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Ms. Jian Yue, PE 
Air Quality Division 
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P.O. Box 1677 
Oklahoma City, OK 73101-1677 
 
Ms. Hillary Young, PE 
Chief Engineer, Land Protection Division 
Oklahoma Department of Environmental Quality 
P.O. Box 1677 
Oklahoma City, OK 73101-1677 
 

Subject:   Reworld Tulsa RMW Permit Application, 2014-1722-TVR (M-2) 
Response to Air Quality Division Notice of Deficiency dated June 6, 2024 
 
Reworld Tulsa RMW Solid Waste Permit No. 3572033 
Response to Land Protection Division Notice of Deficiency dated June 27, 2024 
 

Dear Ms. Yue and Ms. Young: 

Reworld Tulsa (formerly “Covanta”) appreciates the Oklahoma Department of Environmental 
Quality’s (“ODEQ” or “Division”) review of Reworld’s respective permit modification applications 
for the addition of Regulated Medical Waste (“RMW”) as an allowable fuel at the Tulsa facility. 
The proposed limit of RMW fuel at the Reworld facility is 40,000 tons/year which represents less 
than 10% of the permitted capacity of the facility. The Oklahoma Administrative Code (OAC) 
252:100-17 uses the term “biomedical waste” instead of “regulated medical waste.”  Both terms 
refer to wastes which are generated in healthcare settings. Within this response, Reworld Tulsa 
uses the term “regulated medical waste” or “RMW.”   

The facility has operated successfully since the 1980s when the facility was first permitted by the 
Oklahoma Department of Health, i.e., prior to the ODEQ’s formation as an agency. Ultimately, the 
ODEQ transitioned to become the permitting agency with the Land Protection Division being 
responsible for permitting of the facility’s acceptance of waste materials and the conversion of 
those materials into useful energy and ash, and the Air Quality Division being responsible for the 
permitting of air emissions, including for applicable sections of New Source Performance 
Standards (“NSPS”) issued from the United States Environmental Protection Agency (“USEPA”). 
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The combustion of RMW at the Tulsa Facility has implications to regulations administered by both 
the Land Protection and Air Quality divisions, respectively.  Because of this, Reworld is responding 
to the Notices of Deficiencies received from Land Protection and Air Quality in a single document. 
It is important to note that many of the items noted are only “deficiencies” because of the 
Divisions’ interpretation of certain Oklahoma Administrative Code (OAC) regulations as applicable 
to municipal waste combustors (“MWCs”) even though they were expressly written for different 
technology - medical waste incinerators - at a time when that type of equipment was the only 
option considered for treating RMW. 

Within the Land Protection Division OAC 252:515-23 regulations, subparagraph 252:515-23-
4(a)(4) allows treatment of RMW by “any other treatment method demonstrated to be effective 
in consistently achieving microbial inactivation.”  Yet the Land Protection Division has determined 
that the Tulsa facility should be considered an incinerator under 252:515-23-4(a)(1) and further 
under Part 5 of Subchapter 23. This Part 5 clearly envisions an “incinerator” as a two-chamber 
system, typically batch-fed, in which the intent is to volatilize material from the feed stock in the 
primary chamber and then provide additional fuel to combust those volatiles in a second chamber 
as a control mechanism.  

Municipal Waste Combustors achieve the same efficacy through an alternative technological 
design. In an MWC, as detailed in both the air and land protection permit applications, the 
combustion process occurs continuously through two zones. While these zones are different than 
the two-chamber design specified in the regulation, they are analogous in function and 
performance. MWC technology is a highly effective alternative design. In fact, it is the 
temperature reached and the duration maintained that ensure microbial destruction, not the 
presence of discrete chambers. In an MWC, the introduced waste spends a significant amount of 
time on the grate being exposed to extremely high temperatures, a highly effective environment 
for microbial inactivation and chemical destruction not exhibited in a traditional two-chamber 
medical waste incinerator. The municipal waste combustor is effective at microbial control; 
otherwise, the USEPA regulations would disallow the combustion of RMW in municipal waste 
combustors. Instead, the USEPA exempts from the Emission Guidelines and NSPS for Hospital, 
Medical Infectious Waste Incinerators (“HMIWI”) those facilities which are subject to the NSPS 
and Emission Guidelines (“EGs”) for Municipal Waste Combustors.  Specifically, under federal 
regulations, the Tulsa facility is subject to Subpart Cb of 40 CFR 60, Emissions Guidelines and 
Compliance Times for Large Municipal Waste Combustors That are Constructed on or Before 
September 20, 1994.  

Similarly, regarding the Air Quality regulations, the noted “deficiencies” are a result of the 
Division’s determination that the municipal waste combustors are subject to Part 4 of OAC 
252:100-17. In 252:100-17-1.3, the regulation clearly identifies that incinerators and MWCs are 
distinct equipment stating, “Any incinerator or MWC subject to the requirements of any part of 
this subchapter that is used......” The phrase “or MWCs” is a clear indication that an MWC is not 
an incinerator for the purposes of the regulation. Furthermore, the subparts of that chapter are 



Reworld Tulsa, Response to Air Quality and Land Protection Notices of Deficiency 
November 27, 2024 
Page 3 
 
titled General Purpose Incinerators; Biomedical Waste Incinerators; Municipal Waste 
Combustors; Hospital, Medical, and Infectious Waste Incinerators (“HMIWI”); Commercial and 
Industrial (“C&I”) Solid Waste Incinerators, and Other Solid Waste (“SW”) Incinerator Units. The 
regulation correctly makes clear that the Tulsa facility is subject to the MWC subchapter. For the 
HMIWI Incinerators, C&I Incinerators, SW Incinerators, and General-Purpose Incinerators, 
Reworld’s affected status under 40 CFR 60 Subpart Cb (referenced and discussed above) explicitly 
makes these sections not applicable. Part 4 does not explicitly state MWCs are not subject to the 
subchapter, yet requiring the Tulsa facility to comply to this subchapter requires linguistic 
gymnastics. That is, although 252:100-17-1.3 separates incinerators and MWCs, Air Quality 
chooses to consider the units as an Incinerator (Subchapter 17, Part 4, Biomedical Waste 
Incinerator) AND as an MWC (Subchapter 17, Part 5, Municipal Waste Combustors). Again, 
similarly to the Land Protection Division regulations, Reworld is being asked to demonstrate how 
its MWC meets the prescriptive requirements for a distinctly different type of equipment.  

OAC 252:100-17 has been updated over time to incorporate EGs and NSPS and to align 
Oklahoma’s regulations with federal Clean Air Act regulations. The USEPA has identified that 
MWCs are capable of combusting NHIW, RMW, and other waste streams, and that those facilities 
DO NOT ALSO have to comply with regulations written for purpose-built units like medical waste 
incinerators or solid waste incinerators. As such, Air Quality is attempting to regulate the Tulsa 
facility to a greater extent than required by federal rules. 

In its application to Air Quality to modify Operating Permit Number 2014-1722-TVR (M-2) to 
accept and process RMW as an acceptable supplemental waste, Reworld pointed out that the 
waste combustion units at the Tulsa facility are federally regulated as MWCs (regulations that the 
Air Quality Division administers within Oklahoma and that are presently incorporated as 
applicable requirements within the facility’s Title V Permit) and not as biomedical waste 
incinerators. Reworld asserted that the application to accept and process regulated medical 
waste should be approved as an alternative treatment method as the units provide pathogen 
destruction. Our application detailed that statistical analysis of stack testing results at Reworld 
Tulsa’s sister facilities indicate the combustion of RMW does not affect air emissions from the 
facility. 

Even though Reworld asserts that the MWCs at Reworld Tulsa should NOT be considered as 
incinerators, we are responding to the Notices of Deficiency with the desire to address the 
requests from Air Quality and Land Protection Divisions, respectively. Table 1 provides a summary 
of our responses by regulatory requirement that are explained in additional detail below. 
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Table 1. Summary of Air Quality & Land Protection Requirements  

Regulatory 
Citation Requirement Status 

Air Quality (OAC 252:100) 
§17-10 Biomedical waste incinerators must be designed and 

operated with a primary and secondary combustion 
chamber each of which is equipped with burners or 
other combustion devices that maintain the temper-
atures specified in subsections (1) through (3) in 
both the primary and secondary combustion cham-
ber(s) when biomedical waste is being incinerated. 

Municipal waste combustors achieve an 
equivalent level of protection using a two-
zone combustion chamber. Exposure to tem-
peratures above 2500°F and flames on the 
grate exceed medical waste incinerator de-
signs. 

§17-10(1) The temperature in the primary combustion cham-
ber of the incinerator shall not be less than 1200°F. 

Temperatures at, and immediately above, the 
grate, in the first zone of combustion, are 
above 2500°F. 

§17-10(2) The temperature in the secondary combustion 
chamber of the incinerator shall not be less than 
1800°F with a retention time of not less than 1 sec-
ond when processing biomedical waste that does 
not include chemotherapeutic waste. 

The MWC units at the Tulsa facility maintain 
temperatures above 1800°F for significantly 
longer than 1 second.  

§17-10(3) The temperature in the secondary combustion 
chamber of the incinerator shall not be less than 
2000°F with a retention time of not less than 2 sec-
onds when processing chemotherapeutic waste. 

This requirement is not applicable since we 
are not proposing to handle chemotherapeu-
tic waste. Trace amounts of chemotherapeu-
tic constituents (less than 3%) do not render 
the waste as a chemotherapeutic waste, any 
more than trace amounts of hazardous waste 
constituents render a waste a hazardous 
waste. That said, the Tulsa MWC units 
achieve 2000°F for well over two seconds 
when the entire waste retention time is con-
sidered, inclusive of both the grate and the 
flue gas path.  

§17-11 Establishes the emission limits for biomedical waste 
incinerators.  Specifically:  
1. Hydrochloric acid (HCl) shall not exceed 4.0 
lbs/hr.  
2. Particulate matter (PM) shall not exceed 0.08 
gr/dscf corrected to 12% CO2 in the emission gas 
stream.  
3. Carbon monoxide (CO) shall not exceed 100 ppm 
corrected to standard conditions.  

We are proposing to meet these require-
ments when processing RMW as part of an al-
ternative operating scenario included in our 
Title V air permit. 

Land Protection (OAC 252:515) 

§23-2 OAC 252:515-23-2 defines “microbial inactivation” 
as a 4Log10 (99.99%) or greater reduction of an ap-
propriate indicator organism and kill efficacy for the 
treatment method chosen and as approved by the 
DEQ. 

Peer-reviewed literature and previous deter-
minations by U.S. EPA, APHIS, and state regu-
lators demonstrate that MWCs achieve micro-
bial inactivation. 
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Regulatory 

Citation Requirement Status 

§23-4(a)(4) Regulated medical waste must be treated by a 
method demonstrated to be effective in consistently 
achieving microbial inactivation. A minimum tem-
perature of 1400°F ±25°F must be maintained in the 
primary chamber for a sufficient time to achieve mi-
crobial destruction. 

Temperatures at, and immediately above, the 
grate, in the first zone of combustion, are 
above 2500°F. 

§23-51(1) A minimum temperature of 1400°F ±25°F must be 
maintained in the primary chamber for a sufficient 
time to achieve microbial inactivation as defined in 
OAC 252:515-23-2. 

Temperatures at, and immediately above, the 
grate, in the first zone of combustion, are 
above 2500°F. 

§23-51(2) A minimum temperature of 2000°F ±25°F must be 
maintained in the secondary chamber for a mini-
mum of two seconds when processing biomedical 
waste. 

The Tulsa MWC units achieve 2000°F for well 
over two seconds when the entire waste re-
tention time is considered, inclusive of both 
the grate and the flue gas path.  

§23-52 An incinerator must be operated such that no un-
burned materials are visible in the residual ash.  

We will comply with this requirement. 

§23-53 Incinerators must be equipped with automatic load-
ing and protective interlocks to prevent waste from 
entering the secondary chamber when the tempera-
ture is below 2000°F. 

The Tulsa Facility will install an interlock sys-
tem that immediately stops the feed of regu-
lated medical waste if the measured flue gas 
temperature drops below the value corre-
lated to a minimum of 1800°F for a retention 
time of 1 second. Maintaining the correlated 
flue gas temperature ensures the tempera-
ture in Zone 1 where RMW enters the MWC is 
above 2000oF.  

§23-54(a) The incinerator design must include sample injection 
and collection ports to enable the Owner/Operator 
or DEQ to conduct periodic tests. 

Variance Requested. The Tulsa facility is al-
ready subject to continuous monitoring and 
stack testing requirements.  An important 
tenet of stack testing is that the testing 
should represent the normal operations of 
the unit.  The facility’s compliance require-
ments within its Air Quality permit are more 
restrictive than periodic testing. 

§23-54(b) Prior to operation, the owner/operator must con-
duct a demonstration showing complete destruction 
of a chemical which requires 2000°F for destruction 
and which is introduced into the unit under normal 
operating procedures. 

To the extent that a demonstration must be 
conducted prior to operation, an independent 
study using a USEPA-accepted thermody-
namic model demonstrates that the Tulsa Fa-
cility temperature profiles achieve greater 
than 99.99% destruction of monochloroben-
zene, a thermally stable organic compound.   
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1.  Design and Operation of the MWC1 

OAC 252-100-17-10 stipulates that biomedical waste incinerators be designed and operated 
with a primary and secondary combustion chamber each of which is equipped with burners or 
other combustion devices that maintain the temperatures specified in subsections (1) through 
(3) in both the primary and secondary combustion chamber(s) when biomedical waste is being 
incinerated.  

In Appendix G of the application, Reworld explains that the Tulsa facility’s combustion units 
employ a two-zone approach to waste combustion. Zone 1 extends from the grate, where waste 
is initially dried, ignited, and combusted, up to the elevation of the overfire air nozzles, 
approximately eight (8) feet above the grate. The highest temperatures in the MWC are reached 
in Zone 1, contributing significantly to the destruction of waste and any volatilized compounds. 
Zone 2 is the furnace volume above Zone 1 extending to the roof of the boiler as shown in Figure 
1.   Zone 2 provides an effective and independent mechanism for the destruction of volatile 
organic compounds that may be volatilized in Zone 1.  Zone 2 is equipped with gas-fired auxiliary 
burners for start-up, shut-down and combustion control.  

Primary Chamber Temperature 

OAC 252-100-17-10(1) mandates that the temperature in the primary combustion chamber of 
the incinerator shall not be less than 1200oF.  

The temperature at the surface of the waste bed in Zone 1 of the MWCs ranges between 2544°F 
and 2680°F, well above the required 1200°F.2  Appendix A provides the temperature profile report 
of the analysis performed by Martin GmbH, the combustion designer of the Tulsa units, which 
serves as the basis for this temperature range. 

2.  Microbial Inactivation3  

OAC 252:515-23-51(1) stipulates that a minimum temperature of 1400°F ±25oF be maintained 
in the primary chamber for a sufficient time to achieve microbial inactivation as defined in OAC 
252:515-23-2. OAC 252:515-23-2 defines “microbial inactivation” as a 99.99% or greater 
reduction of an indicator organism as approved by the ODEQ.  

As noted previously, a MWC does not have a “primary chamber” or a “secondary chamber” 
because it is not an “incinerator” as imagined and described in OAC 252:100-17 or OAC 252:515-
23. The design and operation of the MWCs at the Tulsa facility, as supported by numerous 

 
1 The information provided in this response addresses the Air Quality Notice of Deficiency as to how the MWCs meet 
the design and operational criteria of biomedical waste incinerators at 252:100-17-10 and the minimum primary 
chamber temperature at 252-100-17-10(1). 
2 Martin GmbH, TULSA Temperature profile furnace/1. Pass, November 2024. 
3 The information provided in this response addresses Land Protection Notice of Deficiency #1 with respect to the 
provisions of OAC 252:515-23-51-(1) and OAC 252:515-23-4(a)(4). 
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sources, provides a documented and accepted alternative method of achieving microbial 
inactivation. The elevated temperatures and retention time of the waste on the grate in Zone 1 
of the Tulsa combustors are much greater than those required by OAC 252:100-17-10(1) and OAC 
252:515-23-51(1) for an incinerator’s “primary chamber” and, coupled with the temperature and 
retention time of the combustion gases in Zones 1 and 2, provide effective, if not superior, 
microbial inactivation. The temperature at the grate level in Zone 1 ranges between 
approximately 2544°F and 2680°F.4  The temperature of the combustion gas leaving Zone 1 ranges 
from 2280°F to 2390°F.5  The combustion gas then remains at elevated temperatures in Zone 2.  

Each MWC unit at the Tulsa Facility is equipped with an automatic combustion control system 
that manages the waste feed rate to Zone 1 and the supply of combustion air to ensure proper 
combustion conditions in compliance with USEPA’s Good Combustion Practices (“GCP”).   

The goals of GCP are to:6 

• Maximize furnace destruction of organic pollutants, 
• Limit the amount of particulate matter (“PM”) carried out of the furnace with the flue gas, 

and 
• Prevent the formation of polychlorinated compounds in the air quality control system. 

Operation of the MWCs in accordance with the GCP is verified by three (3) continuously 
monitored compliance parameters: carbon monoxide emissions, furnace steam load, and the 
inlet temperature of the particulate matter control device. The nominal retention time of waste 
in Zone 1 of the Tulsa combustors is 45-60 minutes. The reciprocating grate in Zone 1 of each 
combustion unit tumbles the charged waste thereby exposing the waste to combustion air as the 
waste travels along the grate. Each grate is comprised of three (3) approximately-equally-sized 
regions. Waste charged to the unit is dried in the initial region, the waste is ignited and combusted 
in the middle region of the grate, and the third and final region of the grate functions to complete 
burnout of the ash before the waste is discharged to the ash quenching system. 

Reworld Tulsa completed a document review related to the microbial inactivation capacity of 
combustion practices.  Information was gathered from the National Research Council, the 
European Food Safety Authority, and APHIS Waste Management practices. 

  

 
4 Martin GmbH, TULSA Temperature profile furnace/1. Pass, November 2024. 
5 Martin GmbH, TULSA Temperature profile furnace/1. Pass, November 2024. 
6 Kilgroe, J., W. Lanier, AND T. Alten. Development Of Good Combustion Practice For Municipal Waste Combustors. 
U.S. Environmental Protection Agency, Washington, D.C., EPA/600/A-92/267. 
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National Research Council  

MWCs, and the temperatures reached therein, have been well documented as destroying 
pathogens. The National Research Council (US) Committee on Hazardous Biological 
Substances in the Laboratory entitled Biosafety in the Laboratory: Prudent Practices for 
the Handling and Disposal of Infectious Materials states that well-designed and well-
operated municipal waste combustors “can provide effective destruction of pathogens in 
the same way that a hospital waste incinerator does” and that “they often operate at 
higher temperatures and with longer residence times, thereby enhancing their 
effectiveness for the destruction of pathogens.”7 In the section of the document 
concerning medical waste treatment methods, the authors state that “Primary 
combustion temperatures of at least 1600°F with good mixing and a gaseous retention 
time of 2 seconds should provide for good burnout for the waste described in this chapter. 
All pathogens and proteinaceous materials are denatured at temperatures well below that 
just cited.”8  The waste combusted in Zone 1 of the MWCs at the Tulsa Facility is well mixed 
with excess oxygen, exposed to temperatures of 2500oF and higher in the middle region 
of the grate, and remains above 1600°F for several minutes.9 

European Food Safety Authority 

An article published in the European Food Safety Authority (EFSA) Journal in October of 
2021 contains EFSA’s findings in response to a request from the European Union (EU) to 
assess if different thermal processes achieve a 5log10 reduction in specified bacteria and 
a 3log10 reduction in thermoresistant viruses.10  EFSA is the agency of the EU that provides 
independent scientific advice and communicates on existing and emerging food risks 
associated with the food chain.  In Europe, combustion at 850°C (1562°F) for two (2) 
seconds is required by Annex III of Commission Regulation (EU) No 142/2011.  The authors 
considered various biological constituents and determined “bacteria, viruses and 
parasites are generally sensitive to heat and cannot survive normal burning 
temperatures.”  They further provided the following insights: 

  

 
7 Biosafety in the Laboratory: Prudent Practices for the Handling and Disposal of Infectious Materials, National 
Research Council (US) Hazardous Biological Substances in the Laboratory, Washington D.C. National Academics 
Press, 1989. 
8 Biosafety in the Laboratory: Prudent Practices for the Handling and Disposal of Infectious Materials, National 
Research Council (US) Hazardous Biological Substances in the Laboratory, Washington D.C. National Academics 
Press, 1989. 
9 Martin GmbH, TULSA Temperature profile furnace/1. Pass, November 2024. 
10 “Inactivation of indicator microorganisms and biological hazards by standard and/or alternative processing 
methods in Category 2 and 3 animal by-products and derived products to be used as organic fertilisers (sic) and/or 
soil improvers.”  EFSA Panel on Biological Hazards, EFSA Journal, 20 October 2021. 
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Bacterial Indicators Condition Study Criteria of 5log10 
Enterococcus faecalis Two seconds at temperatures in 

excess of 98℃ (208℉) 
Greater than a 5log10 reduction 

S. Senftenberg 775W Two seconds at temperatures in 
excess of 74℃(165℉) 

Greater than a 5log10 reduction 

Thermoresistant Virus 
Indicator 

 Study Criteria of 3log10 

Parvovirus “For viruses, from the data presented it is clear that at high process 
temperatures, the times required to achieve a 3log10 reduction in 
the identified viruses are significantly reduced. Multiple studies have 
shown a reduction of over 3log10 of parvovirus within short time 
periods, for example, Nims and Plavsic (2013b) reported a 4log10 
reduction in parvovirus in 0.5 minutes at temperatures of 101℃, 
112℃, 117℃ in water, and 196℃ in culture media.” (page 65) 

 

The waste combusted in the MWCs at the Tulsa facility is exposed to temperatures and 
retention times in excess of the conditions upon which EFSA based its conclusions. Thus, 
the cited work supports the microbial inactivation capacity of the Reworld Tulsa MWCs. 

APHIS Waste Management 

In addition to processing municipal solid waste and permitted nonhazardous industrial 
wastes, Animal and Plant Health Inspection Service waste (“APHIS Waste”) is received and 
processed at 18 of Reworld’s MWC facilities under agreements with the United States 
Department of Agriculture (USDA).  APHIS Waste includes all waste material derived 
wholly or in part from fruits, vegetables, meats or other plants or animals (including 
poultry material), and other refuse of any character that has been associated with any 
such materials. The facilities receive and process this waste from incoming international 
air flights and cruise ships and from confiscated imported plant and animal waste that 
does not pass USDA inspection.  Reworld is an APHIS partner because of its ability to 
effectively destroy these wastes to protect agriculture and natural resources from the 
introduction of plant and animal pests and diseases, including viruses like avian flu and 
COVID.  

The design and operation of the MWC units at the Tulsa facility, the long-standing implementation 
of Good Combustion Practices in the operation of the combustion units, and the effectiveness of 
the air quality control systems at the facility qualify the technology as an effective means for the 
disposal of RMW. Reworld has more than 30 years of experience in combusting RMW with 
municipal solid waste and other nonhazardous wastes at its facilities in Oregon, Florida, and 
Alabama. Other regulatory agencies have recognized MWCs as an approved means of managing 
RMW.  
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3.  Secondary Chamber Temperature11 

Secondary Chamber Temperature – Air Quality  

OAC 252-100-17-10(2) mandates that the temperature in the secondary combustion chamber 
of the incinerator shall not be less than 1800oF with a retention time of not less than 1 second 
when processing biomedical waste that does not include chemotherapeutic waste. 

OAC 252:100-17-10(3) requires that the temperature in the secondary combustion chamber of 
the incinerator shall not be less than 2000°F with a retention time of not less than 2 seconds 
when processing chemotherapeutic waste.  

Secondary Chamber Temperature – Land Protection 

OAC 252:515-23-51(2) stipulates that a minimum temperature of 2000°F ±25oF be maintained 
in the secondary chamber for a minimum of two seconds when processing biomedical waste.  

OAC 252:515-23-53 requires that incinerators must be equipped with automatic loading and 
protective interlocks to prevent waste from entering the secondary chamber when the 
temperature is below 2000oF. 

Waste processed in the MWCs at the Tulsa Facility is exposed to temperatures above 2500°F at 
grate level and to temperatures of at least 2000°F for well over 2 seconds, inclusive of 2 seconds 
in the flue gas path and minutes on the grate. These temperatures and durations are well in excess 
of Oklahoma’s regulatory requirements.  

Martin GmbH (“Martin”), the designer of the MWCs at the Tulsa Facility, conducted a temperature 
profile study of one of the units at the Tulsa facility using design data, temperature measurements 
of the flue gas in the upper furnace using Infrared Pyrometer technology (“IR technology”), and 
overfire and underfire air flow data along with other operating data including the oxygen 
concentration of the flue gas.12 The design and operating data allowed Martin to determine the 
temperature at grate level. Martin determined the time and temperature profiles at five different 
boiler thermal load points based on the waste feed rate and higher heating value of the waste as 
described in its report. Models A, B, and C reflect operation at full load. Models D and E are based 
on less than full load. Models A through E reflect the full range of scenarios that reflect typical 
operations.  

In accordance with Reworld’s standard operating procedures, RMW will not be fed to an MWC 
within four (4) hours following the start-up of a unit to ensure that optimum combustion 
conditions have been established. Similarly, RMW will not be charged to a unit within four (4) 

 
11  The information provided in this Response addresses Air Quality Notice of Deficiency #2 and Land Protection 
Notice of Deficiencies #2 and #5 as to how the MWCs meet the temperature and retention time criteria for 
biomedical waste incinerators at 252:100-17-10(2) and 252-100-17-10(3), and the minimum secondary chamber 
temperature and retention time criteria at OAC 252:515-23-51(2) and OAC 252515-23-53.   
12 Martin GmbH, TULSA Temperature profile furnace/1. Pass, November 2024. 
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hours prior to a planned shutdown of the unit to ensure combustion of all waste has been 
completed. The results of the engineering calculations for the full load cases (Models A–C) 
showed grate level temperatures of from 2544°F to 2630°F.  

The design and operating data also provided Martin with the ability to calculate the temperature 
and the cumulative residence time of the flue gas at different elevations within Zone 2 and the 
residence time of the combustion gases at selected temperatures. Figure 1 details the findings 
from the Martin study. The combustion gas temperature leaving Zone 1 at 8 feet above grate level 
ranged from 2280°F to 2390°F. Across the models at full load (Models A through C), the total flue 
gas retention time above 2000°F within the accepted uncertainty range of ±25°F, was calculated 
at 1.8-2.1 seconds – meeting the 2 second retention time requirement. In addition to these flue 
gas temperatures and residence times, the waste has several minutes of exposure to 
temperatures in the 2544°F-2630°F range while in the center zone of the grate. Thus, the 
engineering calculations and the site correlation study demonstrate compliance with the 
temperature and retention time requirements in ODEQ’s Land Protection and Air Quality 
regulations. A copy of Martin’s report of the temperature correlation study is contained in 
Appendix A. 

As described above, waste fed into the MWC has a retention time of 45-60 minutes on the grate, 
depending on the speed of the grate. During a portion of this time, estimated to be at least 10 
minutes,13 the waste is exposed to the highest temperatures in the boiler – temperatures above 
2500°F. The extreme heat and flames at the grate result in direct combustion, gasification of 
organic molecules to intermediaries like carbon monoxide (CO), hydrogen (H2) and methane 
(CH4), and volatilization of compounds in the waste.  Furthermore, the integration of waste 
directly into a flame has additional destructive properties beyond what would normally result 
from temperature alone. Flames result in the production of free radicals, which greatly accelerate 
the rate of chemical reactions associated with the decomposition of organics in the waste. 14  

The products of the initial combustion are then carried into the area above the grate as flue gases 
and exposed to an additional high-temperature retention time. The units maintain the flue gases 
at a temperature of 2000°F for two (2) seconds across a range of operating scenarios evaluated 
by the original equipment manufacturer, Martin, based on the design of the units and actual 
operating data collected from the MWC units at the Tulsa facility. This two-second flue gas 
retention time alone meets the provisions of both OAC 252:515-23-53 and OAC 252:515-23-51(2), 
even without the inclusion of the significant retention time on the grate. 

The combination of the retention time on the grate and within the flue gas path provides the 
most accurate picture of the total retention time above 2000°F. Because medical waste 

 
13 Time estimate is based the aforementioned grate regions of which the center third of the grate along its length of 
travel from waste injection to ash discharging is the predominate area of combustion. 
14 Wilson, Jr., W.E. and R.M. Fristrom (1963) Radicals in Flames, APL Technical Digest, July – August 1963. 
https://secwww.jhuapl.edu/techdigest/content/techdigest/pdf/APL-V02-N06/APL-02-06-Wilson.pdf  

https://secwww.jhuapl.edu/techdigest/content/techdigest/pdf/APL-V02-N06/APL-02-06-Wilson.pdf
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incinerators operate in the starved air configuration in the primary chamber, they are not 
designed to reach the elevated temperatures that MWCs reach near the grate. Therefore, to 
logically compare the Tulsa MWC units against the 2000°F temperature requirements of both 
Land Protection and Air Quality, ODEQ must consider the entire time that waste is exposed to 
temperatures greater than 2000°F. It is the combination of the retention time on both the grate 
and within the flue gas path that provides the most accurate picture of the total retention time 
above a reference temperature to which the waste is exposed. On this basis, the MWC units at 
Tulsa provide well over 2 seconds of retention time over 2000°F. 

In summary, the Martin temperature profile analysis concludes that RMW would be exposed to 
temperatures in excess of 2500°F at grate level and that the flue gas from the combustion process 
would be exposed to a temperature of 2000°F for two (2) seconds. These factors combine to 
demonstrate compliance with ODEQ’s temperature and residence time requirements for 
processing RMW. The temperatures and combustion conditions are higher and longer than those 
experienced in traditional medical waste incinerators.  

Feed System Interlock 

Oklahoma’s regulations at OAC 252:515-23-53 require the operation of interlocks to prevent 
regulated medical waste from being introduced when temperatures in the secondary chamber of 
an incinerator are below 2000°F. It is necessary to continuously monitor temperature at an 
appropriate location in the MWC to implement the required feed system interlock. Given it is not 
technically possible to reliably monitor the extremely high temperatures of the RMW and flue gas 
at grate level, Reworld proposes to establish a flue gas temperature limit in the upper furnace of 
each combustor which will serve as the basis for interlocking the RMW feed system, as was done 
at its Lake County and Marion County facilities where Reworld processes RMW. Compliance with 
the upper furnace temperature limit will be determined by continuous flue gas temperature 
monitoring at the elevation of the existing Infrared Pyrometers, at elevation 70 feet (40 feet above 
grate level) as shown on Figure 1 and in the Martin report (Appendix A). Reworld will install an 
electrical interlock system between that upper furnace temperature (monitored using the IR 
Pyrometers) and the RMW feed system so that any time the upper furnace temperature falls 
below the established limit, the RMW feed system will cease operation until the upper furnace 
temperature is above the required temperature. This proposed approach will ensure continuous 
compliance with the temperature/retention time requirements of the regulations. 

Reworld proposes a 1-hour average flue gas temperature limit of 1429°F at 40 feet above grate 
level as the minimum temperature limit below which the RMW feed system interlock will be 
activated.  
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The proposed 1429oF limit ensures:  

1. A flue gas temperature of 1800oF for a retention time of one (1) second to meet OAC 252-
100-17-10(2); and 

2. A minimum temperature at the grate of 2000°F to meet the requirement to stop delivery 
of RMW if temperatures are below 2000°F (OAC 252; 515-23-53); and 

3. A total retention time above 2000°F of more than 2 seconds, inclusive of both the grate 
and flue gas path to meet the requirements of OAC 252: 515-23-51(2) and OAC 252:100-
17-10(3). 

The proposed limit is calculated based on the temperature profiles established by Martin, the 
original equipment manufacturer, that relied on actual operating data collected at the Tulsa 
facility. The monitored temperature at the IR Pyrometer elevation was correlated to temperatures 
in the furnace at specific elevations and resultant retention times based on boiler geometry, air 
flow rates, and grate speeds to ensure the three conditions above are met. 

The result of the correlation indicates that an IR Pyrometer flue gas temperature of 1429°F 
correlates with ensuring a flue gas retention time of at least one (1) second at 1800°F. To 
determine the correlation value, we used Martin’s Model condition “E”, which reflects the lower 
end of scenarios that reflect typical operations. In Model “E”, the one second retention time is 
met at an elevation of 13.6 feet above the grate, at a temperature of 2234°F, with a temperature 
margin of 434°F. Martin’s models, including Model E, are based on actual operating data, 
including measured temperatures at the existing IR Pyrometers located 40 feet above grate level 
of 1863°F. Subtracting the same temperature margin of 434°F from Martin’s model from the 
measured temperature of 1863°F yields the value of 1429°F. This ensures we have a minimum of 
1 second of retention time at 1800°F. 

Maintaining the minimum flue gas temperature of 1429°F  at the IR Pyrometer level also ensures 
that RMW will be charged to Zone 1 when the grate level temperature is greater than 2000°F. As 
described previously, the minutes of exposure of the waste on the grate above 2000°F  and the 
retention time of the flue gas at temperatures in excess of 2000°F  will combine, resulting in a 
retention time exceeding two (2) seconds at a minimum temperature of 2000°F. It is on this basis 
that Reworld proposes a flue gas temperature of 1429°F  on a 1-hour average basis, as measured 
using the existing IR Pyrometers located 40 feet above grate level, as the limit at which the RMW 
feed system interlock will activate in compliance with OAC 252:515-23-53. 

 Chemotherapeutic Waste 

Regarding chemotherapeutic waste, Reworld has proposed trace chemotherapeutic waste (less 
than or equal to 3% by weight chemotherapeutic waste) as acceptable RMW for processing at the 
Tulsa facility and, importantly, has specified in its Air Quality and Land Protection permit 
applications that bulk chemotherapeutic waste will be unacceptable for receipt and processing 
at the Tulsa facility. This approach is consistent with how these wastes are managed at the other 
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facilities at which Reworld processes RMW and is in accordance with the federal Resource 
Conservation and Recovery Act (RCRA) (40 CFR Parts 239-279).  

Trace chemotherapy waste usually includes vials, bags, IV tubes and other items that are used to 
contain chemotherapy drugs and stored in yellow RCRA containers at medical facilities. Under 
RCRA, trace chemotherapeutic waste is defined as waste containing less than three (3) percent 
chemotherapeutic agents by weight (such containers and waste items are referred to as being 
“RCRA-empty”) and can be managed as regulated medical waste. Combustion is recommended 
for disposal. Conversely, bulk chemotherapeutic waste, waste containing greater than three (3) 
percent by weight chemotherapeutic agents, is regulated as hazardous waste, and stored in black 
RCRA containers at medical facilities. It cannot and will not be received and processed at the Tulsa 
facility. Reworld’s experience at its other RMW facilities suggests trace chemotherapeutic wastes 
are typically less than 1% of the RMW waste steam. Further, trace chemotherapeutic waste is 
already present in the existing municipal waste stream which can and does contain home-health 
care related wastes.  

The information provided in this section related to temperature profiles within the MWCs 
demonstrates that Reworld Tulsa meets the requirements of OAC 252:100-17-10(3). Further, 
trace chemotherapeutic wastes (“RCRA-empty”) are appropriately considered as RMW rather 
than as chemotherapeutic wastes.  

4.  Periodic Testing15 

OAC 252:515-23-54(a) requires the incinerator design to include sample injection and collection   
ports to enable the Owner/Operator or DEQ to conduct periodic tests. 

OAC 252:515-23-54(b): Prior to operation, the owner/operator must conduct a demonstration 
showing complete destruction of a chemical which requires 2000°F for destruction and which 
is introduced into the unit under normal operating procedures. 

Reworld’s exhaust stacks already include sample ports for periodic testing. The facility is subject 
to annual stack testing requirements for numerous compounds. These ports are used by the 
Owner/Operator to demonstrate compliance with its air quality permit limits. The sample ports 
are available to ODEQ as required in OAC 252:100-43-3. Regarding Land Protection’s requirement 
for sample injection ports, a cornerstone of stack testing is that it represents normal operating 
conditions. If ODEQ Land Protection would like to conduct its own tests of the unit’s operations, 
Reworld would suggest the compound to be studied should be introduced in the same manner 
as for normal operations – i.e., in a vial, an IV bag, a bandage, etc.  

 
15 The information provided in this response addresses Land Protection Notice of Deficiency #4 which concerns 
sample and collection ports and Land Protection Notice of Deficiency #5 which pertains to conducting a 
demonstration test of a chemical.   



Reworld Tulsa, Response to Air Quality and Land Protection Notices of Deficiency 
November 27, 2024 
Page 15 
 
Reworld appreciates the expertise related to stack testing that is found within the Air Quality 
Division and recommends that any requirements related to monitoring and stack testing be 
included within the Air Permit rather than within the Land Protection permit. For completeness, 
please note that Reworld is subject to the following continuous emission monitoring and stack 
testing requirements: 

• Good combustion practices, as defined by the USEPA, are continuously monitored and 
include the concentrations of carbon monoxide and oxygen in the flue gas, the steam 
production rate, temperature at the inlet of the fabric filters, and the feed rate of activated 
carbon to the flue gas.  

• The stack concentrations of sulfur dioxide, nitrogen oxides and opacity in the flue gas are 
also continuously monitored along with many operational parameters. 

• Manual stack testing using USEPA Reference Methods are conducted annually for the 
emissions of particulate matter, hydrogen chloride, volatile organic compounds, cadmium, 
lead, mercury, and dioxins/furans. 

As described above, Reworld proposes to continuously monitor the temperature of the flue gas 
in the upper furnace region to parametrically demonstrate compliance with the temperature and 
retention time requirements when combusting RMW.  

Each MWC unit will be equipped with an interlock between the upper furnace temperature 
monitor and automatic RMW feed system such that the addition of RMW will be prevented if the 
upper furnace temperature drops below the established temperature limit. The combination of 
the continuous monitoring of emission concentrations, operational parameters, and the 
emissions testing provisions required by the Title V air permit for the facility, document the 
environmental performance achieved at the Tulsa facility. Reworld anticipates that when 
combusting RMW the Title V permit will require additional specific requirements including 
continuous monitoring of the flue gas temperature in the upper furnace as well as the feed 
interlock system.   

Reworld asserts that continuously demonstrating compliance with the many operational 
parameters and emission limits contained in the Title V permit provides greater environmental 
protection than a single test requirement as envisioned in Land Protection’s regulations. As per 
our Land Protection and Air Quality permit applications to process RMW at the Tulsa Facility, 
emissions from our similar facilities at which RMW is processed are well below permitted levels, 
and emissions are not impacted due to combusting RMW. We expect the same to be true in Tulsa. 

Organic Destruction Test 

The design of the MWCs at the Tulsa Facility do not safely lend themselves to adding sample 
injection and collection points, nor would such injection/collection ports be representative of the 
unit’s operation. Reworld commissioned Dr. Phillip Taylor, a recognized expert in the field of waste 
combustion, to perform destruction removal efficiency calculations of a thermally stable organic 
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compound in the MWCs at Tulsa using the Thermal Stability Ranking model developed by the 
University of Dayton Research Institute for the USEPA.  For the MWCs at Tulsa, Dr. Taylor used the 
design temperature profile, plant operating data, and the previously discussed temperature 
profile study as inputs to the Thermal Stability Ranking model and to thereby predict the 
destruction removal efficiency of monochlorobenzene, a highly stable organic compound. The 
result of the model indicates that the destruction removal efficiency of monochlorobenzene 
exceeds 99.99%. A report detailing Dr. Taylor's methodology and conclusions will be submitted 
under separate cover. 

5.  Air Quality Control System16 

Although not specifically designed for pathogen destruction, each MWC unit at the Tulsa facility 
is equipped with 1) an advanced combustion control system to regulate waste feed and the flow 
of underfire and overfire combustion air, and 2) an effective air quality control system. The 
combustion control systems provide for efficient combustion of the waste charged to the MWC 
units as it travels along the reciprocating grate, which mixes the waste and exposes it to oxygen 
contained in the underfire and overfire air. Each MWC is also equipped with a gas-fired auxiliary 
burner used to preheat the furnace during unit startups and, when necessary, to maintain Good 
Combustion Practices based on monitored CO concentrations. The air quality control system of 
each MWC consists of a selective non-catalytic reduction system to control the emissions of 
nitrogen oxides, an activated carbon injection system for reducing the emissions of organic 
compounds and mercury, a lime spray dry scrubber for the control of acidic gas emissions, and a 
fabric filter for the control of particulate matter. These air quality control systems combine to 
minimize the emissions of pollutants generated by the combustion of the waste in the MWCs.  

As shown in the Land Protection and Air Quality permit applications, emissions from the MWCs 
at Tulsa are well below permitted levels. Concerning the emissions of organic substances: since 
2020 the annual emission test result of volatile organic compounds has averaged 0.14 pounds per 
hour (lbs/hr) versus the permit-allowable limit 2.3 lbs/hr. Over the same period the emissions of 
polychlorinated dibenzo-p-dioxins and dibenzofurans, difficult to destroy organic substances, 
have averaged 0.68 nanograms per dry standard cubic meter corrected to 7% oxygen 
(ng/dscm@7%O2) versus the permit-allowable of 30 ng/dscm@7%O2.  

The combination of the implementation of good combustion practices and the air quality control 
system on each MWC provides for effective control of organic substance emissions from the 
facility. 

  

 
16 The information provided in this section responds to Land Protection Notice of Deficiency #3 concerning the 
contribution of control systems.  
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6.  Emission Limits  

Emission Limits are only addressed within the Air Quality permit and regulation OAC 252:100-17-
11. OAC 252:100-17-11 establishes the emission limits for biomedical waste incinerators. 
Specifically: 

• Hydrochloric acid (HCl) shall not exceed 4.0 lbs/hr 
• Particulate matter (PM) shall not exceed 0.08 gr/dscf corrected to 12% CO2 in the emission 

gas stream 
• Carbon monoxide (CO) shall not exceed 100 ppm corrected to standard conditions 

The facility’s existing Title V permit already addresses these pollutants. Hydrochloric acid is the 
only pollutant for which the emission limits in OAC 252:100-17-11 would reduce the current 
emission limits. The permit currently limits HCl to 29 ppmdv corrected to 7% O2 or a reduction of 
95%, whichever is less stringent. Compliance is determined during annual stack testing. The 
permit limits each combustion unit to 73.19 tons/year HCl. The HCl emission limit of OAC 
252:100-17-11 would be a reduction of the allowable HCl from the combustors. Reworld proposes 
to meet the 4.0 lbs/hr when processing biomedical waste. 

For Particulate Matter, the existing permit emission limits for particulate matter for each MWC as 
specified in the Title V permit for the facility are 0.06 gr/dscf corrected to 12% CO2 and 25 
mg/dscm corrected to 7% O2, both of which are more stringent than the 0.08 gr/dscf corrected 
to 12% CO2 limit. Compliance with the particulate matter limits will continue to be determined 
during annual stack testing.  

For CO, the current Title V permit for the facility already limits CO to 100 ppmdv corrected to 7% 
O2 which is consistent with OAC 252:100-17-11 (3).  

To accommodate the addition of OAC 252:100-17 to the permit, Reworld proposes that the 
combustion of RMW be listed as an alternative operating scenario in its Title V permit and that 
when RMW is being combusted, the facility will monitor the upper furnace temperature to 
provide parametric data to the temperatures being experienced by the waste. Further the 
alternate operating scenario will establish facility emission limits for pollutants as the lesser of 
Specific Condition 1 or OAC 252:100-17-11. Compliance with the HCl and PM limitation (when 
combusting RMW) will be demonstrated during stack testing (during which time the combustors 
will be operating between 90% and 100% of the unit’s operating capacity including up to 10% 
RMW), and CO compliance will be demonstrated contemporaneously using the existing CO CEMS. 
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7.  RMW Waste Charging Limit17 

The statement in Appendix B of the permit application that the proposed permit modification 
will allow the facility to combust 20,000 tons per year of RMW was an error. Consistent with the 
narrative of the application, Reworld proposes to limit the amount of RMW processed at the Tulsa 
Facility to 40,000 tons per year. The total permitted waste capacity of the facility is 410,625 tons 
per year. The RMW material will be considered non-MSW material and will represent a portion 
of the non-MSW combusted at the facility which is limited to 70%. An updated Appendix B from 
the application is attached as Appendix B. 

We look forward to your review. 

 

Yours, 

 

 

 
17 The information provided in this section responds to Land Protection Notice of Deficiency #6 concerning the 
requested processing rate. 
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1. Tasks and Aims

• Creation of a model for the combustion chamber and 1st pass

• Determination of the temperature at grate level

• Determination of the elevation of 1800 °F

• Calculation of the temperature at a residence time of 2 s. Is 2000 °F/ 2 s feasible?

Calculation adiabatic combustion temperature
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2. Input Data

HHV Data Summary – Jan 2024 
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2. Input Data

Process Data from 10/14/2024
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2. Input Data

Pitot measurements:

▪ 38 – 39,000 lb/hr (~8,000 scfm) in the front duct, rear OFA header press was 9.8 inwc.

▪ 22 – 23,000 lb/hr (~5,000 scfm) in the rear duct, front OFA header press was 11.7 inwc.

The calculation is based on the input data of Reworld

Reworld is responsible for the quality of the input data

Additional Information
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3. Combustion Calculation

April 2024 August 2024

Fuel throughput lbs/hr 12622 12602

High Heating value Btu/lb 5659 5575

Water % by wt. 20.69 20.90

Non-combustible matter % by wt. 26.67 27.13

Carbon % by wt. 29.579 29.188

Hydrogen % by wt. 4.054 3.987

Oxygen % by wt. 17.685 17.491

Nitrogen % by wt. 0.621 0.614

Chlorine % by wt. 0.550 0.542

Sulphur % by wt. 0.141 0.139

Fluorine % by wt. 0.009 0.009

Waste Properties

• Heating value and throughput by input of Covanta Data 

• Fuel composition determined by correction curves of Martin
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3. Combustion Calculation

Calculation of combustion air

April 2024 August 2024

Input

Fuel throughput lbs/hr 12,622 12,602

High Heating value Btu/lb 5,659 5,575

Oxygen at boiler end %, dry 10 10

Total air as input lbs/hr 157,927 157,898

Air necessary to achieve 

oxygen

lbs/hr
210,692 207,227

Output

Leakage air lbs/hr 52,765 49,329

Oxygen at furnace %, dry 6.264 6.508

• Total air flow by PLS value

• Oxygen of 10 % as assumed long time median (average is to influenced by disturbances in operation)
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4. Combustion Calculation

Calculation of combustion air

April 2024 August 2024

Input

Fuel throughput lbs/hr 12,622 12,602

High Heating value Btu/lb 5,659 5,575

Underfired Air lbs/hr 96,926 96,897

Overfired Air lbs/hr 61,001 61,000

Flue gas in furnace lbs/hr 183,798 183,741

Oxygen in furnace % 6.264 6.508

Flue gas at boiler end lbs/hr 236,563 233,070

Oxygen at boiler end % 10 10
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4. Combustion Calculation

Mass Flow [lbs/hr] Enthalpy [BUT/lb] Enthalpy flow [kBUT/hr]

Input

Fuel 27,827 4,995 138,990

Underfired Air 96,926 4 421

Overfired Air 61,001 1 53

Leakage Air 52,765 0 0

Feed Water 94,644 186 17,560

Sum 157,025

Output

Flue gas 232,502 110 25,548

Life steam 93,917 1,339 125,763

Blow- down 728 490 357

Heat loss in the grate - - 2,086

Radiation loss - - 921

Sum - 154,674

Validation with a boiler balance
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4. Combustion Calculation

Additional information and assumptions:

• Reference temperature for enthalpies is 77 °F (25°C)

• Heating value of waste is the lower heating value

• The blow down rate of 0,75 %

• Flue gas outlet temperature is 18 °F higher than SDA Inlet temperature

• Feed water flow is the sum of steam flow and blowdown

Conclusion:

• Difference between input and output is 2351 kBTU/hr (2 % error)

• Data quality is acceptable

Validation with a boiler balance
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5. Thermal calculation

Adiabatic combustion temperature in the furnace:

ℎad = ( ሶ𝑄Waste − ሶ𝑄Combustion loss + ሶ𝑄Underfired air + ሶ𝑄Overfired air) / ሶ𝑚Flue gas,Furance

= ( ሶ𝑚Wasteℎ𝑢,𝑊𝑎𝑠𝑡𝑒 1 −  𝜖𝑙𝑜𝑠𝑠 + ሶ𝑚Underfired airℎUnderfired air + ሶ𝑚Overfired airℎOverfired air) / ሶ𝑚Flue gas,Furance

ℎad =  𝑓(𝑇ad) = ℎfluegas 𝑦 = 0 =  𝑓(𝑇ad)

Calculation adiabatic combustion temperature

• Water / steam data according to IAPWS R7-97(2012) [1]

• Flue gas data according to FDBR [2] 
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5. Thermal calculation

The following approach is described in literature : “Wärmetechnische Berechnung der Wasserrohrkessel” [3]

Assumptions:

• Main heat transfer in the furnace as function of the height is radiation

• Ideal plug flow

• Idealized wall temperature

ሶ𝑄Transfer 𝑦 = 𝐶1,2A(y) (𝑇𝐹𝑙𝑢𝑒 𝑔𝑎𝑠
4 (𝑦) − 𝑇𝑊𝑎𝑙𝑙

4 )

ሶ𝐻Flue gas (𝑦) = ሶ𝐻Fluegas 𝑦 = 0 − ሶ𝑄Transfer 𝑦

𝑣𝐹𝑙𝑢𝑒 𝑔𝑎𝑠(𝑦) =
ሶ𝑚𝐹𝑙𝑢𝑒 𝑔𝑎𝑠

𝐴cross section 𝜌 ( ሶ𝑇𝐹𝑙𝑢𝑒 𝑔𝑎𝑠(𝑦))

Simplified calculation of the temperature profile
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5. Thermal calculation

Influence of fouling on the wall temperature (example calculation [4])

• The fouling is the main heat resistance and significantly determines the wall temperature

• Boiler walls are fouled very fast

• Influence of type of refractory is low in comparison to the fouling
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5. Thermal calculation

Influence of fouling on the wall temperature (example measurements [5])

• The fouling is the main heat resistance and 

determines the wall temperature

• Boiler walls are fouled very fast

• Influence of type of refractory is low
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5. Thermal calculation

Model fit to experimental data

IR-Measurement

Adiabatic combustion temperature

• 𝑇𝑊𝑎𝑙𝑙 is varied until the temperature profile matches the IR measurement 

at an elevation of 70 ft.

• ሶ𝑄Transfer 𝑦 ~ (𝑇𝐹𝑙𝑢𝑒 𝑔𝑎𝑠
4 (𝑦) − 𝑇𝑊𝑎𝑙𝑙

4 ) determines the characteristic of the curve

• 𝑇𝐹𝑙𝑢𝑒 𝑔𝑎𝑠 𝑦 is calculated for several small increments

• 𝑣𝐹𝑙𝑢𝑒 𝑔𝑎𝑠 𝑦 is calculated for several small increments
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6. Results

Results for April 2024

• The residence time of two seconds ends 30.2 ft. above the grate

• At this height, the temperature is 1974 °F

• At a temperature of 2000 °F, the residence time is 1,9 s

• At a temperature of 1975 °F, the residence time is 2,0 s

• At a temperature of 1800 °F, the residence time is 3,4 s

• Temperature at grate level is 2584 °F
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6. Results

• Model A: Base is April 2024: 13.9 Tons, 5.7 kBtu/lb, 97 % thermal load

• Model B: 10 % more waste, heating value is reduced by 10 %: 15.3 Tons, 5.2 kBtu/lb, 97 % thermal load

• Model C: 10 % less waste, heating value is increased by 10 %: 12.5 Tons, 6.2 kBtu/lb, 97 % thermal load

• Model D: 10 % less waste than B, same heating value as B: 13.8 Tons, 5.2 kBtu/lb, 87 % thermal load

• Model E: 10 % less waste than C, same heating value as C: 11.3 Tons, 6.2 kBtu/lb, 87 % thermal load

The total combustion air is equal for 100 % load, the combustion air is reduced by 10 % for 87 % thermal loads

Additional load points
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Results for Model B

6. Results

• The residence time of two seconds ends 30.4 ft. over the grate

• At this height, the temperature is 1961 °F

• At a temperature of 2000 °F, the residence time is 1.8 s

• At a temperature of 1975 °F, the residence time is 1.9 s

• At a temperature of 1800 °F, the residence time is 3.3 s

• Temperature at grate level is 2544 °F
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6. Results

Results for Model C

• The residence time of two seconds ends 30.1 ft. over the grate

• At this height, the temperature is 1989 °F

• At a temperature of 2000 °F, the residence time is 1.9 s

• At a temperature of 1975 °F, the residence time is 2.1 s

• At a temperature of 1800 °F, the residence time is 3.5 s

• Temperature at grate level is 2630 °F



27.11.2024Martin Präsentationsmaster 21

Results for Model D

6. Results

• The residence time of two seconds ends 27.5 ft. over the grate

• At this height, the temperature is 1958 °F

• At a temperature of 2000 °F, the residence time is 1,8 s

• At a temperature of 1975 °F, the residence time is 1,9 s

• At a temperature of 1800 °F, the residence time is 3,0 s

• Temperature at grate level is 2,594 °F
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Results for Model E

6. Results

• The residence time of two seconds ends 27.2 ft. over the grate

• At this height, the temperature is 1987 °F

• At a temperature of 2000 °F, the residence time is 1,9 s

• At a temperature of 1975 °F, the residence time is 2,1 s

• At a temperature of 1800 °F, the residence time is 3,2 s

• Temperature at grate level is 2,680 °F



27.11.2024Martin Präsentationsmaster 23

7. Source of Literature

[1] Revised Release on the IAPWS Industrial Formulation 1997 for the Thermodynamic Properties of Water and Steam, IAPWS  

R7-97(2012)

[2] FDBR-Handbuch, Wärme-und Strömungstechnik, 2013

[3] Wärmetechnische Berechung der Wasserrohrkessel, Wasserohrkesselverband Düsseldorf, 1963

[4]  Refractory linings for Waste Combindes Heat & Power plants and Bio Mass Boilers with adhesive Tile system, 

Jünger+Gräter GmbH, Issue Nov 30, 2010

[5]  Temperature sensor technology: adjusting refractory lining to the requirements, Joos Brell, Dominik Molitor, Grabriele

Magel, Sabine Hohmuth,2019



27.11.2024Martin Präsentationsmaster 24



Appendix B 
 








	241127 Response to Air and Land Notices of Deficiency FINAL.pdf
	241120 Table for NOD response.pdf
	Slide 1

	Appendix A
	Appendix A

	Martin Report.pdf
	Standardabschnitt
	Slide 1: Tulsa
	Slide 2: AGENDA
	Slide 3: 1. Tasks and Aims
	Slide 4: 2. Input Data
	Slide 5: 2. Input Data
	Slide 6: 2. Input Data
	Slide 7: 3. Combustion Calculation
	Slide 8: 3. Combustion Calculation
	Slide 9: 4. Combustion Calculation
	Slide 10: 4. Combustion Calculation
	Slide 11: 4. Combustion Calculation
	Slide 12: 5. Thermal calculation
	Slide 13: 5. Thermal calculation
	Slide 14: 5. Thermal calculation
	Slide 15: 5. Thermal calculation
	Slide 16: 5. Thermal calculation
	Slide 17: 6. Results
	Slide 18: 6. Results
	Slide 19: 6. Results
	Slide 20: 6. Results
	Slide 21: 6. Results
	Slide 22: 6. Results
	Slide 23: 7. Source of Literature
	Slide 24


	Appendix A.pdf
	Appendix B

	Appendix B Reworld.pdf



