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1.0|PROJECT INFORMATION 

KLM Project No.: MN3961 Customer P. O. Number: N/A 

Customer: City of Mineral Point, Wisconsin Phone: 608-987-3442 

Street/City/State/Zip: 137 High Street, Mineral Point, WI 53565 

Customer Contact: Pat O’Flahrity, Water and Wastewater Superintendent 

Tank Owner: City of Mineral Point, Wisconsin Phone: 608-642-1698 (cell) 

Tank Owner Contact: Bart Nies, P.E., City Engineer 

Owner's Tank Designation: Tower Number One - Hydropillar 

Tank Description: Hydropillar 

Tank Street Location: Intersection of Ridge and Church Streets, Mineral Point, WI 53565 

Purpose of Inspection: Condition Assessment 

Date of Inspection: August 2, 2019 

Inspected By: Devin Severson, NACE #78234 and Gabriel Roeder, NACE #63604 

Type of Inspection: KLM Standard ROV Evaluation 

Manufacturer: HydroStorage/PDM Construction Date: 1985 

Serial No.: H4586 Design Code: AWWA D100-84 

Capacity:  400,000 gallons 

Type of Construction: Welded 

Tank Diameter: ~49-feet 

Height: Overall ~120-feet 

Height to: HWL 126’-10” LWL  87’-6” 

Type of Access to Tank Interior: Drywell tube to manway on roof 

Tank Construction Drawings: Upon request from City 

Previous Inspection Records: None available to KLM 

 

EXISTING COATING INFORMATION 
 

 Interior Wet Interior Dry Exterior 

Date Last Coated 1985 1985 1985 

Full or Spot Repair Full Full Full 

Coating Contractor Larson Tank Company Larson Tank Company Larson Tank Company 

Surface Preparation Blast Blast Blast 

Paint System Unknown Unknown Unknown 

Paint Manufacturer Unknown Unknown Unknown 

Lab Lead Test Paint Chips Yes Yes Yes 
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City of Mineral Point, Wisconsin 
 
4 0 0 , 0 0 0  G A L L O N  C A P A C I T Y  
T O W E R  N U M B E R  O N E  -  H Y D R O P I L L A R  

2.0|EXECUTIVE SUMMARY 
The tank was evaluated on the interior and exterior in conformance with the following: 

a. KLM Engineering, Inc. Proposal. 

b. General guidelines of AWWA Manual M42 Appendix C “Inspecting and Repairing Steel Water Tanks, 
and Elevated Tanks for Water Storage.” 

c. KLM "Procedures and Guidelines for Inspecting Existing Steel and Concrete Water Storage Tanks." 

d. Appendix D Inspection and Evaluation Methods. 

2.1|Structural  Examination Summary 

Based on the inspection data, it appears that some miscellaneous structural modifications and repairs are required.  
These modifications and repairs serve to bring the tank into compliance with OSHA regulations, AWWA standards, 
as well as allow for better coating bonding, allow for safer access in and on the tank and, in some cases, removing 
unnecessary items. 

2.2|Coating Evaluation Summary 

2.2.1|Lead and Chromium Content Analysis 

The total lead and chromium content of the interior and exterior coatings was analyzed.  The results in 
Appendix D show a 0.0066 percent lead content for the interior wet coating, a 0.0058 percent lead content for 
the exterior dry coating, and a 0.0052 percent content for the interior dry coating.   Current State regulations 
classify neither the interior nor the exterior coatings as lead-based paint.  Chromium levels in the test samples 
indicate levels from 0.0019 to 0.0022 percent chromium.  These chromium levels are not high enough to be a 
concern in the waste streams generated during reconditioning. 

2.2.2|Interior Wet Coating 

According to Owner provided information, the interior wet coating has not been reconditioned since the tower 
was originally coated by Larson Tank Company in 1985. 

The interior wet coating above the high-water line (HWL) is in fair condition with approximately five (5) percent 
visible coating failures.  The failures are located predominantly in difficult to coat locations such as along roof 
plate seams, where the roof rafters meet the roof plates, above the compression ring, and around the roof 
hatches and drywell tube welds.  Staining from these failures is visible on many of the surfaces but doesn’t 
affect the coating performance. 

Below the HWL, the condition of the interior wet coating is very difficult to assess.  A significant amount of 
scale, staining, sediment, and deposits exist on the tank shell.  The estimated coating failures is approximately 
five (5) percent.  Visible failures consist of blistering around random weld seams, pinhole corrosion, and coating 
delamination.  Sediment accumulation is estimated to be one (1) to two (2) yards. 
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Overall, the interior wet coating is in fair condition.  Due to the age of the coating, it is not considered repairable 
and has far outlived a typical coating service life.  Typical service life of a properly maintained coating is 
generally 20 to 25 years.  Due to condition and age, the coating should be replaced within 12 months. 

See photos in Appendix A. 

2.2.3|Interior Dry Coating 

The interior dry coating is also indicated to be original to the tower construction in 1985. 

The condition of the interior dry coating is in two different categories.  The coating on the interior of the fluted 
pedestal is in good condition with approximately one (1) percent visible failures.  Typical damage due to 
maintenance activities is about the extent of the failures.  While on the other hand, the coating in the drywell 
tube, on the bowl, and on the platforms is showing signs of significant failure. 

The interior dry coating in the drywell tube, on the bowl, and on the platforms is in poor condition with fifteen 
(15) to twenty (20) percent visible failures.  Moderate surface corrosion is occurring as a result of widespread 
coating cracking and delamination.  Pinhole corrosion can also be found on many of these surfaces. 

The coating in the drywell tube, on the bowl, and on the platforms should be replaced within the 12 months at 
the same time as the interior wet coating.  The fluted pedestal should be spot repaired in localized areas but 
does not need replacement until the following reconditioning in twenty years. 

See photos in Appendix A. 

2.2.4|Exterior Coating 

The exterior coating is also indicated to be original to the tower construction in 1985. 

The tower pedestal is a unique material not commonly found in water tower construction.  It is constructed of 
weathering steel, or commonly referred to as COR-TEN steel, that is intended to remain uncoated and create 
a self-developing protective layer of mild corrosion.  The mild corrosion layer is what gives the pedestal its 
current rust coloration.  The pedestal steel appears to be in good condition with no repairs required. 

The exterior coating on the tank is in poor condition with over twenty percent (20) percent visible failures.  
Failures consist of top and base coat deterioration, exposed steel substrate in numerous locations resulting in 
spot corrosion, and widespread fade and chalking due to UV expose.  A large amount of bird droppings is 
covering the roof as well.  The original coating is assumed to be around 35 years old and surpassed its normal 
service life.  Due to the coating age and condition, the exterior is not a candidate for repairs or an overcoat.  
The coating should be removed and replaced in its entirety at the same time as the interior wet and dry 
coatings, within 12 months. 

See photos in Appendix A. 

2.3|Repair and Recondit ioning Cost Estimate 

The costs for structural repairs and replacing the interior and exterior coatings, not including the interior pedestal 
which can remain, (including the containment) are estimated between $560,000 and $600,000.  This estimate is 
based on current pricing and does not include costs for engineering and/or inspection services.  For up-to-date 
competitive bids the project should be bid 9 to 12 months before the scheduled starting date. 

An experienced tank-coating contractor with the proper crew and equipment should be able to complete the project 
in ten (10) weeks.  At the time of reconditioning, the tower will need to be drained and remain off-line during interior 
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structural modifications, abrasive blasting and painting.  However, most of the exterior structural modifications can 
be performed prior to draining, with the tank in-service. 

2.4|Remaining Tank Life 

Based on the inspection data, if the recommended structural repairs and coating replacement are completed within 
the next year, the tank will be satisfactory for continued service, provided that it is inspected and maintained 
regularly. 

The tank and coating should first be inspected within the warranty period and every three (3) to five (5) years 
thereafter.  New interior and exterior coatings, if applied and maintained properly, should last at least 20 years.  

3.0|RECOMMENDATIONS 
The photographs referred to in this section are in Appendix A.  All drawings are found in Appendix B.  The surface 
preparation requirements for all repairs as well as the requirements for welding are described in Appendix C.  The 
exterior and interior paint chip lead tests are in Appendix E. 

Based on an evaluation of the inspection data, the recommendations are: 

3.1| Interior Wet Structural 

3.1.1 Seal weld the following joints.  Seal welding these joints will prevent rust streaking and corrosion in areas 
inaccessible to paint.   

a. The overlap seam between the dollar plate and roof plates, 
b. The inside joint between the drywell tube and the dollar plate, 
c. The inside of the dollar plate butt joint, 
d. The inside joint between the wet access manway and the dollar plate, 
e. The inside joint between the roof vent and the dollar plate. 

 See photos 2 through 5. 

3.1.2 Urethane/epoxy caulk the following joints.  Seal welding these joints is too cost prohibitive, but the 
result is similar.  Caulking will minimize rust streaking and corrosion in areas inaccessible to paint.   

a. Both sides of the seam between the compression ring and the dollar plate, 
b. Both sides of the intermittently welded seam of the roof rafters, 
c. The roof plate lap joints (adjacent to the roof rafters). 
d. The overlap joint where the roof plates overlap the shell. 

See photos 2 through 4. 

3.1.3 Weld all bolted roof-framing connections with 3/16-inch fillet weld all around to seal.  After welding, 
remove all nuts and bolts.  This will conform to AWWA D100-11.  See photo 4. 

3.1.4 Remove the existing cable safety climb device from the interior wet ladder.  Install an anchor point 
and Self-Retracting Life-Line (SRL) to allow for safe access while ascending and descending the ladder.  Refer 
to KLM Drawing No. 26.  See photo 7. 

3.1.5 Remove the existing cathodic protection system from inside the reservoir and in the base of the 
tower in its entirety.  Remove all conduit, cables, junction boxes, etc.  Patch any resulting holes according to 
Appendix C and AWWA D100-11.  See photos 14, 19, and 44. 
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3.1.6 Seal weld the joint between the stiffener rings and the drywell tube to comply with AWWA D100-
11.  See photos 8 and 9.   

3.1.7 Remove all weld spatter and scab marks below the HWL by air arc gouging, cutting torch, and/or 
grinding to comply with AWWA D100-11.  Prepare the surface per Appendix C.  It is estimated that there are 
50 man-hours to perform the work.  See photos 11 and 12.  

3.1.8 Remove approximately ten (10) rigging tabs from the bowl stiffener ring and bowl and grind smooth 
the area as described in Appendix C.  These tabs were required during the erection phase and are no longer 
needed.  See photos 15 and 16. 

3.1.9 Install a davit arm on the existing bowl pressure manway.  See KLM Drawing No. 37a and photo 
18. 

3.1.10 Replace the gasket on the 24-inch diameter round bowl manway.  See photo 18. 

3.1.11 Install two (2) bars on top of the fill pipe to hinder materials from falling into the pipe.  See photo 
20. 

3.1.12 Install a Grid-Bee GS-9 Submersible Mixer in the tower to provide mixing capabilities that reduce 
the likelihood and magnitude of ice formation in cold weather and prevent stratification in warm weather, 
improving water quality and reducing the necessity of chemical additives such as chlorine.  Refer to KLM 
Drawing 63. 

3.2| Interior Wet Coating 

3.2.1 The interior wet coating above the high-water line (HWL) is in fair condition with approximately five 
(5) percent visible coating failures.  The failures are located predominantly in difficult to coat locations such as 
along roof plate seams, where the roof rafters meet the roof plates, above the compression ring, and around 
the roof hatches and drywell tube welds.  Staining from these failures is visible on many of the surfaces but 
doesn’t affect the coating performance. 

3.2.2 Below the HWL, the condition of the interior wet coating is very difficult to assess.  A significant 
amount of scale, staining, sediment, and deposits exist on the tank shell.  The estimated coating failures is 
approximately five (5) percent.  Visible failures consist of blistering around random weld seams, pinhole 
corrosion, and coating delamination.  Sediment accumulation is estimated to be one (1) to two (2) yards. 

3.2.3 Overall, the interior wet coating is in fair condition.  Due to the age of the coating, it is not considered 
repairable and has far outlived a typical coating service life.  Typical service life of a properly maintained 
coating is generally 20 to 25 years.  The coating should be replaced within the next year.  See photos 2 through 
13, 15, 16, and 18 through 20. 

3.2.4 After structural repairs are completed, all the reservoir surfaces should be abrasive blasted to an 
SSPC-SP-10 Near White Metal Blast and coated with a zinc/epoxy system (similar to the Tnemec Series 91-
H20 Hydro-Zinc/Series N140 Pota-Pox Plus Epoxy coatings or Sherwin Williams epoxy equivalent). 

3.3|Cathodic Protection System (C.P.)   

3.3.1 The reservoir has a submerged C. P. system that is not in working condition and should be removed, see 
3.1.5.  Although it is considered an inexpensive form of interior corrosion protection, it most likely is not required 
if the coating is applied and maintained properly.  The cost of a new Cathodic Protection System is not included 
in the Engineer's Cost Estimate. 
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3.4| Interior Dry Structural 

3.4.1 Replace approximately five (5) existing light fixtures with new LED fixtures similar to the Lithonia Lighting 
OLVTWM.   See photo 22. 

3.4.2 Replace the cable style safety climb device on the drywell tube ladder with a new OSHA approved 
cable style climb device.  The climb device is currently painted, which does not meet OSHA regulations.  See 
photos 22 through 24, 27, 29, and 36. 

3.4.3 Install cable style safety climb devices on all remaining ladders in the pedestal to comply with OSHA 
regulations.  See photos 31, 35, 37 through 40, and 46. 

3.4.4 Install approximately eight (8) half-moon cable brackets inside the drywell tube, equally spaced, for 
the attachment of electrical and coaxial cables.  Remove all unused clamps, brackets, etc.   Move cables and 
conduit from the side of the ladder to the cable brackets to bring the ladder into OSHA compliance.  See KLM 
Drawing No. 4a and photos 21 through 29. 

3.4.5 Install a new 24-inch diameter, pressure style manway and step-off platform in the drywell tube, 
approximately 90-degrees from the bowl manway.  This will improve the ventilation during reconditioning and 
bring the tank into compliance with OSHA Confined Space Entry requirements.  Refer to KLM Drawing No. 
37a and 37c and photo 29. 

3.4.6 Install a new stainless-steel bowl drain valve similar to those designed by General Construction or 
Babco Valves.  Include a clear, rigid, high pressure hose connected to the overflow pipe.  Include the 
installation of a new heavy-walled coupling in the bowl.  This will facilitate cleaning and draining the bowl below 
the inlet pipe level. Install a hand hole in the drywell tube for access to the new valve from the drywell tube 
ladder.  See KLM Drawing No. 33 and photo 35. 

3.4.7 Install approximately ten (10) pedestal stand-off brackets in the pedestal at 8-foot maximum 
spacing for the mounting of the electrical and coaxial cables.  Move the electrical conduits along the ladders 
to the stand-off bracket to bring the ladders into OSHA compliance.  See KLM Drawing No. 4b and photos 39, 
40, 44, and 46. 

3.4.8  Seal weld approximately five (5) lap seams on the dry side of the drywell tube.  Refer to photos 24 
and 29.  

3.4.9 Seal weld the top side seams of the plates making up the condensate ceiling floor and remove 
rigging tab.  See photos 39 and 41.  

3.4.10 Install a port in the center of the condensate platform floor and bottom of the drywell tube to facilitate 
containment during the next reconditioning.  See KLM Drawing No. 45 and photos 36, 41 and 46.  

3.4.11 Verify the condensate platform drain is free from obstruction.  Replace the drainpipe if necessary.  
See photos 41 and 42. 

3.4.12 Replace the existing foil wrap around the fill pipe insulation with a protective aluminum jacket.  
Replace any insulation damaged in the process.  See photos 38 through 41, 43 through 46, and 49 and 50. 

3.4.13 Replace the non-functioning sample taps in the valve pit and pump house with new taps per WIDNR 
requirements.  See photos 49 and 50. 

3.4.14 Replace the light fixture in the valve pit with a new LED fixture similar to the Lithonia Lighting 
OVTWM. 
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3.4.15 The sump pump in the valve pit does not appear to be functional.  Replace the pump with a new 
commercial grade sump pump.  See photo 51. 

3.5| Interior Dry Coating 

3.5.1 The condition of the interior dry coating is in two different categories.  The coating on the interior of the 
fluted pedestal is in good condition with approximately one (1) percent visible failures.  Typical damage due to 
maintenance activities is about the extent of the failures.  While on the other hand, the coating in the drywell 
tube, on the bowl, and on the platforms is showing signs of significant failure. 

3.5.2 The interior dry coating in the drywell tube, on the bowl, and on the platforms is in poor condition 
with fifteen (15) to twenty (20) percent visible failures.  Moderate surface corrosion is occurring as a result of 
widespread coating cracking and delamination.  Pinhole corrosion can also be found on many of these 
surfaces. 

3.5.3 The coating in the drywell tube, on the bowl, and on the platforms should be replaced within the 
next year.  The fluted pedestal should be spot repaired in localized areas but does not need replacement until 
the following reconditioning in twenty years.  See photos 21 through 48.   

3.5.4 After structural repairs are completed, the surfaces described should be abrasive blasted to an 
SSPC-SP-6 Commercial Blast Clean and replaced with a zinc/epoxy coating system similar to the Tnemec 
Series 91-H20 Hydro-Zinc/Tnemec Series N140 Pota-Pox Plus or Sherwin Williams epoxy equivalent.  

3.6|Exterior Structural 

3.6.1 Replace the drywell tube manway lid with an aluminum style lid.  The existing lid is oversized and can be a 
hinderance to open.  Install a stop chain connecting the manway cover at the top of the drywell tube to the 
manway curb and locking mechanism on the dry side.  This will limit the angle of travel of the cover, (prevent 
the cover from opening 180 degrees), support it while open, and assist climbers in opening and closing the 
cover.  See KLM Drawing No. 11 and photos 52 through 54. 

3.6.2 To prevent trespassing, install a padlock on the roof access manway.  Replace the handle on the 
roof access manway cover to accept a lock.  See photos 21 and 22.  The cost of a new lock is not included in 
the Engineering Cost Estimate. 

3.6.3 Install an anchor point on the exterior (roof side) of the drywell tube for securing safety harnesses 
with lanyards during egress and transitioning from the drywell tube safety climb device to the tower roof.  Refer 
to KLM Drawing No. 25 and photo 52. 

3.6.4 Replace the tank vent/finial with a 24-inch diameter aluminum pressure pallet style vent, similar to 
the one shown on KLM Drawing No. 8a.  See photos 52 and 53.  The new vent and vent screen design should 
meet AWWA D100-11 and local Health Department Regulations.  The removable top will improve ventilation, 
provide access to the tank interior during reconditioning, and aid in compliance with OSHA Confined Space 
Entry Requirements. 

3.6.5 Install two (2) 24-inch diameter, hinge covered, roof ventilation manways, approximately 120 
degrees from the existing roof manway, set outside the new handrail.  See photos 52 and 55.  This will provide 
additional ventilation during the interior surface preparation and coating and aid in compliance with OSHA 
Confined Space Entry requirements.  See KLM Drawing No. 10a. 

3.6.6 Install an 18-foot (diameter) roof handrail conforming to OSHA regulations to enclose the existing 
roof manway(s) and the vent/finial.  See KLM Drawing No. 15b and photos 52 through 56.  Install a non-skid 
walkway within the area of the new hand railing. 
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3.6.7 Relocate the antennas to the new handrail and remove all existing antenna mounts.  Grind off 
bracket welds and seal weld any holes remaining per Appendix C.  See photos 52 through 55. 

3.6.8 Remove the non-functional bird deterrent devices from the roof.  See photo 55.  

3.6.9 Replace the double aviation light with a new double LED style aviation light similar to Hughey & 
Phillips L-810 and relocate to a mount on the newly installed handrail.  Remove the existing mount and repair 
surface as required.  Modify/replace electrical conduits and wiring as necessary.  See photos 52 through 54. 

3.6.10 Install four (4) 4-inch diameter couplings at the top of the drywell tube.  Relocate existing coaxes 
upon completion of painting.  Install cover plates and seal weld over all unused and abandoned coaxial cable 
penetrations.  See KLM Drawing No. 5a and photos 52 and 53.  Remove all unused cables, brackets, etc. 

3.6.11 Replace the steel double doors in the base of the pedestal.  The doors have corroded through in 
the corners and need to be replaced.  See photos 47 and 61. 

3.6.12 Install an overflow pipe screen retainer and screen meeting Health Department regulations.  Use a 
corrosion resistant, heavy-gauge, No. 4 mesh screen.  See KLM Drawing No. 54 and photos 62 and 63. 

3.7|Exterior Coating 

3.7.1 The tower pedestal is a unique material not commonly found in water tower construction.  It is constructed 
of weathering steel, or commonly referred to as COR-TEN steel, that is intended to remain uncoated and 
create a self-developing protective layer of mild corrosion.  The mild corrosion layer is what gives the pedestal 
its current rust coloration.  The pedestal steel appears to be in good condition with no repairs required. 

3.7.2 The exterior coating on the tank is in poor condition with over twenty percent (20) percent visible 
failures.  Failures consist of top and base coat deterioration, exposed steel substrate in numerous locations 
resulting in spot corrosion, and widespread fade and chalking due to UV expose.  A large amount of bird 
droppings is covering the roof as well.  The original coating is assumed to be around 35 years old and 
surpassed its normal service life.  Due to the coating age and condition, the exterior is not a candidate for 
repairs or an overcoat.  The coating should be removed and replaced in its entirety at the same time as the 
interior wet and dry coatings, within the next year.  See photos 52 through 59, 61, and 65. 

3.7.2 After structural repairs are completed, the exterior coated surfaces should be abrasive blasted to an SSPC-
SP6 Commercial Blast Clean and replaced with a zinc/epoxy/urethane/fluoropolymer coating system (similar 
to the Tnemec Series 91-H20 Hydro-Zinc/Series N140 Pota-Pox Plus Epoxy/Series 73 Endurashield/Series 
701 Hydroflon coatings). 

3.7.3 The COR-TEN column should be pressure washed after reconditioning the tank above to remove 
the organic growth accumulated on its various surfaces.  See photos 57 through 64. 

3.8|Site and Environmental Considerat ions 

3.8.1 The tower is located in Watertower Park at the intersection of Ridge Street and High Street.  The brick well 
house is approximately 30 feet to the south of the tower.  Being located in a park, the area surrounding the 
tower is well kept with some manicured shrubbery around the base and no perimeter fencing.  Ridge Street is 
only 30 to 40 feet to the west and some larger trees are located approximately 20 feet to the east.  Most of the 
playground equipment is located to the east of the tower. 

3.8.2 Soil grading around the tower seems to shed water away from the base of the tower adequately.  
See photos 61 through 64. 
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3.8.3 A hydrant is located near the tower that can be used for tower maintenance and appears to have 
valving that would allow it to be taken out of service.  See photo 64. 

3.9|Telecommunications Considerations 

3.9.1 The tower has some telecommunications equipment, including antennas, coaxial cables, support brackets 
and other miscellaneous equipment.  The Owner is advised to maintain accurate records of each of the 
antenna sites on the tower, including As-Built Drawings, site manager and owner contact information, upgrades 
performed, and future plans for antenna installations or upgrades.  These records will help facilitate the future 
reconditioning with a minimal amount of effort on the Owner’s part. 

3.9.2 Working around and protecting the telecommunications equipment, including antennas, coaxial 
cables, support brackets, and other miscellaneous equipment during future reconditioning will incur additional 
costs.  The antenna owner(s) should be responsible for these expenses under clause(s) in the antenna lease 
agreements.  These costs are not included in the Engineer’s Cost Estimate, as they vary considerably from 
tower to tower.  

3.9.3 Prior to reconditioning, in accordance with the lease requirements of each antenna owner, the City 
of Mineral Point should notify the telecommunications owners or manager of the work to be performed.  The 
City should also determine whether: a) the antenna owners will pay the additional costs to work around and 
protect the antennas; b) the antenna owners will temporarily remove their antennas and associated equipment 
to facilitate reconditioning; or c) the City of Mineral Point will have to pay for these costs themselves. 

4.0|REPAIR AND RECONDITIONING OVERVIEW 
KLM recommends repairs be completed within 12 months.  An experienced tank-coating contractor with the proper 
crew and equipment should be able to complete the project in ten (10) weeks. 

KLM ENGINEERING, INC. 

Report prepared by: 

 

Ben Feldman, P.E. 
Project Engineer 
MN License No. 49598 
 

Report reviewed and certified by: 

 

Rodney Ellis 
Vice President/COO 
NACE Certified Coatings Inspector No. 1686 
AWS/CWI 04040311

 

August 6, 2019 
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Photo No. 1 
Overall view of tower 

 
 
 
 
 

 
 

Photo No. 2 
Overall condition of interior wet coating above HWL 

 



TOWER NUMBER ONE - HYDROPILLAR  CITY OF MINERAL POINT, WISCONSIN 
 

 

Copyright 2019 by KLM Engineering, Inc.   

 
 

Photo No. 3 
Condition of interior wet coating on roof around compression ring 

 
 
 
 
 

 
 

Photo No. 4 
Condition of bolted rafter connections on compression ring 
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Photo No. 5 
Condition of interior wet coating around drywell tube and manway access 

 
 
 
 
 

 
 

Photo No. 6 
Condition of top of overflow pipe; view from below HWL 
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Photo No. 7 
Condition of interior wet coating on drywell tube below HWL 

 
 
 
 
 

 
 

Photo No. 8 
Condition of interior wet coating on drywell tube at stiffener ring 

Rust coloration due to corrosion 
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Photo No. 9 
Condition of interior wet coating on drywell tube at a stiffener ring 

 
 
 
 
 

 
 

Photo No. 10 
Condition of interior wet coating just below HWL 

Dark scale formation on shell 
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Photo No. 11 
Condition of interior wet coating on shell wall 

Heavy scale and staining visible; coating blistering and pinhole corrosion along welds 
 
 
 
 
 

 
 

Photo No. 12 
Condition of interior wet coating on shell wall 

Heavy scale and staining visible; coating blistering and pinhole corrosion along welds 
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Photo No. 13 
Condition of interior wet coating on shell wall 

Heavy staining and scale development 
 
 
 
 

 
 

Photo No. 14 
Submerged cathodic protection system 
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Photo No. 15 
Condition of interior wet coating near tension ring 

Sediment accumulation and scale formation visible 
 
 
 
 

 
 

Photo No. 16 
Condition of interior wet coating near tension ring 

Heavy sediment accumulation visible 
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Photo No. 17 
Heavy sediment accumulation and scale deposits in bowl 

 
 
 
 

 
 

Photo No. 18 
Heavy sediment accumulation and scale deposits in bowl 

Bowl manway visible 
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Photo No. 19 
Condition of interior wet coating at base of drywell tube 

Cathodic protection cables visible 
 
 
 
 

 
 

Photo No. 20 
Condition of fill pipe in bowl 

Sediment accumulation visible around pipe 
 



TOWER NUMBER ONE - HYDROPILLAR  CITY OF MINERAL POINT, WISCONSIN 
 

 

Copyright 2019 by KLM Engineering, Inc.   

 
 

Photo No. 21 
Condition of interior dry coating at top of drywell tube 
Significant peeling and surface corrosion occurring 

 
 
 
 

 
 

Photo No. 22 
Condition of interior dry coating at top of drywell tube 
Significant peeling and surface corrosion occurring 

 



TOWER NUMBER ONE - HYDROPILLAR  CITY OF MINERAL POINT, WISCONSIN 
 

 

Copyright 2019 by KLM Engineering, Inc.   

 
 

Photo No. 23 
Condition of interior dry coating inside drywell tube; view looking down tube 

 
 
 
 

 
 

Photo No. 24 
Condition of interior wet coating inside drywell tube 
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Photo No. 25 
Condition of interior dry coating inside drywell tube 
Significant coating peeling and surface corrosion 

 
 
 
 

 
 

Photo No. 26 
Condition of interior dry coating inside drywell tube 
Significant coating peeling and surface corrosion 
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Photo No. 27 
Condition of interior dry coating inside drywell tube 
Significant coating peeling and surface corrosion 

 
 
 
 

 
 

Photo No. 28 
Condition of interior dry coating inside drywell tube 
Significant coating peeling and surface corrosion 
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Photo No. 29 
Condition of interior dry coating inside drywell tube 

Significant coating peeling and surface corrosion; staining from corrosion areas 
 
 
 
 

 
 

Photo No. 30 
Condition of interior dry coating on bowl and drywell tube 

Random locations of heavy coating peeling and surface corrosion 
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Photo No. 31 
Condition of interior dry coating on bowl at bowl manway 

Random locations of heavy coating peeling and surface corrosion 
 
 
 
 

 
 

Photo No. 32 
Condition of interior dry coating on bowl, drywell tube, fill pipe connection, and upper wall 

Random locations of heavy coating peeling and surface corrosion 
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Photo No. 33 
Condition of interior dry coating on bowl to wall connections 

 
 
 
 

 
 

Photo No. 34 
Condition of interior dry coating on drywell tube 

Cathodic protection system conduit and junction box visible 
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Photo No. 35 
Overall condition of interior dry coating at bowl platform 

 
 
 
 
 
 

 
 

Photo No. 36 
Condition of interior dry coating on drywell tube platform 
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Photo No. 37 
Condition of interior dry coating on drywell tube platform 

 
 
 
 
 
 

 
 

Photo No. 38 
Condition of interior dry coating on drywell tube and platform 
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Photo No. 39 
Condition of interior dry coating inside pedestal 

View looking down pedestal to condensate ceiling below 
 
 
 
 
 

 
 

Photo No. 40 
Condition of access ladders and wall coating inside pedestal 
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Photo No. 41 
Condition of interior dry coating on condensate platform 

 
 
 
 
 

 
 

Photo No. 42 
Condition of condensate platform drain-pipe connection 
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Photo No. 43 
Overall view of conditions inside base of pedestal 

 
 
 
 
 
 

 
 

Photo No. 44 
Condition of pedestal interior at base 

Some missing foil wrap visible 



TOWER NUMBER ONE - HYDROPILLAR  CITY OF MINERAL POINT, WISCONSIN 
 

 

Copyright 2019 by KLM Engineering, Inc.   

 
 

Photo No. 45 
Condition of insulation and wrap on fill pipe at base of pedestal 

Hatch to valve pit visible 
 
 
 
 

 
 

Photo No. 46 
Condition of interior dry coating on bottom of condensate platform 
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Photo No. 47 
Condition of double access doors at base of pedestal 

Doors are severely corroded in bottom corners 
 
 
 
 

 
 

Photo No. 48 
Condition of interior wet coating at base pedestal at double access doors 

Severe corrosion occurring on doors and on door frame 
 



TOWER NUMBER ONE - HYDROPILLAR  CITY OF MINERAL POINT, WISCONSIN 
 

 

Copyright 2019 by KLM Engineering, Inc.   

 
 

Photo No. 49 
Condition of piping, valves, and fittings inside valve pit 

 
 
 
 
 
 

 
 

Photo No. 50 
Sample tap located in valve pit 
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Photo No. 51 
Condition of sump pump in valve pit 

 
 
 
 
 
 

 
 

Photo No. 52 
Overall view exterior roof condition 
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Photo No. 53 
Condition of existing tank vent 

 
 
 
 
 
 

 
 

Photo No. 54 
Condition of antenna mounts, drywell tube access hatch, and double aviation beacon 
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Photo No. 55 
Condition of exterior coating on roof 

Bird droppings covering roof; non-functional bird deterrent visible 
 
 
 
 
 

 
 

Photo No. 56 
Condition of exterior coating on roof 

Bird droppings covering roof 
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Photo No. 57 
Overall condition of exterior coating on side of tank 

Heavy organic growth on lower half of tank 
 
 
 
 

 
 

Photo No. 58 
Condition of exterior coating near base of tank 

Spot and surface corrosion visible 
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Photo No. 59 
Condition of exterior coating near base of tank 

Spot and surface corrosion visible 
 
 
 
 
 

 
 

Photo No. 60 
Condition of uncoated COR-TEN steel pedestal 
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Photo No. 61 
Condition of uncoated COR-TEN steel pedestal at base 

Double access doors significantly corroded at bottom corners 
 
 
 
 
 

 
 

Photo No. 62 
Condition of overflow pipe and splash pad at base of tower 
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Photo No. 63 
Site conditions around base of tower 

 
 
 
 
 

 
 

Photo No. 64 
Site conditions near base of tower 

Hydrant for maintenance needs visible 
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Photo No. 65 
Condition of City logo 
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SPO1 78-2007

Foreword

When specifying tanks and vessels that are to be internally lined to control corrosion and prevent
product contamination, special design, fabrication, and surface finishing practices must be
considered to obtain the desired performance of these linings for immersion service. As the
corrosiveness of the product increases, the design and fabrication of the tank or vessel becomes
more critical relative to the performance of the lining.

This standard presents standard practices for the design, fabrication, and surface finish of metal
tanks and vessels that are to be lined for corrosion resistance and to prevent product
contamination. The standard explains how the standard practices govern the quality of lining
applications. Appendix A contains illustrations depicting both good and bad practices for tanks
and vessels to be lined, and Appendix B contains a list of recommended responsibilities to ensure
that an acceptable lining application is achieved. Appendix C contains written and graphic
descriptions of five degrees of surface preparation of welds in tanks and vessels that may be
specified prior to lining.1

This standard is intended for use or reference by end users, lining specifiers, lining applicators,
lining manufacturers, and contracting authorities involved in the surface preparation or lining
installation in tanks and vessels intended for chemical immersion service.

This standard practice was originally prepared in 1978 by NACE International Task Group (TG) T
6A-29, a component of Unit Committee T-6A on Coating and Lining Materials for Immersion
Service, in collaboration with Unit Committee T-6H on Application and Use of Coatings for
Atmospheric Service. The standard was revised in 1989 by TG T-6G-27, a component of Unit
Committee T-6G on Surface Preparation for Protective Coatings, and was reaffirmed in 1991 and
1995. It was reaffirmed in 2003 by Specific Technology Group (STG) 04 on Coatings and Linings,
Protective: Surface Preparation. The standard was revised in 2007 by TG 295 on Lining, Tanks
and Vessels for Immersion Service: Fabrication Details, Surface Finish Requirements, and Proper
Design Considerations—Review of NACE Standard RPO1 78-2003. This TG is administered by
STG 04. It is also sponsored by STG 02 on Coatings and Linings, Protective: Atmospheric; STG
03 on Coatings and Linings, Protective: Immersion and Buried Service; and STG 43 on
Transportation, Land. This standard is issued by NACE International under the auspices of STG
04.

~> The visual comparator mentioned in Appendix C is a molded plastic replica that illustrates various degrees of surface finishing for welds
prior to coating or lining. Full-seam welds, skip welds, butt welds, lap welds, and others are depicted. For more information contact the
NACE FirstService Department, 1440 South Creek Dnve, Houston, TX 77084-4906.

NACE International
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NACE International gratefully acknowledges the contributions of the following companies in the
preparation of the welding samples and the fabrication of the die from which the plastic replicas
have been molded:

Ausimont USA, Inc.,12> Thorofare, NJ
CenterPoint Energy,~3> Houston; TX
S.G. Pinney & Associates, Inc.,L4) Port St. Lucie, FL
The Sherwin-Williams Company,15~ Cleveland, OH

NACE also gratefully acknowledges the assistance of KTA-Tator lnc.,~61 Pittsburgh, PA, in
developing the weld pattern that was used to mold the plastic replica of weld samples.

In NACE standards, the terms shall, must, should, and may are used in accordance with the
definitions of these terms in the NACE Pubilcations Style Manual, 4th ed., Paragraph 7.4.1.9. Shall
and must are used to state mandatoiy requirements. Should is used to state something considered
good and is recommended but is not mandatory. May is used to state something considered
optional.

~21Ausimont USA, Inc., 10 Leonards Lane, Thorofare, NJ 08086.
t3tCenterPoint Energy, P.O. Box 1325, Houston, TX 77251-1325.
141S.G. Pinney & Associates, Inc., Corporate Office, 1326 S.W. Biltmore St., Port St. Lucie, FL 34983.
151 The Sherwin-Williams Company, 101 Prospect Avenue NW., Cleveland, OH 44115.
161KTA-Tator, Inc., 115 Technology Drive, Pittsburgh, PA 15275.
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Section 1: General

1.1 This standard presents standard practices for the
design, fabrication, and surface finish of tanks and vessels
to be lined for immersion service. Tanks and vessels may
be lined for corrosion control or to prevent product
contamination.

1.1.1 Appendix A (mandatory) contains illustrations
depicting both good and bad practices for tanks and
vessels to be lined for immersion service.

1.1.2 Appendix B (nonmandatory) contains a list of
recommended responsibilities of the purchaser (user),
designer, fabricator, lining applicator, and inspector to
ensure that an acceptable lining application is
achieved.

1 .1.3 Appendix C (nonmandatory) contains written
and graphic descriptions of five degrees of surface
preparation of welds in tanks and vessels that may be
specified prior to lining. The written descriptions of the
five degrees of surface preparation of welds in
Appendix C take precedence over the graphics and the
companion visual comparator. The graphics are only

pictorial representations of welds and grinding finishes
and are not intended to be representative of the
integrity of the welds. The “weld condition prior to
finishing” is not a typical weld; it is only intended to
illustrate defects in welds that must be corrected prior
to lining.

1.2 Good welding practices and welding codes govern the
integrity of the tank and vessel welds; this standard only
addresses surface preparation of the welds for the purpose
of lining the tank or vessel for immersion service.

1.3 Other design and construction codes or standards may
be used to complement the details given here. When
applicable, the requirements of such other codes or
standards shall be considered. A partial list of such codes
and standards can be found in the Bibliography.

1.4 These standard practices may be used in the design,
fabrication, and surface finish of tanks and vessels for
services other than immersion, such as dry bulk storage of
solid materials.

Section 2: Definitions

Lining: A coating or layer of sheet material adhered to or in
intimate contact with the interior surface of a container used
to protect the container against corrosion by its contents
and/or to protect the contents of the container from
contamination by the container material. For the purposes
of this standard, lining refers to a surface barrier, usually a
thin film less than 500 pm (20 mu) thick applied as either a
lining or a coating. In common usage, the terms coating
and lining are interchangeable, but in this standard, only the
term lining is used. The requirements contained herein may
or may not apply to heavier, thick-film linings, sheet linings,
trowel-applied and pumped-into-place finishes, plasma,

flame-sprayed linings, fiber-reinforced plastic linings, or
similar lining materials.

Surface Finish: The degree of smoothness of a surface
produced by the removal of sharp edges and the
appropriate surface preparation of welds and other rough
areas. The term surface finish is also used to characterize
the degree of smoothness that is necessary to attain a
surface to which the lining can be applied satisfactorily in
accordance with the lining specification.

Section 3: Design Practices

3.1 Accessibility

3.1.1 All surfaces of the tank or vessel interior shall be
readily accessible for surface preparation and lining
application (see Figures Al through Al 0, Appendix A).

3.1.2 The manway diameter for working entrance and
safety reasons during the lining application shall be as
large as practical for the tank or vessel being lined.

3.1.2.1 If possible, at least one manway shall be
located near ground (working) level, except in

tanks or vessels designed to be buried below
grade.

3.1.3 Additional manways and openings should be
provided as needed to facilitate ventilation. These
must meet safety requirements.

3.2 Joints

3.2.1 Continuous butt-welded joints shall be used
whenever possible (see Figure A5, Appendix A).

NACE International 1
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3.2.2 Rivets shall not be used.

3.2.3 The use of internal bolted connections should
be avoided to the fullest extent possible.

3.2.4 Continuous lap-welded joints may be used but
are not preferred. For sheet lining material, this type of
construction may not be acceptable.

3.3 Connections

3.3.1 All connections to the tank or vessel shall be
flanged.

3.3.2 Threaded connections should not be used in
tanks and vessels operating in corrosive environments
(see Figure A4, Appendix A). However, if threaded
connections cannot be avoided in corrosive
environments, these parts shall be fabricated of
corrosion-resistant materials, or constructed as shown
in Figure Al 0, Appendix A.

3.3.2.1 CAUTION: Dissimilar metal (galvanic)
corrosion occurs when, for example, an alloy is
used to replace the steel bottom of a tank, or in a
similar circumstance when alloy appurtenances
must be part of the construction of a vessel. If a
lining is then applied to the steel and part of the
alloy (usually 150 to 610 mm [5.9 to 24 in.]), any
discontinuity in the lining exposes a small anode
surface. Once corrosion starts, it progresses
rapidly because of the large exposed alloy
cathodic area to the much smaller anodic area.
Without the lining, galvanic corrosion causes the
steel to corrode at the weld area, but at a much
slower rate. The recommended practice is to
apply the lining to all of the alloy as well as the
steel, thereby eliminating the possible occurrence
of a large-cathode-to-small-anode surface.

3.3.3 Nozzle connections to be lined shall be as short
as possible and be a minimum of 50 mm (2 in.) in
diameter (see Figure A4, Appendix A). Connections
less than 50 mm (2 in.) in diameter shall be suitably
attached through a reducing flange (see Figure AlO,
Appendix A). When trowel-applied thick-film linings are
required, additional nozzle inside diameter shall be
allowed for lining thickness.

3.4 Appurtenances Inside the Tank or Vessel

3.4.1 The standard practices in Sections 3, 4, and 5
shall apply to any item to be installed inside a tank or
vessel that is to be lined. Such appurtenances include,
but are not limited to, agitators, anti-swirl baffles, outlet
connections, gauging devices, vortex breakers, and
internal piping.

3.4.2 If appurtenances inside the tank or vessel,
including nuts and bolts, cannot be lined, they shall be
made of corrosion-resistant materials. (CAUTION: See
Paragraph 3.3.2.1.)

3.4.3 If bolted connections are necessary and cannot
be made of corrosion-resistant materials, the mating
surfaces shall be lined before assembly. Gaskets shall
be used on mating surfaces and the sealing surfaces of
nuts and bolts to protect the lining.

3.4.4 Dissimilar metals shall be electrically isolated
from the steel tank or vessel surface whenever
possible. Where dissimilar metals are used, selection
shall be such that the galvanic effect is minimized.
Other corrosion mitigation methods may be required
(see Figure A8, Appendix A).

3.4.5 Heating elements shall be offset from the tank
or vessel surface to provide access for surface
preparation, application, inspection, and cleaning.
Elements shall be positioned so as not to damage the
lining system.

3.5 Structural Reinforcement Members

3.5.1 Structural support members should be installed
on the exterior of the tank or vessel. However, if such
members are installed internally, they shall be
fabricated of simple shapes such as smooth, round
bars or pipe for ease of applying the lining material.

3.5.2 The use of internal flanged connections,
stiffening rings, reinforcement pads, angles, channels,
I-beams, and other complex shapes should be
avoided, If they must be installed internally, these
members shall be fully welded and welds and sharp
edges ground to a radius of at least 3.2 mm (0.13 in.)
or as agreed between the tank or vessel fabricator,
tank or vessel owner, and lining applicator (see Figures
Al and A6, Appendix A).

3.6 Heat Sinks

3.6.1 Heated, forced curing of lining systems is often
preferred if not specifically required. During tank or
vessel design and fabrication, especially with field-
erected units, consideration must be given to avoiding
or minimizing heat sink areas. Such areas might
include opposite saddles or support lugs, flat bottoms
on foundations, and stiffening rings.

3.6.2 These situations may be addressed either by
tank or vessel design or by construction or insulation of
the foundation or supports. Another possible solution
is the use of temporary constructions, such as false
floors or temporary shelters, to achieve uniform heating
and curing.

NACE International
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Section 4: Fabrication Practices

4.1 All design practices in Section 3 shall apply to all
fabrication.

4.2 All welding shall be continuous. Intermittent or spot
welding shall not be allowed.

4.3 Fillets and corners must be accessible for grinding.

4.4 Field tanks fabricated for use with high-heat-cured
linings (e.g., unmodified phenol formaldehyde thermosetting
linings) should have bottoms suitably insulated and installed
on properly drained foundations to facilitate proper cure of
the lining on the floor of the tank. Because the sand-filled
earthen foundation, concrete pad, or other similar
foundation is a poor insulator, some means must be
considered prior to the application of the lining either to
override the heat sink or to distribute the heat uniformly.
This may be accomplished in several ways:

(a) with the use of properly sized heaters;

(b) by placing the tank on a concrete pad topped with
a 100-mm (4-in.) layer of vermiculite concrete;

(c) by insulating with a high-compressive-strength
structural grade insulation between the tank bottom
and foundation;

(d) by installing an internal temporary false bottom
approximately 1.5 m (5.0 ft) above the floor of the tank
prior to the final high-temperature bake; or

(e) by other suitable means that practically and
effectively ensure a properly cured lining on the tank
floor.

Section 5: Surface Finish Practices

5.1 Sharp edges shall be ground to a smooth radius of at
least 3.2 mm (0.13 in.) or as agreed between the tank or
vessel fabricator, tank or vessel owner, and lining
applicator.

5.2 Tank and vessel internal surfaces to be lined shall not
be marred by gouges, handling marks, deep scratches,
metal stamp marks, slivered steel, or other surface flaws.
Flaws shall be repaired by welding or grinding, as
appropriate.

5.2.1 Limits on surface flaw depth and geometry shall
be set by agreement between the tank or vessel
fabricator, tank or vessel owner, and lining applicator.

5.2.2 All restorative welding shall be performed
according to applicable tank or vessel design codes,
approved job-specific procedures, or both.

5.3 All rough welds shall be ground to remove sharp edges
and other such irregularities (see Figure A2, Appendix A).
Chipping may be used to remove sharp edges if followed by
grinding. See Appendix C for written and graphic
descriptions of five degrees of surface finishing of welds
that may be specified preparatory to the lining of tanks and
vessels.

5.3.1 The amount of grinding performed shall be
judicious and performed only to the extent necessary to

NACE International

prepare the weld surface and surrounding metal
surfaces in accordance with the specification. Over-
grinding, which would result in decreasing the wall
thickness or the integrity of the weld beyond the
limitations imposed by good welding practices,
applicable welding codes, or tank or vessel ratings,
shall be avoided.

5.4 Automatic machine welds may be acceptable as
dictated by the specifications for film continuity.

5.5 All weld spatter and arc strikes must be removed.
Chipping may be used if followed by grinding or the use of
an abrasive disc.

5.6 If an anti-spatter material is applied adjacent to the
weld area prior to welding, the anti-spatter material shall be
one that is readily removable. Anti-spatter materials shall
be removed prior to abrasive blasting.

5.7 When checking weld continuity, the tank or vessel
fabricator shall avoid the use of oils, lubricants, or other
foreign materials that would leave a contaminating residue
not easily removed by abrasive blasting.

5.8 Surfaces shall be cleaned and decontaminated as
required by the governing lining application specification(s).
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APPENDIX A:
Illustrations of Design, Fabrication, and Surface Finish Practices for Metal Tanks and Vessels to Be

Lined for Immersion Service

FIGURE Al
All construction involving pockets or crevices that do not drain or that cannot be properly abrasive blasted and lined shall be
avoided.

Full Seam Weld Skip Weld

Round All Sharp Edges
per Paragraph 5.1.

DO

2 Channels 6ack-to-~ack

DON’T DON’T
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Inside of Tank or
Vessel Grind Smooth

Inside of Tank or
Vessel

Pinhole

5

DO

FIGURE A2
All joints shall be continuous full-penetration porosity-free welds. In tanks and vessels that require a 100% holiday-free lining, all
welds must be smooth with no holes, high spots, lumps, or pockets. Grinding is required to eliminate sharp edges and high
spots. Weld metal shall be used to fill in undercut or pits.

Inside of Tank

FIGURE A3
All weld spatter shall be removed.
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Flanged OutI~

Inside of
Tank or
Vessel

Pad TWe

h

Round These
Corners

/
Inside of Tank or
Vessel

1/
1~~

tE3

DO DON’T

Sharp Corner

FIGURE A4
The outlets shall be flanged or pad-type rather than threaded. Within pressure limitations, slip-on flanges are preferred because
the inside surface of the attaching weld is readily available for rounding edges and grinding. If operating pressure dictates the
use of weld neck flanges, the inside surface of the attaching weld is in the throat of the nozzle, making repair of surface
irregularities by grinding rather difficult.
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Inside of Tank or
Vessel

t
DO

Grind Smooth

3

Inside of Tank or
Vessel

5
Gap

DON’T

4

Inside of Tank or
Vessel

DO

Continuous Fillet
Weld

1~

Inside of Tank or
Vessel

LI,

Gap

DON’T

Weld

4

FIGURE A5
Buff welding shall be used whenever possible rather than lap welding or riveted construction.

Angle
Stifferer

DO

Inside of Tank or
Vessel

DON’T

Inside of Tank or
Vessel

FIGURE A6
Stiffening members should be on the outside of the tank or vessel.
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Roof

Inside Eliminate Crevice

_

Shell

DON’T

FIGURE A7
Roof-to-Shell Joint. Eliminate crevice and lap weld at roof-to-shell joint in a tank or nonpressure vessel.

Pit (Anode)

Steel

Protective
Lining

Alloy (Cathode)

DO

1

Pit (Anode)

Steel

Protective
Lining

Alloy (Cathode)

V_
DONT

FIGURE A8
Dissimilar metal (galvanic) corrosion occurs when, for example, an alloy is used to replace the steel bottom of a tank, or, in a
similar circumstance, when alloy appurtenances must be a part of the construction of a vessel. If a lining is then applied to the
steel and part of the alloy (usually 150 to 610 mm [5.9 to 24 in.]), any discontinuity in the lining exposes a small anode surface.
Once corrosion starts, it progresses rapidly because of the large exposed alloy cathodic area to the much smaller anodic area.
Without the lining, galvanic corrosion causes the steel to corrode at the weld area, but at a much slower rate. The recommended
practice is to apply lining to all of the alloy as well as the steel, thereby eliminating the possible occurrence of a large-cathode-to
small-anode surface.
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Proper Lining Application
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Tank Shell

Screwed Nipple for Use During
Fabrication and Heat Curing of
Thermosetting Linings - -

It is recommended that
the plug be left out for
venting and the hole plugged
with grease to prevent
atmospheric corrosion of
the threads:

Installation of Curved (Preferred) or Flat
Plate, Fully Seal-Welded and Ground, to
Eliminate Inaccessable Area for Proper
Surface Preparation and Lining in
Multi-Compartment Tanks Cénstructed with
Dished Heads Between Compartments

FIGURE A9
A technique (detail of fabrication) to allow for good continuity of lining application for inaccessible areas such as those in
multicompartment tanks or vessels.

Slip-on Flange —

circle.

If en alloy flange is required,
the designer should consider
the use of insulating sleeves
and washers as a protection
against galvanic corrosion.

as

FIGURE AlO
Minimum 50-mm (2-in.) diameter nozzle required for most thin-film linings. Thicker-film linings may require a larger-diameter
nozzle. This diagram also illustrates fabrication practice where a threaded connection is required in a tank or vessel that requires
a holiday-free lining.

10 NACE International

Inside of Tank or
Vessel

This area is inaccessible for
lining application

a
Internal Dished Head

mm (1 .0 in.) thread nipple

Inside of Tank or Vessel
Grind and Radius

Line completely to bolt
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APPENDIX B: Recommended Responsibilities

This appendix is a list of recommended responsibilities that
should be assigned to the purchaser, designer, fabricator,
lining applicator, and inspector in order to obtain a properly
designed and fabricated tank or vessel for interior lining.

Bi .1 Joint Responsibilities

Bi .1.1 The purchaser, designer, fabricator, lining
applicator, and inspector(s) should review and agree to
the requirements involved before contractual
agreements are made.

B1 .1.2 The purchaser, in agreement with the
fabricator and lining applicator, should assign
responsibility for inspection of fabrication, surface
finish, and lining application, and such responsibility
should be defined in all contracts.

Bi .2 Responsibilities of the Purchaser (Owner or User)

B1.2.1 The purchaser should be responsible for
specifying and/or approving the detail requirements for
design, fabrication, and surface finish to all parties
concerned.

B1.2.1.1 The detailed requirements should be
fully described in writing and include drawings of
the tank or vessel to be fabricated and lined and
service requirements.

B1.2.1.2 The purchaser should advise the
designer, fabricator, lining applicator, and all
inspectors of the detailed requirements,
including time schedules, inspection, and
acceptable requirements, in writing.

NACE International

Bi .3 Responsibilities of the Designer

B1.3.1 The designer should be responsible for
including the required fabrication and surface details on
all sketches and drawings related to the tank or vessel.

Bi .4 Responsibilities of the Fabricator

BI .4.1 The fabricator should be responsible for
adhering to the fabrication and surface finish details
shown on the working drawings and described in the
tank or vessel specifications.

31 .4.2 Responsibility for an inspection of the blast or
any additional welding, grinding, or surface finishing
that may be revealed by the surface preparation for
lining, plus any subsequent reblasting, should be
defined in the lining contract.

31 .4.3 The fabricator, when checking the quality of
the weld, should use only those materials that can be
readily and thoroughly removed by the fabricator after
completion of the inspection procedure.

B1 .5 Responsibilities of the Lining Applicator

Bi .5.1 Responsibility for additional welding, grinding,
or surface finishing that may be revealed by the surface
preparation for lining, plus any subsequent reblasting,
should be defined in the lining contract.

Bi .6 Responsibilities of the Inspector(s)

B1 .6.1 A qualified inspector whose qualifications and
affiliation are acceptable to all parties should be
responsible for the verification of fulfillment of design,
fabrication, and surface finish requirements.
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Appendix. C—Written and Graphic Descriptions of Various Degrees of Surface Finishing of Welds That May Be Specified
iii Preparation for Lining of Tanks and VesseIs~

I1ACE Weld
Prepflion Type of Qinding Butt l*Id Fillet V~k1ed Tee Jolt Lap VtICJ
Defljnaicn

~eId spatter isremovéd and all sitfai~
A ~~ imperfections are repairedasnasessay: Not Applicable Not Applicable

d
‘~, The weld is g’àund flush with the plateefasts. surtase.

~
Not Applicable Not Applicable

~

0 nd fI h
Minor imperfections such as PCYoSdy Not Applicable Not Applicable

~ rou us and undercutting exist. The weld is
ground flush with tte plate 5thace.

: Not Applicable Not Applicable

Groundsmooth; free Weld spatter is remoyed and al[sthace ~Vpldspatter is removed and all stha~ Filletweld bet~ertthet~ plates. Weld
c of all defects.’~ imperfections are repaired as necessay. imperfections arerepaired as

The weld is g’ound smooth and blended: necessay. The weld is ground smooth Th~ weld is cround imooth and blendeJ into
into the platesurfaDes. and blended into theplate surfases. the pléte sullases.

~ A k_inside of Tank or Vessel

“a The written descriptions ot the various degrees of sufaDe prepa’ation of welds in the Oppendicesof th~ stand&d take preca:lence Over the~graphics and the compénion visual
comparator The graphics are only pictorial representations of welds and grinding finishes and are not intended to be representative ot the integrity of the welds The Weld corsirtion
prior to finishing is not a typical weld it is only intended to illustrate defects in welds that must be corrected prior to lining Good welding paotces and welding codes gova’n the
integrity ot the tank and vessel welds; this standaiti only ad&esseésurfase pr~arationot the’Aèlds.fcrthepurpse otlining thetank orvessel for immersion sàvice.

The visual comparator mentioned in Appendix C is a molded plastic replica that illustrates various degrees.of surface finishing for welds prior to coating or lining. Full-seam welds,
skip welds, butt welds, lap welds, and others are depicted. For more information, contact the NACE International Firstservice Department, 1440 South Creek Dr., Houston, Texas
77084-4906 (telephone +1 2811228-6200).
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Appendix C (Continued)11)

Type of Butt Weld Fillet Welded Tee Joint Lap Weld
Design Grinding

Minor imperfections such as pcrosity and Minor imperfections such as pcrosity and Minor imperfections such as pcrosity andci Ground smooth undercutting exist. Weld spatter is undercutting exist. Weld spatter is undercutting exist. Weld spatter isand blended.Z removed; welds era then g’ound smooth removed; welds ere then ~‘ound smooth removed; welds ere then g’ound smooth
and blended into the plate surfases. and blended into the plate surfases. and blended into the plate surfaDes.

aw j~~j~f Tank

E Sharp projections on the Sharp projections on the Sharp projections on the
Minimal weld bead, slag, and weld weld bead, slag, and weld weld bead, slag, and weld

spatter ere removed, spatter a’e removed, spatter a’e removed.

SW ~1!eZ.2i~

Weld Condition Prior to Finishing
H~.’

Jj~,~l~id~:sfeiank —

t~The written descriptions of the various degrees of surfase p’eparation of welds in the appendb of this standa’d take presederce cwer the g’aphics and the companion visual comparator. The
graphics are ont~’ pictcrial representations of the welds and grinding finishes and are not intended to be representativa of the integrity of the welds. The “as is” criginal weld is not a t~pical weld;
it is only intended to illustrate defaDts in welds that must be cc4’rected prict to coating and lining. Good welding praDtices and welding codes govern the integrity of the weld; this standerd only
addresses surfase pre~ration of the welds fci the purpose of coating and lining fci immersion service.
~ Abrasive blasting in preperation for coating may reveal additional porosity and undercutting. Some applicators request the fthrication to blast the welds to reveal these imperfestions prior to
requesting inspection of the grinding by ti-a lining applicator. Responsibility for repair of imperfections so revealed should be resolved in the pit-job confererce.

The visual comparator mentioned in Appendix C is a molded plastic replica that illustrates various degrees of surface finishing for welds prior to coating or lining. Full-seam welds,
skip welds, butt welds, lap welds, and others are depicted. For more information, contact the NACE International FirstService Department, 1440 South Creek Dr., Houston, Texas
77084-4906 (telephone +1 2811228-6200).
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INSPECTION & EVALUATION METHODS 
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1.0|INSPECTION AND EVALUATION METHODS 
Some or all of the following procedures were performed as applicable. 

1.1|Methods 

1.1.1 The inspection of the base metal and coatings on interior and exterior surfaces 
included only areas accessible without scaffolding or special rigging.  Where possible, the 
base metal and coating on the interior wet surfaces were examined from either a rubber 
raft while the tank was being drained, by a Remote Operated Vehicle (ROV) with the tower 
in service, or with both. 

1.1.2 Tank plate thickness was measured at random locations on the liquid holding shell.  
The overall structural condition of the tank was visually examined. 

1.1.3 No structural analysis was done to determine if the tank design complies with the 
AWWA D100-11 Standard for “Welded Carbon Steel Tanks for Water Storage.”  However, 
any observed non-conformance to the AWWA D100-11 standard is noted in this report. 

1.1.4 Although compliance with OSHA regulations was not a part of this inspection, any 
unsafe conditions or violations of current OSHA regulation that were observed are noted in 
this report. 

1.2|Examination and Evaluation Techniques 

Some or all of the following procedures were performed as applicable. 

1.2.1|Site 

The tank site was evaluated for proper drainage conditions affecting access and lead paint 
abatement during reconditioning. 

Also, the following site dimensions were obtained: distance to fence(s), power lines, owner 
buildings, public property, private property/buildings, school/playgrounds, public parks, and 
other property. 

1.2.2|Foundations 

The tank concrete foundation(s) were/was visually examined for cracks, spalling, 
conditions of grout, indications of distress/settlement, and elevation above grade. 

1.2.3|Tank Plate Thickness 

Plate thickness measurements were taken using ultrasonic methods (UTM).  The readings 
were taken using a digital readout Nova D-100 Ultrasonic Thickness Gage that has a dual 
element probe (transducer).  The probe’s transmitter element sends a short ultrasonic 
pulse to the material.  The pulse, reflected as an echo from the opposite side of the plate 
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returns to the probe’s receiver element.  The round-trip time is directly related to the 
material’s thickness. 

1.2.4|Coating Thickness 

Interior and exterior coatings, where accessible, were tested in accordance with Steel 
Structures Painting Council SSPC-PA2-82 “Measurement of Dry Film Thickness with 
Magnetic Gages” using PosiTector-6000-F1 Type 2 magnet flux gages with a fixed probe. 

1.2.5|Coating Adhesion 

Adhesion testing of the coating to the steel was performed by ASTM D-3359: Shear 
Adhesion Test, Measuring Adhesion by Tape Test.  In addition, subjective coating adhesion 
evaluation was performed using a penknife. 

1.2.6|Coating Cure 

The cure of the interior wet coating was evaluated by ASTM D-5402-93 Standard Practice 
for Assessing the Solvent Resistance of Organic Coatings Using Solvent Rubs and/or with 
the manufacturer’s recommended field method/industry standard procedures. 

1.2.7|Coating Serviceability 

The estimated remaining coating life or serviceability evaluation was performed using a 
wide variety of inspection instruments such as dry film thickness gauge, pen knife, Tooke 
gauge, adhesion tester(s), 30x microscope and serviceability evaluation experience 
(minimum experience 10 years). 

The instrument inspection was combined with a close visual inspection of all the interior 
coating’s accessible areas.  This was done to detect any holidays (misses), skips, runs, 
sags, surface containments, overspray, dry spray, poor coating cohesion, inter-coat 
delamination, loss of adhesion to the substrate, adverse conditions of the steel underneath 
the coating, or any other defects affecting the intended service. 

1.2.8|Coating Lead and Chromium Content Analysis 

Samples may have been taken of the various types of coatings present on the interior and 
exterior surfaces.  Corrosion Control Consultants and Labs of Kentwood, Michigan tests 
these coatings in conformance with ASTM D-3335 Standard Test Methods for 
Concentrations of Lead and Chromium in Paint. 
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