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Subpart BB regulation.
E.2.2 Compliance

Compliance with the requirements of 40 CFR 264, Subpart BB, 40 CFR 61, Subpart B, and 40 CFR
60, Subpart BB will be attained by the measure described in this chapter. Standards in each

corresponding part are referenced in parentheses.
E.2.3 Pumps in Light Liquid Service (264.1052) (60.482-2) (61.242-2)

There are currently no pumps at the facility that would be classified as pumps in contact with a
waste stream where 20% or greater (by weight) of the waste stream is a combination of components
that have a vapor pressure greater than .3 kilopascals (2.25 mmHg) at 20 C°.(or 68°F) (light liquid
service). When such pump is installed, each pump would be inspected visually each calendar week
for indications of liquids dripping from the pump seal, and monitored monthly to detect leaks by the
method(s) specified in Section E.2.10.

A leak is detected when there are indications of liquids dripping from the pump seals or an

instrument reading of 10,000 ppm or greater is measured.

When a leak is detected, it will be repaired as soon as practicable, but no later than fifteen (15)
calendar days after it is detected, unless repairs must be delayed until the unit is shut down, or the
pump is isolated from the unit and does not contain or contact hazardous waste.

A first attempt at repair will be made within five (5) calendar days after a leak is detected.

A pump may be designated for non detectable emissions if the following requirements are met:

1. It has no externally actuated shaft penetrating the pump housing.

2. It operates with no detectable emissions as indicated by an instrument reading of less
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than 500 ppm above background as measured by the methods specified in
264.1063(c).

3. It is tested for compliance initially upon designation, annually, and as requested by

the Director of ADEQ.
E.2.4 Compressors (264.1053) (60.482-3) (61.242.3)

Not Applicable. There are no compressors that contact hazardous waste at the facility.

E.2.5 Pressure Relief Devices in Gas/Vapor Service (264.1054) (60.482-4) (61.242-4)

Except during pressure releases, each pressure relief device in gas/vapor service will be operated
with no detectable emissions, as indicated by an instrument reading of less than 500 ppm above
background, as measured by the methods specified in 264.1063(c). The facility person is made

aware of a pressure relief event through visuals methods via required daily inspections.

After each pressure release, the pressure relief device will be returned to a condition of non
detectable emissions as soon as practicable, but no later than five (5) calendar days after each
pressure release unless repairs must be delayed until the unit is shut down, or the device is isolated

from the unit and does not contain or contact hazardous waste.

No later than five (5) calendar days after a pressure release, the pressure relief device will be
monitored to confirm the condition of no detectable emissions. Documented pressure releases and
all monitoring associated Detectable Emissions Log (see Figure E-6) and will follow the no

detectable emissions monitoring procedure in section E.2.10.
E.2.6 Sampling Connecting Systems (264.1055) (60.482-5) (61.242-5)

The facility only has inline sampling systems which are exempt from the requirements of this
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section.

E.2.7 Open-ended valves or lines (264.1056) (60.482-6) (61.242-6)

Each open-ended valve or line is typically equipped with a cap, but a blind flange, plug, or second

valve could be used to provide a system backup.

The cap, blind flange, plug, or second valve will seal the open end at all times except during use.

Each open-ended valve or line equipped with a second valve will be operated in a manner such that

the valve on the waste stream end is closed before the second valve is closed.

In double block and bleed systems, the bleed valve or line may remain open during venting of the

line between block valves, but will be equipped with a cap, plug, or second valve at all other times.

E2.8 Valves in Gas/Vapor Service or in Light Service

(264.1057) (60.482-7) (61.242-7)

Each valve in gas/vapor service or light liquid service will be monitored monthly to detect leaks by

the method(s) specified in Section E.2.10, except that:

a. Any valve for which a leak is not detected for two (2) successive months may be
monitored the first month of every succeeding quarter, beginning with the next
quarter until a leak is detected.

b. If a leak is detected, the valve will be monitored monthly until a leak is not detected
for two (2) successive months.

C. An alternative monitoring method described below may be chosen.

(1) The facility may elect to have all valves within a hazardous waste management
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unit comply with an alternative standard that allows no greater than two (2) percent

of the valves to leak, by: (264.1061) (60.484-1) (61.243.1)

1. Notifying the Director of ADEQ or his/her designee of the decision to
follow this standard and

2. Monitoring all valves subject to this requirement within one (1) week by the
method(s) specified in Section 2.10.

The leak percentage will be determined by dividing the number of valves for which
leaks are detected, by the total number of valves subject to this section within the
hazardous waste unit. If it is decided to no longer use this method, the facility will

notify the Director of ADEQ or his/her designee in writing.
(if) The facility may elect to have all valves within a hazardous waste management
unit comply with an alternative standard that allows monitoring periods to be

skipped by: (264.1062) (60.483-2) (61.243-2)

1. Notifying the Director of ADEQ or his/her designee of the decision to

follow the standard.

2. After two consecutive quarterly leak detection periods with less than one or
equal to two (2) percent of the valves leaking, one quarterly leak detection
period may be skipped.

3. After five consecutive quarterly leak detection periods with less than or
equal to two (2) percent of the valves leaking, three quarterly leak detection
periods may be skipped.

4. If greater than two (2) percent of the valves are leaking, the facility will
return to monthly monitoring as in this section but may again elect to use this
method after meeting the requirements of this section.

When a leak is detected, it will be repaired as soon as practical, but no later than fifteen (15)
calendar days after it is detected, unless repairs must be delayed until the unit is shut down, and

repaired prior to the end of shutdown. Delayed repair may extend beyond 15 days if the valve is
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isolated from the unit and does not contain or contact hazardous waste or it is determined that
emissions of purged material resulting from immediate repair are greater than the emissions likely
to result from delay of the repair. When repair procedures are effected; the purged material is
collected and destroyed or recovered in a control device. Delay of repairs beyond a hazardous waste
management shutdown period may be allowed if valve assembly replacement is necessary during
the hazardous waste management unit shutdown, valve assembly supplies have been depleted, and
valve assembly supplies had been sufficiently stocked before supplies were depleted (264.1059)
(60.482-9) (61.242-10).

A first attempt at repair will be made no later than five (5) calendar days after a leak is detected.

A valve may be designated for no detectable emissions if the following requirements are met:

1. It has no external actuating mechanism in contact with hazardous waste.

2. It is operated with emissions less than 500 ppm above background as determined by
the method(s) specified in Section 2.10.

3. It is tested initially upon designation, annually, and as requested by the Director of
ADEQ

A valve may be designated as unsafe-to-monitor if:

1. It is determined to be unsafe to monitor because monitoring personnel would be
exposed to an immediate danger as a consequence of attempting to conduct
monitoring as specified in this section.

2. The facility adheres to a written plan that requires monitoring of the valve as
frequently as practicable during safe-to-monitor times,

A valve may be designated as difficult-to-monitor if:

1. It is determined that the valve cannot be monitored without elevating the monitoring
personnel more than two (2) meters above a support surface.
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2. The facility follows a written plan that requires monitoring of the valve at least once per
calendar year.

Currently the facility does not have valves that qualify as “unsafe-to-monitor” or “difficult-to-
monitor.”

E2.9 Pumps and valves in Heavy Liquid Service, Pressure Relief Devices in Light
Liquid or Heavy Liquid Service and Flanges and other Connectors

(264.1058) (60.482-8) (61.242-8)

Each pump or valve in heavy liquid service, each pressure relief device in light or heavy liquid
service, each flange or other connector will be monitored within five (5) days by the method
specified in 264.1063(b) if evidence of a potential leak is found by visual, audible, olfactory, or any

other detection method.

When a leak is detected, it will be repaired as soon as practicable, but no later than fifteen (15)
calendar days after it is detected, unless repairs must be delayed until the unit is shut down, or it is

isolated from the unit and does not contain or contact hazardous waste.

E.2.10 Test Methods and Procedures (264.1063) (60.485) (61.245)

Monitoring procedures will comply with Reference Method 21 in 40 CFR Part 60, and detection
instruments will meet the performance criteria of Reference Method 21. Monitoring instrument

will be calibrated before use on each day of use, using calibration gases of air with less than 10 ppm
of hydrocarbon, and methane or n-hexane in air at a concentration of approximately (but less than)

10,000 ppm.

An alternative screening procedure (40 CFR 60, Appendix A, Reference Method 21, 4.3.3) based on
the formation of bubbles in a soap solution that is sprayed on a potential leak source may be used
for those sources which do not have continuously moving parts, which do not have surface

temperatures greater than the boiling point or less than the freezing point of the soap solution, that
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do no have open areas to the atmosphere that the soap solution cannot bridge, and that do not exhibit
evidence of liquid leakage. A soap solution will be sprayed over potential leak sources. If no
bubbles are formed, the source will be presumed to have no detectable leaks or emissions, as
applicable. If any bubbles are observed, the instrument monitoring techniques will be used to

determine if a leak exists, or if the source has detectable emissions, as applicable.

No detectable emissions monitoring procedures comply with Method 21 and are as follows:

1. Determine the background level around the component interface by moving the probe
inlet randomly up wind or downwind at a distance of one to two meters. If interference
exists, such as a nearby vent, the background level may be determined closer than 25

cm from the component interface.

2. Move the probe inlet to the surface of the component interface to determine the

component interface reading.

3. Determine the arithmetical difference between the background level and the

component interface reading.

4. If the arithmetical differences<500ppm, the equipment may be designated as having no
detectable emissions. This information is entered into the Equipment with No

Detectable Emissions Log.
E.2.11 Record Keeping (264.1064) (60.486) (61.246)
The facility operating record identifies each piece of equipment subject to this section by the
hazardous waste unit it is associated with, the approximate location of the unit, the equipment ID

number, the type of equipment, the hazardous waste physical state at the equipment, and the method

of compliance with Subpart BB of Part 264 (example presented in Figures E-1 and E-2).
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When a leak is detected, an inspection log and corresponding forms (Figure E-1 to E-5) will be

maintained as part of the facility operating record, which will contain the following information:

10.

11.

Monitoring instrument identification and operator identification (See Figure E-1 or
E-2)

Equipment identification number (see Figure E-2)

The date evidence of a potential leak was found (see Figure E-2)
The date the leak was detected (See Figure E-2)

The date of each repair (See Figure E-3)

Repair methods used in each repair attempt (See Figure E-3)

"Above 10,000" if the maximum instrument reading after each repair attempt is
equal to or greater than 10,000 ppm (See Figure E-3)

"Repair delayed" and the reason for delay if a leak is not repaired within 15 calendar
days after discovery (See Figure E-4)

The signature of the person whose decision it was that repair could not be affected
without a hazard waste management unit shutdown, if applicable. (See Figure E-4)

The expected date of successtful repair of the leak if not repaired within 15 calendar
days. (See Figure E-4)

The date of successful repair of the leak (See Figure E-2 if written in “comments”
section or Figure E-3 and/or E-4)

Design documentation and monitoring, operating, and inspection information for each close-vent

system and control device required by Subpart BB will be recorded and kept-up-to-date in the

facility operating record.

The following information pertaining to all equipment subject to the requirements of Subpart BB

will be recorded in a log that is part of the facility operating record:

1.

A list of equipment identification numbers (except welded fittings). (See Figure E-1
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or E-2)

A list of identification numbers for equipment that is designated for no detectable
emissions, with the designation signed by the facility manager. (See Figure E-7)

A list of identification numbers for pressure relief devices. (See Figure E-7)

The dates of each compliance test, the background level measured, and the
maximum instrument reading recorded. (See Figure E-2)

A list of identification numbers for valves designated as difficult to monitor, an
explanation for each stating the reason for the designation, and the planned schedule
for monitoring each. To be developed if required.

For valves designated for skip-period leak detection and repair, a schedule of
monitoring and the percent of valves found leaking. To be developed if this method
is used.

For exemptions claimed, an up-do-date analysis and the supporting information and
data used to determine that the equipment is not subject to the requirements of
Subpart BB. To be developed if this method is used.

Records of equipment leak information and operating information will be kept a minimum of 3

Reporting (264.1065) (60.487) (61.247)

If leaks from valves and pumps are repaired as described in this chapter, and control devices do not

exceed or operate outside of design specifications for more than 24 hours, a report to the Director

of ADEQ or his/her designee is not required.

[f required, a semi-annual report will be sent to the Director of ADEQ or his/her designee, by the

dates specified by the Director of ADEQ or his/her designee, which will include the following

information:

The EPA ID number, name, and address of the facility.

For each month during the reporting period, the ID number of each valve or pump
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for which a leak was not repaired as required by Subpart BB.
3. Dates of hazardous waste unit shutdown that occurred within the reporting period.

4, For each month during the reporting period, the dates when control devices
exceeded or operated outside of the design specifications and were not corrected
within 24 hours, the duration and cause of each violation, and any corrective
measures taken.

E.2.13 Monitoring of Equipment Designated for Non Detectable Emissions or Difficult-To-

Monitor

The facility does not have any equipment that qualifies as difficult or unsafe to monitor at this time.
Equipment designated for “no detectable emissions”, “unsafe to monitor” or “as difficult-to-
monitor” shall be inspected visually on a monthly basis. Potential leaks will be recorded and
repaired according to the provisions of this chapter. After repairs are completed, the equipment will
be monitored immediately for leaks and monthly thereafter until it can again meet the requirements

for no detectable emissions. (Figure E-6)

Equipment designated for no detectable emissions or as difficult-to-monitor will be monitored at

intervals not to exceed twelve months, providing that no leaks are detected.

E3 Subpart CC

E.3.1 Applicability

This compliance program is for air emission standards for tanks and containers that manage
hazardous waste that have average Volatile Organic (VO) concentration greater than 500 parts per
million by weight (ppmw). The program is outlined to correspond to the format of 40 CFR 264
Subpart CC. For each piece of equipment specified in 40 CFR 264, Subpart CC, the program
contains a procedure to ensure air emission standards are not exceeded as a result of equipment
leaks. Leak detection for each piece of equipment will be handled as specified in the compliance

program.
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E3.2 Compliance

Compliance with the requirements of 40 CFR 264 Subpart CC will be attained by the measure

described in this chapter. Standards in each corresponding part are referenced in parenthesis.
E3.3 Tanks (§264.1084)

The hazardous waste tanks, T101, 102, 103, 104, 301, and 303, are subject to the Subpart CC
standards. Based on the maximum organic vapor pressure of the hazardous waste stored in these
tanks, emissions from the tanks are subject to Tanks Level 1 controls. The control of air pollutant
emissions from the tanks is performed through the design of the tank and the closed vent system
vented to activated carbon as a control device; see Exhibit E-1 for the Activated Carbon Product
Description. The tanks are exhausted continuously to a four (4) 55-gallon drum carbon adsorption
system with a minimum control efficiency of 95% for Volatile Organic Compounds (VOC’s).
Controlled efficiency is calculated by using the method outlined in Exhibit E-4 and maintained
through monthly monitoring of the Activated Carbon Adsorption system using guidelines
established under EPA Test Method 21. After monitoring, if it has been determined that carbon
change out is required, one carbon train (two canisters in series) will remain in service at all times
during change out activities. The tanks are a fixed roof design, such that the roof is an integral part
of the tank structure. The roof and its closure devices are designed to form a continuous barrier
over the entire surface of the hazardous waste in the tank. Each opening in the fixed roof is
equipped with a closure device designed to operate such that when the closure device is secured in
the closed position there are no visible cracks, holes, or gaps, or other open spaces in the closure
device or between the perimeter of the opening and the closure device, or the opening is connected
by a closed vent system that is vented to the control device. Each closure device will be secured in
the closed position except to provide access to the tank for performing routine inspection,
maintenance, or other activities needed for normal operations or to remove accumulated sludge or
other residues from the bottom of the tank. The fixed roof and its closure devices shall be visually

inspected at least once every year to check for defects that could result in air pollution emissions.
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Transfer of hazardous waste to a tank or from another tank shall be conducted using continuous
hard piping or flexible hoses that do not allow exposure of the hazardous waste to the atmosphere.

Exhibits E-2 and E-3 provide schematic flow diagrams and emissions control calculations.

E3.4 Containers (§264.1086)

Air pollutant emissions shall be controlled from each container using Container Level 1controls
based upon a combination of the size and contents as outlined in Section 264.1086. One of several
methods may be used to control emissions. One method is for containers containing hazardous
waste to meet applicable U.S. Department of Transportation (DOT) regulations on packaging
hazardous materials for transportation as specified in 49 CFR. Another is the container may be
equipped with a cover and closure device that forms a continuous barrier over the container
openings such that when the covers and closure device are secured in the closed position there are

no visible holes, gaps, or other open spaces into the interior of the container.

All waste processed in the workstations are processed into D.O.T approved containers and therefore
are subject to Container Level 1 Standards (40 CFR 264.1086 (c)(i))or waste may also be pumped
into one of the tanks located in the Tank Farm that subject to the facilities Subpart BB emissions
control program. Waste contained in roll-off bins does not meet the definition of light-material-

service and therefore only subject to the Container Level 1 Standard (40 CFR 264.1086 (a)(ii).

All covers and closure devices for the containers shall be maintained in the closed position except

for the following conditions:

1) Adding hazardous waste to the container.

2) Removing hazardous waste from the container.

3) When access inside the container is needed to perform routine activities.

4) Opening of a pressure relief device, which vents to the atmosphere for the purpose of
maintaining the internal pressure of the container in accordance with the container

design specifications.
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5) The opening of a safety device to avoid an unsafe condition.
E3.5 Closed vent systems and control devices (§264.1087)

This section applies to each closed vent system and control device installed and operated to control
air emissions in accordance with standards of this subpart. The closed vent system shall route the
gases, vapors, and fumes emitted from the hazardous waste in the waste management unit to a
control device that meets the specified requirements. The closed vent system shall be designed to
operate with no detectable emissions, as indicated by an instrument reading of less than 500 ppmv

as determined by the procedure in §264.1033(1).

The control device shall be designed and operated to reduce the total organic content of the inlet
vapor stream vented to the control device by at least 95% by weight or if an enclosed combustion
device is used, the unit will be designed and operated in accordance with the specifications for a
combustion device. Control device system malfunctions shall be corrected as soon as practicable
after their occurrence in order to minimize excess emissions of air pollutants. The closed vent
system shall be operated such that gases, vapors, or fumes are not actively vented to the control
device during periods of planned maintenance or control system malfunctions except in cases when
it is necessary to vent the gases, vapors, and/or fumes to avoid an unsafe condition or to implement
malfunction corrective actions or planned maintenance actions. Periods of planned routine

maintenance of the control device shall not exceed 240 hours per year.

E.3.6. Inspection and Monitoring Requirements (§264.1088)

Air emission control equipment shall be inspected and monitored to comply with this subpart in
accordance with the applicable requirements specified in §264.1084 through §264.1087. A written

plan and schedule shall be incorporated into the facility inspection plan under 40 CFR. §264.15.

E.3.7. Record Keeping Requirements (§264.1089)
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The facility operating record will identify equipment subject to this requirement and the appropriate
retention time for records in regard to this equipment and inspections. Records maintained for tanks
shall include the following information:
1) A tank identification number
2) A record for each inspection including:
a) the date the inspection was conducted
b) for each defect detected during the inspection record the following
information:
1) the location of the defect,
2) adescription of the defect,
3) the date of detection, and
4) corrective action taken to repair the defect, and if applicable, if a
delay is encountered, the reason for the delay and the expected
completion date.
3) The determination for the maximum organic vapor pressure of the hazardous waste
in the tanks including the date and times the samples were collected, the analysis

method used, and the analysis results.

For a design analysis the documentation shall include information prepared by the owner or
provided by the control device manufacturer or vendor that describes the control device in
accordance with 40 CFR 264.1035 (b)(4)(iii). If performance tests are used, then a performance test
as specified in 40 CFR 264.1035(b)(3) shall be used and record all test results. Documentation shall
be kept regarding the description and date of each modification that is made to the closed vent

system.

A description of the planned routine maintenance that is anticipated for the upcoming 6 months and
that which was actually performed over the previous 6 months including records of the management
of the carbon removed from the carbon adsorption system. The total number of hours the control
device did not operate appropriately shall also be recorded. The occurrence and duration of each

malfunction of the control device system shall be recorded and actions taken during periods of
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malfunction to restore the control device to its usual or normal manner of operation.

E.3.8 Reporting Requirements (§264.1090)

A written report shall be submitted to the Regional Administrator within 15 calendar days of the
time of an occurrence when hazardous waste is managed in the tank using air emission controls in
noncompliance with the conditions specified in §264.1084(b). The written report shall contain:

The EPA identification number

Facility name and address

Description of the noncompliance event and the cause

The dates of the noncompliance, and

The actions taken to correct and prevent future noncompliance

Signed and dated by an authorized individual.

A written report shall be submitted semiannually to the Regional Administrator describing each
occurrence during the previous six months when a control device is operated continuously for 24
hours or longer in noncompliance with the applicable operating values defined in §264.1035(c)(4).
If a control device and no period of 24 hours or longer that it operated in noncompliance with the
operating values in a 6-month period, then a report is not required to be filed with the Regional

Administrator.
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FIGURE E-1
EXAMPLE EQUIPMENT IDENTIFICATION LOG
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FIGURE E-2
EXAMPLE INSPECTION/MONITORING LOG
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FIGURE E-3
EXAMPLE EQUIPMENT LEAK REPAIR LOG
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FIGURE E-4
EXAMPLE DELAY OF REPAIRS LOG
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FIGURE E-5
EXAMPLE EQUIPMENT DIFFICULT TO MONITOR LOG
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FIGURE E-6
EXAMPLE EQUIPMENT WITH NO DETECTABLE
EMISSIONS LOG
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FIGURE E-7
EXAMPLE EQUIPMENTWITH NO DETECTABLE LIMITS IDENTIFICATION LOG
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Clean Harbors Arizona 1340 W. Lincoln Street, Phoenix, Arizona 85007 (EPA ID No: AZD049318009) EXAMPLE

SUBPART BB & CC “ NO DETECTABLE LIMITS EQUIPMENT” INDENTIFICATION LOG

Id. # Equipment Description Equipment Type of service I\l,}z?l:l;;egf Comments
. Gas (G), Liquid Compliance*
Location (L), or Both (B)
TANK 101
902 |Pressure relief device assy. top G 2,3
TANK 102
907 |Pressure relief device assy top G 2,3
TANK 103
912 [Pressure relief device assy top G 2,3
TANK 104
918 |Pressure relief device and 6” flange top edge G 2,3
TANK 301
925 |8” Pressure relief valve and flange top edge G 2,3
TANK 302
TANK 303
941 |8 Pressure relief valve and flange top edge G 2,3
TANK 501
948 |8 Pressure relief valve and flange top edge G 2,3
i

Facility Manager:

* = Required Method of Compliance:

2 = Visual, sound, smell, or other detection method is acceptable. Check for drips, escaping gases, or bubbles indicating visual signs of leaks and record above.
3 = No detectable emissions.
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EXHIBIT E-1
ACTIVATED CARBON PRODUCT DESCRIPTION
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EXHIBIT E-2
EMISSION CONTROL CALCULATIONS
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Design Basis

Assume

Flow 6.68|cfm
39]ibs/hr
Temp 68|F
Pressure 14.19|psia
VOC 5.00]!bs./hr
Flow 10.64[cfm
35|Ibs/hr
Temp 68{F
Pressure 14.15]psia
VOC 0.25|Ibs./hr
VOCRE = 95
Flow 10.57|cim
34[ibs/nr
Temp 68]F
Pressure 14.12]psia
VOC 0.03}1bs./hr
VOC RE = 90
Flow 21}cfm
69]Ibs/hr
Temp 68|F
Pressure 14.12|psia
VOC 0.03]ibs./hr
OVERALL:VOCRE 99,50

»

Clean Harbors Arizona, LLC

Activated Carbon System Flow Rate and Emission Efficiency Calculations

Vent
A
Water Seal
Drum 4
—>]
3

13.4 cfm

Tank Vent System

from tanks:
T-101
T-102
T-103
T-104
T-301
T-302
T-303
T-501

0.0984 Ib/cu.ft

FA= Flame Arrestor

ARIZONA DEPARTMEN
=
ENVIRONMENTAL QUALI'?$

JAN 11 2008

J Waste pr ograms Diy,
Permits Section




Clean Harbors Arizona, LLC

Vapor Pressure Calculations

Flammable: Liquid

Vapor.Pressure Calculations Max. Liquid Surface Temperature 82 °F 27.7778 °C . )
Basis: 100 lbs Notes | Molecular Specific Antoine: Constants for Vapor Pres| log P Vapor ~[Partial Partial:  |Partial
Weight Gravity A B c Pressure |Pressurs | Pressure |Pressure
. Ib/ib-iole . weight percent. |Ib molés mole fract. N minHg [mmHg. |psia. kPa
toluene Note 1 92.0 0.866 0.185 0.201 0.150 6.955 1344800 219.480 1.516 32.793 4.926 0.095 0.657
Xylene Note 1 106.0 0.881 0.185 0.175 0.130 6.998 |1474.679 213.690 0.891 7.778 1.014 0.020 0.135
acetone Note 1 58.0 0.792 0.185 0.319 0.238 7.117_[1210.595] 229.664 2415 259.859 { 61.918 1.198 8.255
Isopropyl Alcchol Note 1 60.1 0.786 0.074 0.123 0.092 8.118 [1580.920 219.610 1.727 53.364 4.909 0.095 0.654
Methanol Note 1 320 0.791 0.074 0.231 0.173 7.898 [1474.080] 229.130 2.160 144.451 | 24.921 0.482 3.323
Methyl Ethyl Ketone Note 1 721 0.805 0.037 0.051 0.038 6.974 [ 1209.600 216.000 2.012 102.874 3.943 0.076 0.526
n-Butyl Acetate Note 1 116.2 0.898 0.222 0.1 0.143 7.127 430.418 210.745 1.130 13.494 1.926 0.037 0.257
n-Ethyl Acetate Note 1 88.1 0.037 0.042 0.031 7.102 244.950 217.880 2.034 108.135 3.393 0.066 0.452
water Note 2 18.0 0.001 0.006 0.004 18.304 |3816.440 -46.130 3.316 27.563 0.114 0.002 0.015
TOTAL 100.0% 1.34 1.00 107.064  2.071 14.274
Note 1 Vapor pressures calculated using values from Lange's Handbook of Chemistry using Antoine Coefficients for LOG P = A-B/T+C) in mm Hg
Note 2 Vapor pressure calculated using values from Properties of Gases and Liquids using Antoine Coeffients for LN P = A-B/(T+C) in mm Hg

264.1084 Regulatory limit for the tank system is 76.6 kPa.
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Clean Harbors Arizona
Waste Compact Flow Rate
Volume Displacement

Volume per year

Flowrate

8.12 ftr3
14000 gallons
1871.5 ftA3

8.12 ftA3/min

ARIZONA DEPARTMENT OF
ENVIRONMENTAL QUALITY

JAN 11 2008

)

grams Div,
Permits Section

Waste Pro




Section E
Revision No. 13
Date: 03/25/10

EXHIBIT E-3
EMISSION CONTROL DESIGN
EVALUATION, INSPECTION AND MONITORING

E-10



Estimated Maximum Vent Flow Rate & Potential Maximum Internal Tank Pressure

Phoenix facility 2/6/2009
Rev 1 - 7/27/2009

A Tank Data & Thermal Breathing Volume

Thermar Uut ]
breathing
Tank volume in cubic
Tank Capacity | Emissions| feet per hour -
No. | Description of Contents {gal} Control Per API 2000
Tanks subject to RCRA regulation
101 {RCRA Flammable & Non-Rammable Liquid 2570 Yes &0
102 _|RCRA Fiammable & Non-flammable Liquid 2570 Yes N
103 IRCRA Flammabie & Non-flammable Liquic 2570 Yes 60
104 |RCRA Flammable & Non-flammable Liquic 4530 Yes 125
301 |RCRA Flammable Liquid 10250 Yes 250
302 _|RCRA Fiammable & Non-flammable Liquic 10150 Yes 250
303 IRCRA Flammabie & Non-flammabte Liguic 10150 Yes 250
501 |RCRA Flammable & Non-flammable Liquid 10150 Yes 250
Total all Tanks’ 52940 1305
Theretore, Thermal Out breathing from all tanks in to
vent header = 1,305 CFH
= 2175 CFM (a)
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Estimated Maximum Vent Flow Rats & Potential Maximum internal Tank Pressure
Phoenix facility 2/6/2009

B.  Working loss - out breathing in to vent system

(1) Calculation Basis - Operational Data
(1) Al tanks are connected fo a common 2* header which is directed into a knock-out/back pressuredrinse drum and
then into four carbon beds and exits through a stack.
{2) Physical layout indicates that T- 501 is the farthest tank from the carban beds.
{3) Total tength of the Vant line from T-501 1o the knock out drum is 100 ft with 5 -90 degree etbows.
This translate into an equivalent length of 130 ft of 2= pipe. i
{4) Facility utilizes vapor balancing during tanker-truck off loading, which reduces the outflow through the lmock-out drum and carbon beds.
{5) The vapor balancing connection is at the upstream side of the knack out drum. Facility utilizes a 73 feet of 2* fiexible
hose to cannect tanker fo the vent header connection at knock out drum.
{6) Facility can at the most perform two tank filling activities at a time - one from tanker truck and one from drum pumping operation.
Two independent double diaphragm pumps are utilized o perform these two activities. Pumps have nominal capacity of 80 GPM.
however, the drum pumping is done at a slower pace by regulating the air flow to the pump to achieve an effective average rate of 10 GPM
and the peak rate of 20 GPM.
{7) The knock out drum is maintained to have 10" of water at alt times. The vent pipe coming from the tanks is inserted into this
water to the depth of 8. This will creats an 8" of liquid back pressure info the tank header,
(8) Each tank has a conservation vent and an emergency vent.
Pressure sefting for conservation vent = 1 psig
Pressure setting for emergency vent = 2.5 psig
(9) Flash paint of liquid stored is less than 100 degrees F and boiling point is beiow 300 deg F for the AP1 2000 vent rate to be twice the
liquid fiow rate.
(10) The total piping equivalent beyond knock-out dnm is 30 feet of 2 inch pipe.
(2} Assumptions for Pressure calculations
{1) For the maximum possibie pressurefvent fiow, it is assumed that a tanker truck is baing pumped into T-501 and drum pumping Is occurring
into tank T-501, simultanecusly. At the sama time, afl tanks are out breathing thermal loss at their maximum rate as indicated in the table.

{3} Working - Out breathing fiow

No. of Simulfaneous pumping aperations = 2

Peak Flow rate of tanker truck off-load pump = 30 GPM

Peak Flow rate of drum pump-off pump = 20 GPM

Total combined Maximum pumping rate into the tanks = 100 GPM

Per API 2000, the oul breathing volume for transfer of

liquids with fiash point below 100 degreas F = GPM/35

Therefore workingfoutbreathing flaw rate = 2857 CFM (b)
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Estimated Maximum Vent Flow Rate & Potenttal Maximum Internal Tank Pressure

Phoenix facility

C. Calculations for Maximum Intemnal Tank Pressure

m

{2

Flow distribution

216/2009

Due to vapor balancing, connection located at the knock-out drum inlet, vapor flow will split into two fiows at that point One going to tanker
trailer in the amount equal to the volume being removed from the tanker, and, the remaining excass flow will go through knock-out drum,

flame arrestor and carbon beds.

Total out breathing flow into the vent header = working
displacement + Thermal displacement = (a) + (b)

Flow to the tanker truck = pump out rate@80 GPM
Tharefore, net flow through knock-aut dsum and to the
stack = (d} - (e)

Pressure drop .

Flaw Frictional pressure drop in vent pipe

Pressure drop for the total outbreathing flow through the
130 feet of vent header, @ 0.1482 psi/100 feet per Crane
Handbook

Knock-out Drum Resistance{pressure drop)
Vent flow going through knock out drum needs to
overcome 8" of water layer, which is

Flame Arrestor Reslstance{pressure drop)

Flow through fiame arrestor = (f) x60

Pressure drop from the curve for Protectoseal model
4952F - 2*, for the total flaw through the flame arrestor

Carbon beds Resistance(pressure drop)

Vapor flow from knock-out drum is splitinto two sets of
carbon beds.

Therefore, flow through each carbon bed

Pressure drop from the cusve for Ecosorb activated
carbon drum model VSC200

For two carbon beds in series, total pressure drop

fnon

o

e et e oM b e oot s oo ey L i gy gt oo s o orne

50.32
10.70

39.63

0.19

0.29

237757

3.5
0.13

19.81
0.75

0.027
0.054
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Estimated Maximum Vent Flow Rate & Potential Maximum Internal Tank Pressure
Phoenix facility 2/6/2009
Exit piping pressure drop ]
Through 30 feet of pipe §0.13 psi/100 feet = 0.039 psi ()]

Tatal pressure drop through the knock out drum, carbon

beds & vent - after the flow split, = (RH(ky1) = 0.509 psi {m)
Total Required Maximum Internal Pressure of the 1
tanks for the maximurn vent fiow = (g) + (m) = 0.70 psi (1)
The conservation vent pressure setling far exceeds

the potontial maximum internal pressure and Is = 1 psi

Hence, under normal operation, vent fiow will not be released through either conservation vent or emergency vent

D. Calculations for Pressure Drop through vapor balance

Haose length between tanker truck vapor balance

connection and the branch connection at knock-out drum = 73 ft {r)
Flow to the tanker truck = pump ot rate@80 GPM = 1070 CFM (e)
Pressure drop through vapor balancs Jine - T3 fof 2*

hose, @0.015 psif100 per Crane Handbook = 0.01 psi (o)
Back pressure that must exist in tanker truck o equalize

the pressure drop for a steady state condition = 0.69 psi {qQ)

Pressure drop (o) is far less than pressure drop {m)
Hence, initially, more flow would go to the tanker 1o equalize the pressure by creating the backpressure inside the tanker headspace

which will reduce the forward fiow through carban beds. Therefore, the maximum total back pressure inside the storage tanks would be
what has been calculated here, as represented by (n) above.
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EMISSION CONTROL DESIGN

EVALUATION, INSPECTIONS AND MONITORING

Item 66 a.

The spec sheets provided as Exhibit E-1 do not indicate the control efficiency

of the carbon used for emissions control.

The size and configuration of the CHA storage tank emission control system are
based on accepted principles of carbon adsorber system design to deliver very
high control efficiency. Carbon canister beds arranged in series provide
redundant capacity, and the control effectiveness can be monitored using a
sampling point for effluent concentration in the piping between the two beds. In
this design, the “upstream” bed would need to be almost fully loaded with
adsorbed organic solvents before detectable solvents would be passed through to
the second bed. The presence of the second “downstream” bed ensures that 95%
control will be provided, since this bed will polish any “tail” of organic

constituents that may escape the upstream bed as it approaches its capacity.

A piping and instrumentation diagram (P&I) is provided in Figure 66-1. There
are four canisters in total, arranged in two parallel trains each with two canisters
in series. The system plumbing is a combination of cemented PVC piping, and
flexible rubber hose. Nominal 2-inch pipe and hose is used for plumbing from
the tanks to the carbon canisters. The carbon canisters are 55-gallon size steel
drums, each containing approximately 180 pounds of carbon, at a nominal bed
depth of 2.3 feet. There is a distributor plate at the inlet end of each canister, to
reduce the likelihood of channeling through the bed. Sampling locations, in the
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form of threaded valves are installed at the outlet of the upstream and
downstream beds of each pair of canisters.

As illustrated in Figure 66-2, influent gases containing the contaminants begin to
“load” the carbon in a fresh adsorber near the inlet to the first bed. . As the carbon
filters the organic molecules, the Mass Transfer Zone (MTZ) migrates through
the bed. Downstream of the MTZ, there is virtually no organic left in the effluent
stream. This material is polished out of the gases by the fresh, relatively
unloaded carbon downstream of the MTZ. This is a different principle of control
than other emission control devices, such as scrubbers, in which the efficiency is
driven by an equilibrium end point and the absorbing media (usually water) is
mixed between the gas inlet and outlet.

The reply to Item 66b provides the adsorbent capacity calculations to illustrate
that the CHA carbon canisters contain sufficient adsorption capacity to provide
95% or higher control efficiency. This design analysis satisfies the requirements
for carbon adsorber control systems listed in 40 CFR 264.1035(b)(4)(iii)(G). The
inspection and monitoring of the organic vapor concentration between the two
beds (see Item 66e) is also a conservative measure to ensure greater than 95%
total control.

Item 66 b.

Demonstrate that carbon system has absorption capacity to manage percent-

by-weight total organics in hazardous waste stream as required by
264.1064(b)(1)(iv). A 95% or greater efficiency is required per 264.1033(b) [as
directed by 264.1060 via 264.1064(b}(4)].

A number of factors determine the adsorption working capacity of a carbon bed
canister. One primary factor is the equilibrium capacity for a specific VOC
constituent (we), which is dependent on the adsorption potential of a given
molecule, the representative concentration of that constituent in the gas to be
treated, the range of working temperature, and the weight of carbon in the
canister. The effective working capacity is then defined as a fraction of the

equilibrium capacity. Estimation of equilibrium capacity is based on inspection
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of adsorption isotherm correlations for the anticipated constituents. The

fundamentals of this technique are presented in many engineering texts.

The isotherm data characterizing activated carbon produced from coconut shells
was obtained from Handbook of Separation Techniques for Chemical Engineers (P.A.
Schweitzer, 314 Ed., McGraw-Hill, 1996, Ch. 3). The theoretical equations used
for this evaluation were obtained from this text, and the U.S. Army Corps of
Engineers, Adsorption Design Guide (No. 1110-1-2, Dept. of the Army, March 2001).
A conservative estimation technique of carbon bed working capacity from the
equilibrium capacity is provided in the U.S. EPA Air Pollution Control Cost
Manual, Section 3.1 VOC Capture Controls (EPA/452/B-02-001, September 1999,
Chapter 1 - Carbon Adsorbers).  Key excerpts from these references are
attached.

In the case of the CHA carbon canister systems, the amount of carbon provided
is 720 total pounds in four separate canisters. To demonstrate the adequacy of
these systems as a control device in accordance with 40 CFR 264.1064 (b)(1), one
can estimate the carbon replacement interval in terms of the volume of liquid
solvent transfer that will be effectively controlled prior to bed breakthrough.

Solvent vapors may be vented to the carbon canisters during periods when
liquid is added to one of the controlled tanks. Also, thermal cycles during
summer-peak daily temperature swings may contribute to vented emissions.
However, such “breathing” emissions are only vented out of a tank under
extreme conditions. A vacuum/pressure relief valve is installed at the top of
each tank to ensure that pressure differential does not damage the tank. This
vent is set to not release vapors to atmosphere until tank internal pressure
exceeds 1.0 psig. The vacuum relief valve prevents the tank from collapsing by
allowing atmospheric air to enter the tank when liquids are being removed from
the tank.

When liquid solvent is pumped from drums or other portable containers, the
volume of vapor vented to the carbon system is equal to the gallons of liquid
added to the tank(s). For tank truck unloading the CHA system includes a
vapor recovery line that returns displaced vapor from the CHA tanks back to the
truck vessel, as illustrated in Figure 66-1.
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The use of vapor recovery eliminates venting of solvent vapor to the canisters
during truck unloading, which greatly extends carbon life. Solvent shipments
received and unloaded from tanker trucks are normally in the range of 500 to
1,000 gallons per shipment and pumped at the rate of 50 to 100 gallons per
minute. So, without vapor recovery the potential vapor voltime treated by the
carbon canisters is relatively large. However, in the CHA system these large
volume transfers do not result in venting of vapor to the carbon canister.
Instead, the liquid-gas displacement between vessels is equivalent and therefore
virtually no vapors are being passed through the carbon.

For individual solvents, the vapor density in the tank headspace (assumed
saturated at the tank temperature) can be calculated from pure component vapor
pressure data. For comparison, vapor pressure data obtained from Perry’s
Chemical Engineers Handbook (5t ed. Table 3-8) for several solvents handled at
CHA are plotted in Figure 66-3. For the example of m-xylene, the vapor density
is calculated as follows:

Vapor density (Ib/{t?) = Dy = [Py MW] / RT
Where:
Pv = pure component vapor pressure (= 15 mmHg @100 F for m-xylene)
MW = solvent molecular weight
R = gas constant (= 555 mmHg {t3 / Ibmole °R)
T = tank temperature (°R)
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For the example of m-xylene:

Dy = [15mmHg x106.16 1b/Ibmole] = 0.0051 Ib m-xylene/ {t?
[555 mmHg ft? / Ibmole °R x 560 °R’

Information on carbon capacity for m-xylene was obtained from the Handbook of
Separation Techniques for Chemical Engineers, Chapter 3, Table 1 and Figure 4
(copies attached). This reference indicates that equilibrium capacity, we = 0.43

pounds m-xylene adsorbed per pound activated carbon. (For m-xylene,



parameter E is equal to 7 from Table 1, and from Figure 4 this E value
corresponds to 0.5 mL xylene adsorbed per gram of carbon; unit conversions to
pounds m-xylene per pound carbon are shown in Table 66-1.)

As described in Item 66a, the carbon adsorbs solvent vapor_across a front that
migrates from inlet to outlet, so that relatively fresh carbon is present near the
canister outlet until breakthrough is approached. Selecting a working capacity
that is below the equilibrium capacity makes allowance for this remaining carbon
surface, and ensures the design will provide control efficiency above 95%.
Based on the saturated vapor pressure data, inlet concentrations at the control
device may range as high as 500,000 ppmv, so that corresponding outlet
concentrations assuming 95% control (depending on constituent) range from 300
- 25,000 ppmv. The inspection threshold for breakthrough of 100 ppmv used at
CHA is therefore more stringent than the 95% control efficiency standard.

Evaluating the carbon canister service life for intermittent use at CHA is not as
straightforward for a continuous adsorption process. Normally, the service life is
expressed as a “contact time” of the carbon in-service, treating a steady inlet flow
and contaminant concentration. However, rearranging the conventional design
equations allows the “contact volume” to be calculated for a given carbon
quantity. Assuming a carbon working capacity of 50% of the equilibrium
capacity allows a conservative estimate of canister service life in terms of the
volume of vapor vented from the tanks. (ULS. EPA Air Pollution Control Cost
Manual, Sect. 3.1, Ch.1, pg. 1-16). In the case of the CHA system, the treated
vapor volume will be equal to the liquid volume loaded from drums/totes not
equipped with vapor recovery.

For the example of m-xylene:

Working capacity = b carbon x frac. working capacity x we (Ib solv i/1b/carbon)
D. (Ib/{t3)

= 7201b carbon x 0.50 x 0.434/(0.00512 b/ {t3)
= 30,500 {t3 treated vapor

= 228,000 gallons of liquid volume loaded
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Similar calculations for other representative solvents received at CHA are
presented in Table 66-1 (attached). Solvents with lower molecular weight and
higher volatility tend to have the lower equilibrium carbon capacity. This
suggests that either acetone or isopropyl alcohol is an appropriate “worst case”
basis for evaluation of CHA canister working capacity. Tank-temperature also
has a strong influence on the volume of vapor controlled, since at higher
temperature the saturated vapor contains more mass of solvent per unit volume.
The volume of solvent vapor controlled at ambient temperature of 70 °F is about
three times the volume that will be controlled at 100 °F, as shown in Table 66-1.
Ambient relative humidity is not a significant factor in this analysis, as the tanks

and carbon canisters does not involve ambient air intake.

Even based on stringent design assumptions (100% IPA liquid and 100 °F
continuous bed temperature) the current CHA carbon system (total 720 pounds
of carbon) has an estimated working capacity of 24,400 gallons of vapor treated.
With the use of vapor recovery for tank trucks, the net volume treated by the
carbon canisters is small compared to the volume of solvent received at the Clean
Harbors facility. In practice, most of the treated vapor volume would result
from the unloading smaller-volume drums and totes. Given the pattern of actual
received volume of solvent in the controlled tanks, and the conservative nature
of this estimate, the CHA canisters can be operated for at least 12 months
between change-outs.

Monitoring for bed breakthrough on a monthly basis is more frequent than 20%
of the expected carbon working capacity timeframe, and therefore this schedule
is viewed as compliant with the monitoring requirement in 40 CFR
1654.1033(h)(1). In addition, the total solvent received in the controlled tanks
from drums/totes not equipped with vapor recovery may serve as a
conservative indicator of the end of carbon canister service life.

Item 66 c.

Details on equations and assumptions used in Exhibit E-2 to demonsh'ate

required control efficiency and to support designation of tanks as Level 1 are

not stated. For example, calculations provided for maximum vapor pressure

assume a maximum liquid surface temperature of 82 F; demonstrate/provide

details as to why this assumption is appropriate.
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Identification of the appropriate level of control for each tank is based on two
criteria: 1) the theoretical (or actual) maximum vapor pressure for tank contents,
and 2) the tank volume.

The emission control system for the regulated tanks consists of two sets of carbon
canisters. Each set consists of two 55-gallon canisters in series. Because the tanks
have piping to the common control device a single “worst case” vapor pressure
can be assessed for the entire system.

As indicated in the table “Vapor Pressure Calculations” in Exhibit E-2 of the Part
B application, the waste liquids contained in the tanks will typically consist of
several organic solvent constituents. Based on the representative liquid profile,
calculation of actual vapor pressure was presented in Exhibit E-2 at 82 oF (27.78
°C). This tank liquid temperature was selected since it is provided as the annual
average in certain TANKS 4.09 cases for Phoenix, Arizona. The results showed a
maximum vapor pressure of 14.27 kPa.

A more conservative “worst case” case for organic vapor pressure can be
presented by assuming that 100 percent of the tank contents are the most volatile
individual constituent (acetone), and that the tank liquid temperature is at a level
that reflects peak summer conditions.

Vapor pressure from Antoine constants provided in Lange’s Handbook of
Chemistry (see reference in Exhibit E-2), assuming a summer tank liquid
temperature of 115 °F (46.1 oC):

LogPy=A-B/ (C+T[C])=2727

If the tank contains a single constituent, the tank partial pressure equals the
vapor pressure:

Py =Pi=5334 mmHg =71.1kPa

Even for the most volatile constituent at extreme summer conditions for the CHA
facility, the organic partial pressure in the storage tanks does not exceed the
Level 1 limiting threshold of 76.6 kPa for tanks having less than 75 m? volume.
As stated in the Part B Application, each CHA tank has a maximum working

volume of 37.8 m3.
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Item 66 d.

State what waste stream is used in Exhibit E-2’s Antoine Equation and why

this is appropriate.

The waste stream constituent profile used in the vapor preémsﬁrémcalculation in
Exhibit E-2 is a representative composite of tank contents throughout the Clean
Harbors system. Clean Harbors conducted an in-house study at various
locations throughout the company and arrived at an average percentage of
constituents in the flammable liquid storage tanks. There is no single
composition profile that can represent the waste included in the tanks since the
composition changes with the addition of any new waste stream. However, the
selection of composition profile is not important in determining the appropriate
level of control for these tanks. As illustrated in the reply for Item 66¢, the Level
1 control threshold is not exceeded even if the most volatile constituent present
in the CHA waste stream (acetone) is assumed to comprise the entire waste
stream at an extreme summer liquid temperature of 115 °F.

Item 66 e.

Provide an emission controls system written inspection and monitoring plan
(and schedule) for carbon changeout/system as referenced in Sec E.3.6 (40 CFR
270.27(a){5) and (6).

An example Inspection and Monitoring Log is provided as Figure E-2 in the Part
B application. The use of this form satisfies the inspection and monitoring
requirements contained in the MCAQD Operation and Maintenance Plan for the
carbon canister adsorption units. The primary inspection procedures consist of:

* Monthly sampling of organic vapor concentration between canisters at the
control system vent using a portable analyzer that is consistent with
Reference Method 21 sampling technique.

*= On a monthly basis, at the time of the organic vapor sampling, the
canisters, valves, fittings, piping and other equipment that are contacted
by waste vapors are visually inspected for physical integrity and presence
of breaks or leaks.
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» The location of each connection is identified such that a maintenance

person can return to the specific item to perform repairs if required.

* On an annual basis, organic vapor monitoring is conducted at joints and
connections in the piping from the tanks to the carbon control device, as
required by monitoring provisions in 40 CFR 264.1034 (b).

Any hazardous waste tanks containing waste or organic vapors including the
emission control system connections to these tanks will be inspected monthly.
An inspection form is completed for each inspection and sampling event, in a
format that complies with 40 CFR 264 /265, Subparts BB and CC, an example is
provided in Figure E-2. Repairs of leaks found by visual inspection or
monitoring are to be performed promptly.
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Table 66-1

Carbon Working Capacity Calculations
Clean Harbors - Arizona

Acetone %| Toluene m-Xylene IPA
Specific Gravity 0.792 0.866 0.867 0.789
Molecular Weight 58.08 92.13 106.16 60.09
Molar Density (gmol/mL) 0.0136 0.0094 0.0082 0.0131
E (Fig 4) 9 7 11
Equilibrium Point -
mL ads/g Carbon 0.3 0.5 0.2
Ib Adsorbed/lb Carbon 0.300 0.260 0.434 0.158
Reference ° Fig10 | Tbl 1-Fig 4 | Tbl 1-Fig 4 | Tbl 1-Fig 4
Vapor Press. (mmHg)
@70F 180 20 5 30
@ 100F 380 50 15 90
Vapor Molar Density (Ibmole/ft®)
@70F 0.00061| 0.00007| 0.00002{ 0.00010
@ 100F 0.00122] 0.00016] 0.000048] 0.00029
Vapor Density (Ib solv/ft®)
@70F 0.036 0.006 0.002 0.006
@ 100F 0.071 0.015] 0.00512 0.017
Solvent Liquid Volume
Controlled ' (Gallons)
@70F 22728 111673 646842 69330
@ 100F 11375 47198 227819 24418
1 - Assume tank headspace is saturated with respect to the
individual solvent, at tank temperature.
Working capacity = 50% equilibrium capacity, 720 pounds of total carbon.
2 - For bed capacity evaluation, acetone is a "limiting case”
However, acetone is not a regulated air pollutant
3 - Equilibrium data from: ARIZONA DEPARTMENT OF
Handbook of Separation Techniques for Chemical Engineers, Schweitzer, 1996, ENVIRONMENTAL QUALITY

Table 1 - Figure 4, pages 3-10, 3-11 (equilibrium carbon capacity)
Figure 10, page 3-14 (acetone isotherm)
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NOTES:

1. LSH AND/OR LSHH, WHEN ACTIVATED DUE TO LIQUID LEVEL
REACHING SET POINT IN ANY OF THE EIGHT RCRA TANKS,
WLL CUT-OFF THE AIR SUPPLY TO THE ENTIRE TANK FARK
AREA BY DEACTMIVATING SUPPLY LINE SOLENOID, AND,
;LlEFg?Y SHUTTING DOWN ALL AIR OPERATED D{APHRAGM

MP

2. TANK HEIGHTS NOTED ARE BETWEEN TANGENT LINES ON
THE SHELL.

3. TANK 104 HAS A DISH BOTTOM AND DISH TOP. ALL OTHER
TANKS ARE WITH FLAT BOTTOM AND SLIGHT CONE ROOF.

4. TYPICAL DRUM PUMPING FROM DRUMS TO TANKS, AND, TO

A:R FROM TANKERS TO TANKS AS SHOWN APPLY TQ ALL
TANKS.

FOR RCRA PERMIT SUBMITTAL
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' FIGURE 66-2

ILLUSTRATION OF ADSORPTION MASS TRANSFER ZONE AND

EFFLUENT CONGENTRATION

BREAKTHROUGH - SINGLE BED
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Figure 66 - 3

Vapor Pressure Data - CHA Solvents

Source: Perry's Chemical Engineering Handbook, 5th Ed. Table 3-8.
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'GAS-PHASE ADSORPTION" 3-8 -

E = RT m 28 . [ARIZONA DEPARTMENT OR1B)
_ P -+ | ENVIRONMENTAL QUALITY
JAN 15 2008

where P, = equilibrium vapor pressure in the gas phase . _ o
Po = vapor pressure 1n the. adsorbed phase , . . Waste Programs Div.
. " Permits Section .

. “The value ¢”1 correspondmg to E; is x/ dT where x is the wexght of the adsorbed film and dr is the density
of the liquid at temperature T. The Polanyi equation is very 1mportant in chemical engineering design -
caléulations because of its ability to predict-isotherms for any gas, given a single isothierm for one gas-on
the same solid, Dubinin ‘et al 13-16 sublished a large number of adsorption correlation results. using the.”
Polanyi equation. Lewis et al.' unproved the Polanyi-Dubinin method by substrtutmg fugacity in'place of
“pressure and réplacing ¥, the molar volume of the liquid at temperature T, by ¥, the molar volurne of the
liquid at a temperature Where its vapor pressure is equal to the equilibrium pressure p. 4 :
_The Polanyi potential theory of. adsorptxon basically describés the volume filling of nucropores ina
. typrcal adsorbent structure: The theory is valid. prunanly below the critical temperature of the adsorbate
The apphcabxhty of this theory to mdustnal adsorbents is expressed by r_he equation '

W Woexp(kEz) | _' (14)

where W = volume of the adsorbate as- hqmd

W, = volume of- adsorbent filled when E decreases to zero, whrch in most cases is the total pore
~ volume of the adsorbent

k= constant

The plot of W /W, against E, the chamcterxshc curve representmg the relationship between volume of the

available adsarption volume and the adsorption potential, is basically a statistical relationship expressing

the fraction of the pore volume filled at different adsorptlon potennal E values. -
 The filled volurne of ‘the adsorbent is

W=av, (15)
where g =constant and
"y, = molar volume of the adsorbate
. Equation (12) indicated the temperature invarjance of the adsorption potential, and

E_ ooy 1P '
E T v 1P : ’ (146)

" where (8 = the affinity coefficient or the relative molar work of vapor adsorptxon compared with a

standard substance (often for benzene ~1 .0), and
P = parachor for the bulk liquid phase

Therefore w1th these equatlons it is possible to calculate the adsorptlon 1sotherm of nearly every
substance at any temperature from a single measured adsorption isotherm at one-temperature. :
A typical potential curve is shown on Fig. 3 for W.R. Grace 13X molecular sieve, and a generalized
~ ‘form is shown on Fig. 4 in"conjunction with Table 1-for 1000.to 1100 m*/g steam-activated coconut-shell -
“carbon (Nusorb CC 1000 grade) The E values of Table 1 are given for 20% of the ACGIH threshold
limit values, .
Langmuir presented an 1deal monolayer adsorption | 1sotherm

Vabp
1+bp

V= (17)




Expenmeutal charactensﬂc curve for
/g coconutﬂshe]l actwatcd carbon

e assumptxon that'the ihcat of adsorpt1
and, that-the monolayer is-compléted before the
ptien equaling:that of the heat-of liquéfac

‘isVery: ﬁseful becéuse it pemhts the nurﬁencal deter tion ‘of- surface area Knowmg the are_‘

. occupied by a single molecule of the adsorbent and the ; number_
ity p0351ble 0 CXplESS thc surfa ’
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- GAS-PHASE ADSORPTION  3-11

TABLE 1 E Values for Use 'Withi Potential Plot, Fig. 4
C(E w,/alues-'nu'e for 20% of the ACGIH threshold limit values)

" “Contaminant "E Contaminant
Acetone T 18 Formaldehyde 75
. Acetaldehyde - 27 - Hydrogen 418
. Acetylene 48 Hydrogen chloride - "8l
Allyl alcohol - . 23 . Hydrogen fluoride .~ -166
Ammonia = - 54 .. 1-Hexeng 10
“Amyl aleohol- - . . 7 - n-Hexane o 10
Benzene 16 Hexamethylcyclotrisiloxane s
n-Butane, . 17 - Hydrogen-sulfide = 63
Butene-1 © - 19 Isopropyl aicohol. ' 15
cis-Butene-2 -~ - - 18 Isobutyl aleohol 1]
trans-Butene-2 19 Methylene chioride 2
-n-Butyl aleohol ~ 10 Methyl chloroform . 12
"Butraldehyde 1 Methyl ethyl ketone- 14
Butyric aeid 8 Methyl isopropyl ketone 10
Carbon.disulfide 22 . ‘Methyl alcohol 3l -
Carbon monoxide 110 3-Methyl pentane 10
Chlorine -, 55 " Methane 43
Chloroacetone 13 . Monomethylhydrazine 20
Chiorobenzene 9 Methyl mercaptan 35
-~ Chloropropane 16 Nitric oxide 107
Cyclobexane T 1l Nitrogen tetroxide 2
Cyclohexanol 8 Nitrous oxide 42
Cyanamide * ig Propylene 28
1,1-Dimethyleyclohexane 7 Isopentane 13
‘trans-1,2-Dimethyleyclohexane 7 n-Pentane 13
. 2,2-Dimethylbutane 10 " Propane 24 -
1,4-Dioxane . 16 n-Piopylacetate. 9
Dimethylhydrazine 23 Propyl-mercaptan 13
. Ethyl alcohol 20 Phenol . 9
Ethyl acetate 12 Sudfur dioxide 49
Ethylene dickloride 17 Toluene 9
Ethylene 42 - Trichloroethylene 13
Ethylene glycol 7 - Tetrachloroethylene 10
" trans-1, me-3, ethylcyclohexane 6 1,1,3-Trimethylcyclohexane 6
Ethyl sulfide - : 10 Tetrafluoroethylene 30
Ethyl mercaptan 23 Freon-21 23
Freon-i1 22 Valeric acid - 4
Freon-12 22 Viny! chloride 27
Freon-22 -28 Vinylidene chloride 19
Freon-23 40 m-Xylene 7
Freon-114 14 o-Xylene 3
Freon-114 unsymmetrical 16 p-Xylene 7
Freon-125 25

"If the adsorption isotherm shape is Type I, II, or IV, adsorption can be used to separate the adserbate
from the carrier gas. If it is Type ITI or V, adsorption will probably not be economical for the separation.
The shape of the adsorption isotherm for each temperature is a function of both the properties of the
adsorbate and the adsorbent. As an example; Figs. 5 and 6 show CO, and N,O adsorption isotherms on
the same 1800 m?/g coconut-shell carbon: These are pure-gas isotherms where concentration is expressed
as’ absolute. adsorbate pressure. The CO, adsorption at low temperature shows significant hysteresis
(higher sorption capacity ot desorption than on adsorption). As the temperature increases the hysteresis
loop diminishes, and above 169K the adsorption is reversible. The saturation adsorption is-constant in the
. reversible range but increases with the development of hysteresis toward low temperatures. The adsorption
. of N>O on the same carbon shows that hysteresis is much smaller and occurs in a different shape at low
and high temperatures. Also at high temperatures a rise in the saturation capacity is observed.
Figure 7 shows the CO, adsorption isotherm on 2 structurally different 1400 m?*/g coal carbon, which
obviously has larger pore diameters also. The low-témperature hysteresis lodp disappears with increasing
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2-5. Dynamic Operation Testing. The following parameters must be considered when
designing a pilot scale evaluation.

a. Breakthrough Curves. The breakthrough curve can be defined as the “S” shaped curve
that typically results when the effluent adsorbate concentration is plotted against time or volume.
Breakthrough curves can be constructed for full scale, dynamic, or pilot testing. The break-
through point is the point on the breakthrough curve where the effluent adsorbate concentration
reaches its maximum allowable concentration, which often corresponds to the treatment goal.
The treatment goal is usually based on regulatory or risk based numbers (see Figure 2-4).

b. Mass Transfer Zone. The mass transfer zone (MTZ) is the area within the adsorbate bed
where adsorbate is actually being adsorbed on the adsorbent. The MTZ typically moves from the
influent end toward the effluent end of the adsorbent bed during operation. That is, as the '
adsorbent near the influent becomes saturated (spent) with adsorbate, the zone of active adsorp-
tion moves toward the effluent end of the bed where the adsorbate is not yet saturated. The MTZ
is sometimes called the adsorption zone or critical bed depth. The MTZ is generally a band,
between the spent carbon and the fresh carbon, where adsorbate is removed and the dissolved
adsorbate concentration ranges from Co to C-.

(1) The length of the MTZ can be defined as Lyrz. When Ltz = bed depth, it becomes
Lewrr, or the theoretical minimum bed depth necessary to obtain the desired removal.

(2) As adsorption capacity is used up in the initial MTZ, the MTZ advances down the bed -
until the adsorbate begins to appear in the effluent. The concentration gradually increases until it
equals the influent concentration. In cases where there are some very strongly-adsorbed compo-
nents, in addition to a mixture of less strongly adsorbed components, the effluent concentration
very seldom reaches the influent concentration because only the components with the faster rate
of movement through the adsorber are in the breakthrough curve. The MTZ is illustrated in Fig-
ure 2-5.

(3) Adsorption capacity is influenced by many factors, such as flow rate, temperature, and -
pH (liquid phase). The adsorption column may be considered exhausted when the effluent ad-
sorbate concentration equals 95-100% of the influent concentration. This is illustrated in Figure
2-5.
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YAPOR ADSORPTION

4—————— LIQUID ADSORPTION
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Concentration
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Figure 2-4. Comparison of idealized vapor and liquid breakthrough curves.
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EFFLUENT CONGENTRATION
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Figure 2-5. Adsorption column mass transfer zone and idealized breakthrough zone.
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Chapter 1
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123 Estimating Carbon Requirement

1.2.3.1 Overview of Carbon Estimation Procedures e

Obtaining the carbon requirement (M_or Mq} is not as straightforward as determining the
other adsorber design parameters. When estimating the carbon charge, the sophistication of the
approach used depends on the data and caleulational tools available.

One approach for obtaining the carbon requirement is a rigorous one which considers the
unsteady-state energy and mass transfer phenomena occurring in the adsorbent bed. Sucha
procedure necessarily involves a number of assumptions in formulating and solving the problem.
Such a procedure is beyond the scope of this Manual at the present time, although ongoing work
inthe Agency is addressing this approach.

In preparing this section of the Manual, we have adopted a rile-of-thumb procedure for
estimating the carbon requirement. This procedure, while approximate in nature, appeats to have
the acceptance of vendors and field personnel. Itis sometimes employed by adsorber vendors to
make rough estimates of carbon requirement and is relatively simple and easy to use. It normally
yields results incorporating a safety margin, the size of which depends on the bed depth (short
beds would have less of a safety margin than deep beds), the effectiveness of regeneration, the
particular adsorbate and the presence or absence of impurities in the stream being treated.

1.2.3.2 Carbon Estimation Procedure Used in Manual

The rule-of-thumb carbon estimation procedure is based on the “working capacity” (W,
Ib VOC/Ib carbon). This is the difference per unit mass of carbon between the amount of VOC on
the carbon at the end of the adsorption cycle and the amount remaining on the carbon at the end of
the desorption cycle. It should not be confused with the “equilibrium capacity” (W) defined
above in Section 1.1.3. Recall that the equilibrivm capacity measures the capacity of virgin activated
carbon when the VOC has been in contact with it (at a constant temperature and partial pressure)
long enough to reach equilibrium. In adsorber design, it would not be feasible to allow the bed to
reach equilibrium, Ifit were, the outlet concentration would rapidly increase beyond the allowable
outlet (or “breakthrough’”) concentration until the outlet concentration reached the inlet concentration.
During this period the adsorber would be violating the emission limit. With non-regenerable
(cannister) type systems, placing multiple vessles in a series can substantially decrease concerns of

breakthrough.

The working capacity is some fraction of the equilibrium capacity, Like the equilibrium
adsorptivity, the working capacity depends upon the temperature, the VOC partial pressure, and
the VOC composition. The working capacity also depends on the flow rate and the carbon bed
parameters.
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The working capacity, along with the adsorption time and VOC inlet loading, is used to
compute the carbon requirement for a cannister adsorber or for an intermittently operated fixed-
bed adsorber as follows: b=

M, =18, (1.13)

where
m, _=VOCinletloading (Ib/b)

Combining this with Equations 1.10 and 1.11 yields the general equation for estimating the system
total carbon charge for a continuously operated system:

My

N
M, == 6, (1,+ Fj) (1.14)

¢

Values for w_may be obtained from knowledge of operating units. If no value forw_is available
for the VOC (or VOC mixture) in question, the working capacity may be estimated at 50% of the
equilibrium capacity, as follows:

w, = 05W,40 (1.15)

where
W)~ the equilibrium capacity (Ib VOC/Ib carbon) taken at the adsorber inlet (i.c., the
point of maximum VOC concentration).
(Note: To be conservative, this S0% figure should be lowered if short desorption cycles, very high
vapor pressure constituents, high moisture contents significant amoumnts of impurities, or difficult-
to-desorb VOCs are involved. Furthermore, the presence of strongly adsorbed impurities in the
inlet VOC stream may significantly shorten carbon life.)

As Equation 1.14 shows, the carbon requirement is directly proportional to the adsorption
time. This would tend to indicate that a system could be designed with a shorter adsorption time
to minimize the carbon requirement (and equipment cost). There is a trade-off here not readily
apparent from Equation 1.14, however. Certainly, a shorter adsorption time would require less
carbon. But, it would also mean that a carbon bed would have to be desorbed more frequently.
This would mean that the regeneration steam would have to be supplied to the bed(s) more frequently
to remove (in the long run) the same amount of VOC. Further, each time the bed is regenerated
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EXHIBIT E-4
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CALCULATING CARBON EFFICIENCY

The efﬁciency of each carbon canister should be monitored on a monthly basis to
determine that the canister is functioning at the manufacturer’s specification of 95%.
Volatile Organic Concentrations (VOC’s) are measured using a Flame Ionization
Detector (FID), or Photo Ionization Detector (PID). In order to verify control efficiency,
monitoring will occur at the inlet to the carbon system and at the outlet of the syst'em;
The control efficiency is calculated based on the differential between the two monitoring
points. | | |

PROCEDURE FOR CARBON REPLACEMENT
Breakthrough is discovered if the carbon efficiency is less than 95%. Once
discovered, the first carbon unit shall be replaced within 24 hours of breakthroughl.
Service shall be completed by removing the primary canister anci replacing it with the |
- secondary canister, and then installing a new canister in the secondary position. This will
ensure full utilization of all carbon beds. One spare canister may be kept oﬂ-site to ensure

that replacement can be completed as required.





