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1. INTRODUCTION 
 
Envirotech Engineering and Consulting, Inc. performed professional engineering services for 
producing the following inspection and assessment of the T-6 Wastewater Storage Tank at the Lone 
Mountain Facility at Waynoka, Oklahoma and which is operated by Clean Harbors Environmental 
Services, Inc. Inspections were performed by Envirotech on May 21st, June 5th and August 23, 2018.    
The inspections and assessments were performed for the purpose of fulfilling the recommended 
update of the previous reported assessment by Envirotech in September of 2013.   
 
The inspections included visual and sonic measurement of steel plate thicknesses of the walls and 
floors of the tank.  Data and calculations from the previous assessment are included in this report and 
its appendices since Tank T-6 has demonstrated insignificant changes such that remains consistent 
with that data. 

2. TANK SYSTEM DESCRIPTION 
 
Wastewater Storage Tank (T6) is an on-ground wastewater storage tank installed in 1987.  This tank 
has stored both raw leachate and treated wastewater (concentrate and sludge) in the past.  The tank 
is vertical in position and cylindrical in shape.  The tank is completely open to the atmosphere for 
evaporation purposes.  Wastewater Storage Tank T6 is located in the central portion of the Lone 
Mountain Facility.  A stairway, platform and walkway are located on the east side of the tank.  The 
tank employs a tape float gage for liquid level measurement. 
 
Wastewater Storage Tank (T6) is enveloped by a larger steel tank.  The second steel tank is for the 
purpose of secondary containment.  The annular tank space between the sides of the inner and outer 
tank is large enough for persons to enter and perform inspections.  The distance between the bottoms 
of the inner and outer tank is only approximately 12-in. and is filled with pea gravel; therefore entry 
for direct inspection is impossible directly underneath the primary tank.  Therefore, inspection of the 
secondary floor was evaluated under the gravel between the walls of the two tanks.  This was 
considered adequate representation of the secondary floor.    

3. PRIMARY TANK VESSEL   

3.1     General Description of Wastewater Storage Tank (T6).   

 
Wastewater Storage Tank (T6) consists of circular steel tank with an inside wall diameter of 100-ft.  
The tank has a maximum operating volume of 1,409,994.96-gal. (see Appendix A – Tank System 
Volume and Weight Calculations).  The tank walls were initially constructed with three courses of steel 
plates.  The first or bottom course was constructed of 5/16-in. A-36 steel.  The second and third 
courses were constructed of ¼ in. A-36 steel.  This is shown in Figure 1.  The bottom the tank was 
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constructed of ¼-in. A-36 steel.  A pea gravel base filter detection system is located directly under the 
tank. 

 
Wastewater Storage Tank (T6) was assessed to determine if the unit remained adequately designed 
with sufficient structural strength and compatibility with the waste to be stored.  To conduct the 
assessment, the contents of the tank were removed and the tank was thoroughly washed and cleaned.   

 
The Tank T-6 was opened for inspection by Clean Harbors personnel who managed the confined 
entry requirements.  The principal inspection was performed on May 21, 2018 by Envirotech 
personnel.  Follow-up inspections were performed on June 5th and August 23rd, 2018 to obtain 
additional thickness information needed to complete this report. 
 
The inspection included inspecting regular locations inside the lower wall levels between the tank 
walls.  Inspection of the interior walls and floor as well as the exterior wall surfaces were also measured 
for metal thickness. Note that the secondary wall is constructed the same except the middle plate has 
a design thickness of 0.3125 inches.  Envirotech performed a visual inspection and ultrasonic thickness 
measurement survey of the entire tank bottom as well as the first course and bottom section of the 
second course of the tank shell.  The upper section of the tank was not tested because storage had 
not and would not occur at that height.  The black tank coating was visually observed to be in tact 
without noticeable damage to its surface. Steel thickness readings are shown on Figure 2 regarding 
the interior wall surface of the primary tank, the exterior wall of the secondary tank, and floor thickness 
measurements of the primary and secondary tank floors. 
 
It will be mentioned at this time that the secondary walls and floor section were also inspected at the 
same time.  The results of that inspection are reported in section 4 of this report.  The wall section 
thickness of the outer wall is similar to the primary tank except the middle section is constructed with 
0.3125-inch steel plate.  The secondary tank floor thickness was measured at the area between the 
tank walls and results indicated adequate thickness of steel exists at those locations.  No history or 
other information suggests the secondary floor has experienced measureable degradation.  

 3.2      Design Standards.   

Original tank structure calculations located in Appendix B were performed to compare the existing 
tank to those sections that were applicable in the American Petroleum Institute Standard 650 – 1988 
Edition API-650 – (New Tank Standards) and API 653-1992 (Tank Inspection, Repair, Alteration and 
Reconstruction) where applicable.  Those calculations can be found in Appendix B of this report.  The 
tank was earlier reported to have been constructed by Maloney Crawford of Tulsa, Oklahoma and 
the design drawings indicated that the tank was fabricated and erected in accordance with API 
Standard 650. 

3.3     Hazardous Characteristics of Wastes Stored.  

The wastes which are treated in this tank have the following characteristics: 
 
  Wastewater, Wastewater Concentrate and Leachate 
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  pH (4-13) 
  N > 6 
  Temperature = Ambient to 210° F 
 
The hazardous characteristics of the waste treated in this tank were previously examined and it was 
determined that the pH and normality levels of the waste were the primary areas of concern.  This 
was to determine the applicability of a corrosion allowance for the tank material type and thickness. 

 3.4      Existing Corrosion Protection.   

Visual inspection of the primary tank revealed that the inside of the tank had been previously coated 
with coal tar epoxy coating.  It was reported by Clean Harbors that the tank interior was recently 
sandblasted to prepare the surface for re-coating with a new layer of coal tar epoxy.   
 
The exterior of the tank (between the outer secondary and inner primary wall) was inspected during 
the confined space entry.  There is no coating on the interior surface, however the steel wall material 
appeared rust-coated but in good condition. 

 3.5     Documented Age of Tank.   

This tank was erected and installed in 1987.  The tank is 31-years old. 

 3.6      Result of Leak Tests.  

  A leak test has not been performed upon this vessel and is not required since the interior of the 
primary tank was inspected. 

 3.7      Existing Data Available. 

 
  Diameter of Tank   100-ft. 
  Height     24-ft. 
  (Maximum Operating Level)  19-ft. 
  Material    A36 (Design) 
  Wall Thickness First Course  .3125-in. 
  Wall Thickness Second Course  .25-in. 
  Wall Thickness Third Course  .25-in. 
  Specific Gravity    1.3 
  Operating Temperature  Ambient 
  Maximum Volume   188,502-c.f. 
  Seismic Zone    1 

 3.8      Structural Calculation.   

The required thickness of the primary tank first course tank wall (as per API 653 – 1992) was calculated 
to be 0.3771-in., if the tank were filled to capacity (24-ft.) with material having a specific gravity of 
1.3.  This required thickness is greater than the original measured average thickness of 0.3154-in and 
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therefore would not over stress the tank.  The table below presents allowable tank fluids heights for 
specific gravities ranging from 1.0 – 1.3.  Appendix B (Primary Tank Wall Thickness Calculations) 
presents detailed calculations for the three courses of primary tank based on specific gravity of 1.3 
and a 19-ft. maximum fluid level.  Also see section 3.9 regarding maximum liquid level.  

 
ALLOWABLE FLUID HEIGHTS 
Sp. Gr. Fluid Height (ft) 

1.0 24 
1.1 22 
1.2 21 
1.3 19 

 

 3.9       Comparison to Actual Structure to Theoretical Values. 

 
WALL THICKNESS COMPARISON 

 Calculated Minimum 
Thickness 

Measured 
Thickness (Note 1) 

Thickness Meets 
Standard 

1st Course 0.3087-in.* 0.3600-in. Yes 
2nd Course 0.2130-in.* 0.2800-in. Yes 
3rd Course 0.2130-in.* See Note 2  See Note 2 
 

*Based on a specific gravity of 1.3 of a fluid height of 19-ft. 
 
Notes: 
1. Evaluated combined metal and coating.  
2. 3rd course not measured since liquid level not planned to extend high enough to 

impact the surface as reported by Clean Harbors and visually observed by Envirotech.  
 

BOTTOM THICKNESS COMPARISON 
 Measured Thickness Minimum Thickness 

(per API 650) 
Bottom 0.190 – 0.250 0.2360-in. 

 
During the initial tank inspection on May 21, 2018, Envirotech noted that significant corrosion had 
occurred primarily in the south end of the tank. During their second inspection on June 5, 2018, 
Envirotech observed several spot locations of corrosion which were ground to a flat surface to 
accommodate measurements that revealed the net remaining floor thickness was about 0.220 inches 
(see figure 2a).  Since the cause and period of time could not be determined, it was recommended 
to replace the affected metal flooring. This was also based on APR 653 which states that minimum 
floor thickness is 0.010 inches for a tank without secondary containment.  Even though this tank has 
such containment, use of the 0.010 inch criteria was considered an appropriate engineering factor of 
safety. Clean Harbors elected to continue with sandblasting the floor and the Envirotech engineer 
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provided additional floor thickness data.  It was demonstrated that the original floor is 0.250 inches 
thick (see Figure 2b).  It was also demonstrated that corrosion was about 0.060 inches deep resulting 
in a floor thickness of about of 0.190 inches due to corrosion.  Envirotech then reported to Clean 
Harbors that coating may progress since the tank bottom had adequate thickness.  See photos below. 
 

 

 

Pit depth of dime. Corrosion pitting.  

  
Corrosion. Corrosion.  

  
Corrosive pit depth of dime. Corrosive pit depth of dime.  
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4. SECONDARY CONTAINMENT SYSTEM 

4.1       General Description of Secondary Containment 

(The following information is provided by 1997 tank inspection report). 
 

The secondary containment system consists of an outer tank shell 108-ft. in diameter.  The outer shell 
height is 24-ft.  The tank walls were constructed using three course of steel plates which were welded 
together.  The first and second courses were constructed of 5/16-in. A-36 steel while the third course 
was constructed of ¼-in. A-36 steel.  The tank bottom was constructed of ¼-in. A-36 steel. 

 
Initially, the tank was built on a native soil pad with a crushed rock layer of approximately 6-in.  The 
tank pad was elevated and surface drainage moved away from the tank.  Over time, the area around 
the tank had filled in to the point that surface water stood around the tank after rainfall events.  The 
impact is that standing water under the tank may enhance bottom corrosion. This has been minimized 
through ongoing maintenance to create drainage away from the base of the tank as visually observed 
by Envirotech in the current inspection.     A 12-in. layer of pea gravel was installed between the 
secondary containment tank floor and the primary tank floor and acts as a leak detection and 
collection system.  This is demonstrated in the as-built plans in Appendix C. 

 4.2      Design Standards. 

The tank was earlier reported as constructed by Maloney Crawford of Tulsa, Oklahoma.  The design 
drawings indicated that the tank was fabricated and erected in accordance with API Standard 650 at 
that time. 

 4.3      Hazardous Characteristics of Wastes Stored.  

  The wastes which are treated in the primary tank have the following characteristics: 
 

Wastewater, Wastewater Concentrate and Leachate 
pH (4-13) 
N > 6 
Temperature = Ambient to 210° F 

 
The hazardous characteristics of the waste treated in the primary tank were previously examined and 
it was determined that the pH and normality levels of the waste were primary areas of concern.  This 
was to determine the applicability of a corrosion allowance for the containment system material type 
and thickness. 

 4.4      Existing Corrosion Protection.   

The interior of the tank was inspected during the confined space entry.  There is no coating on the 
interior surface, however the material appeared in good condition.  The exterior of the tank is painted 
with an epoxy paint as corrosion protection. 
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 4.5      Documented Age of the Containment Area.   

The secondary containment vessel was erected in 1987 thus making the containment system 31-years 
old. 

 4.6      Result of Leak Tests.   

No leak tests have been performed. 

4.7      Existing Available Data. 

 
  Diameter of Tank   108-ft. 
  Height     24-ft. 
  (Maximum Operating Level)  19-ft. 
  Material    A36 (Design) 
  Wall Thickness First Course  .3125-in. 
  Wall Thickness Second Course  .3125-in. 
  Wall Thickness Third Course  .25-in. 
  Specific Gravity    1.3 
  Operating Temperature  Ambient 
  Seismic Zone    1 

 4.8      Structural Calculations.   

 The required thickness of the secondary containment was previously determined to be a function of 
the specific gravity of the fluid and the corresponding fluid height in the primary vessel.  Based on the 
Allowable Fluid Heights presented in Section 3-8, the maximum fluid heights that would be 
experienced in the secondary containment, range from 16-ft. to 20-ft. (see Appendix D – Secondary 
Containment Volume Calculations).  The calculated minimum thicknesses associated with these fluid 
heights and specific gravities are presented below: 

 
Maximum Fluid Height (ft) Specific Gravity of Fluid Calculated Minimum 

Thickness – 1st Course 
(inches) 

16.0 1.3 0.2841 
20.0 1.0 0.2784 

 
Appendix B (Secondary Tank wall Thickness Calculations) presents detailed calculations based on a 
maximum fluid height of 16-ft. and a fluid specific gravity of 1.3.  Note that under these conditions, 
fluid would never reach the third course of the secondary containment.  Appendix B does however 
present a thickness calculation for the third course based on the 20-ft. maximum fluid height and 
specific gravity of 1.0. 
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A seismic design check was performed pursuant to API 650.  Both the overturning moment and shell 
compression calculations indicate the tank being stable (see Exhibit E – Structural Support 
Calculations.) 
 
A wind loading check was performed pursuant to API 650.  These calculations indicate the tank is 
stable. (see Exhibit E – Structural Support Calculations). 
 

4.9      Comparison of Actual Structure Theoretical Values. 

 
WALL THICKNESS COMPARISON 

 Calculated 
Minimum Thickness 

Measured 
Thickness 

Thickness 
Meets Standard 

1st & 2nd 
Course 

0.2841-in. 0.3300-in. Yes 

3rd Course 0.108-in. 0.2870-in. Yes 
 

BOTTOM THICKNESS COMPARISON 
 Measured Thickness Minimum Thickness 

(per API 650) 
Bottom 0.221 0.2500-in. 

 

 4.10    Calculation of Existing Capacity. 

The secondary containment vessel envelopes the primary tank.  If the primary tank leaks, the contents 
would flow into the secondary vessel and the hydraulic grade lines between the two tanks would 
equalize thus containing the contents of the primary tank. 

5. FOUNDATION AND SHELL SETTLEMENT ANALYSIS 
 

The total weight of tank systems was previously calculated to be 8,372-tons. (see Appendix A – Tank 
System Volume and Weight Calculations).  The weight of the tank system is distributed equally over 
the entire area of the secondary containment tank bottom.  This yields a foundation loading of 
1827.79-psf.  Although no foundation investigation was performed prior to the construction of the T6 
tank system, other work and investigation on the Lone Mountain site have resulted in allowable soil 
loading in excess of 2500-psf. 
 
The foundation loading attributable to resistance of an overturning moment as a result of seismic 
forces, was calculated to be 601.00-psf, again well below the 2500-psf limit (see Appendix E – 
Structural Support Calculations Shell Compression). 
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During the tank inspection, elevation measurements were taken at eight (8) points around the 
circumference of the tank to determine if settlement was occurring.  The maximum out-of-plane 
settlement was computed pursuant to API 653 Appendix B and compared with the settlement found 
from the elevation measurements.  The maximum allowable settlement was computed to be 0.42-ft. 
and the maximum measured settlement was found to be 0.23-ft (see Appendix F – Tank System 
Measurements and Settlement Calculations). 

6. ANCILLARY EQUIPMENT 

 6.1      Manways. 

Located in both the primary and secondary tanks are manways with a neck diameter of 24-in.  The 
center of the manways are located approximately 30-in. from the bottom of the tanks.  The manways 
are secured with flange plates 2-ft. 8-in. in diameter which are held in place with 8 7/8-in. dia. Bolts.  
Both manways were visually inspected by Envirotech Services, Inc. and found in good condition. 

 6.2      Stairway and Platform.   

 Affixed to the exterior of secondary containment tank is a metal access stairway that leads from the 
ground to a platform located at the top of the tank.  The stairway and platform are bolted to brackets 
which are welded to the tank. 
 
Located on the interior of the primary tank is a vertical steel ladder which connects to welded brackets 
on the side of the tank.  The condition of the stairway, platform, ladder and attachment bracket all 
appear good. 

 6.3     Nozzle Flanges.  

 Six (6) nozzle flanges are located around the perimeter walls of both the primary and secondary tanks 
(see Diagrams T-6 In and T-6 Out in Appendix B).  The sizes of the nozzles range from 2-in. to 8-in. in 
diameter.  Nozzles designs are such that piping may be connected to the interior and exterior sections 
resulting in a piping linkage from the interior of the primary tank to the exterior of the secondary tank.  
Currently all nozzles are blanked off, and no piping connects the interior and exterior tanks.  All of 
the nozzles were visually inspected by Envirotech Services, Inc. and found in good condition. 

 6.4      Load Lines. 

 Load lines were not in place during the inspection and therefore are not included in this assessment. 

 6.5      Leak Detection System.  

Leak detection for the tank system is provided by a network of four (4) collection boxes located 
equidistant around the perimeter of the secondary containment tank.   If a leak occurs in either the 
bottom or sides of the primary tank, the fluid should travel through the gravel pack and end up at one 
of the four (4) collection boxes.  The fluid then passes under the lip of the gravel stop section of the 
collection box, found in the interior of the secondary containment tank, and enters the leak detection 
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piping which transports it to the exterior of the tank.  The exterior piping is blanked with a gate valve 
and contains a sight glass for inspection purposes.  The exterior piping, the gate valve and the sight 
glass are all contained within a secondary containment vault which is located on the exterior of the 
tank. 

7. CONCLUSIONS 

 7.1     Primary and Secondary Tank Use.  

 The primary and secondary tanks were assessed in this document pursuant to API 650-88 and API 
653-2009 where applicable.  The tank vessels, at the time of the inspection, were determined 
appropriate for use with the present waste stream at given densities, chemical, and physical 
characteristics as verified by Clean Harbors Environmental Services, Inc.  It was noted that the primary 
tanks operating height should be restricted based on the apparent and reported maximum height as 
visually observed and regarding specific gravity of the fluid and its associated height restriction  in 
Section-3.8. 

 7.2      Life Expectancy.   

 Based on the information presented and fluid height restriction noted, the useful life of the tanks is 
estimated to be an additional 15-yrs. However, corrosion of the interior tank shall be carefully 
observed to preempt internal steel lining failure do to corrosion. Repair of the floor plates may be 
required if corrosion continues as noted in this report.  

8. RECOMMENDATIONS 

 8.1      Compatible Storage.   

Clean Harbors should continually insure compatibility with the waste and densities stored in the tank. 

 8.2      Control Liquid Height. 

Maintain a management system or alarm to ensure that the fluid height does not exceed that specified 
in Section-3.8 of the report. 

 8.3      Drainage Control.  

Maintain site work around the perimeter of the tank to direct storm water away from the tank. 

 8.4      Routine Inspections.  

Monthly visual inspections of the tank exterior should be conducted.  This inspection should include 
each of the four (4) sight glasses associated with the leak detection system.  If routine and preventative 
measures results in the tank being empty, consideration should be given to making periodic interior 
inspection. 
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 8.5      Corrosion protection.   

Continue routine painting of the tank exterior. 
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