of issues with 
structures on the island, a cementitious lining was chosen as preferred method of rehabilitation. 
Ideally, a cementitious lining would prevent I/I. An epoxy or polyurea would also work, but the 
additional benefits of chemical resistance are not worth the premium it would cost. The next 
step was to determine the proper way to estimate cost for the cementitious lining method.  
 
 There were no previous rehabilitation contracts to reference, and cost figures found on 
the internet did not inspire much confidence, so SIPOA invited the contractor Dun-Right 
Services to assist in this budgetary exercise. Dun-Right Services is an infrastructure repair 
company based in Florence, SC, specializing in lining wastewater and stormwater structures 
with the brand Raven Lining System. The calculations for cost and time for rehabilitation for PS1 
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were based on Dun-Right observing 8 of the 9 poor condition structures. Width, length, and 
depth of each stormwater box were taken into consideration because pricing was based on 
square feet. Dun-Right’s pricing model was used to create a price per vertical foot model utilized 
in the rest of this analysis. Ideal thickness of ½ inch to 2-inch lining was determined, and the 
results of the cost estimates from Dun-Right are in Table 7. 
 

Table 7: Dun-Right Prices 
MH 
ID  Price  Price/sq ft 

 
Total 

26B  $2,386  $21.30  $20,989 

26C  $2,386  $21.30 

30D  $2,673  $21.45 

30C  $2,972  $22.95 

31F  $2,967  $34.91 

31B  $1,653  $34.90 

31A  $660  $34.92 

31C  $2,960  $34.91 

28B           $2,332            $28.33 

   Avg: $2,332  Avg: $28.33 

  𝜎 $809  𝜎 $7.05 
 

“Medium need” structures are approximately the same cost as most “high need” 
condition structures to rehabilitate, so the cost estimate for the poor condition structures was run 
through a formula to determine the cost estimate for “medium need” condition structures. Since 
there were no “most need” structures in this network, they were considered separately. If a 
structure is failing, it would be individually assessed for a cost estimate before final 
determinations were made. To estimate this, average rehabilitation cost of a failing structure 
was determined as 150% of the cost of a poor or moderate structure. Good condition structures 
were not set to be rehabilitated, and rather monitored, which is already included in the SIPOA 
maintenance budget.  
 

Table 8 includes cost estimates consideration among multiple different options. First, 
price per vertical foot is multiplied by the structure count of each category with consideration to 
the number of failing structures to estimate the price for each. The Dun-Right PS1 estimate is 
the exception which is solely based on Dun-Right’s estimates. The estimates that include “rehab 
need’ are based on the prioritization matrix impact from failure categories, while the categories 
with “condition” defined only consider condition in the calculation. 
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Table 8: Cost Analysis                                                               Average vertical foot= 3.737 ft 

 Avg. 
Estimate 

Low 
Estimate 

High 
Estimate 

Structure 
Count 

Price per 
vertical foot $769.75 $578.16 $961.38 

 
n/a 

Dun-Right 
PS1 estimate $20,989 N/A N/A 

9 

PS1 
medium/high 
need 

$43,153 $32,413 $53,896 
15 

Total high 
and most 
rehab need 

$296,320 $222,566 $370,086 
103 

Total poor 
and fail 
condition 

$425,780 $319,803 $531,774 
148 

Total 
medium, 
high, and 
most rehab 
need 

$975,266 $732,522 $1,218,050 

329 

Total 
moderate, 
poor, and fail 
condition 

$1,224,117 $919,434 $1,528,850 

412 

 
It is evident from looking at the cost to rehabilitate all “poor” and “fail” condition 

structures versus the “high” and “most” need structures the usefulness of the prioritization 
matrix. The outcome average value of this analysis of $296,320 is $129,460 lower than if 
rehabilitation need were to only be based on condition rather than both condition and impact 
from failure. Specifically, the structures removed from consideration for rehabilitation need were 
those that are in poor condition and have a low or medium impact from failure.  
 
 

V. Recommendations 
 
 The option for the scope of the stormwater manhole rehabilitation plan chosen is the 
“Total with high and most need” option and “PS1 medium and high need.” These plans were 
chosen because rehabilitating structures with a medium need was decided to not be necessary 
for every structure on the island but rehabilitating the medium need structures on pump station 1 
would be valuable because pump station 1 is a very important network to the stormwater 
infrastructure of Seabrook Island. PS1 would be the model used for widening the scope of 
rehabilitating stormwater manholes on Seabrook Island. 
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If applied correctly and functioning as intended, a monolithic coating should be provided 
by the cementitious liner for structures of PS1, meaning that the cement has bonded with the 
substrate as designed creating a relatively smooth and minimally porous surface. The outcome 
of this would aim reduce the total quantifiable I/I of the stormwater system by 30% according to 
the manufacture of the lining (The Strong Company ,2020). For a cementitious lining to be 
applied, debris from the base of the structures would need to be removed and the structures 
need to be kept dry during application. Cleaning to prepare the surface would be done by 
pressure washing at 5000 psi to remove loose material and expose the substrate of the walls. 
Next, a ½ inch, up to 2-inch, lining should be evenly sprayed onto the surface. Some degree of 
troweling is required to achieve a flush surface.  The structure will be left to cure overnight and 
should attain higher compressive strength. Dun-Right cites that their cementitious coating 
should provide a compressive strength of 9000 psi, which is within the NASSCO recommended 
standard of 8000-10000 psi for this rehabilitation type. 
 

Rehabilitation is a major form of 
maintenance, sitting at the top of the stormwater 
treatment and practice operation and maintenance 
pyramid shown in Figure 5 (Erickson, Weiss, 
Gulliver, 2013, pg. 5). Routine maintenance done 
continually, and non-routine maintenance done on 
a regular schedule helps prevent the need for 
major maintenance measure such as 
rehabilitation. The maintenance of stormwater 
infrastructure should extend the usable life and 
maintain the designed performance and efficacy of 
the system.  
 

Maintaining the condition of stormwater structures is crucial to the overall functionality of 
the stormwater system. This report inspected and outlined common issues and deformities, and 
the way they can be fixed through rehabilitation so that Seabrook Island can continue to sustain 
itself. The primary issues of I/I and buildup of sediment are recommended to be solved with 
cleaning and application of a cementitious lining. Stormwater structures are part of the 
necessary utility infrastructure system that should not go unnoticed. These structures are nodes 
on the network that transports unwanted water from the built environment and deposits it into 
ponds, marshes, and ditches. Issues with this system causes backups and flooding. By 
addressing these issues with stormwater structures, the system would function as an efficient 
part of the sustainability of Seabrook Island. This will raise the water table and can lead to 
further defects within the stormwater system. 
 
 
 
 
 
 
 

Figure 5: Maintenance Pyramid 
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Appendix A 
Manhole Construction Methods 

 
History and Components 

A manhole is the primary access point for inspecting and working on buried public 
utilities such as sewers or storm drains. They are sealed with a heavy lid or grate to discourage 
unauthorized entry and to support the weight of vehicles and people crossing over them. 
Manholes were originally created by the Ancient Greeks, dating back to around 3500 BCE. 
These manholes simply consisted of a stone that covered a hole in the ground which provided 
access to underground trenches that moved sewage. Later, in the 19th century, the modern 
manhole was developed. Manholes are crucial to wastewater collection and stormwater drainage 
because of their access to pipes for inspection, maintenance, and rehabilitation.  
 

A manhole consists of seven main parts, shown in Figure A1. The parts are the cover or 
lid, frame, chimney, cone, wall, bench, and channel. The cover or lid is the cast iron lid or grate 
that is most associated with a manhole since it is visible from the surface. This is the main access 
point to the structure. The frame seal seats and holds the lid in place. Moving further down, a 
manhole is at its smallest diameter at the chimney. The chimney supports the weight of the cover 
and the frame seal. Next, the cone is the vertical part where the structure opens to its full 
diameter. After opening to its full diameter, the walls of the structure continue down to the 
bottom of the structure to the bench. The bench is a raised platform on one or both sides of the 
manhole floor providing a maintenance platform. Steps are placed along one side of the manhole 
to provide access to the bottom. The channel is in the center of the bottom of the structure. The 
channel is shaped by the bench and is where water flows through the manhole from one pipe to 
another. Channels are more typical for sanitary sewer manholes, while stormwater manholes 
more commonly have a flat bottom. 
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Materials 

Manholes today are typically made of either brick and mortar or precast concrete. Brick 
and concrete are the preferred materials for the qualities of durability and structural soundness.   
In modern history, brick manholes were the primary construction technique until the early 1970s 
when precast manholes became the dominant construction form. While both brick and mortar 
and precast concrete are viable, precast concrete became preferred because they have proven to 
be longer lasting. The primary advantage of brick and mortar over concrete is application in 
sewer systems because bricks are more chemically resistant than concrete. This is less of an issue 
in stormwater systems. Seabrook Island follows the historic trend of preferring to build precast 
manholes for its stormwater infrastructure from the early 1970s to today. To construct a proper 
functioning manhole, manufactures have specified dimensions. The full, generally 4-foot by 4-
foot, two-dimensional area of a manhole structure has a box shape coming up to a 2-foot 
diameter opening where the cast iron lid or grate is set. Conical manholes typically have 4-foot 
diameter for around the same square footage. Box structures are much more common than 
conical structures for Seabrook Island stormwater infrastructure. The walls must be at least eight 
inches thick for depths of 12 feet or less. For every additional 6 feet of depth, another 4 inches of 
wall thickness is required. After construction is completed, a precast or a cast in place concrete 
slab is set onto the manhole structure to hold the lid. Examples of “Good” condition precast 
concrete and brick structure are shown in Figures A2 and A3, respectively. 

Figure A1: Manhole Cross‐Section 
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Figure A3: Brick and Mortar (135B: Landfall Way) Figure A2: Precast Concrete (143l: Lake House) 
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Appendix B 
Stormwater Structure Defects and Issues 

 
Construction Defects 

Manhole rehabilitation can be done due to construction defects, improper maintenance, or 
because a manhole is old or under particularly difficult stressors. The construction and 
installation process are often areas where defects can begin. When constructing a precast 
manhole, pouring the walls too thin is a common cause of structural issues. Cracks and holes 
form far earlier in the life of the structure than walls poured at specified thickness. Another 
common error when pouring concrete is not enough space between the rebar and the mold. The 
result is exposed rebar on the walls of the structure, subsequently rust due to constant exposure 
to water. Rust spreads through the structure, corroding interior rebar and deteriorating the 
structure from within. 

 
Improper concrete mixing can cause a structure to not cure as durable as expected. 

Results are cracks and holes along walls and corners. If not handled carefully, then precast 
manholes can be damaged during transportation from manufacturing location to installation site. 
Once transported to the site and set into place, setting the concrete slab on top of the structure 
must be done with care to avoid dropping it onto the structure. Setting the slab down too fast can 
cause acute structural issues. An improperly place slab can cause the frame seal to be offset. If 
this occurs, it is difficult to perform inspection and maintenance that could find or fix issues. An 
offset frame can cause unequal loading leading to loss of structural integrity over time. 

 
After a manhole is set in place, one of the final steps is backfill. First, to provide 

structural integrity for the structure and accompanying pipes, rock should be placed along the top 
of the intersecting pipe. A layer of rocks helps to support the pipe, giving it more structural 
integrity and resistance to outside pressures and forces. Next, the remainder of the hole should be 
filled with dirt and gravel which must be compacted with a jackhammer, then topsoil added on 
top. A common backfill oversight is not placing rocks along the top of the pipe. Result of this is 
the weight of the soil flattening the pipe or sinking soil around the manhole. At worst, this can 
cause a sinkhole. An example is in Figure B1. 
 
Maintenance Defects 
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 A manhole structure should be inspected on a regular basis. If inspections are not kept up, 
structural and leakage issues will not be found before they get worse. Even if the timeline is kept, 
some manholes may be skipped, or an inspector may miss an issue. If a manhole becomes buried 
or otherwise inaccessible, inspectors have either a labor-intensive process to locate it, or if 
unable to be located, the structure may never have been inspected since construction. Figure B2 
is an example of where a fence was built over a manhole, 
making inspection impossible without removing the fence or a 
significant workaround. Best practice is for manhole lids to 
always be visible and accessible. Regular cleaning is one of the 
easiest ways to prevent deterioration.  

 
Lack of cleaning and removing debris from manholes is a 

common cause of deterioration and reduced function. Sediment, 
leaves, pine needles, grass clipping, construction debris, and 
trash are all common causes of clogged pipes. When pipes 
become clogged, water backs up into the structure. Standing 

water erodes the pipe seal and 
seeps into tiny holes in the 
structure. If water seeps into 
the structure over a long 
period of time, the structure 
deteriorates from within. 
Once a structure is 
deteriorated, rehabilitation becomes a necessity.  

 
Rehabilitation is done through a variety of techniques 

and applications from point repairs, chemical grouting, 
applying a cementitious, polymer, or panel lining, or 
constructing a new manhole. Rehabilitation intends to bring a 
manhole back to its proper functioning condition. Deciding on 
rehabilitation should carefully decide appropriate techniques 
as to alleviate and not exacerbate existing issues. 

 

Figure B1: Sinkhole (15A: Seabrook 
Island Rd) 

Figure B2: A fence built above a manhole 
(14A: St. Christopher Ln) 

Figure B1: A sinkhole located behind a 
manhole. (28B: Seabrook Island Road) 
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Water damage is unavoidable, but manageable. It is necessary to ensure the wear from 
water damage is planned for, and not enhanced by construction or maintenance defects. Water 
erodes structures by creating holes that reduce the drainage 
capabilities of structures. Rehabilitation done incorrectly can 
worsen water damage. In the case of a lining, if it is not 
mechanically bonded to the substrate, the lining will hold 
water and the substrate and lining will begin to peel off. If 
holes, cracks, or fractures become large enough, pieces of the 
structure can fall off and lead to structural integrity failure. A 
simple issue that often goes unchecked is structural cracking. 
Cracks lead to structural integrity loss and can be a pathway 
for roots. Once roots enter a manhole, they can force the 
concrete apart over time. A manhole lid can crack because of 
oxidation, traffic load from vehicles, or weathering. Figure 
B3 shows a manhole lid that has cracked from weathering. 
Once this happens the lid must be replaced immediately to 
prevent anyone from walking or driving over the lid and 
having it collapse.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure B3: Cracked lid 
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Appendix C 
Rehabilitation Methods, Preparation, and Testing 

 
Inspection and Options 

The first step in manhole rehabilitation is inspection. Manhole inspection consists of all 
forms of observing manholes at any stage of the initial construction, daily functioning, or post 
and pre-rehabilitation processes. Inspection is done visually with varying degrees of proximity, 
from simply driving by a manhole and looking at it from the street, to opening a manhole and 
looking inside it either from the top or interior. More advanced techniques than visual inspection 
include texture, chemical, and electronic tests. For entering a manhole, confined space entry 
procedure and regulations are followed. Safety measures include a plan for controlling traffic 
flow around the work depending on the impact on roadways. Additional lighting is likely 
required to properly inspect a manhole. An exception is when the manhole is shallow, and 
sunlight is strong. Inspection can be done through a camera mounted on a long pole, a remote-
controlled wheeled vehicle, or with a panoramic camera. Once inspection is complete and 
rehabilitation found to be necessary, a rehabilitation method is chosen. 

There are several manhole rehabilitation methods. Methods have five major groups of 
grouting, troweling, spraying, spin casting, and lining. Grouting involves using a sediment 
mixture to fill cracks and void spaces in manhole walls. Troweling is often associated with 
cementitious materials but can also be used with epoxy methods. By applying pressure to the 
manhole walls with the troweling method, pin holes are reduced, and a uniform surface should 
be created. Spraying and spin casting are two ways that polymers such as epoxy and 
polyurethane or a cementitious coating are applied. Spraying is done by using a powered 
sprayer to apply the material onto walls, while spin casting is done with a rotating device that 
flings material at interior walls. According to NASSCO, spraying usually provides a more even 
coat, but spinning can be equally as effective, depending on the contractor. Composite methods 
use a mixture of polymer(s) and cement to achieve a desired effect. This can involve a 
combination of primer coat and finishing coat, or only one coat. The Cured-in-Place-Manhole 
method involves inserting a liner and inflating it, bonding with the walls, and creating a new 
interior surface. The panel liner method involves applying plastic panels to the manhole walls 
with a mastic putty. A summary of methods is in Table C1.  

Chemical Grouting 
The primary purpose of this method is to reduce groundwater infiltration and inflow into 

the manhole through cracks. It does not affect structural integrity. Holes are drilled into the side 
of the manhole near cracks and a grout applier device is inserted. The grout mixture is pumped 
through this device and fills the void space between the manhole and the surrounding geologic 
features. Grout travels around the void space and back into cracks in the wall. Flood grouting is 
done when cracks are so numerous that the entire manhole needs to have grout applied to stop 
leakage. 
 
Epoxy coating/lining 
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 This method is used to protect the structure from corrosion and add structural integrity. If 
applied well, it mechanically bonds to the structure to create a thick, uniform surface. Drying is 
particularly important because this material can be applied to only oven dried or air-dried 
surfaces. The epoxy is applied to the structure by using a 3500 PSI hand-held spray gun. 
Troweling should be done to fully remove pin holes. Multiple coats may be necessary to achieve 
desired thickness. This method can create either a coating or a lining. A coating is defined as 
1/8th of an inch or less, while a liner is greater than 1/8th of an inch. 
 
Polyurethane coating/lining 
 Polyurethane is a polymer coating that is thicker than an epoxy and does not depend on 
creating an adhesive bond. Instead, its structural integrity replaces the structural integrity of the 
original substrate. The original substrate must be oven dry for this method to work properly. 
Polyurethane cures in seconds and is best applied in two coats. The two coats are one flash 
coat to get in the small spaces of the concrete substrate, and then a second protective coat. It 
can be used alongside epoxy. 
 
Cementitious coating/lining 
 The purpose of this method is that it should provide a monolithic cement layer along the 
entire structure to prevent water infiltration, provide additional support to the existing mortar, and 
to protect the structure from corrosion. This method is significantly less expensive than epoxy or 
polyurea but does not have as much chemical resistance. This structure can be in a saturated-
surface-dry condition prior to applying. The layer can be troweled on, sprayed on, or applied 
through a spin casting. The spin cast method uses a rotating nozzle head on a hose that is 
lowered down the length of the structure to coat the walls. The layer should be applied evenly 
across the structure and can cure in 15-20 minutes but should be left to cure for 24-48 hours.    
 
Cured-In-Place Manhole (CIPM) Liner 
 CIPM is the strongest liner on the market according to NASSCO. CIPM can either be 
stretched to fit the configuration of a manhole in the case of a tube liner, or specifically 
fabricated to fit the specification of a manhole in the case of a pre-made liner. The liner is wet-
out by hand before installation, then inserted into the manhole and inflated like a balloon. The 
top of a CIPM should be covered with a mastic material. A mastic material is a putty like 
substance to fill in gaps. A spark test should always be done to check for pinholes. CIPM End 
Seals should be made where the CIPM lining meets the pipe junctions. 
 
Composite Liner 

Composite liners are made from combining two or more components to achieve a 
desired effect. Composite liners can consist of felt, fiberglass, resin, and carbon fiber. Fiberglass 
is a strong and useful component of composite liner design. Epoxy is typically the main 
component of a composite liner that provides chemical resistance because it is what bonds to 
the substrate. Fiberglass can be applied in 2, 3 or 4 layers. 2 layers is more common for 
stormwater and sewer manholes, while 3 or 4 layers is more common for industrial chemical 
applications. 
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Manhole Panel Liner 
 This is a plastic panel that is applied to the manhole walls with a mastic putty. The liner 
does not provide any structural support but is used to protect against corrosion, prevent 
inflow/infiltration, and is mechanically locked to the structure. The mastic is applied to the wall 
first to fill any voids that may exist and to provide a layer for the liner to bond with. A roller is 
used to push the liner into the mastic and the seams should be thermally welded.  
 
Table C1: Rehabilitation Methods 

Name Pros Cons Cost 

Chemical 
Grouting 

Stops leaks, quick and 
relatively simple 

Does not solve structural 
issues. Does not protect 
entire manhole, except 
in the case of flood 
grouting which is more 
complex and costly 

$8-$12 per vertical foot 
(Infiltration Control | Stop 
Leaks In Sewage System) 

Epoxy 
Coating/Lining 

Bonds to substrate 
making it chemically 
resistant. Provides the 
original substrate more 
structural rigidity. Does 
not require oven dry 
conditions.  

Can cause steel wall 
effect if not applied well, 
which can exacerbate 
problems. 

$65-$93 at minimum 
recommended thickness per 
vertical foot  
(Manhole Rehabilitation & 
Lining) 

Polyurethane 
Coating/Lining 

Replaces the structural 
rigidity of the original 
substrate. Chemically 
resistant. Fast drying for 
quicker installation. 

Prone to steel wall effect 
because of lack of 
adhesion. Fast drying 
makes checking for 
defects during 
application impossible. 

$25 per square foot 
ERDC/CERL TR-17-23 
"Implementation of polyurea 
applications for wastewater 
system corrosion-mitigation 
projects : final rep() 
$250-$700 each 
(structurepoint) 

Cementitious 
Coating/Lining 

A monolithic coat, stops 
infiltration, adds to 
structural support, and 
protects against corrosion 

If cement and water are 
improperly mixed then 
the liner may not be as 
specified, material may 
not be uniformly applied 

$60 per vertical foot - Inland 
Pipe Rehabilitation  
(IPR) 
 
$28 per sq ft. Dun-Right 
Services 

Cured-In-Place-
Manhole (CIPM) 

Strongest lining on the 
market (NASSCO). 
Chemically resistant 

Bonds at the chimney 
need extra attention to 
ensure a proper seal. 

$750-$1000 each 
(structurepoint) 

Composite Liner Can be formulated to 
meet site specific 
conditions. 

Air trapped in the fabric 
may weaken the 
installed product, leaks 
can occur behind the 
liner if the end seal was 
not applied 

$100-$500 for lining 
(Infiltration Cost Analysis) 
$200-$300 per vertical foot 
(structurepoint) 
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Manhole Panel 
Liner 

Protects against 
corrosion, inflow, and 
infiltration 

Does not provide 
structural support, 
insufficient adhesive can 
cause liner to peel off 
the structure 

$30-$35 sq ft 
(structurepoint) 

 
Preparation and Testing 
 
Cleaning 

The first and arguably most important step in manhole rehabilitation is cleaning. The 
amount of cleaning required varies by type of rehab method employed. To begin the cleaning 
process, the inflow pipe of the manhole must be plugged to divert the flow of water and keep the 
structure as dry as possible. Before applying any type of lining method to the manhole structure, 
it should be pressure washed at 3500 psi or greater to remove loose such as spider webs, plant 
and road debris, loose parts of the structure. Sand blasting may be necessary in addition to 
pressure washing to make sure that all loose material is removed. More common for sewers, 
hot water and detergent may be necessary to remove grease, oils, and fats from the walls of the 
structure. Finally, any debris, sediment, or trash should be removed from the bottom of the 
structure before preliminary testing can begin. 
 
Preliminary Testing 
 Before any rehab method can be administered, the structure must be tested for 
effectiveness of the cleaning and its readiness to be rehabilitated. First, the most efficient and 
effective method is sending someone down into the manhole and doing a visual inspection. 
From inside the manhole structure, an inspector can feel the texture profile of the structure. 
Texture is important for linings and coatings. The texture should be neither too rough nor too 
smooth. Too rough would mean an uneven coat, while too smooth would not adhere. Next, a 
quick pH strip test can be done once loose material is removed. The alkalinity or acidity of the 
structures provides evidence for chemical reactions. A high pH level can be the result of lime 
coming through the structure walls, which indicates water vapor transmission. A pH of 7-8 is 
desired for manhole rehabilitation. A water vapor transmission test can be used to test for water 
inside of and along the surface profile of the structure’s walls. There are 4 categories of water 
vapor transmission: oven dry, air dry, saturated-surface dry, and damp or wet. To test the 
moisture level, an 18x18 inch clear plastic square sheet is placed onto one of the walls with tape 
on four sides.  After it has sat for 16 hours, the inspector checks for potential condensation built 
up on the inside of the square.  If any condensation is found, the structure is usually too wet to 
be relined at that time and more drying needs to be done. Figure C1 shows the four drying 
conditions. 
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Testing During Application 
  
Slump Test 

There are a few tests that can be administered just before and during the rehabilitation 
process. In the field, a slump test can be conducted to test the consistency of a batch of 
concrete. Some concrete is taken from the mixer and poured into a slump cone. The cone is 
then tamped down with a tamper rod. After the concrete has settled, the cone is lifted, and the 
inspector watches the concrete to see if any slump occurs. The purpose of this test is to 
measure the workability and consistency of the batch of concrete. Figure B2 shows how a 
slump test works   

 

 

 

 

 

Standard Cube Test         
 Another test that can be performed with the batch of concrete is a standard cube test or 
cylinder test. Both tests follow the same principles except for the shape of the mold where 
concrete is poured. Concrete is taken from the new batch of concrete and poured into either a 
cube or cylinder mold. It is the job of the inspector to send this mold to an independent testing 
laboratory where a compression test takes place. The concrete must cure within the mold 
ranging from 24 hours to 90 days depending on the type of concrete. Once cured, it will be 
placed under a hydraulic press to test its overall compressive strength.  

Figure C1: Moisture conditions 

Figure C2: Slump test 
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Cup Test            
 A cup test is an efficient field test used to determine the gel time of a grout mixture. This 
test works by filling a cup ¼ full of solution from the first tank and filling a second cup ¼ full of 
solution from the second tank. One cup is then poured into another and timed until the mixture 
becomes a solid gel. Typically, the mixture takes about 20-40 seconds to gel. If a hydrophilic 
foam is being used, the cups should be filled with equal parts resin and water from the site and 
then stirred together until gelled.  

Material Thickness Test   
 The final test from the application stage is 
known as the material thickness measurement 
test.  This test is performed by either an inspector 
or applicator by measuring the thickness of the 
material being applied with a wet-film thickness 
gauge. This type of gauge shown in Figure B3 
shows whether the material is being applied too thin 
or too thick.  

Testing After Application 

Coring Test       
 After application of a rehabilitation, tests must be done to assure that the method was 
successful. Most often, the first test done is the core thickness measurement test. In the case of 
a lining, once cured, this test begins by the inspector boring a small hole into the re-lined wall of 
the structure. The core sample has a ring of material where the lining has been applied and the 
average thickness of the lining can be estimated by taking core samples from a variety of areas 
along the new lining. Since this is a destructive test, the hole is filled with a bonding putty.  

Adhesion Test            
 Often in conjunction with core samples, an adhesion test is performed. While the core 
sample test measures thickness, it does not measure bond strength. This test measures the 
resistance of the coating from the wall when a perpendicular tensile force is applied. The 
adhesion test is performed with a stub and dolly applied to the structure with an adhesive glue 
and pulled off at an increasing perpendicular force until the stub pulls material off the wall. The 
force reading as the stub is pulled off gives the inspector the tensile strength of the bond in 
pounds per square inch (psi). If the stub pulls off some substrate, then the bond is likely strong, 
while if only the lining comes off, then the bond is likely inadequate.  

Ultrasonic Test         
 Another product used in post testing is an ultrasonic test. This test measures the 
thickness of a nonmetal coating without damaging the coating itself. A probe is placed on the 
structure wall and an ultrasonic pulse is sent through the lining that reflects a signal back to the 
machine. These pulses are converted into high frequency electrical signals which the inspector 
uses to analyze and digitally display the thickness of the coating.  

Figure C3: Thickness Gauge 
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Spark Test           
 The spark or holiday test is a common test for pin holes, which are virtually impossible to 
detect by visual inspection. A spark test is necessary when using epoxy, PVC, or polyurethane 
rehab methods. In some rehab projects, pinholes are formed in the structure’s walls from 
outgassing. Corrosive gases can pass through these holes and into the original walls and 
corrode the substrate. The test is conducted with a metal brush of spark electrodes on a long 
rod dragged along the walls of the new linings. If pinholes are located by the spark test, 
machine alerts the inspector and locations where bonding putty should be added are located. 

Vacuum Test           
 A vacuum test is required after initial construction or after complete rehabilitation. The 
purpose of this test is to ensure that the manhole is airtight, and therefore watertight. Pipes are 
tightly plugged during this test, and an airtight lid is applied to the top of the manhole with a 
hose from it to a vacuum pump. This test typically takes about 20 minutes to complete. If a 
vacuum is not able to be created in the manhole, then air must be getting into it somehow and 
the source should be located.  

Exfiltration Test          
 An exfiltration test is also used to test if a manhole is watertight. The test is simple, but it 
can be expensive and does not work for inlet and outlet sewers. First, pipes connected to the 
structure must be sealed with watertight plugs to ensure no water seepage. Once plugged, the 
manhole is filled with water. The water level needs to sit above the connection of the concrete 
and the casting. Next, the water level is marked, and the lid is put back on and plugged so that 
no new water enters. After 24 hours, if the water level has dropped then there is a crack or hole 
somewhere in the structure that must be filled before the manhole can be considered 
operational. 

Chimney Leakage Test          
 The final post-rehab test is known as the mechanical chimney/frame seal water leakage 
test. This test must be conducted before the upper expansion band of the chimney is fully 
tightened. First, the top seal of the manhole frame needs to be pulled away and one-half gallon 
of water needs to be poured back behind the seal. The inspector should observe the lower 
sealing area for at least one minute to see if there are any leaks. If there are no leaks, then the 
water should be drained by folding the chimney seal back down which will release the water that 
is currently behind the seal. After this, the upper expansion band can be installed and 
tightened.  

Final Inspection          
 Before a manhole can be considered functional after a rehabilitation method has been 
applied, it should be visually inspected from within one last time. The inspector should re-enter 
the manhole to double check that there are no leaks or cracks in the structure, no 
misalignments of the pipes or of the concrete slab and lid, and check to make sure the lining 
evenly coats the walls of the structure. 
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