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1 OBJECTIVE

1.1 Energy Recovery Test

The objective of the Energy Recovery Test was to demonstrate compliance with the Electricity
Production Guarantees in Exhibit 2 to Appendix 19 of the Project Agreement, (“Agreement”).
The Energy Recovery Test determined the Project gross and net electrical outputs per tonne of
Reference Waste (kWh/Tonne), for comparison to values shown in item 3 of the table on page 6
of Exhibit 2 to Appendix 19. The table shows the guarantees varying with Waste HHV, so the
test objective was to measure the actual kWh/Tonne values and compare the average As-
Tested Energy Recovery in kWh/Tonne to the table guarantee value at same As-Tested
average HHV. The only correction the Agreement allowed to the As-Tested kWh/Tonne values
is the adjustment of the power outputs to annual average ambient conditions.

1.2 8-Hour Residue Quality Test

The objective of the 8-Hour portion of the Residue Quality Test was to demonstrate compliance
with the Residue Quality Guarantee of 25% by weight moisture and 3% by dry weight unburned
carbon in the residue, as noted in Appendix 10 of the Agreement. These 8-Hour test runs had
more frequent sampling than the 5-Day Residue Quality Test. For purposes of the Residue
Quality Test, the Agreement defines residue as bottom ash and grate siftings, but does not
include any flyash, added reagents or recovered metals.

2 SUMMARY & CONCLUSIONS

Five, 8-Hour Energy Recovery Tests were performed on September 27 through October 1,
2015, at Covanta Durham York Renewable Energy Limited Partnership (Covanta). These tests
measured energy recovery with the above-described objective. The Facility averaged over 35
tonnes/hr steam flow per boiler which is ~103% of MCR steam output over the five tests.

The guaranteed gross and net energy recovery values are dependent upon HHV. Therefore, the
results from each test were compared to the guaranteed values per Item 3 of Exhibit 2,
Appendix 19 of the Project Agreement. The measured average gross energy recovery of 961
kWh/Tonne surpassed the guarantee by 3.5% (32 kWh/Tonne). The measured average net
energy recovery of 840 kWh/Tonne surpassed the guarantee by 2.3% (19 kWh/Tonne).

Bottom ash samples were collected throughout each 8-Hour energy recovery test to measure
the unburned combustible and the moisture content. All five tests registered non-detectible
unburned combustible (low limit of 0.83% dry weight) which was below the guaranteed value of
3% by dry weight. The individual test moisture contents were all below the guaranteed value of
25% by weight.

Table A, summarizes each test’s gross and net kWh/Tonne compared to the guarantee and
residue quality results. As shown, all five individual energy recovery tests surpassed the gross
and net guarantees.
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Table A: Overall Energy Recovery and Residue Quantity Test Summary

Energy Recovery: Test Summary
Start Time| 9/27/15 8:00 | 9/28/15 8:00 | 9/29/15 9:00 | 9/30/15 8:00 | 10/1/15 9:00
End Time|9/27/15 16:00| 9/28/15 16:00| 9/29/15 17:00| 9/30/15 16:00| 10/1/15 17:00
Test ER1 ER 2 ER 3 ER 4 ER 5 AvG
% of MCR Steam Output % 104% 101% 104% 103% 103% 103%
Actual Refuse Processed tonnes 146 143 138 153 144 145
ER Test Waste HHV KJIKg 13,792 14,044 14,257 13,184 13,411 13,738
As-Tested Gross ER KWh/Tonne 966 974 1001 912 953 961
Gross Guarantee KWh/Tonne 933 953 970 885 903 929
Gross Delta kWh/Tonne| 33 21 3 27 50 32
% 3.6% 2.2% 3.2% 3.0% 5.5% 3.5%
As-Tested Net ER KWh/Tonne 850 849 872 796 835 840
Net Guarantee KWh/Tonne 826 844 859 782 799 822
kWh/Tonne| 24 6 13 13 37 19
Net Delta % 2.9% 0.7% 1.5% 1.7% 456% 2.3%
Unburned Combustible %, dry 0.83 0.83 0.83 0.83 0.83 0.83
Residue Moisture Content % 19.6 18.0 17.4 15.0 16.5 17.3

3 TEST PROCEDURES & MODIFICATIONS

The test was performed in accordance with the Covanta Acceptance Test Procedures, Energy
Recovery Tests and Residue Quality Test. The procedures governing this test were agreed to
by the Regions and their consultant, HDR. Minor modifications made to these test procedures
are described below.

3.1 Test Modifications

3.1.1 Assumption of Residue Weights

As agreed upon with HDR prior to the testing, the Residue weights for bottom ash, ferrous, non-
ferrous, and grizzly used in the calculations of energy recovery were assumed to be equal to the
average during the 5-Day period from September 27 to October 1. Per the Test Procedures, the
fly ash quantity was assumed to be 10% of the total wet ash weight.

This simplified the logistics of measuring each 8-Hour test’s residue quantity. A sensitivity
analysis of the effect of Residue weights on energy recovery were presented to HDR prior to the
tests. The analysis demonstrated that the impact was small enough to be deemed negligible.

3.1.2 Auxiliary Gas Burner Usage

During ER-1, Boiler 2’s auxiliary burner was put in service to help raise the furnace temperature
to meet the hourly 1000 degree C permit requirement. The burner was in service from
approximately 11:58 to 12:30 at a reduced firing rate. This resulted in 154.9 cubic meters of
natural gas burned, which was equivalent to 198 kg/hr of steam produced from the burner,
based on the As-Tested boiler efficiency.

This was approximately 0.56% of the total heat input during the 8-Hour test, which had a
negligible impact on the results. The test results presented for ER-1 reflect the exclusion of the
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steam produced by natural gas from the steam produced by refuse.

It was later discovered that the CEMs Trace system was reporting falsely low furnace
temperature and was immediately corrected to account for the signal time delay between the
plant's DCS and CEMs Trace system.

3.2 Test Procedures

3.2.1 Number of Tests Conducted

The Test Procedures called for a minimum of three 8-Hour Energy Recovery Tests. A total of
five 8-Hour tests were conducted. All five test results are presented and discussed herein.

3.2.2 Hopper Level Verification/Spillage

Digital photos of each boiler hopper were taken by Covanta and HDR before and after each 8-
Hour energy recovery test. The refuse hopper level was returned to the same starting level at
the end of each test.

During ER-1, an additional grapple of 534 kg was charged to Boiler 2’s hopper to return the
level to its starting position. During ER-3, Boiler 1’'s hopper level was above the starting point at
the end of the test. During ER-5, Boiler 2’s hopper level was above the starting point at the end
of the test. It was agreed upon by Covanta and HDR that the throughput get prorated by an
extra 5 minutes to allow for the hopper level to return to the starting position. The calculations
reflect the agreed upon adjustments to the throughput for ER-1, ER-3, and ER-5.

Throughout each 8-Hour test period, there was a negligible amount of refuse spillage. Each
refuse crane is equipped with semi-automatic refuse feeding. This feature insures that each
grapple load drops into the center of the refuse hopper, significantly reducing spillage outside of
the hopper boundary or back into the refuse pit.

3.2.3 Crane Weigh System Drift

The throughput data from each 8-Hour test was adjusted for crane calibration drift. During each
8-Hour test, only the west crane was used to charge each hopper. The crane’s weigh system
registered on average 0.90% (~35 kg) lower than the span check test block. Although the
deviation was within the tolerance allowed by the Test Procedures; the correction was made to
increase the overall accuracy of the refuse processed, which in turn increased the accuracy of
the energy recovery tests. In addition, each span check read below the reference block weight.
This was another reason for the adjustment to the throughput for the weigh system’s drift.

This average correction would result in incrementally more waste processed and a lower As-
Tested waste HHV. This would have no impact on the amount of kWh/Tonne over the
guarantee. But would result in slightly lower gross and net energy recovery.
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4 DATA ANALYSIS & CALCULATIONS

Five 8-Hour Energy Recovery Tests were performed to demonstrate the overall efficiency of the
Facility. These five tests were conducted concurrently with the five boiler-as-a-calorimeter tests
to determine the As-Tested waste HHV. The calculations of each test's HHV and energy
recovery were performed in accordance with the sample calculations and descriptions
presented in the Test Procedures, which are included in the appendix volume of this report.

An Energy Recovery results summary Table 1 and individual boiler process data Table 2 are
included in the appendix. The individual test calculations and Ortech’s report are also in the
appendix.

4.1.1 Instrument Calibrations

Instrument calibration checks were performed two weeks prior to the Acceptance Test start
date. The associated documents were provided to HDR for review prior to the test start. The
documentation for these checks is included in the appendix.

4.1.2 Data Collection

Required data per the Project Agreement was recorded in 1-minute intervals using the ABB
distributed control system (DCS) or recorded via local data-loggers. All data was provided to
HDR prior to the noon deadline on the following day. Table 2 summarizes the key process
parameters related to the Energy Recovery Tests.

The Schweitzer Engineering Laboratories (SEL) model 735 watt-hour-meters for gross and net
electrical output were the official means to determine each 8-Hour test’s electrical output. The
gross and net totalizers were calibrated by Eaton Technologies prior to the start of the
Acceptance Test. The test start and end MWH reading was taken locally at each meter and was
witnessed by HDR.

4.1.3 Flue Gas Measurements

Sampling of the flue gas for O, CO2, and moisture was performed in accordance with EPA
Method 3 and 4. The O, and CO, measurements were logged electronically once per minute.
The moisture in the flue gas was measured four times over the 8-Hour test period. Multi-point
flue gas flow and temperature traverses were conducted in accordance with EPA Methods 1
and 2. These traverses were performed sixteen times per boiler during each 8-Hour test period.

The sampling plane was located in the straight vertical flue between the economizer outlet and
the evaporative cooler inlet. All flue gas testing was performed by the environmental testing
company, Ortech.

4.1.4 Heated Combustion Air Temperature

Three thermocouples were temporarily installed (on each boiler) at the outlet duct downstream
of the air-preheater just prior to entering the stoker plenum. These data points were recorded
via mini data loggers with a sample interval of 1-minute. All calculations were performed using
the average of the three test thermocouples.

Covanta-8hour-Test-Report.docx Page 4 Last Printed: 11/24/2015 5:19:00 PM



COVANTA

Powering Today. Protecting Tomorrow.

8-Hour Energy Recovery and Residue Quality Test Reports November 2015

4.1.5 Ash Discharger Quench Temperature

The quench water temperature was measured via a local thermocouple inserted below the
water line of the ash discharger. The ash discharger make-up water temperature, the fuel
temperature and the SNCR water temperature are all assumed to be the same, so
measurement of the make-up water flow and SNCR water flow are unnecessary. The calculated
combined moisture is equal to the difference of the measured total moisture in the flue gas
minus the moisture in the air. The total water weight leaving the ash dischargers is calculated by
multiplying the overall test bottom ash quantity by the test residue moisture content.

4.1.6 Barometric Pressure and Combustion Air Humidity

A digital psychrometer and barometer were set up on the charging deck to record the
combustion air relative humidity, the combustion air inlet dry bulb temperature, and the
barometric pressure. All of these measurements were averaged over each 8-Hour test period
and utilized in the boiler-as-a-calorimeter calculations for HHV.

4.1.7 Crane Weigh System Drift

The throughput data from each 8-Hour test was adjusted for the crane weigh system’s drift. This
adjustment was done on an individual test basis. The calculation was performed in accordance
with the methodology outlined in the Test Procedures. Table B summarizes the average
deviation in crane weight and the corrected fuel flow for each 8-Hour test.

Table B: Crane Weigh System Drift Adjustment to Refuse Processed

Energy Recovery: Crane Calibration Drift Adjustment
Start Time| 9/27/15 8:00 | 9/28/15 B:00 | 9/29/15 9:00 | 9/30/15 8:00 | 10/1/15 9:00
End Time|9/27/15 16:00| 9/28/15 16:00| 9/29/15 17:00|9/30/15 16:00|10/1/15 17:00
Test ER1 ER 2 ER 3 ER 4 ER 5 AvG
Crane Weigh System Drift* % 0.37% -0.22% -0.33% -0.40% -0.44% -0.35%
Uncorrected Fuel Flow ka/hr 18,277 17,887 17,193 19,115 17,987 18,092
Adjusted Fuel Flow kg/hr 18,345 17,926 17,251 19,191 18,066 18,156

*Calculation done in accordance with Test Procedure methodology

4.1.8 Dry Bulb Temperature Correction

The average annual ambient temperature used for correction is 8 degrees C as shown in the
weather data tables from the Test Procedures. Each 8-Hour Energy Recovery Test was
performed with ambient air conditions greater than the annual average temperature. Table C
shows the difference between the test average ambient temperature and the annual average,
the correction factor for the test average turbine exhaust pressure, and the correction to turbine

electrical output.

Table C: Annual Average Dry Bulb Temperature Correction
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Energy Recovery: Dry Bulb Temperature Correction
Start Time| 9/27/15 8:00 | 9/28/15 8:00 | 9/29/15 9:00 | 9/30/15 8:00 | 10/1/15 9:00
End Time|9/27/15 16:00|9/28/15 16:00| 9/29/15 17:00(9/30/15 16:00| 10/1/15 17:00
Test ER1 ER 2 ER 3 ER 4 ER 5 AvG
Average Dry Bulb Temperature C 19.5 20.3 20.2 15.8 12.5 17.6
Difference from Annual Temperature C 115 12.3 12.2 78 45 10
Average Turbine Exhaust Pressure mbara 107 111 110 91 80 100
Turbine Exhaust Pressure Correction| mbara 39 43 42 23 11 32
Ambient Temperature Adjustment % 2.3% 2.5% 2.5% 1.4% 0.7% 1.9%
Turbine Output Correction kW 410 445 434 239 117 329
Corrected Gross Electrical OQutput MW 17.73 17.45 17.27 17.50 17.21 17.43
Corrected Net Electrical Output MW 15.59 15.22 15.04 15.27 15.09 15.24

The turbine exhaust pressure curve was developed based on the GE guaranteed and MCR heat
balances. The curve-fitted equation was used to calculate the exhaust pressure correction factor
of the turbine’s electrical output. This resulted in a downward adjustment to the turbine exhaust
pressure by an average of 32 millibar-absolute and an average turbine electrical output
correction of 1.9%, or 329 kWs.

4.1.9 Energy Recovery

The corrected gross and net electrical outputs are divided by the actual throughput (tonne/hr) to
obtain the outputs on a kWh/Tonne basis. The guaranteed gross and net energy recovery
values are determined from the As-Tested waste HHV. The results from each test were
compared to the linearly adjusted guaranteed values per Item 3 of Exhibit 2, Appendix 19 of the
Project Agreement.

The measured average gross energy recovery of 961 kWh/Tonne surpassed the guarantee by
3.5% (32 kWh/Tonne). The measured average net energy recovery of 840 kWh/Tonne
surpassed the guarantee by 2.3% (19 kWh/Tonne). Furthermore, all five individual energy
recovery tests surpassed the gross and net guarantees. The detailed results for the individual
tests are shown in Table 1 of the appendix.

4.1.10 Residue Quality

Bottom ash was sampled and combined from both ash dischargers per the Test Procedures.
Samples were sent to SGS Laboratories in South Holland, lllinois, for analysis of moisture and
unburned combustible using ASTM D 3302-07 and ASTM D 5468-02 respectively. The lab
analysis results are included in the appendix.

Moisture results were 19.6%, 18%, 17.4%, 15%, and 16.5% respectively for all five energy
recovery tests. The average residue moisture content of all five tests was less than the
guaranteed value (25%).

Unburned combustible results were all less than the detection limits of the bomb calorimeter
method of 100 BTU/Ib. The detection limit of 100 BTU/Ib (0.83% of 12,000 BTU/Ib) was used in
all five test calculations. The average of all five tests was less than the guarantee of 3%
unburned combustible by dry weight.
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5 DISCUSSION

5.1.1 Air Pre-Heater Usage

The air pre-heater was in service on both boilers during all five 8-Hour Energy Recovery Tests.
Three different air pre-heater operating modes were utilized: one coil per boiler, three coils per
boiler, and five coils per boiler. During each 8-Hour test, the air pre-heater remained in service
with the same number of coils for the entire test period. The tests showed that the more air pre-
heater coils in service the better the energy recovery was when compared to the guarantee.

5.1.2 Energy Recovery Test Results

The tests were conducted on five consecutive days where the waste quality was relatively
consistent, the boiler fouling conditions remained unchanged, and the ambient air conditions for
each test were similar. These factors led to four energy recovery test results being very
consistent with each other.

Another contributing factor to the consistency of the results is each boiler was designed with an
economizer water bypass. This enables the economizer exit flue gas temperature to be
controlled to the boiler design point of 165 degrees C.

When the boiler is clean, water is bypass around the economizer directly to the steam drum to
help control the economizer exit gas temperature. As the boiler fouls, less water is bypassed
and more water is passed through the economizer to help transfer the heat from the flue gas to
the water. This design feature eliminates the boiler fouling impact on boiler efficiency and was
part of the reason the test results were consistent with each other.

The fifth energy recovery test (ER-5) produced the best result for both the gross and net energy
recovery compared to the guarantee points. The reduction in excess air lowered the flue gas
flow through the boilers, which resulted in less flue gas moisture losses. The reduction in losses
helped to make the boiler more efficient. In addition, both boilers had five out of six steam coils
in service on the air pre-heater, which helped increase the overall steam cycle efficiency. This
combination resulted in the best gross and net energy recovery as compared to the guarantee.

Table D summarizes the results from the boiler-as-calorimeter HHV calculation for each energy
recovery test.
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Table D: Boiler-As-Calorimeter HHV Calculation Summary

Energy Recovery: B-A-C HHV Calculation Summary

Start Time| 9/27/15 8:00 | 9/28/15 8:00 | 9/29/15 9:00 | 9/30/15 8:00 | 10/1/15 9:00
End Time|9/27/15 16:00|9/28/15 16:00| 9/29/15 17:00(9/30/15 16:00| 10/1/15 17:00
Test ER1 ER 2 ER 3 ER 4 ER 5 AvG
Fuel Flow kg/hr 18,345 17,926 17,251 19,191 18,066 18,156
Boiler OQutlet Oxygen, Dry % 823 8.36 8.20 813 742 8.07
Flue Gas Moisture @ Boiler Outlet % 16.1 16.3 15.6 15.4 15.2 15.7
Excess Air % 582 58.1 522 56.1 541 55.7
Flue Gas Flow act m¥h 184,793 191,918 188,357 1955875 174,272 186,983
Heated Comb Air Temperature C 74 75 124 71 144 98
Economizer Outlet Temperature C 166 167 166 167 166 167
Heat Input KJ/kg 14,040 14,322 14,796 13,416 13,945 14,104
Heat Losses KJlkg 3,225 3,397 3,381 3,198 3,088 3,258
Heat Credits KJlkg 248 278 539 232 534 366
Heat Qutput KJ/kg 10,815 10,926 11,414 10,218 10,857 10,846
As-Tested Waste HHV Kdlkg 13,792 14,044 14,257 13,184 13,411 13,738
As-Tested Boiler Efficiency % 77.0 76.3 77.2 76.2 77.9 76.9
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Table 1

Durham York Energy Recovery: Overall Test Summary
Start Time| 9/27/15 8:00 | 9/28/15 8:00 | 9/29/15 9:00 | 9/30/15 8:00 | 10/1/15 9:00
End Time] 9/27/15 16:00 | 9/28/15 16:00 | 9/29/15 17:00 | 9/30/15 16:00 | 10/1/15 17:00
Test ER 1 ER 2 ER 3 ER 4 ER 5 AvG
Actual Refuse Processed tonnes 146 143 138 153 144 145
Steam Flow kg/hr 70,881 69,894 70,206 69,621 69,919 70,104
Steam Temperature C 501 503 500 505 501 502
Steam Pressure bar-g 88.4 88.4 88.4 88.4 88.4 88.4
% of MCR Steam Output % 104% 101% 104% 103% 103% 103%
Feedwater Temperature C 138 138 136 136 136 137
Boiler Outlet Oxygen, Dry % 8.23 8.36 8.20 8.13 7.42 8.07
Flue Gas Moisture @ Boiler Outlet % 16.1 16.3 15.8 15.4 15.6 15.8
Excess Air % 58.2 58.1 52.2 56.1 54.1 55.7
Flue Gas Flow act m°/h 184,793 191,918 189,480 195,899 174,591 187,336
Heated Comb Air Temperature C 74 75 124 71 144 98
Economizer Outlet Temperature C 166 167 166 167 166 167
Heat Input KJ/kg 14,019 14,301 14,814 13,408 13,948 14,098
Heat Losses KJ/kg 3,204 3,375 3,400 3,189 3,090 3,252
Heat Credits KJ/kg 248 278 539 232 534 366
Heat Output KJ/kg 10,815 10,926 11,414 10,218 10,857 10,846
Unburned Combustible % 0.42 0.42 0.42 0.42 0.42 0.42
Residue Moisture Content % 19.6 18.0 17.4 15.0 16.5 17.3
As-Tested Waste HHV KJ/kg 13,771 14,023 14,275 13,175 13,413 13,732
As-Tested Boiler Efficiency % 77.1 76.4 77.1 76.2 77.8 76.9
Average Dry Bulb Temperature C 19.5 20.3 20.2 15.8 12.5 17.6
Difference from Annual Temperature C 11.5 12.3 12.2 7.8 4.5 10
Average Turbine Exhaust Pressure mbara 107 111 110 91 80 100
Turbine Exhaust Pressure Correction mbara 39 43 42 23 11 32
Ambient Temperature Adjustment % 2.3% 2.5% 2.5% 1.4% 0.7% 1.9%
Turbine Output Correction kW 410 445 434 239 117 329
Corrected Gross Electrical Output MW 17.73 17.45 17.27 17.50 17.21 17.43
In-Plant-Power MW 2.14 2.23 2.23 2.23 2.12 2.19
Corrected Net Electrical Output MW 15.59 15.22 15.04 15.27 15.09 15.2
As-Tested Gross Energy Recovery kWh/Tonne 966 974 1001 912 953 961
Gross Guarantee kWh/Tonne 931 951 971 884 903 928
Delta kWh/Tonne 35 22 30 27 50 33
% 3.7% 2.3% 3.1% 3.1% 5.5% 3.5%
As-Tested Net Energy Recovery kWh/Tonne 850 849 872 796 835 840
Net Guarantee kWh/Tonne 824 842 860 782 799 821
Delta kWh/Tonne 26 7 12 14 37 19
% 3.1% 0.8% 1.4% 1.8% 4.6% 2.3%
11/13/2015

Durham Energy Recovery Comparisions.xlsx



Table 2

Date 9/27/2015 9/28/2015 9/29/2015 9/30/2015 10/1/2015
Durham York Energy Recovery: Start Time 8:00:00 AM 8:00:00 AM 9:00:00 AM 8:00:00 AM 9:00:00 AM
Process Data Sum mary End Time 4:00:00 PM 4:00:00 PM 5:00:00 PM 4:00:00 PM 5:00:00 PM
Test ER1 ER 2 ER 3 ER 4 ER5
Description Tag No. | Units Boiler 01 | Boiler 02| Boiler 01 [ Boiler 02] Boiler 01 | Boiler 02| Boiler 01 | Boiler 02| Boiler 01 | Boiler 02
Flows
Feedwater FIR-5252-A kg/hr | Proj. Agr. 35,092 35,858 34,876 34,879 35,120 34,932 34,612 34,893 35,055 34,717
Steam FIR-5250 kg/hr | Proj. Agr. 35,172 35,908 34,914 34,980 35,160 35,046 34,681 34,940 35,080 34,839
Primary Attemperator Flow calc kg/hr | Info only 185 163 302 364 200 64 421 478 218 18
Secondary Attemperator Flow calc kg/hr Info only 133 67 180 160 142 22 317 380 241 33
Continuous Blow Down isolated kg/hr | Proj. Agr. 0 0 0 0 0 0 0 0 0 0
Total Air FIR-4202 m3/hr | Proj. Agr. 43,037 45,180 45,398 48,014 44,559 45,883 45,376 48,025 42,917 40,572
Primary Air m3/hr Info only 33,660 37,670 35,974 39,992 35,329 38,266 36,253 40,688 33,843 33,129
Secondary Air FIR-4205 m3/hr | Proj. Agr. 7,528 5,994 7,687 6,434 7,526 6,110 7,370 5,743 7,352 5,913
Seal Air FIR-4206 m3/hr | Proj. Agr. 1,850 1,517 1,737 1,588 1,705 1,506 1,753 1,593 1,722 1,530
Tertiary Air FIR-4208 m3/hr | Proj. Agr. 2,539 7,719 2,551 8,418 2,565 8,081 3,093 8,458 2,410 6,663
Hydrated Lime WIC-4873 kg/hr Info only 137.35 125.83 147.72 141.99 184.25 159.73 158.49 145.83 143.67 165.00
Aqueous Ammonia FIR-3854 I/hr Info only 1.08 0.91 0.86 0.70 0.84 0.73 0.79 0.93 1.14 0.82
Carbon WIC-4882 kg/hr Info only 4.00 3.90 4.00 3.83 4.00 3.95 3.96 3.83 3.93 3.78
Natural Gas FIR-3601 m3/min| Info only 0.0 0.32 0 0 0 0 0 0 0 0
Temperatures
Air & Gas
Ambient Air TIR-4218 C Proj. Agr. 25.6 26.5 28.2 28.5 29.3 29.1 24.4 23.6 22.9 21.8
Heated Air TIR-4215 C Proj. Agr. 75.4 71.4 75.4 71.8 123.0 120.6 72.7 68.7 141.0 141.8
Tertiary Air TIR-4216 C Proj. Agr. 132.1 125.7 121.6 125.3 152.4 157.7 123.7 130.0 152.6 176.6
Furnace IR Pyrometer TIR-4303 C Info only 1044.6 999.7 1040.2 1046.7 1044.0 1039.4 1055.8 1041.5 1064.0 1027.8
Roof TIR-4301 C Info only 824.9 667.3 812.0 667.6 814.9 659.9 820.4 674.2 820.0 670.3
2nd/3rd Pass TIR-4312 C Info only 679.2 671.7 685.6 676.3 693.2 675.5 697.4 693.3 697.4 686.3
Evaporator Outlet TIR-4318 C Info only 592.6 593.0 597.0 597.5 598.6 593.5 606.1 609.3 603.4 594.7
Superheater 2/3 TIR-4313 C Info only 534.3 528.9 537.5 532.9 536.2 527.5 542.8 538.5 539.7 525.8
Superheater 2/1.2 TIR-4314 C Info only 471.2 469.0 472.5 471.1 469.7 464.7 475.6 474.0 472.5 461.2
Superheater 1.3/1.2 TIR-4315 C Info only 403.5 405.1 406.0 408.5 403.4 402.3 409.0 411.1 404.7 397.6
Superheater 1.2/1.1 TIR-4316 C Info only 360.0 358.7 361.8 361.1 360.1 356.9 363.9 362.7 360.9 353.3
Econ. Inlet TIR-4317 C Info only 338.4 339.2 339.8 341.0 338.6 338.0 341.3 342.1 339.2 335.1
Econ. Outlet/Quench Inlet TI-4748 C Proj. Agr. 165.1 165.8 165.4 166.9 165.0 164.9 165.7 166.6 165.3 164.6
Quench Outlet TI-4761 C Info only 144.1 142.8 144.0 144.0 144.0 143.2 144.2 144.3 144.1 143.9
Reactor Outlet TI-47691/2/3 C Info only 141.3 136.1 142.5 137.3 142.9 136.9 143.1 138.2 140.7 135.7
Fabric Filter Outlet TI-4846 ¢} Info only 136.7 132.9 138.1 133.8 138.8 133.6 139.0 134.8 136.1 132.2
Steam & Water
Feedwater/Econ Inlet TI-5211 C Proj. Agr. 138.2 137.8 138.2 137.7 136.2 135.7 136.1 135.7 136.2 135.9
Econ Outlet TI-5210 C Info only 232.9 234.6 237.5 240.5 232.2 231.5 238.6 241.0 231.3 223.4
SH 1.3 Outlet TI-5209-1/2 C Proj. Agr. 366.1 365.3 369.0 368.5 366.5 365.0 372.2 370.1 367.3 361.5
SH 4 Inlet TI-5208-1/2 C Proj. Agr. 362.4 365.8 362.9 369.4 362.5 365.6 363.3 370.5 362.9 361.7
SH 2 Outlet TI-5207 C Proj. Agr. 465.1 462.4 463.0 462.8 460.1 456.2 465.2 464.0 464.8 455.9
SH 3 Inlet TI-5206 C Proj. Agr. 461.2 460.5 457.7 458.1 456.0 455.6 455.7 452.8 457.7 454.9
SH3 Outlet TIR-5223 C Proj. Agr. 501.5 501.2 501.6 503.8 500.9 500.1 503.4 505.8 503.1 498.6
Pressures
Air & Gas
Primary Air PIR-4203 mbar [ Info only 40.0 40.1 40.0 40.1 40.0 39.9 39.8 39.9 39.9 40.1
Secondary Air Front PIT-4209 mbar | Proj. Agr. 16.1 14.9 17.1 18.0 16.1 16.4 14.5 13.2 14.5 14.1
Secondary Air Rear PIT-4210 mbar | Proj. Agr. 22.5 20.4 23.6 23.8 22.3 21.7 21.2 19.3 21.0 20.7
Tertiary Header PIT-4204 mbar | Proj. Agr. 59.9 40.0 61.4 43.3 53.6 48.0 61.3 48.2 61.3 48.0
Tertiary Air Front PIT-4211 mbar | Proj. Agr. 6.1 34.3 6.8 39.3 7.5 39.3 11.0 42.0 6.6 29.7
Tertiary Air Rear PIT-4213 mbar | Proj. Agr. 6.5 34.6 7.6 39.3 7.9 39.2 12.2 41.9 7.5 29.7
Furnace Pressure PIR-4302 mbar Info only -0.7 -0.7 -0.3 -0.3 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2
Evaporator Outlet PIR-4309 mbar Info only -1.0 -0.9 -0.6 -0.6 -0.5 -0.5 -0.6 -0.5 -0.5 -0.4
Horizontal SH dP PDIR-4308 mbar [ Info only 0.3 0.3 0.4 0.3 0.3 0.3 0.4 0.3 0.3 0.2
Econ. Inlet PIR-4318 mbar Info only -1.3 -1.2 -0.9 -0.9 -0.9 -0.7 -0.9 -0.8 -0.8 -0.6
Econ. Outlet PIR-4747 mbar [ Info only -4.9 -5.1 -4.9 -5.0 -4.6 -4.4 -4.8 -4.9 -4.4 -3.9
Econ dP PDIR-4310 mbar Info only 3.7 3.8 3.9 4.1 3.7 3.7 3.9 4.1 3.6 3.3
Quench dP PDI-4749 mbar [ Info only 1.4 1.6 1.4 1.6 1.4 1.5 1.5 1.6 1.5 1.4
Quench Outlet PI-4764 mbar Info only -9.0 -6.7 -9.0 -6.6 -9.0 -5.9 -9.0 -6.6 -9.0 -5.3
Reactor dP PDI-4765 mbar [ Info only 5.2 4.6 5.6 5.0 5.5 4.8 5.8 5.5 5.7 4.5
Reactor Outlet PI-4770 mbar Info only -11.6 -11.3 -11.9 -11.6 -11.4 -10.7 -12.1 -12.0 -11.5 -9.8
Filter dP PDI-4790 mbar [ Info only 14.9 13.8 15.7 14.9 15.2 13.8 15.1 14.7 15.1 12.0
Filter Outlet P1-4846 mbar Info only -26.5 -25.1 -27.6 -26.6 -26.6 -24.5 -27.2 -26.7 -26.6 -21.8
Steam & Water
Feedwater PIR-5242 bar-g | Proj. Agr. 101.3 102.5 101.4 101.8 101.3 101.6 101.2 101.6 101.2 101.0
Drum PIT-5007 bar-g | Proj. Agr. 96.5 96.8 96.4 96.3 96.5 96.3 96.2 96.2 96.5 96.2
FSH Outlet PIR-5240 bar-g | Proj. Agr. 88.4 88.5 88.4 88.4 88.4 88.4 88.4 88.4 88.4 88.4
Miscellaneous
Boiler Drum Level LT-5001 | mm [ Infoonly | -236 | -236 | -236 | -23.7 | -23.7 [ -235 | -235 | -237 | -236 | -236
Common
Turbine Throttle Press PIR-0216 bar-g | Proj. Agr. 87.5 87.4 87.5 87.5 87.5
Turbine Throttle Temp TIR-0215 C Proj. Agr. 498.7 500.0 498.0 501.6 498.0
Turbine Throttle Flow FIR-0201 kg/hr | Proj. Agr. 73,907 72,460 71,896 72,143 73,028
HP Roof Pressure C-PIR-0801-SEL | mbar-a | Info only 103.9 111.8 116.4 94.6 68.9
LP Roof Pressure C-PIR-0841-SEL | mbar-a| Info only 100.7 108.9 113.1 90.8 66.0
Turbine Exhaust Temp TI-0802 C Info only 47.7 47.9 47.7 44.6 41.3
Condensate Tank Temp TI-0849 C Info only 46.0 46.3 46.3 42.6 38.7
Gland Steam Condenser Inlet TI-0942 C Info only 54.0 54.0 53.4 50.2 45.2
Ambient Air Temp TI-0803 A/B C Proj. Agr. 19.5 20.3 20.2 15.8 12.5
DA Press PIR-0406 bar-g | Info only 2.4 2.4 2.2 2.2 2.2
DA Storage Tank Temp TI-0403 C Info only 136.1 136.1 134.1 133.7 133.8
FW Temp TIR-0440 C Info only 138.7 138.6 136.7 136.3 136.4
FW Press PIR-0441 bar-g Info only 136.6 137.2 137.3 137.5 137.3
Gross Electrical Output MFM-G1-SEL MW | Proj. Agr. 17.325 17.020 16.851 17.260 17.094
Net Electrical Output MFM-L1-SEL MW | Proj. Agr. 15.190 14.791 14.620 15.033 14.976
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Energy Recovery Calculations

11/13/2015

TABLE 1
PERTINENT TEST DATA Average
Test Name: Energy Recovery 1 or
Test Date: 9/27/2015 08:00 - 16:00 Witd. Avg.
Test Start: Test End: or
Iltem Units Unit 1 Unit 2 Total Measurement Source
Test duration hours 8.0 8.0 8.00 -
Refuse feed rate kg/hr 9,082 9,263 18,345 Crane Weigh Cell + Assump
Total FW/Steam flow kg/hr - - Station Instrument
Main steam flow kg/hr 35,172 35,709 70,881 Station Instrument - Gas St
Feedwater flow kg/hr 35,092 35,660 70,752  Station Instrument
Suphtr. stm temperature °C 501.5 501.2 501.3 Station Instrument
Suphtr. stm pressure barg 88.4 88.5 88.4 Station Instrument
Feedwater temperature °C 138.2 137.8 138.0 Station Instrument
Feedwater pressure barg 101.3 102.5 101.9 Station Instrument
Continuous blowdown rate kag/hr 0 0 0 Verify Valve Closed
Boiler drum pressure barg 96.5 96.8 96.7 Station Instrument
Inlet air dry bulb temp. °C - - 22.9 Digital Psychrometer
Relative humidity % % - - 61.4 Digital Psychrometer
Inlet air wet bulb temp. °C - - 17.9 Calculated
Total air flow - Ref. Cond. Rm%h 43,037 45,180 88,218 Station Instrument
Overfire air flow - Ref. Cond. Rm%h 7,528 5,994 13,522  Station Instrument
Seal air flow - Ref. Cond. Rm3/h 1,850 1,517 3,367 Station Instrument
Overfire air pressure mbar 46.0 46.1 46.0 Station Instrument
OFA and Seal air temp after fan °C 324 32.2 32.3 TestT/C, wtd. avg.
Heated underfire air temperature °C 76.5 72.6 74.4 Test T/C Grid wtd avg.
Barometric pressure mbara - - 1011.7 Barometer
Moisture in combustion air kg/kg dry ai 0.0108 Calculated
CO, in dry flue gas % vol 11.069 10.982 11.02 Manually @ Econ. Outlet
O, in dry flue gas % vol 7.983 8.471 8.23 Manually @ Econ. Outlet
N, in dry flue gas % vol 80.948 80.547 80.74 Calculated
H,0 in flue gas % vol 16.173 16.015 16.09 Manually @ Econ. Outlet
Flue gas flow act m’h 90,450 94,343 184,793 Manually @ Econ. Outlet
Economizer exit gas temp. °C 164.8 166.5 165.7 Station Instrument
Sampling point gas temp. °C 167.1 165.3 166.2 Manually @ Econ. Outlet
Residue:
Sample (Bottom Ash)
Fines (-2") kg 989 Manual Residue Sampling
Overs (+2") kg 45 Manual Residue Sampling
Total Flow
Grizzly Rejects kg 0 0 Combined with Ferrous
Ferrous kg 2.547% 3,737 Ratio from 5-Day Test
Non-Ferrous kg 0.362% 532 Ratio from 5-Day Test
Bottom Ash kg 20.892% 30,661 Ratio from 5-Day Test
Fly Ash 10.00% kg 2.089% 3,066 Calculated from assumed %-
Moisture in -2" bottom ash bottom ash % 19.6 Laboratory Analysis
Combustibles in -2" bottom ash dry % 0.42 Laboratory Analysis
Moisture in flyash leaving test boundary % 0.0 Assumed zero %
Combustibles in flyash dry % 0.42 Assumed same % as BA
Ash discharger water bath temp °C 44.9 44.8 44.8 Test Thermocouples
Turbine Gross MW MWG 17.33 Station Instrument
Net MW Exported MWN 15.19 Station Instrument
Turbine Exhaust Pressure bara 0.108 Station Instrument (Exh. Temg
ACC Ambient Air Temperature °C 19.5 Station Instrument
Annual average dry bulb temp. °C - 8.0 Historical weather data
1
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Covanta Durham-York

Energy Recovery Calculations

AS TESTED PERFORMANCE PARAMETERS

11/13/2015

TABLE 2
RESIDUE ANALYSIS
Sample Weights Bottom Ash Bottom Ash
kg %
+2" to -8" Material 45 4.4
-2" Material + 989 + 95.6
-8" Material 1,034 100.0
Bottom Ash
Total Weights (kg) Flyash (kg)
Bottom & Fly Ash (Excluding +8" Grizzly Material & All Metals) 30,661 3,066
-2" Wet Bottom Ash @ 95.6% 29,312
Moisture of wet bottom as 19.6% 5,747.0
-2" Ash Dry Aggregate (by difference) 23,565 3,066
Combustibles of dry aggre 0.42% 98 13
Dry Ash (by difference) 23,466 3,053
Total +2" to (-8") 4.4% 1,349
+8" Grizzly Material, Ferrous & Non-Ferrous Metals 4,269
(metals and inerts)
Bottom Ash Fly Ash
Component Weights
P g o) @ ® &) ® ®
kg kg/h % kg/kg fuel kg kg/h % kg/kg fuel
Dry Ash + Inerts:
-2" Ash 23,466 2,933 3,053 382
+2" to (-8") 1,349 169
+8" Grizzly, Ferrous & Non-F¢ 4,269 534
Subtotal 29,085 3,636 90.20 0.1982 3,053 382 9.48 0.0208
Unburned Combustible
-2" Combustible 98 12.3 13 1.6
+2" to (-8") Combustible 0 0 0 0
Subtotal 98 12.3 0.31 0.0007 13 1.6 0.04 0.0001
Total Dry Residue : 29,183 3,647.9 90.5 0.199 3,066 383 9.5 0.021
Notes:
(1) Divisor is 8 hours
(2) % of Total Dry Residue (excluding Carbon Injection)
(3) Divisor is 18,345 kg/hr of refuse
* 2
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Covanta Durham-York Energy Recovery Calculations 11/13/2015
TABLE 3
FLUE GAS FLOW & ANALYSIS
(Based on Average Data for Test Runs @ Econ. Exit)
% VOL % VOL M.W. R.W. R.W. % WT % WT
(DRY) (WET) | kg/kg-mol (DRY) (WET) (DRY) (WET) KG/HR
CO2 11.069 9.279 44.010 4.871 4.084 16.18 14.51 20,929
02 7.983 6.692 32.000 2.555 2.141 8.49 7.61 10,972
N2 80.948 67.857 28.016 22.678 19.011 75.33 67.54 97,423

H20 16.173 18.016 0.000 2.914 0.00 10.35 14,933

Totals 100.0 100.00 30.104 28.150 100.0 100.0 | 144,257
From flue gas report, average flow = 184,793 a m3/hr
Gas temperature @ sampling point = 166.16907 °C
Specific volume = 8.314 x ( 273.15 + 166.16907 °F ) = 1.281 m3/kg

28.15 x (1.013 bara) x (cm2/m2)
Wet gas mass flow = 184,793 / 1.281 = 144,256 kg/hr 136.8%
Percent excess air = (02 -CO/R2) x 100 = 58.16 %
0.2682 x N2 - (02-CO0J/2)
(per ASME PTC 19.10 Flue and Exhaust Gas Analysis, Section 6.03.6.3.1)
deg C deg Kelvin deg F

Enthalpies From PTC-4, 5.19.4 & 5.19.11 Flue Gas Temp @ econ out 165.7 438.8 330.2

Flue Gas @ Economizer Outlet
Enth. (H) R.H. R.H.

(kJ/kg) (WET) (DRY)
CO2 128.05 18.58 20.72
02 131.41 10.00 11.15
N2 145.49 98.26 109.60
H20 266.10 27.55 0.00
Totals 154.38 141.47

D-Y ER Calc 09272015.xIsm 3FlueGas




Covanta Durham-York

Total Measured Air Flow

Energy Recovery Calculations

Average compensated total wet air flow in Reference m*/hr (25 °C) is taken from Table 1.

Total Wet Air Flow =
(Compensated)

88,218 m°/hr at

(25.00 + 273.15) x 8.314

Specific Volume =
of Dry Air

Dry Air Density =

Wet Air Density

Total Measured Wet Air

1.012 x 28.97

= 1.1823 kg/m®

1.0108 kg wet air/kg dry air x

88,218 m’h x

105,428 kg/hr

Moisture in Total Measure Air = ( 0.0108 x 105,428 ) /(1 + 0.0108) =

Overfire Air and Seal Air Flow

11/13/2015

25 °C reference temperature

1.1823 kg dry air/m®

1.1951 kg wet air/m?

0.8458 m°/kg

= 1.1951 kg wet air/m®

1,127.3 kg/hr

Average compensated wet overfire air flow & seal air flow in Reference m°/hr (25 °C) is taken from Table 1.

Wet Overfire Air Flow =
Wet Seal Air Flow =

Combined OFA & Seal Air Flow =

Specific Volume =

m3hr at
m3/hr at
13,522 + 3,367 =

13,522
3,367

(25.0 + 273.15) x 8.314

of Dry Air

Dry Air Density

Wet Air Density

OFA & Seal Air (Wet) =

25 °C temperature & 1.013 bara
25 °C temperature & 1.013 bara

16,888 Ref. m¥hr

= 0.8458 m°’/kg

1.1823 kg dry air/m®

1.012 x 28.97
1
------------ = 1.1823 kg/m®
0.8458
1.0108 kg wet air/kg dry air x
16,888 m°h  x 1.1951 kg wet air/m®
20,183 kg/hr

Moisture in OFA & Seal Air = (0.0108 x 20,183 ) /(1 + 0.0108) =

Wet Underfire Air =

Total Wet Air - Wet OFA & Seal Air =

Moisture in Underfire air =

Total Air H,O - OF & Seal Air H,0 =

105,428 -

1,127.3 -

D-Y ER Calc 09272015.xIlsm 4Air

= 1.1951 kg wet air/m?

215.8 kg/hr

20,183 = 85,245 kg/hr

215.8 = 911.5 kg/hr
4 * * * * *




Covanta Durham-York Energy Recovery Calculations 11/13/2015

(Continued from Page 4)

Assume ref. waste N2 content of test fuel = 0.87 %
Therefore, N2 in flue gas from fuel =

18,345 kg fuel/hr X 0.0087 kg N2/kg fuel = 160 kg/hr
N2 in flue gas = 97,423 kg/hr
Total dry comb. air supplied = 97,423 - 160 = 126,563 kg/hr
(Incl. Air Infiltration) 0.7685
Moisture in air = 0.0108 kg/kg dry air from psychrometric chart for
2289 °Cdb / 17.92 °C wb, therefore
Moisture in Calculated Total Air = 0.0108 X 126,563 = 1,367.9 kg/hr

Total Calculated wet air = 126,563 + 1367.9
(Including Air Infiltration & VLN cooling air)

127,931 kg/hr

Total Calculated Wet Air (including air infiltration & VLN cooling air) is greater than Total Measured Wet Air
Wet Air Infiltration (incl. VLN cooling air) = Calculated Total Wet Air - Measured Total Wet Air

= 127,931 - 105,428

= 22,503 kg/hr

Wet Un-heated Air = Total Wet Air - Wet UFA
= 127,931 - 85,245
= 42,686 kg/hr

Moisture in Wet Air Infiltration (incl. VLN cooling air) = Total Air Moisture - Moisture in Measured Total Ai

= 1,367.9 - 1,127.3
= 240.6 kg/hr
*kkkkkkkkkhkkkhk khkkhkkhkhhkkhkhkhkhk khkhkhkhkhkhhikkh khkhhhhkhkhik hhkhkhhhhhixikx 5 *hkkkkkkkhkkhkkkhk kkkkkhkhkhkhkhkkhk khkkkhkkhkhhhkhxkx

D-Y ER Calc 09272015.xIsm 5Air2



Covanta Durham-York

Energy Recovery Calculations

11/13/2015

Calculated moisture in Flue Gas from H2 and H20O in fuel and Ash Discharger Quench Water Vapor:

A water balance around the boiler gives:

Vapor in flue gas = moisture from H2 and H20 in the fuel + moisture in air + quench vapor + SNCR & carrier water

Therefore:

Moisture from H2 and H20 in fuel + quench vapor + SNCR & carrier water = Vapor in gas - moisture in air

= 14,933

13,565 kg/hr

1,367.9

0.739 kg/kg FUEL

|Moisture from SNCR | |—)

|Moisture from air

| —

Moisture from H20 in fuel ’—)

of H2 in fuel

Moisture from combustion '—)

BOILER

—)‘

Moisture in total flue
gas

Quench Vapor

D-Y ER Calc 09272015.xIsm 6FGH20




Covanta Durham-York Energy Recovery Calculations 11/13/2015

DATA FOR HEAT OUTPUT AND LOSS CALCULATIONS

Enthalpy of feedwater @ 138.01431 °C, 10291.20 kPa 587.23 kJ/kg
Enthalpy of drum water @ saturated pressure 9768.11 kPa 1397.79 kJ/kg
Enthalpy of steam @ 501.31801 °C, 8945.96 kPa 3391.29 kJ/kg
Enthalpy of dry underfire air at 74.4°C comb. temp. referenced to 25°C 49.75 kJ/kg
Enthalpy of dry overfire air at 32.3°C air temp. referenced to 25°C 7.35 kJ/kg
Enthalpy of dry flue gas at 165.7°C econ exit temp. referenced to 25°C 141.47 kJ/kg
Enthalpy of liquid water @ the amb. air temperature of 22.9°C ref. 0°C 95.83 kJ/kg
Enthalpy of water vapor @ UFA temp. of 74.4°C ref. 25°C 92.48 kJ/kg
Enthalpy of water vapor @ the OFA temp. aft. fan of 32.3°C ref. 25°C 13.61 kJ/kg
Enthalpy of steam vapor @ 165.7°C and 1 psia referenced to 0°C 2813.29 kJ/kg
Enthalpy of liquid water @ reference temperature of 25°C ref. 0°C 104.67 kJ/kg
Enthalpy of water vapor @ econ exit temp. of 165.7°C referenced to 25°C 266.1 kJ/kg
Enthalpy of ash discharger water bath @ 44.8°C 187.7 kJ/kg
Enthalpy of dry residue @ air inlet temp of 22.9°C 296.0 °K -1.594 kJ/kg
Enthalpy of dry residue @ ash discharger temp of 44.8°C or 318.0 °K 15.217 kJ/kg
Enthalpy of dry fly ash @ econ. exit temp. of 165.7°C or 438.8 °K 119.869 kJ/kg
HHV of unburned combustibles 27,913 kJ/kg
Radiation & convection loss per ASME PTC 34, Fig. I-1

with 99.2 GJ/hr actual average heat output per boiler, 2 boilers = 1.530 GJ/hr
Enthalpy of dry fuel @ ambient temp. of 22.9°C ref. 25°C -1.582 kJ/kg
Enthalpy of liquid water @ ambient temp. of 22.9°C ref. 25°C -8.8 kJ/kg

Reference documents:

ASME Performance Test Code for Fired Steam Generators, ASME PTC 4
ASME Performance Test Code for Waste Combustor with Energy Recovery, ASME PTC 34
ASME Steam Tables 1967 Edition

Table 4 - Reference Composition Acceptable Waste
Energy Content 13,000 kJ (HHV) per kilogram

REFERENCE WASTE ULTIMATE ANALYSIS
%

Moisture 15.16
Total Inert 15.92
Carbon 31.73
Hydrogen 4.56
Oxygen 31.35
Nitrogen 0.87
Sulfur 0.04
Chlorine 0.31
Flourine 0.030
Iron, oxidizable 0.030

100.00

D-Y ER Calc 09272015.xIsm 7HData



Covanta Durham-York Energy Recovery Calculations 11/13/2015
BOILER EFFICIENCY CALCULATION
AS TESTED CONDITIONS kJoule per
-HEAT LOSS METHOD- kg A.F. Fuel
(ASME PTC 34, SECTION 5.11)
HEAT OUTPUT due to-
Steam:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
70,752 / 18,345 X ( 3,391.29 - 587.23) = 10,814.55
Blowdown:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
- / 18,345 X ( 1,397.79 - 587.23) 0.00
Total Heat Output: = 10,814.55
HEAT LOSSES due to-
Dry gas:
(kg/hr dry gas)/(kg/hr fuel) x (flue gas h @ Tgas econ exit ref. 25°C, kJ/kg)
129,324 / 18,345 x ( 141.47 ) = 997.32
Moisture from H2 and H20O in fuel, ash discharger quench water vapor and SNCR carrier water:
(kg/hr moisture)/(kg/hr fuel) x (h econ gas exit @ 1 psia - h liquid @ T = 25°C, kJ/kg)
13,565 / 18,345 x ( 2813.29 - 104.67 ) = 2002.93
Ash discharger quench water:
Liquid: (kg/hr liquid)/(kg/hr fuel) x (h water @ Tquench - h water @ Tamb air, kJ/kg)
718 / 18,345 x ( 187.71 - 95.83 ) = 3.60
Sensible heat in dry bottom residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tquench - h res @Tamb air, kJ/kg)
3,648 / 18,345 x ( 15.217 - -1.594 ) = 3.34
Sensible heat in dry fly ash residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tecon exit - h res @Tamb air, kJ/kg)
383 / 18,345 x ( 119.869 - -1.594 ) = 2.54
Moisture from total air:
(kg/hr air moisture)/(kg/hr fuel) x (h water vap @ Tgas econ exit ref. 25°C, kJ/kg)
1,368 / 18,345 x ( 266.1 ) = 19.84
Unburned combustibles:
(Ib unburned combustibles/hr)/(kg/hr fuel) x HHV unburned
13.90 / 18,345 X 27,913 = 21.14
Radiation & Convection Loss:
Per ASME PTC 34, Fig. I-1 = 1.530 GJ/hr
1,530,078 / 18,345 = 83.41
Unaccounted for:
0.5 % of heat output and losses (heat input) = 70.09
0.005 x ( 10,814.6 + 3,204.2 )
Total Heat Losses: = 3204.21
*kkkkkhkkkkkk *kkkkkkhkkhkkkkkk khkkkhhhkhkkkhkrk kkhkhhkkkriik *kkkkkkkkkkk 8 *kkkkkkhkhkkkkk khkhhhhhhkkkdxkx k% * %k kkkkkkkkhkkkkk
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Covanta Durham-York Energy Recovery Calculations

HEAT CREDITS due to-

Dry underfire air sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 74.4°C ref. 25°C, kJ/kg)
84,334 / 18,345 x ( 49.75 )

Dry overfire air, seal air & air infiltration sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 32.3°C ref. 25°C, kJ/kg)
42,230 / 18,345 x ( 7.35 )

Moisture in incoming underfire air:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 74.4°C ref 25°C, kJ/kg)
911.5 / 18,345 x ( 92.48 )

Moisture in incoming overfire, seal air & air infiltration:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 32.3°C ref 25°C, kJ/kg)
456.4 / 18,345 x ( 13.61 )

Fuel sensible heat:
(dry fuel, Ib dry fuel/lb fuel) x (h in @ ambient air temp of 22.9°C ref 25°C, kJ/kg) +
(moisture in fuel, Ib H20/Ib fuel) x (h in @ ambient air temp of 22.9°C ref 25°C, kJ/kg)
0.848 X -1.582 + 0.152 X -8.84

Total Heat Credits:

Gross Heat Input = HHV of Fuel + Heat Credit = Heat Output + Heat Losses

or
HHV of FUEL = Heat Output + Heat Losses - Heat Credit
= 10814.55 + 3204.21 - 247.90
= 13,771 kJ/kg
EFFICIENCY= (1 - (Heat Losses/Heat Input))*100= (1 - 3204.21 / 14,019 ) x 100
Gross Heat Input = 14,019 kJ/kg
HEAT LOSS SUMMARY: %
Dry gas: 711
Moisture from H2 and H20 in fuel, ash discharger quench water vapor & SNCR: 14.29
Moisture from total air: 0.14

Ash discharger quench water:

Liquid: 0.03
Sensible heat in dry bottom residue: 0.02
Sensible heat in dry fly ash: 0.02
Unburned combustibles: 0.15
Radiation/Correction: 0.60
Unaccounted for: 0.50
Total Heat Losses: T 2286

9 —

11/13/2015

kJoule per

kg A.F. Fuel

228.73

16.92

4.60

0.34

-2.68

247.90

77.14 %
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Covanta Durham-York Energy Recovery Calculations 11/13/2015

Adjustment For Annual Average Dry Bulb Temperature

Turbine performance is dependent upon exhaust vacuum, which is dependent
upon air-cooled condenser (ACC) performance. ACC performance is dependent

upon the dry bulb ambient air temperature. An adjustment is made to the as-tested

ACC performance for the difference between the average annual dry bulb

temperature and the as-tested dry bulb temperature. Per average local weather conditions:
(see Procedures page 10)

The average annual dry bulb temperature = 8 °C

Air-Cooled Condenser Performance:

The as-tested ACC ambient dry bulb temperature was: 195 °C

Per the ACC performance curve, (see Figures section) the condenser vacuum

corresponding to the as-tested dry bulb temperature of 19.5 °C is: 107.1 mbara
Per the ACC performance curve, the condenser vacuum

corresponding to the average annual dry bulb temperature of 8 °C is: 68.0 mbara
Therefore, the correction to exhaust pressure for temperature difference is 39.0 mbar

Turbine Performance:
Per the curve defining change in exhaust pressure vs. change in
turbine-generator output (see page 12 of procedures), a 39.0 mbar change

in exhaust pressure at design throttle flow results in a 2.32% change in
turbine heat rate. Therefore, the overall adjusted gross

electrical output is :
17.33 * (1+ 0.0232 ) = 17.73 MWG
The MW correction is also added to the as-tested NET electrical exported:

15.19 + 17.73 - 17.33 = 15.59 MWN

See SAMPLE CALCULATION CURVES at the end of these procedures.

kkkkkkkkkkkk kkkkkkhkkhkkkhkk kkhkkkkkhkkkhkkhk kkkhkkhkkkkkhkk kkkkkkhkkkkkk 10 kkkkkkkkkhkkhk kkkkkkkkkkhkkk kkhkkkkkkkkkk
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Covanta Durham-York

Adjusted Power Outputs Per Ton:

Energy Recovery Calculations 11/13/2015

17,726 kW adjusted for annual average dry bulb temperature.

Gross Electrical Output = —mmememmeeee- = 966 kWh/tonne

18.345 Actual TPH

Compared to the guarantee of 931 kWh/tonne at the same HHV.
Surpassing the guarantee by: 35 kWh/tonne
or 3.7%

15,591 kW adjusted for annual average dry bulb temperature.

Net Electrical Export= —memmmememeee = 850 kWh/tonne
18.345 Actual TPH
Compared to the guarantee of 824 kWh/tonne at the same HHV.
Surpassing the guarantee by: 26 kWh/tonne
or 3.1%
*kkkkkkkkkhkkk kkhkkkkkkkkkk kkkkkkhkhkhhkhkhkhk kkkkhkhhhkhhkhik dhhhhihiikikxk 11 *kkkkkkkkkkk khkkhkkkkkkkkk kkkkkkhkhkhhkhk kkkhhhhhiixkx
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Covanta Durham-York

Crane Calibration Drift Adjustment Calculation Energy Recovery 1

Acceptance Test

Reference Weight (Reference Block Weight) 3,926 kg
Initial Span Check Reading 3,888.3 @ 9/27/2015 7:30
Final Span Check Reading 3,893.3 @ 9/27/2015 17:35
Average of the Initial and Final Span Checks 3,891 kg
Difference between Average and Reference Weight -35 kg > 45.4 kg
Adjustment to each grapple feed is warranted.
Adjustment
Factor
146,217 1.003711371 146,760
Ref. Weight Feed Weight %
Feed Weight | (Drifted, by Difference | % Difference of Ref. Drifted | Proportioned | Feed Weight |Adjusted Feed|
Feed at Reading (kg) | Equation) (Drift) (% Drift) Weight Drift (%) Drifted Weight (kg)
9/27/15 8:02 1,283.0 3,889.3 -36.7 -0.93% 32.99% -0.31% -3.95 1,286.95
9/27/15 8:12 1,799.0 3,889.6 -36.4 -0.93% 46.25% -0.43% -7.71 1,806.71
9/27/15 8:18 1,856.0 3,889.8 -36.2 -0.92% 47.71% -0.44% -8.16 1,864.16|
9/27/15 8:20 1,654.0 3,889.9 -36.1 -0.92% 42.52% -0.39% -6.47 1,660.47
9/27/15 8:29 2,904.0 3,890.2 -35.8 -0.91% 74.65% -0.68% -19.78 2,923.78
9/27/15 8:34 1,955.0 3,890.3 -35.7 -0.91% 50.25% -0.46% -8.92 1,963.92
9/27/15 8:41 1,773.0 3,890.5 -35.5 -0.90% 45.57% -0.41% -7.30 1,780.30|
9/27/15 8:47 1,974.0 3,890.7 -35.3 -0.90% 50.74% -0.46% -8.99 1,982.99
9/27/15 8:51 2,689.0 3,890.9 -35.1 -0.90% 69.11% -0.62% -16.64. 2,705.64|
9/27/15 8:54 1,799.0 3,891.0| -35.0 -0.89% 46.24% -0.41% -7.42 1,806.42
9/27/15 9:08 1,486.0 3,891.4] -34.6 -0.88% 38.19% -0.34% -5.00 1,491.00|
9/27/15 9:12 1,805.0 3,891.5 -34.5 -0.88% 46.38% -0.41% -7.35 1,812.35
9/27/15 9:17 1,773.0 3,891.7 -343 -0.87% 45.56% -0.40% -7.06 1,780.06
9/27/15 9:21 1,884.0 3,891.8 -34.2 -0.87% 48.41% -0.42% -7.94 1,891.94
9/27/15 9:32 2,145.0 3,892.1 -33.9 -0.86% 55.11% -0.48% -10.19; 2,155.19
9/27/15 9:37 1,891.0 3,892.3 -33.7 -0.86% 48.58% -0.42% -7.89 1,898.89
9/27/15 9:41 2,175.0 3,892.4] -33.6 -0.85% 55.88% -0.48% -10.39; 2,185.39
9/27/15 9:47 1,756.0 3,892.6 -33.4 -0.85% 45.11% -0.38% -6.74 1,762.74
9/27/15 9:52 1,894.0 3,892.8 -33.2 -0.85% 48.65% -0.41% -7.79 1,901.79
9/27/15 9:55 2,314.0 3,892.9 -33.1 -0.84% 59.44% -0.50% -11.61 2,325.61
9/27/15 10:02 2,457.0 3,893.1 -32.9 -0.84% 63.11% -0.53% -13.00; 2,470.00|
9/27/15 10:06 1,616.0 3,893.2 -32.8 -0.83% 41.51% -0.35% -5.60 1,621.60|
9/27/15 10:18 1,595.0 3,893.6 -32.4 -0.83% 40.96% -0.34% -5.39 1,600.39
9/27/15 10:22 1,657.0 3,893.7 -323 -0.82% 42.56% -0.35% -5.79 1,662.79
9/27/15 10:33 1,613.0 3,894.1 -31.9 -0.81% 41.42% -0.34% -5.43 1,618.43
9/27/15 10:37 2,005.0 3,894.2 -31.8 -0.81% 51.49% -0.42% -8.36 2,013.36|
9/27/15 10:46 2,420.0 3,894.5 -315 -0.80% 62.14% -0.50% -12.07, 2,432.07
9/27/15 10:49 2,281.0 3,894.6 -31.4 -0.80% 58.57% -0.47% -10.69; 2,291.69
9/27/15 11:01 2,685.0 3,894.9 -31.1 -0.79% 68.94% -0.55% -14.64 2,699.64|
9/27/15 11:04 1,954.0 3,895.0| -31.0 -0.79% 50.17% -0.40% -7.73 1,961.73
9/27/15 11:17 1,605.0 3,895.5 -30.5 -0.78% 41.20% -0.32% -5.14 1,610.14
9/27/15 11:25 2,113.0 3,895.7 -30.3 -0.77% 54.24% -0.42% -8.84 2,121.84
9/27/15 11:29 1,846.0 3,895.8 -30.2 -0.77% 47.38% -0.36% -6.72 1,852.72
9/27/15 11:39 1,859.0 3,896.1 -29.9 -0.76% 47.71% -0.36% -6.75 1,865.75
9/27/15 11:42 1,691.0 3,896.2 -29.8 -0.76% 43.40% -0.33% -5.56 1,696.56
9/27/15 11:51 1,793.0 3,896.5 -29.5 -0.75% 46.02% -0.35% -6.19 1,799.19
9/27/15 11:55 2,488.0 3,896.6 -29.4 -0.75% 63.85% -0.48% -11.88 2,499.88
9/27/15 12:03 1,866.0 3,896.9 -29.1 -0.74% 47.88% -0.35% -6.62 1,872.62
9/27/15 12:08 2,118.0 3,897.1 -28.9 -0.74% 54.35% -0.40% -8.48 2,126.48
9/27/15 12:13 1,901.0 3,897.2 -28.8 -0.73% 48.78% -0.36% -6.80 1,907.80|
9/27/15 12:25 1,681.0 3,897.6 -28.4 -0.72% 43.13% -0.31% -5.24 1,686.24|
9/27/15 12:28 1,795.0 3,897.7 -28.3 -0.72% 46.05% -0.33% -5.96 1,800.96
9/27/15 12:33 2,076.0 3,897.9 -28.1 -0.72% 53.26% -0.38% -7.92 2,083.92
9/27/15 12:43 2,007.0 3,898.2 -27.8 -0.71% 51.49% -0.36% -7.32 2,014.32
9/27/15 12:52 2,565.0 3,898.5 -27.5 -0.70% 65.80% -0.46% -11.84 2,576.84|
9/27/15 12:56 1,316.0 3,898.6 -27.4 -0.70% 33.76% -0.24% -3.10 1,319.10|
9/27/15 12:58 1,463.0 3,898.6 -27.4 -0.70% 37.53% -0.26% -3.83 1,466.83
9/27/15 13:04 867.0] 3,898.8 -27.2 -0.69% 22.24% -0.15% -1.33 868.33|
9/27/15 13:06 485.0 3,898.9 -27.1 -0.69% 12.44% -0.09% -0.42 485.42|
9/27/15 13:12 756.0] 3,899.1 -26.9 -0.69% 19.39% -0.13% -1.01 757.01
9/27/15 13:18 971.0] 3,899.3 -26.7 -0.68% 24.90% -0.17% -1.64 972.64|
9/27/15 13:23 1,898.0 3,899.4| -26.6 -0.68% 48.67% -0.33% -6.25 1,904.25
9/27/15 13:25 1,070.0 3,899.5 -26.5 -0.67% 27.44% -0.19% -1.98 1,071.98
9/27/15 13:27 1,047.0 3,899.6 -26.4 -0.67% 26.85% -0.18% -1.89 1,048.89
9/27/15 13:31 627.0] 3,899.7 -26.3 -0.67% 16.08% -0.11% -0.68 627.68|
9/27/15 13:34 1,334.0 3,899.8 -26.2 -0.67% 34.21% -0.23% -3.05 1,337.05
9/27/15 13:44 1,584.0 3,900.1 -25.9 -0.66% 40.61% -0.27% -4.25 1,588.25
9/27/15 13:48 1,455.0 3,900.2 -25.8 -0.66% 37.31% -0.25% -3.57 1,458.57
9/27/15 13:52 1,771.0 3,900.3 -25.7 -0.65% 45.41% -0.30% -5.25 1,776.25
9/27/15 13:55 1,814.0 3,900.5 -25.5 -0.65% 46.51% -0.30% -5.49 1,819.49
9/27/15 14:02 1,717.0 3,900.7 -25.3 -0.65% 44.02% -0.28% -4.88 1,721.88
9/27/15 14:09 1,898.0 3,900.9 -25.1 -0.64% 48.66% -0.31% -5.91 1,903.91
9/27/15 14:13 2,427.0 3,901.0| -25.0 -0.64% 62.21% -0.40% -9.62 2,436.62
9/27/15 14:15 894.0] 3,901.1 -24.9 -0.63% 22.92% -0.15% -1.30 895.30|
9/27/15 14:18 1,052.0 3,901.2 -24.8 -0.63% 26.97% -0.17% -1.80 1,053.80|
9/27/15 14:20 1,531.0 3,901.2 -24.8 -0.63% 39.24% -0.25% -3.79 1,534.79
9/27/15 14:24 1,636.0 3,901.4] -24.6 -0.63% 41.93% -0.26% -4.31 1,640.31
9/27/15 14:32 1,816.0 3,901.6 -24.4 -0.62% 46.55% -0.29% -5.25 1,821.25
9/27/15 14:36 1,918.0 3,901.7 -24.3 -0.62% 49.16% -0.30% -5.83 1,923.83
9/27/15 14:38 2,010.0 3,901.8 -24.2 -0.62% 51.51% -0.32% -6.38 2,016.38
9/27/15 14:43 2,244.0 3,902.0| -24.0 -0.61% 57.51% -0.35% -7.90 2,251.90|
9/27/15 14:45 1,361.0 3,902.0 -24.0 -0.61% 34.88% -0.21% -2.90 1,363.90|
9/27/15 14:57 1,973.0 3,902.4| -23.6 -0.60% 50.56% -0.30% -6.00 1,979.00|
9/27/15 15:04 2,410.0 3,902.6 -23.4 -0.60% 61.75% -0.37% -8.87 2,418.87
9/27/15 15:06 2,525.0 3,902.7 -233 -0.59% 64.70% -0.38% -9.70 2,534.70|
9/27/15 15:23 2,332.0 3,903.2 -22.8 -0.58% 59.75% -0.35% -8.08 2,340.08
9/27/15 15:26 1,793.0 3,903.3 -22.7 -0.58% 45.94% -0.27% -4.76 1,797.76|
9/27/15 15:44 470.0 3,903.9 -22.1 -0.56% 12.04% -0.07% -0.32 470.32]
9/27/15 15:46 3,051.0 3,903.9 -22.1 -0.56% 78.15% -0.44% -13.40; 3,064.40|
9/27/15 15:48 2,557.0 3,904.0| -22.0 -0.56% 65.50% -0.37% -9.38 2,566.38
9/27/15 15:57 580.0] 3,904.3 -21.7 -0.55% 14.86% -0.08% -0.48 580.48
9/27/15 15:59 534.0] 3,904.3 -21.7 -0.55% 13.68% -0.08% -0.40 534.40|
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Covanta - Durham York Energy Centre
Boiler No. 1 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

September 27, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* m’/s Rm®/s ** Rm®/s**
1 8:15 - 8:19 160 16.7 17.4 -0.65 101.7 1011 11.4 7.75 26.8 25.7 14.7 17.7
2 8:42 - 8:46 165 16.7 17.5 -0.67 101.7 101.0 111 ’ 8.14 11.2 25.8 14.6 17.6
3 9:09-9:13 166 16.7 16.8 -0.65 101.7 101.1 10.8 8.41 15,0 24.8 14.0 16.8
4 9:35-9:39 167 16.7 16.8 -0.62 101.7 1011 10.8 8.37 22.8 24.8 14.0 16.8
5 10:16 - 10:20 166 16.1 16.2 -0.55 101.7 101.2 11.3 7.72 30.1 23.9 13.6 16.2
6 10:46 - 10:50 167 16.1 16.4 -0.57 101.7 101.1 11.3 7.63 11.1 24.2 13.7 16.4
7 11:16 - 11:20 168 16.1 17.2 -0.65 101.6 101.0 10.1 8.97 28.7 253 143 17.1
8 11:45 - 11:49 169 16.1 17.2 -0.60 101.6 101.0 10.7 7.85 20.3 25.4 14.4 171
9 12:31-13:35 169 15.7 17.3 -0.57 101.6 101.0 10.8 8.50 27.0 25.5 14.5 17.2
10 12:59-13:03 169 15.7 171 -0.60 101.6 101.0 11.0 8.07 29.7 25.3 14.3 17.0
11 13:28 - 13:32 168 15.7 17.3 -0.67 101.5 100.8 111 8.04 13.4 25.5 14.5 17.2
12 14:04 - 14:08 168 15.7 17.3 -0.65 101.4 100.8 10.8 8.10 7.8 25.5 14.5 17.2
13 14:44 - 14:48 168 16.3 17.0 -0.55 101.4 100.9 11.7 7.32 7.2 25.1 14.2 16.9
14 15:12-15:16 168 16.3 16.7 -0.55 101.3 100.8 11.3 7.74 9.0 24.7 13.9 16.6
15 15:45 - 15:50 167 16.3 17.0 -0.60 101.3 100.7 11.4 7.61 205 25.1 14.1 16.9
16 16:13-16:19 168 16.3 17.2 -0.65 101.2 100.6 11.5 7.51 203 25.4 14.2 17.0
Average 167 16.2 17.0 -0.61 101.5 100.8 11.1 7.98 18.8 25.1 14.2 17.0
*  Dry basis

**  Reference conditions; 25°C and 1 atm



Covanta - Durham York Energy Centre

Boiler No. 2 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

September 27, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* m’/s Rm’/s ** Rm’/s**
1 8:08 - 8:09 153 15.3 19.1 -0.67 101.7 101.0 10.6 8.92 14.2 28.3 16.7 19.8
2 8:34 - 8:38 163 15.3 18.9 -0.70 101.7 101.0 10.5 9.03 27.7 27.9 16.2 19.1
3 9:01 - 9:06 167 15.3 17.7 -0.57 101.7 101.1 10.2 9.49 19.8 26.1 15.0 17.7
4 9:31-9:35 167 15.3 183 -0.62 101.7 101.1 10.6 8.97 22.6 27.0 15.5 18.3
5 10:11 - 10:15 168 159 18.3 -0.60 101.7 1011 103 9.32 18.0 27.0 15.3 18.2
6 10:41 - 10:45 164 159 16.6 -0.55 101.7 101.2 11.1 8.42 30.6 24.6 14.1 16.7
7 11:11-11:15 164 15.9 17.0 -0.55 101.6 101.1 12.0 7.35 19.7 25.0 14.3 17.1
8 11:40 - 11:44 165 15.9 16.7 -0.60 101.6 101.0 11.0 8.50 16.7 247 14.1 16.8
9 12:24-12:30 166 16.3 17.2 -0.57 101.6 101.0 10.8 8.66 24.3 25.4 14.4 17.2
10 12:54-12.59 167 16.3 17.5 -0.57 101.6 101.0 12.3 6.91 39.7 25.9 14.7 17.5
11 13:24 - 13:27 167 16.3 18.3 -0.65 101.5 100.9 10.9 8.62 19.4 27.1 15.3 18.3
12 13:58 - 14:02 168 16.3 18.4 -0.52 101.4 100.9 2.29 18.7 60.9 27.1 15.3 18.3
13 14:39 - 14:43 167 16.6 18.0 -0.55 101.4 100.9 11.7 7.55 16.2 26.5 15.0 17.9
14 15:07 - 15:10 167 16.6 17.7 -0.62 101.3 100.7 12.0 7.23 16.5 26.2 14.7 17.6
15 15:39 - 15:44 167 16.6 17.6 -0.60 101.3 100.7 9.63 9.98 215 26.1 14.7 17.6
16 16:08 - 16:12 165 16.6 16.5 -0.55 101.2 100.7 11.1 8.11 22.6 24.4 13.8 16.5
Average 165 16.0 17.7 -0.59 101.5 101.0 10.4 9.11 24.4 26.2 14.9 17.8
*  Dry basis

L]

Reference conditions; 25°C and 1 atm
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COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN: STEVE DEDUCK

Client Sample ID: 8HR.ER1Run1 Sample 1D By: Covanta
Date Sampled: Sep 27, 2015 Sample Taken At; Submitted
Date Received: Sep 29, 2015 Sample Taken By: Submitted
Product Description: ASH Sample 1D: Covanta DYECSHR.ER. 1
8GS Minerals Sample ID: 491-1588227-001

Method As Received Dry
Moisture, Total % ASTM D3302 19.59
Sulfur % ASTM D4239 {A) 0.70 0.87
Gross Calorific Value Btuilb ASTM D5865 <100
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ATTN: STEVE DEDUCK

Client Sample ID: BHR.ER1Run2 Sample 1D By: Covanta
Date Sampled: Sep 27, 2015 Sample Taken At Submitted
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Product Description: ASH Sample 1D: Covanta DYECBH.R.ER. 1
SGS Minerals Sample ID: 491-1588227-002
Method As Received Dry
Moaisture, Total % ASTM D3302 19.57
Sulfur % ASTM D4239 (A) 0.69 0.85
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COVANTA ENERGY WBH LLC
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ATTN: STEVE DEDUCK

Client Sample ID. 8H.R ER1Run3 Sample ID By: Covanta
Date Sampled: Sep 27, 2015 Sample Taken At: Submitted
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Product Description: ASH Sample ID; Covanta DYECBH.R.ER. 1
SGS Minerals Sample ID:  491-1588227-003

Method As Received Dry
Moisture, Total % ASTM D3302 19.66
Sulfur % ASTM D4239 (A) 0.66 0.82
Gross Calorific Value Btu/lb ASTM D5865 <100
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Covanta Durham-York

Energy Recovery Calculations

11/13/2015

TABLE 1
PERTINENT TEST DATA Average
Test Name: Energy Recovery 2 or
Test Date: 9/28/2015 08:00 - 16:00 Witd. Avg.
Test Start: Test End: or
Iltem Units Unit 1 Unit 2 Total Measurement Source
1 Test duration hours 8.0 8.0 8.00 -
2 Refuse feed rate kg/hr 9,103 8,823 17,926 Crane Weigh Cell
3 Total FW/Steam flow kg/hr - - Station Instrument
4 Main steam flow kg/hr 34,914 34,980 69,894  Station Instrument
5 Feedwater flow kg/hr 34,876 34,879 69,755 Station Instrument
6 Suphtr. stm temperature °C 501.6 503.8 502.7 Station Instrument
7 Suphtr. stm pressure barg 88.4 88.4 88.4 Station Instrument
8 Feedwater temperature °C 138.2 137.7 138.0 Station Instrument
9 Feedwater pressure barg 101.4 101.8 101.6 Station Instrument
10 Continuous blowdown rate kag/hr 0 0 0 Verify Valve Closed
11 Boiler drum pressure barg 96.4 96.3 96.3 Station Instrument
12 Inlet air dry bulb temp. °C - - 25.1 Digital Psychrometer
12A Relative humidity % % - - 69.5 Digital Psychrometer
13 Inlet air wet bulb temp. °C - - 21.0 Calculated
14 Total air flow - Ref. Cond. Rm*/h 45,398 48,014 93,412 Station Instrument
15 Overfire air flow - Ref. Cond. Rm%h 7,687 6,434 14,121 Station Instrument
16 Seal air flow - Ref. Cond. Rm3/h 1,737 1,588 3,324  Station Instrument
17 Overfire air pressure mbar 46.0 46.1 46.0 Station Instrument
18 OFA and Seal air temp after fan °C 34.6 34.3 34.5 TestT/C, wtd. avg.
19 Heated underfire air temperature °C 76.4 73.0 74.6 Test T/C Grid wtd avg.
20 Barometric pressure mbara - - 1004.7 Barometer
21 Moisture in combustion air kg/kg dry ai 0.0141 Calculated
22 CO;indry flue gas % vol 11.115 10.913 11.01 Manually @ Econ. Outlet
23 O, indry flue gas % vol 7.974 8.726 8.36 Manually @ Econ. Outlet
24 N, in dry flue gas % vol 80.911 80.362 80.63 Calculated
25 H,0 in flue gas % vol 16.450 16.100 16.27 Manually @ Econ. Outlet
26 Flue gas flow actm’h 93,528 98,390 191,918 Manually @ Econ. Outlet
27 Economizer exit gas temp. °C 165.2 167.5 166.4 Station Instrument
28 Sampling point gas temp. °C 166.4 167.7 167.1 Manually @ Econ. Outlet
Residue:
Sample (Bottom Ash)
29 Fines (-2") kg 1,001 Manual Residue Sampling
30 Overs (+2") kg 34 Manual Residue Sampling
Total Flow
31 Grizzly Rejects kg 0 0 Combined with Ferrous
32 Ferrous kg 2.547% 3,652 Ratio from 5-Day Test
33 Non-Ferrous kg 0.362% 520 Ratio from 5-Day Test
34 Bottom Ash kg 20.892% 29,961 Ratio from 5-Day Test
35 Fly Ash 10.00% kg 2.089% 2,996 Calculated from assumed %-
36 Moisture in -2" bottom ash bottom ash % 18.0 Laboratory Analysis
37 Combustibles in -2" bottom ash dry % 0.42 Laboratory Analysis
38 Moisture in flyash leaving test boundary % 0.0 Assumed zero %
39 Combustibles in flyash dry % 0.42 Assumed same % as BA
40 Ash discharger water bath temp °C 42.9 47.6 45.3 Test Thermocouples
41 Turbine Gross MW MWG 17.02 Station Instrument
42 Net MW Exported MWN 14.79 Station Instrument
43 Turbine Exhaust Pressure bara 0.109 Station Instrument (Exh. Temg
44 ACC Ambient Air Temperature °C 20.3 Station Instrument
45 Annual average dry bulb temp. °C 8.0 Historical weather data
*kkk 1
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Covanta Durham-York

Energy Recovery Calculations

AS TESTED PERFORMANCE PARAMETERS

11/13/2015

TABLE 2
RESIDUE ANALYSIS
Sample Weights Bottom Ash Bottom Ash
kg %

+2" to -8" Material 34 3.3
-2" Material + 1,001 + 96.7
-8" Material 1,036 100.0

Bottom Ash

Total Weights

(kg)  Flyash (kg)

Bottom & Fly Ash (Excluding +8" Grizzly Material & All Metals) 29,961 2,996
-2" Wet Bottom Ash @ 96.7% 28,972
Moisture of wet bottom as 18.0% 5,220.7
-2" Ash Dry Aggregate (by difference) 23,751 2,996
Combustibles of dry aggre 0.42% 99 12
Dry Ash (by difference) 23,652 2,984
Total +2" to (-8") 3.3% 989
+8" Grizzly Material, Ferrous & Non-Ferrous Metals 4,172
(metals and inerts)
Bottom Ash Fly Ash
Component Weights
P g o) @ ® &) ® ®
kg kg/h % kg/kg fuel kg kg/h % kg/kg fuel
Dry Ash + Inerts:
-2" Ash 23,652 2,957 2,984 373
+2" to (-8") 989 124
+8" Grizzly, Ferrous & Non-F¢ 4,172 521
Subtotal 28,813 3,602 90.31 0.2009 2,984 373 9.35 0.0208
Unburned Combustible
-2" Combustible 99 12.4 12 1.6
+2" to (-8") Combustible 0 0 0 0
Subtotal 99 12.4 0.31 0.0007 12 1.6 0.04 0.0001
Total Dry Residue : 28,912 3,614.0 90.6 0.202 2,996 375 9.4 0.021
Notes:
(1) Divisor is 8 hours
(2) % of Total Dry Residue (excluding Carbon Injection)
(3) Divisor is 17,926 kg/hr of refuse
* 2
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Covanta Durham-York Energy Recovery Calculations 11/13/2015
TABLE 3
FLUE GAS FLOW & ANALYSIS
(Based on Average Data for Test Runs @ Econ. Exit)
% VOL % VOL M.W. R.W. R.W. % WT % WT
(DRY) (WET) | kg/kg-mol (DRY) (WET) (DRY) (WET) KG/HR
CO2 11.115 9.287 44.010 4.892 4.087 16.25 14.53 21,705
02 7.974 6.663 32.000 2.552 2.132 8.48 7.58 11,322
N2 80.911 67.601 28.016 22.668 18.939 75.28 67.35 | 100,583

H20 16.450 18.016 0.000 2.964 0.00 10.54 15,742

Totals 100.0 100.00 30.112 28.122 100.0 100.0 | 149,352
From flue gas report, average flow = 191,918 a m3/hr
Gas temperature @ sampling point = 167.0562 °C
Specific volume = 8.314 x ( 273.15 + 167.0562°F ) = 1.285 m3/kg

28.122 x (1.013 bara) x (cm2/m2)
Wet gas mass flow = 191,918 / 1.285 = 149,352 kg/hr 134.3%
Percent excess air = (02 -CO/R2) x 100 = 58.10 %
0.2682 x N2 - (02-CO0J/2)
(per ASME PTC 19.10 Flue and Exhaust Gas Analysis, Section 6.03.6.3.1)
deg C deg Kelvin deg F

Enthalpies From PTC-4, 5.19.4 & 5.19.11 Flue Gas Temp @ econ out 166.4 439.5 3315

Flue Gas @ Economizer Outlet
Enth. (H) R.H. R.H.

(kJ/kg) (WET) (DRY)
C02 128.74 18.71 20.92
02 132.09 10.01 11.19
N2 146.23 98.48 110.08
H20 267.47 28.19 0.00
Totals 155.39 142.19

D-Y ER Calc 09282015.xIsm 3FlueGas




Covanta Durham-York

Total Measured Air Flow

Energy Recovery Calculations

Average compensated total wet air flow in Reference m*/hr (25 °C) is taken from Table 1.

Total Wet Air Flow =
(Compensated)

93,412 m°/hr at

(25.00 + 273.15) x 8.314

Specific Volume =
of Dry Air

Dry Air Density =

Wet Air Density

Total Measured Wet Air

1.005 x 28.97

= 1.1741 kg/m®

1.0141 kg wet air/kg dry air x

93,412 m*h  x

111,224 kg/hr

Moisture in Total Measure Air = (0.0141 x 111,224)/(1+0.0141) =

Overfire Air and Seal Air Flow

11/13/2015

25 °C reference temperature

1.1741 kg dry air/m®

1.1907 kg wet air/m?

0.8517 m°/kg

= 1.1907 kg wet air/m®

1,546.8 kg/hr

Average compensated wet overfire air flow & seal air flow in Reference m°/hr (25 °C) is taken from Table 1.

Wet Overfire Air Flow =
Wet Seal Air Flow =

Combined OFA & Seal Air Flow =

Specific Volume =

m3hr at
m3/hr at
14,121 + 3,324 =

14,121
3,324

(25.0 + 273.15) x 8.314

of Dry Air

Dry Air Density

Wet Air Density

OFA & Seal Air (Wet) =

25 °C temperature & 1.013 bara
25 °C temperature & 1.013 bara

17,445 Ref. m¥hr

= 0.8517 m’/kg

1.1741 kg dry air/m*

1.005 x 28.97
1
------------ = 1.1741 kg/m®
0.8517
1.0141 kg wet air/kg dry air x
17,445 m’h  x 1.1907 kg wet air/m®
20,772 kg/hr

Moisture in OFA & Seal Air = (0.0141 x 20,772)/(1+0.0141) =

Wet Underfire Air =

Total Wet Air - Wet OFA & Seal Air =

Moisture in Underfire air =

Total Air H,O - OF & Seal Air H,0 =

111,224 -

1,546.8 -

D-Y ER Calc 09282015.xIsm 4Air

= 1.1907 kg wet air/m?

288.9 kg/hr

20,772 = 90,452 kg/hr

288.9 = 1,257.9 kg/hr
4 * * * * *




Covanta Durham-York Energy Recovery Calculations 11/13/2015

(Continued from Page 4)

Assume ref. waste N2 content of test fuel = 0.87 %
Therefore, N2 in flue gas from fuel =

17,926 kg fuel/hr X 0.0087 kg N2/kg fuel = 156 kg/hr
N2 in flue gas = 100,583 kg/hr
Total dry comb. air supplied = 100,583 - 156 = 130,679 kg/hr
(Incl. Air Infiltration) 0.7685
Moisture in air = 0.0141 kg/kg dry air from psychrometric chart for
25.08 °Cdb / 21.03 °C whb, therefore
Moisture in Calculated Total Air = 0.0141 X 130,679 = 1,843.1 kg/hr

Total Calculated wet air = 130,679 + 1843.1
(Including Air Infiltration & VLN cooling air)

132,522 kg/hr

Total Calculated Wet Air (including air infiltration & VLN cooling air) is greater than Total Measured Wet Air
Wet Air Infiltration (incl. VLN cooling air) = Calculated Total Wet Air - Measured Total Wet Air

= 132,522 - 111,224

= 21,298 kg/hr

Wet Un-heated Air = Total Wet Air - Wet UFA
= 132,522 - 90,452
= 42,070 kg/hr

Moisture in Wet Air Infiltration (incl. VLN cooling air) = Total Air Moisture - Moisture in Measured Total Ai

= 1,843.1 - 1,546.8
= 296.3 kg/hr
*kkkkkkkkkhkkkhk khkkhkkhkhhkkhkhkhkhk khkhkhkhkhkhhikkh khkhhhhkhkhik hhkhkhhhhhixikx 5 *hkkkkkkkhkkhkkkhk kkkkkhkhkhkhkhkkhk khkkkhkkhkhhhkhxkx
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Covanta Durham-York

Energy Recovery Calculations

11/13/2015

Calculated moisture in Flue Gas from H2 and H20O in fuel and Ash Discharger Quench Water Vapor:

A water balance around the boiler gives:

Vapor in flue gas = moisture from H2 and H20 in the fuel + moisture in air + quench vapor + SNCR & carrier water

Therefore:

Moisture from H2 and H20 in fuel + quench vapor + SNCR & carrier water = Vapor in gas - moisture in air

= 15,742

13,899 kg/hr

1,843.1

0.775 kg/kg FUEL

|Moisture from SNCR | |—)

|Moisture from air

| —

Moisture from H20 in fuel ’—)

of H2 in fuel

Moisture from combustion '—)

BOILER

—)‘

Moisture in total flue
gas

Quench Vapor

D-Y ER Calc 09282015.xIsm 6FGH20




Covanta Durham-York Energy Recovery Calculations 11/13/2015

DATA FOR HEAT OUTPUT AND LOSS CALCULATIONS

Enthalpy of feedwater @ 137.97258 °C, 10259.55 kPa 587.03 kJ/kg
Enthalpy of drum water @ saturated pressure 9734.41 kPa 1396.32 kJ/kg
Enthalpy of steam @ 502.69007 °C, 8942.23 kPa 3394.80 kJ/kg
Enthalpy of dry underfire air at 74.6°C comb. temp. referenced to 25°C 49.99 kJ/kg
Enthalpy of dry overfire air at 34.5°C air temp. referenced to 25°C 9.51 kJ/kg
Enthalpy of dry flue gas at 166.4°C econ exit temp. referenced to 25°C 142.19 kJ/kg
Enthalpy of liquid water @ the amb. air temperature of 25.1°C ref. 0°C 105.02 kJ/kg
Enthalpy of water vapor @ UFA temp. of 74.6°C ref. 25°C 92.90 kJ/kg
Enthalpy of water vapor @ the OFA temp. aft. fan of 34.5°C ref. 25°C 17.61 kJ/kg
Enthalpy of steam vapor @ 166.4°C and 1 psia referenced to 0°C 2814.67 kJ/kg
Enthalpy of liquid water @ reference temperature of 25°C ref. 0°C 104.67 kJ/kg
Enthalpy of water vapor @ econ exit temp. of 166.4°C referenced to 25°C 267.5 kJ/kg
Enthalpy of ash discharger water bath @ 45.3°C 189.5 kJ/kg
Enthalpy of dry residue @ air inlet temp of 25.1°C 298.2 °K 0.050 kJ/kg
Enthalpy of dry residue @ ash discharger temp of 45.3°C or 3184 °K 15.557 kJ/kg
Enthalpy of dry fly ash @ econ. exit temp. of 166.4°C or 4395 °K 120.532 kJ/kg
HHV of unburned combustibles 27,913 kJ/kg
Radiation & convection loss per ASME PTC 34, Fig. I-1

with 97.9 GJ/hr actual average heat output per boiler, 2 boilers = 1.517 GJ/hr
Enthalpy of dry fuel @ ambient temp. of 25.1°C ref. 25°C 0.063 kJ/kg
Enthalpy of liquid water @ ambient temp. of 25.1°C ref. 25°C 0.3 kJ/kg

Reference documents:

ASME Performance Test Code for Fired Steam Generators, ASME PTC 4
ASME Performance Test Code for Waste Combustor with Energy Recovery, ASME PTC 34
ASME Steam Tables 1967 Edition

Table 4 - Reference Composition Acceptable Waste
Energy Content 13,000 kJ (HHV) per kilogram

REFERENCE WASTE ULTIMATE ANALYSIS
%

Moisture 15.16
Total Inert 15.92
Carbon 31.73
Hydrogen 4.56
Oxygen 31.35
Nitrogen 0.87
Sulfur 0.04
Chlorine 0.31
Flourine 0.030
Iron, oxidizable 0.030

100.00

D-Y ER Calc 09282015.xIsm 7HData



Covanta Durham-York Energy Recovery Calculations 11/13/2015
BOILER EFFICIENCY CALCULATION
AS TESTED CONDITIONS kJoule per
-HEAT LOSS METHOD- kg A.F. Fuel
(ASME PTC 34, SECTION 5.11)
HEAT OUTPUT due to-
Steam:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
69,755 / 17,926 X ( 3,394.80 - 587.03) = 10,925.73
Blowdown:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
- / 17,926 X ( 1,396.32 - 587.03) 0.00
Total Heat Output: = 10,925.73
HEAT LOSSES due to-
Dry gas:
(kg/hr dry gas)/(kg/hr fuel) x (flue gas h @ Tgas econ exit ref. 25°C, kJ/kg)
133,610 / 17,926  x ( 142.19 ) = 1059.79
Moisture from H2 and H20O in fuel, ash discharger quench water vapor and SNCR carrier water:
(kg/hr moisture)/(kg/hr fuel) x (h econ gas exit @ 1 psia - h liquid @ T = 25°C, kJ/kg)
13,899 / 17,926 x ( 2814.67 - 104.67 ) = 2101.13
Ash discharger quench water:
Liquid: (kg/hr liquid)/(kg/hr fuel) x (h water @ Tquench - h water @ Tamb air, kJ/kg)
653 / 17,926  x ( 189.52 - 105.02 ) = 3.08
Sensible heat in dry bottom residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tquench - h res @Tamb air, kJ/kg)
3,614 / 17,926  x ( 15.557 - 0.050 ) = 3.13
Sensible heat in dry fly ash residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tecon exit - h res @Tamb air, kJ/kg)
375 / 17,926  x ( 120.532 - 0.050 ) = 2.52
Moisture from total air:
(kg/hr air moisture)/(kg/hr fuel) x (h water vap @ Tgas econ exit ref. 25°C, kJ/kg)
1,843 / 17,926 x ( 267.5 ) = 27.50
Unburned combustibles:
(Ib unburned combustibles/hr)/(kg/hr fuel) x HHV unburned
13.96 / 17,926 X 27,913 = 21.74
Radiation & Convection Loss:
Per ASME PTC 34, Fig. I-1 = 1.517 GJ/hr
1,516,569 / 17,926 = 84.60
Unaccounted for:
0.5 % of heat output and losses (heat input) = 71.50
0.005 x ( 10,925.7 + 3,375.0 )
Total Heat Losses: = 3374.99
*kkkkkhkkkkkk *kkkkkkhkkhkkkkkk khkkkhhhkhkkkhkrk kkhkhhkkkriik *kkkkkkkkkkk 8 *kkkkkkhkhkkkkk khkhhhhhhkkkdxkx k% * %k kkkkkkkkhkkkkk
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Covanta Durham-York Energy Recovery Calculations

HEAT CREDITS due to-

Dry underfire air sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 74.6°C ref. 25°C, kJ/kg)
89,194 / 17,926  x ( 49.99 )

Dry overfire air, seal air & air infiltration sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 34.5°C ref. 25°C, kJ/kg)
41,485 / 17,926 x ( 9.51 )

Moisture in incoming underfire air:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 74.6°C ref 25°C, kJ/kQ)
1,257.9 / 17,926  x ( 92.90 )

Moisture in incoming overfire, seal air & air infiltration:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 34.5°C ref 25°C, kJ/kg)
585.2 / 17,926  x ( 17.61 )

Fuel sensible heat:
(dry fuel, Ib dry fuel/lb fuel) x (h in @ ambient air temp of 25.1°C ref 25°C, kJ/kg) +
(moisture in fuel, Ib H20/Ib fuel) x (h in @ ambient air temp of 25.1°C ref 25°C, kJ/kg)
0.848 X 0.063 + 0.152 X 0.35

Total Heat Credits:

Gross Heat Input = HHV of Fuel + Heat Credit = Heat Output + Heat Losses

or
HHV of FUEL = Heat Output + Heat Losses - Heat Credit
= 10925.73 + 3374.99 - 277.94
= 14,023 kJ/kg
EFFICIENCY= (1 - (Heat Losses/Heat Input))*100= (1 - 3374.99 / 14,301 ) x 100
Gross Heat Input = 14,301 kJ/kg
HEAT LOSS SUMMARY: %
Dry gas: T 741
Moisture from H2 and H20 in fuel, ash discharger quench water vapor & SNCR: 14.69
Moisture from total air: 0.19

Ash discharger quench water:

Liquid: 0.02
Sensible heat in dry bottom residue: 0.02
Sensible heat in dry fly ash: 0.02
Unburned combustibles: 0.15
Radiation/Correction: 0.59
Unaccounted for: 0.50
Total Heat Losses: T 2360

9 —

11/13/2015

kJoule per

kg A.F. Fuel

248.72

22.02

6.52

0.57

0.11

277.94

76.40 %

D-Y ER Calc 09282015.xIsm 9CredsHHV



Covanta Durham-York Energy Recovery Calculations 11/13/2015

Adjustment For Annual Average Dry Bulb Temperature

Turbine performance is dependent upon exhaust vacuum, which is dependent
upon air-cooled condenser (ACC) performance. ACC performance is dependent

upon the dry bulb ambient air temperature. An adjustment is made to the as-tested

ACC performance for the difference between the average annual dry bulb

temperature and the as-tested dry bulb temperature. Per average local weather conditions:
(see Procedures page 10)

The average annual dry bulb temperature = 8 °C

Air-Cooled Condenser Performance:

The as-tested ACC ambient dry bulb temperature was: 20.3 °C

Per the ACC performance curve, (see Figures section) the condenser vacuum

corresponding to the as-tested dry bulb temperature of 20.3 °C is: 111.0 mbara
Per the ACC performance curve, the condenser vacuum

corresponding to the average annual dry bulb temperature of 8 °C is: 68.0 mbara
Therefore, the correction to exhaust pressure for temperature difference is 43.0 mbar

Turbine Performance:

Per the curve defining change in exhaust pressure vs. change in
turbine-generator output (see page 12 of procedures), a 43.0 mbar change
in exhaust pressure at design throttle flow results in a 2.55% change in
turbine heat rate. Therefore, the overall adjusted gross

electrical output is :
17.02 * (1+ 0.0255 ) = 17.45 MWG

The MW correction is also added to the as-tested NET electrical exported:

14.79 + 17.45 - 17.02 = 15.22 MWN
See SAMPLE CALCULATION CURVES at the end of these procedures.
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Covanta Durham-York

Adjusted Power Outputs Per Ton:

Energy Recovery Calculations 11/13/2015

17,454 kW adjusted for annual average dry bulb temperature.

Gross Electrical Output = —mmememmeeee- = 974 kWh/tonne

17.926 Actual TPH

Compared to the guarantee of 951 kWh/tonne at the same HHV.
Surpassing the guarantee by: 22 kWh/tonne
or 2.3%

15,225 kW adjusted for annual average dry bulb temperature.

Net Electrical Export= —memmmememeee = 849 kWh/tonne
17.926 Actual TPH
Compared to the guarantee of 842 kWh/tonne at the same HHV.
Surpassing the guarantee by: 7 KkWh/tonne
or 0.8%
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Covanta Durham-York

Crane Calibration Drift Adjustment Calculation Energy Recovery 2

Acceptance Test

September/October 2015

Reference Weight (Reference Block Weight) 3,926 kg
Initial Span Check Reading 3,900.0 @ 9/28/2015 7:32
Final Span Check Reading 3,901.0 @ 9/28/2015 17:25
Average of the Initial and Final Span Checks 3,901 kg
Difference between Average and Reference Weight -26 kg > 45.4 kg
Adjustment to each grapple feed is warranted.
Adjustment
Factor
143,097 1.002177722 143,409
Ref. Weight Feed Weight %
Feed Weight | (Drifted, by Difference | % Difference of Ref. Drifted | Proportioned | Feed Weight |Adjusted Feed|
Feed at Reading (kg) Equation) (Drift) (% Drift) Weight Drift (%) Drifted Weight (kg)
9/28/15 8:07 1,845.0 3,901.1 -24.9 -0.63% 47.29% -0.30% -5.53 1,850.53|
9/28/15 8:11 1,833.0 3,901.2 -24.8 -0.63% 46.99%! -0.30% -5.43 1,838.43|
9/28/15 8:25 1,660.0 3,901.7 -24.3 -0.62% 42.55%! -0.26% -4.37 1,664.37|
9/28/15 8:29 2,020.0 3,901.8 -24.2 -0.62% 51.77%! -0.32% -6.45 2,026.45|
9/28/15 8:46 2,456.0 3,902.4 -23.6 -0.60% 62.94% -0.38% -9.31 2,465.31
9/28/15 8:48 1,990.0 3,902.4 -23.6 -0.60% 50.99%! -0.31% -6.10; 1,996.10|
9/28/15 8:57 1,970.0 3,902.7 -23.3 -0.59% 50.48%! -0.30% -5.90 1,975.90|
9/28/15 9:01 1,632.0 3,902.8 -23.2 -0.59% 41.82%! -0.25% -4.03 1,636.03|
9/28/15 9:16 1,425.0 3,903.3 -22.7 -0.58% 36.51%! -0.21% -3.01 1,428.01
9/28/15 9:18 2,054.0 3,903.4 -22.6 -0.58% 52.62%! -0.30% -6.23 2,060.23|
9/28/15 9:25 1,768.0 3,903.6 -22.4 -0.57% 45.29% -0.26% -4.57 1,772.57|
9/28/15 9:30 1,714.0 3,903.7 -22.3 -0.57% 43.91% -0.25% -4.27 1,718.27|
9/28/15 9:48 1,838.0 3,904.3 -21.7 -0.55% 47.08%! -0.26% -4.79; 1,842.79|
9/28/15 9:50 2,090.0 3,904.4 -21.6 -0.55% 53.53%! -0.29% -6.16 2,096.16|
9/28/15 9:57 2,133.0 3,904.6 -21.4 -0.55% 54.63%! -0.30% -6.36 2,139.36|
9/28/15 9:59 2,162.0 3,904.7 -21.3 -0.54% 55.37%! -0.30% -6.51 2,168.51
9/28/15 10:13 2,747.0 3,905.1 -20.9 -0.53% 70.34% -0.37% -10.29] 2,757.29|
9/28/15 10:20 2,220.0 3,905.3 -20.7 -0.53% 56.85%! -0.30% -6.65 2,226.65|
9/28/15 10:37 792.0 3,905.8 -20.2 -0.51% 20.28% -0.10% -0.82 792.82]
9/28/15 10:39 676.0 3,905.9 -20.1 -0.51% 17.31% -0.09% -0.60 676.60)|
9/28/15 10:47 1,444.0 3,906.2 -19.8 -0.51% 36.97%! -0.19% -2.70; 1,446.70|
9/28/15 10:49 1,512.0 3,906.2 -19.8 -0.50% 38.71%! -0.20% -2.95 1,514.95|
9/28/15 10:51 1,298.0 3,906.3 -19.7 -0.50% 33.23%! -0.17% -2.17 1,300.17|
9/28/15 10:53 895.0 3,906.3 -19.7 -0.50% 22.91% -0.11% -1.03 896.03|
9/28/15 10:55 792.0 3,906.4 -19.6 -0.50% 20.27% -0.10% -0.80! 792.80|
9/28/15 10:56 1,029.0 3,906.5 -19.5 -0.50% 26.34% -0.13% -1.35 1,030.35
9/28/15 11:00 1,748.0 3,906.6 -19.4 -0.49% 44.75%! -0.22% -3.87 1,751.87|
9/28/15 11:02 2,114.0 3,906.6 -19.4 -0.49% 54.11% -0.27% -5.64/ 2,119.64
9/28/15 11:17 1,549.0 3,907.1 -18.9 -0.48% 39.65%! -0.19% -2.96 1,551.96|
9/28/15 11:19 1,754.0 3,907.2 -18.8 -0.48% 44.89% -0.22% -3.78; 1,757.78|
9/28/15 11:21 1,690.0 3,907.2 -18.8 -0.48% 43.25%! -0.21% -3.49; 1,693.49|
9/28/15 11:23 1,630.0 3,907.3 -18.7 -0.48% 41.72%! -0.20% -3.24 1,633.24
9/28/15 11:30 745.0 3,907.5 -18.5 -0.47% 19.07% -0.09% -0.67 745.67|
9/28/15 11:35 1,769.0 3,907.7 -18.3 -0.47% 45.27%! -0.21% -3.74 1,772.74
9/28/15 11:37 1,453.0 3,907.7 -18.3 -0.47% 37.18% -0.17% -2.51 1,455.51
9/28/15 11:43 1,098.0 3,907.9 -18.1 -0.46% 28.10% -0.13% -1.42 1,099.42]
9/28/15 11:47 1,759.0 3,908.0 -18.0 -0.46% 45.01%! -0.21% -3.62 1,762.62
9/28/15 11:52 2,538.0 3,908.2 -17.8 -0.45% 64.94% -0.29% -7.47 2,545.47|
9/28/15 11:55 2,128.0 3,908.3 -17.7 -0.45% 54.45% -0.25% -5.23 2,133.23|
9/28/15 12:03 2,273.0 3,908.5 -17.5 -0.44% 58.15%! -0.26% -5.88 2,278.88|
9/28/15 12:04 2,379.0 3,908.6 -17.4 -0.44% 60.87% -0.27% -6.42 2,385.42]
9/28/15 12:18 1,925.0 3,909.0 -17.0 -0.43% 49.25%! -0.21% -4.10; 1,929.10|
9/28/15 12:20 1,028.0 3,909.1 -16.9 -0.43% 26.30% -0.11% -1.17 1,029.17|
9/28/15 12:28 2,904.0 3,909.3 -16.7 -0.42% 74.28% -0.32% -9.15 2,913.15|
9/28/15 12:30 2,787.0 3,909.4 -16.6 -0.42% 71.29% -0.30% -8.40! 2,795.40|
9/28/15 12:38 2,385.0 3,909.7 -16.3 -0.42% 61.00%! -0.25% -6.05 2,391.05
9/28/15 12:42 2,353.0 3,909.8 -16.2 -0.41% 60.18% -0.25% -5.85 2,358.85
9/28/15 12:58 1,896.0 3,910.3 -15.7 -0.40% 48.49% -0.19% -3.68; 1,899.68|
9/28/15 13:00 2,058.0 3,910.3 -15.7 -0.40% 52.63%! -0.21% -4.32 2,062.32]
9/28/15 13:13 2,171.0 3,910.7 -15.3 -0.39% 55.51%! -0.22% -4.68; 2,175.68|
9/28/15 13:22 2,174.0 3,911.1 -14.9 -0.38% 55.59%! -0.21% -4.60 2,178.60|
9/28/15 13:28 2,231.0 3,911.2 -14.8 -0.38% 57.04% -0.21% -4.79; 2,235.79|
9/28/15 13:33 1,921.0 3,911.4 -14.6 -0.37% 49.11% -0.18% -3.51 1,924.51
9/28/15 13:39 2,166.0 3,911.6 -14.4 -0.37% 55.37%! -0.20% -4.41 2,170.41
9/28/15 13:42 1,974.0 3,911.7 -14.3 -0.37% 50.46%! -0.18% -3.64/ 1,977.64
9/28/15 13:57 1,870.0 3,912.1 -13.9 -0.35% 47.80%! -0.17% -3.15 1,873.15|
9/28/15 14:00 2,282.0 3,912.2 -13.8 -0.35% 58.33%! -0.20% -4.67 2,286.67|
9/28/15 14:07 2,272.0 3,912.4 -13.6 -0.35% 58.07%! -0.20% -4.55 2,276.55|
9/28/15 14:11 2,082.0 3,912.6 -13.4 -0.34% 53.21%! -0.18% -3.79; 2,085.79
9/28/15 14:23 2,261.0 3,913.0 -13.0 -0.33% 57.78%! -0.19% -4.34 2,265.34
9/28/15 14:25 1,917.0 3,913.0 -13.0 -0.33% 48.99% -0.16% -3.10; 1,920.10|
9/28/15 14:35 1,959.0 3,913.4 -12.6 -0.32% 50.06%! -0.16% -3.16 1,962.16|
9/28/15 14:40 1,529.0 3,913.5 -12.5 -0.32% 39.07%! -0.12% -1.90; 1,530.90|
9/28/15 14:45 1,868.0 3,913.6 -12.4 -0.31% 47.73%! -0.15% -2.80 1,870.80|
9/28/15 14:53 1,460.0 3,913.9 -12.1 -0.31% 37.30%! -0.11% -1.68; 1,461.68|
9/28/15 15:02 1,754.0 3,914.2 -11.8 -0.30% 44.81%! -0.13% -2.36 1,756.36|
9/28/15 15:07 1,818.0 3,914.3 -11.7 -0.30% 46.44% -0.14% -2.51 1,820.51
9/28/15 15:14 1,689.0 3,914.6 -11.4 -0.29% 43.15%! -0.13% -2.12 1,691.12]
9/28/15 15:17 2,192.0 3,914.6 -11.4 -0.29% 55.99%! -0.16% -3.55 2,195.55
9/28/15 15:24 2,124.0 3,914.9 -11.1 -0.28% 54.25%! -0.15% -3.27, 2,127.27|
9/28/15 15:31 2,073.0 3,915.1 -10.9 -0.28% 52.95%! -0.15% -3.05 2,076.05|
9/28/15 15:33 2,031.0 3,915.2 -10.8 -0.28% 51.88%! -0.14% -2.91 2,033.91
9/28/15 15:41 2,203.0 3,915.4 -10.6 -0.27% 56.26%! -0.15% -3.34/ 2,206.34]
9/28/15 15:43 2,133.0 3,915.5 -10.5 -0.27% 54.48% -0.15% -3.11 2,136.11]
9/28/15 15:49 1,359.0 3,915.7 -10.3 -0.26% 34.71% -0.09% -1.24 1,360.24]
9/28/15 15:51 1,859.0 3,915.7 -10.3 -0.26% 47.48% -0.12% -2.31 1,861.31
9/28/15 15:55 1,767.0 3,915.9 -10.1 -0.26% 45.12% -0.12% -2.06 1,769.06|
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Covanta - Durham York Energy Centre

Boiler No. 1 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

September 28, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°¢ % m/s kPa KPa kPa % * % * ppm* m’/s Rm®/s ** R’/s**
1 8:27 - 8:31 162 16.4 17.7 -0.65 101.0 100.4 11.2 7.80 8.9 26.1 14.8 17.7
2 8:40 - 8:44 167 16.4 17.4 -0.57 101.0 100.4 10.8 8.43 13.8 25.7 14.5 17.3
3 9:08-9:16 168 16.4 17.2 -0.62 101.0 100.4 11.1 8.04 37.0 25.5 14.3 171
4 9:38-9:42 168 16.4 17.4 -0.57 101.0 100.4 10.4 8.69 49.6 25.7 14.4 17.3
5 10:37 - 10:41 169 16.0 18.7 -0.70 100.9 100.2 10.6 8.63 15.9 27.6 15.5 185
6 10:57-11:01 167 16.0 16.9 -0.55 100.9 100.4 111 7.91 15.3 25.0 14.1 16.8
7 11:26 - 11:30 165 16.0 16.9 -0.55 100.9 100.4 10.8 8.33 25.2 24.9 14.1 16.8
8 11:57-12:01 165 16.0 17.6 -0.55 100.9 100.4 11.5 7.45 16.7 26.0 14.7 17.6
9 12:44-12:48 168 16.6 18.4 -0.65 100.9 100.3 11.2 7.84 18.0 27.2 15.2 18.2
10 13:15-13:19 166 16.6 17.6 -0.65 100.8 100.2 10.4 8.68 21.8 26.1 14.6 175
11 13:44 -13:48 167 16.6 17.4 -0.55 100.8 100.3 11.3 7.77 15.8 25.6 14.4 17.2
12 14:13 - 14:17 165 16.6 16.9 -0.57 100.8 100.2 11.4 7.56 14.4 24.9 14.0 16.8
13 15:03 - 15:11 165 16.8 17.2 -0.55 100.7 100.2 11.4 7.68 13.2 255 14.3 17.1
14 15:52 - 15:55 167 16.8 17.1 -0.57 100.7 100.1 11.3 7.79 12.0 253 14,1 17.0
15 16:07 -16:11 167 16.8 171 -0.67 100.6 99.9 11.3 7.78 14.3 25.3 14.1 16.9
16 16:26 - 16:30 167 16.8 17.6 -0.60 100.6 100.0 11.9 7.21 19.9 26.0 14.5 17.4
Average 166 16.5 17.5 -0.60 100.8 100.2 111 7.97 19.5 25.8 14.5 17.3
*  Dry basis

23

Reference conditions; 25°C and 1 atm




Covanta - Durham York Energy Centre

Boiler No. 2 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

September 28, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* m’/s Rm’fs ** Rm’/s**
1 8:16 - 8:20 165 15.8 17.1 -0.55 101.0 100.5 10.6 8.91 12.9 25.2 14.3 17.0
2 8:34-8:38 166 15.8 184 -0.60 101.0 100.4 11.4 8.10 5.0 27.2 15.4 18.3
3 9:02 - 9:06 166 15.8 8.1 -0.62 101.0 100.4 10.7 8.86 17.0 26.8 15.2 18.0
4 9:32-9:36 166 15.8 18.2 -0.57 101.0 100.4 10.8 8.73 16.9 26.9 15.2 18.1
5 10:24 - 10:29 168 15.6 18.9 -0.60 100.9 100.3 10.5 9.15 40.0 27.9 15.7 18.6
6 10:52 - 10:56 168 15.6 18.4 -0.57 100.9 100.3 10.4 9.37 23.8 27.2 15.4 18.2
7 11:20 - 11:25 170 15.6 19.7 -0.65 100.9 100.3 10.2 9.49 35.0 29.1 16.4 19.4
8 11:52 - 11:56 167 15.6 18.1 -0.62 100.9 100.3 10.8 8.76 234 26.7 15.1 179
9 12:39-13:43 168 16.3 18.6 -0.62 100.9 100.3 111 8.49 8.0 27.4 15.3 18.3
10 13:09-13:14 168 16.3 19.0 -0.57 100.8 100.2 10.7 9.04 21.9 28.0 15.7 18.8
11 13:38-13:42 169 16.3 18.9 -0.60 100.8 100.2 11.1 8.48 5.7 28.0 15.6 18.7
12 14:08 - 14:11 167 16.3 18.2 -0.52 100.8 100.3 10.9 8.58 9.2 26.8 15.0 18.0
13 14:52 - 14:56 168 16.7 185 -0.55 100.8 100.3 11.2 8.37 6.2 27.4 15.3 18.3
14 15:48 - 15:51 169 16.7 19.1 -0.57 100.7 100.1 11.4 8.16 3.2 28.1 15.6 18.8
15 16:00 - 16:06 169 16.7 18.8 -0.65 100.6 100.0 10.7 8.97 18.0 27.8 15.4 185
16 16:20 - 16:24 168 16.7 19.0 -0.62 100.6 100.0 11.4 8.26 0.0 28.1 15.6 18.7
Average 168 16.1 186 -0.59 100.9 100.3 109 8.73 15.6 27.4 15.4 18.4
*  Dry basis

*k

Reference conditions; 25°C and 1 atm




Analysis Report

October 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN. STEVE DEDUCK

Client Sample 1D: 8HR.ER.2Run1 Sample ID By: Covanta
Date Sampled Sep 28, 2015 Sample Taken At: Submitted
Date Received: Sep 30, 2015 Sample Taken By: Submitted
Product Description: ASH Sample ID: Covanta DYECBH.R.ER.2
SGS Minerals Sample ID: 491-1588248-001

Method As Recelved Dry
Moisture, Total % ASTM D3302 18.03
Sulfur % ASTM D4239 (A) 073 0.89
Gross Calorific Value Btu/lb ASTM D5865 <100

%nu,aaa. i A, o>

Vanessa Chambliss
Branch Manager

. Minerals Services Division
SGS North America Inc.| 15430 van Brunen Road South Holland IL 80473 {708) 331-2800  (708) 333-3080 www.sgs.comiminerals

Member of the SG5 Group (Socité Génédrale de Survellance)

This document is issued by the Company under its Genersl Concitions of Service accessible af Hitpwww.igs. Aerms_and._| him. is dawn (o (he dmitation of lisbilly.
and juristiction itsues defried therein.

Any hoider of ihis document is acvised that information confeined hereon reflects the Company's findings si the tms of i3 infervention only snd within Hhe Hmis of Chent's ingtructions. if any. The
Company's sole responsibiify is o is Chent and this decumsni doss nol exonersie partfes 10 & bansection Fom exercizing af thek rghiz end g under tha Any
unauthonzed alteration, forpery or falsiication of the content or app of thiz ok i uniawh snd may be pr o the fultest xtent of the lew,




Analysis Report

Qctober 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN. STEVE DEDUCK

Client Sample 1D: 8HR.ER2Run2 Sample ID By: Covanta
Date Sampled: Sep 28, 2015 Sample Taken At: Submitted
Date Received: Sep 30, 2015 Sample Taken By: Submitted
Product Description: ASH Sample 1D: Covanta DYECBH.R. ER.2
5GS Minerals Sample ID: 491-1588248-002

Method As Received Dry
Moisture, Total % ASTM D3302 18.01
Sulfur % ASTM D4239 (A) 0.73 0.89
Gross Calorific Value Btuflb ASTM D5865 <100

‘%M"‘M o i Ay D

Vanessa Chambliss
Branch Manager

Minerals Services Division
SGS North America InC.| 45430 Van Drunen Road Seuth Holland IL 60473t (708} 3312900 (708) 333-3060 www.sgs com/minerals

| Membar of the SGS Group (Socidtd Générala de Surveillancs)

This document s issued by Mhe Company under i3 Genersl Condtions of Servica accessible st hifp/www sgscomforms_snd_conditions.him. Attention i3 crawn (o the Emiation of Habiiy
indemnification and jurisdiction 1ssues defined therein.

Any holder of this document I3 advized that information conteined hereon reflects the Company's findings st the time of i3 inlervention only and within the imis of Chent's instructions, if any. The
Company's sole fasponsibity Jx fo is Clent and Mhis documnent coes nol sronerils paties fo & bansaction fom exercising af their righis and obligations under the fransaction documents. Any
unauthorzed atteration. fergery or falsiffication of the content or appearance of His o ! iy and may be o fo the fullsst axtent of the iaw.




Analysis Report

QOctober 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN. STEVE DEDUCK

Client Sample ID: BHR ER2Run3 Sample ID By: Covanta
Date Sampled: Sep 28, 2015 Sample Taken At Submitted
Date Received Sep 30, 2015 Sample Taken By: Submitted
Product Description: ASH Sample 1D: Covanta DYEC8H.R.ER.2
SGS Minerals Sample ID:  491-1688248-003

Method As Recelvad Dry
Moisture, Total % ASTM D3302 18.02
Sulfur % ASTM D4239 (A) 0.72 0.87
Gross Calorific Value Btu/lb ASTM D5865 <100

Do i Sy DD

Vanessa Chambliss
Branch Manager

Minerals Services Division
SGS North America Inc.| 16130 van Drunen Road South Holland IL 60473 ¢ (708) 331.2800 f(708) 333-3060 www 08 com/minerals

| Mambar of the SGS Group (Sockié Géndrala de Surveilance)

This document is issued by the Company under i3 Genersl Condtions of Service sccessible &t hitp./www sgs.comienns_and condifions him. Affantion (& crawn fo the Kmitation of Nabildy,
jorr and J h issues defined Merem.

Any holder of this document i3 advised ihal informativn contsined heroon reflects the Companys fndings at the time of #3 interventon only and wihin the bmis of Clenl's instructions, if any, The
Company's soie responsivikity i3 fo sz Chient and this documen! coes nol excnersie parties lo & bansiction fum exercising &l their rights sng nbigations under the bansaction documents. Any
unauthanized alteration, forpery or faisification of the content or app ofthis is and offenders may be | 1o the fultest axtent of the law.







Covanta Durham-York Energy Recovery Calculations 11/13/2015

D-Y ER Calc 09292015.xIsm 1Data

TABLE 1
PERTINENT TEST DATA Average
Test Name: Energy Recovery 3 or
Test Date: 9/29/2015 09:00 - 17:00 Wtd. Avg.
Test Start: Test End: or
Item Units Unit 1 Unit 2 Total Measurement Source
1 Test duration hours 8.0 8.0 8.00
2 Refuse feed rate ka/hr 8,754 8,496 17,251 Crane Weigh Cell+End Time Adj.
3 Total FW/Steam flow kg/hr - - Station Instrument
4 Main steam flow kg/hr 35,160 35,046 70,206 Station Instrument
5 Feedwater flow kg/hr 35,120 34,932 70,052 Station Instrument
6 Suphtr. stm temperature °C 500.9 500.1 500.5 Station Instrument
7 Suphtr. stm pressure barg 88.4 88.4 88.4  Station Instrument
8 Feedwater temperature °C 136.2 135.7 135.9 Station Instrument
9 Feedwater pressure barg 101.3 101.6 101.4 Station Instrument
10 Continuous blowdown rate ka/hr 0 0 0 Verify Valve Closed
11 Boiler drum pressure barg 96.5 96.3 96.4  Station Instrument
12 Inlet air dry bulb temp. °C - - 25.7 Digital Psychrometer
12A Relative humidity % % - - 70.5 Digital Psychrometer
13 Inlet air wet bulb temp. °C - - 21.7 Calculated
14 Total air flow - Ref. Cond. Rm%/h 44,559 45,883 90,442 Station Instrument
15 Overfire air flow - Ref. Cond. Rm%h 7,526 6,110 13,636 Station Instrument
16 Seal air flow - Ref. Cond. Rm%h 1,705 1,506 3,211 Station Instrument
17 Overfire air pressure mbar 46.0 45.9 46.0 Station Instrument
18 OFA and Seal air temp after fan °C 35.9 35.8 35.9 Test T/C, wtd. avg.
19 Heated underfire air temperature °C 124.8 122.5 123.6 Test T/C Grid wtd avg.
20 Barometric pressure mbara - - 999.5 Barometer
21 Moisture in combustion air kg/kg dry ai 0.0149 cCalculated
22 CO,in dry flue gas % vol 11.655 10.648 11.15 Manually @ Econ. Outlet
23 O, in dry flue gas % vol 7.441 8.958 8.20 Manually @ Econ. Outlet
24 N, indry flue gas % vol 80.904 80.394 80.65 Calculated
25 H,0O in flue gas % vol 16.115 15.468 15.79 Manually @ Econ. Outlet
26 Flue gas flow act m¥/h 95,234 94,245 189,480 Manually @ Econ. Outlet
27 Economizer exit gas temp. °C 164.9 165.5 165.2 Station Instrument
28 Sampling point gas temp. °C 166.8 165.7 166.3 Manually @ Econ. Outlet
Residue:
Sample (Bottom Ash)
29 Fines (-2") kg 943 Manual Residue Sampling
30 Overs (+2") kg 45 Manual Residue Sampling
Total Flow
31 Grizzly Rejects kg 0 0 Combined with Ferrous
32 Ferrous kg 2.547% 3,514 Ratio from 5-Day Test
33 Non-Ferrous kg 0.362% 500 Ratio from 5-Day Test
34 Bottom Ash kg 20.892% 28,832 Ratio from 5-Day Test
35 Fly Ash 10.00% kg 2.089% 2,883 Calculated from assumed % -
36 Moisture in -2" bottom ash bottom ash % 17.4 Laboratory Analysis
37 Combustibles in -2" bottom ash dry % 0.42 Laboratory Analysis
38 Moisture in flyash leaving test boundary % 0.0 Assumed zero %
39 Combustibles in flyash dry % 0.42 Assumed same % as BA
40 Ash discharger water bath temp °C 43.1 53.7 48.4 Test Thermocouples
41 Turbine Gross MW MWG 16.85 Station Instrument
42 Net MW Exported MWN 14.62 Station Instrument
43 Turbine Exhaust Pressure bara 0.108 Station Instrument (Exh. Temp)
44 ACC Ambient Air Temperature °C 20.2 Station Instrument
45 Annual average dry bulb temp. °C - 8.0 Historical weather data
*kkk 1



Covanta Durham-York

Energy Recovery Calculations

AS TESTED PERFORMANCE PARAMETERS

11/13/2015

TABLE 2
RESIDUE ANALYSIS
Sample Weights Bottom Ash Bottom Ash
kg %

+2" to -8" Material 45 4.5
-2" Material + 943 + 95.5
-8" Material 988 100.0

Bottom Ash

Total Weights

(kg)  Flyash (kg)

Bottom & Fly Ash (Excluding +8" Grizzly Material & All Metals) 28,832 2,883
-2" Wet Bottom Ash @ 95.5% 27,535
Moisture of wet bottom as 17.4% 4,791.0
-2" Ash Dry Aggregate (by difference) 22,744 2,883
Combustibles of dry aggre 0.42% 95 12
Dry Ash (by difference) 22,649 2,871
Total +2" to (-8") 4.5% 1,297
+8" Grizzly Material, Ferrous & Non-Ferrous Metals 4,015
(metals and inerts)
Bottom Ash Fly Ash
Component Weights
P g o) @ ® &) ® ®
kg kg/h % kg/kg fuel kg kg/h % kg/kg fuel
Dry Ash + Inerts:
-2" Ash 22,649 2,831 2,871 359
+2" to (-8") 1,297 162
+8" Grizzly, Ferrous & Non-F¢ 4,015 502
Subtotal 27,961 3,495 90.37 0.2026 2,871 359 9.28 0.0208
Unburned Combustible
-2" Combustible 95 11.9 12 15
+2" to (-8") Combustible 0 0 0 0
Subtotal 95 11.9 0.31 0.0007 12 15 0.04 0.0001
Total Dry Residue : 28,056 3,507.0 90.7 0.203 2,883 360 9.3 0.021
Notes:
(1) Divisor is 8 hours
(2) % of Total Dry Residue (excluding Carbon Injection)
(3) Divisor is 17,251 kg/hr of refuse
* 2
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TABLE 3
FLUE GAS FLOW & ANALYSIS
(Based on Average Data for Test Runs @ Econ. Exit)
% VOL % VOL M.W. R.W. R.W. % WT % WT
(DRY) (WET) | kg/kg-mol (DRY) (WET) (DRY) (WET) KG/HR
CO2 11.655 9.777 44.010 5.129 4.303 17.00 15.25 22,610
02 7.441 6.242 32.000 2.381 1.997 7.89 7.08 10,494
N2 80.904 67.866 28.016 22.666 19.013 75.11 67.38 99,906

H20 16.115 18.016 0.000 2.903 0.00 10.29 15,253

Totals 100.0 100.00 30.176 28.216 100.0 100.0 | 148,263
From flue gas report, average flow = 189,480 a m3/hr
Gas temperature @ sampling point = 166.27007 °C
Specific volume = 8.314 x ( 273.15 + 166.27007 °F ) = 1.278 m3/kg

28.216 x (1.013 bara) x (cm2/m2)
Wet gas mass flow = 189,480 / 1.278 = 148,263 kg/hr 138.3%
Percent excess air = (02 -CO/R2) x 100 = 52.19 %
0.2682 x N2 - (02-CO0J/2)
(per ASME PTC 19.10 Flue and Exhaust Gas Analysis, Section 6.03.6.3.1)
deg C deg Kelvin deg F

Enthalpies From PTC-4, 5.19.4 & 5.19.11 Flue Gas Temp @ econ out 165.2 438.4 329.4

Flue Gas @ Economizer Outlet
Enth. (H) R.H. R.H.

(kJ/kg) (WET) (DRY)
C02 127.60 19.46 21.69
02 130.97 9.27 10.33
N2 145.01 97.71 108.92
H20 265.21 27.29 0.00
Totals 153.73 140.94

D-Y ER Calc 09292015.xIsm 3FlueGas
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Total Measured Air Flow

Energy Recovery Calculations

Average compensated total wet air flow in Reference m*/hr (25 °C) is taken from Table 1.

Total Wet Air Flow =
(Compensated)

90,442 m°/hr at

(25.00 + 273.15) x 8.314

Specific Volume =
of Dry Air

Dry Air Density =

Wet Air Density

Total Measured Wet Air

1.000 x 28.97

= 1.1681 kg/m®

1.0149 kg wet air/kg dry air x

90,442 mh X

107,220 kg/hr

Moisture in Total Measure Air = ( 0.0149 x 107,220) /(1 + 0.0149) =

Overfire Air and Seal Air Flow

11/13/2015

25 °C reference temperature

1.1681 kg dry air/m®

1.1855 kg wet air/m?

0.8561 m°/kg

= 1.1855 kg wet air/m®

1,576.1 kg/hr

Average compensated wet overfire air flow & seal air flow in Reference m°/hr (25 °C) is taken from Table 1.

Wet Overfire Air Flow =
Wet Seal Air Flow =

Combined OFA & Seal Air Flow =

Specific Volume =

m3hr at
m3/hr at
13,636 + 3,211 =

13,636
3,211

(25.0 + 273.15) x 8.314

of Dry Air

Dry Air Density

Wet Air Density

OFA & Seal Air (Wet) =

25 °C temperature & 1.013 bara
25 °C temperature & 1.013 bara

16,847 Ref. m¥hr

= 0.8561 m°®/kg

1.1681 kg dry air/m*

1.000 x 28.97
1
------------ = 1.1681 kg/m®
0.8561
1.0149 kg wet air/kg dry air x
16,847 m’h  x 1.1855 kg wet air/m®
19,972 kg/hr

Moisture in OFA & Seal Air = (0.0149x19,972)/(1+0.0149) =

Wet Underfire Air =

Total Wet Air - Wet OFA & Seal Air =

Moisture in Underfire air =

Total Air H,O - OF & Seal Air H,0 =

107,220 -

1,576.1 -

D-Y ER Calc 09292015.xIsm 4Air

= 1.1855 kg wet air/m?

293.6 kg/hr

19,972 = 87,248 kg/hr

293.6 = 1,282.5 kg/hr
4 * * * * *
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(Continued from Page 4)

Assume ref. waste N2 content of test fuel = 0.87 %
Therefore, N2 in flue gas from fuel =

17,251 kg fuel/hr X 0.0087 kg N2/kg fuel = 150 kg/hr
N2 in flue gas = 99,906 kg/hr
Total dry comb. air supplied = 99,906 - 150 = 129,806 kg/hr
(Incl. Air Infiltration) 0.7685
Moisture in air = 0.0149 kg/kg dry air from psychrometric chart for
25.70 °Cdb / 21.72 °C whb, therefore
Moisture in Calculated Total Air = 0.0149 X 129,806 = 1,936.5 kg/hr

Total Calculated wet air = 129,806 + 1936.5
(Including Air Infiltration & VLN cooling air)

131,743 kg/hr

Total Calculated Wet Air (including air infiltration & VLN cooling air) is greater than Total Measured Wet Air
Wet Air Infiltration (incl. VLN cooling air) = Calculated Total Wet Air - Measured Total Wet Air

= 131,743 - 107,220

= 24,523 kg/hr

Wet Un-heated Air = Total Wet Air - Wet UFA
131,743 - 87,248
44,495 kg/hr

Moisture in Wet Air Infiltration (incl. VLN cooling air) = Total Air Moisture - Moisture in Measured Total Ai

= 1,936.5 - 1,576.1
= 360.4 kg/hr
*kkkkkkkkkhkkkhk khkkhkkhkhhkkhkhkhkhk khkhkhkhkhkhhikkh khkhhhhkhkhik hhkhkhhhhhixikx 5 *hkkkkkkkhkkhkkkhk kkkkkhkhkhkhkhkkhk khkkkhkkhkhhhkhxkx
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Calculated moisture in Flue Gas from H2 and H20O in fuel and Ash Discharger Quench Water Vapor:

A water balance around the boiler gives:

Vapor in flue gas = moisture from H2 and H20 in the fuel + moisture in air + quench vapor + SNCR & carrier water
Therefore:

Moisture from H2 and H20 in fuel + quench vapor + SNCR & carrier water = Vapor in gas - moisture in air

15,253 - 1,936.5

13,317 kg/hr = 0.772 kg/kg FUEL

|Moisture from SNCR | > 4)‘ Moisture in total flue

gas
|Moisture from air | ’—)
Moisture from H20O in fuel ’—) BOILER

Moisture from combustion 1
of H2 in fuel

Quench Vapor

khkkkkkkkhkkk khhkkhhkkhhkk khhhkkhhkhhhkx kkkhhrhkhhrkhhkx dhkhhhrhhirrk 6 *hkkkhhkkhhkk khkkkkkhkkkhkkx *kkkkkkkkk *kkkkkkkk
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Covanta Durham-York Energy Recovery Calculations 11/13/2015

DATA FOR HEAT OUTPUT AND LOSS CALCULATIONS

Enthalpy of feedwater @ 135.93728 °C, 10245.99 kPa 578.37 kJ/kg
Enthalpy of drum water @ saturated pressure 9742.23 kPa 1396.66 kJ/kg
Enthalpy of steam @ 500.48251 °C, 8942.93 kPa 3389.22 kJ/kg
Enthalpy of dry underfire air at 123.6°C comb. temp. referenced to 25°C 99.49 kJ/kg
Enthalpy of dry overfire air at 35.9°C air temp. referenced to 25°C 10.91 kJ/kg
Enthalpy of dry flue gas at 165.2°C econ exit temp. referenced to 25°C 140.94 kJ/kg
Enthalpy of liquid water @ the amb. air temperature of 25.7°C ref. 0°C 107.61 kJ/kg
Enthalpy of water vapor @ UFA temp. of 123.6°C ref. 25°C 185.60 kJ/kg
Enthalpy of water vapor @ the OFA temp. aft. fan of 35.9°C ref. 25°C 20.19 kJ/kg
Enthalpy of steam vapor @ 165.2°C and 1 psia referenced to 0°C 2812.41 kJ/kg
Enthalpy of liquid water @ reference temperature of 25°C ref. 0°C 104.67 kJ/kg
Enthalpy of water vapor @ econ exit temp. of 165.2°C referenced to 25°C 265.2 kJ/kg
Enthalpy of ash discharger water bath @ 48.4°C 202.7 kJ/kg
Enthalpy of dry residue @ air inlet temp of 25.7°C 298.9 °K 0.514 kJ/kg
Enthalpy of dry residue @ ash discharger temp of 48.4°C or 3216 °K 18.037 kJ/kg
Enthalpy of dry fly ash @ econ. exit temp. of 165.2°C or 438.4 °K 119.437 kJ/kg
HHV of unburned combustibles 27,913 kJ/kg
Radiation & convection loss per ASME PTC 34, Fig. I-1

with 98.5 GJ/hr actual average heat output per boiler, 2 boilers = 1.522 GJ/hr
Enthalpy of dry fuel @ ambient temp. of 25.7°C ref. 25°C 0.526 kJ/kg
Enthalpy of liquid water @ ambient temp. of 25.7°C ref. 25°C 2.9 kd/kg

Reference documents:

ASME Performance Test Code for Fired Steam Generators, ASME PTC 4
ASME Performance Test Code for Waste Combustor with Energy Recovery, ASME PTC 34
ASME Steam Tables 1967 Edition

Table 4 - Reference Composition Acceptable Waste
Energy Content 13,000 kJ (HHV) per kilogram

REFERENCE WASTE ULTIMATE ANALYSIS
%

Moisture 15.16
Total Inert 15.92
Carbon 31.73
Hydrogen 4.56
Oxygen 31.35
Nitrogen 0.87
Sulfur 0.04
Chlorine 0.31
Flourine 0.030
Iron, oxidizable 0.030

100.00

D-Y ER Calc 09292015.xIsm 7HData



Covanta Durham-York Energy Recovery Calculations 11/13/2015
BOILER EFFICIENCY CALCULATION
AS TESTED CONDITIONS kJoule per
-HEAT LOSS METHOD- kg A.F. Fuel
(ASME PTC 34, SECTION 5.11)
HEAT OUTPUT due to-
Steam:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
70,052 / 17,251 X ( 3,389.22 - 578.37) = 11,414.32
Blowdown:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
- / 17,251 X ( 1,396.66 - 578.37) 0.00
Total Heat Output: = 11,414.32
HEAT LOSSES due to-
Dry gas:
(kg/hr dry gas)/(kg/hr fuel) x (flue gas h @ Tgas econ exit ref. 25°C, kJ/kg)
133,010 / 17,251 x ( 140.94 ) = 1086.71
Moisture from H2 and H20O in fuel, ash discharger quench water vapor and SNCR carrier water:
(kg/hr moisture)/(kg/hr fuel) x (h econ gas exit @ 1 psia - h liquid @ T = 25°C, kJ/kg)
13,317 / 17,251 x ( 2812.41 - 104.67 ) = 2090.24
Ash discharger quench water:
Liquid: (kg/hr liquid)/(kg/hr fuel) x (h water @ Tquench - h water @ Tamb air, kJ/kg)
599 / 17,251 x ( 202.70 - 107.61 ) = 3.30
Sensible heat in dry bottom residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tquench - h res @Tamb air, kJ/kg)
3,507 / 17,251 x ( 18.037 - 0.514 ) = 3.56
Sensible heat in dry fly ash residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tecon exit - h res @Tamb air, kJ/kg)
360 / 17,251 x ( 119.437 - 0.514 ) = 2.48
Moisture from total air:
(kg/hr air moisture)/(kg/hr fuel) x (h water vap @ Tgas econ exit ref. 25°C, kJ/kg)
1,937 / 17,251 x ( 265.2 ) = 29.77
Unburned combustibles:
(Ib unburned combustibles/hr)/(kg/hr fuel) x HHV unburned
13.40 / 17,251 X 27,913 = 21.68
Radiation & Convection Loss:
Per ASME PTC 34, Fig. I-1 = 1.522 GJ/hr
1,522,178 / 17,251 = 88.24
Unaccounted for:
0.5 % of heat output and losses (heat input) = 74.07
0.005 x ( 11,414.3 + 3,400.1 )
Total Heat Losses: =  3400.05
*kkkkkhkkkkkk *kkkkkkhkkhkkkkkk khkkkhhhkhkkkhkrk kkhkhhkkkriik *kkkkkkkkkkk 8 *kkkkkkhkhkkkkk khkhhhhhhkkkdxkx k% * %k kkkkkkkkhkkkkk
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HEAT CREDITS due to-

Dry underfire air sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 123.6°C ref. 25°C, kJ/kg)
85,966 / 17,251 x ( 99.49 )

Dry overfire air, seal air & air infiltration sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 35.9°C ref. 25°C, kJ/kg)
43,841 / 17,251 x ( 10.91 )

Moisture in incoming underfire air:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 123.6°C ref 25°C, kJ/kg)
1,282.5 / 17,251 x ( 185.60 )

Moisture in incoming overfire, seal air & air infiltration:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 35.9°C ref 25°C, kJ/kg)
654.0 / 17,251 x ( 20.19 )

Fuel sensible heat:
(dry fuel, Ib dry fuel/lb fuel) x (h in @ ambient air temp of 25.7°C ref 25°C, kJ/kg) +
(moisture in fuel, Ib H20/Ib fuel) x (h in @ ambient air temp of 25.7°C ref 25°C, kJ/kg)
0.848 X 0.526 + 0.152 X 2.93

Total Heat Credits:

Gross Heat Input = HHV of Fuel + Heat Credit = Heat Output + Heat Losses

or
HHV of FUEL = Heat Output + Heat Losses - Heat Credit
= 11414.32 + 3400.05 - 538.95
= 14,275 kJ/kg
EFFICIENCY= (1 - (Heat Losses/Heat Input))*100= (1 - 3400.05 / 14,814 ) x 100
Gross Heat Input = 14,814 kJ/kg
HEAT LOSS SUMMARY: %
Dry gas: T 734
Moisture from H2 and H20 in fuel, ash discharger quench water vapor & SNCR: 14.11
Moisture from total air: 0.20

Ash discharger quench water:

Liquid: 0.02
Sensible heat in dry bottom residue: 0.02
Sensible heat in dry fly ash: 0.02
Unburned combustibles: 0.15
Radiation/Correction: 0.60
Unaccounted for: 0.50
Total Heat Losses: T 2205

9 —

11/13/2015

kJoule per

kg A.F. Fuel

495.77

27.72

13.80

0.77

0.89

538.95

77.05 %
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Adjustment For Annual Average Dry Bulb Temperature

Turbine performance is dependent upon exhaust vacuum, which is dependent
upon air-cooled condenser (ACC) performance. ACC performance is dependent

upon the dry bulb ambient air temperature. An adjustment is made to the as-tested

ACC performance for the difference between the average annual dry bulb

temperature and the as-tested dry bulb temperature. Per average local weather conditions:
(see Procedures page 10)

The average annual dry bulb temperature = 8 °C

Air-Cooled Condenser Performance:

The as-tested ACC ambient dry bulb temperature was: 20.2 °C

Per the ACC performance curve, (see Figures section) the condenser vacuum

corresponding to the as-tested dry bulb temperature of 20.2 °C is: 110.3 mbara
Per the ACC performance curve, the condenser vacuum

corresponding to the average annual dry bulb temperature of 8 °C is: 68.0 mbara
Therefore, the correction to exhaust pressure for temperature difference is 42.3 mbar

Turbine Performance:
Per the curve defining change in exhaust pressure vs. change in
turbine-generator output (see page 12 of procedures), a 42.3 mbar change

in exhaust pressure at design throttle flow results in a 2.51% change in
turbine heat rate. Therefore, the overall adjusted gross

electrical output is :
16.85 * (1+ 0.0251 ) = 17.27 MWG
The MW correction is also added to the as-tested NET electrical exported:

14.62 + 17.27 - 16.85 = 15.04 MWN

See SAMPLE CALCULATION CURVES at the end of these procedures.

kkkkkkkkkkkk kkkkkkhkkhkkkhkk kkhkkkkkhkkkhkkhk kkkhkkhkkkkkhkk kkkkkkhkkkkkk 10 kkkkkkkkkhkkhk kkkkkkkkkkhkkk kkhkkkkkkkkkk
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Adjusted Power Outputs Per Ton:

Energy Recovery Calculations 11/13/2015

17,274 kW adjusted for annual average dry bulb temperature.

Gross Electrical Output = —mmememmeeee- = 1001 kWh/tonne

17.251 Actual TPH

Compared to the guarantee of 971 kWh/tonne at the same HHV.
Surpassing the guarantee by: 30 kWh/tonne
or 3.1%

15,043 kW adjusted for annual average dry bulb temperature.

Net Electrical Export= —memmmememeee = 872 kWh/tonne
17.251 Actual TPH
Compared to the guarantee of 860 kWh/tonne at the same HHV.
Surpassing the guarantee by: 12 kWh/tonne
or 1.4%
*kkkkkkkkkhkkk kkhkkkkkkkkkk kkkkkkhkhkhhkhkhkhk kkkkhkhhhkhhkhik dhhhhihiikikxk 11 *kkkkkkkkkkk khkkhkkkkkkkkk kkkkkkhkhkhhkhk kkkhhhhhiixkx
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Acceptance Test

Crane Calibration Drift Adjustment Calculation Energy Recovery 3

Reference Weight (Reference Block Weight) 3,926 kg
Initial Span Check Reading 3,886.7 @ 9/29/2015 7:27
Final Span Check Reading 3,905.0 @ 9/29/2015 17:31
Average of the Initial and Final Span Checks 3,896 kg
Difference between Average and Reference Weight -30 kg > 45.4 kg
Adjustment to each grapple feed is warranted.
Adjustment
Factor
138,260 1.003333814 138,721
Ref. Weight Feed Weight %
Feed Weight | (Drifted, by Difference | % Difference of Ref. Drifted | Proportioned | Feed Weight |Adjusted Feed
Feed at Reading (kg) Equation) (Drift) (% Drift) Weight Drift (%) Drifted Weight (kg)
9/29/15 9:05 2,177.0 3,889.8 -36.2 -0.92% 55.97%! -0.52% -11.23 2,188.23|
9/29/15 9:12 2,812.0 3,890.0| -36.0] -0.92% 72.29% -0.66% -18.62 2,830.62|
9/29/15 9:17 1,926.0 3,890.2 -35.8 -0.91% 49.51% -0.45% -8.70 1,934.70|
9/29/15 9:31 1,840.0 3,890.6| -35.4] -0.90% 47.29% -0.43% -7.84 1,847.84]
9/29/15 9:35 2,722.0 3,890.7| -35.3 -0.90% 69.96%! -0.63% -17.11 2,739.11
9/29/15 9:45 2,254.0 3,891.1 -34.9 -0.89% 57.93%! -0.52% -11.62 2,265.62|
9/29/15 9:52 1,292.0 3,891.3 -34.7] -0.88% 33.20% -0.29% -3.79 1,295.79|
9/29/15 10:01 1,883.0 3,891.6 -34.4] -0.88% 48.39% -0.42% -7.99 1,890.99|
9/29/15 10:09 816.0| 3,891.8 -34.2 -0.87% 20.97% -0.18% -1.49 817.49|
9/29/15 10:15 446.0| 3,892.0| -34.0] -0.87% 11.46% -0.10% -0.44 446.44|
9/29/15 10:18 842.0| 3,892.1 -33.9 -0.86% 21.63%! -0.19% -1.57 843.57|
9/29/15 10:24 721.0] 3,892.3 -33.7] -0.86% 18.52% -0.16% -1.15 722.15|
9/29/15 10:26 899.0| 3,892.3 -33.7] -0.86% 23.10% -0.20% -1.78 900.78|
9/29/15 10:28 453.0] 3,892.4/ -33.6] -0.86% 11.64% -0.10% -0.45 453.45)
9/29/15 10:30 915.0] 3,892.5 -335 -0.85% 23.51% -0.20% -1.84 916.84|
9/29/15 10:32 725.0] 3,892.5 -335 -0.85% 18.63% -0.16% -1.15 726.15|
9/29/15 10:36 610.0| 3,892.7| -333 -0.85% 15.67% -0.13% -0.81 610.81f
9/29/15 10:39 1,777.0 3,892.8 -33.2 -0.85% 45.65% -0.39% -6.87 1,783.87|
9/29/15 10:41 1,311.0 3,892.8 -33.2 -0.84% 33.68% -0.28% -3.73 1,314.73|
9/29/15 10:49 996.0| 3,893.1 -32.9 -0.84% 25.58% -0.21% -2.14 998.14|
9/29/15 10:51 1,340.0 3,893.1 -32.9 -0.84% 34.42% -0.29% -3.86 1,343.86|
9/29/15 10:56 1,370.0 3,893.3 -32.7] -0.83% 35.19% -0.29% -4.02 1,374.02|
9/29/15 11:02 1,106.0 3,893.5 -325 -0.83% 28.41% -0.24% -2.60 1,108.60|
9/29/15 11:04 2,410.0 3,893.6 -32.4] -0.83% 61.90%! -0.51% -12.33 2,422.33|
9/29/15 11:11 1,637.0 3,893.8 -32.2 -0.82% 42.04% -0.35% -5.65 1,642.65|
9/29/15 11:12 1,560.0 3,893.8 -32.2 -0.82% 40.06% -0.33% -5.12 1,565.12|
9/29/15 11:14 1,241.0 3,893.9, -32.1 -0.82% 31.87% -0.26% -3.24 1,244.24]
9/29/15 11:16 1,919.0 3,893.9, -32.1 -0.82% 49.28% -0.40% -7.72 1,926.72|
9/29/15 11:22 1,764.0 3,894.1 -31.9 -0.81% 45.30% -0.37% -6.49 1,770.49|
9/29/15 11:27 516.0| 3,894.3 -31.7] -0.81% 13.25% -0.11% -0.55 516.55
9/29/15 11:30 859.0] 3,894.4/ -31.6] -0.81% 22.06% -0.18% -1.53 860.53|
9/29/15 11:33 13.0] 3,894.5 -315 -0.80% 0.33% 0.00% 0.00: 13.00
9/29/15 11:38 1,027.0 3,894.6| -31.4] -0.80% 26.37% -0.21% -2.16 1,029.16|
9/29/15 11:40 899.0| 3,894.7| -313 -0.80% 23.08% -0.18% -1.66 900.66
9/29/15 11:44 1,227.0 3,894.8 -31.2 -0.79% 31.50% -0.25% -3.07 1,230.07|
9/29/15 11:50 750.0] 3,895.0| -31.0] -0.79% 19.26% -0.15% -1.14 751.14]
9/29/15 11:52 1,247.0 3,895.1 -30.9 -0.79% 32.01% -0.25% -3.15 1,250.15
9/29/15 11:54 707.0] 3,895.1 -30.9 -0.79% 18.15% -0.14% -1.01 708.01f
9/29/15 11:56 1,390.0 3,895.2 -30.8] -0.78% 35.68%! -0.28% -3.89 1,393.89|
9/29/15 11:59 1,070.0 3,895.3 -30.7] -0.78% 27.47% -0.21% -2.30 1,072.30|
9/29/15 12:02 1,481.0 3,895.4 -30.6 -0.78% 38.02% -0.30% -4.39 1,485.39|
9/29/15 12:05 1,656.0 3,895.5 -30.5 -0.78% 42.51% -0.33% -5.47 1,661.47|
9/29/15 12:07 1,423.0 3,895.5 -30.5 -0.78% 36.53% -0.28% -4.03 1,427.03|
9/29/15 12:15 -28.0] 3,895.8 -30.2 -0.77% -0.72% 0.01% 0.00: -28.00)
9/29/15 12:17 912.0] 3,895.8 -30.2 -0.77% 23.41% -0.18% -1.64 913.64|
9/29/15 12:19 1,107.0 3,895.9, -30.1 -0.77% 28.41% -0.22% -2.41 1,109.41|
9/29/15 12:27 1,222.0 3,896.2 -29.8] -0.76% 31.36% -0.24% -2.91 1,224.91
9/29/15 12:31 1,687.0 3,896.3 -29.7] -0.76% 43.30% -0.33% -5.52 1,692.52|
9/29/15 12:43 883.0] 3,896.7| -29.3 -0.75% 22.66%! -0.17% -1.50 884.50
9/29/15 12:46 1,260.0 3,896.8 -29.2 -0.74% 32.33% -0.24% -3.03 1,263.03|
9/29/15 12:49 1,533.0 3,896.9| -29.1 -0.74% 39.34% -0.29% -4.48 1,537.48|
9/29/15 12:51 655.0| 3,896.9] -29.1 -0.74% 16.81% -0.12% -0.82 655.82
9/29/15 12:54 1,229.0 3,897.0| -29.0] -0.74% 31.54% -0.23% -2.86 1,231.86|
9/29/15 12:58 710.0] 3,897.1 -28.9 -0.74% 18.22% -0.13% -0.95 710.95|
9/29/15 13:00 1,231.0 3,897.2 -28.8] -0.73% 31.59% -0.23% -2.85 1,233.85
9/29/15 13:01 1,288.0 3,897.3 -28.7] -0.73% 33.05%! -0.24% -3.12 1,291.12|
9/29/15 13:16 2,492.0 3,897.7, -283 -0.72% 63.94%! -0.46% -11.48 2,503.48|
9/29/15 13:18 2,384.0 3,897.8 -28.2 -0.72% 61.16%! -0.44% -10.49 2,394.49|
9/29/15 13:22 2,656.0 3,897.9, -28.1 -0.72% 68.14% -0.49% -12.95 2,668.95
9/29/15 13:29 2,309.0 3,898.1 -27.9 -0.71% 59.23% -0.42% -9.71 2,318.71)
9/29/15 13:36 1,963.0 3,898.3 -27.7] -0.70% 50.35% -0.35% -6.97 1,969.97|
9/29/15 13:42 2,063.0 3,898.5 -27.5 -0.70% 52.92% -0.37% -7.64 2,070.64|
9/29/15 13:49 2,048.0 3,898.8 -27.2 -0.69% 52.53% -0.36% -7.46 2,055.46|
9/29/15 13:57 2,127.0 3,899.0 -27.0] -0.69% 54.55% -0.38% -7.98 2,134.98|
9/29/15 14:04 1,612.0 3,899.2 -26.8] -0.68% 41.34% -0.28% -4.54 1,616.54]
9/29/15 14:13 1,850.0 3,899.5 -26.5 -0.67% 47.44% -0.32% -5.92 1,855.92|
9/29/15 14:19 1,744.0 3,899.7| -26.3 -0.67% 44.72% -0.30% -5.23 1,749.23|
9/29/15 14:28 2,016.0 3,900.0 -26.0] -0.66% 51.69%! -0.34% -6.91 2,022.91
9/29/15 14:39 1,995.0 3,900.3 -25.7] -0.65% 51.15%! -0.33% -6.67 2,001.67|
9/29/15 14:45 2,111.0 3,900.5 -25.5 -0.65% 54.12% -0.35% -7.41 2,118.41|
9/29/15 14:55 1,880.0 3,900.8 -25.2 -0.64% 48.20% -0.31% -5.81 1,885.81
9/29/15 14:56 1,059.0 3,900.9 -25.1 -0.64% 27.15% -0.17% -1.84 1,060.84]
9/29/15 15:01 1,902.0 3,901.0 -25.0] -0.64% 48.76% -0.31% -5.90 1,907.90|
9/29/15 15:11 2,196.0 3,901.3 -24.7] -0.63% 56.29% -0.35% -7.77 2,203.77|
9/29/15 15:14 2,029.0 3,901.4| -24.6] -0.63% 52.01% -0.33% -6.61 2,035.61
9/29/15 15:21 2,276.0 3,901.7| -24.3 -0.62% 58.33% -0.36% -8.23 2,284.23|
9/29/15 15:25 2,020.0 3,901.8 -24.2 -0.62% 51.77%! -0.32% -6.45 2,026.45|
9/29/15 15:35 2,129.0 3,902.1 -23.9 -0.61% 54.56%! -0.33% -7.07 2,136.07|
9/29/15 15:37 1,808.0 3,902.2 -23.8] -0.61% 46.33% -0.28% -5.09 1,813.09|
9/29/15 15:48 2,542.0 3,902.5 -23.5 -0.60% 65.14%! -0.39% -9.92 2,551.92|
9/29/15 15:51 2,013.0 3,902.6| -23.4] -0.60% 51.58% -0.31% -6.19 2,019.19|
9/29/15 16:00 2,036.0 3,902.9] -23.1 -0.59% 52.17% -0.31% -6.25 2,042.25|
9/29/15 16:09 2,704.0 3,903.2 -22.8] -0.58% 69.28%! -0.40% -10.90 2,714.90|
9/29/15 16:14 2,094.0 3,903.3 -22.7] -0.58% 53.65%! -0.31% -6.49 2,100.49|
9/29/15 16:22 1,596.0 3,903.6, -22.4] -0.57% 40.89% -0.23% -3.73 1,599.73|
9/29/15 16:26 2,131.0 3,903.7, -223 -0.57% 54.59% -0.31% -6.61 2,137.61|
9/29/15 16:33 2,320.0 3,903.9| -22.1 -0.56% 59.43%! -0.33% -7.76 2,327.76|
9/29/15 16:41 1,639.0 3,904.2 -21.8] -0.56% 41.98% -0.23% -3.83 1,642.83|
9/29/15 16:49 1,816.0 3,904.4/ -21.6] -0.55% 46.51% -0.26% -4.64 1,820.64|
9/29/15 16:57 484.0| 3,904.7| -213 -0.54% 12.40% -0.07% -0.33 484.33)
9/29/15 16:59 498.0] 3,904.7| -213 -0.54% 12.75% -0.07%! -0.34 498.34|
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Covanta - Durham York Energy Centre

Boiler No. 1 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates
September 29, 2015

Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kpa kPa kPa % * % * ppm* m/s Rm’/s ** Rm*/s**
1 9:43 - 9:48 168 171 189 -0.57 100.4 99.8 11.6 7.55 16.2 28.0 15.4 18.6
2 10:03 - 10:09 167 17.1 19.2 -0.50 100.4 99.2 11.8 7.19 9.7 28.3 15.7 18.9
3 10:33 - 10:40 168 17.1 19.1 -0.55 100.4 99.9 11.8 7.23 15.8 28.2 15.6 18.8
4 11:06 - 11:12 165 17.1 17.9 -0.50 100.4 99.9 11.5 7.80 24.4 26.4 14.7 17.8
5 12:09 - 12:15 168 16.3 18.0 -0.57 100.4 99.8 11.8 7.23 15.1 26.6 14.9 17.7
6 12:25-12:30 166 16.3 17.7 -0.60 100.4 99.8 114 7.81 19.1 26.2 14.7 17.5
7 12:48 - 12:54 166 16.3 i7.9 -0.50 100.4 99.9 11.7 7.57 20.7 26.4 14.8 17.7
8 13:18-13:24 166 16.3 17.6 -0.55 100.4 99.9 11.5 7.63 40.4 26.0 14.6 17.4
9 14:07 - 14:13 166 14.5 17.6 -0.57 100.3 99.7 12.4 6.51 29.0 26.0 14.8 17.4
10 14:37 - 14:42 165 14.5 17.6 -0.52 100.3 99.8 114 7.77 24.4 26.0 14.9 17.4
11 15:08 - 15:15 166 14.5 16.5 -0.45 100.3 99.9 114 7.70 38.4 24.4 14.0 16.4
12 15:40 - 15:46 166 14.5 17.1 -0.52 100.3 99.8 11.7 7.42 30.7 25.3 14.5 16.9
13 16:36 - 16:41 169 16.5 18.2 -0.47 100.4 99.9 12.0 7.06 20.3 26.9 14.9 17.7
14 17:05-17:11 168 16.5 17.6 -0.55 100.4 99.9 11.0 8.22 14.2 26.1 14.5 17.4
15 17:33-17:38 168 16.5 17.8 -0.47 100.4 99.9 12.0 6.98 39.5 26.2 14.6 17.5
16 18:04 - 18:09 168 16.5 17.8 -0.55 100.4 99.9 11.7 7.39 18.1 26.4 14.7 17.6
Average 167 16.1 17.9 -0.53 100.4 99.8 11.7 7.44 23.5 26.5 14.8 17.7
*  Dry basis

EX

Reference conditions; 25°C and 1 atm




Covanta - Durham York Energy Centre

Boiler No. 2 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

September 29, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* mfs Rm’fs ** Rm’/s**
1 9:14 - 9:33 165 16.2 17.8 -0.47 100.4 99.9 11.1 8.66 28.5 26.3 14.8 17.7
2 9:55 - 10:01 166 16.2 18.1 -0.52 100.4 99.9 11.6 7.93 10.5 26.7 15.0 17.9
3 10:25 - 10:32 164 16.2 18.0 -0.52 100.4 99.9 11.7 7.86 34.3 26.5 15.0 17.9
4 10:57 - 11:04 164 16.2 175 -0.52 100.4 99.9 11.6 8.12 26.8 25.8 14.6 17.4
5 11:41- 11:48 164 15.3 175 -0.57 100.4 99.8 11.6 8.10 17.9 25.8 14.7 17.4
6 12:19-12:24 167 15.3 17.9 -0.60 100.4 99.8 11.6 7.94 17.4 26.5 15.0 17.7
7 12:41-12:47 166 153 179 -0.60 1004 99.8 11.6 8.18 25.1 26.5 15.0 17.7
8 13:11-13:17 165 15.3 17.3 -0.45 100.4 100.0 11.3 8.18 17.8 255 14.5 17.1
9 14:00 - 14:06 165 14.7 17.3 -0.45 100.3 99.9 11.5 8.05 17.8 25.6 14.7 17.2
10 14:29-14:35 165 14.7 17.4 -0.50 100.3 99.8 11.7 7.89 16.1 25.7 14.7 17.2
11 15:02 - 15:07 166 14.7 174 -0.55 100.3 99.8 10.4 9.15 42.9 25.8 14.7 17.2
12 15:33 - 15:39 166 14.7 17.3 -0.52 100.3 99.8 7.24 12.7 25.9 25.6 14.6 17.1
13 16:28 - 16:35 167 15.7 18.0 -0.50 100.4 99.9 9.42 10.1 40.2 26.6 15.0 17.8
14 16:57 - 17:04 167 15.7 18.2 -0.47 100.4 99.9 9.42 10.1 40.2 26.8 15.1 179
15 17:26-17:32 167 15.7 17.7 -0.52 100.4 99.9 9.42 10.1 40.2 26.2 14.7 175
16 17:56 - 18:03 168 15.7 17.9 -0.50 100.4 99.9 9.42 10.1 40.2 26.5 14.9 17.7
Average 166 15.5 17.7 -0.52 100.4 99.9 10.7 8.95 27.6 26.2 14.8 17.5
*  Dry basis

# %

Reference conditions; 25°C and 1 atm




Analysis Report

October 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN:. STEVE DEDUCK

Client Sample ID: 8H.R.ER.3Run1 Sample ID By: Covanta
Date Sampled: Sep 29, 2015 Sample Taken At: Submitted
Date Received: Oct 1, 2015 Sample Taken By: Submitted
Product Description: ASH Sample 1D: Covanta DYECBHR.ER3
SGS Minerals Sample ID: 481-1588274-001

Method As Recelived Dry
Moisture, Total % ASTM D3302 17.41
Sulfur % ASTM D4239 (A) 0.77 0.93
Gross Calorific Value Biu/lb ASTM D5865 <100

%u.aaa_ e A2 D>

Vanessa Chambliss
Branch Manager

. Minerals Services Division
SGS North America Inc.| g43p van Drunen Road South Holland IL 60473 (708) 331-2900 f (708) 333-3060 www.sgs.com/minerals

l Membaer of the 565 Group { énérale de Sur

This document i3 issued Dby ihe Company under ifs Genersl Condtions of Service accessible & hitp/www sgs.comterms_and_condiions him. Affention is drawn fo (he bmidstion of labiley.
indemnification and jurischction issues defined therein.

Any holder of Mhis documen! i3 advised ifhaf Information confained hereon reflects the Company’s fMndings at (he tme of K3 infervention only and within the mi#s of Clenr's instructions, i any. The
Companys sole responsibility is to ity Chent end this cocumen! does nol exonerale paties fo a bransaction from exacising aff ihelr rights and ocbiigations under the transaction documents. Any
unauthorized ateration, forgery or falsfication of the content or spp of this is and may be pr d fo the fulest extent of the law.




Analysis Report

October 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN: STEVE DEDUCK

Client Sample ID: BHR ER3Run2 Sample ID By: Covanta
Date Sampled: Sep 29, 2015 Sample Taken At: Submitted
Date Received: Oct 1, 2015 Sample Taken By: Submitted
Product Description: ASH Sample ID: Covanta DYEC8H.R.ER.3
8GS Minerals Sample ID: 491-1588274-002
Method As Received Dry
Moisture, Total % ASTM D3302 17.38
Sulfur % ASTM D4239 (A) 0.75 0.91
Gross Calorific Value Btu/lb ASTM D5865 <100

‘%fxf.am (.Zﬁfhz.é/- Ak}

Vanessa Chambliss
Branch Manager

, Minerals Services Division
SGS North America Inc.| 45130 van Drunen Road South Holland IL 60473 ¢ (708) 331-2900 f (708) 333-3060 www.sgs.comiminerals

I Member of lha S33 Group (Soclité Géndrale de Survelfance)

This document is issved by #e Company under K3 Generst Condifons of Service sccessible al Hip.Awww sg3 comtems_and_condiions.him.  Affention is drawn o the Kmitation of Habiily,
indermaiicabion and jurisdiction issues defined therein.

Any holder of this is advizsed that hereon reflects the Company’s Mndings at the bime 'of ks intervention only and within ihe imifs of Clents insitructions. if any. The
Company's sole maporsiilly /s fo #3 Cleni and Mis documant doas not oxonorsle parties o & fransaction fom exercising aff fheir nghts and 7 5 under the Any
forpery or of the content or spp of this Is unizwil and cifenders may be pr g to the fullest extent of thae law




Analysis Report

October 14, 2015

COVANTA ENERGY WBH LLC

445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07860

ATTN: STEVE DEDUCK

Client Sample ID: 8HR ER3Run3 Sample ID By: Covanta
Date Sampled: Sep 29, 2015 Sample Taken At; Submitted
Date Received: Oct 1, 2015 Sample Taken By: Submitted
Product Description: ASH Sample ID: Covania DYEC8H.R.ER.3
SGS Minerals Sample ID: 491-1588274-003

Method As Recaived Dry
Moisture, Total % ASTM D3302 17.44
Sulfur % ASTM D4239 (A) 0.75 0.90
Gross Calorific Value Btu/lb ASTM D5865 <100

‘%mmaaa it Ao >

Vanessa Chambliss
Branch Manager

. Minerals Services Division
SGS North America Inc.| 16130 Van Drunen Road South Halland IL 60473 1t (708) 331-2800 f(708) 333-3060 www.sgs.com/minerals

| Membar of the SGS Group (Sockild Géndrale de SurvelTance)

This document is issued by the Company under its Gensral Condfians of Service accessible 8 hitg/Avww 308 comtenms_and_condiions.him.  Affenfion i3 dawm {0 the Kmiation of Habilty.
indemnification and jurisdichion issues defined therein,

Any holder of this document is sdvisad thal information conlained hereon refects the Companys fndings ai Mhe ftme of is infervention only and within the Emis of Clients instructions, it any. The
Company's soie responsibilfy i3 fo its Clent and mis documen! does not exonerate partios fo 8 transaction fom esercising o (heir Nghis and obigations under the transsction documents. Any
urtduthortied aiterstion, forgery or falsification of the content or of thiz is and may be p d fo the fulfest extent of ihe law.







Covanta Durham-York
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Energy Recovery Calculations

11/13/2015

TABLE 1
PERTINENT TEST DATA Average
Test Name: Energy Recovery 4 or
Test Date: 9/30/2015 08:00 - 16:00 Witd. Avg.
Test Start: Test End: or
Item Units Unit 1 Unit 2 Total Measurement Source
Test duration hours 8.0 8.0 8.00
Refuse feed rate ka/hr 9,505 9,686 19,191 Crane Weigh Cell+End Time Adj.
Total FW/Steam flow kg/hr - - Station Instrument
Main steam flow kg/hr 34,681 34,940 69,621 Station Instrument
Feedwater flow kg/hr 34,612 34,893 69,504 Station Instrument
Suphtr. stm temperature °C 503.4 505.8 504.6 Station Instrument
Suphtr. stm pressure barg 88.4 88.4 88.4  Station Instrument
Feedwater temperature °C 136.1 135.7 135.9 Station Instrument
Feedwater pressure barg 101.2 101.6 101.4 Station Instrument
Continuous blowdown rate ka/hr 0 0 0 Verify Valve Closed
Boiler drum pressure barg 96.2 96.2 96.2 Station Instrument
Inlet air dry bulb temp. °C - - 21.8 Digital Psychrometer
Relative humidity % % - - 52.5 Digital Psychrometer
Inlet air wet bulb temp. °C - - 15.7 Calculated
Total air flow - Ref. Cond. Rm%/h 45,376 48,025 93,400 Station Instrument
Overfire air flow - Ref. Cond. Rm%h 7,370 5,743 13,113 Station Instrument
Seal air flow - Ref. Cond. Rm%h 1,753 1,593 3,346 Station Instrument
Overfire air pressure mbar 45.8 45.9 45.9  Station Instrument
OFA and Seal air temp after fan °C 30.5 30.4 30.5 Test T/C, wtd. avg.
Heated underfire air temperature °C 73.5 69.5 71.4 Test T/C Grid wtd avg.
Barometric pressure mbara - - 1004.0 Barometer
Moisture in combustion air kg/kg dry ai 0.0087 Calculated
CO, in dry flue gas % vol 11.517 11.566 11.54 Manually @ Econ. Outlet
O, in dry flue gas % vol 7.781 8.468 8.13 Manually @ Econ. Outlet
N, in dry flue gas % vol 80.702 79.967 80.33 Calculated
H,0 in flue gas % vol 15.498 15.400 15.45 Manually @ Econ. Outlet
Flue gas flow act m¥/h 96,285 99,614 195,899 Manually @ Econ. Outlet
Economizer exit gas temp. °C 165.6 167.1 166.4 Station Instrument
Sampling point gas temp. °C 166.7 168.0 167.4 Manually @ Econ. Outlet
Residue:
Sample (Bottom Ash)
Fines (-2") kg 990 Manual Residue Sampling
Overs (+2") kg 25 Manual Residue Sampling
Total Flow
Grizzly Rejects kg 0 0 Combined with Ferrous
Ferrous kg 2.547% 3,910 Ratio from 5-Day Test
Non-Ferrous kg 0.362% 556 Ratio from 5-Day Test
Bottom Ash kg 20.892% 32,074 Ratio from 5-Day Test
Fly Ash 10.00% kg 2.089% 3,207 Calculated from assumed % -
Moisture in -2" bottom ash bottom ash % 15.0 Laboratory Analysis
Combustibles in -2" bottom ash dry % 0.42 Laboratory Analysis
Moisture in flyash leaving test boundary % 0.0 Assumed zero %
Combustibles in flyash dry % 0.42 Assumed same % as BA
Ash discharger water bath temp °C 46.0 50.9 48.4 Test Thermocouples
41 Turbine Gross MW MWG 17.26 Station Instrument
Net MW Exported MWN 15.03 Station Instrument
43 Turbine Exhaust Pressure bara 0.092 Station Instrument (Exh. Temp)
44 ACC Ambient Air Temperature °C 15.8 Station Instrument
Annual average dry bulb temp. °C - 8.0 Historical weather data
1

Fkkk

D-Y ER Calc 09302015.xIsm 1Data



Covanta Durham-York

Energy Recovery Calculations

AS TESTED PERFORMANCE PARAMETERS

11/13/2015

TABLE 2
RESIDUE ANALYSIS
Sample Weights Bottom Ash Bottom Ash
kg %

+2" to -8" Material 25 2.5
-2" Material + 990 + 97.5
-8" Material 1,015 100.0

Bottom Ash

Total Weights

(kg)  Flyash (kg)

Bottom & Fly Ash (Excluding +8" Grizzly Material & All Metals) 32,074 3,207
-2" Wet Bottom Ash @ 97.5% 31,272
Moisture of wet bottom as 15.0% 4,701.3
-2" Ash Dry Aggregate (by difference) 26,571 3,207
Combustibles of dry aggre 0.42% 111 13
Dry Ash (by difference) 26,460 3,194
Total +2" to (-8") 2.5% 802
+8" Grizzly Material, Ferrous & Non-Ferrous Metals 4,466
(metals and inerts)
Bottom Ash Fly Ash
Component Weights
P g o) @ ® &) ® ®
kg kg/h % kg/kg fuel kg kg/h % kg/kg fuel
Dry Ash + Inerts:
-2" Ash 26,460 3,308 3,194 399
+2" to (-8") 802 100
+8" Grizzly, Ferrous & Non-F¢ 4,466 558
Subtotal 31,728 3,966 90.53 0.2067 3,194 399 9.11 0.0208
Unburned Combustible
-2" Combustible 111 13.8 13 17
+2" to (-8") Combustible 0 0 0 0
Subtotal 111 13.8 0.32 0.0007 13 1.7 0.04 0.0001
Total Dry Residue : 31,839 3,979.9 90.8 0.207 3,207 401 9.1 0.021
Notes:
(1) Divisor is 8 hours
(2) % of Total Dry Residue (excluding Carbon Injection)
(3) Divisor is 19,191 kg/hr of refuse
* 2
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Covanta Durham-York Energy Recovery Calculations 11/13/2015
TABLE 3
FLUE GAS FLOW & ANALYSIS
(Based on Average Data for Test Runs @ Econ. Exit)
% VOL % VOL M.W. R.W. R.W. % WT % WT
(DRY) (WET) | kg/kg-mol (DRY) (WET) (DRY) (WET) KG/HR
CO2 11.517 9.732 44.010 5.069 4.283 16.80 15.14 23,211
02 7.781 6.575 32.000 2.490 2.104 8.25 7.44 11,403
N2 80.702 68.195 28.016 22.609 19.106 74.94 67.55 | 103,542

H20 15.498 18.016 0.000 2.792 0.00 9.87 15,131

Totals 100.0 100.00 30.168 28.285 100.0 100.0 | 153,286
From flue gas report, average flow = 195,899 a m3/hr
Gas temperature @ sampling point = 167.40685 °C
Specific volume = 8.314 x ( 273.15 + 167.40685°F ) = 1.278 m3/kg

28.285 x (1.013 bara) x (cm2/m2)
Wet gas mass flow = 195,899 / 1.278 = 153,286 kg/hr 138.7%
Percent excess air = (02 -CO/R2) x 100 = 56.13 %
0.2682 x N2 - (02-CO0J/2)
(per ASME PTC 19.10 Flue and Exhaust Gas Analysis, Section 6.03.6.3.1)
deg C deg Kelvin deg F

Enthalpies From PTC-4, 5.19.4 & 5.19.11 Flue Gas Temp @ econ out 166.4 439.5 331.4

Flue Gas @ Economizer Outlet
Enth. (H) R.H. R.H.

(kJ/kg) (WET) (DRY)
C02 128.72 19.49 21.63
02 132.07 9.82 10.90
N2 146.20 98.76 109.57
H20 267.43 26.40 0.00
Totals 154.47 142.10

D-Y ER Calc 09302015.xIsm 3FlueGas




Covanta Durham-York

Total Measured Air Flow

Energy Recovery Calculations

Average compensated total wet air flow in Reference m*/hr (25 °C) is taken from Table 1.

Total Wet Air Flow =
(Compensated)

93,400 m°/hr at

(25.00 + 273.15) x 8.314

Specific Volume =
of Dry Air

Dry Air Density =

Wet Air Density

Total Measured Wet Air

1.004 x 28.97

= 1.1734 kg/m®

1.0087 kg wet air/kg dry air x

93,400 m’h  x

110,554 kg/hr

Moisture in Total Measure Air = ( 0.0087 x 110,554 ) /(1 + 0.0087) =

Overfire Air and Seal Air Flow

11/13/2015

25 °C reference temperature

1.1734 kg dry air/m®

1.1837 kg wet air/m?

0.8522 m°/kg

= 1.1837 kg wet air/m®

954.8 kg/hr

Average compensated wet overfire air flow & seal air flow in Reference m°/hr (25 °C) is taken from Table 1.

Wet Overfire Air Flow =
Wet Seal Air Flow =

Combined OFA & Seal Air Flow =

Specific Volume =

m3hr at
m3/hr at
13,113 + 3,346 =

13,113
3,346

(25.0 + 273.15) x 8.314

of Dry Air

Dry Air Density

Wet Air Density

OFA & Seal Air (Wet) =

25 °C temperature & 1.013 bara
25 °C temperature & 1.013 bara

16,460 Ref. m¥hr

= 0.8522 m°/kg

1.1734 kg dry air/m®

1.004 x 28.97
1
------------ = 1.1734 kg/m®
0.8522
1.0087 kg wet air/kg dry air x
16,460 m’h  x 1.1837 kg wet air/m’
19,483 kg/hr

Moisture in OFA & Seal Air = (0.0087 x 19,483 ) /(1 + 0.0087) =

Wet Underfire Air =

Total Wet Air - Wet OFA & Seal Air =

Moisture in Underfire air =

Total Air H,O - OF & Seal Air H,0 =

110,554 -

954.8 -

D-Y ER Calc 09302015.xIsm 4Air

= 1.1837 kg wet air/m?

168.3 kg/hr

19,483 = 91,071 kg/hr

168.3 = 786.5 kg/hr
4 * * * * *




Covanta Durham-York Energy Recovery Calculations 11/13/2015

(Continued from Page 4)

Assume ref. waste N2 content of test fuel = 0.87 %
Therefore, N2 in flue gas from fuel =

19,191 kg fuel/hr X 0.0087 kg N2/kg fuel = 167 kg/hr
N2 in flue gas = 103,542 kg/hr
Total dry comb. air supplied = 103,542 - 167 = 134,515 kg/hr
(Incl. Air Infiltration) 0.7685
Moisture in air = 0.0087 kg/kg dry air from psychrometric chart for
21.83°Cdb / 15.71 °C wb, therefore
Moisture in Calculated Total Air = 0.0087 X 134,515 = 1,171.8 kg/hr

Total Calculated wet air = 134,515 + 1171.8
(Including Air Infiltration & VLN cooling air)

135,687 kg/hr

Total Calculated Wet Air (including air infiltration & VLN cooling air) is greater than Total Measured Wet Air
Wet Air Infiltration (incl. VLN cooling air) = Calculated Total Wet Air - Measured Total Wet Air

= 135,687 - 110,554

= 25,133 kg/hr

Wet Un-heated Air = Total Wet Air - Wet UFA
= 135,687 - 91,071
= 44,616 kg/hr

Moisture in Wet Air Infiltration (incl. VLN cooling air) = Total Air Moisture - Moisture in Measured Total Ai

= 1,171.8 - 954.8
= 217.0 kg/hr
*kkkkkkkkkhkkkhk khkkhkkhkhhkkhkhkhkhk khkhkhkhkhkhhikkh khkhhhhkhkhik hhkhkhhhhhixikx 5 *hkkkkkkkhkkhkkkhk kkkkkhkhkhkhkhkkhk khkkkhkkhkhhhkhxkx
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Covanta Durham-York Energy Recovery Calculations 11/13/2015

Calculated moisture in Flue Gas from H2 and H20O in fuel and Ash Discharger Quench Water Vapor:

A water balance around the boiler gives:

Vapor in flue gas = moisture from H2 and H20 in the fuel + moisture in air + quench vapor + SNCR & carrier water
Therefore:

Moisture from H2 and H20 in fuel + quench vapor + SNCR & carrier water = Vapor in gas - moisture in air

15,131 - 1,171.8

13,959 kg/hr = 0.727 kg/kg FUEL

|Moisture from SNCR | > 4)‘ Moisture in total flue

gas
|Moisture from air | ’—)
Moisture from H20O in fuel ’—) BOILER

Moisture from combustion 1
of H2 in fuel

Quench Vapor

khkkkkkkkhkkk khhkkhhkkhhkk khhhkkhhkhhhkx kkkhhrhkhhrkhhkx dhkhhhrhhirrk 6 *hkkkhhkkhhkk khkkkkkhkkkhkkx *kkkkkkkkk *kkkkkkkk
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Covanta Durham-York Energy Recovery Calculations 11/13/2015

DATA FOR HEAT OUTPUT AND LOSS CALCULATIONS

Enthalpy of feedwater @ 135.92935 °C, 10238.54 kPa 578.33 kJ/kg
Enthalpy of drum water @ saturated pressure 9721.18 kPa 1395.74 kJ/kg
Enthalpy of steam @ 504.62549 °C, 8942.89 kPa 3399.67 kJ/kg
Enthalpy of dry underfire air at 71.4°C comb. temp. referenced to 25°C 46.71 kJ/kg
Enthalpy of dry overfire air at 30.5°C air temp. referenced to 25°C 5.49 kJ/kg
Enthalpy of dry flue gas at 166.4°C econ exit temp. referenced to 25°C 142.10 kJ/kg
Enthalpy of liquid water @ the amb. air temperature of 21.8°C ref. 0°C 91.42 kJ/kg
Enthalpy of water vapor @ UFA temp. of 71.4°C ref. 25°C 86.79 kJ/kg
Enthalpy of water vapor @ the OFA temp. aft. fan of 30.5°C ref. 25°C 10.12 kJ/kg
Enthalpy of steam vapor @ 166.4°C and 1 psia referenced to 0°C 2814.62 kJ/kg
Enthalpy of liquid water @ reference temperature of 25°C ref. 0°C 104.67 kJ/kg
Enthalpy of water vapor @ econ exit temp. of 166.4°C referenced to 25°C 267.4 kJd/kg
Enthalpy of ash discharger water bath @ 48.4°C 202.8 kJ/kg
Enthalpy of dry residue @ air inlet temp of 21.8°C 295.0 °K -2.379 kJ/kg
Enthalpy of dry residue @ ash discharger temp of 48.4°C or 3216 °K 18.064 kJ/kg
Enthalpy of dry fly ash @ econ. exit temp. of 166.4°C or 4395 °K 120.510 kJ/kg
HHV of unburned combustibles 27,913 kJ/kg
Radiation & convection loss per ASME PTC 34, Fig. I-1

with 98.1 GJ/hr actual average heat output per boiler, 2 boilers = 1.518 GJ/hr
Enthalpy of dry fuel @ ambient temp. of 21.8°C ref. 25°C -2.366 kJ/kg
Enthalpy of liquid water @ ambient temp. of 21.8°C ref. 25°C -13.3 kJd/kg

Reference documents:

ASME Performance Test Code for Fired Steam Generators, ASME PTC 4
ASME Performance Test Code for Waste Combustor with Energy Recovery, ASME PTC 34
ASME Steam Tables 1967 Edition

Table 4 - Reference Composition Acceptable Waste
Energy Content 13,000 kJ (HHV) per kilogram

REFERENCE WASTE ULTIMATE ANALYSIS
%

Moisture 15.16
Total Inert 15.92
Carbon 31.73
Hydrogen 4.56
Oxygen 31.35
Nitrogen 0.87
Sulfur 0.04
Chlorine 0.31
Flourine 0.030
Iron, oxidizable 0.030

100.00
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Covanta Durham-York Energy Recovery Calculations 11/13/2015
BOILER EFFICIENCY CALCULATION
AS TESTED CONDITIONS kJoule per
-HEAT LOSS METHOD- kg A.F. Fuel
(ASME PTC 34, SECTION 5.11)
HEAT OUTPUT due to-
Steam:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
69,504 / 19,191 X ( 3,399.67 - 578.33) = 10,218.21
Blowdown:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
- / 19,191 X ( 1,395.74 - 578.33) 0.00
Total Heat Output: = 10,218.21
HEAT LOSSES due to-
Dry gas:
(kg/hr dry gas)/(kg/hr fuel) x (flue gas h @ Tgas econ exit ref. 25°C, kJ/kg)
138,155 / 19,191  x ( 142.10 ) = 1022.98
Moisture from H2 and H20O in fuel, ash discharger quench water vapor and SNCR carrier water:
(kg/hr moisture)/(kg/hr fuel) x (h econ gas exit @ 1 psia - h liquid @ T = 25°C, kJ/kg)
13,959 / 19,191 x ( 2814.62 - 104.67 ) = 197117
Ash discharger quench water:
Liquid: (kg/hr liquid)/(kg/hr fuel) x (h water @ Tquench - h water @ Tamb air, kJ/kg)
588 / 19,191  x ( 202.84 - 91.42 ) = 3.41
Sensible heat in dry bottom residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tquench - h res @Tamb air, kJ/kg)
3,980 / 19,191  x ( 18.064 - -2.379 ) = 4.24
Sensible heat in dry fly ash residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tecon exit - h res @Tamb air, kJ/kg)
401 / 19,191 x ( 120.510 - -2.379 ) = 2.57
Moisture from total air:
(kg/hr air moisture)/(kg/hr fuel) x (h water vap @ Tgas econ exit ref. 25°C, kJ/kg)
1,172 / 19,191 x ( 267.4 ) = 16.33
Unburned combustibles:
(Ib unburned combustibles/hr)/(kg/hr fuel) x HHV unburned
15.47 / 19,191 X 27,913 = 22.50
Radiation & Convection Loss:
Per ASME PTC 34, Fig. I-1 = 1.518 GJ/hr
1,517,852 / 19,191 = 79.09
Unaccounted for:
0.5 % of heat output and losses (heat input) = 67.04
0.005 x ( 10,218.2 + 3,189.3 )
Total Heat Losses: = 3189.33
*kkkkkhkkkkkk *kkkkkkhkkhkkkkkk khkkkhhhkhkkkhkrk kkhkhhkkkriik *kkkkkkkkkkk 8 *kkkkkkhkhkkkkk khkhhhhhhkkkdxkx k% * %k kkkkkkkkhkkkkk
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Covanta Durham-York Energy Recovery Calculations

HEAT CREDITS due to-

Dry underfire air sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 71.4°C ref. 25°C, kJ/kg)
90,285 / 19,191 x ( 46.71 )

Dry overfire air, seal air & air infiltration sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 30.5°C ref. 25°C, kJ/kg)
44,231 / 19,191  x ( 5.49 )

Moisture in incoming underfire air:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 71.4°C ref 25°C, kJ/kg)
786.5 / 19,191 x ( 86.79 )

Moisture in incoming overfire, seal air & air infiltration:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 30.5°C ref 25°C, kJ/kg)
385.3 / 19,191 x ( 10.12 )

Fuel sensible heat:
(dry fuel, Ib dry fuel/lb fuel) x (h in @ ambient air temp of 21.8°C ref 25°C, kJ/kg) +
(moisture in fuel, Ib H20/Ib fuel) x (h in @ ambient air temp of 21.8°C ref 25°C, kJ/kg)
0.848 X -2.366 + 0.152 X -13.25

Total Heat Credits:

Gross Heat Input = HHV of Fuel + Heat Credit = Heat Output + Heat Losses

or
HHV of FUEL = Heat Output + Heat Losses - Heat Credit
= 10218.21 + 3189.33 - 232.14
= 13,175 kJ/kg
EFFICIENCY= (1 - (Heat Losses/Heat Input))*100= (1 - 3189.33 / 13,408 ) x 100
Gross Heat Input = 13,408 kJ/kg
HEAT LOSS SUMMARY: %
Dry gas: T 763
Moisture from H2 and H20 in fuel, ash discharger quench water vapor & SNCR: 14.70
Moisture from total air: 0.12

Ash discharger quench water:

Liquid: 0.03
Sensible heat in dry bottom residue: 0.03
Sensible heat in dry fly ash: 0.02
Unburned combustibles: 0.17
Radiation/Correction: 0.59
Unaccounted for: 0.50
Total Heat Losses: 2379

9 —

11/13/2015

kJoule per

kg A.F. Fuel

219.74

12.65

3.56

0.20

-4.02

232.14

76.21 %
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Covanta Durham-York Energy Recovery Calculations 11/13/2015

Adjustment For Annual Average Dry Bulb Temperature

Turbine performance is dependent upon exhaust vacuum, which is dependent
upon air-cooled condenser (ACC) performance. ACC performance is dependent

upon the dry bulb ambient air temperature. An adjustment is made to the as-tested

ACC performance for the difference between the average annual dry bulb

temperature and the as-tested dry bulb temperature. Per average local weather conditions:
(see Procedures page 10)

The average annual dry bulb temperature = 8 °C

Air-Cooled Condenser Performance:

The as-tested ACC ambient dry bulb temperature was: 15.8 °C

Per the ACC performance curve, (see Figures section) the condenser vacuum

corresponding to the as-tested dry bulb temperature of 15.8 °C is: 91.1 mbara
Per the ACC performance curve, the condenser vacuum

corresponding to the average annual dry bulb temperature of 8 °C is: 68.0 mbara
Therefore, the correction to exhaust pressure for temperature difference is 23.1 mbar

Turbine Performance:

Per the curve defining change in exhaust pressure vs. change in
turbine-generator output (see page 12 of procedures), a 23.1 mbar change
in exhaust pressure at design throttle flow results in a 1.37% change in
turbine heat rate. Therefore, the overall adjusted gross

electrical output is :
1726 * (1+ 0.0137 ) = 17.50 MWG

The MW correction is also added to the as-tested NET electrical exported:

15.03 + 17.50 - 17.26 = 15.27 MWN
See SAMPLE CALCULATION CURVES at the end of these procedures.
kkkkkkkkkkkk kkkkkkhkkhkkkhkk kkhkkkkkhkkkhkkhk kkkhkkhkkkkkhkk kkkkkkhkkkkkk 10 kkkkkkkkkhkkhk kkkkkkkkkkhkkk kkhkkkkkkkkkk
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Adjusted Power Outputs Per Ton:

Energy Recovery Calculations 11/13/2015

17,496 kW adjusted for annual average dry bulb temperature.

Gross Electrical Output = —mmememmeeee- = 912 kWh/tonne

19.191 Actual TPH

Compared to the guarantee of 884 kWh/tonne at the same HHV.
Surpassing the guarantee by: 27 kWh/tonne
or 3.1%

15,269 kW adjusted for annual average dry bulb temperature.

Net Electrical Export= —memmmememeee = 796 kWh/tonne
19.191 Actual TPH
Compared to the guarantee of 782 kWh/tonne at the same HHV.
Surpassing the guarantee by: 14 kWh/tonne
or 1.8%
*kkkkkkkkkhkkk kkhkkkkkkkkkk kkkkkkhkhkhhkhkhkhk kkkkhkhhhkhhkhik dhhhhihiikikxk 11 *kkkkkkkkkkk khkkhkkkkkkkkk kkkkkkhkhkhhkhk kkkhhhhhiixkx
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D-Y CraneDriftAdjustment 09302015.xIsx kg

Acceptance Test

Crane C: Drift Adj C: Energy Recovery 4
Reference Weight (Reference Block Weight) 3,926 kg
Initial Span Check Reading 3,881.7 @ 9/30/2015 7:25
Final Span Check Reading 3,895.0 @ 9/30/2015 17:26
Average of the Initial and Final Span Checks 3,888 kg
Difference between Average and Reference Weight -38 ke > 454 ke
Adjustment to each grapple feed is warranted.
Adjustment
Factor
154,357 1003950637 154,967
Ref. Weight Feed Weight %
Feed Weight | (Drifted,by | Difference | % Difference of Ref. Drifted | Proportioned | Feed Weight |Adjusted Feed
Feed at Reading (kg) | Equation) (Drift) (% Drift) Weight Drift (%) Drifted Weight (kg)
9/30/15 8:10 1,782.0 3,883.1 ~42.9] ~1.09%] 45.89%] ~0.50%] -8.93 1,790.93]
9/30/15 8:12 1,328.0 3,883.2 -22.8| -1.09% 34.20%) 037% -4.95 ,332.95]
9/30/15 8:18 2,548.0 3,883.4 -42.6] -1.09% 65.61%) 0.71% -18.14) 2,566.14]
9/30/15 8:21 2,160.0 3,8835 425 -1.08% 55.62% -0.60% -13.01] 2,173.01)
9/30/15 8:35 1,808.0 3,883.9 421 1.07% 26.55% -0.50% 9.02 1,817.02)
9/30/15 8:38 1,332.0 3,884.0 -42.0| -1.07% 34.29% 037% -4.88 1,336.88
9/30/15 8:44 1,072.0 3,884.2 -21.8] -1.06% 27.60% 0.29% 315 1,075.15)
9/30/15 8:46 1,954.0 3,8843 -41.7] -1.06% 50.31%) -053% -10.45] 1,964.45]
9/30/15 8:51 1,850.0 3,884.4 -416] -1.06% 47.63% 0.50% 933 1,859.33
9/30/15 8:55 1,4300 3,8845 415 -1.06% 36.81%) -0.39% 556 1,435.56
9/30/15 9:00 1,666.0 3,884.7 413 -1.05% 42.89% -0.45% 751 1,673.51
9/30/15 9:02 1,2000 3,884.8 412 -1.05% 30.89% 032% -3.89 1,203.89)
9/30/15 9:05 723.0 3,884.9 411 -1.05% 18.61%) 0.19% 141 724.41]
9/30/15 9:10 1,180.0 3,885.0 -41.0| -1.04% 30.37% 032% 374 1,183.74)
9/30/159:13 1,652.0 3,885.1 -20.9] -1.04% 42.52% -0.44% 731 1,659.31]
9/30/15 9:21 1,103.0 3,885 -40.6| -1.04% 28.39%) -0.29% 324 1,106.24)
9/30/159:22 1,800.0 3,885.4 -20.6| -1.03%] 26.33% -0.48% 8.62 1,808.62
9/30/15 9:27 1,080.0 3,885.6 -40.4] -1.03% 27.80%) -0.29% 3.09 1,083.09)
9/30/15 9:29 957.0 3,885.6 -20.4] -1.03% 24.63%) 0.25% 242 959.42|
9/30/15 9:34 1,139.0 3,885.8 -40.2 -1.02% 29.31% -0.30% 342 1,142.42)
9/30/15 9:38 7710 3,885.9 -40.1 -1.02% 19.84%) -0.20% 156 772.56
9/30/15 9:41 841.0 3,886.0 -20.0| -1.02% 21.64% 0.22% 185 842.85|
9/30/15 9:46 692.0 3,886.2 -39.8] -1.01%] 17.81%) -0.18% 125 693.25)
9/30/15 9:50 796.0 3,886.3 -39.7] -1.01% 20.48%) 021% -165] 797.69)
9/30/15 9:55 1,232.0 3,886.4 -39.6] -1.01% 31.70%) 032% 393 1,235.93
9/30/15 9:58 1,799.0 3,886.5 395 -1.01% 46.29% -0.47% 837 1,807.37)
9/30/15 9:59 2,526.0 3,886.6 -39.4] -1.00% 64.99% 0.65% -16.49)
9/30/15 10:05 2,225.0) 3,886.8 392 -1.00% 57.25% 057% 12.73]
9/30/15 10:07 560.0 3,886.8 39.2 -1.00% 14.41% -0.14% 081
9/30/15 10:15 1,874.0 3,887.1 -38.9] -0.99% 48.21% -0.48% -8.96
9/30/15 10:17 1,876.0 3,887.1 -38.9] -0.99% 48.26% -0.48% -8.96
9/30/15 1024 1,414.0 3,887 -38.6] -0.98% 36.37% -0.36% -5.06
9/30/15 1026 2,350.0 3,887.4 -38.6] -0.98% 60.45%) 0.59% -13.96)
9/30/15 1037 1,954.0 3,887.8 382 0.97% 50.26% -0.49% 956
9/30/15 10:41 897.0 3,887.9 381 0.97% 23.07% 0.22% 2.01
9/30/15 10:46 1,321.0 3,888.1 -37.9] 0.97% 33.98% -033% 434
9/30/15 10:50 967.0 3,888.2 -37.8] -0.96% 24.87% 0.24% 232
9/30/15 10552 1,111.0 3,888.2 -37.8] -0.96% 28.57% 0.27% 3.05
9/30/1510:58 1,139.0 3,888.4 -37.6) -0.96% 29.29%) -0.28% 3.19
9/30/15 11:02 2,048.0 3,8885 375 -0.95% 52.67% -0.50% -10.29)
9/30/15 1105 1,813.0 3,888.7 373 0.95% 26.62% -0.44% 8.04
9/30/15 11:13 928.0 3,888.9 371 -0.95% 23.86% 0.23% 2.09
9/30/15 1123 1,973.0 3,889.2 -36.8] 0.94% 50.73% -0.48% 938
9/30/15 1125 967.0 3,889.3 -36.7] -0.94% 24.86% -0.23% 225
9/30/151134 1,682.0 3,889.6 -36.4] 0.93% 43.24% -0.40% 6.75
9/30/15 1137 1,694.0 3,889.7 363 0.93% 4355% -0.40% -6.83
9/30/15 1139 1,426.0 3,889.7 363 -0.92%] 36.66%) -0.34% -4.83
9/30/15 11:45 906.0 3,889.9 361 0.92% 23.29%) 021% 194
9/30/15 11:48 1,886.0 3,890.0 -36.0) 0.92% 48.48% -0.44% -8.39
9/30/15 1151 480.0) 3,890.1 -35.9] 0.91% 12.34%) 0.11% 054
9/30/15 1156 2,189.0 3,890.3 -35.7] 0.91% 56.27%) 051% 11.21]
9/30/15 1159 1,591.0 3,890.4 -35.6] 0.91% 40.90% 037% 591
9/30/15 12:09 2,03.0 3,890.7 353 -0.90% 56.62% 051% 11.23]
9/30/15 12:12 2,661.0) 3,890.8 352 -0.90% 68.39%) 061% -16.34)
9/30/1512:18 1,736.0 3,891.0 -35.0) -0.89% 24.62% -0.40% 691
9/30/15 12:22 1,698.0 3,891.1 -34.9] -0.89% 43.64% -0.39% -6.59
9/30/1512:28 1,775.0 3,8913 -34.7] -0.88% 45.61% -0.40% 7.16
9/30/15 12:30 1,590.0 3,8913 -34.7] -0.88% 40.86% -0.36% 574
9/30/15 12:44 2,713.0 3,891.8 342 0.87% 69.71%) 0.61% -16.49)
9/30/15 12:47 1,075.0 3,891.9 341 0.87% 27.62% -0.24% 258
9/30/1512:53 2,831.0 3,892.0 -34.0) -0.86% 62.46% 0.54% 13.13]
9/30/15 12:59 2,840 3,892.2 -33.8] -0.86% 58.68%) -0.50% -11.52]
9/30/15 13:06 1,249.0 3,892.5 335 -0.85% 32.09%) 0.27% 342
9/30/15 13:12 1,411.0 3,892.6 -33.4] -0.85% 36.25% 031% 435
9/30/1513:15 2,447.0 3,892.8 332 -0.85% 62.86% 0.53% -13.03]
9/30/15 13:20 2,2500] 3,892.9 331 -0.84% 57.80% -0.49% -10.97]
9/30/15 1327 1,100.0 3,893.1 -32.9] -0.84% 28.26% 0.24% -2.60
9/30/15 1332 1,743.0 3,8933 -32.7] -0.83% 44.77% 037% 651
9/30/15 1339 1,587.0 3,8935 325 0.83% 30.76% 0.34% 536
9/30/15 13:44 1,544.0 3,893.7 323 -0.82% 39.65%) -033% 5.04
9/30/15 13:46 1,368.0 3,893.7 323 0.82% 35.13%) 0.29% 395
9/30/15 1357 1,513.0 3,894.1 -31.9] -0.81% 38.85% 032% 478
9/30/15 1359 2,076.0 3,894.1 -31.9] 0.81% 53.31%) -0.43% -8.99
9/30/15 14:01 2,141.0 3,894.2 -31.8] 0.81% 54.98% -0.45% 954
9/30/15 14:13 1,053.0 3,894.6 -31.4] -0.80% 27.04% 0.22% 228
9/30/15 14:17 1,332.0 3,894.7 313 -0.80% 34.20% 0.27% 363
9/30/15 14:19 1,550.0 3,894.8 312 -0.80% 39.80% 032% -4.91
9/30/15 14:25 1,337.0 3,894.9 311 0.79% 34.33%) 0.27% 363
9/30/15 14:30 1,810.0 3,895.1 -30.9] -0.79%) 36.47% 037% 6.62
9/30/15 14:34 1,661.0 3,895.2 -30.8] 0.78% 42.64% -033% 5.55]
9/30/1514:38 1,907.0 3,895.4 -30.6] 0.78% 48.96% -0.38% 7.28
9/30/15 14:43 1,388.0 3,8955 305 0.78% 35.63%) -0.28% 384
9/30/15 1452 2,351.0 3,895.8 302 0.77% 60.35%) -0.46% -10.92]
9/30/15 14:54 1,928.0 3,895.9 301 0.77% 49.49% -0.38% 733
9/30/15 15:02 778.0 3,896.1 -29.9] 0.76% 19.97% 0.15% 118
9/30/15 15:04 1,411.0 3,896.2 -29.8| -0.76% 36.22%) -0.28% 3.8
9/30/15 15:09 2,215.0 3,896.3 29.7] -0.76%) 56.85%) -0.43% 951
9/30/15 15:12 1,311.0 3,896.4 -29.6| 0.75% 33.65%) -0.25% 332
9/30/15 1521 991.0 3,896.7 293 0.75% 25.43%) 0.19% 188
9/30/15 1523 764.0 3,896.8 292 0.74% 19.61% -0.15% 112
9/30/15 1525 1,480.0 3,896.8 292 0.74% 37.98%) -0.28% 417
9/30/15 1529 1,377.0 3,897.0 -29.0) 0.74% 35.34% -0.26% 3.60
9/30/151532 1,459.0 3,897.0 -29.0) 0.74% 37.44%) -0.28% -4.03
9/30/15 1536 1,155.0 3,897.2 -28.8| 0.73% 29.64%) 0.22% 251
9/30/15 15:40 725.0 3,897.3 -28.7] 0.73% 18.60%) -0.14% 0.9
9/30/15 15:43 897.0 3,897.4 -28.6| 0.73% 23.02% 0.17% -1.50
9/30/15 15:49 1,042.0 3,897.6 -28.4] 0.72% 26.73%) 0.19% 2.02
9/30/15 1552 1,471.0 3,897.7 283 0.72% 37.74% 0.27% -4.00
9/30/15 15:56 2,084.0 3,897.8 282 0.72% 53.47% -0.38% -8.00
9/30/15 1559 1,514.0 3,897.9 281 0.72% 38.84% -0.28% 421
9/30/15 16:03 583.0 3,898.0 -28.0) 0.71% 14.96%) 0.11% 0.62
/30715 16:05 496.0 3,898.1 -27.9] 0.71%] 12.72% -0.09% -0.45]

September/October 2015

Last Printed: 11/10/2015, 10:12 AM



Covanta - Durham York Energy Centre

Boiler No. 1 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates
September 30, 2015

Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* m*/s Rm’fs ** Rm’/s**
1 8:28-8:34 163 15.4 17.6 -0.60 100.8 100.2 11.5 7.90 16.9 26.1 14.9 17.6
2 8:43 - 8:48 166 15.4 17.7 -0.55 100.8 100.3 11.4 8.16 17.4 26.2. 14.9 17.6
3 9:11 - 9:17 166 15.4 18.2 -0.55 100.9 100.4 11.7 7.64 12.4 26.9 15.3 18.1
4 9:47 - 9:53 168 15.4 18.6 -0.57 100.9 100.3 11.4 7.93 10.3 27.5 15.6 18.4
5 10:34 - 10:40 167 15.3 18.5 -0.65 100.9 100.3 11.2 8.05 8.5 27.3 15.5 18.3
6 11:04 - 11:10 166 15.3 18.0 -0.47 100.8 100.4 11.1 8.06 20.1 26.6 15.2 18.0
7 11:35-11:41 166 15.3 18.2 -0.52 100.9 100.4 11.8 7.50 89 26.8 15.3 18.1
8 12:03-12:09 166 15.3 183 -0.55 100.9 100.4 109 8.53 22.8 27.1 15.4 18.2
9 12:52-12:59 166 16.0 17.6 -0.47 100.9 100.4 116 7.62 21.0 26.0 14.7 17.5
10 13:21-13:27 167 16.0 18.0 -0.50 101.0 100.5 12.0 7.23 19.1 26.6 15.0 17.8
11 13:53 - 13:59 166 16.0 17.8 -0.47 101.0 100.5 11.6 7.54 9.4 26.4 14.9 17.7
12 14:25 - 14:31 167 16.0 18.1 -0.50 101.0 100.5 11.8 7.33 11.7 26.7 15.1 18.0
13 15:00 - 15:18 169 153 18.3 -0.47 101.0 100.5 11.7 7.52 32.8 27.1 154 18.1
14 15:41 - 15:48 169 153 18.2 -0.57 101.0 100.4 11.6 7.73 27.0 26.9 15.2 18.0
15 16:15 - 16:22 169 15.3 18.5 -0.55 101.1 100.6 11.5 7.88 31.6 27.4 15.5 18.4
16 16:43 - 16:50 168 15.3 183 -0.50 101.1 100.6 115 7.89 19.4 27.1 15.4 18.2
Average 167 15.5 18.1 -0.53 100.9 100.4 11.5 7.78 18.1 26.8 15.2 18.0
*  Dry basis

L

Reference conditions; 25°C and 1 atm




Covanta - Durham York Energy Centre

Boiler No. 2 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

September 30, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* m*/s Rm’/s ** Rm’/s**
1 8:11-8:18 165 15.8 18.4 -0.50 100.8 100.3 11.3 9.02 7.0 27.2 15.4 18.3
2 8:36 - 8:42 166 15.8 18.4 -0.50 100.8 100.3 11.5 8.89 6.0 27.2 15.4 18.3
3 9:04 - 9:09 168 15.8 18.0 -0.65 100.9 100.3 11.9 7.90 4.5 28.1 15.8 18.8
4 9:37 - 9:44 167 15.8 19.0 -0.67 100.9 100.2 114 8.43 7.8 28.1 15.8 18.8
5 10:26 - 10:33 168 15.4 19.1 -0.62 100.9 100.3 11.8 8.09 6.0 28.2 15.9 18.8
6 10:56 - 11:03 167 15.4 18.7 -0.55 100.9 100.4 11.5 8.55 9.8 27.6 15.7 18.5
7 11:27 -11:33 168 15.4 19.2 -0.62 100.9 100.3 11.4 8.79 7.7 28.4 16.1 19.0
8 11:55 - 12:02 167 15.4 18.5 -0.52 100.8 100.4 11.5 8.70 7.9 27.3 15.5 18.4
9 12:45-12:52 168 15.5 18.9 -0.57 100.9 100.3 12.0 7.98 14.8 28.0 15.8 18.7
10 11:13-11:20 168 15.5 18.6 -0.65 101.0 100.4 11.2 8.93 11.1 27.5 15.6 18.4
11 13:45 - 13:52 169 15.5 18.8 -0.52 101.0 100.5 11.9 8.10 12.4 27.8 15.8 18.6
12 14:17 - 14:24 169 15.5 18.7 -0.40 101.0 100.6 11.1 9.14 15.4 277 15.7 18.5
13 15:03 - 15:11 171 14.9 19.1 -0.60 101.0 100.4 11.5 8.52 8.1 28.3 16.0 18.8
14 15:32-15:40 170 14.9 18.4 -0.45 101.0 100.6 12.0 8.20 6.9 27.2 15.5 18.2
15 16:07 - 16:15 169 14.9 18.1 -0.55 101.1 100.6 11.5 8.64 8.0 26.8 15.2 17.9
16 16:32 - 16:40 169 14.9 18.4 -0.55 101.1 100.6 11.8 8.29 8.6 27.2 15.5 18.2
Average 168 154 18.7 -0.56 100.9 100.4 11.6 8.51 8.9 27.7 15.7 18,5
*  Dry basis

ER

Reference conditions; 25°C and 1 atm




Analysis Report

October 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN: STEVE DEDUCK

Client Sample ID: 8HR.ER4Run1 Sample ID By: Covanta®
Date Sampled Sep 30, 2015 Sample Taken At Submitted
Date Received: Oct 2, 2015 Sample Taken By Submitted
Product Description: ASH Sample ID: Covanta DYEC8H.R.ER 4
SGS Minerals Sample ID: 491-1588306-001
Mathod As Received Dry
Moisture, Total % ASTM D3302 15.06
Sulfur % ASTM D4239 (A) 0.99 117
Gross Calorific Value Btu/lb ASTM D5865 <100

%.aaa. C.%.c.é/, OO

Vanessa Chambliss
Branch Manager

Minerals Services Division
SGS Narth America InC.| 45130 van Drunen Road South Holland IL 60473 t (708} 331-2900 f{708) 333-3050 www.sgs com/minerals

I Mambar of ihe SGS Group [Socidté Géndrale de Surveillance)

This document is issusd by the Company under H3 Gensrsl Condtions of Service sccessidie & Mipiwww.sps comtemns_snd conditions.hth. Afentinn 2 teawn fo the Emitation of Habidy,
ion and, issuss defined thersin.

Any holder of mis is advized that i hereon reflects the Company’s findings at the time of X3 inlervention only and within the lmis of Chent's instructions, if any. Tha
Company's sole responsibilly /s fo H#s Chen! and this documen! doss nol evonarale parfies fo A imansaction fom axercising af thelr rights and obigalions under ihe lransaction documants Any
unauthorized aiteration, forgery or (aisification of the cantent or app of thiz do i is erdawiud and miy be p Io the fuilest extent of the law
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October 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN:. STEVE DEDUCK

Client Sample ID: 8HR ER4Run2 Sample ID By: Covanta
Date Sampled: Sep 30, 2015 Sample Taken At: Submitted
Date Received: Oct 2, 2015 Sample Taken By: Submitted
Product Description: ASH Sample ID: Covanta DYEC8 H.R. ER.4
SGS Minerals Sample ID:  491-1588306-002

Method As Recelved Dry
Moisture, Total % ASTM D3302 15.03
Sulfur % ASTM D4239 (A) 1.01 1.19
Gross Calorific Value Btu/lb ASTM D5865 =100

Do vt Ay D

Vanessa Chambliss
Branch Manager

Minerals Services Division
SGS North America Inc.| 45430 van Drunen Road South Holland IL 80473 1 (708) 331-2000 £ {708) 333-3080 www.sgs com/minerals

| Membar of the 5GS Group {Soclélé Gandrale de Surveillance)

This document is Issued by the Company under its Genersl Condiions of Service sccessible st hitp/Awww.sgs.comisrms_and condiions.him. Altention is drawn [o [he dmitation of NKabilkty,
mdemaiicabion  and Jurisdiction isues defined thersin.

Any hoider of this document i3 sdvizsed thal information containet herson refects the Company's findings of the lime of i3 intervention only snd within the Smits of Clients instruchons, if any. The
Company's sole regonobity i lo s Clent and ihis document does not axonerste parties fon a4 [ransaction hom axercising sl their rights and obigations under e ranssction documents. Any
. forgery or falsi of the confent or app of this do ! is and may be p fad (o the fullest extent of the law,
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October 14, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN: STEVE DEDUCK

Client Sample D: BHR ER4Run3 Sample ID By: Covanta
Date Sampled: Sep 30, 2015 Sample Taken At: Submitted
Date Received: Oct 2, 2015 Sample Taken By: Submitted
Product Description: ASH Sample ID: Covanta DYEC8H.R.ER.4
SGS Minerals Sample [D: 491-1588306-003

Method As Recelved Doy
Moisture, Total % ASTM D3302 15.01
Sulfur % ASTM D4239 (A) 099 1.17
Gross Calorific Value Btu/lb ASTM D5865 <100

o £ LYy D

Vanessa Chambliss
Branch Manager

i Minerals Services Division
SGS North America Inc.{ 16130 van Drunen Road South Hofland IL 60473 t(708) 331-2800 f(708) 333-3060 www.sgs.comminerals

| Mambar of tha SGS Group (Socklé Géndrale de Surveiiance)

This document is issued by the Company under its General Condiions of Service sccessible &f  hitp./www spscomierma_snd_condidionshim. Alfention f5 crawn fo the kmiaton of laity.
ion and j ; issues defned therein.

Any hoider of this document is advised ihat inkvmation contained herson reflects the Company's findings at the tme of ks intervention only and wihin tha Lmks of Clienr's instructions, if any. The
Company’s sole responaibily s to #s Client and ihis document does nol exonsrale paties o 8 lransaction Fom exerciting &N Itk rights and obligations under Ihe fransaction documents Any
unauthonized atteration, forgery or falsification of the content or sppearance of this 13 uniawid and offe: may be pr fo the fullest axtent of the faw.







Covanta Durham-York
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Energy Recovery Calculations

11/13/2015

TABLE 1
PERTINENT TEST DATA Average
Test Name: Energy Recovery 5 or
Test Date: 10/01/2015 09:00 - 17:00 Wtd. Avg.
Test Start: Test End: or
Item Units Unit 1 Unit 2 Total Measurement Source
Test duration hours 8.0 8.0 8.00
Refuse feed rate ka/hr 9,186 8,879 18,066 Crane Weigh Cell+End Time Adj.
Total FW/Steam flow kg/hr - - Station Instrument
Main steam flow kg/hr 35,080 34,839 69,919 Station Instrument
Feedwater flow kg/hr 35,055 34,717 69,772 Station Instrument
Suphtr. stm temperature °C 503.1 498.6 500.8 Station Instrument
Suphtr. stm pressure barg 88.4 88.4 88.4  Station Instrument
Feedwater temperature °C 136.2 135.9 136.0 Station Instrument
Feedwater pressure barg 101.2 101.0 101.1 Station Instrument
Continuous blowdown rate ka/hr 0 0 0 Verify Valve Closed
Boiler drum pressure barg 96.5 96.2 96.3 Station Instrument
Inlet air dry bulb temp. °C - - 19.4 Digital Psychrometer
Relative humidity % % - - 43.1 Digital Psychrometer
Inlet air wet bulb temp. °C - - 12.5 Calculated
Total air flow - Ref. Cond. Rm%/h 42,917 40,572 83,489 Station Instrument
Overfire air flow - Ref. Cond. Rm%h 7,352 5,913 13,265 Station Instrument
Seal air flow - Ref. Cond. Rm%h 1,722 1,530 3,252  Station Instrument
Overfire air pressure mbar 45.9 46.1 46.0 Station Instrument
OFA and Seal air temp after fan °C 29.0 29.7 29.3 Test T/C, wtd. avg.
Heated underfire air temperature °C 142.9 144.4 143.6 Test T/C Grid wtd avg.
Barometric pressure mbara - - 1012.2 Barometer
Moisture in combustion air kg/kg dry ai 0.0062 Calculated
CO, in dry flue gas % vol 11.570 11.828 11.70 Manually @ Econ. Outlet
O, in dry flue gas % vol 7.611 7.217 7.42 Manually @ Econ. Outlet
N, in dry flue gas % vol 80.819 80.956 80.89 Calculated
H,O in flue gas % vol 15.628 15.493 15.56 Manually @ Econ. Outlet
Flue gas flow act m¥/h 89,630 84,960 174,591 Manually @ Econ. Outlet
Economizer exit gas temp. °C 165.1 165.2 165.2 Station Instrument
Sampling point gas temp. °C 166.8 164.8 165.9 Manually @ Econ. Outlet
Residue:
Sample (Bottom Ash)
Fines (-2") kg 1,026 Manual Residue Sampling
Overs (+2") kg 39 Manual Residue Sampling
Total Flow
Grizzly Rejects kg 0 0 Combined with Ferrous
Ferrous kg 2.547% 3,680 Ratio from 5-Day Test
Non-Ferrous kg 0.362% 524 Ratio from 5-Day Test
Bottom Ash kg 20.892% 30,194 Ratio from 5-Day Test
Fly Ash 10.00% kg 2.089% 3,019 Calculated from assumed % -
Moisture in -2" bottom ash bottom ash % 16.5 Laboratory Analysis
Combustibles in -2" bottom ash dry % 0.42 Laboratory Analysis
Moisture in flyash leaving test boundary % 0.0 Assumed zero %
Combustibles in flyash dry % 0.42 Assumed same % as BA
Ash discharger water bath temp °C 38.4 51.4 44.9 Test Thermocouples
41 Turbine Gross MW MWG 17.09 Station Instrument
Net MW Exported MWN 14.98 Station Instrument
43 Turbine Exhaust Pressure bara 0.076 Station Instrument (Exh. Temp)
44 ACC Ambient Air Temperature °C 12.5 Station Instrument
Annual average dry bulb temp. °C - 8.0 Historical weather data
1

Fkkk

D-Y ER Calc 10012015.xIsm 1Data



Covanta Durham-York

Energy Recovery Calculations

AS TESTED PERFORMANCE PARAMETERS

11/13/2015

TABLE 2
RESIDUE ANALYSIS
Sample Weights Bottom Ash Bottom Ash
kg %

+2" to -8" Material 39 3.7
-2" Material + 1,026 + 96.3
-8" Material 1,065 100.0

Bottom Ash

Total Weights

(kg)  Flyash (kg)

Bottom & Fly Ash (Excluding +8" Grizzly Material & All Metals) 30,194 3,019
-2" Wet Bottom Ash @ 96.3% 29,076
Moisture of wet bottom as 16.5% 4,798.6
-2" Ash Dry Aggregate (by difference) 24,278 3,019
Combustibles of dry aggre 0.42% 101 13
Dry Ash (by difference) 24,177 3,007
Total +2" to (-8") 3.7% 1,117
+8" Grizzly Material, Ferrous & Non-Ferrous Metals 4,204
(metals and inerts)
Bottom Ash Fly Ash
Component Weights
P g o) @ ® &) ® ®
kg kg/h % kg/kg fuel kg kg/h % kg/kg fuel
Dry Ash + Inerts:
-2" Ash 24177 3,022 3,007 376
+2" to (-8") 1,117 140
+8" Grizzly, Ferrous & Non-F¢ 4,204 526
Subtotal 29,498 3,687 90.43 0.2041 3,007 376 9.22 0.0208
Unburned Combustible
-2" Combustible 101 12.7 13 1.6
+2" to (-8") Combustible 0 0 0 0
Subtotal 101 12.7 0.31 0.0007 13 1.6 0.04 0.0001
Total Dry Residue : 29,599 3,699.9 90.7 0.205 3,019 377 9.3 0.021
Notes:
(1) Divisor is 8 hours
(2) % of Total Dry Residue (excluding Carbon Injection)
(3) Divisor is 18,066 kg/hr of refuse
* 2

D-Y ER Calc 10012015.xIsm 2Res



Covanta Durham-York Energy Recovery Calculations 11/13/2015
TABLE 3
FLUE GAS FLOW & ANALYSIS
(Based on Average Data for Test Runs @ Econ. Exit)
% VOL % VOL M.W. R.W. R.W. % WT % WT
(DRY) (WET) | kg/kg-mol (DRY) (WET) (DRY) (WET) KG/HR
CO2 11.570 9.762 44.010 5.092 4.296 16.88 15.20 20,808
02 7.611 6.422 32.000 2.436 2.055 8.07 7.27 9,954
N2 80.819 68.189 28.016 22.642 19.104 75.05 67.58 92,536

H20 15.628 18.016 0.000 2.815 0.00 9.96 13,636

Totals 100.0 100.00 30.170 28.270 100.0 100.0 | 136,934
From flue gas report, average flow = 174,591 a m3/hr
Gas temperature @ sampling point = 165.85354 °C
Specific volume = 8.314 x ( 273.15 + 165.85354 °F ) = 1.275 m3/kg

28.27 x (1.013 bara) x (cm2/m2)
Wet gas mass flow = 174,591 / 1.275 = 136,934 kg/hr 137.8%
Percent excess air = (02 -CO/R2) x 100 = 5412 %
0.2682 x N2 - (02-CO0J/2)
(per ASME PTC 19.10 Flue and Exhaust Gas Analysis, Section 6.03.6.3.1)
deg C deg Kelvin deg F

Enthalpies From PTC-4, 5.19.4 & 5.19.11 Flue Gas Temp @ econ out 165.2 438.3 329.3

Flue Gas @ Economizer Outlet
Enth. (H) R.H. R.H.

(kJ/kg) (WET) (DRY)
C02 127.56 19.38 21.53
02 130.93 9.52 10.57
N2 144.96 97.96 108.79
H20 265.13 26.40 0.00
Totals 153.27 140.89

D-Y ER Calc 10012015.xIsm 3FlueGas




Covanta Durham-York

Total Measured Air Flow

Energy Recovery Calculations

Average compensated total wet air flow in Reference m*/hr (25 °C) is taken from Table 1.

Total Wet Air Flow =
(Compensated)

83,489 m°/hr at

(25.00 + 273.15) x 8.314

Specific Volume =
of Dry Air

Dry Air Density =

Wet Air Density

Total Measured Wet Air

1.012 x 28.97

= 1.1830 kg/m®

1.0062 kg wet air/kg dry air x

83,480 m’h x

99,382 kg/hr

Moisture in Total Measure Air = ( 0.0062 x 99,382 ) /(1 +0.0062) =

Overfire Air and Seal Air Flow

11/13/2015

25 °C reference temperature

1.1830 kg dry air/m®

1.1904 kg wet air/m?

0.8453 m°/kg

= 1.1904 kg wet air/m®

613.4 kg/hr

Average compensated wet overfire air flow & seal air flow in Reference m°/hr (25 °C) is taken from Table 1.

Wet Overfire Air Flow =
Wet Seal Air Flow =

Combined OFA & Seal Air Flow =

Specific Volume =

m3hr at
m3/hr at
13,265 + 3,252 =

13,265
3,252

(25.0 + 273.15) x 8.314

of Dry Air

Dry Air Density

Wet Air Density

OFA & Seal Air (Wet) =

25 °C temperature & 1.013 bara
25 °C temperature & 1.013 bara

16,517 Ref. m¥hr

= 0.8453 m’/kg

1.1830 kg dry air/m®

1.012 x 28.97
1
------------ = 1.1830 kg/m®
0.8453
1.0062 kg wet air/kg dry air x
16,517 m°h  x 1.1904 kg wet air/m®
19,661 kg/hr

Moisture in OFA & Seal Air = (0.0062 x 19,661 ) /(1 + 0.0062 ) =

Wet Underfire Air =

Total Wet Air - Wet OFA & Seal Air =

Moisture in Underfire air =

Total Air H,O - OF & Seal Air H,0 =

99,382 -

613.4 -

D-Y ER Calc 10012015.xIlsm 4Air

= 1.1904 kg wet air/m?

121.3 kg/hr

19,661 = 79,721 kg/hr

121.3 = 492.1 kg/hr
4 * * * * *
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(Continued from Page 4)

Assume ref. waste N2 content of test fuel = 0.87 %
Therefore, N2 in flue gas from fuel =

18,066 kg fuel/hr  x 0.0087 kg N2/kg fuel = 157 kg/hr
N2 in flue gas = 92,536 kg/hr
Total dry comb. air supplied = 92,536 - 157 = 120,207 kg/hr
(Incl. Air Infiltration) 0.7685
Moisture in air = 0.0062 kg/kg dry air from psychrometric chart for

19.35 °Cdb / 12.50 °C wb, therefore

Moisture in Calculated Total Air = 0.0062 X 120,207 = 746.5 kg/hr
Total Calculated wet air = 120,207 + 746.5 = 120,954 kg/hr

(Including Air Infiltration & VLN cooling air)

Total Calculated Wet Air (including air infiltration & VLN cooling air) is greater than Total Measured Wet Air
Wet Air Infiltration (incl. VLN cooling air) = Calculated Total Wet Air - Measured Total Wet Air

= 120,954 - 99,382

= 21,572 kg/hr

Wet Un-heated Air = Total Wet Air - Wet UFA
120,954 - 79,721
41,233 kg/hr

Moisture in Wet Air Infiltration (incl. VLN cooling air) = Total Air Moisture - Moisture in Measured Total Ai

= 746.5 - 613.4
= 133.1 kg/hr
*kkkkkkkkkhkkkhk khkkhkkhkhhkkhkhkhkhk khkhkhkhkhkhhikkh khkhhhhkhkhik hhkhkhhhhhixikx 5 *hkkkkkkkhkkhkkkhk kkkkkhkhkhkhkhkkhk khkkkhkkhkhhhkhxkx
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Calculated moisture in Flue Gas from H2 and H20O in fuel and Ash Discharger Quench Water Vapor:

A water balance around the boiler gives:

Vapor in flue gas = moisture from H2 and H20 in the fuel + moisture in air + quench vapor + SNCR & carrier water
Therefore:

Moisture from H2 and H20 in fuel + quench vapor + SNCR & carrier water = Vapor in gas - moisture in air

13,636 - 746.5

12,889 kg/hr = 0.713 kg/kg FUEL

|Moisture from SNCR | > 4)‘ Moisture in total flue

gas
|Moisture from air | ’—)
Moisture from H20O in fuel ’—) BOILER

Moisture from combustion 1
of H2 in fuel

Quench Vapor

khkkkkkkkhkkk khhkkhhkkhhkk khhhkkhhkhhhkx kkkhhrhkhhrkhhkx dhkhhhrhhirrk 6 *hkkkhhkkhhkk khkkkkkhkkkhkkx *kkkkkkkkk *kkkkkkkk
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DATA FOR HEAT OUTPUT AND LOSS CALCULATIONS

Enthalpy of feedwater @ 136.03887 °C, 10209.13 kPa 578.78 kJ/kg
Enthalpy of drum water @ saturated pressure 9736.23 kPa 1396.40 kJ/kg
Enthalpy of steam @ 500.81423 °C, 8945.18 kPa 3390.03 kJ/kg
Enthalpy of dry underfire air at 143.6°C comb. temp. referenced to 25°C 119.82 kJ/kg
Enthalpy of dry overfire air at 29.3°C air temp. referenced to 25°C 4.37 kJ/kg
Enthalpy of dry flue gas at 165.2°C econ exit temp. referenced to 25°C 140.89 kJ/kg
Enthalpy of liquid water @ the amb. air temperature of 19.4°C ref. 0°C 81.04 kJ/kg
Enthalpy of water vapor @ UFA temp. of 143.6°C ref. 25°C 223.84 kJ/kg
Enthalpy of water vapor @ the OFA temp. aft. fan of 29.3°C ref. 25°C 8.05 kJ/kg
Enthalpy of steam vapor @ 165.2°C and 1 psia referenced to 0°C 2812.34 kJ/kg
Enthalpy of liquid water @ reference temperature of 25°C ref. 0°C 104.67 kJ/kg
Enthalpy of water vapor @ econ exit temp. of 165.2°C referenced to 25°C 265.1 kJ/kg
Enthalpy of ash discharger water bath @ 44.9°C 188.0 kJ/kg
Enthalpy of dry residue @ air inlet temp of 19.4°C 2925 °K -4.220 kJ/kg
Enthalpy of dry residue @ ash discharger temp of 44.9°C or 318.1 °K 15.277 kJ/kg
Enthalpy of dry fly ash @ econ. exit temp. of 165.2°C or 438.3 °K 119.397 kJ/kg
HHV of unburned combustibles 27,913 kJ/kg
Radiation & convection loss per ASME PTC 34, Fig. I-1

with 98.1 GJ/hr actual average heat output per boiler, 2 boilers = 1.518 GJ/hr
Enthalpy of dry fuel @ ambient temp. of 19.4°C ref. 25°C -4.208 kJ/kg
Enthalpy of liquid water @ ambient temp. of 19.4°C ref. 25°C -23.6 kJ/kg

Reference documents:

ASME Performance Test Code for Fired Steam Generators, ASME PTC 4
ASME Performance Test Code for Waste Combustor with Energy Recovery, ASME PTC 34
ASME Steam Tables 1967 Edition

Table 4 - Reference Composition Acceptable Waste
Energy Content 13,000 kJ (HHV) per kilogram

REFERENCE WASTE ULTIMATE ANALYSIS
%

Moisture 15.16
Total Inert 15.92
Carbon 31.73
Hydrogen 4.56
Oxygen 31.35
Nitrogen 0.87
Sulfur 0.04
Chlorine 0.31
Flourine 0.030
Iron, oxidizable 0.030

100.00

D-Y ER Calc 10012015.xIsm 7HData
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BOILER EFFICIENCY CALCULATION
AS TESTED CONDITIONS kJoule per
-HEAT LOSS METHOD- kg A.F. Fuel
(ASME PTC 34, SECTION 5.11)
HEAT OUTPUT due to-
Steam:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
69,772 / 18,066 X ( 3,390.03 - 578.78 ) = 10,857.47
Blowdown:
(kg/hr of fluid)/(kg/hr fuel) x (h out - h in, kJ/kg)
- / 18,066 X ( 1,396.40 - 578.78 ) 0.00
Total Heat Output: = 10,857.47
HEAT LOSSES due to-
Dry gas:
(kg/hr dry gas)/(kg/hr fuel) x (flue gas h @ Tgas econ exit ref. 25°C, kJ/kg)
123,298 / 18,066  x ( 140.89 ) = 961.60
Moisture from H2 and H20O in fuel, ash discharger quench water vapor and SNCR carrier water:
(kg/hr moisture)/(kg/hr fuel) x (h econ gas exit @ 1 psia - h liquid @ T = 25°C, kJ/kg)
12,889 / 18,066 x ( 2812.34 - 104.67 ) = 1931.86
Ash discharger quench water:
Liquid: (kg/hr liquid)/(kg/hr fuel) x (h water @ Tquench - h water @ Tamb air, kJ/kg)
600 / 18,066 x ( 188.03 - 81.04 ) = 3.55
Sensible heat in dry bottom residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tquench - h res @Tamb air, kJ/kg)
3,700 / 18,066 x ( 15.277 - -4.220 ) = 3.99
Sensible heat in dry fly ash residue:
(kg/hr dry residue)/(kg/hr fuel) x (h res @ Tecon exit - h res @Tamb air, kJ/kg)
377 / 18,066  x ( 119.397 - -4.220 ) = 2.58
Moisture from total air:
(kg/hr air moisture)/(kg/hr fuel) x (h water vap @ Tgas econ exit ref. 25°C, kJ/kg)
747 / 18,066 x ( 265.1 ) = 10.96
Unburned combustibles:
(Ib unburned combustibles/hr)/(kg/hr fuel) x HHV unburned
14.27 / 18,066 X 27,913 = 22.05
Radiation & Convection Loss:
Per ASME PTC 34, Fig. I-1 = 1.518 GJ/hr
1,518,119 / 18,066 = 84.03
Unaccounted for:
0.5 % of heat output and losses (heat input) = 69.74
0.005 x ( 10,857.5 + 3,090.4 )
Total Heat Losses: = 3090.36
*kkkkkhkkkkkk *kkkkkkhkkhkkkkkk khkkkhhhkhkkkhkrk kkhkhhkkkriik *kkkkkkkkkkk 8 *kkkkkkhkhkkkkk khkhhhhhhkkkdxkx k% * %k kkkkkkkkhkkkkk

D-Y ER Calc 10012015.xIsm 80QutLoss



Covanta Durham-York Energy Recovery Calculations

HEAT CREDITS due to-

Dry underfire air sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 143.6°C ref. 25°C, kJ/kg)
79,229 / 18,066 x ( 119.82 )

Dry overfire air, seal air & air infiltration sensible heat:
(kg/hr dry air)/(kg/hr fuel) x (hin @ 29.3°C ref. 25°C, kJ/kg)
40,978 / 18,066 x ( 4.37 )

Moisture in incoming underfire air:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 143.6°C ref 25°C, kJ/kg)
492.1 / 18,066 x ( 223.84 )

Moisture in incoming overfire, seal air & air infiltration:
(kg/hr moisture)/(kg/hr fuel) x (h vap in @ 29.3°C ref 25°C, kJ/kg)
254.4 / 18,066 x ( 8.05 )

Fuel sensible heat:
(dry fuel, Ib dry fuel/lb fuel) x (h in @ ambient air temp of 19.4°C ref 25°C, kJ/kg) +
(moisture in fuel, Ib H20/Ib fuel) x (h in @ ambient air temp of 19.4°C ref 25°C, kJ/kg)
0.848 X -4.208 + 0.152 X -23.64

Total Heat Credits:

Gross Heat Input = HHV of Fuel + Heat Credit = Heat Output + Heat Losses

or
HHV of FUEL = Heat Output + Heat Losses - Heat Credit
= 10857.47 + 3090.36 - 534.45
= 13,413 kJ/kg
EFFICIENCY= (1 - (Heat Losses/Heat Input))*100= (1 - 3090.36 / 13,948 ) x 100
Gross Heat Input = 13,948 kJ/kg
HEAT LOSS SUMMARY: %
Dry gas: T 689
Moisture from H2 and H20 in fuel, ash discharger quench water vapor & SNCR: 13.85
Moisture from total air: 0.08

Ash discharger quench water:

Liquid: 0.03
Sensible heat in dry bottom residue: 0.03
Sensible heat in dry fly ash: 0.02
Unburned combustibles: 0.16
Radiation/Correction: 0.60
Unaccounted for: 0.50
Total Heat Losses: T 2216

9 —

11/13/2015

kJoule per

kg A.F. Fuel

525.47

9.92

6.10

0.11

-7.15

534.45

77.84 %

D-Y ER Calc 10012015.xIsm 9CredsHHV
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Adjustment For Annual Average Dry Bulb Temperature

Turbine performance is dependent upon exhaust vacuum, which is dependent
upon air-cooled condenser (ACC) performance. ACC performance is dependent

upon the dry bulb ambient air temperature. An adjustment is made to the as-tested

ACC performance for the difference between the average annual dry bulb

temperature and the as-tested dry bulb temperature. Per average local weather conditions:
(see Procedures page 10)

The average annual dry bulb temperature = 8 °C

Air-Cooled Condenser Performance:

The as-tested ACC ambient dry bulb temperature was: 125 °C

Per the ACC performance curve, (see Figures section) the condenser vacuum

corresponding to the as-tested dry bulb temperature of 12.5 °C is: 79.5 mbara
Per the ACC performance curve, the condenser vacuum

corresponding to the average annual dry bulb temperature of 8 °C is: 68.0 mbara
Therefore, the correction to exhaust pressure for temperature difference is 11.5 mbar

Turbine Performance:
Per the curve defining change in exhaust pressure vs. change in
turbine-generator output (see page 12 of procedures), a 11.5 mbar change

in exhaust pressure at design throttle flow results in a 0.68% change in
turbine heat rate. Therefore, the overall adjusted gross

electrical output is :
17.09 * (1+ 0.0068 ) = 17.21 MWG
The MW correction is also added to the as-tested NET electrical exported:

14.98 + 17.21 - 17.09 = 15.09 MWN

See SAMPLE CALCULATION CURVES at the end of these procedures.
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Adjusted Power Outputs Per Ton:

Energy Recovery Calculations 11/13/2015

17,210 kW adjusted for annual average dry bulb temperature.

Gross Electrical Output = —mmememmeeee- = 953 kWh/tonne

18.066 Actual TPH

Compared to the guarantee of 903 kWh/tonne at the same HHV.
Surpassing the guarantee by: 50 kWh/tonne
or 5.5%

15,093 kW adjusted for annual average dry bulb temperature.

Net Electrical Export= —memmmememeee = 835 kWh/tonne
18.066 Actual TPH
Compared to the guarantee of 799 kWh/tonne at the same HHV.
Surpassing the guarantee by: 37 kWh/tonne
or 4.6%
*kkkkkkkkkhkkk kkhkkkkkkkkkk kkkkkkhkhkhhkhkhkhk kkkkhkhhhkhhkhik dhhhhihiikikxk 11 *kkkkkkkkkkk khkkhkkkkkkkkk kkkkkkhkhkhhkhk kkkhhhhhiixkx
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Crane Calibration Drift Adjustment Calculation Energy Recovery 5

Acceptance Test

September/October 2015

Reference Weight (Reference Block Weight) 3,926 kg
Initial Span Check Reading 3,881.7 @ 10/1/2015 7:31
Final Span Check Reading 3,876.7 @ 10/1/2015 17:31
Average of the Initial and Final Span Checks 3,879 kg
Difference between Average and Reference Weight -47 kg > 45.4 kg
Adjustment to each grapple feed is warranted.
Adjustment
Factor
144,780 1.004366454 145,412
Ref. Weight Feed Weight %
Feed Weight | (Drifted, by Difference | % Difference of Ref. Drifted | Proportioned | Feed Weight |Adjusted Feed|
Feed at Reading (kg) Equation) (Drift) (% Drift) Weight Drift (%) Drifted Weight (kg)
10/1/15 9:08 2,042.0 3,884.8 -41.2 -1.05% 52.56%! -0.55% -11.27] 2,053.27|
10/1/15 9:11 1,879.0 3,884.9 -41.1 -1.05% 48.37%! -0.51% -9.52 1,888.52
10/1/15 9:22 2,017.0 3,885.2 -40.8 -1.04% 51.91%! -0.54% -10.88] 2,027.88|
10/1/15 9:24 2,132.0 3,885.3 -40.7 -1.04% 54.87%! -0.57% -12.13 2,144.13|
10/1/15 9:32 2,005.0 3,885.5 -40.5 -1.03% 51.60%! -0.53% -10.67 2,015.67|
10/1/15 9:39 2,445.0 3,885.7 -40.3 -1.03% 62.92% -0.65% -15.78] 2,460.78|
10/1/15 9:43 2,378.0 3,885.9 -40.1 -1.02% 61.20%! -0.63% -14.88] 2,392.88|
10/1/15 9:46 1,918.0 3,886.0 -40.0 -1.02% 49.36%! -0.50% -9.65 1,927.65|
10/1/15 10:02 1,241.0 3,886.5 -39.5 -1.01% 31.93%! -0.32% -3.99; 1,244.99|
10/1/15 10:07 1,804.0 3,886.6 -39.4 -1.00% 46.42% -0.47% -8.40! 1,812.40|
10/1/1510:11 1,129.0 3,886.8 -39.2 -1.00% 29.05% -0.29% -3.28; 1,132.28|
10/1/15 10:16 1,129.0 3,886.9 -39.1 -1.00% 29.05% -0.29% -3.27, 1,132.27|
10/1/15 10:21 1,376.0 3,887.1 -38.9 -0.99% 35.40%! -0.35% -4.83 1,380.83|
10/1/15 10:24 2,133.0 3,887.2 -38.8 -0.99% 54.87%! -0.54% -11.57] 2,144.57|
10/1/15 10:32 1,700.0 3,887.4 -38.6 -0.98% 43.73%! -0.43% -7.31 1,707.31
10/1/15 10:34 780.0 3,887.5 -38.5 -0.98% 20.06% -0.20% -1.54/ 781.54
10/1/15 10:36 2,036.0 3,887.6 -38.4 -0.98% 52.37%! -0.51% -10.44/ 2,046.44]
10/1/15 10:42 1,572.0 3,887.7 -38.3 -0.97% 40.43% -0.39% -6.19; 1,578.19|
10/1/15 10:46 1,358.0 3,887.8 -38.2 -0.97% 34.93%! -0.34% -4.61 1,362.61
10/1/15 10:51 2,093.0 3,888.0 -38.0 -0.97% 53.83%! -0.52% -10.90] 2,103.90|
10/1/15 10:59 1,680.0 3,888.3 -37.7 -0.96% 43.21% -0.42% -6.98; 1,686.98|
10/1/15 11:07 1,463.0 3,888.5 -37.5 -0.95% 37.62%! -0.36% -5.25 1,468.25|
10/1/1511:12 828.0 3,888.7 -37.3 -0.95% 21.29% -0.20% -1.68; 829.68|
10/1/1511:22 2,101.0 3,889.0 -37.0 -0.94% 54.02%! -0.51% -10.70] 2,111.70|
10/1/15 11:25 2,309.0 3,889.1 -36.9 -0.94% 59.37%! -0.56% -12.89] 2,321.89|
10/1/1511:31 1,474.0 3,889.3 -36.7 -0.94% 37.90%! -0.35% -5.23 1,479.23|
10/1/15 11:41 2,454.0 3,889.6 -36.4 -0.93% 63.09%! -0.58% -14.35 2,468.35
10/1/15 11:47 1,821.0 3,889.8 -36.2 -0.92% 46.81%! -0.43% -7.86 1,828.86|
10/1/15 11:53 875.0 3,890.0 -36.0 -0.92% 22.49% -0.21% -1.81 876.81
10/1/15 12:04 1,856.0 3,890.3 -35.7 -0.91% 47.71%! -0.43% -8.05 1,864.05|
10/1/15 12:06 1,165.0 3,890.4 -35.6 -0.91% 29.95% -0.27% -3.17 1,168.17|
10/1/15 12:10 2,037.0 3,890.5 -35.5 -0.90% 52.36%! -0.47% -9.65 2,046.65|
10/1/1512:12 1,752.0 3,890.6 -35.4 -0.90% 45.03%! -0.41% -7.12 1,759.12]
10/1/1512:19 1,998.0 3,890.8 -35.2 -0.90% 51.35%! -0.46% -9.21 2,007.21]
10/1/15 12:20 1,847.0 3,890.8 -35.2 -0.90% 47.47%! -0.43% -7.85 1,854.85|
10/1/1512:31 2,099.0 3,891.2 -34.8 -0.89% 53.94% -0.48% -10.04/ 2,109.04]
10/1/1512:33 1,830.0 3,891.2 -34.8 -0.89% 47.03%! -0.42% -7.62 1,837.62
10/1/15 12:42 1,293.0 3,891.5 -34.5 -0.88% 33.23%! -0.29% -3.77 1,296.77|
10/1/15 12:49 1,225.0 3,891.7 -34.3 -0.87% 31.48% -0.27% -3.36 1,228.36|
10/1/15 12:58 2,170.0 3,892.0 -34.0 -0.87%| 55.76%! -0.48% -10.47] 2,180.47|
10/1/15 13:03 2,158.0 3,892.2 -33.8 -0.86% 55.44% -0.48% -10.31 2,168.31]
10/1/15 13:09 2,143.0 3,892.4 -33.6 -0.86% 55.06%! -0.47% -10.11 2,153.11
10/1/1513:18 2,132.0 3,892.6 -33.4 -0.85% 54.77%! -0.47% -9.92 2,141.92]
10/1/15 13:22 2,239.0 3,892.8 -33.2 -0.85% 57.52% -0.49% -10.89] 2,249.89|
10/1/15 13:36 2,023.0 3,893.2 -32.8 -0.83% 51.96%! -0.43% -8.78; 2,031.78|
10/1/15 13:42 2,010.0 3,893.4 -32.6 -0.83% 51.63%! -0.43% -8.62 2,018.62]
10/1/15 13:44 2,060.0 3,893.5 -32.5 -0.83% 52.91%! -0.44% -9.03 2,069.03|
10/1/15 13:54 2,216.0 3,893.8 -32.2 -0.82% 56.91%! -0.47% -10.35 2,226.35|
10/1/15 13:58 1,716.0 3,893.9 -32.1 -0.82% 44.07%! -0.36% -6.18; 1,722.18|
10/1/15 14:09 1,867.0 3,894.3 -31.7 -0.81% 47.94% -0.39% -7.23 1,874.23|
10/1/15 14:17 1,635.0 3,894.5 -31.5 -0.80% 41.98% -0.34% -5.51 1,640.51
10/1/15 14:24 1,861.0 3,894.7 -31.3 -0.80% 47.78%! -0.38% -7.08; 1,868.08|
10/1/15 14:31 1,980.0 3,894.9 -31.1 -0.79% 50.84% -0.40% -7.96 1,987.96|
10/1/15 14:35 2,644.0 3,895.1 -30.9 -0.79% 67.88% -0.53% -14.14/ 2,658.14|
10/1/15 14:38 2,248.0 3,895.2 -30.8 -0.79% 57.71% -0.45% -10.18] 2,258.18|
10/1/15 14:49 1,918.0 3,895.5 -30.5 -0.78% 49.24% -0.38% -7.33 1,925.33|
10/1/15 14:54 2,257.0 3,895.7 -30.3 -0.77%| 57.94% -0.45% -10.10] 2,267.10|
10/1/15 15:04 2,710.0 3,896.0 -30.0 -0.76% 69.56%! -0.53% -14.41 2,724.41
10/1/15 15:08 2,274.0 3,896.1 -29.9 -0.76% 58.37%! -0.44% -10.11 2,284.11
10/1/15 15:18 2,108.0 3,896.4 -29.6 -0.75% 54.10%! -0.41% -8.59; 2,116.59|
10/1/15 15:21 2,507.0 3,896.5 -29.5 -0.75% 64.34% -0.48% -12.12 2,519.12]
10/1/15 15:34 1,883.0 3,896.9 -29.1 -0.74% 48.32%! -0.36% -6.74 1,889.74
10/1/15 15:37 2,202.0 3,897.0 -29.0 -0.74% 56.50%! -0.42% -9.19; 2,211.19|
10/1/15 15:40 2,080.0 3,897.1 -28.9 -0.74% 53.37%! -0.39% -8.17 2,088.17|
10/1/15 15:46 2,001.0 3,897.3 -28.7 -0.73% 51.34% -0.38% -7.51 2,008.51
10/1/15 15:57 2,462.0 3,897.6 -28.4 -0.72% 63.17%! -0.46% -11.23 2,473.23|
10/1/15 16:07 2,165.0 3,898.0 -28.0 -0.71% 55.54% -0.40% -8.59; 2,173.59|
10/1/15 16:11 1,609.0 3,898.1 -27.9 -0.71% 41.28%! -0.29% -4.72 1,613.72]
10/1/15 16:20 1,163.0 3,898.4 -27.6 -0.70% 29.83% -0.21% -2.44 1,165.44]
10/1/15 16:22 1,469.0| 3,898.4 -27.6 -0.70% 37.68%! -0.26% -3.89; 1,472.89|
10/1/15 16:27 2,248.0 3,898.6 -27.4 -0.70% 57.66%! -0.40% -9.05 2,257.05
10/1/15 16:32 2,046.0 3,898.8 -27.2 -0.69% 52.48% -0.36% -7.45 2,053.45|
10/1/15 16:42 1,351.0 3,899.1 -26.9 -0.69% 34.65%! -0.24% -3.21 1,354.21]
10/1/15 16:46 2,414.0 3,899.2 -26.8 -0.68% 61.91%! -0.42% -10.20 2,424.20|
10/1/15 16:51 2,626.0 3,899.4 -26.6 -0.68% 67.34%! -0.46% -12.00 2,638.00|
10/1/15 16:53 2,434.0 3,899.4 -26.6 -0.68% 62.42% -0.42% -10.28] 2,444.28|
10/1/15 17:06 477.0 3,899.8 -26.2 -0.67% 12.23% -0.08% -0.39 477.39|

D-Y CraneDriftAdjustment 10012015.xlsx kg

Last Printed: 11/10/2015, 10:14 AM



Covanta - Durham York Energy Centre

Boiler No. 1 Scrubber Inlet
Stack Gas Physical Parameters and Volumetric Flowrates

October 1, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % mfs kPa KkPa kPa %* o * ppm* m’/s Rm’fs ** Rm’/s**
1 9:08 - 9:16 168 159 16.7 -0.50 101.8 101.3 11.7 7.59 15.3 24.7 14.1 16.7
2 9:38 - 9:45 167 15.9 16.5 -0.50 101.8 101.3 114 7.94 11.1 24.4 13.9 16.6
3 10:08 - 10:15 166 15.9 16.9 -0.47 101.8 101.3 10.8 8.36 16.7 24.9 14.2 16.9
4 10:38 - 10:46 167 15.9 17.1 -0.47 101.8 101.3 11.7 7.50 17.7 25.2 14.4 17.1
5 11:35-11:41 167 15.2 16.0 -0.52 101.8 101.3 10.8 8.45 394 23.6 13.6 16.0
6 12:05-12:10 166 15.2 15.9 -0.45 101.8 1014 12.2 7.04 37.4 23.5 13.6 16.0
7 12:35-13:41 169 15.2 17.4 -0.55 101.8 101.3 12.3 6.92 17.8 25.8 14.7 17.4
8 13:04 - 13:09 168 15.2 17.3 -0.47 1017 101.2 11.5 7.88 11.2 25.5 14.6 17.3
9 14:05 - 14:11 166 151 16.5 -0.45 101.7 101.3 119 7.20 11.2 24.4 14,1 16.6
10 14:37 - 14:42 167 15.1 17.0 -0.45 101.7 101.3 119 7.22 12.0 25.1 14.5 17.0
11 15:03 - 15:09 167 15.1 17.2 -0.55 101.7 101.2 11.9 7.25 22.4 25.3 14.6 17.2
12 15:34 - 15:40 167 15.1 17.0 -0.52 101.7 101.2 11.7 7.50 141 25.1 14.4 17.0
13 16:28-16:34 168 16.3 17.5 -0.50 101.7 101.2 11.0 7.93 12.4 25.9 14.6 17.5
14 16:57 - 17:05 167 16.3 17.1 -0.55 101.7 101.2 10.9 8.21 13.4 25.3 14.3 17.1
15 17:28-17:34 166 16.3 16.3 -0.52 101.7 101.2 11.6 7.54 16.0 24.1 13.7 16.4
16 18:00 - 18:06 167 16.3 17.0 -0.47 101.8 101.3 12.0 7.07 10.0 25.1 14.2 17.0
Average 167 15.6 16.8 -0.50 101.8 101.3 11.6 7.60 17.4 24.9 14.2 16.9
*  Drybasis

2

Reference conditions; 25°C and 1 atm




Covanta - Durham York Energy Centre

Boiler No. 2 Scrubber inlet
Stack Gas Physical Parameters and Volumetric Flowrates

Ociober 1, 2015
Test Test Gas Moisture Gas Static Barometric Absolute Carbon Dioxide Oxygen Carbon Monoxide Actual Dry Reference  Wet Reference
No. Time Temp. by Volume Velocity Pressure Pressure Pressure by Volume by Volume By Volume Flowrate Flowrate Flowrate
°C % m/s kPa kPa kPa % * % * ppm* m’/s Rm®fs ** Rm®/s**
1 9:01 - 9:08 165 16.8 17.6 -0.45 101.8 101.4 10.3 9.17 35.7 26.0 14.7 17.7
2 9:30 - 9:37 163 16.8 15.7 -0.45 101.8 101.4 11.8 7.51 40.8 23.1 13.2 15.8
3 10:00 - 10:08 158 16.8 15.7 -0.45 101.8 101.4 111 8.25 31.7 23.2 13.4 16.1
4 10:31 - 10:38 164 16.8 15.9 -0.45 101.8 101.4 11.7 7.24 31.6 23.5 13.3 16.0
5 11:28-11:34 167 16.7 16.0 -0.42 101.8 101.4 11.8 7.38 344 23.6 13.3 16.0
6 11:57 - 12:04 167 16.7 16.0 -0.42 101.8 101.4 11.4 7.82 32.8 23.7 13.4 16.1
7 12:28-12:34 168 16.7 16.5 -0.42 101.8 101.4 12.6 6.68 24.1 24.3 13.7 16.5
8 12:57 -13:03 167 16.7 16.0 -0.45 101.7 101.3 11.5 7.92 28.8 23.7 13.4 16.0
9 13:57 - 14:04 165 16.6 15.8 -0.42 101.7 101.3 12.0 7.00 61.3 23.4 13.3 15.9
10 14:26 - 14:34 164 16.6 155 -0.42 101.7 1013 11.2 7.96 114.2 229 13.0 15.6
11 14:57 - 15:03 165 16.6 15.4 -0.42 101.7 101.3 11.9 7.21 16.1 22.8 12.% 15.5
12 15:27 - 15:33 167 16.6 15.9 -0.40 101.7 101.3 12.5 6.69 13.3 23.4 13.2 15.9
13 16:21 - 16:27 168 16.6 16.5 -0.42 101.7 101.3 13.0 5.60 17.0 24.3 13.7 16.4
14 16:50 - 16:57 167 16.6 16.4 -0.42 1017 101.3 11.5 7.14 16.7 24.3 13.7 16.4
15 17:20-17:27 165 16.6 15.2 -0.45 101.7 101.3 11.8 6.73 19.2 22.4 12.7 15.2
16 17:52-17:58 164 16.6 15.3 -0.42 101.7 101.3 13.2 5.17 30.3 22.7 12.9 15.4
Average 165 16.7 16.0 -0.43 101.7 101.3 11.8 7.22 34.3 23.6 13.4 16.0
*  Dry basis

K%

Reference conditions; 25°C and 1 atm




Analysis Report

October 13, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN: STEVE DEDUCK

Client Sample ID: 8HR. ER5Run1 Sample |ID By: Covanta
Date Sampled: Oct 1, 2015 Sample Taken At: Submitted
Date Received: Oct 5, 2015 Sample Taken By: Submitted
Product Description: ASH Sample 1D: Covanta DYEC8H.R.ER.5
S5GS Minerals Sample ID: 491-1588334-001

Meathod As Received Dry
Moisture, Total % ASTM D3302 16.51
Sulfur % ASTM D4239 (A) 1.35 1.61
Gross Calorific Value Btufib ASTM D5865 <100

%MIM it A 2 >

Vanessa Chambliss
Branch Manager

) Minerals Services Division
SGS North America InC.| 15130 van Drunen Road South Holland [L 60473 t(708) 331-2500 f (708} 333-3060 www sgs.comiminerals

| Membet of thie 565 Group (Sociild Générale de Surveilance]

Thit document i¢ istwed by the Company under its Genera! Condiions of Service asccessible & hifp/Avww 3gs comAernms_and_concions.him.  Aftention is orawn io the kmitaton of Fabildy,
and jurisdiciion issues Oefined therein

Mymarmmmhnmmmmmwwmnmmprlny’aunmmumaﬂodhmnummlymmmmo!mmsm if any. The
Cwmyammmnrblatﬂcmtmmmcumomm:wnmmmumamu:ﬁmnmnnmmgumﬂgmsw i under the Any
unauthorized aleration, forpery or faisification of tha content or appearance of this o is i and may be p o the fullest extent of the law.




Analysis Report

October 13, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07980

ATTN: STEVE DEDUCK

Client Sample 1D 8HR.ERS5Run2 Sample ID By: Covanta
Date Sampled: Oct 1, 2015 Sample Taken At: Submitted
Date Received: Oct 5, 2015 Sample Taken By: Submitted
Product Description; ASH Sample ID: Covanta DYEC8H.R.ERS
SGS Minerals Sample ID: 491-1588334-002

Method As Recoived Dry
Moisture, Total % ASTM D3302 16.50
Sulfur % ASTM D4238 (A) 1.33 1.59
Gross Calorific Value Btuilb ASTM D5865 <100

%x.mqm it A >

Vanessa Chambliss
Branch Manager

) Minerals Services Division
SGS North America InG.| 15130 Van Drunen Road South Holland I, 60473 ¢ (708) 331-2900 f(708) 333-3080 www.sgs.com/minerals

| Mamber of the SGS Group (Soclété Géndrala da Sarvellarca)

This documen! Ir jssued by (he Company under is Geners! Condifons of Service accessible al hifp/www sgs.comferns_snd condiions.hfm. Attendiort i drawn o the Bmdation of Nabilty,
indemnification and jurisciction issues delinad iverein.

Mymwmmmhamwummmmmwmummmmr:mummmnruhmmnmamymmmmaaﬁmhm ¥ any. The
Company's sole msponsibify & fo U3 Chent and this docurnent doss nof exonersie parties fo & fransichion fom exercising aft their righls and g under the b 2. Any
unauitorized slteration, forgery or falsification of the contenf or app ofihis is and may be p fo the fufest exten! of the law.




Analysis Report

October 13, 2015

COVANTA ENERGY WBH LLC
445 SOUTH STREET Page 1 of 1
MORRISTOWN NJ 07960

ATTN: STEVE DEDUCK

Client Sample 1D: 8HR. ER5Run3 Sample 1D By: Covanta
Date Sampled: Qct 1, 2015 Sample Taken At Submitted
Date Received: Qct 5, 2015 Sample Taken By: Submitted
Product Description: ASH Sample ID Covanta DYECBHR.ERS5
SGS Minerals Sample ID:  491-1588334-003

Msthod As Receivad Dry
Moisture, Total % ASTM D3302 16.50
Sulfur % ASTM D4239 (A) 1.32 1.58
Gross Calorific Value Btu/lb ASTM D5865 <100

%um e £ A D

Vanessa Chambliss
Branch Manager

X Minerals Services Division
SGS North America Inc. | 18130 Van Drunen Road South Holland L 60473 t (708) 331-2800 f (708) 333-3060 www.sgs.com/minerals

| Member of the SG5 Group (Socidié Géndrale de Surveilance)

This document is issued by Mhe Company under is Genersl Condiiont of Service asccessible af hitp.Avew 393 comterms_and_condibons.him.  Attenbon is drawn o the milation of labitty
angd otion i3sues cefined therein.

Any hoider of this documeni is advised thal infornation confained hereon reflects the Company's fndings st the tine of ds Mnmnbmmlymdmmomafcmmsmmm it any. The
Wy:ﬂuwmhmmmmmdacummwunofnmmmnlolmanNMnmmhyummmd g under ihe Any
unauitiorized alteration, forgery or faisification of the content or app of iz is and offenders may be p o thve fulest exient of the law






