
Kentucky Power Company 

KPSC Case No. 2026-00001 

Commission Staff's First Set of Data Requests 

Dated March 19, 2026 

DATA REQUEST 

KPSC 1_1 Refer to the Direct Testimony of Tanner S. Wolffram (Wolffram Direct 

Testimony), page 5, lines 11–14. Explain whether thorough inspections 

have been conducted on cooling towers for Mitchell Unit 1 and Big Sandy 

gas fired Unit. Provide the inspection reports associated with those 

inspections. 

RESPONSE 

Engineering and third-party inspections have been conducted on cooling towers for 

Mitchell Unit 1 and Big Sandy. The surface irregularities and deformations found in 

Mitchell Unit 2’s cooling tower are unique to Mitchell Unit 2 and were not identified in 

the Mitchell Unit 1 and Big Sandy cooling towers. The following is a list of those 

inspections:     

Mitchell Unit 1: 

• 1990 Shell and Base Inspection

• 2011 Shell Inspection

• 2016 Lidar Scan Inspection

• 2017 Lidar Scan Inspection

• 2020 Drone Inspection report

Please see KPCO_R_KPSC_1_1_Attachment1 for the Mitchell Unit 1 inspection reports.  

No report exists for the Mitchell Unit 1 2011 Shell inspection.   

Big Sandy: 

• 2002 Shell Inspection

• 2020 Drone Inspection report

Refer to KPCO_R_KPSC_1_1_Attachment2 for the Big Sandy inspection reports.  

Witness: Daniel W. Pizzino 
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10597 Chester Rd
Cincinnati, OH  45215
Phone: 513.771.7710  
Fax: 513.771.2120
rglassburn@3d-engineering.net

Date: 5/3/2016

KPSC Case No. 2026-00001 
Commission Staff's First Set of Data Requests 

Dated March 19, 2026 
Item No. 1 

Attachment 1 
Page 206 of 266



 
  10597 Chester Rd 

Cincinnati, OH  45215 
Phone: 513.771.7710  

Fax: 513.771.2120  
nmanning@3d-engineering.net 

 
 

3DES Report AEP160407 – Long Range Scan Cooling Tower  
 5/3/2016 

2 of 15 

CERTIFICATE OF INSPECTION 

CUSTOMER:          American Electric Power  
1 Riverside Plaza 
Columbus, OH 43215 
614-716-1393 

                                               
PO NUMBER: Verbal 

PART DESCRIPTION:  Cooling Tower 

UNIT OF MEASURE:  Feet 

INSPECTED BY: Nick Manning & Andrew Sudkamp 

INSPECTION EQUIPMENT:            Faro Laser Scanner Focus3D X330 S/N LLS071405659 

INSPECTION DATE:  04/13/16 

This is to certify that the item listed above was inspected with instrument(s) calibrated with standards 
traceable to the International System of Units (SI) through a National Metrological Institute (NMI) or an 
ISO17025 Accredited Laboratory. 

Approved by: __________________                             Date: 5/3/2016 
  Rob Glassburn, P.E. 
  VP of Operations 

This certificate shall not be reproduced, except in full, 
without permission of 3D Engineering Solutions.  
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Method: 
The cooling tower was scanned using a FARO Laser Scanner Focus3D X330.  Point cloud data was 
collected for the tower in a set of individual scans that were brought into FARO Scene.  Once 
imported into FARO Scene the individual scans were aligned to one other with the aid of the on board 
GPS of the X330.  The scan data was then imported into PolyWorks IMInspect. 

Two CAD models were created based on the data collected and supplied by the customer.  The first 
CAD model was created using a cross section of the tower located in a “good” section of the tower.  A 
profile of the tower was created in Solidworks by revolving the cross section about a center axis.  The 
second CAD model was created based on the customer supplied drawing that outlined diameters and 
specific elevations.  As with the first model a profile of the tower was created in Solidworks based on 
the cross section that was made from the supplied dimensions. 

Three comparison methods were used in order to show the magnitude of the deviations between the 
created model and the collected point cloud data.  Method one used the first CAD model in the 
position that it was created in order to compare the data.  Method two used the first CAD model as 
well but this time a best-fit alignment was used to place the data.  Finally for method three the second 
CAD model was used with a best-fit alignment.  Color maps for each one of these comparison 
methods were created and can be found within the report.  Points showing the approximate directions 
of North, South, East, and West were created to use as reference. 

Color map screenshots in this report will show a scale on the right side of the image (Please note the 
scale may change from page to page).  Positive deviations mean the scan data is above the CAD 
model surface; negative deviations mean the scan data are below the CAD model surface.  Some 
areas may appear gray – these areas are either out of the color scale range or do not have data for 
comparison. 
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Comparison Method 1 
CAD Model 1 in Original Position 
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Comparison Method 2 
CAD Model 1 Best Fit Alignment 
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Comparison Method 3 
CAD Model 2 Best Fit Alignment 
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Prepared by: Andrew Sudkamp & Christopher Schreiber
 
Approved by: Rob Glassburn, P.E.
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Fax: 513.771.2120
rglassburn@3d-engineering.net

Date: 1/23/2017

KPSC Case No. 2026-00001 
Commission Staff's First Set of Data Requests 

Dated March 19, 2026 
Item No. 1 

Attachment 1 
Page 221 of 266



 
  10597 Chester Rd 

Cincinnati, OH  45215 
Phone: 513.771.7710  

Fax: 513.771.2120  
asudkamp@3d-engineering.net 

 
 

3DES Report AEP161205 – Long Range Scan Cooling Towers  
 1/23/2017 

2 of 18 

CERTIFICATE OF INSPECTION 

CUSTOMER:          American Electric Power  
1 Riverside Plaza 
Columbus, OH 43215 
614-716-1393 

                                               
PO NUMBER: Verbal 

PART DESCRIPTION:  Cooling Towers 

UNIT OF MEASURE:  Feet 

INSPECTED BY: Andrew Sudkamp & Christopher Schreiber 

INSPECTION EQUIPMENT:            Faro Laser Scanner FocusS 350 S/N LS-8-S-350 

INSPECTION DATE:  01/13/17 

This is to certify that the item listed above was inspected with instrument(s) calibrated 
with standards traceable to the International System of Units (SI) through a National 
Metrological Institute (NMI) or an ISO17025 Accredited Laboratory. 

Approved by: __________________                             Date: 1/23/2017 
  Rob Glassburn, P.E. 
  VP of Operations 

This certificate shall not be reproduced, except in full, 
without permission of 3D Engineering Solutions.  
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Method and Observations: 
The cooling towers were scanned using a FARO Laser Scanner FocusS 350.  Point 
cloud data was collected for the towers in a set of individual scans that were brought 
into FARO Scene. Once imported into FARO Scene the individual scans were aligned 
to one other with the aid of the on board GPS of the scanner. The scan data was then 
imported into PolyWorks IMInspect. 

A CAD model was created based on the customer supplied drawing that outlined 
diameters and specific elevations. A surface profile of the tower was created in 
Solidworks based on the cross section that was made from the supplied dimensions. 

The scan data for each tower was aligned to the CAD model using a best-fit alignment. 
Color maps for each tower were created and can be found within the report. Along with 
the scan to CAD comparisons, the scan data of Tower 2 collected for this project was 
aligned to the scan data from project AEP160407 of Tower 2 scanned 4/13/16. A scan 
to scan comparison was conducted for these, also using a best-fit alignment. Points 
showing the approximate directions of North, South, East, and West were created to 
use as reference. 

Color map screenshots in this report will show a scale on the right side of the image 
(Please note the scale may change from page to page). Positive deviations mean the 
scan data is above the CAD model surface; negative deviations mean the scan data are
below the CAD model surface. For the scan to scan comparison, the scan data from 
project AEP160407 was treated as the reference data (CAD model) and the scan data 
from this project was treated as the scan data. Some areas may appear gray – these 
areas are either out of the color scale range or do not have data for comparison. 

The temperature range during the scan session on 4/13/16 was 32°F to 45°F. The 
temperature range during the scan session on 1/13/17 was 30°F to 36°F.From the scan 
to scan comparison, it should be noted that the new scan shows an overall pattern of 
negative deviation, and specifically, the northeast side of Tower 2 showed a larger 
deviation than the rest of the structure possibly due to wind effects. 
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Tower 1 
Scan to CAD Comparison 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Tower 2 
Scan to CAD Comparison 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 2.000 ft color scale range. Note that positive 
deviations mean the scan data is above the CAD model surface and negative deviations mean the scan 
data is below the CAD model surface. Areas shown in grey represent areas of the scan that are either 

outside of the scale area shown or areas in which no data was collected and are not compared. 
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Scan to Scan Comparison 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 0.750 ft color scale range. Note that positive 
deviations mean the 1/13/17 scan data is above the 4/13/16 scan surface and negative deviations mean 

the 1/13/17 scan data is below the 4/13/16 scan surface. Areas shown in grey represent areas of the 
scan that are either outside of the scale area shown or areas in which no data was collected and are not 

compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 0.750 ft color scale range. Note that positive 
deviations mean the 1/13/17 scan data is above the 4/13/16 scan surface and negative deviations mean 

the 1/13/17 scan data is below the 4/13/16 scan surface. Areas shown in grey represent areas of the 
scan that are either outside of the scale area shown or areas in which no data was collected and are not 

compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 0.750 ft color scale range. Note that positive 
deviations mean the 1/13/17 scan data is above the 4/13/16 scan surface and negative deviations mean 

the 1/13/17 scan data is below the 4/13/16 scan surface. Areas shown in grey represent areas of the 
scan that are either outside of the scale area shown or areas in which no data was collected and are not 

compared. 
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Scan to CAD Comparison (Best Fit Alignment) with +/- 0.750 ft color scale range. Note that positive 
deviations mean the 1/13/17 scan data is above the 4/13/16 scan surface and negative deviations mean 

the 1/13/17 scan data is below the 4/13/16 scan surface. Areas shown in grey represent areas of the 
scan that are either outside of the scale area shown or areas in which no data was collected and are not 

compared. 
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3. Scopeպ
This document deals with the visual and photogrammetric inspection of the shell of Mitchell U1 coolingպ
tower.պ
This document aims at giving the map of defects, their characteristics and some statistics about the shell.պ

This report is completed by appendixes:պ
- Appendix 1 presents the table of defectsպ
- Appendix 2 presents the map of defectsպ
- Appendix 3 presents e map of defects with falling risk overlaying the low resolutionպ

orthophotographyպ
- Appendix 4 presents the map of defects with low resolution orthophotographyպ
- Appendix 5 present the map of distortionsպ
- Appendix 6 present the map of defects overlaying the distortions mapպ

The orthophotography distortion is joined to this report with the listing of the defects and their XYZպ
coordinates.պ

The stakeholders of this project are:պ

4. Inspection summaryպ
Pictures have been shot from the 23rd to the 24th of April 2020 by a Matrice 210 RTK v2 UAV.պ

4.1. Weatherպ
Cloudy with some sun.պ

5պ
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Sterblue builds the central platform for infrastructure inspections. It develops
the tools to capture clean data from multiple sources like drones, helicopters,
smartphones or satellites. Sterblue builds the interfaces and tools to provide
customers with insightful analytics.

● 25 employees
● 3 offices: Los Angeles (USA), Nantes (France), Lisbon (Portugal)
● 4 applications: Cooling towers, Distribution/Transmission grid and

Wind Turbines

In the frame of this project Sterblue automated the data capture, generated
the low resolution orthopicture and made all the data available on its
platform.

Sites is a structural health monitoring pioneer and a specialist engineering
company dedicated to infrastructure performance and service life.

● 400 employees
● 35 years of experience
● Over 1,000 structures monitored each year

In the frame of this project Sites generated the high resolution orthopicture
and analysed the images.
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4.2. Context of analysisպ
The model was georeferenced thanks to the coordinate of the first RTK base used during the UAV flights andպ
reported in the flight journal and the theoretical shape.պպ
The theoretical model of the shell has been created using the document “Mitchell U2 CT Shell Dwg 13 _պ
14.pdf”, assuming that the Mitchell U1 and Mitchell U2 towers are identical.պ

4.3. Unitsպ
Meter and US foot units are used for the lengths, surfaces and 3D coordinates. Inches units are used for theպ
opening of cracks.պ

  

Tables of conversion between US foot/inch and meter/millimeter
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4.4. Coordinate systemպ
All the 3D data are known in the NAD83 / West Virginia North (EPSGպ: 26834) coordinate system, which isպ
defined in  meters.պ
The scaling error of this coordinate system is less than 5 mm (0.2 in) on the 91 m (300 ft) of this structure.պ

4.5. Referencesպ
Due to the absence of measured topographical points on the structure or on the site, GPS coordinates wereպ
used in order to georeference the tower.պ
All flights were performed with a DJI Matrice 210 RTK v2 UAV. For each picture taken, the GPS coordinates ofպ
the UAV were recorded with an accuracy within 10 cm relative to the RTK base.պ
To be able to fly all around the tower, the RTK antenna has been positioned on two different points. Each ofպ
these points have been determined in real time thanks to GPS data, with an accuracy within 5 m.պ

The coordinates of the first RTK base used during the UAV flights have been chosen as reference to locate theպ
3D model in the NAD83 / West Virginia North coordinate system. As coordinates of the RTK base wereպ
reported in the WGS84 system, they were post-converted into the NAD83 / West Virginia North system.պ

Coordinates of the RTK base used as reference (23 April 2020)

5. Data acquisition and treatmentsպ
5.1. UAV flightsպ
2 types of flightsպhave been done at a distance of about 12 m (40 ft) from the structure:պպ

- The first one for overview and photogrammetric structure with the DJI X5s camera with a 15mmպ
lens. Pixel size (GSD) : 3.5 mm (0.14 in),պ

- The second one for inspection with the DJI X5s camera with a 45 mm lens.պպ
Pixel size (GSD): 1 mm (0.04 in).պ

The acquisition of the high resolution pictures was organized by dividing the area to be covered in 3 sectionsպ
and each section in 2 subsections, according to the following flight plan.պ

Flight plan (figures provided by Sterblue)

7պ

- Mitchell U1 Cooling Tower External Visual Inspection - Report date: July 2020 - v2

RTK base coordinates in WGS84 system

Longitude (°) Latitude(°) Altitude(ft)

-80.818 39.827 569.746

RTK base coordinates in NAD83/West Virginia North system

East (ft) North (ft) Altitude (ft)

1598253.293 486219.281 569.746
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These flights allowed to capture 800 photos for the low resolution flight, and 5700 photos for the highպ
resolution flight.պ
A photogrammetric reconstruction is used to calculate 3D positioning of these photos and 3D reconstructionպ
of the tower as a point cloud and 3D mesh.պ

1.1. Camera alignmentպ

Following captures show the position of pictures taken during both flights.պ

Perspective view of the cameras positions – Elevation view of the cameras positions

View from the top of the cameras positions
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5.2. Georeferencing and scaling of 3D modelպ
The shooting coordinates of each photo, known in the WGS84 system, have been converted to NAD83 / Westպ
Virginia North system (the system uses meter units) and used to locate and scale the 3D model.պ

Not all of picture coordinates were used: first, only the coordinates of pictures captured during flightsպ
referenced with the first RTK base were taken into account, because of the shift in coordinates that occursպ
when changing the RTK base. However, some flights referenced on the first RTK base are still presentingպ
inconsistencies in the photos coordinates. They were ignored for the georeferencing step.պ

The consequences of ignoring some of the flights for the georeferencing is negligible compared to the +/- 16պ
ft of the ground station GPS accuracy.պ

After combining all factors that can affect the accuracy of the georeferencing, we can estimate that the 3Dպ
model of the tower has been located within +/- 16 ft. It should be noted that this localization error isպ
composed of translations only. The orientation to the geographic North of the model is correct. The scale ofպ
the model is correct thanks to the tower drawings.պ

5.3. Point cloud and 3D modelպ
After aligning cameras, georeferencing and scaling the tower, we can generate a point cloud made of 160պ
million 3D points (colored), and we can generate a mesh of triangles. After generating these 3D data, theպ
mesh texture is generated. The mesh is composed of 1 million of triangles.պ

3D point cloud (colored)
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3D mesh of triangles (left : not textured) – right : textured

This data is delivered on the Google Drive link as a .las file for the point cloud and a .obj file for the 3Dպ
textured mesh.պ
Units are meter and coordinate system is NAD83 / West Virginia North (Meters). For a better display of theseպ
objects, they were exported with a shift in their coordinates.պ

10պ
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Shift East (ft) Shift North (ft) Shift Altitude (ft)

6088284.121 486387.795 0
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5.4. Orthophotographyպ
The textured 3D model has been unwrapped following a cylinder. The parameters of the cylinder are:պ

- Center:պ
o East (X) = 6088284.121 ftպ
o North (Y) = 486387.795 ftպ

- Radius: 103.258 us ft (average radius between top and bottom tower radius)պ
- Cut : Northպ
- Unwrap rotation : natural view from outsideպ

5.4.1. Cylindrical projectionպ

Cylinder used for the data unwrapping

Cylindrical unwrapping

This projection on the cylinder and unwrapping leads to some scaling error on lengths which is corrected inպ
the database by computing the 3D coordinates of the defects on the shell and re-computing the lengths.պ

11պ
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5.4.2. Orthophoto resolutionպ
Two orthophotos have been generated:պ

- 1 pixel = 0.04 in for the orthopicture generated from high resolution pictures (M210 UAV + X5sպ
camera + 45mm lens)պ

- 1 pixel = 0.14 in for the orthopicture generated from overview pictures (M210 UAV + X5s camera +պ
15mm lens)պ

The overview orthopicture was helpful to integrate pixels in areas not covered with highly detailed images.պ

Units of the orthophotos are feet.պ

The orthophotos are georeferenced on a X,Y flat coordinate system. For this cylindrical projection:պ
- X= circonference position. X is between 0ft (0°) to 646.325 ft (360°),պ
- Y= elevation, from 611.5 ft (bottom of the shell) to 932.8 ft (top of the shell).պ

Elevation references are given in the NAD83/West Virginia North reference system. Closest georeferencedպ
system to Mitchell U1 Cooling Tower.պ

One single file with these 2 orthophotos overlaying gives the better of each image: the 0.04 in (1 mm) imageպ
is on top of the 0.14 in (3.5 mm).պ

5.4.3. Orthophoto visualisationպ
The orthophotography is delivered as a .tiff file, linked to its georeferencing file (.tfw). It can be read with anyպ
GIS software (ArcGis, Qgis, Mapinfo,…).պ

An html viewer is uploaded on google drive to easily view the orthophotography.պ

12պ
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6. Inspection characteristicsպ
From the orthophotography, we made a visual inspection to identify defects of the shell. Cracks have beenպ
drawn with an opening of more than 0.03պin. Corrosion, concrete spit, seepage, spalling or visible steel areպ
drawn if we are able to see them.պ

According to their geometric characteristics, the defects can be recorded as:պ
● linear defects (for example cracks),պ
● surface defects (for example crazing area),պ
● punctual defects (for example corrosion punctures).պ

6.1. Defects idպ
Each defect has a single number (id) which is written on the map and helps to find the type and features.պ

6.2. Defects typesպ
The following list includes defect types identified, and coded:պ

- cracks (CR),պ
- corrosions (CO),պ
- seepages (SE),պ
- spallings (SP),պ
- miscellaneous defects not covered by the types above (DX).պ

Defects in the miscellaneous (DX) category are identified by a secondary feature

6.3. Defects secondary feature(s)պ
A defect’s secondary feature is a physical feature that completes defect type classification and coded:պ

- efflorescence (EF),պ
- concrete splinter (CS),պ
- seepage (SE),պ
- crazing (CA - Network of fine random cracks),պ
- spalling (SP),պ
- visible steel (VS),պ
- rust trace (RT),պ
- honeycombing (HC),պ
- repair (REP),պ
- other (OT).պ

A defect may be given the type of one, two or even no secondary features.պ

6.4. Defects locationպ
- on reinforced concrete (RCO),պ
- on sealing (SEA - corresponds to zones which have been already repaired).պ

6.5. Defects particularitiesպ
- concrete rework (CRE),պ
- formwork hole (FH),պ
- with falling risk (FR).պ

13պ

- Mitchell U1 Cooling Tower External Visual Inspection - Report date: July 2020 - v2

KPSC Case No. 2026-00001 
Commission Staff's First Set of Data Requests 

Dated March 19, 2026 
Item No. 1 

Attachment 1 
Page 251 of 266



6.6. Defects measured featuresպ
Measured features describe defect characteristics that may be quantified using a numerical value:պ

- position (X, Y, Z) (ft),պ
- length (ft),պ
- average and maximum opening (in), for cracks,պ
- surface area (ft²), if the defect is a surface,պ
- orientation : 0° is vertical, 90° is horizontal, between 15° and 75°, it is inclined.

6.7. Evolutionպ
For a future inspection of the wall, a second orthophotography overlaying exactly the first one will enable usպ
to give the evolution of the defects. These names would be used as a new property:պ

- CRE : New defect,պ
- EVO : Evolutionary defect,պ
- NEV : No evolution,պ
- FUS : Defect merged with another one (name of this defect in the remark),պ
- FUSF : defect that has been merged with a FUS defect and then deleted,պ
- SUP : defect deleted,պ
- REP : defect deleted because it has been repaired,պ
- NOB: no observation (because no image of this area).պ

6.8. Accuracy for photogrammetric inspectionպ
The expected performance as a result of the measurement distance are as follows:պ

- detected cracks : opening average above 0.008-0.012 in,պ
- defect location precision in the XYZ coordinate system : 0.8 in,պ
- defects length : accuracy 2 in.պ

Note that only cracks with openings larger than 0.032 in were labelled.

14պ
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7. General resultsպ
The following tables give some statistical results of the inspection.պ

7.1. Defects distribution per typeպ

Defects are spread all over the tower.պ

The large number of defects are miscellaneous defects (2897). Most of the miscellaneous defects areպ
efflorescences (2420) with no seepage. When an efflorescence has water seepage, it is classified as a seepageպ
with efflorescence.պ

7.2. Cracksպ
There is a small number of cracks and a third of them are with efflorescence. They are almost all located onպ
the upper part of the structure. The cracks under 0.03in opening were not drawn. The following captureպ
shows the distribution of the cracks on the entire shell:պ

15պ
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Family of defects
Cracks Corrosions Spallings Seepages Miscellaneous

Total
CR CO SP SE DX

Number of defects 1458 1404 52 43 2897 5854

Cumulative length (ft) 3611.52 5.15 12.42 29.08 4217.5 7875.67
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Distribution of cracks

7.2.1. Cracks distribution and histogram per length classification
Theպfollowingպtables andպchartsպillustrate the cracks distribution per length classification expressed in feet.պ

The main part of the cracks are smaller than 8 ft  and 86.3% of them are measuring less than 4 ft long.պ

16պ
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Length class (ft) l < 1 1 ≤ l < 2 2 ≤ l < 4 4 ≤ l < 6 6 ≤ l < 8 8 ≤ l < 10 10 ≤ l < 12 12 ≤ l < 15 15 ≤ l < 20 l ≥ 20

Number 377 436 420 126 45 19 16 8 6 7

Cumulative length (ft) 255 638 1215 580 316 165 178 107 100 181
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7.2.2. Cracks distribution and histogram per opening classificationպ
Theպfollowingպtables andպchartsպillustrate the cracks distribution per opening classification expressed inպ
inches.պ

17պ
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Opening class (in) op < 0.035 0.035 ≤ op < 0.04 0.04 ≤ op < 0.05 0.05 ≤ op < 0.06 0.06 ≤ op < 0.08 0.08 ≤ op < 0.1 0.1 ≤ op < 0.12 0.12 ≤ op

Number 992 160 100 74 53 20 19 40

Cumulative length
(ft) 2808 417 196 125 83 20 34 51
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7.2.3. Cracks distribution per orientationպ
The orientation of cracks is calculated from the coordinates.պ
If the angle formed between the crack and the vertical axis is more than 15 degrees, the crack is consideredպ
as inclined.պ

Most of the cracks are inclined.պ

18պ
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l<1 1 ≤ l < 2 2 ≤ l < 4 4 ≤ l < 6 6 ≤ l < 8 8 ≤ l < 10 10 ≤ l < 12 12 ≤ l < 15 15 ≤ l < 20 l ≥ 20

Horizontal 120 130 142 38 14 5 7 4 3 1

Inclined 96 114 86 28 8 4 1 1 1 2

Vertical 161 192 191 59 23 10 8 3 2 4
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7.3. Seepage and efflorescenceպ
The following capture shows the distribution of the seepage and efflorescence:պ

Distribution of seepage and efflorescence

An efflorescence with seepage is classified as seepage because the water leak is more important than anպ
efflorescence. Most of the seepages are on the bottom part of the cooling tower.պ

Efflorescences are most of the time small cracks with traces of efflorescence, but the opening of the crack isպ
not visible with the efflorescence. A lot of efflorescences are located between the southern and eastern partպ
of the shell.պ

19պ
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7.3.1. Efflorescence distribution and histogram per length classificationպ

Approximatively 80% of efflorescences are shorter than 2 ft (0.61 m).պ

20պ
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7.4. Holes and falling riskպ

7.4.1. Holesպ
Two important through shells holes were identified:պ

 - The first one (Defect ID n°3462) is located at 95ft from the bottom of the shell, on the SE side. We can seeպ
the vapor inside and the steel bars. The width of the hole is 1.74ft and the height is 0.69ft You can locate itպ
precisely using any GIS software recommended above and opening the 2D data.պ

Hole (1.74ft  width x 0.69ft height)

- The second one (Defect ID n°2340) is located 49ft from the bottom of the shell, on the South side. The widthպ
is 2.4ft and the height is 1.8ft.
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Hole (2.4ft width x 1.8ft height)

7.4.2. Defects with falling riskպ
10 defects with falling risks were detected. All of them are spallings: 7 points, 1 line and 2 surfaces. Seeպ
paragraph “6. Inspection characteristics” for explanation on points, lines and surfaces.պ
The following map found in Appendix 3 gives the location of all of these falling risks. A major part of theseպ
defects are above 200 ft from the bottom of the shell.պ

Defects with falling risk

The following captures show examples of these defects with falling risks, you can use QGIS with the deliveredպ
2D data to locate each of those defects on the shell and see high resolution pictures.պ
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Defects with falling risk

These disorders are large enough to represent risks for people accessing the bottom of the cooling tower.պ

8. Inspection syntheseպ
● Total amount of defects: 5854պ
● Cumulative length of cracks: 7875.67 ftպ
● Cumulative length of corrosions (visible steel): 5.15 ftպ
● Surface of shell + white fiberglass canopy deck plastic lining: ≈ 229 002 ft² (184 967 ft² for the shellպ

alone)պ
● Number of defect per surface unit: 0.026 def/ft²պ
● Length of cracks per surface unit: 0.013 ft/ft²պ

The defects identified on the structure illustrate mainly the pathology of materials (concrete spalling,պ
corrosion, reinforcement swelling cracks) and also a mechanical malfunction (cracks at 45 ° and significantպ
distortions in the lower part of the structure). As a reminder, the threshold for detection of cracks was 0.03 inպ
(0.8 mm), which is considered as a high value for a reinforced concrete structure exposed to the elements.պ
Crack openings of more than 0.06 in (1.5 mm) have been found, they could correspond to a plasticization ofպ
reinforcement in these areas.պ
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The photographic coverage shows that often the concrete coating is weak, which explains both the cracksպ
that follow the reinforcement, efflorescence and many apparent reinforcement and concrete spalling.պ

A regular inspection is recommended to evaluate the evolution of the structure.

9. Distortions analysisպ
9.1. Theoretical modelպ
The theoretical model has been built from the document “Mitchell U2 CT Shell Dwg 13 _ 14.pdf” with the helpպ
of drawings and the equation of the hyperbolic curve, assuming that Mitchell U1 and Mitchell U2 towers areպ
identical.պ

9.2. Comparison and unwrappingպ
We are able to compare the theoretical model to the real model after aligning them in the same coordinateպ
system. The alignment process has been done by using the altitude of the bottom, the top and the neck ofպ
the shell.պ
The comparison gives distances between the two surfaces. These distances are coded with colors:պ

● Green for no distortions,պ
● Hot color (yellow, red) for outside distortions,պ
● Cold colors (blue, purple) for inside distortions.պ

The maximum inside measured distortion is -0.59 ft and the maximum outside distortion is +0.65 ft.պ

Views from North and East - Scale in foot (right)
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Views from South and West - Scale in foot (right)

It is possible to unwrap these distortions in the same way it was done for the orthophotography:պ

Cylindrical unwrapping of the distortions - Scale in feet (right)

9.3. Defect overlayպ
It is now possible to overlay the visual defects of the shell with the geometrical distortions of the shell:պ
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The superposition of the disorder mapping with the deformations measured in relation to the theoreticalպ
drawings show that there does not seem to be a correlation between deformations and defects. Theպ
deformations remain low.պ
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10. Dataպ
The following data are available on the Amazon S3 shared link (valid for 30days only):պ

● Table of defects and table of defects with 3D coordinates of all the points,պ
● PDF of mappings,պ
● .tiff file of the orthophotography compatible with GIS software,պ
● Shape files of defects,պ
● Point cloud as .las file,պ
● 3D textured model as .OBJ file.պ

11. Links to the images on the Sterblue Cloudպ
The ortho picture is visible on the Sterblue Cloud together with all the defects. You will need access to theպ
Sterblue Cloud and to the Mitchell Plant U1 inspection mission. Ask your Sterblue contact for access or writeպ
to operations@sterblue.com.պ

● Link to the mission and all the inspection images: here
● High resolution ortho picture + defects: here

You can download the images using the Sterblue Desktop app.պ

12. Conclusion
This report has presented the visual inspection of the Mitchell U1 cooling tower with photos taken with anպ
UAV and automatic flights.պ

The data provided on Google Drive defines a visual archive of the shell on the 24th of April 2020. It does notպ
define an accurate geometry archive because of the lack of 3D references.պ

This cooling tower has many defects, some with the risk of falling concrete.պ

It is possible to combine these data with a future photo coverage of the tower to give an accurate evolutionպ
of the defects on the tower.պ
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APPENDICES

Appendix 1: table of defectsպ
Appendix 2: map of defectsպ
Appendix 3: map of defects with falling risk overlaying the orthophotographyպ
Appendix 4: map of defects overlaying the orthophotographyպ
Appendix 5: map of distortionsպ
Appendix 6: map of defects overlaying the distortionsպ
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