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1.0 Introduction 

Clean Harbors Lone Mountain Facility, LLC (Clean Harbors) plans to permit Container Management 
 Building Addition, which will be located immediately south of the existing Containment Management  
Building.  The footprint and the storage capacity of the proposed Container Management Building Addition 
will be the same as that of the existing building.  A Class 3, Tier 3 Permit Modification Request (“application”) 
for Containment Management Building Addition was submitted to the Oklahoma Department of 
Environmental Quality (DEQ) on August 20, 2025.  

Subsequently, on November 20, 2025, DEQ notified Clean Harbors that the Class 3 Permit application 
was found to be administratively complete and began conducting technical review of the application. 
 As a part of the technical review, DEQ issued a Notice of Deficiency (NOD) and stated that a Secondary  
Containment capacity calculations for the proposed Container Management Building Addition must be 
submitted in accordance with 40 C.F.R. Part 264.175.  This secondary containment design report contains  
the engineering analyses, detailed secondary containment capacity calculations, drawings, and supporting 
documentation (including references)  for the Container Management Building addition. 

It should be noted that the container storage management procedures (including off-loading, handling,  
transfer, inspection, sampling etc.) will be identical to that of the existing building.  These procedures are  
described in detail in Volume 5 of the Lone Mountain Facility Permit Renewal document dated September, 
 2020. 

2.0 Container Building Addition Capacity 

The Container Management Building Addition can store a maximum capacity of 182,930 gallons of hazardous 
 wastes, (equivalent to 3,326 55-gallon drums).  This capacity is the same as that of the existing building  
capacity.  A typical layout of the Container Management Building Addition is presented in Figure 2 (attached). 
Most of the containers in this proposed building are 55- gallon drums, 23 inches in diameter by 34  
inches in height.  The proposed building will handle approximately 1,000 containers of each flammable,  
solvent-based waste, acidic waste, and caustic waste. Approximately 300, 55-gallon drums may contain  
liquid reactive waste and lab packs. 

These proportions may vary according to the daily fluctuations in the quantities received and stored 
 at the facility. The Container Management Building includes a receiving dock, segregated storage 
 areas, and storage/processing area. Assignment and transfer to the appropriate segregated storage or 
disposal area will occur in conjunction with waste characterization/analysis. 

3.0 Requirement for the Base or Liner to Contain Liquids 

The Container Management Building shall be constructed on a nominal eight (8) inch thick reinforced 
concrete pad over a compacted fill base. All concrete construction shall meet the design and 
construction standards specified in Americal Concrete Institute (ACI) Section ACI-318- 83, referred to as 
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“Reinforced Concrete Design” standards. The concrete compressive strength (after twenty-eight (28) 
days of curing) shall be three thousand (3000) psi or greater. The floor slab and containment walls shall 
be watertight, free of cracks or gaps1. All joints shall contain continuous water-stop to prevent any 
migration of liquid outside the containment. The containment system is designed to contain 
accumulated liquid resulting from leaks, spills, and wind-driven rain and shall be removed 
expeditiously. Liquids accumulated in the secondary containment areas, sumps, or low points because of 
spills or leaks will be removed within 24 hours of discovery, while liquids resulting from precipitation 
only will be removed within 48 hours of discovery or when the precipitation event has ended. 

Concrete containment shall be provided by an eight (8) inch minimum thick, and a minimum of six (6) inch 
high curb around the building perimeter except for the loading dock (east) side.  Containment is 
achieved at the loading dock side by abruptly sloping the floor 2-inches as shown in 
Figure 1A. I n  a d d i t i o n , internal curbs shall be constructed to segregate the storage areas 
from each other. Concrete sealant(s)/hardener(s), compatible with the waste types to which it may be 
exposed, shall be applied to all concrete surfaces in the containment system sumps prior to placing the 
new building in operation (see Figure 4).  

4.0 Secondary Containment System Drainage 

The floor of the container receiving and storage areas of the Container Management Building Addition is 
sloped at a grade of approximately one eighth (1/8) inch per foot from the front and rear of the slot 
towards a drainage trough along the slot centerline. The drainage trough is a minimum of twenty-four 
(24) inches deep and slopes at approximately one quarter (1/4) inch per foot from one side of the slot 
towards the other side of the slot. A plan view and cross section of the Container Management Building 
Addition is presented in Figures 2 and 3, respectively.

5.0 Secondary Containment System Capacity 

A summary of the Secondary containment capacity calculations for the different areas of the 
 Container Management Building Addition is presented in Appendix 1.  The secondary  containment 
capacity calculations show that the available containment capacityi  is substantially more than the capacity 
required per 40 CFR 264.175 (b)(3) and 40 CFR 264.175 (b)(4).  The covered storage areas minimize infiltration 
of rain or dispersion of waste by wind. Rainwater from the roof is brought to ground level by a system of 
roof drains. Site grading around the building diverts water away from the building. Walls, curbs, and 
elevated floors prevent the run-on of storm  water into containment areas. 

6.0 Control of Run On 

The covered storage areas minimize infiltration of rain or dispersion of waste by wind. The east side of 
the building has a 25-foot canopy (overhang) where the loading dock is located.  The canopy(overhang) 
will prevent wind driven rain from entering the containment area.  The west, north and south side of the 
building is protected from rain by metal siding.  However, the north side of the building is partially open 

 1 Cracks and gaps in the concrete surface will be corrected in a timely fashion. It is noted that superficial or insignificant   cracks 

and gaps may occur in concrete surfaces which do not infringe upon secondary containment. 
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and subjected to wind driven rain.  A very conservative estimate of the volume of rain  entering the 
containment area from the north side is presented in Appendix 1. Rainwater from the roof is 
transported to ground level by a system of roof drains(downspouts). P o s i  t i  v e  s ite grading around 
the building diverts water away from the building.  Walls, curbs, and elevated floors minimize run-on of 
storm water into the containment areas.  

7.0 Removal of Liquids from Containment System 

The slopes of the floors in the receiving and storage areas promote drainage toward troughs. Troughs 
will be inspected daily for the presence of liquids. Inspection schedules are discussed in detail in the 
facility permit Inspection Program.  Liquids shall be removed by means of pumps or a vacuum tanker. 
The estimated volume of liquid removed, available analytical data, and disposal method shall be entered 
into the facilities Operating Record. The liquids shall be tested in accordance with the facilities Waste 
Analysis Plan. 
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APPENDIX 1 

CONTAINER MANAGEMENT BUILDING ADDITION 
SECONDARY CONTAINMENT CAPACITY CALCULATIONS
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PROBLEM: Calculate the secondary containment Capacity of Container Management Building Additions. 

REGULATORY CRITERIA (40 CFR Part 264.175): Secondary containment must be able to store storm water 
resulting from a 25-year, 24-hour storm event plus the volume of the largest tank or 10% of the total 
volume, whichever is larger.  

GIVEN: a) 25-year, 24-hour storm event = 5.85 inches (Per attached NOAA Atlas 14) 
b) Building Size: 150.0 feet by 172.0 feet,
c) Height of Curb above Floor = 2.0 inches (minimum),
d) Trough width: 2.0’, Depth =2.25’(average)
e) Volume of the Largest Container (Totes) = 350 Gallons
f) Total Permitted Capacity = 182,930 Gallons.
g) Prevailing wind direction is towards north in Major County, Oklahoma (Per OK Climatological Survey)

ASSUMPTIONS: a) All drums are placed on the floor.  Maximum Number of Drum on the floor = 1480 
(Conservative -worst case assumptions). Deduction for volume occupied by 1480 drums from gross 
secondary containment capacity will be considered.  

FACTOR OF SAFETY AND BASIS: Net available capacity must exceed the required storage capacity in 
accordance with 40CFR Part 264.175 for container storage area.  

SOLUTION:  

The gross available secondary containment capacity is the summation of V1 + V2 + V3 where, 

V1 = Volume of rectangular prism with a minimum 2-inch-high perimeter 
curb/slope. 

V2 = Volume of triangular Prism due to sloping floor 

V3 = Volume of square prism for trough/trench 

KHANF1
Line
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Treatment Building Containment Calculations 

 Volume Calculations - See Figures 1A and 2 
Notation DETERMINE AVAILABLE VOLUME (ft3) 

V1 Volume 1 (V1) of Rect. Prism Measurements Unit 
L (Length)= 170.67 ft 
W (Width)= 149.84 ft 
D (Depth)= 0.167 ft 

Volume = 4270.7 ft3  
V2A Volume 2 (V2A)  - Triangular Prism(Receiving Area) 

L = 170.67 ft 
W = 49.17 ft 
D1 = 0.33 ft 

Volume = 1397.2 ft3  
V2B Volume 2 (V2B)  - Triangular Prism (Storage Area) 

L = 170.67 ft 
W = 88.00 ft 
D1 = 0.50 ft 

Volume = 3754.7 ft3 
V3 Volume 3 (V3) Square Prism (Trough/Trench) 

L (total length) = 335.3 ft 
W = 2.00 ft 

D1 (Average Depth of Trough) 2.25 ft 
Volume = 1,509.0 ft3  

Gross Volume of Containment = 10931.6 ft3  

Calculate Volume Displaced by Internal Curbs 

C1 Displaced Volume (East-West Curb) 
L(east-west) – Sum of 6 Curbs 528.0 ft 

W = 1.00 ft 
D (average depth) 0.33 ft 

Displaced Volume (East-West) 174.2 ft3 

C2 Displaced Volume (N-S rollover Curb) 
L (North-South-sum of 2 curbs) 298.0 ft 

W = 2.00 ft 
D (average depth) 0.170 ft 

Displaced Volume (East-West) 101.3 ft3 

Total Displaced Volume- Curb 275.5 ft3 
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D1 Calculate Volume Displaced by Drums 
Drum Diameter 1.92 feet ft 
Area of Drum 2.89 ft2 

Avg. Drum height below containment 0.40 ft 
Max. Number of Drums (bottom Row) 1480 

Total Displaced Volume (Drum) 1,710.9 ft3 

Net Avalable Volume = 
V1+V2A+V2B+V3-C1-C2 -D1 8945.2 ft3 

Calculate Required Containment Storage Capacity Due to Added Containers 

1) EPA 40CFR Part 264.175(b)(3) – Capacity Increase
The containment system must have sufficient capacity to contain 10% of
the volume of containers or the volume of the largest container, whichever is greater.
Container Management Building Addition Capacity = 182,930 Gallons
10% of total capacity = 18,293 gallons = 2,446 ft3

Volume of the largest Container = 350 gallons

Required Containment System Capacity = 2,446 ft3 (governs per 40CFR Part 265.175(b)(3). 

Calculate Required Containment Storage Capacity Due to Run-On (40CFR Part 264.175(b)(4) 

2) EPA 40 CFR Part 264.175(b)(4) - Run-on into Containment System
The proposed Container Management Building has the following enclosure/siding:
• East side of the building at Loading Dock: Protected from rain by a 25-feet Canopy/overhang
• West side of the building: Metal siding.
• South Side of the building: Metal siding; and
• North Side of the building: Partial metal siding.

Therefore, run-on into Containment System from wind driven rain is not possible except for the partial 
opening on the North side of the building (see attached Figures 6 and 7).   

2a) Calculate the volume of run-on from the North side of the building 

The prevailing wind for the Major County, Oklahoma generally comes from the south (see attached 
reference) where building is protected from wind driven rain by metal siding.  The north side of the 
building is partially open as shown in Figure 6.  The proximity of the existing container management 
building located on the north side will obstruct majority of wind driven rain falling into north-east side 
of the new building.  A strong wind of 30 mph (sustaining for a duration of 24-hour ) is assumed as a 
very conservative estimate for the purpose of calculating the volume of wind driven rain into the 
containment area.
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Wind driven rain entering the containment from the north side will be dependent on the size, the 
speed of the raindrops, wind speed and wind directions.  Terminal velocity of rain drop can be 
calculated using fluid mechanics formula given the diameter of the raindrops.  A large raindrop has a 
diameter of 6 mm(see attached reference). The terminal velocity of a 6 mm diameter raindrop is 
between 9 to 10 meters per second (20 to 22 mph). 

Design Rainfall Amount = 5.85 inches = 0.49 inches (Per attached NOAA Atlas 14) 
Windspeed = 30 MPH 
Terminal velocity of raindrops = 22 MPH  
Determine the inclination angle(α) raindrops make with vertical direction during wind driven rain :

Figure 1B – Inclination Angle of Wind Driven Rain 

Inclination Angle (α)= Arctan (30/22) = 53.7°. 
Height of North Side  Opening = 8 feet (given)
Wind Driven Run-on Distance inside the Building = 8’ Tan 53.7° = 10.9 feet ≈ 11 feet  
Tributary Area of Wind Driven Rain = 0.5 X150’ X 11 feet = 825 ft2 (assuming triangular distribution) 

Volume of wind driven rain = 825 X0.49 X = 404.3 ft3  
Total Required Capacity = 10% of total container capacity + Wind Driven Rain Volume 
Required Capacity = 2,446 + 404.3 = 2,850.3 ft3

Total Available Capacity (8,945.2 ft3 )  is greater than Required Capacity = 2,850.3 ft3

Factor of Safety = Available Capacity/Required Capacity = 8945.2/2850.3 = 3.1 OK 

Conclusion: A secondary containment for the proposed Container Building Addition as designed will provide 
sufficient containment capacity to store storm water resulting from a 25-year, 24-hour storm event plus the 
volume of the largest tank. Therefore, the proposed secondary containment system meets the requirement of 
40 C.F.R. Part 264.175. 

KHANF1
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Annual number of days max temperature is greater than 90°F: 90

Annual number of days max temperature is greater than 100°F: 25 

Annual number of days max temperature is less than 32°F: 11

Annual number of days min temperature is less than 32°F: 89

Annual number of heating degree days (HDD): 3868

Annual number of cooling degree days (CDD): 2049

Annual length of growing season: 208 days

Date of first fall freeze: November 1

Date of last spring freeze: April 5

Annual snowfall: 8.2 in. 

Annual percent sunshine (2006-2020): 69%

Annual number of thunderstorm days (1901-1995): 50

Annual number of hail (>1 in.) days (1986-2015): 5+

Annual number of tornadoes (1950-2021): 0.67

Total number of tornadoes (1950-2021): 48

M A J O R  C O U N T Y
C L I M A T E  S U M M A R Y

A V E R A G E S

----------------------------------------------

Notes: 

1.) Average first and last freeze dates are based on the 50th probability percentile.

2.) Unless noted, averages/normals are based on the 1991-2020 period.



Record high temperature: 114°F (August 6, 1964)

Record low temperature: -15°F (February 10, 2011)

Earliest freeze date: October 19

Latest freeze date: April 20

Wettest year: 54.32 in. (1957)

Driest year: 17.55 in. (1968)

Greatest daily rainfall: 9.13 in. (September 12, 2008)

Greatest seasonal snowfall (Sep - Apr): 25.0 in. (1968-1969; 1987-

1988; 1992-1993) 

Greatest daily snowfall: 11.2 in. (February 26, 2013)

R E C O R D S  

&  E X T R E M E S

H O L I D A Y

S T A T S

----------------------------------------------

Note: Extreme earliest and latest freeze dates are based on the 10th probability percentile.



Average wind speed: 11 mph

Wind Roses: Wind roses show the prevailing direction from which the

wind is blowing. North is up in the image. The circles show the

percentage of time from which the wind is blowing in that direction,

as well as the percentage of time for different wind speed ranges.

The wind speed ranges are represented by different shades of color.

For example, Fairview records a south wind about 15% of the time,

with winds blowing between 10 and 15 mph about 5% (11%-6%=5%) of

the time from that direction. The table below shows the percentage

of time the wind is blowing from each of the 16-point compass

headings, and the percent of time the prevailing wind is recorded in

each speed bin.
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Estimated trajectory of wind driven rain towards south and south-east direction.



Oklahoma Climatological Survey:

climate.ok.gov

Oklahoma Mesonet: 

mesonet.org

120 David L. Boren Blvd., Suite 2900 

	 	 Norman, OK 73072 

	 	 phone: 405.325.2541 

	 	 fax: 405.325.7282
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Speed of a Falling Raindrop

An educational, fair use website

Bibliographic Entry Result
(w/surrounding text)

Standardized
Result

Corbert, John H. Physical Geography Manual. 1974. 5th
ed. N.p.: Kendall/Hunt, 2003. 127.

"A large drop of about 5 mm (3/16 in.) diameter reaches a
maximum speed of about 9 m/sec." 9 m/s

"Climate." Encyclopedia Britannica.2007, Encyclopedia
Britannica Online. 25 May 2007.

"Large raindrops, up to six millimeters in diameter, have terminal
velocities of about 10 metres per second and so may cause

considerable compaction and erosion of the soil by their force of
impact."

10 m/s

Beard, K.V. Terminal Velocity and Shape of Cloud and
Precipitation Drops [pdf]. Journal of the Atmospheric
Sciences (May 1976): 851-864.

[see graph 1 below] 9–13 m/s

Spilhaus, A.F. Raindrop Size, Shape, and Falling
Speed [pdf]. Journal of Meteorology. 5 (June 1948): 108-
110.

[see graph 2 below] 9.3 m/s

Holladay, April. Falling raindrops hit 5 to 20 mph speeds.
Wonderquest. Albuquerque: 19 Dec 2001.

"At sea level, a large raindrop about 5 millimeters across (house-fly
size) falls at the rate of 9 meters per second (20 miles per hour).

Drizzle drops (less than 0.5 mm across, i.e., salt-grain size) fall at 2
meters per second (4.5 mph)."

9 m/s

Rain is the liquid form of precipitation on Earth. It is part of the hydrologic cycle that begins when water evaporates

and forms clouds in the atmosphere. The water that forms these clouds is frozen and vaporized. Once enough water

has evaporated, it is then released in the form of droplets of rain back to the surface of the Earth.

The average size of a raindrop is 6 millimeters in diameter, about the size of a housefly. Of course all raindrops vary

in size due to the strength of a specific rainstorm, but this is considered a reasonable value of a typical raindrop.

When a raindrop falls to the surface of the Earth, it is acted on by two main forces, gravity and drag. A stationary

raindrop initially experiences an acceleration due to gravity of 9.8  m/s2, as would any falling body. As gravity

increases the speed of the raindrop in its descent, drag retards the downward acceleration of the raindrop. Usually,

Graph 1

Graph 2

12/12/25, 7:54 PM Speed of a Falling Raindrop - The Physics Factbook

https://hypertextbook.com/facts/2007/EvanKaplan.shtml 1/2
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air resistance that comes in contact with the water molecules as they fall causes the drag. The combination of these

two forces causes a raindrop to reach a terminal velocity when the drag force is approximately equal to the weight of

the raindrop. At this point, a raindrop experiences no further acceleration and therefore falls at a constant velocity.

The magnitude of the terminal velocity of an object is also affected by its orientation. A common misconception is the

shape of the raindrop. It is often depicted as pointy and lopsided. However, research has found the shape of a

raindrop to be rather spherical or slightly flattened on the bottom by airflow like a hamburger bun.

The terminal velocity of a 6-millimeter raindrop was found to be approximately 10 m/s. This value has been found to

vary between 9  m/s and 13  m/s when measurements were taken on different days. The variance has been

contributed to different air temperatures and pressures. In comparison, a human being falling to the surface of the

Earth experiences a drastically larger terminal velocity of approximately 56 m/s.

Evan Kaplan -- 2007

External links to this page:

How Fast Is Falling Rain? Rhett Allain. Wired. 29 August 2011.

Estimating rainfall precipitation amounts by applying computer vision in cameras. Renato F. Cerqueira, Kiran

Mantripragada, International Business Machines Corp. Patent US9436997 and US9582730 (2016, 2017).

Important Parameters for the Characterization of Rain as an Energy Source. Nathan Dalton, Ben King, Chelsea

Saucedo, Thomas M. Adams. Proceedings of the 10th World Congress on Mechanical, Chemical, and Material

Engineering (MCM'24). Barcelona, Spain (22–24 August 2024).

Simulation of the Rough Network Structure of Plant Leaves in Multiple Loading Cases. Liu Wang Yu, Liu Xi Feng.

Science Technology and Engineering. Vol. 9 No. 23 (2009).

The Physics Factbook
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Written by his students
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