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Conventional Gas-to-Ammonia Results

Calculator Block SUMMARY
FEED SUMMARY:

NATURAL GAS PROPERTIES:

MASS FLOW = 1989.
VOLUME FLOW = 88.
HHV = 23063.
HHV = 1044.
ENERGY FLOW = 91733.
COMPOSITION:
METHANE = 9
ETHANE =
PROPANE =
BUTANE =
PENTANE =
HEXANE =
NITROGEN =
OXYGEN =
co2 =
C4H10S =
C2H6S =
H2S =
INTERMEDIATE PRODUCT SUMMARY':
RAW SYNGAS MASS FLOW = 903998.
RAW SYNGAS VOLUME FLOW = 520.
RAW SYNGAS COMPOSITION:
H2 36.
co
co2
N2 14.
AR
H20 35.
CH4
CLEANED SYNGAS MASS FLOW = 294757.
CLEANED SYNGAS VOLUME FLOW = 308.
CLEANED SYNGAS COMPOSITION:
H2 73
N2 24,
AR
CH4
co
co2
H20
AMMONIA MASS FLOW = 280047.
AMMONIA MASS FLOW = 3361.
AMMONIA PURITY = 99.
AMMONIA PRODUCED / NAT. GAS FED = 1.
NITRIC ACID MASS FLOW = 432702.
NITRIC ACID MASS FLOW = 5192.
NITRIC ACID PURITY = 57.
HNO3 PRODUCED / NH3 FED =
FINAL PRODUCT SUMMARY:
AMMONIA MASS FLOW =
AMMONIA MASS FLOW =

8.
5.

0.
0.

0.
1.
0.
0.
1.

1.

0.
0.
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TON/DY

MMSCFD @ 60°F
BTU/LB

BTU/SCF @ 60°F
MMBTU/DY

.571 MOL.%
.749 MOL.%
.920 MOL.%
.260 MOL.%
.040 mOL.%
.010 mOL.%
.190 MOL.%
.010 mOL.%
.250 MOL.%

PPMV
PPMV
PPMV

LB/HR
MMSCFD @ 60°F

MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %

VIONNRERNW

LB/HR
MMSCFD @ 60°F

.8 MOL.%

8 MOL.%
3 MOL.%

1 MOL.%
PPMV
PPMV
PPMV

LB/HR
TON/DY
99 MOL.%
69 LB/LB

LB/HR
TON/DY
93 wT.%
55 LB/LB

LB/HR
TON/DY



Conventional Gas-to-Ammonia Results

AMMONIA PURITY =

NITRIC ACID MASS FLOW
NITRIC ACID MASS FLOW
NITRIC ACID PURITY =

UREA MASS FLOW
UREA MASS FLOW
UREA PRODUCED / AMMONIA FED =
UREA PRODUCED / CO2 FED =

AMMONIUM NITRATE MASS FLOW
AMMONIUM NITRATE MASS FLOW =

NH4NO3 PRODUCED / NITRIC ACID FED =
NH4NO3 PRODUCED / AMMONIA FED =

STEAM EXPORT AVAILABLE:
SATURATED STEAM FLOW =
PRESSURE =

POWER SUMMARY :

ELECTRICAL GENERATORS:
STEAM TURBINE POWER GENERATION =
GENERATOR SUBTOTAL =

ELECTRICAL CONSUMERS:
NG REFORMER POWER CONSUMPTION =
GAS CLEANING POWER CONSUMPTION =
POWER BLOCK POWER CONSUMPTION =
CO2 PROCESSING POWER CONSUMPTION
AMMONIA SYNTH. POWER CONSUMPTION
UREA SYNTHESIS POWER CONSUMPTION
HNO3 SYNTHESIS POWER CONSUMPTION
NH4NO3 SYNTH. POWER CONSUMPTION =
COOLING TOWER POWER CONSUMPTION =
WATER TREATMENT POWER CONSUMPTION

CONSUMER SUBTOTAL =

NET PLANT POWER CONSUMPTION

WATER BALANCE:

EVAPORATIVE LOSSES:
COOLING TOWER EVAPORATION
ZLD SYSTEM EVAPORATION =
TOTAL EVAPORATIVE LOSSES =

WATER CONSUMED:
BOILER FEED WATER MAKEUP =
AMMONIA WASH WATER =
NITRIC ACID FEED WATER =
COOLING TOWER MAKEUP =
TOTAL WATER CONSUMED =

WATER GENERATED:
NG REFORMER BLOWDOWN =
UREA PRODUCTION BLOWDOWN =
NH4NO3 PRODUCTION BLOWDOWN =
COOLING TOWER BLOWDOWN =
TOTAL WATER GENERATED =

99.

0.
0.
57.

244925,
2939.

376229.
30.

28.
28.

21.

13.
45.

15.
24,

= 5.
137.

108.

3270.
330.
3600.

1674.

198.
3441.
5314.

542.
128.
370.
676.
1717.
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=
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99 MOL.%

LB/HR
TON/DY
93 wT.%

LB/HR
TON/DY

.74 LB/LB
.34 LB/LB

LB/HR
TON/DY

.73 LB/LB
.69 LB/LB

LB/HR
PSTA

[{e]Ne]
=
=

GPM
GPM
GPM

[0} )

GPM
GPM
GPM
GPM
GPM

VOO O

GPM
GPM
GPM
GPM
GPM

CcoOcoONOYW



Conventional Gas-to-Ammonia Results
PLANT WATER SUMMARY :
NET MAKEUP WATER REQUIRED = 3927.6 GPM
WATER CONSUMED / NG FED = 11.86 LB/LB

CO2 BALANCE:
CO2 INCORPORATED INTO UREA PRODUCT 2177 . TON/DY

CO2 INCORPORATED INTO UREA PRODUCT 38. MMSCFD @ 60°F
CO2 PURITY = 99.4 %

CO2 CAPTURED (SEQ. OR EOR) 1762. TON/DY
CO02 CAPTURED (SEQ. OR EOR) 30. MMSCFD @ 60°F
CO2 PURITY = 99.4 %

1449. TON/DY
25. MMSCFD @ 60°F

CO02 EMITTED (TOTAL)
C02 EMITTED (TOTAL)

FROM REFORMER = 1421. TON/DY
FROM UREA VENTS = 28. TON/DY
CO2 EMITTED / NG FED = 0.73 LB/LB

Calculator Block AIRPROPS
HUMIDITY DATA FOR STREAM PRI-AIR:
HUMIDITY RATIO = 43.5 GRAINS/LB
RELATIVE HUMIDITY = 39.9 %
Calculator Block NG-RFMR Hierarchy: REFORMER
SULFUR REMOVAL CONDITIONS:
INLET BED TEMPERATURE = 662. °F

PRIMARY REFORMER CONDITIONS:

INLET TEMPERATURE = 1000. °F
STEAM TO CARBON MOLAR RATIO = 3.30
NATURAL GAS BURNED FOR HEAT = 22.70 %
OUTLET TEMPERATURE = 1454. °F
METHANE CONVERSION = 53.3 %
SECONDARY REFORMER CONDITIONS:

INLET GAS TEMPERATURE = 1454. °F
INLET AIR TEMPERATURE = 1000. °F
STEAM TO CARBON MOLAR RATIO = 2.40
OXYGEN TO CARBON MOLAR RATIO = 0.28
OUTLET TEMPERATURE = 1750. °F
H2/CO = 4.40

OUTLET COMPOSITION:
H2 36.2844 MOL.%

co 8.2398 mMOL.%
Cco2 5.0602 mMOL.%
H20 35.0414 MOL.%
CH4 0.4807 mMOL.%
N2 14.6614 MOL.%
Calculator Block PH Hierarchy: NH4NO3
TARGET NEUTRALIZER PH = 1.500
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Conventional Gas-to-Ammonia Results

ACTUAL NEUTRALIZER PH = 1.499
Calculator Block RATIO Hierarchy: UREA

TARGET REACTOR NH3/CO02 RATIO = 2.950

ACTUAL REACTOR NH3/C02 RATIO = 2.951
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Nuclear Gas-to-Ammonia Results

Calculator Block SUMMARY
FEED SUMMARY :

NATURAL GAS PROPERTIES:

MASS FLOW = 1622.
VOLUME FLOW = 72.
HHV = 23063.
HHV = 1044.
ENERGY FLOW = 74818.
COMPOSITION:
METHANE = 9
ETHANE =
PROPANE =
BUTANE =
PENTANE =
HEXANE =
NITROGEN =
OXYGEN =
co2 =
C4H10S =
C2H6S =
H2S =
INTERMEDIATE PRODUCT SUMMARY:
RAW SYNGAS MASS FLOW = 941756.
RAW SYNGAS VOLUME FLOW = 538.
RAW SYNGAS COMPOSITION:
H2 35.
co 7
co2
N2 14.
AR
H20 35.
CH4
CLEANED SYNGAS MASS FLOW = 304786.
CLEANED SYNGAS VOLUME FLOW = 313.
CLEANED SYNGAS COMPOSITION:
H2 72
N2 24,
AR
CH4 2
co
co2
H20
AMMONIA MASS FLOW = 280012.
AMMONIA MASS FLOW = 3360.
AMMONIA PURITY = 99.
AMMONIA PRODUCED / NAT. GAS FED = 2
NITRIC ACID MASS FLOW = 432657.
NITRIC ACID MASS FLOW = 5192.
NITRIC ACID PURITY = 57.
HNO3 PRODUCED / NH3 FED =
FINAL PRODUCT SUMMARY:
AMMONIA MASS FLOW =
AMMONIA MASS FLOW =

5.
0.
1.

0.
.2 MOL.%
0.
0.
1.

1.

0.
0.
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RNNDPURAO

TON/DY

MMSCFD @ 60°F
BTU/LB

BTU/SCF @ 60°F
MMBTU/DY

.571 MOL.%
.749 MOL.%
.920 MOL.%
.260 MOL.%
.040 mOL.%
.010 mOL.%
.190 MOL.%
.010 mOL.%
.250 MOL.%

PPMV
PPMV
PPMV

LB/HR
MMSCFD @ 60°F

MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %

LB/HR
MMSCFD @ 60°F

.8 MOL.%

7 MOL.%
3 MOL.%

PPMV
PPMV
PPMV

LB/HR
TON/DY
99 MOL.%

.07 LB/LB

LB/HR
TON/DY
93 wT.%
55 LB/LB

LB/HR
TON/DY



Nuclear Gas-to-Ammonia Results

AMMONIA PURITY =

NITRIC ACID MASS FLOW
NITRIC ACID MASS FLOW
NITRIC ACID PURITY =

UREA MASS FLOW
UREA MASS FLOW
UREA PRODUCED / AMMONIA FED =
UREA PRODUCED / CO2 FED =

AMMONIUM NITRATE MASS FLOW
AMMONIUM NITRATE MASS FLOW =

NH4NO3 PRODUCED / NITRIC ACID FED =
NH4NO3 PRODUCED / AMMONIA FED =

STEAM EXPORT AVAILABLE:
SATURATED STEAM FLOW =
PRESSURE =

POWER SUMMARY :

ELECTRICAL GENERATORS:

STEAM TURBINE POWER GENERATION
GENERATOR SUBTOTAL =

ELECTRICAL CONSUMERS:
NG REFORMER POWER CONSUMPTION =
GAS CLEANING POWER CONSUMPTION
POWER BLOCK POWER CONSUMPTION =
CO2 PROCESSING POWER CONSUMPTION
AMMONIA SYNTH. POWER CONSUMPTION
UREA SYNTHESIS POWER CONSUMPTION
HNO3 SYNTHESIS POWER CONSUMPTION
NH4NO3 SYNTH. POWER CONSUMPTION =
COOLING TOWER POWER CONSUMPTION =
WATER TREATMENT POWER CONSUMPTION

CONSUMER SUBTOTAL =

NET PLANT POWER CONSUMPTION

WATER BALANCE:

EVAPORATIVE LOSSES:
COOLING TOWER EVAPORATION
ZLD SYSTEM EVAPORATION =
TOTAL EVAPORATIVE LOSSES =

WATER CONSUMED:
BOILER FEED WATER MAKEUP =
AMMONIA WASH WATER =
NITRIC ACID FEED WATER =
COOLING TOWER MAKEUP =
TOTAL WATER CONSUMED =

WATER GENERATED:
NG REFORMER BLOWDOWN =
UREA PRODUCTION BLOWDOWN =
NH4NO3 PRODUCTION BLOWDOWN =
COOLING TOWER BLOWDOWN =
TOTAL WATER GENERATED =

99.

0.
0.
57.

244897.
2939.
1.

1.

314918.
3779.
0.

4.

379864.
30.

31.
31.

19.

13.
46.

15.
24,

= 5.
138.

106.

3315.
340.
3656.

1732.

198.
3489.
5421.

592.
128.
370.
686.
1777.
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99 MOL.%

LB/HR
TON/DY
93 wT.%

LB/HR
TON/DY
74 LB/LB
34 LB/LB

LB/HR
TON/DY
73 LB/LB
69 LB/LB

LB/HR
PSTA

0 o
=
=

N OCOUVIORr PR WUILO
=
=

GPM
GPM
GPM

U100 00

GPM
GPM
GPM
GPM
GPM

QULVO O

GPM
GPM
GPM
GPM
GPM
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Nuclear Gas-to-Ammonia Results
PLANT WATER SUMMARY:
NET MAKEUP WATER REQUIRED = 3984.2 GPM
WATER CONSUMED / NG FED = 14.75 LB/LB

CO2 BALANCE:
CO2 INCORPORATED INTO UREA PRODUCT 2177 . TON/DY

CO2 INCORPORATED INTO UREA PRODUCT 38. MMSCFD @ 60°F
CO2 PURITY = 99.3 %

1786. TON/DY
31. MMSCFD @ 60°F

CO2 CAPTURED (SEQ. OR EOR)
CO02 CAPTURED (SEQ. OR EOR)

C02 PURITY = 99.3 %
CO02 EMITTED (TOTAL) = 430. TON/DY
C02 EMITTED (TOTAL) = 7. MMSCFD @ 60°F

FROM REFORMER = 403. TON/DY
FROM UREA VENTS = 28. TON/DY
CO2 EMITTED / NG FED = 0.27 LB/LB

NUCLEAR INTEGRATION REQUIREMENTS:
TOTAL ELECTRICITY DEMAND = 106.2 mMw

190.3 Mw
649.2 MMBTU/HR

1627010. LB/HR

TOTAL HEAT DEMAND
TOTAL HEAT DEMAND

HELIUM FLOWRATE REQUIRED

HELIUM FLOWRATE REQUIRED 205.00 KG/S
HELIUM SUPPLY TEMPERATURE = 1292. DEG. F.
HELIUM SUPPLY TEMPERATURE = 700. DEG. C.
HELIUM RETURN TEMPERATURE = 970. DEG. F.
HELIUM RETURN TEMPERATURE = 521. DEG. C.
Calculator Block AIRPROPS
HUMIDITY DATA FOR STREAM PRI-AIR:
HUMIDITY RATIO = 43.5 GRAINS/LB
RELATIVE HUMIDITY = 39.9 %
Calculator Block PH Hierarchy: NH4NO3
TARGET NEUTRALIZER PH = 1.500
ACTUAL NEUTRALIZER PH = 1.499

Calculator Block NG-RFMR Hierarchy: REFORMER
SULFUR REMOVAL CONDITIONS:
INLET BED TEMPERATURE = 662. °F

PRIMARY REFORMER CONDITIONS:

INLET TEMPERATURE = 1000. °F
STEAM TO CARBON MOLAR RATIO = 3.30
NATURAL GAS BURNED FOR HEAT = 0.00 %
OUTLET TEMPERATURE = 1400. °F
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Nuclear Gas-to-Ammonia

METHANE CONVERSION =

SECONDARY REFORMER CONDITIONS:

INLET GAS TEMPERATURE
INLET AIR TEMPERATURE

STEAM TO CARBON MOLAR RATIO

OXYGEN TO CARBON MOLAR RATIO

OUTLET TEMPERATURE =
H2/CO =

OUTLET COMPOSITION:
H2
(€0
Cco2
H20
CH4
N2

Calculator Block RATIO

TARGET REACTOR NH3/C02 RATIO
ACTUAL REACTOR NH3/C02 RATIO

Hierarchy:

UREA

2.950
2.953
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%

.6158
.4062
.4932
.7229
.1428
.3765

Results
45.6 9

MOL
MOL
MOL
MOL
MOL
MOL

%
%
%
%
%
%
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HTSE-to-Ammonia Results - Option 1

Calculator Block SUMMARY
FEED SUMMARY :
NATURAL GAS PROPERTIES:

MASS FLOW =
VOLUME FLOW =
HHV =

HHV =

ENERGY FLOW =

COMPOSITION:
METHANE =
ETHANE =
PROPANE =
BUTANE =
PENTANE =
HEXANE =
NITROGEN =
OXYGEN =
co2 =
C4H10S =
C2H6S =
H2S =

INTERMEDIATE PRODUCT SUMMARY:

RAW SYNGAS MASS FLOW =
RAW SYNGAS VOLUME FLOW =
RAW SYNGAS COMPOSITION:

H2

co

co2

N2

AR

H20

CH4

CLEANED SYNGAS MASS FLOW =
CLEANED SYNGAS VOLUME FLOW =
CLEANED SYNGAS COMPOSITION:

H2

N2

AR

CH4

co

co2

H20

AMMONIA MASS FLOW
AMMONIA MASS FLOW
AMMONIA PURITY =

NITRIC ACID MASS FLOW
NITRIC ACID MASS FLOW

NITRIC ACID PURITY =
HNO3 PRODUCED / NH3 FED =

FINAL PRODUCT SUMMARY:

AMMONIA MASS FLOW
AMMONIA MASS FLOW
AMMONIA PURITY =

811.

23063.
1044.
37405.

287339.
303.

74.
0.
0.

24.
0.
0.
0.

286569.
303.

74.
24,
0.
0.
0.
0.
0.

280019.
3360.
99.

432644 .
5192.
57.

1.
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TON/DY

MMSCFD @ 60°F
BTU/LB

BTU/SCF @ 60°F
MMBTU/DY

.571 MOL.%
.749 MOL.%
.920 MOL.%
.260 MOL.%
.040 mOL.%
.010 mOL.%
.190 MOL.%
.010 mOL.%
.250 MOL.%

PPMV
PPMV
PPMV

LB/HR
MMSCFD @ 60°F

MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %

ORPWWOOON

LB/HR
MMSCFD @ 60°F

8 MOL.%
9 MOL.%
3 MOL.%
0 moL.%
PPMV
PPMV
PPMV

LB/HR
TON/DY
99 MOL.%

LB/HR
TON/DY
93 wT.%
55 LB/LB

LB/HR
TON/DY

.99 MOL.%



HTSE-to-Ammonia Results -

NITRIC ACID MASS FLOW
NITRIC ACID MASS FLOW
NITRIC ACID PURITY =

UREA MASS FLOW
UREA MASS FLOW
UREA PRODUCED / AMMONIA FED =
UREA PRODUCED / CO2 FED =

AMMONIUM NITRATE MASS FLOW
AMMONIUM NITRATE MASS FLOW

0.
0.
57.

244883.

2939.
1.
1.

314908.

NH4NO3 PRODUCED / NITRIC ACID FED =

NH4NO3 PRODUCED / AMMONIA FED

POWER SUMMARY :

ELECTRICAL GENERATORS:

STEAM TURBINE POWER GENERATION =

GENERATOR SUBTOTAL =

ELECTRICAL CONSUMERS:

N2 GENERATION POWER CONSUMPTION =

HTE POWER CONSUMPTION =

POWER BLOCK POWER CONSUMPTION
CO2 PROCESSING POWER CONSUMPTION
AMMONIA SYNTH. POWER CONSUMPTION
UREA SYNTHESIS POWER CONSUMPTION
HNO3 SYNTHESIS POWER CONSUMPTION

NH4NO3 SYNTH. POWER CONSUMPTION =
COOLING TOWER POWER CONSUMPTION =
WATER TREATMENT POWER CONSUMPTION =

CONSUMER SUBTOTAL =

NET PLANT POWER CONSUMPTION

WATER BALANCE:

EVAPORATIVE LOSSES:
COOLING TOWER EVAPORATION
ZLD SYSTEM EVAPORATION =
TOTAL EVAPORATIVE LOSSES =

WATER CONSUMED:
BOILER FEED WATER MAKEUP =
NITRIC ACID FEED WATER =
COOLING TOWER MAKEUP =
HTE WATER REQUIREMENT =

AMMONIA WASH WATER REQUIREMENT =

TOTAL WATER CONSUMED =

WATER GENERATED:
CO2 COMPRESSION BLOWDOWN
UREA PRODUCTION BLOWDOWN
NH4NO3 PRODUCTION BLOWDOWN
COOLING TOWER BLOWDOWN =
H2 BURNER WATER BLOWDOWN =
TOTAL WATER GENERATED =

PLANT WATER SUMMARY :
NET MAKEUP WATER REQUIRED =
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3779.
0.
4.

159.
159.

18.
918.

39.

15.
24,

6.
1037.

878.

5595.
383.
5978.

915.
198.
5890.
1057.

8060.

288.
128.
370.
1158.
164.
2110.

6334.

Option 1

LB/HR
TON/DY
93 wT.%

LB/HR
TON/DY
74 LB/LB
33 LB/LB

LB/HR
TON/DY
73 LB/LB
69 LB/LB

R
=
=

0 OOVIORrBRAOORR®
=
=

GPM
GPM
GPM

U=

GPM
GPM
GPM
GPM
GPM
GPM

O 0OOO

GPM
GPM
GPM
GPM
GPM
GPM

ORFENON

0 GPM



HTSE-to-Ammonia Results - Option 1
CO2 BALANCE:

CO02 EMITTED (TOTAL)
C02 EMITTED (TOTAL)

11. TON/DY
0.2 MMSCFD @ 60°F

NUCLEAR INTEGRATION REQUIREMENTS:

TOTAL ELECTRICITY DEMAND = 878.8 Mw
FROM HTE = 918.1 mMw
FROM BALANCE OF PLANT = -39.3 Mw
HYDROGEN DEMAND = 715.1 TON/DY
PURITY = 99.9159 MOL.%
TOTAL OXYGEN PRODUCTION = 5636.8 TON/DY
FROM HTE = 5636.8 TON/DY
PURITY = 99.8910 MOL.%
PLANT 02 DEMAND = 3131.1 TON/DY
EXCESS 02 FOR SALE = 2505.7 TON/DY
TOPPING HEAT SUPPLIED = 50.4 MMBTU/HR
SUPPLY TEMPERATURE = 1874. °F
RETURN TEMPERATURE = 1825. °F
Calculator Block AIRPROPS
HUMIDITY DATA FOR STREAM PRI-AIR:
HUMIDITY RATIO = 43.5 GRAINS/LB
RELATIVE HUMIDITY = 39.9 %

Calculator Block REACTOR Hierarchy: AMMONIA

AMMONIA CATALYST BED SIZING CALCULATIONS
(BASED ON IRON CATALYST KINETICS):

REACTOR 1:
DIAMETER = 10.84 FT
LENGTH = 54.19 FT
VOLUME = 5000. FT3
REACTOR 2:
DIAMETER = 18.37 FT
LENGTH = 91.84 FT
VOLUME = 24333. FT3
REACTOR 3:
DIAMETER = 22.98 FT
LENGTH = 114.87 FT
VOLUME = 47630. FT3

TOTAL CATALYST REQUIRED = 76963. FT3

Calculator Block PH Hierarchy: NH4NO3
TARGET NEUTRALIZER PH = 1.500
ACTUAL NEUTRALIZER PH = 1.499
Calculator Block RATIO Hierarchy: UREA
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HTSE-to-Ammonia Results - Option 1

2.950
2.971

TARGET REACTOR NH3/C02 RATIO
ACTUAL REACTOR NH3/C02 RATIO
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HTSE-to-Ammonia Results - Option 2

Calculator Block SUMMARY
FEED SUMMARY :
NATURAL GAS PROPERTIES:

MASS FLOW =
VOLUME FLOW =
HHV =

HHV =

ENERGY FLOW =

COMPOSITION:
METHANE =
ETHANE =
PROPANE =
BUTANE =
PENTANE =
HEXANE =
NITROGEN =
OXYGEN =
co2 =
C4H10S =
C2H6S =
H2S =

INTERMEDIATE PRODUCT SUMMARY:

RAW SYNGAS MASS FLOW =
RAW SYNGAS VOLUME FLOW =
RAW SYNGAS COMPOSITION:

H2

co

co2

N2

AR

H20

CH4

CLEANED SYNGAS MASS FLOW =
CLEANED SYNGAS VOLUME FLOW =
CLEANED SYNGAS COMPOSITION:

H2

N2

AR

CH4

co

co2

H20

AMMONIA MASS FLOW
AMMONIA MASS FLOW
AMMONIA PURITY =

NITRIC ACID MASS FLOW
NITRIC ACID MASS FLOW

NITRIC ACID PURITY =
HNO3 PRODUCED / NH3 FED =

FINAL PRODUCT SUMMARY:

AMMONIA MASS FLOW
AMMONIA MASS FLOW
AMMONIA PURITY =

811.

23063.
1044.
37404.

283141.
302.

282763.
302.

75

279973.
3360.
100.

432633.
5192.
57.

1.

100.
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TON/DY

MMSCFD @ 60°F
BTU/LB

BTU/SCF @ 60°F
MMBTU/DY

.571 MOL.%
.749 MOL.%
.920 MOL.%
.260 MOL.%
.040 mOL.%
.010 mOL.%
.190 MOL.%
.010 mOL.%
.250 MOL.%

PPMV
PPMV
PPMV

LB/HR
MMSCFD @ 60°F

MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %
MOL . %

OROOO0OW

LB/HR
MMSCFD @ 60°F

.0 MOL.%
.0 mMOL.%
.0 MOL.%
.0 mMOL.%

PPMV
PPMV
PPMV

LB/HR
TON/DY
00 ™moL.%

LB/HR
TON/DY
93 wT.%
55 LB/LB

LB/HR
TON/DY
00 moL.%



HTSE-to-Ammonia Results -
NITRIC ACID MASS FLOW = 0.
NITRIC ACID MASS FLOW = 0.

NITRIC ACID PURITY = 57.
UREA MASS FLOW = 244876.
UREA MASS FLOW = 2939.
UREA PRODUCED / AMMONIA FED = 1.
UREA PRODUCED / CO2 FED = 1.
AMMONIUM NITRATE MASS FLOW = 314900.
AMMONIUM NITRATE MASS FLOW = 3779.
NH4NO3 PRODUCED / NITRIC ACID FED = 0.
NH4NO3 PRODUCED / AMMONIA FED = 4,

POWER SUMMARY :
ELECTRICAL GENERATORS:

STEAM TURBINE POWER GENERATION = 131.
GENERATOR SUBTOTAL = 131.
ELECTRICAL CONSUMERS:

ASU POWER CONSUMPTION = 23.

HTE POWER CONSUMPTION = 778.

POWER BLOCK POWER CONSUMPTION = 3.

CO2 PROCESSING POWER CONSUMPTION = 5.

AMMONIA SYNTH. POWER CONSUMPTION = 38.

UREA SYNTHESIS POWER CONSUMPTION = 4,

HNO3 SYNTHESIS POWER CONSUMPTION = 15.

NH4NO3 SYNTH. POWER CONSUMPTION = 24.

COOLING TOWER POWER CONSUMPTION = 2.

WATER TREATMENT POWER CONSUMPTION = 5.
CONSUMER SUBTOTAL = 900.
NET PLANT POWER CONSUMPTION = 769.

WATER BALANCE:
EVAPORATIVE LOSSES:

COOLING TOWER EVAPORATION = 5079.

ZLD SYSTEM EVAPORATION = 307.
TOTAL EVAPORATIVE LOSSES = 5386.
WATER CONSUMED:

BOILER FEED WATER MAKEUP = 645.

NITRIC ACID FEED WATER = 198.

COOLING TOWER MAKEUP = 5346.

HTE WATER REQUIREMENT = 896.

AMMONIA WASH WATER REQUIREMENT = 0.
TOTAL WATER CONSUMED = 7086.
WATER GENERATED:

CO2 COMPRESSION BLOWDOWN = 288.

UREA PRODUCTION BLOWDOWN = 128.

NH4NO3 PRODUCTION BLOWDOWN = 370.

COOLING TOWER BLOWDOWN = 1051.
TOTAL WATER GENERATED = 1839.
PLANT WATER SUMMARY :

NET MAKEUP WATER REQUIRED = 5554.
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LB/HR
TON/DY
93 wT.%

LB/HR
TON/DY
74 LB/LB
33 LB/LB

LB/HR
TON/DY
73 LB/LB
69 LB/LB
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=
=
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=
=

GPM
GPM
GPM
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GPM
GPM
GPM
GPM
GPM
GPM
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GPM
GPM
GPM
GPM
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CO2 BALANCE:

HTSE-to-Ammonia Results -

C02 EMITTED (TOTAL)
CO2 EMITTED (TOTAL)

NUCLEAR INTEGRATION REQUIREMENTS:

TOTAL ELECTRICITY DEMAND

FROM HTE

FROM BALANCE OF PLANT

HYDROGEN DEMAND =

PURITY =

TOTAL OXYGEN

FROM ASU
PURITY
FROM HTE
PURITY
PLANT 02

DEMAND =

EXCESS 02 FOR SALE

PRODUCTION

TOPPING HEAT SUPPLIED
SUPPLY TEMPERATURE
RETURN TEMPERATURE

Calculator Block AIRPROPS

HUMIDITY DATA FOR STREAM AIR-ASU:

HUMIDITY RATIO =
RELATIVE HUMIDITY =

Calculator Block PH

TARGET NEUTRALIZER PH
ACTUAL NEUTRALIZER PH

Calculator Block RATIO

TARGET REACTOR NH3/C02 RATIO
ACTUAL REACTOR NH3/C02 RATIO

1.500
1.499

Hierarchy: NH4NO3

Hierarchy: UREA

2.950
2.971
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.5 Mw

43.
39.
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TON/DY

.2 MMSCFD

5 Mw
1 Mw

.1 TON/DY
.9159 moL

.0 TON/DY
.6 TON/DY
.4556 mMOL
.5 TON/DY
.8910 moL
.0 TON/DY
.0 TON/DY

F
°F

@ 60°F

%

%
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INTEROFFICE MEMORANDUM ldoho Nationdl laboraiory\gg!b

Date: April 20, 2010

To: M. W. Patterson, Project Manager

From: B. W. Wallace, Cost Estimator W

Subject: NGNP Process Integration Estimates MA36-A through MA36-R

Per your request, Cost Estimating prepared cost estimates (Class 5) for the above-mentioned

subject. The total estimated costs (TEC) rounded to the nearest $10 million, including
contingency for these estimates are as follows:

MA36-A NGNP — Conventional Coal to Liquid ........ccovvvvereennenne. $5,060,000,000
MA36-B NGNP -~ Nuclear Coal to Liquid ......ccccovvrnrivirenrrenn, $16,540,000,000
MA36-C NGNP — Conventional Gas to Liquid.......cceceuerivvenreneenne. $1,920,000,000
MA36-D NGNP — Nuclear Gas to Liquid ....ocerieveeiccneisireceeeennn, $3,010,000,000
MA36-E NGNP — Conventional Coal to Synthetic Natural Gas......$1,920,000,000
MA36-F NGNP — Nuclear Coal to Synthetic Natural Gas............... $8,460,000,000
MA36-G NGNP — Conventional Coal to Methanol to Gas............. $5,940,000,000
MA36-H NGNP — Nuclear Coal to Methanol to Gas..................... $18,470,000,000
MA36-1 NGNP — Conventional Gas to Methanol to Gas................. $1,690,000,000
MA36-J NGNP — Nuclear Gas to Methanol to Gas......cceecvvevivvennnnnn $3,030,000,000
MA36-L NGNP - Conventional Coal to AmMMmonia .........veeeeeeeeennen. $2,150,000,000
MA36-M NGNP - Conventional Gas {0 AMmonia ........coeveerveneenne, $1,660,000,000
MA36-N NGNP — Nuclear Gas t0 AMMORIA co..vveeeeeereeeeerieeeesrereass $2,530,000,000
MA36-0O NGNP — HTSE Ammonia w/o ASU .......cooeeveeeeererarnenns $6,940,000,000
MA36-P NGNP — HTSE Ammonia w/ ASU ....oovoieeeeerrovvsereereeenn, $6,300,000,000
MA36-Q NGNP - Conventional Steam Assisted Gravity Drained..$1,060,000,000
MA36-R NGNP — Nuclear Steam Assisted Gravity Drained........... $2,720,000,000

Please note the following:

A. These estimates are intended for use as an input to economic analysis models that will be
used in a feasibility study. An allowance for contingency instead of management reserve has
been included in the estimates to align more closely with commercial practices and
terminology.

B. These estimates reflect the nth of a kind (NOAK) projects. Use of NOAK in these estimates
represented a condition where construction of both the integrated capability and the high
temperature gas reactor (HT'GR) is common place and represenis routine construction.

C. AH costs represent 2009 values, and construction costs are considered to be overnight costs.
Forward looking factors for escalation are not included in the estimates.

D. These cost estimates have been evaluated in the AACEI classification matrix as Class 5
estimates (ref. DOE G. 430.1-1X, Appendix J). The primary characteristic used in this
guideline to define the classification category is the degree of project definition at this time.

Page B-1




M. W. Patterson
April 20, 2010
Page 2

The intent of this classification is to assist in the interpretation of the quality and value of the
information available to prepare these cost estimates and the expected accuracy levels that
can be produced. Per AACEI, a Class 5 indicates the lowest amount of project information,
quality, and value with a graded approach to a Class 1, which indicates the highest amount of
project information, quality, and value.

In addition to multiple internal reviews performed with the appropriate project team technical
lead, an external review of the cost estimates has been performed by Washington Division
United Research Services (URS) Corporation. A meeting with URS and the Next-
Generation Nuclear Plant (NGNP) Process Integration team on April 7, 2010, allowed the
project team and this estimator to discuss, in detail, the perceived scope, basis of estimates,
assumptions, project risks, and the resources that make up this cost estimate. Comments
from this review have been incorporated into these estimates to reflect a project team
consensus of the documents.

It is intended that these estimates reflect commercial construction of the facilities addressed.
It is not intended, nor are there provisions included in the estimates that would make them
appropriate for construction at Idaho National Laboratory.

Refer to the cost estimating summary, detail, markup, and labor sheets with the cost breakdowns.
Also included for your use are the cost estimate recapitulation sheets describing the basis and
assumptions used in development of this estimate,

These estimates, the work, and the work breakdown structure are based on the information
perceived by this estimator as to the scope of work to be completed. Any changes to the
methodology used to prepare these estimates could have a significant effect on the cost estimates
and/or schedules and should be reviewed by me. If you have any questions or comments, do not
hesitate fo contact me at 526-5896 or e-mail Bruce. Wallace@inl.gov.

Attachments

CC

(electronic only)
A. M. Gandrik
R. R. Honsinger
V. C. Maio

J. B. Martin

M. G. McKellar
L. O. Nelson

R. A. Wood
Estimate Files MA36-A through MA36-J and MA36-L through MA36- J %\_,
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M. W. Patterson
April 20, 2010
Page 3

Uniform File Code: 8309
Disposition Authority: Al6-1.5-b
Retention Schedule: Cut off at the end of each fiscal year. Destroy 10 years after cutoff.

NOTE: Original disposition authority, retention schedule, and Uniform Filing Code applied by the sender may not
be appropriate for all recipients. Make adjustments as needed.
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Rev. 03-04-10
Battelle Energy Alliance, LLC

COST ESTIMATE SUPPORT DATA RECAPITULATION

Project Title: NGNP Process Integration — Conventional Coal to Ammonia
Estimator: B. W. Wallace/CEP, R. R. Honsinger/CEP, JI. B. Martin/CCT
Date: April 20, 2010

Estimate Type: Class 5

File: 36-L?)’~
Approved By: Page 1 of 7

\

L. PURPOSE: Brief description of the intent of how the estimate is to be used (i.e., for
engineering study, comparative analysis, request for funding, proposal, etc.).

It is expected that the capital costs identified in these estimates will be used in a model
producing an economic analysis for each specific integrated application and subsequently
will be considered in a related feasibility study.

1L, SCOPE OF WORK: Brief statement of the project’s objective. Thorough overview and
description of the proposed project. Identify work to be accomplished, as well as any
specific work to be excluded.

A. Objective:
Develop Class S estimates as defined by the Association for Advancement of Cost
Engineering (AACE;) that will identify the current capital cost associated with a
coal-to-ammonia process.

B. Included:
The scope of work required to achieve this objective includes the following:
1. Engineering
2. Construction of a new coal-to-ammonia refinery that consists of the following:

a. Air separation unit

b. Coal preparation

¢. Gasification process

d. Water gas shift reactors

e. Selexol process

f. Pressure swing adsorption

g. Methanation

h. Claus and SCOT processes

i. CO,compression

j.  Ammonia synthesis

k. Urea synthesis

l. Nitric acid synthesis

m. Ammonium nitrate synthesis

n. Steam turbines, internal to process

0. Heat recovery steam generator, internal to process
p. Cooling towers, internal to process

q. Allowances for Balance of Plant (BOP)/offsite/outside of battery limits

(OSBL), including the following:
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File:

COST ESTIMATE SUPPORT DATA RECAPITULATION

— Continued —

Project Title: NGNP Process Integration — Conventional Coal to Ammonia

MA36-L Page 2 of 7

I1I.

(1.) Site development/improvements

(2.) Provisions for general and administrative buildings and structures
(3.) Provisions for OSBL piping

(4.) Provisions for OSBL instrumentation and control

(5.) Provisions for OSBL electrical

(6.) Provisions for facility supply and OSBL water systems

(7.) Provisions for site development/improvements

(8.) Project/construction management.

C. Excluded:
This scope of work specifically excludes the following elements:
Licensing and permitting costs
Operational costs
Land costs
Sales taxes
Royalties
Owner’s fees and owner’s costs.

A

ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and
rough order magnitude (ROM) allocations of the methodologies used to develop the cost
estimate.

Consistent with the AACE:i Class 5 estimates, the level of definition and engineering
development available at the time they were prepared, their intended use in a feasibility
study, and the time and resources available for their completion, the costs included in this
estimate have been developed using parametric evaluations. These evaluations have used
publicly available and published project costs to represent similar islands utilized in this
project. Analysis and selection of the published costs used have been performed by the
project technical lead and Cost Estimating. Suitability for use in this effort was determined
considering the correctness and completeness of the data available, the manner in which
total capital costs were represented, the age of the previously performed work, and the
similarity to the capacity/trains required by this project. The specific sources, selected and
used in this cost estimate, are identified in the capital cost estimate detail sheets.
Adjustments have been made to these published costs using escalation factors identified in
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been
accomplished using the six-tenths capacity factoring method. Any normalization to provide
for geographic factors was considered using geographic factors available from RS Means
Construction Cost Data references. Cost-estimating relationships have been used to
identify allowances to complete the costs.

BOP/OSBL costs were determined by the project team, considering data provided by Shell

Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second
Edition by John S. Page, and additional adjusted sources. Because the allowances
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identified did not show significant variability, the allowances identified in the NETL 2000
report were chosen for this effort in order to minimize the mixing of data sources.
IV.  BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and

schedules.

A.

Quantification Basis: The source for the measurable quantities in the estimate that

can be used in support of earned value management. Source documents may include
drawings, design reports, engineers’ notes, and other documentation upon which the
estimate is originated.

All islands and capacities have been provided to Cost Estimating by the respective
project expert.

Planning Basis: The source for the execution and strategies of the work that can be
used to support the project execution plan, acquisition strategy, schedules, and
market conditions and other documentation upon which the estimate is originated.

All islands represent nth of a kind projects.

Projects will be constructed and operated by commercial entities.

All projects will be located in the U.S. Gulf Coast refinery region.

Costs are presented as overnight costs.

The cost estimate does not consider or address funding or labor resource
restrictions. Sufficient funding and labor resources will be available in a manner

that allows optimum usage of the funding and resources as estimated and
scheduled.

M

Cost Basis: The source for the costing on the estimate that can be used in support of
earned value management, funding profiles, and schedule of values. Sources may
include published costing references, judgment, actual costs, preliminary quotes or
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking
escalation and inflation factors are not included in this estimate.

2. Where required, published cost factors, as identified in the Chemical
Engineering Plant Cost Index, will be applied to previous years’ values to
determine current year values.

3. Geographic location factors, as identified in RS Means Construction Cost Data
reference manual, were considered for each source cost.

4.  Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL,
July 2008.

5. AACEi, Recommended Practices, website, visited November 16, 2009,
http://www.aacei.org/technical/rp.shtml.

6. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine
Thermochemical Hydrogen Cycle,” General Atomics, February 2003.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost
Index,” November 2009: 64.

Choti, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996.
Dooley, I., et al, Carbon Dioxide Capture and Geologic Storage, Battelle,
April 2006.

Douglas, Fred R., et al., Conduction Technical and Economic Evaluations — as
Applied for the Process and Utility Industries, AACEi, April 1991.
FLUOR/UQP, 2004, Mak, John Y., et al., Synthesis Gas Purification in
Gasification to Ammonia/Urea Complex, FLUOR/UQOP, 2004.

Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL,
June 2002.

Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004.
Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008.
Harvego, E. A., et al., Economic Analysis of the Reference Design for a
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008.

Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL
September 2004.

Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006.

Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002.

Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and
Biomass,” 25" Annual International Pittsburgh Coal Conference, Pittsburgh,
Princeton University, October 2008.

Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169,
NETL, 2002.

NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000.

NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007.

NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for
Fossil Energy Plants, NETL, August 2007.

NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer
Capital Cost Study, NREL, December 2008.

O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen
and Syngas Production from Nuclear Energy — System Simulation and
Economics, INL, May 2009.

O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via
High-Temperature Co-Electrolysis, INL, January 2009.
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27. Page, John S., Conceptual Cost Estimating Manual — 2" ed., Houston: Gulf
Publishing Company, 1996.

28. Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as
Applied in Architecture, Engineering, Procurement, and Construction, AACEi,
October 2006.

29. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid
Electrolysis, NREL, May 2008.

30. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central
Grid Electrolysis, NREL, May 2008.

31. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009,
http://www.costdataonline.com/.

32. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature
Electrolysis Using Solid Oxide Cells, INL, March 2008.

33. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE,
2005.

34. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into
valuable SNG, Haldor Topsoe, April 2008.

35. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US
Industry, Shell, October 2004.

36. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU

Capacity Using Oxygen, WorleyParsons, May 2002.

V. ESTIMATE QUALITY ASSURANCE: 4 listing of all estimate reviews that have taken

place and the actions taken from those reviews.

A review of the cost estimate was held on January 14, 2010, with the project team and the
cost estimators. This review allowed for the project team to review and comment, in detail,
on the perceived scope, basis of estimates, assumptions, project risks, and resources that
make up this cost estimate. Comments from this review have been incorporated into this
estimate to reflect a project team consensus of this document.

VL ASSUMPTIONS: Condition statements accepted or supposed true without proof of

demonstration; statements adding clarification to scope. An assumption has a direct
impact on total estimated cost.

General Assumptions:

A.  All costs are represented in 2009 values.

B.  Costs that were included from sources representing years prior to 2009 have been
normalized to 2009 values using the Chemical Engineering Plant Cost Index. This
index was selected due to its widespread recognition and acceptance and its specific
orientation toward work associated with chemical and refinery plants.

C.  Capital costs are based on process islands. The majority of these islands are
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet.

D.  All chemical processing and refinery processes will be located in the U.S. Gulf
Coast region.
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VIL

E. All costs considered to be balance of plant costs that can be specifically identified

have been factored out of the reported source data and added into the estimate in a
manner consistent with that identified in the NETL 2000 IGCC Base Cost report.
Inclusion of the source costs in this manner normalizes all reported cost information
to the bare-erected costs.

Coal to Ammonia

A.  The air separation unit for this process requires an increase in oxygen output purity
from 95 to 99.5%. A factor, based on INL simulations, of 1.36"0.6 was applied to
the sources, which assumed 95% oxygen purity.

B.  The NETL 2000 report lists the quench compressor separately from the gasification
unit. The NETL 2007b report includes the cost of the quench compressor with the
cost of the gasification unit. The costs were normalized to include both the quench
compressor and gasification unit.

C.  The WorleyParsons 2002 report includes engineering costs in the costs presented.
Information from this report was factored by 0.9 to normalize the data by excluding
the engineering allowance.

CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall
contingency. ldentify any specific drivers or items of concern.

At a project risk review on December 9, 2009, the project team discussed risks to the
project. An 18% allowance for capital construction contingency has been included at an
island level based on the discussion and is included in the summary sheet. The contingency
level that was included in the island cost source documents and additional threats and
opportunities identified here were considered during this review. The contingency
identified was considered by the project team and included in Cost and Performance
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports. Typically,
contingency allowance provided in these reports ranged from 15% to 20%. Since much of
the data contained in this estimate has been derived from these reports, the project team
has also chosen a level of contingency consistent with them.

A. Threats: Uncertain events that are potentially negative or reduce the probability
that the desired outcome will happen.

1. The level of project definition/development that was available at the time the
estimate was prepared represents a substantial risk to the project and is likely to
occur. The high level at which elements were considered and included has the
potential to include additional elements that are within the work scope but not
sufficiently provided for or addressed at this level.

2. The estimate methodology employed is one of a stochastic parametrically
evaluated process. This process used publicly available published costs that
were related to the process required, costs were normalized using price indices,
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VIIIL.

and the cost was scaled to provide the required capacity. The cost-estimating
relationships that were used represent typical costs for balance of plant
allowances, but source cost data from which the initial island costs were derived
were not completely descriptive of the elements included, not included, or
simply referred to with different nomenclature or combined with other elements.
While every effort has been made to correctly normalize and factor the costs for
use in this effort, the risk exists that not all of these were correctly captured due
to the varied information available.

3. This project is heavily dependent on metals, concrete, petroleum, and petroleum
products. Competition for these commodities in today’s environment due to
global expansion, uncertainty, and product shortages affect the basic concepts of
the supply and demand theories, thus increasing costs.

4. Impacts due to large quantities of materials, special alloy materials, fabrication
capability, and labor availability could all represent conditions that may increase
the total cost of the project.

B.  Opportunities: Uncertain events that could improve the results or improve the
probability that the desired outcome will happen.

1. Additional research and work performed with both vendors and potential
owner/operators for a specific process or refinery may identify efficiencies and
production means that have not been available for use in this analysis.

2. Recent historical data may identify and include technological advancements and
efficiencies not included or reflected in the publicly available source data used
in this effort.

Note: Contingency does not increase the overall accuracy of the estimate; it does, however,
reduce the level of risk associated with the estimate. Contingency is intended to cover the
inadequacies in the complete project scope definition, estimating methods, and estimating
data. Contingency specifically excludes changes in project scope, unexpected work
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or
currency fluctuations.

OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:

None.
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L PURPOSE: Brief description of the intent of how the estimate is to be used (i.e., for
engineering study, comparative analysis, request for funding, proposal, etc.).

It is expected that the capital costs identified in these estimates will be used in a model
producing an economic analysis for each specific integrated application and subsequently
will be considered in a related feasibility study.

IL. SCOPE OF WORK: Brief statement of the project’s objective. Thorough overview and
description of the proposed project. Identify work to be accomplished, as well as any
specific work to be excluded.

A.  Objective:
Develop Class 5 estimates as defined by the Association for Advancement of Cost

Engineering (AACE:I) that will identify the current capital cost associated with a
gas-to-ammonia process.

B. Included:
The scope of work required to achieve this objective includes the following:
1. Engineering
2. Construction of a new gas-to-ammonia refinery that consists of the following:
a. Steam methane reformer
Water gas shift reactors
Selexol process
Methanation
CO; compression
Ammonia synthesis
Urea synthesis
Nitric acid synthesis
Ammonium nitrate synthesis
Steam turbines, internal to process
Heat recovery steam generator, internal to process
Cooling towers, internal to process
. Allowances for Balance of Plant (BOP)/offsite/outside of battery limits
(OSBL), including the following:
(1.) Site development/improvements
(2.) Provisions for general and administrative buildings and structures
(3.) Provisions for OSBL piping
(4.) Provisions for OSBL instrumentation and control

3 TARTITER S 20
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(5.) Provisions for OSBL electrical

(6.) Provisions for facility supply and OSBL water systems
(7.) Provisions for site development/improvements

(8.) Project/construction management.

C. Excluded:
This scope of work specifically excludes the following elements:

1. Licensing and permitting costs
2. Operational costs

3. Land costs

4. Sales taxes

5. Royalties

6.

Owner’s fees and owner’s costs.

I11. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and
rough order magnitude (ROM) allocations of the methodologies used to develop the cost
estimate.

Consistent with the AACE:i Class 5 estimates, the level of definition and engineering
development available at the time they were prepared, their intended use in a feasibility
study, and the time and resources available for their completion, the costs included in this
estimate have been developed using parametric evaluations. These evaluations have used
publicly available and published project costs to represent similar islands utilized in this
project. Analysis and selection of the published costs used have been performed by the
project technical lead and Cost Estimating. Suitability for use in this effort was determined
considering the correctness and completeness of the data available, the manner in which
total capital costs were represented, the age of the previously performed work, and the
similarity to the capacity/trains required by this project. The specific sources, selected and
used in this cost estimate, are identified in the capital cost estimate detail sheets.
Adjustments have been made to these published costs using escalation factors identified in
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been
accomplished using the six-tenths capacity factoring method. Any normalization to provide
for geographic factors was considered using geographic factors available from RS Means
Construction Cost Data references. Cost-estimating relationships have been used to
identify allowances to complete the costs.

BOP/OSBL costs were determined by the project team, considering data provided by Shell
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second
Edition by John S. Page, and additional adjusted sources. Because the allowances
identified did not show significant variability, the allowances identified in the NETL 2000
report were chosen for this effort in order to minimize the mixing of data sources.
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IV.  BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and

schedules.

A.

Quantification Basis: The source for the measurable quantities in the estimate that

can be used in support of earned value management. Source documents may include
drawings, design reports, engineers’ notes, and other documentation upon which the
estimate is originated.

All islands and capacities have been provided to Cost Estimating by the respective
project expert.

Planning Basis: The source for the execution and strategies of the work that can be
used to support the project execution plan, acquisition strategy, schedules, and
market conditions and other documentation upon which the estimate is originated.

All islands represent nth of a kind projects.

Projects will be constructed and operated by commercial entities.

All projects will be located in the U.S. Gulf Coast refinery region.

Costs are presented as overnight costs.

The cost estimate does not consider or address funding or labor resource
restrictions. Sufficient funding and labor resources will be available in a manner
that allows optimum usage of the funding and resources as estimated and
scheduled.

Nk W=

Cost Basis: The source for the costing on the estimate that can be used in support of
earned value management, funding profiles, and schedule of values. Sources may
include published costing references, judgment, actual costs, preliminary quotes or
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking
escalation and inflation factors are not included in this estimate.

2. Where required, published cost factors, as identified in the Chemical
Engineering Plant Cost Index, will be applied to previous years’ values to
determine current year values.

3. Geographic location factors, as identified in RS Means Construction Cost Data
reference manual, were considered for each source cost.

4.  Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL,
July 2008.

5. AACEi, Recommended Practices, website, visited November 16, 2009,
http://www.aacei.org/technical/rp.shtml.

6. Brown, L. C., et al., “Alternative Flowsheets for the Sulfur-Iodine
Thermochemical Hydrogen Cycle,” General Atomics, February 2003.

7.  CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost
Index,” November 2009: 64.

8. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dooley, I., et al, Carbon Dioxide Capture and Geologic Storage, Battelle,
April 2006.

Douglas, Fred R., et al., Conduction Technical and Economic Evaluations — as
Applied for the Process and Utility Industries, AACEi, April 1991.
FLUOR/UQP, 2004, Mak, John Y., et al., Synthesis Gas Purification in
Gasification to Ammonia/Urea Complex, FLUOR/UOP, 2004.

Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL,
June 2002.

Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004.
Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008.
Harvego, E. A., et al., Economic Analysis of the Reference Design for a
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008.

Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL
September 2004.

Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006.

Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002.

Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and
Biomass,” 25" Annual International Pittsburgh Coal Conference, Pittsburgh,
Princeton University, October 2008.

Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169,
NETL, 2002.

NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000.

NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007.

NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for
Fossil Energy Plants, NETL, August 2007.

NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer
Capital Cost Study, NREL, December 2008.

O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen
and Syngas Production from Nuclear Energy — System Simulation and
Economics, INL, May 2009.

O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via
High-Temperature Co-Electrolysis, INL, January 2009.

Page, John S., Conceptual Cost Estimating Manual — 2™ ed., Houston: Gulf
Publishing Company, 1996.
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28. Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as
Applied in Architecture, Engineering, Procurement, and Construction, AACEi,
October 2006.
29. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid
Electrolysis, NREL, May 2008.
30. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central
Grid Electrolysis, NREL, May 2008.
31. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009,
http://www.costdataonline.com/.
32. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature
Electrolysis Using Solid Oxide Cells, INL, March 2008.
33. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE,
2005.
34. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into
valuable SNG, Haldor Topsoe, April 2008.
35. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US
Industry, Shell, October 2004.
36. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU
Capacity Using Oxygen, WorleyParsons, May 2002.
V. ESTIMATE QUALITY ASSURANCE: 4 listing of all estimate reviews that have taken

VL

place and the actions taken from those reviews.

A review of the cost estimate was held on January 14, 2010, with the project team and the
cost estimators. This review allowed for the project team to review and comment, in detail,
on the perceived scope, basis of estimates, assumptions, project risks, and resources that
make up this cost estimate. Comments from this review have been incorporated into this
estimate to reflect a project team consensus of this document.

ASSUMPTIONS: Condition statements accepted or supposed true without proof of

demonstration; statements adding clarification to scope. An assumption has a direct
impact on total estimated cost.

General Assumptions:

A.
B.

All costs are represented in 2009 values.

Costs that were included from sources representing years prior to 2009 have been
normalized to 2009 values using the Chemical Engineering Plant Cost Index. This
index was selected due to its widespread recognition and acceptance and its specific
orientation toward work associated with chemical and refinery plants.

Capital costs are based on process islands. The majority of these islands are
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet.
All chemical processing and refinery processes will be located in the U.S. Gulf
Coast region.

All costs considered to be balance of plant costs that can be specifically identified
have been factored out of the reported source data and added into the estimate in a
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VIL

manner consistent with that identified in the NETL 2000 IGCC Base Cost report.
Inclusion of the source costs in this manner normalizes all reported cost information
to the bare-erected costs.

Gas to Ammonia

The NREL 2006 report presented the steam methane reformer cost with the cost of the
water gas shift reactors. This cost was normalized to exclude the cost of the water gas shift
reactors.

CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall
contingency. ldentify any specific drivers or items of concern.

At a project risk review on December 9, 2009, the project team discussed risks to the
project. An 18% allowance for capital construction contingency has been included at an
island level based on the discussion and is included in the summary sheet. The contingency
level that was included in the island cost source documents and additional threats and
opportunities identified here were considered during this review. The contingency
identified was considered by the project team and included in Cost and Performance
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports. Typically,
contingency allowance provided in these reports ranged from 15% to 20%. Since much of
the data contained in this estimate has been derived from these reports, the project team
has also chosen a level of contingency consistent with them.

A.  Threats: Uncertain events that are potentially negative or reduce the probability
that the desired outcome will happen.

1. The level of project definition/development that was available at the time the
estimate was prepared represents a substantial risk to the project and is likely to
occur. The high level at which elements were considered and included has the
potential to include additional elements that are within the work scope but not
sufficiently provided for or addressed at this level.

2. The estimate methodology employed is one of a stochastic parametrically
evaluated process. This process used publicly available published costs that
were related to the process required, costs were normalized using price indices,
and the cost was scaled to provide the required capacity. The cost-estimating
relationships that were used represent typical costs for balance of plant
allowances, but source cost data from which the initial island costs were derived
were not completely descriptive of the elements included, not included, or
simply referred to with different nomenclature or combined with other elements.
While every effort has been made to correctly normalize and factor the costs for
use in this effort, the risk exists that not all of these were correctly captured due
to the varied information available.
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This project is heavily dependent on metals, concrete, petroleum, and petroleum
products. Competition for these commodities in today’s environment due to
global expansion, uncertainty, and product shortages affect the basic concepts of
the supply and demand theories, thus increasing costs.

Impacts due to large quantities of materials, special alloy materials, fabrication
capability, and labor availability could all represent conditions that may increase
the total cost of the project.

B.  Opportunities: Uncertain events that could improve the results or improve the

probability that the desired outcome will happen.

1.

Additional research and work performed with both vendors and potential
owner/operators for a specific process or refinery may identify efficiencies and
production means that have not been available for use in this analysis.

Recent historical data may identify and include technological advancements and
efficiencies not included or reflected in the publicly available source data used
in this effort.

Note: Contingency does not increase the overall accuracy of the estimate; it does, however,
reduce the level of risk associated with the estimate. Contingency is intended to cover the
inadequacies in the complete project scope definition, estimating methods, and estimating
data. Contingency specifically excludes changes in project scope, unexpected work
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or
currency fluctuations.

VIIIL. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:

None.
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!

I.  PURPOSE: Brief description of the intent of how the estimate is to be used (i.e., for
engineering study, comparative analysis, request for funding, proposal, elc.).

It is expected that the capital costs identified in these estimates will be used in a model
producing an economic analysis for each specific integrated application and subsequently
will be considered in a related feasibility study.

11, SCOPE OF WORK: Brief statement of the project’s objective. Thorough overview and

description of the proposed project. Identify work to be accomplished, as well as any
specific work to be excluded.

A. Objective:
Develop Class 5 estimates as defined by the Association for Advancement of Cost
Engineering (AACEI) that will identify the current capital cost associated with
high-temperature gas reactors (HTGRs) integrated with a gas-to-ammonia process.

B. Included:
The scope of work required to achieve this objective includes the following:

L.
2.

Engineering

The allowance provided for the HTGR represents a complete and operable
system. All elements required for construction of this nuclear reactor capability,
including an initial steam generator, security systems, contingency, and owner’s
costs are included in the turn-key allowance. Owner’s costs are included only
in the case of the reactor capability. It is considered that the total value
represents all inside of battery limits (ISBL) elements, outside of battery limits
(OSBL) elements, site development, and all ancillary control and operational
functions and capabilities.

Construction of a new integrated refinery capability to produce ammonia from
natural gas that consists of the following:

Ammonia synthesis
Urea synthesis
Nitric acid synthesis

a. Overnight island-type costs for HTGRs
b. Steam methane reformer

c. Water gas shift reactors

d. Selexol process

e. Methanation

f. CO,compression

g.

h.

ot
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j.  Ammonium nitrate synthesis
k. Steam turbines, internal to process
1. Heat recovery steam generator, internal to process
m. Cooling towers, internal to process
n. Allowances for Balance of Plant (BOP)/offsite/OSBL, including the
following:
(1.) Site development/improvements
(2.) Provisions for general and administrative buildings and structures
(3.) Provisions for OSBL piping
(4.) Provisions for OSBL instrumentation and control
(5.) Provisions for OSBL electrical
(6.) Provisions for facility supply and OSBL water systems
(7.) Provisions for site development/improvements
(8.) Project/construction management.
C. Excluded:
This scope of work specifically excludes the following elements:
1. Licensing and permitting costs
2. Operational costs
3. Land costs
4. Sales taxes
5. Royalties
6. Owner’s fees and owner’s costs, except those included for the HTGR
7. The allowance provided for the HTGR capability excludes all costs associated
with materials development, or costs that would not be appropriately associated
with an nth of a kind (NOAK) reactor/facility.
I11. ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate

was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and
rough order magnitude (ROM) allocations of the methodologies used to develop the cost
estimate.

Consistent with the AACE:i Class 5 estimates, the level of definition and engineering
development available at the time they were prepared, their intended use in a feasibility
study, and the time and resources available for their completion, the costs included in this
estimate have been developed using parametric evaluations. These evaluations have used
publicly available and published project costs to represent similar islands utilized in this
project. Analysis and selection of the published costs used have been performed by the
project technical lead and Cost Estimating. Suitability for use in this effort was determined
considering the correctness and completeness of the data available, the manner in which
total capital costs were represented, the age of the previously performed work, and the
similarity to the capacity/trains required by this project. The specific sources, selected and
used in this cost estimate, are identified in the capital cost estimate detail sheets.
Adjustments have been made to these published costs using escalation factors identified in
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been
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IV.

accomplished using the six-tenths capacity factoring method. Costs included for the HTGR
and power cycles have been identified and provided by the respective BEA subject matter
experts. The total cost for each of these items has been linearly calculated from the
respective base unit costs. Any normalization to provide for geographic factors was
considered using geographic factors available from RS Means Construction Cost Data
references. Cost-estimating relationships have been used to identify allowances to
complete the costs.

It was identified to the Next Generation Nuclear Plant (NGNP) Process Integration team
that the methodology employed by NGNP to develop the nuclear capability included
constituents of parametric modeling, vendor quotes, actual costs, and proprietary costing
databases. These preconceptual design estimates were reviewed by NGNP Project
Engineering for credibility with regard to assumptions and bases of estimate and
performed multiple studies to reconcile variations in the scope and assumptions within the
three estimates.

BOP/OSBL costs were determined by the project team, considering data provided by Shell
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second
Edition by John S. Page, and additional adjusted sources. Because the allowances
identified did not show significant variability, the allowances identified in the NETL 2000
report were chosen for this effort in order to minimize the mixing of data sources.

BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and
schedules.

A.  Quantification Basis: The source for the measurable quantities in the estimate that
can be used in support of earned value management. Source documents may include
drawings, design reports, engineers’ notes, and other documentation upon which the
estimate is originated.

All islands and capacities have been provided to Cost Estimating by the respective
project expert.

B.  Planning Basis: The source for the execution and strategies of the work that can be
used to support the project execution plan, acquisition strategy, schedules, and
market conditions and other documentation upon which the estimate is originated.

1. Allislands and HTGRs represent NOAK projects.
. Projects will be constructed and operated by commercial entities.
3. All projects, with the exception of the Steam-Assisted Gravity Drainage Project,
will be located in the U.S. Gulf Coast refinery region.
4. Costs are presented as overnight costs.
The cost estimate does not consider or address funding or labor resource
restrictions. Sufficient funding and labor resources will be available in a manner

that allows optimum usage of the funding and resources as estimated and
scheduled.

W
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Cost Basis: The source for the costing on the estimate that can be used in support of
earned value management, funding profiles, and schedule of values. Sources may
include published costing references, judgment, actual costs, preliminary quotes or
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking
escalation and inflation factors are not included in this estimate.

2. Where required, published cost factors, as identified in the Chemical
Engineering Plant Cost Index, will be applied to previous years’ values to
determine current year values.

3. Geographic location factors, as identified in RS Means Construction Cost Data
reference manual, were considered for each source cost.

4. The cost provided for the HTGR reflects internal BEA cost data that was
developed for the HTGR and presented to the NGNP Process Integration team
by L. Demmick. Considered in the cost is a pre-conceptual cost estimate
prepared by three separate contractor teams. All contractor teams proposed
4-unit NOAK plants with thermal power levels between 2,000 MW, and 2,400
MW, at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to
$2,000 per kW,. For the purposes of this report, the nominal cost of an HTGR
will be set at the upper end of this range, $2,000 per kW;. This is a complete
turnkey cost and includes engineering and construction of a NOAK HTGR, the
power cycle, and contingency. The total HTGR cost for each process is
calculated linearly as $1,708,333 per MWth of required capacity, excluding the
cost of the power cycles.

5. The cost included for the power cycle was provided by the INL project team
expert. The power cycle cost is based on the definition of a 240-MWe capacity
and $618,176 per MWe. The total power cycle cost for each process is
calculated linearly as $618,176 per MWe of required capacity. BOP,
engineering, and contingency costs are added to the base cost.

6. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL,
July 2008.

7. AACEi, Recommended Practices, website, visited November 16, 2009,
http://www.aacei.org/technical/rp.shtml.

8. Brown, L. C,, et al., “Alternative Flowsheets for the Sulfur-Iodine
Thermochemical Hydrogen Cycle,” General Atomics, February 2003.

9. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost
Index,” November 2009: 64.

10. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996.

11. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle,
April 2006.

12. Douglas, Fred R., et al., Conduction Technical and Economic Evaluations — as
Applied for the Process and Utility Industries, AACEi, April 1991.

13. FLUOR/UOP, 2004, Mak, John Y., et al., Synthesis Gas Purification in
Gasification to Ammonia/Urea Complex, FLUOR/UQOP, 2004.
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Harvego, E. A., et al., Economic Analysis of the Reference Design for a
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008.

Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL
September 2004.

Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006.

Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002.

Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and
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Princeton University, October 2008.

Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169,
NETL, 2002.

NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000.

NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007.

NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for
Fossil Energy Plants, NETL, August 2007.

NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer
Capital Cost Study, NREL, December 2008.

O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen
and Syngas Production from Nuclear Energy — System Simulation and
Economics, INL, May 2009.

O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via
High-Temperature Co-Electrolysis, INL, January 2009.

Page, John S., Conceptual Cost Estimating Manual — 2™ ed., Houston: Gulf
Publishing Company, 1996.

Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as
Applied in Architecture, Engineering, Procurement, and Construction, AACEi,
October 2006.

Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid
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33. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009,
http://www.costdataonline.com/.

34. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature
Electrolysis Using Solid Oxide Cells, INL, March 2008.

35. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE,
2005.

36. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into
valuable SNG, Haldor Topsoe, April 2008.

37. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US
Industry, Shell, October 2004.

38. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU
Capacity Using Oxygen, WorleyParsons, May 2002.

ESTIMATE QUALITY ASSURANCE: 4 listing of all estimate reviews that have taken
place and the actions taken from those reviews.

A review of the cost estimate was held on January 14, 2010, with the project team and the
cost estimators. This review allowed for the project team to review and comment, in detail,
on the perceived scope, basis of estimates, assumptions, project risks, and resources that
make up this cost estimate. Comments from this review have been incorporated into this
estimate to reflect a project team consensus of this document.

ASSUMPTIONS: Condition statements accepted or supposed true without proof of
demonstration; statements adding clarification to scope. An assumption has a direct
impact on total estimated cost.

General Assumptions:

A.  All costs are represented in 2009 values.

B. Costs that were included from sources representing years prior to 2009 have been
normalized to 2009 values using the Chemical Engineering Plant Cost Index. This
index was selected due to its widespread recognition and acceptance and its specific
orientation toward work associated with chemical and refinery plants.

C. Capital costs are based on process islands. The majority of these islands are
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet.

D.  All chemical processing and refinery processes will be located in the U.S. Gulf
Coast region.

E. All costs considered to be BOP costs that can be specifically identified have been
factored out of the reported source data and added into the estimate in a manner
consistent with that identified in the NETL 2000 IGCC Base Cost report. Inclusion
of the source costs in this manner normalizes all reported cost information to the
bare-erected costs.

HTGR:
A.  The linearly scalable cost included for an HTGR reflects an NOAK reactor with a
750°C-operating temperature.
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B. HTGR is considered to be linearly scalable, by required capacity, per the direction of
the project team. This allows the process integration feasibility studies to showcase
the financial analysis of the process without the added burden of integer quantity
600-MWth HTGRs.

C. The allowance represents a turnkey condition for the reactor and its supporting
infrastructure.

D. A high-temperature, high-pressure steam generator is included in the cost
represented for HTGR.

E. A contingency allowance is included in the HTGR cost, but is not identified as a
separate line item in this estimate. This allowance was identified and included by the
NGNP HTGR project team.

F.  Total cost range, including contingency, for HTGR is -50%, +100%.

G.  Cost included for the power cycle reflects NOAK research and manufacturing
developments to allow for assumed high pressures and temperatures.

H.  The power cycle is considered to be linearly scalable, by required capacity, per the
direction of the project team. This allows the process integration feasibility studies to
showcase the financial analysis of the process.

Gas to Ammonia

The NREL 2006 report presented the steam methane reformer cost with the cost of the

water gas shift reactors. This cost was normalized to exclude the cost of the water gas shift

reactors.
VIL CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall
contingency. ldentify any specific drivers or items of concern.

At a project risk review on December 9, 2009, the project team discussed risks to the
project. An 18% allowance for capital construction contingency has been included at an
island level based on the discussion and is included in the summary sheet. The contingency
level that was included in the island cost source documents and additional threats and
opportunities identified here were considered during this review. The contingency
identified was considered by the project team and included in Cost and Performance
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports. Typically,
contingency allowance provided in these reports ranged from 15% to 20%. Since much of
the data contained in this estimate has been derived from these reports, the project team
has also chosen a level of contingency consistent with them.

While the level of contingency provided for the HTGR capability is not identified as a line
item, the cost data provided to the NGNP Process Integration team was identified as
including an appropriate allocation for contingency. No additional contingency has been
added to this element.
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A.  Threats: Uncertain events that are potentially negative or reduce the probability

that the desired outcome will happen.

1.

The singularly largest threat to this estimate surrounds the lump sum cost
included for the HTGR reactor(s). While the overriding assumption is that the
HTGR will be NOAK, currently, a complete HTGR has not been
commissioned.

The level of project definition/development that was available at the time the
estimate was prepared represents a substantial risk to the project and is likely to
occur. The high level at which elements were considered and included has the
potential to include additional elements that are within the work scope but not
sufficiently provided for or addressed at this level.

The estimate methodology employed is one of a stochastic parametrically
evaluated process. This process used publicly available published costs that
were related to the process required, costs were normalized using price indices,
and the cost was scaled to provide the required capacity. The cost-estimating
relationships that were used represent typical costs for BOP allowances, but
source cost data from which the initial island costs were derived were not
completely descriptive of the elements included, not included, or simply
referred to with different nomenclature or combined with other elements. While
every effort has been made to correctly normalize and factor the costs for use in
this effort, the risk exists that not all of these were correctly captured due to the
varied information available.

This project is heavily dependent on metals, concrete, petroleum, and petroleum
products. Competition for these commodities in today’s environment due to
global expansion, uncertainty, and product shortages affect the basic concepts of
the supply and demand theories, thus increasing costs.

Impacts due to large quantities of materials, special alloy materials, fabrication
capability, and labor availability could all represent conditions that may increase
the total cost of the project.

Opportunities: Uncertain events that could improve the results or improve the

probability that the desired outcome will happen.

1.

Additional research and work performed with both vendors and potential
owner/operators for a specific process or refinery may identify efficiencies and
production means that have not been available for use in this analysis.

Recent historical data may identify and include technological advancements and
efficiencies not included or reflected in the publicly available source data used
in this effort.

Note: Contingency does not increase the overall accuracy of the estimate; it does, however,
reduce the level of risk associated with the estimate. Contingency is intended to cover the
inadequacies in the complete project scope definition, estimating methods, and estimating
data. Contingency specifically excludes changes in project scope, unexpected work
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stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or
currency fluctuations.

VIIIL. OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:

None.

Page B-59




1 4o | abed

0lLoz/ociy

"s9|9A0 Jemod Jo }S00 8y} apnjoxa 0} UYWIN Jod €€€°80. L$ O} paoNnpal usaq sey pasn 3sod siy] “palinbas YA 41od 000°000°2$ S! “Foiweq " Ag papiroid se ‘Jojoeas
HOLH Ue J0 100 8yl °1S00 Aexuiny 830|dwoo e syuasaidal 1soo Siy| “wes) uonelbsjul ss8001d JNON NI @Y 0} yolwa(q 7 Madxe Jejew jos(gns pajoesuoogns ayy Aq papiaoid usaq sey 3800 siy] “julod }s0o 82inos a|bulg

:SOJON 9jewysy Jo siseg

€€€'€19'89/ £€€'€19'89/ 30IN0S PaJO3I9S Y} SNid Jueld Jo dduejed [ejo]
- - jue|d Jo @duejeq [ejo |
- _ %000 SWa)sAS |eouyos|g
- . %000 UOI}ejUBWINJISU| PUE |0J)U0D
- - %000 Buidig
- . %000 sBuip|ing/[einionis/|Iag
- . %000 SWa)sAS Jajep
}SOJ |ejoL ulel] 1ad 1s0)

3S0Q |ejol JO %

uonduosag

1jue|d Jo @duejeg

uiuepy “r ‘4ebuisuoy -y ‘ede|leM ‘g
uosiaped ‘W

:Ag paiedaid

Jually

(Y9 LH) 1010e8Y Seo ainjesadwa] YBiH - poday way |iejag

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

€€€'€19'89/ ¢ |eee’cl9'89L  $ y | 0S¥ €€€'80L°L $ | e€€'80L'L $ [ €ee'80L'L $ | 6002 UIMIN 3 (6002 TINI) E¥EQ 180D [eUIBIU] NI
IMIN
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| [2d3D ulel] 194 3s0) | 1so09 papoday Jea) sulel] Ayoedeny 92inog
paiinbay 10} wouy ures) sad 1ad Ayoeden sulea] fyoeden Buisn urei) 1ad | seap Bunuoday 1s0) | papoday pauoday
1S09 jJuaung [ejo) | 3S0D paiojoey 1509 pazijewioN uoday
H L BETEINERITTI
€€€'€19'89/ ¢ [eee’cl9'89L  $ y [0Sy €€€'80L°L $ | e€€'80L°L $ [ €ee'80L'L $ | 6002 UIMIA 3 (6002 INI) EYEQ 150D [ewaju] NI
IMIN
sulel] 10D pazijewioN uled) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] Ayoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2unog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

:ssad0id
:aweN j09foid

Page B-60



¥l 4o g abed

0lLoz/ociy

"9]0A0 Jamod aupjuey 8y} 10} }S00 papiodal ay) Ul papnjoul dJe SeoUEMO|le JOg SWa)SAS [B0L}08]9 pue Jaje ) '1S00 8joAd Jamod aupjuey ayj ul
apnjoul ale jey} sbulp|ing ay} 4o} sjunodoe ddueMo|je sBUIp|INg/|eInNjoNLIS/|IAID paonpal ay | ‘juswbpnl Jojewrsa uo paseq josfoid sy} 1o} paziwolsno pue pajsnipe usag aney saouemolie ay] ‘966 abed se yons ‘sapinb Bunewjss|

paysiignd [euopippe 0} a|qeledwod ale sanjeA 8dUeMo|e 8say] "000Z T.LIN U0 paseq aJe ,Jue|d JO aoueleg, Jopun pajsi| seouemole ay] "Hadxa wea) joafoid NI 83 Aq 108(oid siy} Joj paziwoisno pue pajsnipe usaq sey
yoIym ‘q200z T.LIN Ul punoy UoljewIoul Uo paseq sl }sod 8y “Jojesauab wea)s ay) Buipnjoxa ‘900 Jamod aupjuey e syuasaldal }soo pajodal ay| "Hadxe wes) joafoid IN| 8y} wouy ae s}sod papodal 8yl °}s02 82inos 9|bulg

:S9JON 9jewysy Jo siseg

uiuepy “r ‘4abuisuoy -y ‘ede|leM ‘g
uosiaped ‘W

:Ag paiedaid

Jually

ase) Od [eonaladng ‘L) ase) - 8]9A9 aupjuey - poday way| 1eyag

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

98€'¥96'06 98€'¥96'06 304N0g PaJodIdg 8y} sNid jueld 4O souejeq [ejol
- - Jue|d Jo aduejeg [e}o
- _ %000 SWa)sAS |eo}os|g
- - %00°0 uofjejuswnsu| pue [01uo)
Z - %00°0 Buidid
- - %00°0 sbulp|ing/[einonig/IIALD
- . %000 SWa)sAS Jajep
1S0) |ejoL ulel] Jad }so) 150 |e}o] JO %, uonduasaq
jue|d jo aduejeg
98€'796'06 $ | 98€'¥96'06 $ [emn 901 3 aMIN 901 GGz'zoe'8yl ¢ [SSceoe’syl  $|GSz'eoe'syl  $ | 6002 3 OMIN ove (6002 TINI) EYeQ 150D [EUIBU] NI
sulel] 1509 pazijewioN ures] ‘pbay palinbay Xapu| |2d3D ulel] 194 3s0) | 3s09 papoday Jea) sulel] Ayoedeny ERIES
paiinbay 10} wouy ues) sad 1ad Ayoeden sulea] fyoeden Buisn ures)] 194 | sea) Bunuodey 1s0) | payoday payuoday
1S09 Juaung [ejo) | 3S0D pasojoey 1509 pazijewioN uoday
:Alewwng
98€'796'06 $ | 98€'¥96'06 $ [oMIN 901 3 SMIN 901 GGz'zoe'8yl ¢ [SSceoe’syl  $|GSz'eoe8yl  $ | 6002 3 SMIN ove (6002 INI) EYEQ 180D [ewaju] NI
sulel] 10D pazijewioN uled) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
palinbay Joj wouy ures] sad 1ad Ayoeden suled] Ayoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
30D jJuaung [ejo) | 3S0D pasojoey 150D pazijewioN Joday
:palapisuo) sa2unog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

:ssad0id
:aweN j09foid

Page B-61



1 Jo ¢ abed

0lLoz/ociy

"s10j0e81 YIys Seb Jojem ay} JO }S00 By} 8pN[OXa 0} dnjeA pajussaid AjjeuiBLo 8y} woly pajeds Sem }s00 900Z TIHN 8yl ‘Buiwioyes seb [esnjeu 1oy Juiod SO0 B SB palspIsuod aq Aew Siy} Jey} os [[80 sules
paJinbaJ 10} 300 JUBLIND [e}0} B} W) PajoegNns Sem ‘Lodal SIU} Ul paje|noed se ‘Sisayjuis [oueyjow 1oy }s00 abeIaAe 8y "SHUN SISBYIUAS [ouByloW pue Jawiojel SeB [einjeu sy yjoq sepnjoul 900z uoelodiod [|opuuad :8joN

'066 obed se yons ‘sapinb bunewnsa paysiignd [euonippe 0} 8|qesedwod aie SanjeA 8d0UBMO|[e sayl 0002

L3N Uo paseq ale Jue|d JO douElegq, Jopun pajsi| seouemo|je ay] 'sseooid Bulwiojel sueylSW WES)S [BUOIPEI} PUB SS800.d [eWIBYIOINE Ue USaMIS] S0UBIBHIP BU} JOj JUNOJOE 0} %8| AQ peasealoul usaq eAey Hodal uosyiiey
1 ul pajussaid s)s0) "8njeA 000Z UoBYIABY BY} UM SInouod julod }s00 900z uonelodiod [lapuuad pajsnipe ay] "sseoold papusiul 8y} o} Jejiwis jsow ABojouyos) yim ‘Juiod }S00 Jusodal JSOW By} SE Pajosjes SEm 000Z Uoayikey

1U01}93|ag 10} deuoney

L€G'ELP'S0L 10G'€€€'68 92IN0g PdJO3|8g 3Yj Snid jue|d Jo dduejeq |ejoL

112'9¥1'9¢ 60.'999'c2 jue|d Jo dduejeq |ejoL

SYE'e62'9 £YE'eee’s %00'8 swa)sAg [eou}o8|]
1€€'6¥0'C 1£€'€eL’) %09'C UolBjUBWINIISU| PUE [0JU0D
7€'685'G zre'eel'y %01L°L Buidig
1ye'1€2 L SYe'eEL’9 %026 sBuip|ing/[eanonig/IiAD
7€'685'G Zre'eel'y %0L"L SWwajsAs Jejem

1509 [BjoL ule1] Jad 3500 1500 [B301 40 %, uonduoasaq

‘jueld Jo asuejeg

¥18°999'8/ $ | 262'999'99 $|ado | 2L 3 ado| ¢L £0S'€GS'€0L  $ | 000°000°62 $ [ 000°000'62 $| 6661 3 ado oSl (0002 uosyiey) yosloid
SN SININ SWIN uoisieAu0D spinbi o} se9 [ednjeN
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| |2d3D ulel] 194 3s0) | 3s09 papoday Jeap sulel] Ayoedeny 92inog
paiinbay 104 wouy utes] sad 1ad Ayoeden sulea] fyoeden Buisn urea)] 194 | seap Bunuoday 1s0) | payoday pauoday
1S09 jJuaung [ejo) | 3s0D pasojoey 1509 pazijewioN Joday

O BETEINERITTI]

0€9'vYL'LLL $ | GlezLG's8 $|ado | 9¢ 4 ado| ¢L 0lz'866'9zc ¢ [98S'L6€'GLL  $|985L6E'SLL  $ | 20OZ 3 addo €8l (9002 T34N) Hodoy 13N
SN SN SN

0€1°098'28L $ [ G90°0EV'L6 $ | pdi [692'L 4 pdy | 8eg'e zie'gze'zel  $ [ 000°GL0'v8 $ [oo0'05L'89L ¢ | Ss86l 4 pdy 00 (900z uoneiodiod

llI9MUUBd) SaL}SNpU| SS8201d 8}

ul 8s( SEO |eJNjeN JO SOIWOoU0dT pue

ABojouyoa] ay] anjep g abesn seo

6v0°ZlL'ST $ | 6v0°CLL'ST $|ad0 |22 3 aso|es 181°€8G'0€ $ [ 000°008'c2 $ [ 000°008'CZ $| 9661 3 addo 00} 9661 10UD) Hoday se9 [einjeN TLIN
SN SN SN

718°999'8/ $ | 262'999'99 $|(ado |2z 3 asof ez £0S'€GS'€0L  $ | 000°000°62 $ [ 000°000°62 $| 6661 3 a4o oSl (000z uoayihey) josloid

SN SN SN uoIsIaAuo) spinbi o) se9 [eineN

sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea)] 1ad 3so0) | 31s09 payodey FCEYN sulel] Ayoeden 92inog
palinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S09 jJuaung [ejo) | 3S0D patojoey 150D pazijewioN Joday

:palapisuo) sa2unog

G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

unepy r ‘JabuisuoH "y ‘eoejlep 'g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d

uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

Bulwuoyay aueyjaly - Hoday way Jieyaq

Page B-62



1 4o ¢ abed

0lLoz/ociy

'9661 bed se yons ‘sapinb Bunewnsa paysiignd [euo

pe 0} 8|qesedwod aie SenjeA soueMo|je 88y "000Z TLIN UO paseq ale Jueld Jo soueleq, Jopun
8)si| seouemolie 8y -308foid sy} 1oy pauinbai Yiys seb Jajem sy} 0} uoROUNy pUE UBISEP Ul JEILIS JSOW BU} 8q O} PAISPISUOD SI}| "PES| [E21UYDS) BU} JO BSIAPE B} UO Paseq asn 10y pejosjes usaq sey (y00z Aelo) Hodey usboipAH

1U01J93|ag 10} deuoney

zezeelor zez'eel'or 301N0g PLjOd|9g Y} SN|d Jueld JO dduejeq |ejo |

892'081°01 892'081°0L Jue|d JO doueleq [ejo |

16€'G6£'C 1GE'S6E'C %00'8 swa)sAg [eouoe|g
16¥'8L2 167’8 %09'C UoljBjUBWINISU| pUE [0JU0D
6.8'Gel'C 6/8'Gel'c %0L°L Buidig
199'vG.'C 199'¥6.'C %026 sBuip|ing/[eanonig/iAD
6/8'G21'C 6/8'G21'C %01 SweIsAg Jejep

}S0Q |ejoL uiel] J1dd }sod 1509 [ejo] Jo %, uonduasag

‘jue|d jo aosuejeg

¥96°L¥6'6C $ | ¥96°Lv6'6C $ 1y[ €60'6S 3 Ju/[ €60°'6S 185°016'9C $ [ 000'000°'€2 $ [ 000°000°€2 $ | ¥00Z 3 4 32414 (¥00z Ae19) Hoday uaboipAH

/lowq| lowq /lowq|
sulel] 10D pazijewoN ulea) ‘pbay paJinbay xapu| |2d3D ulel) 1ad }so0) | 1s0) papodey FCENN sulea] Ayoeden 92inog
pasinbay 1o} wouy ujes) sad 1ad Ayoeden sulea] Ayoeden Buisn ujei] Jad | Jeaj Buipoday 1s0) | pauoday pauoday
1S09 jJualng [ejo) | 3S0D paiojoey }S0D pazijewloN poday

:pa}929|ag 924nog

962°180°S $ | 962°180°S $ Y| 9GL°Lv6 3 Jy/ql| 962°Lv6 /8v'891°€ $ 1 052'160°€ $ [ 000°29¢CL $ | 9002 14 Juy/al | 09v'vLLL (a200z 113N) @1mded

/lowq| 20D Yiim jue|d Jamod D9l IIBYS

¥96°L¥6°6C $ | ¥96°Lv6'6C $ 1y[ €60°6S 3 1y/| €60°6S 185°01G'92 $ [ 000°000°€2 $ [ 000°000°€Z $ | ¥00Z 3 iy £ve'8y (¥00z Ae19) Hodey usbolpAH
/lowq| lowq| /lowq|

- $ |- s A - 3 e - 690°09%°} L $ [ 000°092°LL $ [ 000°092°LL $| 2002 3 A ZrL'99 (8002 Zina1y|) Hoday U0}
ep/NL p/NL ep/nL
NN A AN

sulel] 10D pazijewJoN uled) ‘pbay paJinbay xapu| |2d3D ulel) 19d 3s0) | 1s09 papodey FCENN sulel] Ayoeden 92inog
paiinbay 1o} wouy ujes) sad 1ad Ayoeden sulea] Ayoeden Buisn utes] Jad | Jeaj Bunuoday 1s09 | pauoday pauoday
1S0D jJuaung [ejo) | 3S0D pasojoed 150D pazijewoN Joday

:palapisuo) sa2unog

G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewysy

unJepy r ‘JabuisuoH "y ‘ede|lep ‘g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d

uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

10}089Y PIYS SED J9JeM - Hoday way 1e1ea

Page B-63



1 Jo G abed

0lLoz/ociy

‘09661 9bed se yons ‘sapinb Bunewnss paysiignd [euonippe 0} a|qesedwod aie sanjea

souemol|e 8say] 000z TLIN UO paseq ale jue|d Jo soueleq, Jopun pajsi| seouemojie 8y "uies} Jad Ayoedes paiinbai ayy Jejwis si Ayoedes papodal sy} esnesaq ‘Juiod }s00 Jusdal JSOW 8y} Se pajas|es Sem $00Z dON/on|4

1U01J93]ag 10} deuoney

092'c€8'9r 09z'ee8'or 30IN0G PaJOd|9G 8Yj SNid jueld 4O dduejeq [ejoL

990'€88° || 990°'€88°L L Jue|d Jo doueleq [ejo |

G10'96.°C G10'96.'C %00'8 swa)sAg [eoujo8|]
50,806 50,806 %09'C UoljBjUBWINISU| pUE [0JU0D
YOy 18¥'C o' 18¥'C %0L°L Buidig
8ly'sie'e 8L¥'sle'e %026 sBuip|ing/[eanonig/ A
¥’ 18¥'C o' 18¥'C %01/ swa)sAg Jerep|

}S0Q |ejoL uiel] J1dd }sod 1509 [ejo] Jo %, uonduasag

‘jJue|d jo aosuejeg

¥61°0S6°v€ $ | ¥61°0S6'v€ $| 1wy |zeeew 3 ) | zeeey LLL'LLL'6T $ [ 000°298'cZ $ [ 000°298cZ $| €00z 3 4 9zZ'Le (¥00Z donyon|d) poday dJon/1oni4
/lowq| owq| /lowq|
sulel] 10D pazijewoN ulea) ‘pbay paJinbay xapu| |2d3D ulel) 19d 3s0) | 31s09 papodey FCEYN sulel] Ayoeden 92inog
paiinbay Joj woJj ujea] sad 1ad Ayoeden sulel] Ayoeden Buisn ujes] 1ad | Jeap Bunuoday 1s09 | papoday payoday
1S09 jJuaung [ejo) | 3S0D paisojoey 350D pazijewloN Joday
O EETEINER I T T
€EV'GL9'9C $ | eev'sLo'oe $ [ udy |osL 3 ydy | 051 196'0SY'CY $ [ 000'008'CE $ [ 000'008°CE $ | 200z 3 ydy 12¢€ (€002 esa1y)) uonejussald
uaboipAH jo uononpoid-0)
¥61°056'v€ $ | ¥61°056'vE $ | Ju |zeeer 3 vy | zeeey [YTIN:4 $ [ 000'298'ce $ [ 000°298'ce $ | €002 3 1y 9zZ'Le (¥00z don/on|d) Hoday don/ioni4
/lowq| owq /lowq|
sulel] 10D pazijewioN uea) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2Inog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy
unepy r ‘JabuisuoH "y ‘ede|lep ‘g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d
uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

[ox3jag - Hoday way| |rejeq

Page B-64



1 4o g abed

0lLoz/ociy

yons ‘sapinB Bunewnsa paysiignd [euonippe o} 8|qesedwod e sanjeA doueMo|je 8say] "000Z TLIN UO paseq ale jue|d Jo douejegq, Jopun pajsi| SeoueMo|je ay ] "pes| [eoluyos) Josfoid ayy Aq payiuapl }s0o pue|s] 82Inos a|buls

‘9661 abed

:uo13o9|ag 10} dleuoney

uiuepy “r ‘4abuisuoy -y ‘ede|lem ‘g
uosiaped ‘W

:Ag paiedaid

Jually

uoneueyla - Hoday way [rejaq

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

8€€'815'6 8€€'815'6 304N0g PajodIdg 3y} sNid jueld 40 souejeq [ejoL
L0L'SL¥'e L0L'GLv'e jue|d jo sduejeg [ejoL
652895 652°89S %008 SWa)sAg [eou}os|3
¥89'v81 ¥89'v81 %092 UONBjUBWINISU| PUE [0J3U0D
0€€'¥0S 0€€'¥0S %012 Buidid
86¥'€59 861'€59 %026 sbulp|ing/[einonig/IIALD
0€€'¥0S 0€€'¥0S %012 swasAg Jajepy
109 |ejo | ulel] iad }so) }S0J [e}ol JO %
jue|d jo aduejeg
LET'E0L'L $ [ 2€2°€0L'L $ | pdy [09g'e I pd; | 09g‘c Y€8'CEY'E $ | 000°29%°L $ [ 000°29¥%°L $| 8.6l I pdy | 000°L (8,61 30Q@) Hoday 34 300
_ _ _
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| |2d3D ulel) 1ad 3s0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wioJj ujea] sad 1ad Ayoeden suled] Ayoeden Buisn ujes] 1ad | Jeap Bunuoday 1s09 | papoday payoday
1S09 jJuaung [ejo) | 3S0D pasojoeq 150D pazijewioN Joday
:pa}99|9g 924n0g
LET'E0L'L $ [ 2€2°€0L°L $ | pdi |o09g'e 3 pdi | 09g'e Y€8'ZEV'E $ | 000°29%°L $ [ 000°29¥%°L $| 8.6l 3 pdy 000'L (8261 30@) Hoday 34 304
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2unog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

:ssad0id
:aweN j09foid

Page B-65



vl Jo 2 obed 0lLoz/ociy

‘9661 9bed se yons ‘sapinb Bunewnsa paysiignd jeuonippe o0} a|geledwod
Je SanjeA 9oUeMO|le S8y "000Z T.LIN UO paseq ale jue|d Jo soueleq, Japun pajsi| seouemo|ie 8y Buipeay uoissaidwo) OO dU} Japun papnjoul aiam s)sod ssaoo.d [eonuosadns pue [eanuogns yjog ‘julod 3s00 821nos a|buls
1u0I}99]9S 10} 9jeuoney
620°225'C1 620'LeS'el 30JN0gG PaJoOdIdg 3y} sNid jueld 4O douejeq [ejoL
005'82L'€ 005'8.L'e jue|d jo souejeg [ejoL
288'L¥. 288'Ly. %00'8 swa)sAg [eouyos|q
290'eve 290'€ve %092 uofjejuswiniisu| pue |ojuod
912'€99 9¥.'€99 %012 Buidid
590'098 G90'098 %026 sbulp|ing/[einionig/IIALY
9¥.L'€99 9¥.'€99 %012 swajsAg Jajep
150 |ejo L ulel] Jad }so) 150 |e}o] JO %, uonduosaqg
jue|d jo aduejeg
625'8VE'6 $ | 625'81E'6 $ | | S9SS800.d [e2))10JadNg pue [ed)LogNS PauUIGIOD (8002 ZiNauy
_ _ _
suled] 1S0D pazijewloN uled} ‘pbay paiinbay xapu| 943D ulel] 1ad 3s0) | 1so) pajpoday Jea ) suled] fyoeden 22Inog
palinbay Joj wouy ures) sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jeap Bunuoday 1s09 | papoday payoday
1S0D jJuaung [ejo) | 3S0D pasojoey 150D pazijewioN Joday
:pa}99|9g 924n0g
£76'929'C $ [ ev6'929'C $IMN |2 l M| 2 861'2/2'6 $ ] 000'025'6 $ [ 000°02S'6 $ | 2002 l MIN €l (8002 Zyna1y|) poday U0}l
|eonuosadng
G8G'129'9 $ [985°129'9 ${MA [LL l M| L 190'6¥1'9 $ | oo0'0le'9 $ [000'0LE'D $ | 2002 l MIN ol (8002 Zynauy|) poday U0}l
1e211OgNg
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2Inog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy
unepy r ‘JabuisuoH "y ‘ede|lep ‘g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d
uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

uoissaidwo) o9 - Hoday way 1eyeg

Page B-66



1 Jo g abed

0lLoz/ociy

‘0661 9bed se yons ‘sepinb Buewnse paysignd [euonippe 0} s|qeJedwod aie senjeA 80UBMOJE 8S8Y] "000Z TLIN UO POSEq SIE Jue|d JO 8ouejeg, Joapun pajsi| SSOUBMO|[e 8] "S|Ge[IEAB UOEWIOUI
Jua0a. Jsow oy} Buisn jo eouepodwi ay) Buiziseydwa gooz PUe £00Z Usemiaq saold Ul aseaoul %0G¢ A|YBnos e smoys uofjewlojul Uogediwe)s oy ‘Hadxe wes) joaloid ay} Ag pepusLodal Se Pajos|es SEM }S0D [eQI9A BY |

1U01J93|ag 10} deuoney

uiuep 'r ‘4ebuisuoy -y ‘ede|lem ‘g
uosiaped ‘W

:Ag paiedaid

Jually

sisayjuAg eluowwy - Joday way |1eyeq

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

718°091°262 201'08G'8vL 304N0g P8josIag 8y} snid jueid 4O souejeq [ejo L
210'66€'S. 905°669°'2E jue|d jo aduejeg |ejo |
Yy6 0V LL 2.1'0/8'8 %008 swajsAg [eoujoa|3
108'G9.'S €06'288°C %09 uojjejuswniisu| pue |ouoy
880'GY.'S1 Y¥S'TL8'L %012 buidig
980°20%°0C £¥0°L0Z'0L %026 SBuIp|ing/|einjoniS/IIALD
880'GY.'S1L Y¥S'TL8'L %012 swajsAg Jajep
150) |ejo] ulei] 1ad 3so) 1509 |ejo] Jo %, uonduosag
jue|d Jo aduejeg
108°192° 22 $ 11060880k, $ | pdy [ 089°L 4 pdy | 09g'e 000°000't¥ $ ] 000°000‘v¥ $ | 000°000‘v¥ $| 6002 3 pdy | 09¢ 5002 QIS - JOPUSA
_ _ _
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| |2d30 ulel] 194 3s0) | 3s09 papoday Jea) sulel] Ayoedeny 92inog
paiinbay 10} wouy ues] sad 1ad Ayoeden sulea] fyoeden Buisn urea)] 194 | teap Bunuoday 1s0) | payoday pauoday
1S09 jJuaung [ejo) | }S0D pasojoey 1509 pazijewioN uoday
H O BETEINERITTI
926'0S.'vey $ [eov'ssecic ¢ | pdi |089'L 4 pdy | 09g'e ¥26'02€'0Lg  $ [ 000°000°09L  $ | 000°000°09L  $ [ 866l l pdy €59'L 866 ‘Ss)sAg wayg ‘eluowwy
615°9€5°/88 $ [o9z'gos'ery ¢ | pdi [089'L 4 pdy | 09e'e 86965622 $ [ 000°000°008 $ | 000°000°008 $ | 800Z 3 pdy 162'Y 600 UoJe\ ‘wnisodwAg
94 Jse3 9IppIIN ‘Uogiediwels
165°260°61C $ [9/z'9vs'60L ¢ | pdi [089'L 4 pdi | 09g’e ¥06°€¥Z 08 $ [ 000'8¥2'0G $ [ 000'8¥2'0S $| 1/6L 3 pdy 000°L (2161 [210) UoEDYISED
[B0D BIUOWWY SOILWIOU0D]
108°19.°ee $|1o6'088°0LL ¢ | pdi |089'L 4 pd) | 09e'e 000°000t¥ $ [ 000°000'v¥ $ [ 000°000'¥¥ $ | 6002 3 pdy 09¢ 6002 [EGIBA - JIOPUBA
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2unog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

:ssad0id
:aweN j09foid

Page B-67



1 40 6 obed

0lLoz/ociy

‘9661 9bed se yons ‘sapinb Bunewnss paysiignd jeuonippe 0} a|qesedwod aie sanjeA 8doUEMO|e 8sayl "000Z TLIN UO paseq ale jue|d Jo aoueleq, Japun pajsl| SSOUEMO|[e 8y "S|ge|leAe Uofjeuiojul

juadal Jsow 8y} Buisn jo souepodw ay) Buiziseydws gooz PUe £00Z UsaMIa] Seold Ul 8sealoul %0Ge AlYBnol B Smoys UOHBWIOoMI UogJedlwe)sS 8y Hadxe wea) josfoid ay) Aq pepuswiwossl e pajos|es Sem S0 [BGISA 8y |

1U01J93|ag 10} deuoney

610°2v€'882 610°,v€'882 304N0g P8josIag 8y} snid jue|d 4O souejeq [ejo L
9.9°291°¢.L 9/9°291'¢.L jue|d jo aduejeg |ejo|
Lvl'yie'LL Lvl'viT'LL %008 swajsAg [eoujoa|3
€6.'765'S €6.76S'S %09°C uojjejuswniisu| pue |ouoy
880'8.2'S1 880'8/2'SL %012 buidig
656'96.'61 656'962'61 %026 sBulp|ing/[eanonig/iAD
880'8.2'S1 880'8/2'SL %012 swajsAg Jajep
150) |ejo] ulei] 1ad 3so) 1509 |ej0] Jo %, uonduosag
jue|d Jo aduejeg
Zre'v8l'sie $ [zve'v8L'sic $ | pdy | 6£6°C 3 pd; | 6€6°2 000°000°S8 $ ] 000°000°G8 $ | 000°000°G8 $| 6002 3 pdy | Sz9 5002 QIS - JOPUSA
_ _ _
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| |2d3D ulel] 194 3s0) | 3s09 papoday Jea) sulel] Aoedeny 92inog
paiinbay 10} wouj ues] sad 1ad Ayoeden sulea] fyoeden Buisn urea) 194 | sea) Bunuoday 1s0) | payoday pauoday
1S09 jJuaung [ejo) | 3S0D pasojoey 1509 pazijewioN uoday
H O BETEINERITTI
GL1'8/6'SLY $[sLL'es6'sLy  $ | pdi | 6€6°C 3 pdy | 6£6'C 265°2/6'S€S  $ [ 000°000°06S  $ | 000°000°0SS  $ | 8002 3 pdy z85'c 6002 Yol ‘wnisodwAg
94 JseJ SIppPIN ‘Uogiediwels
12L'€59'L€EL $|1eres9’zeL  $ | pdy | 6€6'C l pd) | 6€6'2 000000281 $ [000°000'28L  $|000°00028L $ [ 6002 l pdy 189 INNd
61.,'88€°19 $ | 6L288€°19 $ | pdi [6E6C 3 pd) | 6€6° zsloveL $ [ 000°008°8 $ [ 000°008°8 $| v66L 3 pdy 002 P3 UL MoogpueH
Buussuibug [eoiway) s,Ausd
Zre'v8l'sie $ |eve'vel'sic  $ | pdi | 6€6'C 3 pd) | 6€6'2 000°000°S8 $ [ 000°000°'G8 $ [ 00000068 $ | 6002 3 pdy 929 6002 [EGIBA - JIOPUBA
sulel] 10D pazijewioN ulea) ‘pbay palinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2unog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy
unJepy r ‘4abuisuoH "y ‘ede|lep g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d
uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

sisayjuikg eau - pJoday way |ieyeq

Page B-68



1 40 0| obed

0lLoz/ociy

‘9661 obed se yons ‘sepinb Buiewnse paysiiqnd [euonippe o} d|qeledwod sl senjeA 8ouBMO|e 8saY] ‘000z T.LIN UO paseq ale Jue|d Jo soueleq, Jopun pajsi| SBOUBMO||e 8] "B|qelISap SSa|

UaAa )i Bupjew ‘sneyawiwi] pue sis}ed Woj ejep Jalles uo paseq sl yooqpueH Buusauibug [eoiway) s,Allad Wolj elep ay] "dAIBAISSUOD JSOW ay} pue juiod 300 Jsamau 8y} yjoq Bulaq Joj pajoajas sem [enuely Jazijikiad ay |

:uo1309|ag 10} dleuoney

6v.'691°¢/C G29'19¢'sy 30IN0G PaJOdI9g dYj SNid jueld 4O dduejeq [ejo L

966'250'69 999'60S'L L jue|d Jo dduejeg |ejoL

0v6'8¥2'9l 161'80L' %00'8 swa)sAg [eouyo8|]
906'082'G 161088 %09'2 UOIBJUBWINIISU| PUE [0JU0D
$€6'02h' vl 687'€0¥'C %0L "L Buidig
182'989'81 08€'rLL'e %026 sBuip|ing/leanonis/iaD
€602y 7L 68Y7'€0¥'C %01 SWo)SAS Jajep

309 [ejol urel] Jad 3s0) 1509 18301 40 % uonduasaq

‘jue|d jo aosuejegq

uiuepy “r ‘4ebuisuoy -y ‘ede|leM ‘g
uosiaped ‘W

:Ag paiedaid

Jually

s1SayuAS pIoY SLIN - Hoday way 1e1ea

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

€GL°L1L1°€02 $ | 6S6°1S8'EE $ | pdy [ 598 9 pdy | 261'S 881°086'61 $ [000°002'GL $ [ 000°002'GL $| 8661 3 pdy | 6G€ lenuep Jazj|ipe4
_ _ _
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| [2d3D ulel] 194 3s0) | 1so09 papoday Jea) sulel] Ayoedeny 92inog
paiinbay 10} wouy ures) sad 1ad Ayoeden sulea] fyoeden Buisn ujei) 194 | teap Bunuoday 1s0) | papoday pauoday
109 Jualng [ejo) | 3S0D paiojoeq 1509 pazijewioN poday
H L BETEINERIT T I
€GL°LL1'€02 $ [ 696°LS8'EE $ | pdi | go8 9 pdy | 26L'S 881°'086°61 $ [ 000°002'GL $ [ 000°002'GL $| 8661 3 pd} 65€ lenuep Jazj|ipe4
99v°20S'.6 $ | vve'iseiolL $ | pdi |go8 9 pdi | Z6L'S ¥11°08L°6 $ | 000°009°9 $ [ 0000099 $| v66L 3 pdy vee P3 Y12 HoogpueH
Buueauibug [eojway) s,Auied
sulel] 10D pazijewioN uled) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2Inog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

:ssad0id
:aweN j09foid

Page B-69



1 40 || abed

0lLoz/ociy

‘9661 obed se yons ‘sepinb Buiewnse paysiiqnd [euonippe o} djqeledwod aie Sen|eA 8oUBMO|e 8s8Y] ‘000z TLIN UO paseq ale Jue|d Jo soueleq, Jopun pajsi| SBOUBMO||e 8] "B|qelISap SSa|

UaAa }i Bupjew ‘sneyawiwi] pue sis}ed Wolj ejep JalJes uo paseq sl yooqpueH Buusauibug [eoiway) sAllad Wolj elep ay] "dAIBAISSUOD JSOW ay} pue juiod 300 Jsamau 8y} yjoq Bulaq Joj pajoajas sem [enuely Jazijikiad ay |

:uo1309|ag 10} dleuoney

uiuepy ‘r ‘4abuisuoy -y ‘ede|lem ‘g
uosiayed ‘W

:Ag paiedaid

Jually

sIsayjuhg ajesjiN wnjuowwy - Joday wiay |ieyeq

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

9/v'8v6'€LL G28'286'LG 32.N0g PajodIdg 3y} sNid jue|d Jo souejeq [ejo L
08L°9€L vy 090°ZLL'vL jue|d jo aduejeg |ejo |
¥86'78€'01L 199°'19v'e %008 swajsAg [eoujoa|3
0zl'Gle'e 0v0'szl’L %09°C uofjejuswiniisu| pue jojuoy
€19'912'6 ¥22'2L0'e %012 buidid
LELZV6LL 016'086°€ %026 sBuIp|ing/|einjoniS/IIALD
€19'912'6 ¥22'2L0'e %012 swajsAg Jajep
1509 |ejo] ulei] 1ad 3so) 1509 |ej0] Jo %, uonduosag
jue|d Jo aduejeg
G62°218'6CL $ | 59.'0L2'er $ | pdy [092°L € pdy [ 622° 20.°200°9% $ [000°000'GE $ [ 000°000°'GE $| 8661 3 pdy | G6E‘L lenuep Jazj|ipe4
_ _ _
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| [2d3D ulel] 194 3s0) | 1s09 papoday Jea) sulel] Ayoedeny 92inog
paiinbay 10} wouy ures) sad 1ad Ayoeden sulea] fyoeden Buisn ujei) 194 | teap Bunuoday 1s0) | papoday pauoday
109 Jualng [ejo) | 3S0D paiojoeq 1509 pazijewioN poday
H L BETEINERIT T I
€ELEBY LY yy0'LE]'EL pdy | 09z') € pdi | 622°€ PSLvEY'EL 000'08%'6 000'08%'6 1861 l pdy 00z'L Hoday vd3
G62'218'6CL §9.°'0L2'€Y pdi | 09z'L € pdy | 622 20.°200°9% 000°000°SE 000°000°SE 8661 3 pdy G6€E'L lenuep Jazj|ipe4
1G1°12S'SS 2S0°L0S'8L pdi | 09z') € pdi | 622 8GG'GYE'8 0000009 000'000°9 661 3 pdy vee P3 UiL MoogpueH
Buueauibug [eojway) s,Auied
sulel] 10D pazijewioN ulea) ‘pbay palinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2Inog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

:ssad0id
:aweN j09foid

Page B-70



1 4o z| abed

0lLoz/ociy

'9661 9bed se yons ‘sapinB Bunewnsa paysiignd [euonippe o} 8|qesedwod aie sanjeA adUeMO|le sayl ‘000z 1LIN UO paseq ale jue|d Jo douejeg, Jopun pajsi| seouemolje ayl ‘Hodais 2002
L3N 2y} s!julod }s09 BUIGIN} WES)S 8y} 10} 82IN0S (800 ZINauy) Hoday uojeduld sy ‘siuswalinbal sosfoid siy) sjos|jal Ajsoo jey) uiod 1s00 pauodas Ajuadal e s (q200Z TLIN) a4nded 20D YIm jue|diamod D29 IIPUYS

1U01J93]ag 10} deuoney

28€°€59°81 28€'€59'81 3.N0g PajodIdg 3y} sNid jueld Jo souejeq [ejo |
8¥6'CEL'Y 8¥6'2EL' Y jue|d jo aduejeg |ejo |
Ge9'eLL’L GEQ'ELL'L %008 swajsAg [eoujos|3
1€6°19€ 1€6°19€ %09 uojjejuswniisu| pue |ouoy
1G£'886 1G£'886 %012 buidig
089'08Z°} 089°08¢2°} %026 sBuIp|ing/|einjonig/IIALD
1G£'886 1G£'886 %012 swajsAg Jaje
1509 |ejo] ulei] 1ad 3so) 1509 |e}jo] Jo %, uonduosaqg
jue|d Jo aduejeg
GEV'0Z6'EL $ | sev'oce'el $ | M| 2E 3 MW | C€ 958°619°SY $ [ 000°SLG Y $ [ 000°SLG VY $ | 9002 2 MIN 0ge (42002 113N) a1mded
20D Yim jueld Jamod 9091 IIvYS
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 943D ulea)] 19d 3s0) | 3s09 papoday FCEYN sulel] Ayoeden 92inog
palinbay Joj wouy ures) sad 1ad Ayoeden suled] fyoeden Buisn ujes) 1ad | tea) Bunuoday 1s09 | papoday payoday
30D jJuaung [ejo) | 3S0D pasojoey 150D pazijewioN Joday
:pa}99|9g 924n0g
GEV'0Z6'EL $ | sev'oce'el $| MmN | 2E 3 MW | C€ 998'619°SY $ | 000'GLS Vi $ | 000'GLS Vi $ | 900z 3 MIN 0ee (42002 1L3N) a1mded
20D Yim jueld Jamod 909l lIBYS
8€0'V18'LL $ [ 8e0'vI8'LL $ [ M| 2E 3 MIN | € 85886679 $ [ 000°002'99 $ | 000°002'99 $ | 2002 3 M [ 7x4 (8002 Zynauy|) poday u0}edULY
¥8¥7'€09'6 $ | ¥8¥'€09'6 $ | MIN | 2€ 3 MN | 2€ 1G6'GZL'6L $ ] 052'299'81L $ [ 000°159'v2 $ | 9002 14 M 10V (22002 1L3N) Hoday auljeseg 1LIN
aulgin] wea)s
1€6'96.'2C $ [ 1e6'96L'ce $ [ M| 2E I MIN | € v.L'6L¥'99 $ [000°L29'0S $ [ 000°129'0S $| 6661 3 M 681 (000Z T13N) sese) aseg 009l I1BYS
OSYH pue aulqin| wesig
sulel] 10D pazijewioN ulea) ‘pbay palinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] Ayoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2Inog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy
unepy r ‘1abuisuoH "y ‘eoe|lep 'g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d
uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

saulqun] wea)s - Joday way| 1eyeg

Page B-71



¥l jo g| abed

0lLoz/ociy

‘09661 bed se yons ‘sapinB Bunewnsa paysiignd [euonippe o} 8|qesedwod aie sanjeA aduemo|je 8sayl ‘000z 1LIN UO paseq ale jue|d Jo douejegq, Jopun pajsi| seouemolje ayl ‘Modais 42002

L3N dU3 s! Juiod }S09 BUIgIN} WES)S 8y} Jo} 994n0S (800Z ZINaJy) Moday uojaduld ay] “sjuswaiinbal sjoafoid siuy syospyas Ajasolo jeys julod }soo papodal Ajuadal e st (42002 1LIN) @1nded ZOD Yim juejdiamod D9 |IBUS

1U01J93]ag 10} djeuoney

- - 30JN0S Pa}o9Ias 8y} SN Jue|d Jo douejeq [ejo|
- - Jue|d JO adueleg [ejo
- - %008 swajsAg [eoujos|3
- - %09°'C uoljejuswnusu| pue [04uo)
- - %012 Buidig
- - %026 sBuIp|ing/|einjoniS/IIALD
- - %01°L swajsAg Jaje
1s0) |ejoL ulei] 1ad }so) 1509 |ejo] JO %, uonduosaqg
jue|d Jo aduejeg
- $ |- $ | ausal - 3 ay/q| - 8G65°202°€C $ [ 00S'S¥9'Cc $ [ 000°L6Z'SY $ | 9002 4 Jy/q| | 000'8EY‘8 (42002 1L3N) a1mded
20D Yim jueld Jamod 909l IIBYS
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea] 19d 3s0) | 3s0) payoday FCEYN sulel] Ayoeden 92inog
palinbay Joj wouy ures) Jad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1509 | papoday payoday
10D jJuaung [ejo) | 3S0D pasojoey 1509 pazijewioN Joday
:pa}99|9s 924n0g
- $ |- $ | ausal - 3 ay/q| - 8G6G°202°€C $ | 006'6¥9°2Z $ | 000°'L62'GY $ | 900z 4 1y/q| | 000°'8EY'8 (42002 1L3N) a1mded
20D Yim jueld Jamod 99l lIvYS
- $- $ [ M - LM - 2/L'€/9'0S  $|000'000'2S  $]000'0002S  $| 2002 ! M Gse (8002 Zjnauy}) poday uojeould
- $1- $ [4u/al - 3 ay/qi - 2588°12v'6 $ ]299'¢6L'6 $ [ 000°18G'22 $ | 9002 € Jy/ql [ €86'651°G | (82002 TLIN) Hoday suljeseg TLIAN
OSYH
- $1- $ | M - 3 MIN - v.L'6L¥'99 $ [000°L29'0S $ [ 000°129'0S $| 6661 l M 681 (000Z T13N) sese) aseg 009l I1BYS
OSYH pue aulqin| wesig
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2Inog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy
unJepy r ‘1abuisuoH "y ‘eoejlep ‘g :Ag pasedaid elUOWIWY/ O} SES Jed|anN 1$s9901d
uosiaped ‘N RUETI) uoneibaju] ssa20id ANON :aweN j09foug

OSYH - Hoday way) |ieaq

Page B-72



1 40 | abed

0lLoz/ociy

'9661 obed se yons ‘sapinb Bunewnsa paysiignd [euonippe o} 8|qesedwod aie sanjeA aouemo|je 8say] "000Z TLIN Uo paseq a.e|

b|d Jo @oueleg, Jopun pa)s]| seouBMO|je By Siemo} Buljood jo Buip|ing sy} ul pebebus AlieinBas JopusA e woly ejep 1s0o ajqelieAe Ajlealgnd uo paseq sjsod [e}ded pejenoes “Blep juslind a|ge|ieAe A|[ealjgnd "} 80Inos 8|buls

1U01J93]ag 10} deuoney

08+7'019°€ €61°'€02°} 32.N0g P3jodIdg 3y} sNid jue|d Jo souejeq [ejo |
260916 ¥9€°G0€ jue|d jo aduejeg |ejo|
165's1e 058°LL %008 swajsAg [eoujos|3
¥50'0L LGe'ee %092 UONejUBNIASU| PUE [0J3U0D
20e'L6L 192'€9 %012 buidig
¥88°L¥C 829'28 %026 SBuIp|ing/|einjonS/IIALD
20e'L6L 192'€9 %012 swajsAg Jaje
150) |ejo] ulei] 19d 3so) 1S0J |ej0] JO %, uonduosaqg
jue|d jJo aduejeg
88€'¥69'C $ | 621°868 $ [ wdb [022°1E € wdb [01£'66 £/9'9v0°) $ [ 229'9¥0°L $ [oeo‘ovL'E $| 6002 € wdb | 900°€Z) jodag Jemo] Buijoo)
_ _ _
sulel] 1509 pazijewioN urea] ‘pbay palinbay Xapu| |2d3D ulel] 194 3s0) | 1s09 papoday Jea) sulel] Ayoedeny ERIE
paiinbay 10} wouy ures) sad 1ad Ayoeden sulea] fyoeden Buisn urei)] 194 | sea) Bunuoday 1s0) | payoday pauoday
109 jJuaung [ejo) | }S0D paiojoey 1509 pazijewioN uoday
HBETEINERITTI
88€'¥69'C $ | 621°868 $ | wdb J0/2°1E € wdb [01£'G6 £/9'9v0°L $ [ £29'9¥0°L $ [oeo‘ovL'E $ | 6002 € wdb [ 900°¢Z) joda( Jamo Buijood
sulel] 10D pazijewioN ulea) ‘pbay paJinbay xapu| 243D ulea) 1ad 3so0) | 1s09 payodey FCENN sulel] Ayoeden 92inog
paiinbay Joj wouy ures] sad 1ad Ayoeden suled] fyoeden Buisn ujes] 1ad | Jea) Bunuoday 1s09 | papoday payoday
3S0D juaung [ejo) | 3S0D patojoey 150D pazijewioN Joday
:palapisuo) sa2unog
G sse|n :adA | ejewnysy N-9EVIN :laquinN ajewlysy

uiuely “r 4ebuisuoy -y ‘ede|leM ‘g
uosiaped ‘W

:Ag paiedaid

Jually

eluowwy 0} Se9 JedjonN
uoneiBaju| ssad0id dNON

s1amo] Buijoo) - poday way| 1e3aq

:ssad0id
:aweN j09foid

Page B-73



1 jo | abeg

0L0z/02/v

T
\|IIPN\H¢)‘Q/ C v :Ag panosddy
%W. ‘Ag paxasyd
Sy
000°'000'0t6'9 $ INOLS 1S21B3N BY) 0] Papunoy 3so [ejo L
6¥5'956'GEE'9 $ NSV O/m BlUOWWY JSIH -1S0D [810L
6L0'Srir'L $|189'GEL'L $ %81 9/G'ELG $ (%01 ZIL'GEL'S $ siamo] Buijood
= $(- $ |%8L = $ [%01 = S (9SHH) Jojelauss) weals Alanoday jesH
€2.'119°€9 $ | 86EF0L'E S |%8L LLZ'L06'Y $ (%01 PLL'CL0'6F $ SauIqIn | Wes)g|
221'684°622 S| 864 LP'PE $ |%8L 8vg'yeE LI $ |%01 9.7 8¥6'ELL $ SISSYJUAG BJBIlIN WhniuoWWy
$EE'9LZ'EGE 0L9'688'ES $ (%81 Gl6'91Z LT $ %01 6v.'69L'2.2 b SISAUIUAS pIoY JLIIN
0EP' L2 VLE 01L2'260°LS $ %81 20.L'¥€8'82 $ [%0L 6L0°LPE'B8T $ SISAUUAS ealn
9EL'1L'GBE $| L¥8LER'RS $ %81 180'9LL'62 $ [%0L ¥18'09L'L62 3 SISaYIUAg BlUOWWY|
£€08'¥SE'ZL S| LEQ'PRE'L $ %81 7£8'LS6 $ %01 8EE'8LG'6 $ uoljeueylay
620'66%'61 S| gzv'vieE $ |%8L 9£2'205'L $ %01 ¥9€'220'S1 $ uonesu39 Z0o
£09'8E+'2¢ $ | 8eg'ger'e $ %81 90L92L'L $ %01 090°L8Z'LL $ UOHEIQUID ZN
85¥'LEL LY $|9e0'656'LL  $ [%SL LbB'ZHE'9E $ (%01 Gl¥'6ZF E9E $ (3S1H) sishjon0313 wesls aimessdwa) ybiy
9/8'LLL'86L $|ozegen’Lel $ [%8L GOS'vES'LY 3 |%0L LG0'SYE'GLY $ 319AD Jamod aunjuey
SLy'L0L'L0Z'y $|- $ %0 - 5 %0 SLE'LOLLOZ ¥ $ (49 1H) lopesy sed aumesadwa] ybiH
150D |ej0L Asusbunuo) % Aauabunuod bBupaauibug 9% Buliaauibug SEETS juauodwos ssadoig
le}ag wold [ejoigns

G sse|n :adA ) ajewnysy Q-9EVIN :IquinN Jjewnnsy
uipel T ‘4ebuisuoy "y ‘avejlem g :Ag pasedald NSY o/m BluOWWY JS1H 1553201d
uosiayned ‘i Jualo uoneibaju| s53201d JNON :awep 30aforg

Aewwng NSy o/m eluowwy 3S1H ANSON

Page B-74



Rev. 03-04-10
Battelle Energy Alliance, LLC

COST ESTIMATE SUPPORT DATA RECAPITULATION

Project Title: NGNP Process Integration — HTSE Ammonia without ASU
Estimator: B. W. Wallace/CEP, R. R. Honsinger/CEP, J. B. Martin/CCT
Date: April 20, 2010

Estimate Type: Class 5

File: 36-,(32?\’
Approved By: Page 1 of 9

\

L. PURPOSE: Brief description of the intent of how the estimate is to be used (i.e., for
engineering study, comparative analysis, request for funding, proposal, elc.).

It is expected that the capital costs identified in these estimates will be used in a model
producing an economic analysis for each specific integrated application and subsequently
will be considered in a related feasibility study.

I1. SCOPE OF WORK: Brief statement of the project’s objective. Thorough overview and
description of the proposed project. Identify work to be accomplished, as well as any
specific work to be excluded.

A.  Objective:
Develop Class 5 estimates as defined by the Association for Advancement of Cost

Engineering (AACE:i) that will identify the current capital cost associated with
high-temperature gas reactors (HTGRs) integrated with a nuclear ammonia without
an air separation unit process.

B. Included:
The scope of work required to achieve this objective includes the following;:
1. Engineering
2. The allowance provided for the HTGR represents a complete and operable
system. All elements required for construction of this nuclear reactor capability,
including an initial steam generator, security systems, contingency, and owner’s
costs are included in the turn-key allowance. Owner’s costs are included only
in the case of the reactor capability. It is considered that the total value
represents all inside of battery limits (ISBL) elements, outside of battery limits
(OSBL) elements, site development, and all ancillary control and operational
functions and capabilities.
3. Construction of a new integrated refinery capability to produce ammonia that
consists of the following:
Overnight island-type costs for HTGRs
High-temperature steam electrolysis (HTSE) hydrogen production unit
H, combustor (N, generation)
Natural gas combustor (CO;, generation)
Methanation
Ammonia synthesis
Urea synthesis
Nitric acid synthesis

SR o a0 o
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1.  Ammonium nitrate synthesis
j. Steam turbines, internal to process
k. Heat recovery steam generator, internal to process
1. Cooling towers, internal to process
m. Allowances for Balance of Plant (BOP)/offsite/OSBL, including the
following:
(1.) Site development/improvements
(2.) Provisions for general and administrative buildings and structures
(3.) Provisions for OSBL piping
(4.) Provisions for OSBL instrumentation and control
(5.) Provisions for OSBL electrical
(6.) Provisions for facility supply and OSBL water systems
(7.) Provisions for site development/improvements
(8.) Project/construction management.

C. Excluded:
This scope of work specifically excludes the following elements:
Licensing and permitting costs
Operational costs
Land costs
Sales taxes
Royalties
Owner’s fees and owner’s costs, except those included for the HTGR
The allowance provided for the HTGR capability excludes all costs associated
with materials development, or costs that would not be appropriately associated

with an nth of a kind (NOAK) reactor/facility.

Al

ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and
rough order magnitude (ROM) allocations of the methodologies used to develop the cost
estimate.

Consistent with the AACE:i Class 5 estimates, the level of definition and engineering
development available at the time they were prepared, their intended use in a feasibility
study, and the time and resources available for their completion, the costs included in this
estimate have been developed using parametric evaluations. These evaluations have used
publicly available and published project costs to represent similar islands utilized in this
project. Analysis and selection of the published costs used have been performed by the
project technical lead and Cost Estimating. Suitability for use in this effort was determined
considering the correctness and completeness of the data available, the manner in which
total capital costs were represented, the age of the previously performed work, and the
similarity to the capacity/trains required by this project. The specific sources, selected and
used in this cost estimate, are identified in the capital cost estimate detail sheets.
Adjustments have been made to these published costs using escalation factors identified in
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been
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IV.

accomplished using the six-tenths capacity factoring method. Costs included for the
HTGR, power cycles, and HTSE, have been identified and provided by the respective BEA
subject matter experts. The total cost for each of these items has been linearly calculated
from the respective base unit costs. Any normalization to provide for geographic factors
was considered using geographic factors available from RS Means Construction Cost Data
references. Cost-estimating relationships have been used to identify allowances to
complete the costs.

It was identified to the Next Generation Nuclear Plant (NGNP) Process Integration team
that the methodology employed by NGNP to develop the nuclear capability included
constituents of parametric modeling, vendor quotes, actual costs, and proprietary costing
databases. These preconceptual design estimates were reviewed by NGNP Project
Engineering for credibility with regard to assumptions and bases of estimate and
performed multiple studies to reconcile variations in the scope and assumptions within the
three estimates.

BOP/OSBL costs were determined by the project team, considering data provided by Shell
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second
Edition by John S. Page, and additional adjusted sources. Because the allowances
identified did not show significant variability, the allowances identified in the NETL 2000
report were chosen for this effort in order to minimize the mixing of data sources.

BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and
schedules.

A.  Quantification Basis: The source for the measurable quantities in the estimate that
can be used in support of earned value management. Source documents may include
drawings, design reports, engineers’ notes, and other documentation upon which the
estimate is originated.

All islands and capacities have been provided to Cost Estimating by the project
respective expert.

B.  Planning Basis: The source for the execution and strategies of the work that can be
used to support the project execution plan, acquisition strategy, schedules, and
market conditions and other documentation upon which the estimate is originated.

1. Allislands and HTGRs represent NOAK projects.
. Projects will be constructed and operated by commercial entities.
3. All projects, with the exception of the Steam-Assisted Gravity Drainage Project,
will be located in the U.S. Gulf Coast refinery region.
4. Costs are presented as overnight costs.
The cost estimate does not consider or address funding or labor resource
restrictions. Sufficient funding and labor resources will be available in a manner

that allows optimum usage of the funding and resources as estimated and
scheduled.

W
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Cost Basis: The source for the costing on the estimate that can be used in support of
earned value management, funding profiles, and schedule of values. Sources may
include published costing references, judgment, actual costs, preliminary quotes or
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking
escalation and inflation factors are not included in this estimate.

2. Where required, published cost factors, as identified in the Chemical
Engineering Plant Cost Index, will be applied to previous years’ values to
determine current year values.

3. Geographic location factors, as identified in RS Means Construction Cost Data
reference manual, were considered for each source cost.

4. The cost provided for the HTGR reflects internal BEA cost data that was
developed for the HTGR and presented to the NGNP Process Integration team
by L. Demmick. Considered in the cost is a pre-conceptual cost estimate
prepared by three separate contractor teams. All contractor teams proposed
4-unit NOAK plants with thermal power levels between 2,000 MW, and 2,400
MW; at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to
$2,000 per kW. For the purposes of this report, the nominal cost of an HTGR
will be set at the upper end of this range, $2,000 per kW,. This is a complete
turnkey cost and includes engineering and construction of a NOAK HTGR, the
power cycle, and contingency. The total HTGR cost for each process is
calculated linearly as $1,708,333 per MWth of required capacity, excluding the
cost of the power cycles.
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NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007.

NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for
Fossil Energy Plants, NETL, August 2007.

NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer
Capital Cost Study, NREL, December 2008.

O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen
and Syngas Production from Nuclear Energy — System Simulation and
Economics, INL, May 2009.

O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via
High-Temperature Co-Electrolysis, INL, January 2009.

Page, John S., Conceptual Cost Estimating Manual — 2™ ed., Houston: Gulf
Publishing Company, 1996.

Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as
Applied in Architecture, Engineering, Procurement, and Construction, AACEi,
October 2006.

Page B-79




File:

COST ESTIMATE SUPPORT DATA RECAPITULATION

— Continued —

Project Title: NGNP Process Integration — HTSE Ammonia without ASU

MA36-0O Page 6 of 9

VL

32. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid
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33. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central
Grid Electrolysis, NREL, May 2008.
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ESTIMATE QUALITY ASSURANCE: 4 listing of all estimate reviews that have taken

place and the actions taken from those reviews.

A review of the cost estimate was held on January 14, 2010, with the project team and the
cost estimators. This review allowed for the project team to review and comment, in detail,
on the perceived scope, basis of estimates, assumptions, project risks, and resources that
make up this cost estimate. Comments from this review have been incorporated into this
estimate to reflect a project team consensus of this document.

ASSUMPTIONS: Condition statements accepted or supposed true without proof of

demonstration; statements adding clarification to scope. An assumption has a direct
impact on total estimated cost.

General Assumptions:

A.
B.

All costs are represented in 2009 values.

Costs that were included from sources representing years prior to 2009 have been
normalized to 2009 values using the Chemical Engineering Plant Cost Index. This
index was selected due to its widespread recognition and acceptance and its specific
orientation toward work associated with chemical and refinery plants.

Capital costs are based on process islands. The majority of these islands are
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet.
All chemical processing and refinery processes will be located in the U.S. Gulf
Coast region.

All costs considered to be BOP costs that can be specifically identified have been
factored out of the reported source data and added into the estimate in a manner
consistent with that identified in the NETL 2000 IGCC Base Cost report. Inclusion
of the source costs in this manner normalizes all reported cost information to the
bare-erected costs.
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HTGR:

A.  The linearly scalable cost included for an HTGR reflects an NOAK reactor with a
750°C-operating temperature.

B. HTGR is considered to be linearly scalable, by required capacity, per the direction of
the project team. This allows the process integration feasibility studies to showcase
the financial analysis of the process without the added burden of integer quantity
600-MWth HTGRs.

C.  The allowance represents a turnkey condition for the reactor and its supporting
infrastructure.

D. A high-temperature, high-pressure steam generator is included in the cost
represented for HTGR.

E. A contingency allowance is included in the HTGR cost, but is not identified as a
separate line item in this estimate. This allowance was identified and included by the
NGNP HTGR project team.

F.  Total cost range, including contingency, for HTGR is -50%, +100%.

G. Costincluded for the power cycle reflects NOAK research and manufacturing
developments to allow for assumed high pressures and temperatures.

H. The power cycle is considered to be linearly scalable, by required capacity, per the
direction of the project team. This allows the process integration feasibility studies to
showcase the financial analysis of the process.

L. The cost included for HTSE reflects NOAK research and manufacturing
developments, which will increase the expected lifespan of the electrolysis cells.

J. The HTSE is considered to be linearly scalable, by required capacity, per the
direction of the project team. This allows the process integration feasibility studies to
showcase the financial analysis of the process.

HTSE Ammonia without Air Separation Unit

Some estimated island costs are based on figures from a verbal conversation with Casale, a

leading world vendor of process industry services. These costs were used in cases where

other acceptable costs were not available.
VIL CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall
contingency. ldentify any specific drivers or items of concern.

At a project risk review on December 9, 2009, the project team discussed risks to the
project. An 18% allowance for capital construction contingency has been included at an
island level based on the discussion and is included in the summary sheet. The contingency
level that was included in the island cost source documents and additional threats and
opportunities identified here were considered during this review. The contingency
identified was considered by the project team and included in Cost and Performance
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports. Typically,
contingency allowance provided in these reports ranged from 15% to 20%. Since much of
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the data contained in this estimate has been derived from these reports, the project team
has also chosen a level of contingency consistent with them.

While the level of contingency provided for the HTGR capability is not identified as a line
item, the cost data provided to the NGNP Process Integration team was identified as
including an appropriate allocation for contingency. No additional contingency has been
added to this element.

A.

Threats: Uncertain events that are potentially negative or reduce the probability
that the desired outcome will happen.

1.

The singularly largest threat to this estimate surrounds the lump sum cost
included for the HTGR reactor(s). This is followed by the HTSE process, where
applicable. While the overriding assumption is that these elements will be
NOAK, currently, a complete HTGR has not been commissioned and the HTSE
has been successfully developed in an integrated laboratory-scale model, but has
not been completed in either pilot plant or production scales.

The level of project definition/development that was available at the time the
estimate was prepared represents a substantial risk to the project and is likely to
occur. The high level at which elements were considered and included has the
potential to include additional elements that are within the work scope but not
sufficiently provided for or addressed at this level.

The estimate methodology employed is one of a stochastic parametrically
evaluated process. This process used publicly available published costs that
were related to the process required, costs were normalized using price indices,
and the cost was scaled to provide the required capacity. The cost-estimating
relationships that were used represent typical costs for BOP allowances, but
source cost data from which the initial island costs were derived were not
completely descriptive of the elements included, not included, or simply
referred to with different nomenclature or combined with other elements. While
every effort has been made to correctly normalize and factor the costs for use in
this effort, the risk exists that not all of these were correctly captured due to the
varied information available.

This project is heavily dependent on metals, concrete, petroleum, and petroleum
products. Competition for these commodities in today’s environment due to
global expansion, uncertainty, and product shortages affects the basic concepts
of the supply and demand theories, thus increasing costs.

Impacts due to large quantities of materials, special alloy materials, fabrication
capability, and labor availability could all represent conditions that may increase
the total cost of the project.
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VIIL

B.  Opportunities: Uncertain events that could improve the results or improve the
probability that the desired outcome will happen.

1. Additional research and work performed with both vendors and potential
owner/operators for a specific process or refinery may identify efficiencies and
production means that have not been available for use in this analysis.

2. Recent historical data may identify and include technological advancements and
efficiencies not included or reflected in the publicly available source data used
in this effort.

Note: Contingency does not increase the overall accuracy of the estimate; it does, however,
reduce the level of risk associated with the estimate. Contingency is intended to cover the
inadequacies in the complete project scope definition, estimating methods, and estimating
data. Contingency specifically excludes changes in project scope, unexpected work
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or
currency fluctuations.

OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:

None.
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L. PURPOSE: Brief description of the intent of how the estimate is to be used (i.e., for
engineering study, comparative analysis, request for funding, proposal, elc.).

It is expected that the capital costs identified in these estimates will be used in a model
producing an economic analysis for each specific integrated application and subsequently
will be considered in a related feasibility study.

II. SCOPE OF WORK: Brief statement of the project’s objective. Thorough overview and
description of the proposed project. Identify work to be accomplished, as well as any
specific work to be excluded.

A.  Objective:
Develop Class 5 estimates as defined by the Association for Advancement of Cost

Engineering (AACEI) that will identify the current capital cost associated with
high-temperature gas reactors (HTGRs) integrated with a nuclear ammonia with the
air separation unit process.

B. Included:
The scope of work required to achieve this objective includes the following:
1. Engineering
2. The allowance provided for the HTGR represents a complete and operable
system. All elements required for construction of this nuclear reactor capability,
including an initial steam generator, security systems, contingency, and owner’s
costs are included in the turn-key allowance. Owner’s costs are included only
in the case of the reactor capability. It is considered that the total value
represents all inside of battery limits (ISBL) elements, outside of battery limits
(OSBL) elements, site development, and all ancillary control and operational
functions and capabilities.
3. Construction of a new integrated refinery capability to produce ammonia that
consists of the following:
Overnight island-type costs for HTGRs
High-temperature steam electrolysis (HTSE) hydrogen production unit
Air separation unit
Natural gas combustor (CO; generation)
Methanation
Ammonia synthesis
Urea synthesis
Nitric acid synthesis

SR Mo a0 o
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1.  Ammonium nitrate synthesis
j. Steam turbines, internal to process
k. Heat recovery steam generator, internal to process
1. Cooling towers, internal to process
m. Allowances for Balance of Plant (BOP)/offsite/OSBL, including the
following:
(1.) Site development/improvements
(2.) Provisions for general and administrative buildings and structures
(3.) Provisions for OSBL piping
(4.) Provisions for OSBL instrumentation and control
(5.) Provisions for OSBL electrical
(6.) Provisions for facility supply and OSBL water systems
(7.) Provisions for site development/improvements
(8.) Project/construction management.

C. Excluded:
This scope of work specifically excludes the following elements:
Licensing and permitting costs
Operational costs
Land costs
Sales taxes
Royalties
Owner’s fees and owner’s costs, except those included for the HTGR
The allowance provided for the HTGR capability excludes all costs associated
with materials development, or costs that would not be appropriately associated

with an nth of a kind (NOAK) reactor/facility.

Al

ESTIMATE METHODOLOGY: Overall methodology and rationale of how the estimate
was developed (i.e., parametric, forced detail, bottoms up, etc.). Total dollars/hours and
rough order magnitude (ROM) allocations of the methodologies used to develop the cost
estimate.

Consistent with the AACE:i Class 5 estimates, the level of definition and engineering
development available at the time they were prepared, their intended use in a feasibility
study, and the time and resources available for their completion, the costs included in this
estimate have been developed using parametric evaluations. These evaluations have used
publicly available and published project costs to represent similar islands utilized in this
project. Analysis and selection of the published costs used have been performed by the
project technical lead and Cost Estimating. Suitability for use in this effort was determined
considering the correctness and completeness of the data available, the manner in which
total capital costs were represented, the age of the previously performed work, and the
similarity to the capacity/trains required by this project. The specific sources, selected and
used in this cost estimate, are identified in the capital cost estimate detail sheets.
Adjustments have been made to these published costs using escalation factors identified in
the Chemical Engineering Price Cost Index. Scaling of the published island costs has been
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IV.

accomplished using the six-tenths capacity factoring method. Costs included for the
HTGR, power cycles, and HTSE, have been identified and provided by the respective BEA
subject matter experts. The total cost for each of these items has been linearly calculated
from the respective base unit costs. Any normalization to provide for geographic factors
was considered using geographic factors available from RS Means Construction Cost Data
references. Cost-estimating relationships have been used to identify allowances to
complete the costs.

It was identified to the Next Generation Nuclear Plant (NGNP) Process Integration team
that the methodology employed by NGNP to develop the nuclear capability included
constituents of parametric modeling, vendor quotes, actual costs, and proprietary costing
databases. These preconceptual design estimates were reviewed by NGNP Project
Engineering for credibility with regard to assumptions and bases of estimate and
performed multiple studies to reconcile variations in the scope and assumptions within the
three estimates.

BOP/OSBL costs were determined by the project team, considering data provided by Shell
Gasifier IGCC Base Case report NETL 2000, Conceptual Cost Estimating Manual Second
Edition by John S. Page, and additional adjusted sources. Because the allowances
identified did not show significant variability, the allowances identified in the NETL 2000
report were chosen for this effort in order to minimize the mixing of data sources.

BASIS OF THE ESTIMATE: Overall explanation of sources for resource pricing and
schedules.

A.  Quantification Basis: The source for the measurable quantities in the estimate that
can be used in support of earned value management. Source documents may include
drawings, design reports, engineers’ notes, and other documentation upon which the
estimate is originated.

All islands and capacities have been provided to Cost Estimating by the respective
project expert.

B.  Planning Basis: The source for the execution and strategies of the work that can be
used to support the project execution plan, acquisition strategy, schedules, and
market conditions and other documentation upon which the estimate is originated.

1. Allislands and HTGRs represent NOAK projects.
. Projects will be constructed and operated by commercial entities.
3. All projects, with the exception of the Steam-Assisted Gravity Drainage Project,
will be located in the U.S. Gulf Coast refinery region.
4. Costs are presented as overnight costs.
The cost estimate does not consider or address funding or labor resource
restrictions. Sufficient funding and labor resources will be available in a manner

that allows optimum usage of the funding and resources as estimated and
scheduled.

W
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Cost Basis: The source for the costing on the estimate that can be used in support of
earned value management, funding profiles, and schedule of values. Sources may
include published costing references, judgment, actual costs, preliminary quotes or
other documentation upon which the estimate is originated.

1. All costs are represented as current value costs. Factors for forward-looking
escalation and inflation factors are not included in this estimate.

2. Where required, published cost factors, as identified in the Chemical
Engineering Plant Cost Index, will be applied to previous years’ values to
determine current year values.

3. Geographic location factors, as identified in RS Means Construction Cost Data
reference manual, were considered for each source cost.

4. The cost provided for the HTGR reflects internal BEA cost data that was
developed for the HTGR and presented to the NGNP Process Integration team
by L. Demmick. Considered in the cost is a pre-conceptual cost estimate
prepared by three separate contractor teams. All contractor teams proposed
4-unit NOAK plants with thermal power levels between 2,000 MW, and 2,400
MW; at a cost of roughly $4B, including owner’s cost. This equates to $1,667 to
$2,000 per kW. For the purposes of this report, the nominal cost of an HTGR
will be set at the upper end of this range, $2,000 per kW,. This is a complete
turnkey cost and includes engineering and construction of a NOAK HTGR, the
power cycle, and contingency. The total HTGR cost for each process is
calculated linearly as $1,708,333 per MWth of required capacity, excluding the
cost of the power cycles.

5. The cost included for the power cycle was provided by the INL project team
expert. The power cycle cost is based on the definition of a 240-MWe capacity
and $618,176 per MWe. The total power cycle cost for each process is
calculated linearly as $618,176 per MWe of required capacity. BOP,
engineering, and contingency costs are added to the base cost.

6. The cost included for HTSE was provided by the INL project team expert. The
total HTSE cost for each process is calculated linearly as $36,120,156 per kg/s
of required capacity. BOP, engineering, and contingency costs are added to the
base cost.

7. Apt, Jay, et al., An Engineering-Economic Analysis of Syngas Storage, NETL,
July 2008.

8. AACEIi, Recommended Practices, website, visited November 16, 2009,
http://www.aacei.org/technical/rp.shtml.

9. Brown, L. C,, et al., “Alternative Flowsheets for the Sulfur-Iodine
Thermochemical Hydrogen Cycle,” General Atomics, February 2003.

10. CEPCI, Chemical Engineering Magazine, “Chemical Engineering Plant Cost
Index,” November 2009: 64.

11. Choi, 1996, Choi, Gerald N., et al, Design/Economics of a Once-Through
Natural Gas Fischer-Tropsch Plant with Power Co-Production, Bechtel, 1996.

12. Dooley, J., et al, Carbon Dioxide Capture and Geologic Storage, Battelle,
April 2006.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Douglas, Fred R., et al., Conduction Technical and Economic Evaluations — as
Applied for the Process and Utility Industries, AACEi, April 1991.
FLUOR/UQP, 2004, Mak, John Y., et al., Synthesis Gas Purification in
Gasification to Ammonia/Urea Complex, FLUOR/UQOP, 2004.

Friedland, Robert J., et al., Hydrogen Production Through Electrolysis, NREL,
June 2002.

Gray, 2004, Gray, David, et al, Polygeneration of SNG, Hydrogen, Power, and
Carbon Dioxide from Texas Lignite, MTR-04, 2004-18, NETL, December 2004.
Harvego, E. A., et al., Economic Analysis of a Nuclear Reactor Powered
High-Temperature Electrolysis Hydrogen Production Plant, INL, August 2008.
Harvego, E. A., et al., Economic Analysis of the Reference Design for a
Nuclear-Driven High-Temperature-Electrolysis Hydrogen Production Plant,
INL, January 2008.

Ivy, Johanna, Summary of Electrolytic Hydrogen Production, NREL
September 2004.

Ibsen, Kelly, et al., Equipment Design and Cost Estimation for Small Modular
Biomass Systems, Synthesis Gas Cleanup, and Oxygen Separation Equipment,
NREL, May 2006.

Klett, Michael G., et al., The Cost of Mercury Removal in an IGCC Plant,
NETL, September 2002.

Kreutz, 2008, Kreutz, Thomas G., et al, “Fischer-Tropsch Fuels from Coal and
Biomass,” 25" Annual International Pittsburgh Coal Conference, Pittsburgh,
Princeton University, October 2008.

Loh, H. P., et al., Process Equipment Cost Estimation, DOE/NETL-2002/1169,
NETL, 2002.

NETL, 2000, Shelton, W., et al., Shell Gasifier IGCC Base Cases,
PED-IGCC-98-002, NETL, June 2000.

NETL, 2007a, Van Bibber, Lawrence, Baseline Technical and Economic
Assessment of a Commercial Scale Fischer-Tropsch Liquids Facility,
DOE/NETL-207/1260, NETL, April 2007.

NETL, 2007b, Woods, Mark C., et al., Cost and Performance Baseline for
Fossil Energy Plants, NETL, August 2007.

NREL, 2005, Saur, Genevieve, Wind-To-Hydrogen Project: Electrolyzer
Capital Cost Study, NREL, December 2008.

O’Brien, J. E., et al., High-Temperature Electrolysis for Large-Scale Hydrogen
and Syngas Production from Nuclear Energy — System Simulation and
Economics, INL, May 2009.

O’Brien, J. E., et al., Parametric Study of Large-Scale Production of Syngas via
High-Temperature Co-Electrolysis, INL, January 2009.

Page, John S., Conceptual Cost Estimating Manual — 2™ ed., Houston: Gulf
Publishing Company, 1996.

Pietlock, Bernard A., et al., Developing Location Factors by Factoring- as
Applied in Architecture, Engineering, Procurement, and Construction, AACEi,
October 2006.
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32. Ramsden, Todd, et al., Current (2005) Hydrogen Production from Central Grid
Electrolysis, NREL, May 2008.

33. Ramsden, Todd, et al., Longer-Term (2025) Hydrogen Production from Central
Grid Electrolysis, NREL, May 2008.

34. Richardson Construction Estimating Standards, Process Plant Cooling Towers,
Cost Data Online, September 16, 2009, website, visited December 15, 2009,
http://www.costdataonline.com/.

35. Sohal, M. S., et al., Challenges in Generating Hydrogen by High Temperature
Electrolysis Using Solid Oxide Cells, INL, March 2008.

36. Steinberg, Meyer, Conversion of Coal to Substitute Natural Gas (SNG), HCE,
2005.

37. Udengaard, 2008, Udengaard, Niels R., et al., Convert Coal, petcoke into
valuable SNG, Haldor Topsoe, April 2008.

38. van der Ploeg, H. J., et al., The Shell Coal Gasification Process for the US
Industry, Shell, October 2004.

39. WorleyParsons, 2002, Rameshni, Mahin, Cost Effective Options to Expand SRU
Capacity Using Oxygen, WorleyParsons, May 2002.

ESTIMATE QUALITY ASSURANCE: 4 [isting of all estimate reviews that have taken

place and the actions taken from those reviews.

A review of the cost estimate was held on January 14, 2010, with the project team and the
cost estimators. This review allowed for the project team to review and comment, in detail,
on the perceived scope, basis of estimates, assumptions, project risks, and resources that
make up this cost estimate. Comments from this review have been incorporated into this
estimate to reflect a project team consensus of this document.

ASSUMPTIONS: Condition statements accepted or supposed true without proof of

demonstration; statements adding clarification to scope. An assumption has a direct
impact on total estimated cost.

General Assumptions:

A.
B.

All costs are represented in 2009 values.

Costs that were included from sources representing years prior to 2009 have been
normalized to 2009 values using the Chemical Engineering Plant Cost Index. This
index was selected due to its widespread recognition and acceptance and its specific
orientation toward work associated with chemical and refinery plants.

Capital costs are based on process islands. The majority of these islands are
interchangeable, after factoring for the differing capacities, flowsheet-to-flowsheet.
All chemical processing and refinery processes will be located in the U.S. Gulf
Coast region.

All costs considered to be BOP costs that can be specifically identified have been
factored out of the reported source data and added into the estimate in a manner
consistent with that identified in the NETL 2000 IGCC Base Cost report. Inclusion
of the source costs in this manner normalizes all reported cost information to the
bare-erected costs.
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HTGR:

A.  The linearly scalable cost included for an HTGR reflects an NOAK reactor with a
750°C-operating temperature.

B. HTGR is considered to be linearly scalable, by required capacity, per the direction of
the project team. This allows the process integration feasibility studies to showcase
the financial analysis of the process without the added burden of integer quantity
600-MWth HTGRs.

C.  The allowance represents a turnkey condition for the reactor and its supporting
infrastructure.

D. A high-temperature, high-pressure steam generator is included in the cost
represented for HTGR.

E. A contingency allowance is included in the HTGR cost, but is not identified as a
separate line item in this estimate. This allowance was identified and included by the
NGNP HTGR project team.

F.  Total cost range, including contingency, for HTGR is -50%, +100%.

G. Costincluded for the power cycle reflects NOAK research and manufacturing
developments to allow for assumed high pressures and temperatures.

H. The power cycle is considered to be linearly scalable, by required capacity, per the
direction of the project team. This allows the process integration feasibility studies to
showcase the financial analysis of the process.

L. The cost included for HTSE reflects NOAK research and manufacturing
developments, which will increase the expected lifespan of the electrolysis cells.

J. The HTSE is considered to be linearly scalable, by required capacity, per the
direction of the project team. This allows the process integration feasibility studies to
showcase the financial analysis of the process.

HTSE Ammonia with Air Separation Unit

Some estimated island costs are based on figures from a verbal conversation with Casale, a

leading world vendor of process industry services. These costs were used in cases where

other acceptable costs were not available.
VIL CONTINGENCY GUIDELINE IMPLEMENTATION:

Contingency Methodologies: Explanation of methodology used in determining overall
contingency. ldentify any specific drivers or items of concern.

At a project risk review on December 9, 2009, the project team discussed risks to the
project. An 18% allowance for capital construction contingency has been included at an
island level based on the discussion and is included in the summary sheet. The contingency
level that was included in the island cost source documents and additional threats and
opportunities identified here were considered during this review. The contingency
identified was considered by the project team and included in Cost and Performance
Baseline for Fossil Energy Plants DOE/NETL-2007/1281 and similar reports. Typically,
contingency allowance provided in these reports ranged from 15% to 20%. Since much of
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the data contained in this estimate has been derived from these reports, the project team
has also chosen a level of contingency consistent with them.

While the level of contingency provided for the HTGR capability is not identified as a line
item, the cost data provided to the NGNP Process Integration team was identified as
including an appropriate allocation for contingency. No additional contingency has been
added to this element.

A.

Threats: Uncertain events that are potentially negative or reduce the probability
that the desired outcome will happen.

1.

The singularly largest threat to this estimate surrounds the lump sum cost
included for the HTGR reactor(s). This is followed by the HTSE process, where
applicable. While the overriding assumption is that these elements will be
NOAK, currently, a complete HTGR has not been commissioned and the HTSE
has been successfully developed in an integrated laboratory-scale model, but has
not been completed in either pilot plant or production scales.

The level of project definition/development that was available at the time the
estimate was prepared represents a substantial risk to the project and is likely to
occur. The high level at which elements were considered and included has the
potential to include additional elements that are within the work scope but not
sufficiently provided for or addressed at this level.

The estimate methodology employed is one of a stochastic parametrically
evaluated process. This process used publicly available published costs that
were related to the process required, costs were normalized using price indices,
and the cost was scaled to provide the required capacity. The cost-estimating
relationships that were used represent typical costs for BOP allowances, but
source cost data from which the initial island costs were derived were not
completely descriptive of the elements included, not included, or simply
referred to with different nomenclature or combined with other elements. While
every effort has been made to correctly normalize and factor the costs for use in
this effort, the risk exists that not all of these were correctly captured due to the
varied information available.

This project is heavily dependent on metals, concrete, petroleum, and petroleum
products. Competition for these commodities in today’s environment due to
global expansion, uncertainty, and product shortages affects the basic concepts
of the supply and demand theories, thus increasing costs.

Impacts due to large quantities of materials, special alloy materials, fabrication
capability, and labor availability could all represent conditions that may increase
the total cost of the project.
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VIIL

B.  Opportunities: Uncertain events that could improve the results or improve the
probability that the desired outcome will happen.

1. Additional research and work performed with both vendors and potential
owner/operators for a specific process or refinery may identify efficiencies and
production means that have not been available for use in this analysis.

2. Recent historical data may identify and include technological advancements and
efficiencies not included or reflected in the publicly available source data used
in this effort.

Note: Contingency does not increase the overall accuracy of the estimate; it does, however,
reduce the level of risk associated with the estimate. Contingency is intended to cover the
inadequacies in the complete project scope definition, estimating methods, and estimating
data. Contingency specifically excludes changes in project scope, unexpected work
stoppages (e.g., strikes, disasters, and earthquakes) and excessive or unexpected inflation or
currency fluctuations.

OTHER COMMENTS/CONCERNS SPECIFIC TO THE ESTIMATE:

None.
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