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1 OBJECTIVE 

1.1 Throughput Performance Test 
The objective of the Throughput Capacity Test was to demonstrate that the Facility could meet the 
Throughput Capacity Guarantee during a consecutive, five (5) day, (120-hour) test period. The Facility 
had to process 2,180 tonnes of Acceptable Waste at the Reference Waste HHV of 13 MJ/kg (5,589 
BTU/lb) HHV or an equivalent, as shown in item 2 of Exhibit 2 to Appendix 19 of the Project Agreement, 
(“Agreement”). Over the course of the five (5) day test, each unit had to process at least 1,000 tonnes of 
Reference Waste or an equivalent. Furthermore, if the Residue Quality Guarantee was not met, the 
Facility would not pass the Throughput Capacity Test, even if the required tonnes of Waste were 
processed. 
 

1.2 Residue Quality Test 
The objective of the Residue Quality Test was to demonstrate that the Facility would produce Residue 
(consisting of bottom ash and grate siftings only) containing not more than three percent (3%) unburned 
combustible matter by dry weight and twenty-five percent (25%) moisture by weight after the combustion 
of Acceptable Waste. The average results during the five (5) day Throughput Capacity Test were 
compared to the guarantee. 

1.3 Residue Quantity Test 
The objective of the Residue Quantity Test was to demonstrate that the Facility could meet the 
Performance Guarantee for the generation of total Residue (including bottom ash, grate siftings, boiler 
and air pollution control flyash) as a percentage of waste combusted. 
 
Residue was weighed with truck scales over the 5-Day Throughput Capacity Test for comparison to the 
guarantees. The percent guarantees vary with Waste HHV per item 4, Exhibit 2, Appendix 19 of the 
Agreement and exclude recovered ferrous and non-ferrous metals per the definition of Residue. 

2 SUMMARY & CONCLUSIONS 
 
Both the Throughput Capacity Test and Residue Quality & Quantity Tests were conducted in compliance 
with the requirements of the environmental permit.  Facility CEM data are included in the Appendix for 
reference. 

2.1 Throughput Capacity Test 
The Throughput Capacity Test commenced at 0000 hours on September 27, 2015 and concluded five (5) 
days later at 2400 hours on October 1, 2015. The total actual throughput for the Project was 2,260 tonnes 
(2,492 tons) as measured by the crane weigh scale system. The average refuse HHV for the 5-day test 
period was determined to be 13,336 kJ/kg (5,733 BTU/lb).  Per Exhibit 2 to Appendix 19 of the 
Agreement, for the as-tested HHV, the guaranteed throughput was 2,124 tonnes (2,341 tons). Therefore, 
since the actual throughput was 136.7 tonnes (150.6  tons) above the guarantee and as described in the 
following section, the Residue Quality Test was successfully demonstrated, the Throughput Capacity 
Guarantee was also successfully demonstrated. Each unit also processed over 1000 tonnes, with Units 1 
& 2 processing 1,252 and 1,240 tonnes, respectively, thereby successfully surpassing that criteria. 
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2.2 Residue Quality Test 
The 5-Day Residue Quality Test was run concurrently with the Throughput Capacity Test with the residue 
sampling commencing at 0100 hours on October 27, 2015 and concluding at 0100 hours on November 1, 
2015.  The daily composite samples, reduced from 2-hour samples were analyzed by SGS Mineral 
Services Division in South Holland IL, an independent laboratory. 

2.2.1 Unburned Combustible 
 All 5 daily lab results showed the combustion residue contained less than the test method detectible limit 
of 232.6 kJ/kg (100 BTU/lb) or less than 0.83% unburned combustible matter by dry weight. Note the 
reference HHV for unburned combustible is 27,912 kJ/kg (12,000 BTU/lb) as recommended by ASME 
PTC-34. The Residue Quality Guarantee for unburned combustible was therefore successfully 
demonstrated. 

2.2.2 Moisture 
The 5 daily lab results of the combustion residue averaged 16.7% moisture which is less than the 25% 
moisture guarantee. The Residue Quality Guarantee for moisture was therefore successfully 
demonstrated. 

2.3 Residue Quantity Test 
The 5-Day Residue Quantity Test was run concurrently with the 5-Day Throughput Capacity Test and the 
5-Day Residue Quality Test with the residue collection commencing at 0100 hours on September 27, 
2015 and concluding at 0100 hours on October 1, 2015.  Consistent with the test procedure modification 
described in Section 3 below, the total amount of Residue (bottom ash plus flyash) was 26.8% of the 
refuse processed during the 5 days. The average refuse HHV for the 5 days was determined to be 13.3 
MJ/kg so the guarantee from Exhibit 2 of Appendix 19 was 29.4%. Since the actual Residue percentage 
was less than the guaranteed Residue percentage, the Residue Quantity Guarantee was therefore met 
for the 5-Day test. 
  

3 TEST PROCEDURES & MODIFICATIONS 
The Throughput Capacity and Residue Quality and Quantity tests were performed according to the test 
procedures agreed to by Covanta Durham York Renewable Energy Limited Partnership (Covanta) and 
the Durham York Regions’ Consulting Engineer, HDR.  The test procedures are included in the Appendix. 
 
There was one modification to the test procedures concerning the Residue Quantity Guarantee Test. It 
was discovered that contrary to the Project Agreement definitions, the test procedures had incorrectly 
defined Residue to include the Fly Ash treatment materials of cement, pozzolan and water. Data was 
acquired and calculations of the usage of these materials were performed so they could be subtracted 
from the total treated Fly Ash leaving the facility. These calculations are described in section 4.3. 
 

4 DATA ANALYSIS & CALCULATIONS 
 
Major boiler operating data, e.g. water, steam and air flows and steam and flue gas temperatures were 
recorded by the facility DCS and were plotted in the individual data files forwarded to HDR during the 
testing. These trends demonstrate boiler operating conditions for the 5-day testing period. 
 
Instrument calibrations were performed prior to the start of the Throughput Capacity and Residue Quality 
& Quantity Tests.  Other than a small 0.3% correction to crane scales, no other corrections to test data 
were required or performed.  
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4.1 Throughput Capacity Test 

4.1.1 Actual Waste Throughput 

4.1.1.1 Determination of Total Actual Waste Throughput 
Actual waste throughput was calculated as the sum of the grapple weights loaded into the feed hoppers 
for each day. Refer to the 30-Day test report and Appendix for more detailed data and summaries. 

4.1.1.2 Crane Span Checks 
Calibration weights of 3966 and 3926 kgs as weighed on the facility truck scales were lifted by the cranes 
and recorded twice a day; between 7 and 8 am and between 5 and 6 pm of the 5-Day Throughput 
Capacity Test. See the 30-Day test report for the complete crane scale span check log sheets.  The tables 
below show the span checks performed, the average deviation between the test weight and the average 
scale indication for the 5-Day period. 
 
 

 
 
 

 

4.1.1.3 Correction of Crane Scale Data 
 
Corrections for calibration drift were made by applying the average percent deviation per crane during the 
5-Day test period to all weights fed by the associated crane during that period as illustrated in the table 
below. The corrected throughput was 0.41% higher than the as-measured value.  
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Daily throughput summaries are also included in the 30-Day test report. Crane scale data in included in 
the Appendix. 

4.1.2 Determination of Guaranteed Throughput 
In order to obtain the guaranteed throughput from the table in item 3 of Exhibit 2 to Appendix 19, the 
average HHV of waste for the 5 days must first be obtained. The following sections describe the process 
used to obtain the average daily refuse HHV for the 5 Days. 

4.1.2.1 Boiler Calorimetry (Refuse HHV) Tests 
As part of the Energy Recovery Tests, five (5), 8-hour boiler-as-a-calorimeter (B-A-C) tests were 
performed each day from September 27 through October 1, 2015 in accordance with ASME PTC-34 to 
obtain 5, 8-hour refuse HHV’s.  These 5 test results were utilized to calibrate the theoretical, site specific, 
specific steam output (SSO) correlation -- a linear correlation between refuse HHV (BTU/Lb Refuse) and 
specific steam output (BTU Steam/Lb Refuse) that was presented in the test procedures. The calibrated 
correlation was then used to obtain the average daily HHV for each of the 5 days of the Throughput 
Capacity Test. 
 
Calculations and data for the HHV tests can be found in the Energy Recovery Test Report. An excerpt of 
the results summary of the 5 tests from that report is included as Table 1 below. 
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4.1.2.2 Un-Calibrated Refuse HHV’s from Correlation 
The un-calibrated site-specific theoretical linear correlation of normalized specific steam output ratio to 
refuse HHV was calculated and presented in the test procedures. The SSO ratio is the ratio of the heat 
output in the feedwater to steam conversion in BTU/lb including boiler blowdown, divided by the heat input 
in the refuse, i.e. the refuse higher heating value, also in BTU/lb. 
 

𝑆𝑆𝑆𝑆𝑆𝑆 �
𝐵𝐵𝐵𝐵𝐵𝐵
𝑙𝑙𝑙𝑙

� =
�𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠 × �𝐻𝐻𝑠𝑠𝑠𝑠𝑠𝑠 − 𝐻𝐻𝑓𝑓𝑓𝑓� + 𝑊𝑊𝐶𝐶𝐶𝐶𝐶𝐶 × �𝐻𝐻𝑓𝑓−𝑑𝑑𝑑𝑑𝑑𝑑𝑠𝑠 − 𝐻𝐻𝑓𝑓𝑓𝑓��

𝑊𝑊𝑑𝑑𝑟𝑟𝑓𝑓𝑑𝑑𝑠𝑠𝑟𝑟
 

 
where: 
 
Wstm = steam production (lbs)    WCBD = continuous boiler blowdown (lbs) 
Hstm = Enthalpy of main steam (BTU/lb)  Hf-drum = Fluid enthalpy of drum (BTU/lb) 
Hfw = Enthalpy of feedwater (BTU/lb) 
Wrefuse = refuse processed (lbs) 
 
To develop this correlation, typical waste ultimate analyses along with design ultimate analyses from the 
Martin Stoker design summary sheets were used. Design operating parameters for the Durham York 
boilers were also used to customize the correlation to the Durham York boiler design. The resulting 
equation was HHV (BTU/lb) = 1.07 x SSO + 671. 
 

4.1.2.3 Validation/Calibration of Specific Steam Output Correlation using the 5 HHV 
Tests 

Data required by the correlation for the same time periods as the 5, 8-hour ASME PTC 34 HHV tests are 
shown in the table below. As described in the test procedures, the calculation results of each 8-hour SSO 
and corrections of the SSO to design parameters are also shown in the below table. 
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As stated in the test procedures, to calibrate this theoretical curve to actual tested conditions, the fixed 
losses used in the original calculation of the theoretical correlation were increased until the root-mean-
square difference between the 5, 8-hour ASME PTC 34 HHV’s and those determined from the correlation 
was minimized. An increase in the fixed losses to 5.5% from 3.6% achieved the best agreement, i.e. the 
lowest root-mean-square difference. The 5, 8-hour HHV’s obtained from the correlation and the 5, 8-hour 
HHV’s obtained using PTC 34 boiler calorimetry tests for the same time periods, along with the 
differences are summarized below in Table 3 
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The calibrated theoretical specific steam output correlation is shown below. 
 

 
 
 
The X-axis of the correlation represents the specific steam output ratio or BTU of steam output divided by 
the pounds of refuse processed.  The Y-axis represents the respective refuse HHV in BTU/lb. The 
individual points on the chart represent the HHV’s from the ASME boiler calorimetry tests.  The calibrated 
theoretical correlation line equation is: 
 
   HHV = 1.1108 * SSO + 697 
 
This theoretical correlation is referenced to the design parameters of economizer exit gas temperature, 
ambient air temperature, heat credit and percent excess air. 

4.1.2.4 Daily Specific Steam Ratios 
The specific steam correlation is then utilized to determine the daily refuse HHV of the refuse processed 
for each of the 5 days and finally a weighted average is calculated for the overall 5-Day period as shown 
in Table 4. Daily DCS data and summaries utilized in this determination are included in the appendix. 
One-minute data is included in electronic format along with daily average summaries. 
 
The daily reference steam output produced is obtained similarly to the 8-hour tests by multiplying daily as-
tested steam production with feedwater to steam enthalpy difference.  Since no auxiliary fuel was used 
during the 5-day test period, daily reference steam produced will then equal daily reference steam 
produced from refuse, i.e. reference steam from auxiliary fuel is zero (0).  Note that boiler continuous 
blowdown was calculated as feedwater flow minus steam flow.  All data are averages of 1 minute DCS 
readings over the entire 24 hours.  
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4.1.3 Comparison of Guaranteed and Actual Waste Processed  
 
The 5 day weighted average HHV was determined to be 13,336  kJ/kg (5,733 BTU/lb), which linearly 
interpolating the table in item 3 of Exhibit 2 to Appendix 19, corresponds to a guaranteed tonneage 
of  425.0 Tonnes per day or 2,124 Tonnes for the 5 days. Since the actual tonnes of refuse processed 
averaged 453.0 tonnes per day or 2,260 Tonnes total, the Throughput Capacity Guarantee was 
surpassed by 28.0 Tonnes per day or 136.7 Tonnes. 
 
Each unit also processed over 1,000 Tonnes, with Units 1 & 2 processing 1,252  and 1,240  Tonnes, 
respectively, thereby successfully demonstrating that requirement. 
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4.2 Residue Quality Test 
Residue (bottom ash) was sampled every two hours over the 5-day test period per the test procedures to 
demonstrate acceptable combustion during the Throughput Capacity Test.  Daily composite samples 
were sent for laboratory analysis of moisture per ASTM Method D-3302 and for carbon per ASTM Method 
D-5865 (adiabatic bomb calorimeter).  The results from the lab for combustible content are in the form of 
dry ash HHV in BTU/lb.  This HHV was divided by the HHV of combustible matter of 27,912 kJ/kg (12,000 
BTU/lb) to obtain percent unburned combustible matter in the ash.  Triplicate analyses were performed on 
each daily sample.  See the table below for a summary of the lab results and the appendix for sampling 
data sheets and laboratory results sheets.  The five (5) sample results were mathematically averaged.  
The average lab results were 16.7% moisture and less than 0.83% carbon in the dry ash.  Since these 
results are well below the maximum limits of 25% moisture and 3% carbon by dry weight, correcting the 
percent combustible for previously removed inert materials and carbon injected for the mercury control 
purpose was deemed unnecessary and was not performed. 

            
 
Since the unburned carbon content by dry weight and moisture content were below the maximum limits of 
25% moisture and 3% unburned combustible by dry weight, as illustrated in the above tables, the 
Throughput Capacity Guarantee was therefore successfully demonstrated. 
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4.3 Residue Quantity Test 

4.3.1 Measurement of Total Bottom Ash & Treated Flyash 
 
The 5-Day Residue Quantity Test was run concurrently with the Residue Quality Test with the segregation 
of residue commencing at 0100 hours on September 27, 2015 and concluding at 0100 hours on October 
2, 2015.  A one hour offset was used to estimate the time for the test refuse to combust and travel to the 
ash building. 
 
At the commencement of the test period the bottom ash was physically segregated from previously 
produced bottom ash in the ash house bottom ash bunkers. The flyash train was shifted to an empty 
surge bin at 0100 hours. Flyash produced prior to 0100 was processed, then physically segregated from 
test period flyash in the ash house flyash bunkers. Test period flyash was then processed and tracked in 
the flyash bunkers to be shipped and weighed when properly cured as required by MOE approved 
procedures. 
 
The shipping of the segregated test period ash was tracked and measured at the facility scales as it was 
shipped to the landfill. At the end of the 5 day Ash Quantity Test period the bottom ash and flyash were 
segregated as above from further ash being produced.  
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Daily bottom ash and fly ash quantities shipped are summarized in the 30-Day test report while truck 
scale reports are included in the Appendix. 

4.3.2 Adjustment/Subtraction of Materials to Treat Flyash 

4.3.2.1 Cement & Pozzolan 
Cement and pozzolan quantities used during the 5 Days of the Residue Quantity Test were determined 
via silo level readings. Level readings were logged by the plant staff each morning at 07:00. Using the 
level readings and the area of the silos, the changes in volume were first calculated. The changes in 
volume were then multiplied by the appropriate density to obtain the changes in weight. Since the silo 
level readings did not coincide with the test start & stop times, the average rate determined over the 
period was applied to the test period. 
 
The silo areas were calculated using a cement silo diameter of 3.000M and a pozzolan silo diameter of 
3.700M obtained from the below drawing. 
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As shown in the table below, the density used for Portland cement was 1,506 kg/m3 (94 lb/ft3) while the 
density of the pozzolan material of 1,346 kg/m3 (84 lb/ft3) which was obtained from the supplier,  is closer 
regular cement.  
 
 

 

 
 

 
The cement and pozzolan silo levels and change in weight are summarized in the below table. Note that 
the cement data is from 9/29 – 10/2 and the pozzolan data is an average rate from 9/21 through 10/2 
because of a cement delivery on 9/28 and pozzolan deliveries on delivery on 9/28 and 10/2. 
 

 
 

4.3.2.2 Water 
 
Water used in the mixing of flyash, cement and pozzolan was estimated as being 45% by weight of the 
sum of the pozzolan and cement weight. See the 30-Day report for supporting information of this value. 

4.3.3 Net Correction for Flyash Treatment Materials 

 
 
After adjusting/removing the cement, pozzolan and water, the ratio of total residue to refuse is 26.8% 
which is below/better than the guarantee of 29.4% at an average 5-Day HHV of 13.34 MJ/kg. 
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5 DISCUSSION 

5.1 Throughput Performance Test 

5.1.1 Daily Refuse HHV vs 8-Hour As-Tested HHV 
The daily refuse HHV varied between 13.1 and 13.5 kJ/kg (5,638 and 5,821 BTU/lb) or roughly 3% over 
the 5-day period. The weighted average HHV for the 5-day test period was 13.3 kJ/kg (  5,733  BTU/lb).  
These HHV’s are somewhat less than the HHV’s of the five energy recovery tests. It was observed that 
fresh waste on top of the pit was fed during the daytime hours and older waste lower in the pit was fed 
during the other hours. The average 5-Day HHV was approximately 3.1% higher than the average of the 
5, 8-hours tests and 2.6% higher than the design HHV of 13 kJ/kg (5589 BTU/lb). 

5.2 Residue Quality Test 

5.2.1 Unburned Carbon Detection Limit 
All of the daily residue samples’ calorific value (HHV) were less than the laboratory detection limit (LDL) of 
232.6 kJ/kg (100 BTU/lb) or 0.83% of the HHV of combustible matter of 12,000 BTU/lb.  The HHV of 
combustible matter is preferred by ASME PTC 34 and is lower than the typical value used for carbon of 
33,727 kJ/kg (14,500 BTU/lb). Furthermore, all triplicate analyses were reported less than the LDL both 
on dry and as-received bases. When reporting average values, the average between the LDL of 0.83 % 
and zero or 0.42% is used. 
 
Prior to chemical analysis, the laboratory removed visible non-combustible material and recorded the 
weights of such non-combustibles.  Values on the lab reports are final calculated results including such 
corrections.         

5.2.2 Moisture Content 
The moisture content of the triplicate analyses of the 5 daily residue samples varied from 15.1% to 17.8% 
with an overall average of 16.7%. Therefore, all daily sample averages as well as all triplicate results were 
below the 25% guarantee. 
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7 Tables 

7.1 Residue Quality Test 

7.1.1 Sample Weight Data Sheets (3 sheets).  
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7.1.1.1 Days 1 & 2 Ash Sampling Raw Data Sheet 
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7.1.1.2 Days 3 &4 Ash Sampling Raw Data Sheet 
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7.1.1.3 Day 5 Ash Sampling Raw Data Sheet 
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7.1.2 SGS Unburned Combustible & Moisture Lab Results 
Three (3) sheets per day. (15 sheets total). 
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7.1.2.1 Day 1 Ash Lab Result Run 1 
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7.1.2.2 Day 1 Ash Lab Result Run 2 
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7.1.2.3 Day 1 Ash Lab Result Run 3 
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7.1.2.4 Day 2 Ash Lab Result Run 1 
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7.1.2.5 Day 2 Ash Lab Result Run 2 
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7.1.2.6 Day 2 Ash Lab Result Run 3 
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7.1.2.7 Day 3 Ash Lab Result Run 1 
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7.1.2.8 Day 3 Ash Lab Result Run 2 
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7.1.2.9 Day 3 Ash Lab Result Run 3 
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7.1.2.10 Day 4 Ash Lab Result Run 1 
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7.1.2.11 Day 4 Ash Lab Result Run 2 
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7.1.2.12 Day 4 Ash Lab Result Run 3 
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7.1.2.13 Day 5 Ash Lab Result Run 1 
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7.1.2.14 Day 5 Ash Lab Result Run 2 
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7.1.2.15 Day 5 Ash Lab Result Run 3 
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