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Abstract – The Ponce de Leon Water Treatment 
Plant located in Mayagüez serves 3,777 clients with 
a population of 10,085 habitants. It could produce 
6 million gallons per day. A visual structural 
evaluation of the concrete structures and metallic 
elements on the flocculation, sedimentation, and 
filtration units was done to assess actual conditions 
and present rehabilitation alternatives. This article 
presents the findings and the analysis used to weigh 
rehabilitation alternatives. Damages found on 
concrete structures were cracking and spalling. 
Meanwhile, on metallic elements, general 
corrosion, and material thickness loss were found. 
The investigation concluded that the best 
economical alternative to repair concrete cracks is 
routing and sealing. For spalled concrete, the 
recommended alternative is the partial concrete 
section repair. Finally, the project concluded that 
the best alternative to treat corrosion on metallic 
elements at the WTP is the use of protective 
coatings. 

Key Terms – Concrete Repair, Corrosion 
Inhibitor, Epoxy Grouting, Polyurethane Coating. 

INTRODUCTION  

The Puerto Rico Aqueduct and Sewer 
Authority (PRASA) owns and operates the facilities 
of the Ponce de Leon Water Treatment Plant 
(WTP) located at Ernesto Ramos Antonini Street at 
the Ponce de Leon Residential Area (Urbanization) 
at Mayagüez Arriba Ward in Mayagüez, Puerto 
Rico, which is part of PRASA’s West Region. This 
water treatment plant was originally constructed in 
1927 and was designed as a conventional water 
treatment plant for 3 million gallons per day 
(MGD). In 2005, the WTP was expanded with an 

addition of a metal package plant (Actiflo®) of 3 
MGD to produce a maximum of 6 MGD with a 
Solid Treatment System (STS). The WTP can only 
produce a maximum flow of 4 MGD due to the 
actual process configuration. Since that date, no 
major improvements or expansions have been made 
to the plant. Figure 1 shows the Ponce de Leon 
WTP site and its components. 

 
Figure 1 

Ponce de Leon WTP Site and its Components 

Only maintenance repairs required by the 
normal wear and tear of equipment and facilities 
had been done. After Hurricane Maria (2017), the 
Ponce de Leon WTP was severely damaged and 
PRASA requested funds from the Federal 
Emergency Management Agency (FEMA) to make 
a complete rehabilitation of the WTP. It was in the 
interest of PRASA to evaluate the existing 
conditions of the structures and process units of the 
Ponce de Leon WTP after Hurricane Maria.  

The intent of this project was to present a 
structural evaluation and rehabilitation analysis for 
the concrete structures and metallic elements on 
three of the water treating processes in the Ponce de 
Leon WTP. The structural elements and facilities 
used on the flocculation, sedimentation, and 



filtration processes of the old plant were assessed 
and recommendations for their rehabilitation 
presented. The emphasis was on two main 
categories: concrete structures rehabilitation 
(including surface restoration) and corrosion 
treatment methods for the metallic elements. An 
analysis of the different rehabilitation alternatives 
for each of these categories in terms of durability, 
performance, cost, advantages, and disadvantages 
were included as part of the project. Also, a 
conceptual cost estimate for each rehabilitation 
alternative was developed. Finally, a selection 
criteria matrix with a weighted scoring system was 
used to select the best alternative for each category. 
The structural assessment of elements outside the 
flocculation, sedimentation and filtration processes 
of the old plant were beyond the scope of this 
project. 

LITERATURE REVIEW 

Description Of Evaluated Structures  

Old Plant Flocculation Area 

The flocculation channel is a deep rectangular 
open channel made of reinforced concrete covered 
with a serrated galvanized steel grating at the top. It 
is part of a monolithically compartmentalized 
reinforced concrete structure that shares a common 
wall with the sedimentation tanks. Elevated six 
inches concrete slabs are used on different locations 
to connect channel walls and as a work platform to 
operate manual valves. Figure 2 shows the actual 
condition of the flocculator channel and the steel 
grating. Channel has dimensions of 110 feet long x 
5 feet width x 12.3 feet depth. The structures 
inspected were floor slabs, top of concrete walls, 
steel structures, pipe supports, and mechanical 
components. 

 
Figure 2 

Flocculation Channel and Steel Grating 

Old Plant Sedimentation Area 

The old plant sedimentation area consists of 
two basins of dimensions of 110 feet long x 26 feet 
width x 12.7 feet deep. Each basin has three 
reinforced concrete tanks that are connected to the 
flocculation channel. The perimeter walls of the 
southeast and southwest sides of the tanks are 
gravity walls constructed in 1928. The interior main 
structural system consists of reinforced concrete 
beams and columns that are submerged and sustain 
the walkways or bridges over the tanks. Figure 3 
presents the sedimentation tanks of the Ponce de 
Leon WTP. 

 
Figure 3 

Old Plant Sedimentation Tanks 

Old Plant Filters Area 

The old plant filters area consists of five (5) 
rectangular concrete trains of dual media filter units 
with sand and anthracite. Each of the old filter units 
has dimensions of 18 feet long x 10 feet width with 



180 square feet of filtration area. The process works 
by gravity. The filters backwash system uses air 
from two (2) old blower units and gravity water 
from the Backwash Tank inside the WTP facilities 
to wash the filter units. Figure 4 shows old plant 
filter #2. 

 
Figure 4 

Old Plant Filter #2 

Cracks Repair Alternatives 

Alternative CR-1: Concrete Injection Grouting 

Concrete injection grouting is a procedure that 
includes filling the breaks and cracks to reestablish 
the first quality of the concrete structure [1]. Grout 
can be infused into concrete elements such as beam, 
column, etc. to anchor its components or to fortify 
and solidify its elements firmly filling empty units 
or open depressions. Figure 5 presents a picture of a 
typical crack repair utilizing concrete injection 
grouting. The polyurethane resin injection was 
evaluated for this project because it has the capacity 
to expand and solidify within the concrete crack 
cavity, thereby eliminating the crack and stopping 
water leakages [2]. Also, they cost less than epoxy 
grout. 

 
Figure 5 

Crack Repair with Concrete Injection Grouting 

 

 

Alternative CR-2: Routing and Sealing 

Routing and sealing involve enlarging the 
crack along its exposed face and pouring a sealant 
into it to seal it. Common sealants used include 
epoxies, silicones, urethanes, polymer mortars, 
polysulfides, or asphaltic materials. The routing and 
sealing method are highly effective for 
waterproofing by sealing cracks on the concrete 
surface where water stands, or where hydrostatic 
pressure is applied. Figure 6 shows a diagram of the 
routing and sealing method.  

 
Figure 6 

Crack Repair Using the Routing and Sealing Method 

Concrete Spalling Repair Alternatives 

Concrete spalling repair or concrete cancer 
repair refers to the process of fixing or restoring 
concrete that has experienced spalling or 
deterioration of the concrete surface due to 
excessive tensile strength on the hardened concrete 
[3]. This excessive tensile strength could be caused 
by the expansion pressures of corroded 
reinforcement when it increases in volume [4]. To 
repair concrete spalling, the damaged or 
deteriorated areas are typically removed, and the 
surface is prepared for restoration [5]. The repair 
process may involve cleaning the affected area, 
applying a bonding agent, and then patching or 
resurfacing with a suitable material.  

Alternative CSR-1: Partial-Depth Repair (PDR) 

Partial-Depth Repair (PDR) alternative 
encompasses the removal of small, unsound areas 
of concrete and their replacement with suitable 
repair materials. Partial depth repair is commonly 
used to repair low severity spalling, but it can also 
be used for small areas with scaling problems. It 
restores localized surface distresses, which do not 
extend beyond the upper one-third of the concrete 



slab thickness. Figure 7 shows a partial depth repair 
ready to be patched with structural mortar.  

Partial depth repairs could restore the structural 
integrity of concrete elements without the need for 
complete demolition. The exposure and the 
treatment of the affected reinforcement in the 
concrete matrix allow to extend the service life of 
the structure. Partial depth repairs are not suitable 
for severe spalls with exposed reinforcing steel and 
on areas where the distress is caused by a material 
problem. On those cases, a full depth repair is 
recommended. 

 
Figure 7 

Partial Depth Repair 

Alternative CSR-2: Full-Depth Repair (FDR) 

The Full-Depth Repair (FDR) entails removing 
and replacing at least a portion of a slab to the 
bottom of the concrete, to restore areas of 
deterioration. A full depth repair is an effective 
method to extend the service life of a floor slab that 
has distresses that are material related or distresses 
that extend beyond the upper half of the slab. It is 
used when concrete surface is completely 
deteriorated and embedded reinforcement is heavily 
corroded causing severe spalling.  

Corrosion Treatment Alternatives 

The following alternatives were evaluated for 
the rehabilitation of metallic elements affected by 
corrosion on the Ponce de Leon WTP: 

Alternative CT-1: Epoxy/Polyurethane Coating  

 Epoxy and polyurethane coatings are used as 
an effective way to protect steel and metallic 
elements against corrosion. They are also used to 
rehabilitate and maintain facilities and equipment 
that are continuously exposed to weather, abrasive 

environments and prone to chemical attack.    
Epoxy and polyurethane coatings are widely used 
in potable water systems due to their excellent 
adhesion properties and resistance to corrosion. 
They form a barrier that prevents water and 
chemicals from reaching the metal surface, thereby 
inhibiting corrosion. 

Protective coatings have limited durability and 
may degrade over time, requiring periodic recoating 
or replacement to maintain effectiveness. This is 
the reason they require periodic inspection and 
maintenance.     

For consideration, coatings must comply with 
the National Sanitation Foundation (NSF) and the 
American National Standards Institute (ANSI) 61 
standard (NSF/ANSI 61). Alternative CT-1 
considered the use of a corrosion treatment system 
that included an inorganic zinc-rich coating as 
primer and a high solids polyamide epoxy in 
combination with a high-performance acrylic 
polyurethane for intermediate and top coating 
respectively. The surface preparation assumed was 
Power Tool Cleaning to Bare Metal as defined by 
the Society of Protective Coatings (SSPC) on its 
Surface Preparation Standard SSPC-SP11. 

Alternative CT-2: Cathodic Protection (CP) 

Cathodic protection works by reducing the 
corrosion rate of a metal surface by making it the 
cathode of an electrochemical cell. This is achieved 
by either providing a sacrificial anode that corrodes 
instead of the protected metal (galvanic cathodic 
protection) or by applying an external electrical 
current to the metal surface (impressed current 
cathodic protection). Cathodic protection can be 
expensive to install and maintain. 

Alternative CT-3: Material Change 

The last alternative evaluated for corrosion 
treatment was the substitution of metallic elements 
(i.e. valves) with corrosion-resistant materials such 
as stainless steel, brass, and fibred-reinforced 
plastic (FRP). This Alternative CT-3 was evaluated 
only for severely corroded metallic elements that 
could not be rehabilitated and require replacement 



after inspection. It was included as an alternative 
for those items that the WTP identified as critical 
for the operation and their change in material could 
be more cost-effective in the long term. 

METHODOLOGY 

The following methodology was used to 
evaluate the structural elements and facilities on the 
flocculation, sedimentation, and filtration processes 
of the old plant: 
• Two site reconnaissance visits to visually 

appraise the structural damage on the concrete 
structures and metallic components of the 
above-mentioned areas of the facility were 
done on January 11, 2024, and February 06, 
2024. Observations were documented in 
writing and with photographs using a digital 
camera. No destructive testing or sampling was 
done, only visual inspection.    

• Meeting with PRASA plant operators to gather 
personal impressions on operational constraints 
and deficiencies. 

• Collection and review of available technical 
information about the facility such as record 
as-built drawings, specifications, and other 
relevant data. 

• Concrete surface cracks, concrete spalling, 
reinforcement corrosion and detachment were 
evaluated on concrete structures and elements. 

• Corrosion, pitting, coating failure and 
delamination were assessed on structural steel, 
piping systems, and ancillary assemblies. 

• The findings on each category for the 
flocculation, sedimentation and filtration 
processes were collected and analyzed to 
propose different rehabilitation alternatives. 

• For each rehabilitation or treatment alternative, 
a conceptual cost estimate was developed, and 
an investigation performed to better assess 
their viability as a potential solution. 

• The best rehabilitation alternative for each 
category was selected using a selection matrix 
with a weighted scoring system. 

FINDINGS 

Old Plant Flocculation Area 

The structural deficiencies observed on the old 
plant flocculation area during the reconnaissance 
visit done on January 11, 2024, were:  
• Concrete floor cracks and spalling were present 

on the elevated concrete slabs and wall edges 
of the flocculation channel. Figures 8 and 9 
show those conditions on the flocculation 
channel. 

• General corrosion due to coating delamination 
and contaminant accumulation on metallic 
elements such as: valves, appurtenances, pipes, 
and structural steel handrails.  

• Valves and mechanical components, including 
supports, show pitting and general corrosion.  
Coating delamination and flaking were 
observed during inspection.  

 
Figure 8 

Concrete Cracks on Elevated Concrete Slab 

 
Figure 9 

Concrete Detachment on Channel Wall Edge 

Cracks and Fissures 

Detached Concrete  



Old Plant Sedimentation Area 

The deficiencies observed on the old plant 
sedimentation area during the reconnaissance visit 
were: 
• Concrete walls on sedimentation basins show 

cracks and fissures. Concrete spalling and 
detachment were found on several areas. 
Evidence of tar used to seal cracks was 
observed. Figure 10 presents the condition of a 
sedimentation basin concrete wall on the Ponce 
de Leon WTP.  

• General and crevice corrosion were observed 
on metallic elements such as: valves, 
appurtenances, pipes, structural steel handrails, 
bolts and pipeline supports due to coating 
failure and contaminant accumulation.   

• Spot corrosion and pitting was observed on 
handrails base plates and bolts due to coating 
failure and delamination.  

• Vertical ladder at sedimentation tank #3 
showed evidence of general corrosion and 
complete material loss. Figure 11 shows the 
actual condition of vertical ladder at tank #3. 

 
Figure 10 

Concrete Floor and Wall Cracks on Sedimentation Basin 

 
Figure 11 

Material Loss Due to Corrosion on Tank #3 Vertical Ladder 

Old Plant Filters Area 

The structural deficiencies observed at the old 
plant filters area were: 
• Concrete walls on old filters basins show 

cracks and fissures. Concrete spalling and 
detachment were found on several areas. 
Evidence of tar used to seal cracks was 
observed. Figure 12 presents the concrete 
surface condition of filter #4 on the Ponce de 
Leon WTP.  
Spot corrosion and pitting was observed on 
handrails due to coating delamination. Missing 
bolts were observed on handrails base plates.   

 
Figure 12 

Old Filter Basin Concrete Wall Cracks 

Cracks Repair Alternatives Cost Estimates 

Table 1 shows a conceptual cost estimate of 
Alternative CR-1 using polyurethane injection 
grouting to repair concrete cracks observed on the 
flocculation, sedimentation, and filtration areas on 
the Ponce de Leon WTP. 

Table 1 
Alternative CR-1 - Cost Estimate 

 

Concrete Floor Crack  

Concrete Wall Cracks  

Material Loss (Corrosion) 
 

Concrete Floor Cracks Concrete Wall 
Cracks 



Table 2 shows a conceptual cost estimate of 
Alternative CR-2 using the routing and sealing 
method to repair concrete cracks with a 
polyurethane sealant. 

Table 2 
Alternative CR-2 - Cost Estimate 

 
 

A conceptual cost estimate for Alternative 
CSR-1 using Partial-Depth Repair (PDH) is 
presented on Table 3.   

Table 3 
Alternative CSR-1 – Cost Estimate 

 
 

A conceptual cost estimate for Alternative 
CSR-2 using Full-Depth Repair (FDH) is presented 
on Table 4.   

 

Table 4 
Alternative CSR-2 – Cost Estimate  

 

Corrosion Treatment Alternatives Cost 
Estimates 

For the coating system evaluated for 
Alternative CT-1, a minimum total Dry Film 
Thickness (DFT) of 9.0 mils (0.229 mm) was 
specified. This minimum DFT was used as the basis 
for the development of the conceptual cost estimate 
for Alternative CT-1 shown on Table 5.     

Table 5 
Alternative CT-1 - Cost Estimate 

 
 

Table 6 is a conceptual cost estimate of how 
much cost the implementation of Alternative CT-2. 



Table 6 
Alternative CT-2 - Cost Estimate 

 
 
Table 7 shows the conceptual cost estimate of 

Alternative CT-3 for the material change on items 
identified as critical for plant operation and safety 
on Ponce de Leon.  

Table 7 
Alternative CT-3 - Cost Estimate 

 

EVALUATION OF ALTERNATIVES 

Four alternatives were evaluated for concrete 
rehabilitation (two for cracks and two for spalling) 
and three for the corrosion treatment of metallic 
components. To help in the decision making of 
what alternative was the best in each category, a 

weighted scoring method was used. The 
alternatives were compared using the following 
criterion and weights: 
• Durability and resilience (30%) 
• Cost (20%) 
• Constructability and less time for 

implementation (20%) 
• Aesthetics (10%) 
• Disruption to normal operation (20%) 

The scoring range used for the evaluation was 
from 1 to 5, 1 being the lowest score that could be 
assigned if the criterion was not achieved. If the 
alternative complied completely with the criterion, 
then a score of 5 was assigned. The scores on each 
criterion of an alternative were multiplied by the 
weights given to that criterion and then a weighted 
score was obtained. Then all weighted scores of an 
alternative were added to get a final score result.  
The alternative with the highest score was 
considered the best to be implemented for 
rehabilitation in the category (concrete 
rehabilitation and corrosion treatment).     

Table 8 presents the evaluation matrix 
developed for the selection of alternatives on the 
concrete cracks repair category. From the results, it 
is observed that the routing and sealing method for 
concrete cracks repairs (Alternative CR-2) was 
favored over concrete injection grouting with 
polyurethane resin (Alternative CR-1) in the 
criterion of cost. Alternative CR-2 has an estimated 
cost of $146,954 versus $152,287 for the injection 
grouting. The difference of $5,333 is not much and 
could lean the decision to Alternative CR-1 
knowing that injection grouting is a more 
permanent solution and not a remedial one like 
routing and sealing. From the constructability and 
time of implementation perspective both 
alternatives have the same score. Disruption to 
plant operations is the same for both alternatives. 
Final scores were 3.4 for Alternative CR-1 and 3.5 
for Alternative CR-2. Both alternatives and a 
combination of them could be considered to do the 
concrete cracks repairs at the Ponce de Leon WTP. 

Table 9 presents the evaluation matrix 
developed for the selection of alternatives on the 



concrete spall repair category. From the results, it is 
observed that concrete spall repair using partial 
depth (Alternative CSR-1) was favored over 
concrete spall using full depth repair in the 
criterions of cost and time of implementation. 
Alternative CSR-1 has an estimated cost of 
$225,052 versus $256,979 for the full depth repair. 
The difference of $31,927 is due to the costs 
incurred on the demolishing and disposal of 
concrete debris and the restitution of the complete 
concrete section. From the constructability and time 
of implementation perspective Alternative CSR-1 
has a better score than Alternative CSR-2. 
Disruption to plant operations is the same for both 
alternatives. Final scores were 3.9 for Alternative 
CSR-1 and 3.3 for Alternative CSR-2. Partial depth 
repair is considered the most adequate to attend 
concrete spalling deficiencies found at the Ponce de 
Leon WTP.    

Table 10 presents the evaluation matrix for the 
three alternatives considered to treat corrosion on 
metallic elements at Ponce de Leon WTP. The use 
of epoxy and polyurethane high-performance 
coatings (Alternative CT-1) had the highest score of 
6.9. This alternative is the best in terms of 
constructability, time of implementation, cost, and 
aesthetics. It received the highest score of all those 
criteria. Compared to the other two alternatives, 
Alternative CT-1 had the least economic impact 
with a cost estimate of $280,233. Alternative CT-3 
follows Alternative CT-1 with a cost estimate of 
$305,073 and a weighted score of 5.1. As 
mentioned before, this alternative (material 
changes) was considered only for components 
critical to the operation of the plant that if changed 
could significantly extend the useful life of the 
facility. Alternative CT-2 (cathodic protection) 
ranked the lowest with a score of 4.2, being the 
least favorable mainly due to its highly cost of 
implementation ($337,946) and the disruption it 
could cause to the normal operation of the water 
treatment plant during installation of sacrificial 
anodes.  

 
  

Table 8 
Concrete Cracks Repair Alternatives Comparison 

 
Table 9 

Concrete Spall Repair Alternatives Comparison 

 

Table 10 
Corrosion Treatment Alternatives Comparison 

 

CONCLUSION AND RECOMMENDATIONS 

The objective of this project was to make a 
structural evaluation and an analysis of the possible 
alternatives that could be used to rehabilitate the 
deteriorated concrete structures and metallic 
elements present on the flocculation, sedimentation, 
and filtration water treating processes of the old 
plant in the Ponce de Leon WTP.  

Based on results, the recommended alternative 
for cracks repair is the routing and sealing method 
with polyurethane sealant and for concrete spalling 
is the partial depth repair. The structural evaluation 
concluded that cracks and spalling on concrete 
structures at the Ponce de Leon WTP could be 



repaired using both alternatives because visually 
they do not appear to be severe. Even so, it is 
highly recommended to make additional studies on 
the concrete surfaces using sound testing or ground 
penetrating radar (GPR) to verify the extent of 
concrete delamination and corrosion spread inside 
affected concrete structures at the WTP. Another 
recommendation on the Juan Ponce de Leon WTP, 
that is justified by its age, is to make core sampling 
on the concrete elements (e.g., walls) at the 
flocculation channel, the sedimentation tanks, and 
the filter basins. This will help in knowing the 
actual strength, permeability, petrography, and 
chemical analysis of the concrete matrix on the 
existing structures at the Ponce de Leon WTP. 

Related to corrosion treatment on metallic 
elements, the analysis concluded that the best and 
most cost-efficient alternative was the use of epoxy 
and polyurethane high-performance coatings. 
Protective coatings can extend the useful life of 
metallic structures and mechanical components 
because they chemically adhere to the metallic 
substrate and create a barrier against corrosion. For 
this reason, a good surface preparation is of utmost 
importance before applying the coatings.  

For the Ponce de Leon WTP, it is 
recommended to perform a full corrosion 
assessment with a certified inspector of the 
National Association of Corrosion Engineers 
(NACE) on all metallic structures to know the full 
extent of damage caused by general corrosion. 
Also, to take material loss measurements on pipes 
and structural steel to adequately specify corrosion 
restoration methods.  

The following additional recommendations 
could benefit PRASA to save in O&M costs related 
to concrete and metallic structures: 
• Create a monthly visual inspection checklist 

for plant operators in where they can grade and 
document the condition of structures. 

• Establish a coating program to be implemented 
during the year to address corrosion on metallic 
structures and mechanical components.   
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