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Table A-2. Bitumen upgrading material and energy balance results summary from
TEV-1147.

| Conventional | Nuclear-Integrated®

Inputs

Bitumen (bbl/day) 56,000 56,000

Natural Gas Feed Rate (MMSCFD") 473 N/A

SMR Hydrogen (MMSCFD) N/A 97.3
Outputs

Synthetic Crude Oil (bbl/day) 54,610 54,610

Butane (MMSCFD’) 1.03 1.03

Coke (ton/day) 791 791

Sulfur (ton/day) 494 494
Utility Usage

Power Requirements (MWe) 23.3 18.6

External Heat Requirements (MWt) N/A 143.1
Total CO, Emitted (ton/day) 3,329 589

The heat requirements for the SMR and upgrading processes were summed and
the steam available for export from the SMR process was deducted to determine
the total heat requirements for the nuclear-integrated upgrading process, for an
HTGR ROT of 850°C. The synthetic crude production was then adjusted, such
that the total heat requirement for the upgrading process matches the available
heat supply from a 565 MWt, 850°C ROT HTGR, 646.3 MWt’, per the following
equations:

158MWt — 22.1MWt

Total Heat = 143.1MWt + 97.3 MMSCFD X 130MMSCFD

= 244.8MWt

646.3MWt

244.8MWt = 10
Sasemwe < °H010bpd = 144,247bpd

Syncrude =

The integrated SMR and bitumen upgrading process results for production of
144,247 barrels per day of SCO are presented in Table A-3. Results are presented
graphically in Figure A-2.

The nuclear-integrated case presented does not include hydrogen manufacturing, as it was necessary to calculate
the heat and power requirements for the nuclear-integrated SMR process for an 850°C ROT separately.

The total amount of heat available for heat transfer is greater than 565 MWt due to heat generated in the primary
and secondary helium circulators, 20 MWt and 61.3 MWt, respectively.

Results may vary slightly due to rounding errors.
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Table A-3. Bitumen upgrading material and energy balance results.
Conventional 11::;;1:::; d

Inputs
Bitumen (bbl/day) 147,919 147,919
Natural Gas Feed Rate (MMSCFD") 124.9 71.4

Intermediates
Hydrogen from SMR (MMSCFD’) N/A 257
Steam from SMR (MWt) 13.7 43.7
Heat Generated in Primary Circulator (MWt) N/A 20.0
Heat Generated in Secondary Circulator (MWt) N/A 61.3

Outputs
Synthetic Crude Oil (bbl/day) 144,247 144,247
Butane (MMSCFD’) 2.7 2.7
Coke (ton/day) 2,089 2,089
Sulfur (ton/day) 1,305 1,305

Power Requirements (MWe) 61.6 160.7
SMR N/A 29.5
Upgrading 61.6 49.1
Primary Helium Circulator N/A 20.8
Secondary Helium Circulator N/A 61.3

External Heat Requirements (MW't) N/A 690.0
SMR N/A 3123
Upgrading N/A 377.7

Nuclear Heat Supplied (MW?t) N/A 565

Total CO, Emitted (ton/day) 8,793 5,890
From SMR N/A 4,336
From Upgrading 8,793 1,555
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Figure A-2. Bitumen upgrading material balance summary.

A-2.2

SAGD Bitumen Production

The SAGD process modeling results presented in Section 3 of the main report
were scaled to match the 147,919 barrel per day bitumen requirement identified in
the above section for the bitumen upgrading process. Four 600 MWt HTGRs
with an ROT of 770°C are used to generate the steam for the SAGD process and
power requirements for both the SAGD and upgrading processes. A summary of
the modeling results is presented in Table A-4. A high-level material and energy

balance summary is graphically presented in Figure A-3.
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Table A-4. SAGD results.
Conventional Nuclear-Integrated
SAGD SAGD
Inputs
Natural Gas Feed rate (MMSCFD)"! 151.4 0
# HTGRs (600 MWt) N/A 4
Naphtha as Diluent (bbl/day) 63,394 63,394
Outputs
Dilbit Product (bbl/day) 211,313 211,313
Bitumen (bbl/day) 147,919 190,000
Naphtha (bbl/day) 63,394 81,429
Utility Summary
Total Power (MWe) -88.2 208.1
SAGD Process Consumption -88.2 -84.8
HTGR Consumption N/A -83.7
HTGR Rankine Cycle Production N/A 376.6
Water Requirements'>
Water Consumed (gpm) | 688.3 | 688.3
CO, Summary
Total CO, Emitted (ton/day) | 9,304 | 0
Nuclear Integration Summary
Nuclear Heat Supplied”> (MW1) N/A 2,486
HTGR Heat to SAGD Process N/A 1,598
HTGR Heat to Power Generation N/A 888
Nuclear Power Supplied (MWe) N/A 84.8

" Standard temperature of 60°F.

12 SAGD water requirements only, does not include water requirements for the HTGR
" The HTGR heat supplied is greater than 2,400 MWt due to heat generated in the primary circulators.
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Figure A-3. SAGD material balance summary.

A-3. CENTRAL ENERGY SUPPLY MATERIAL AND ENERGY

BALANCE RESULTS

The HTGR central energy supply facility supplies heat and power to the SAGD and
bitumen upgrading processes. The areas of heat and power integration from the HTGR
central energy supply facility with the SAGD and bitumen upgrading processes are

illustrated in the block flow diagram presented in Figure A-4.
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Figure A-4. HTGR central energy supply facility block flow diagram.

A summary of the modeling results for the conventional SAGD and upgrading processes
and the nuclear-integrated central energy supply facility concept is presented in

Table A-5. A high-level material and energy balance summary for each case is
graphically presented in Figure A-5. The conventional case serves as a basis for
comparison with the nuclear-integrated case. For the detailed Aspen Plus model
summary results, see Appendix B. For the complete Aspen stream results for the SAGD
and nuclear-integrated cases, see Appendixes E and F, respectively.
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Table A-5. Central energy supply facility modeling case study results.

Conventional 11::;;1:::; d
Inputs
Natural Gas Feed Rate (MMSCFD') | 276.3 | 71.4
Intermediates
Bitumen (bbl/day) | 147,919 | 147,919
Outputs
Synthetic Crude Oil (bbl/day) 144,247 144,247
Butane (MMSCFD'?) 2.7 2.7
Coke (ton/day) 2,089 2,089
Sulfur (ton/day) 1,305 1,305
Utility Summary
Total Power (MWe) -276.3 47.4
SAGD Process Consumption -88.2 -84.8
Upgrading Process Consumption -61.6 -140.0
HTGR Consumption N/A -104.4
HTGR Rankine Cycle Production N/A 376.6
Water Requirements'”
Water Consumed (gpm) 688 688
Total CO, Emitted (ton/day) 18,097 5,890
SAGD 9,305 0
Upgrading 8,793 5,890
Nuclear Integration Summary
Nuclear Heat Supplied'® (MW?1) N/A 3,071
HTGR Heat to SAGD Process N/A 1,598
N/A 585
HTGR Heat to Power Generation N/A 888
Nuclear Power Supplied (MWe) N/A 272.2

' Standard temperature of 60°F.

> SAGD water requirements only, does not include water requirements for the HTGR or upgrading
'® The HTGR heat supplied is greater than 2,400 MWt due to heat generated in the primary circulators.
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Figure A-5. Central energy supply facility material balance summary.

A-4. CENTRAL ENERGY SUPPLY ECONOMIC RESULTS

The heat and power selling prices for the central energy supply facility were calculated
using the methodology described in Section 4 of the main report. Several economic
indicators were calculated for each case to assess the economic desirability of heat and
power production. For all cases the IRR was calculated for selling heat and power at the
industrial market price. In addition, the heat and power prices necessary for a return of
10% were calculated. Table A-6 lists the economic assumptions used for the analysis.
Figure A-6 provides a graphical summary of the heat and power supply for the HTGR

central energy supply facility.
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Table A-6. Economic assumptions.
Assumption
Year Construction Begins 2012
Construction Information
Preconstruction Period 6 months
Nuclear Construction Period — per Reactor
Reactor 1 60 months
Reactor 2 48 months
Reactor 3 through n 36 months
Reactor Startup Staggering 6 months

Percent Capital Invested Each Year

S-Curve Distribution

Plant Startup Information

Startup Time 12 months
Operating Costs Multiplier 1.2
Revenue Multiplier 0.65
Economic Analysis Period 40 years
Availability 90%
Inflation Rate 3%
Debt to Equity Ratio 80%/20%
Loan Information
Interest Rate on Debt 8%
Interest on Debt During Construction 8%
Loan Repayment Term 20 years
Tax Information
Effective Tax Rate 27.1%
Provincial Tax Rate 10%
Federal Tax Rate 19%
MACRS Depreciation Term 15 year life
IRR 10%

The TCI for the HTGR central energy supply facility is presented in Table A-7.

Table A-8 presents the annual manufacturing costs for the HTGR central energy supply
facility, with the annual revenues presented in Table A-9 and Table A-10for selling heat
and power at the market price or to achieve a 10% IRR, respectively. A summary of the
economic results is presented in Table A-11.
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Figure A-6. HTGR heat and power supply summary.

Table A-7. HTGR central energy supply facility TCI.

Total Capital Cost

600 MWt 770°C HTGRs
565 MWt 850°C HTGR
Rankine Power Cycle

$5,818,770,244
$1,460,208,825
$621,064,895

Total Capital Investment

$7,900,043,965

Table A-8. HTGR central energy supply facility manufacturing costs.

Price | Consumed

| Annual Cost

Nuclear Costs

O&M |

478 $/MWt-hr| 2965 MWt

$111,629,361

Decommissioning Fund Payment

$19,626,036

Annual Manufacturing Costs

$131,255,398

Cost Per Core

Refueling Cost

$51,108,963

Table A-9. HTGR central energy supply facility revenues, heat/power at the market price.

Price Generated Annual
Revenue
Heat to SAGD/Upgrading 29.20 $/MWt-hr | 2,183 MWt $502,387,816
Electricity to SAGD/Upgrading | 69.70 $/MWe-hr 225 MWe $120,340,745
Electricity to Grid 59.28 $/MWe-hr 47 MWe $22,134,173
Annual Revenue — Heat/Power at the Market Price $644,862,734
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Table A-10. HTGR central energy supply facility revenues, 10% IRR.

Price Generated Annual

Revenue
Heat to SAGD/Upgrading 43.03 $/MWt-hr | 2,183 MWt $740,409,323
Electricity to SAGD/Upgrading {100.07 $/MWe-hr 225 MWe $177,355,833
Electricity to Grid 100.07 $/MWe-hr 47 MWe $37,364,370
Annual Revenue — 10% IRR $955,129,526

Table A-11. HTGR central energy supply facility economic results summary.

E;ggfgt I;f)R Product Price
) Power 3.2 $67.90/MWe-hr
Heaf/‘l‘}(’)lv’g;“i he 32 $29.20/MWt-hr
Market Price Heat 32 $8.56/MMBTU
32 $6.34/1000-1b
Supplying Power 10.0 $100.07/MWe-hr
Heat/Power to 10.0 $43.03/MWt-hr
Achieve the Heat 10.0 $12.61/MMBTU
Specified IRR 10.0 $9.34/1000-1b

From the results, the HTGR only has a 3.2% IRR selling heat and power at the market
price to the OSP for use in the SAGD and bitumen upgrading process. In order to
achieve and IRR of 10%, power must be sold at a premium compared to the current
industrial market price. However, one of the main benefits of the HTGR integration is
the large reduction in CO, emissions, which is not captured in the above results. In
previous economic analyses performed for the NGNP project, it was possible to include a
price on CO, emissions to determine the price necessary to equate the conventional and
nuclear-integrated processes. However, in the central energy supply facility scenarios,
the economics of the conventional cases were not assessed. As a result, rather than the
conventional process paying a price for CO, emissions, the HTGR central energy supply
facility will include an additional revenue stream for the CO, emission offset (12,207
tons per day of CO, avoided). This would be comparable to a cap and trade scenario,
where the HTGR process could sell its CO, emission avoidance credits. Table A-12
presents the carbon credit summary results, for a CO, price of $0 to $200 per ton of CO,
emissions avoided.
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Table A-12. HTGR central energy supply facility carbon credit summary results, 10%

IRR.
Carbon Credit | Electricity Price Heat Price
$/ton $/MWe-hr $/MWt-hr $'MMBTU $/1000-1b

0 100.07 43.03 12.61 9.34
50 79.06 34.00 9.96 7.38
100 58.06 24.96 7.32 542
150 37.05 15.93 4.67 3.46
200 16.04 6.90 2.02 1.50

The carbon credit results for the HTGR central energy supply facility were compared to
the current industrial heat price, $6.33/MMBTU'". A graphical comparison of the carbon
credit results is presented in Figure A-7. The results demonstrate that a carbon credit of
$120 per ton of CO; offset would equate the HTGR heat selling price with the current
industrial heat price.

$14.00
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Figure A-7. HTGR central energy supply facility carbon credit results, 10% IRR.

7" The industrial heat price was calculated assuming a natural gas price of $5.50/MSCF, a natural gas higher
heating value of 1,047 MMBTU/1000 MSCF, a boiler efficiency of 83% (higher heating value) (EERE 2003).
The following equation was used to calculate the associated price of heat:

Fuel Cost 1

X
Boiler Ef ficiency Heating Value

Heat Cost =
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A-5. CENTRAL ENERGY SUPPLY ECONOMIC SENSITIVITY

RESULTS

A sensitivity analysis for the heat and power selling prices for the central energy supply
facility was performed using the methodology described in Section 6 of the main report.

For the economic assumptions sensitivity analysis, the baseline economic assumptions
were varied to determine the effect on the product selling prices. Table A-13 lists the
values used in the economic sensitivity analysis.

Table A-13. Lower, baseline, and upper values used in the economic sensitivity analysis.

Lower Value

Baseline Value

Upper Value

IRR (%)

Debt Ratio (%)

Debt Interest Rate (%)

Loan Term (years)

Construction Period per HTGR (months)
HTGR TCI

Alberta Construction Adder

8
100
6
25
24
-30%

10
80
8
20
36
TCI
1.658

15
50
10
10
60
+30%

Table A-14 summarizes the results of the sensitivity analysis listing the required product
selling prices for the central energy supply facility as well as the percent change in the
product selling price versus the baseline case. The corresponding tornado plots are
presented in Figure A-8 through Figure A-10.

'8 The debt interest rate selected in the sensitivity analysis is also used for the interest on debt during construction.
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Table A-14. Results from the economic sensitivity analysis, central energy supply

facility.
Electricity Heat Heat Heat
Price Price Price Price % Change
$/MWe-hr | $/MWt-hr | $MMBTU | $/1000-1b
Baseline Product Price 100.07 43.03 12.61 9.34
IRR
8% 90.77 39.03 11.44 8.47 -9
15% 121.92 5243 15.37 11.38 22
Debt Ratio
100% 97.72 42.02 12.31 9.12 -2
50% 104.19 44.80 13.13 9.73 4
Debt Interest Rate
6% 90.29 38.82 11.38 8.43 -10
10% 111.21 47.82 14.01 10.38 11
Loan Term
25 years 98.23 42.24 12.38 9.17 -2
10 years 105.49 45.36 13.29 9.85 5
HTGR TCI
-30% TCI 79.35 34.12 10.00 7.41 221
+30% TCI 120.79 51.94 15.22 11.28 21
Alberta Construction Adder
Adder = 1 | 7266 | 3124 12.61 9.34 27

CanadaAdderat 1 $72.66 i Alberta Oil Sands Adder
at 1.658

8% IRR $90.77 _ $121.92 15%IRR 10%IRR
-30% TCI $79.35 n $120.79 +30% TCI TCI

6% Interest $90.29 n $111.21 10% Interest 8% Interest
25 year Loan Term $98.23 m $105.49 10 year Loan Term 20 year Loan Term
100% Debt/0% Equity $97.72 F $104.19 50% Debt/50% Equity 80% Debt/20% Equity

Baseline Sensitivity

Product Selling Price ($/MWe-hr) - Baseline of $100.07
Values

Figure A-8. Central energy supply facility sensitivity analysis, electricity price.
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Figure A-9. Central energy supply facility sensitivity analysis, heat price.
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at 1.658
8% IRR $8.47 _ $11.38 15%IRR 10%IRR
30%TCI s7.41 [ 5125 +30%TCI TCI
6% Interest $8.43 n $10.38 10% Interest 8% Interest

25 year Loan Term

$9.17 " $9.85
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$9.12 F $9.73
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Figure A-10. Central energy supply facility sensitivity analysis, heat steam price.
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From the economic sensitivity analysis, the Alberta construction adder can have the
largest impact on the required product selling price, followed by assumed IRR, the
uncertainty in the HTGR TCI (AACE Class 4), and the debt interest rate.

A-6. CENTRAL ENERGY SUPPLY FACILITY BITUMEN RECOVERY
AREA

In order to determine the area the HTGR central energy supply facility could serve for
bitumen extraction over the life of the reactors, it was necessary to determine the bitumen
distribution in Alberta. The volume of bitumen and the associated area are updated
annually by the Canadian Energy Resources Conservation Board (ERCB). The volume
of bitumen available per square meter was calculated based on the following 2009 ERCB
data, using the weighted average of the volume of bitumen available per area, presented
in Table A-15. The SAGD process recovery factor is assumed to be 50% (ERCB 2009).
Therefore, the calculated recoverable bitumen volume per area is7.5 barrels per square
meter.

The volume per area recoverable for SAGD was used to calculate the project area served
by the central energy supply facility described in the previous sections. For the recovery
area a plant life for the HTGR facility was assumed to be 60 years, this is the actual
anticipated operating lifetime, which is greater than the assumed economic recovery
period. Based on a 60 year plant life, 147,919 barrels of bitumen extracted per day, and
the 7.5 barrels of bitumen recoverable per square meter the HTGR central energy supply
facility can support extraction for a project area of approximately 430 square kilometers.
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Table A-15. Crude bitumen reserves and impact of central energy supply facility.

Volume Bitumen Area Volume/Area
(bbl) (m?) (bbl/m?)

Athabasca

Grand Rapids 54,547,391,380 6,890,000,000 7.92

Wabiskaw-McMurray (mineable) 130,290,196,880 3,740,000,000 34.84

Wabiskaw-McMurray (in situ) 831,718,861,490 47,010,000,000 17.69

Nisku 64,931,384,300 4,990,000,000 13.01

Grosmont 317,428,355,000 41,670,000,000 7.62
Cold Lake

Grand Rapids 108,767,925,840 17,090,000,000 6.36

Clearwater 59,223,959,620 4,330,000,000 13.68

Wabiskaw-McMurray 26,946,838,770 4,850,000,000 5.56
Peace River

Bluesky-Gething 68,941,667,280 10,160,000,000 6.79

Belloy 1,772,570,220 260,000,000 6.82

Debolt 49,028,538,000 3,020,000,000 16.23

Shunda 15,777,132,100 1,430,000,000 11.03
Total 1,729,374,820,880 | 145,440,000,000
Weighted Average 15.06
SAGD Bitumen (50% Recovery) 7.53
Central Energy Supply Facility Impact

Bitumen Recovered (bbl/day) 147,919

Plant Life (years) 60

Bitumen Recovered over the Life of the Facility (million bbl) 3,239

Bitumen Recovery Area (km?) 430

DEPLOYMENT

A-7. CENTRAL ENERGY SUPPLY FACILITY HYPOTHETICAL

A hypothetical deployment scenario was developed for the HTGR central energy supply
facility. The deployment scenario was developed to assess the progression of the HTGR
heat supply to the individual OSPs and the associated heat supply to the SAGD well pads.
Each well pad is assumed to extract approximately 7,500 barrels of bitumen per day.
Well pads are assumed to have a life of ten years with ten paired wells per well pad
(Devon 2010 and JACOS 2010). Thus, for the 147,919 barrels per day of bitumen
extracted, the HTGR central energy supply facility would provide the OSPs with steam to
supply 120 total wells pads and 1,200 paired wells, with 20 active well pads, serving an
area of 430 square kilometers. The phased deployment is depicted in Figure A-11. The
area is assumed to be served by two OSPs and a single refinery. The OSP identified in
the upper half of the map serves 30% of the area identified, or 129 of the 430 square
kilometers, the remaining OSP serves the remaining project area (301 square kilometers).
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Figure A-11. Central energy supply facility, progressive energy supply to OSP facilities.
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Conventional SAGD NucleaSr Algtlggrated
Inputs
Natural Gas Feed rate (MMSCFD)' 192.5 0
# HTGRs (600 MWt) N/A 4
Naphtha as Diluent (bbl/day) 81,429 81,429
Outputs
Dilbit Product (bbl/day) 271,429 271,429
Bitumen (bbl/day) 190,000 190,000
Naphtha (bbl/day) 81,429 81,429
Utility Summary
Total Power (MWe) -113.2 0
SAGD Process Consumption -113.2 -108.9
HTGR Consumption N/A -83.7
HTGR Rankine Cycle Production N/A 192.6
Water Requirements’
Water Consumed (gpm) | 884 | 884
CO, Summary
Total CO, Emitted (ton/day) | 11,831 | 0
Nuclear Integration Summary
Nuclear Heat Supplied® (MWt) N/A 2,486
HTGR Heat to SAGD Process N/A 2,032
HTGR Heat to Power Generation N/A 454
Nuclear Power Supplied (MWe) N/A 108.9

! Standard temperature of 60°F.

2 SAGD water requirements only, does not include water requirements for the HTGR

* The HTGR heat supplied is greater than 2,400 MWt due to heat generated in the primary circulators.
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Calculator Block SUMMARY

POWER CALCULATIONS:

POWER GENERATORS:

TOTAL POWER GENERATED = 0.0 Mw
POWER CONSUMERS:

SAGD POWER CONSUMPTION = 113.2 Mw
TOTAL POWER CONSUMED = 113.2 mMw
NET PLANT POWER (+ GEN, - CONS)= -113.2 mMw

SAGD WATER BALANCE:

LOSSES:
STEAM LOST TO INJECTION WELL:
VOLUME: 23750.0 BBL/DAY
VOLUME: 692.7 GPM H20
MASS: 4154.3 TON/DAY
WASTEWATER EFFLUENT:
VOLUME: 6563.0 BBL/DAY
VOLUME: 191.4 GPM
MASS: 1148.0 TON/DAY
TOTAL LOSSES:
VOLUME: 30313.0 BBL/DAY
VOLUME: 884.1 GPM H20
MASS: 5302.2 TON/DAY
STEAM GENERATION:
SAGD INJECTION STEAM:
VOLUME: 510876.5 BBL/DAY
VOLUME: 14900.6 GPM H20
MASS: 89360.7 TON/DAY
TEMPERATURE : 592. F
PRESSURE: 1450. PSI
STEAM FOR WATER TREATMENT:
VOLUME: 19775.7 BBL/DAY
VOLUME: 576.8 GPM H20
MASS: 89360.7 TON/DAY
TEMPERATURE: 282. F
PRESSURE: 51. PSI
STEAM INJECTED TO SAGD WELLS AFTER PIPING COND.:
VOLUME: 475000.0 BBL/DAY
VOLUME: 13854.2 GPM H20
MASS: 83085.3 TON/DAY
TOTAL PROCESS WATER FOR STEAM GENERATION:
VOLUME: 494775.7 BBL/DAY
VOLUME: 14431.0 GPM
MASS: 86544.4 TON/DAY
TOTAL MAKEUP WATER REQUIRED:
VOLUME: 30313.0 BBL/DAY.
VOLUME: 884.1 GPM.
MASS: 5302.2 TON/DAY

H20
EQ.

H20
EQ.

H20
EQ.

H20
EQ.

H20
EQ.

EQ.

EQ.

EQ.

EQ.

EQ.



PERCENTAGE WATER RECOVERY:

LIQUID PRODUCTS SUMMARY:

SAGD PRODUCT:
BITUMEN PRODUCTION
STEAM TO OIL RATIO

SAGD PROCESS REQUIREMENTS:
NATURAL GAS REQUIREMENT
POWER =

SAGD PROCESS PRODUCTS:
BITUMEN =
CO2 EMITTED =

93

190000.
2.

192.
113.

190000.
11830.

B-5

. 9%

BBL/DAY

1O

MMSCFD @ 60F
Mw

N ol

0 BBL/DAY
8 TON/DAY
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Calculator Block SUMMARY

POWER CALCULATIONS:

POWER GENERATORS:

STEAM TURBINE POWER OUTPUT = 199.9 mw
TOTAL POWER GENERATED = 199.9 mMw
POWER CONSUMERS:

HTGR POWER CONSUMPTION = 83.6 Mw

SAGD POWER CONSUMPTION = 108.9 mMw

UPGRADING POWER CONSUMPTION = 0.0 Mw

POWER BLOCK POWER CONSUMPTION = 7.3 Mw
TOTAL POWER CONSUMED = 199.7 mMw
NET PLANT POWER (+ GEN, - CONS)= 0.2 Mw

SAGD WATER BALANCE:
LOSSES:

STEAM LOST TO INJECTION WELL:

VOLUME: 23750.0 BBL/DAY
VOLUME: 692.7 GPM H20
MASS: 4154.3 TON/DAY

WASTEWATER EFFLUENT:

VOLUME: 6563.0 BBL/DAY
VOLUME: 191.4 GPM
MASS: 1148.0 TON/DAY

TOTAL LOSSES:

VOLUME: 30313.0 BBL/DAY

VOLUME: 884.1 GPM H20

MASS: 5302.2 TON/DAY
STEAM GENERATION:

SAGD INJECTION STEAM:

VOLUME: 510876.5 BBL/DAY
VOLUME: 14900.6 GPM H20
MASS: 89360.7 TON/DAY
TEMPERATURE: 592. F
PRESSURE: 1450. PSI

STEAM FOR WATER TREATMENT:

VOLUME: 19775.7 BBL/DAY
VOLUME: 576.8 GPM H20
MASS: 89360.7 TON/DAY
TEMPERATURE : 282. F
PRESSURE: 51. pSI
STEAM INJECTED TO SAGD WELLS AFTER PIPING COND.:

VOLUME: 475000.0 BBL/DAY

VOLUME: 13854.2 GPM H20

MASS: 83085.3 TON/DAY
TOTAL PROCESS WATER FOR STEAM GENERATION:

VOLUME: 494775.7 BBL/DAY

VOLUME: 14431.0 GPM

MASS: 86544.4 TON/DAY

TOTAL MAKEUP WATER REQUIRED:

H20
EQ.

H20
EQ.

H20
EQ.

H20
EQ.

H20
EQ.

EQ.

EQ.

EQ.

EQ.

EQ.



VOLUME:
VOLUME:
MASS:

PERCENTAGE WATER RECOVERY:

LIQUID PRODUCTS SUMMARY:

SAGD PRODUCT:
BITUMEN PRODUCTION
STEAM TO OIL RATIO

HTGR SUMMARY :
770C HTGR - SADG & POWER:

STEAM INLET FLOW =
TEMPERATURE =
PRESSURE =
STEAM FLOW TO SAGD =
STEAM FLOW TO POWER PROD.
STEAM OUTLET FLOW =
TEMPERATURE =
PRESSURE =
HEAT AVAILABLE TO PROCESS
REACTOR HEAT TO SAGD =
REACTOR HEAT TO POWER PROD. =

30313.
884.
5302.

93.

190000.
2

1442.
540.
17.
1179.
263.
1442,
350.
17.
2485.
2031.
454,

KN o

0 BBL/DAY.

1 GPM.
2 TON/DAY

9%

BBL/DAY

KG/S

MPA
KG/S
KG/S
KG/S

MPA
Mw

WUIToO WO OO0

Mw
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Conventional Ii‘;g:::; d
Inputs
Natural Gas Feed Rate (MMSCFD') | 276.3 | 71.4
Intermediates
Bitumen (bbl/day) | 147,919 | 147,919
Outputs
Synthetic Crude Oil (bbl/day) 144,247 144,247
Butane (MMSCFD'") 2.7 2.7
Coke (ton/day) 2,089 2,089
Sulfur (ton/day) 1,305 1,305
Utility Summary
Total Power (MWe) -276.3 474
SAGD Process Consumption -88.2 -84.8
Upgrading Process Consumption -61.6 -140.0
HTGR Consumption N/A -104.4
HTGR Rankine Cycle Production N/A 376.6
Water Requirements”
Water Consumed (gpm) 688 688
Total CO, Emitted (ton/day) 18,097 5,890
SAGD 9,305 0
Upgrading 8,793 5,890
Nuclear Integration Summary
Nuclear Heat Supplied® (MWt) N/A 3,071
HTGR Heat to SAGD Process N/A 1,598
N/A 585
HTGR Heat to Power Generation N/A 888
Nuclear Power Supplied (MWe) N/A 272.2

' Standard temperature of 60°F.

*  SAGD water requirements only, does not include water requirements for the HTGR or upgrading

> The HTGR heat supplied is greater than 2,400 MWt due to heat generated in the primary circulators.
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CALCULATOR BLOCK SUMMARY

POWER CALCULATIONS:

POWER GENERATORS:

TOTAL POWER GENERATED = 0.0 mw
POWER CONSUMERS:
SAGD POWER CONSUMPTION = 88.2 Mw
UPGRADING POWER CONSUMPTION = 61.6 Mw
TOTAL POWER CONSUMED = 149.8 mMw
NET PLANT POWER (+ GEN, - CONS)= -149.8 mMw
SAGD WATER BALANCE:
LOSSES:
STEAM LOST TO INJECTION WELL:
VOLUME: 18489.8 BBL/DAY
VOLUME: 539.3 GPM H20
MASS: 3234.2 TON/DAY
WASTEWATER EFFLUENT:
VOLUME: 5109.4 BBL/DAY
VOLUME: 149.0 GPM
MASS: 893.7 TON/DAY
TOTAL LOSSES:
VOLUME: 23599.2 BBL/DAY
VOLUME: 688.3 GPM H20
MASS: 4127.9 TON/DAY
STEAM GENERATION:
SAGD INJECTION STEAM:
VOLUME: 401574.7 BBL/DAY
VOLUME: 11712.6 GPM H20
MASS: 70242 .0 TON/DAY
TEMPERATURE : 592. F
PRESSURE: 1450. PSI
STEAM FOR WATER TREATMENT:
VOLUME: 15395.7 BBL/DAY
VOLUME: 449.0 GPM H20
MASS: 70242.0 TON/DAY
TEMPERATURE: 282. F
PRESSURE: 51. PSI
STEAM INJECTED TO SAGD WELLS AFTER PIPING COND.:
VOLUME: 369796.4 BBL/DAY
VOLUME: 10785.7 GPM H20
MASS: 64683.5 TON/DAY
TOTAL PROCESS WATER FOR STEAM GENERATION:
VOLUME: 385191.7 BBL/DAY
VOLUME: 11234.8 GPM
MASS: 67376.4 TON/DAY
TOTAL MAKEUP WATER REQUIRED:
VOLUME: 23598.8 BBL/DAY.
VOLUME: 688.3 GPM.
MASS: 4127.8 TON/DAY

H20
EQ.

H20
EQ.

H20
EQ.

H20
EQ.

H20
EQ.

EQ.

EQ.

EQ.

EQ.

EQ.



PERCENTAGE WATER RECOVERY: 93.9%

LIQUID PRODUCTS SUMMARY:

INTERMEDIATE PRODUCT:
BITUMEN PRODUCTION

147918.6 BBL/DAY
STEAM TO OIL RATIO 2.

5

FINAL PRODUCT:
SYNCRUDE PRODUCTION = 144247 .0 BBL/DAY
SYNCRUDE TO BITUMEN RATIO = 0.975
UPRGRADING/SMR PROCESS SUMMARY :

UPGRADING PROCESS REQUIREMENTS:

NATURAL GAS REQUIREMENT = 124.9 MMSCFD @ 60F
POWER = 61.6 Mw
UPGRADING PROCESS PRODUCTS:
SYNCRUDE PRODUCT = 144247 .0 BBL/DAY
BUTANE = 2.7 MMSCFD @ 60F
COKE = 2089.3 TON/DAY
SULFUR = 1304.9 TON/DAY
CO2 EMITTED = 8793.2 TON/DAY
SAGD PROCESS REQUIREMENTS:
NATURAL GAS REQUIREMENT = 151.4 MMSCFD @ 60F
POWER = 88.2 Mw
SAGD PROCESS PRODUCTS:
BITUMEN = 147918.6 BBL/DAY
CO2 EMITTED = 9304.1 TON/DAY
OVERALL PROCESS RESULTS:
NATURAL GAS REQUIREMENT = 276.3 MMSCFD @ 60F
POWER = 149.8 mMw
CO2 EMITTED = 18097.3 TON/DAY
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CALCULATOR BLOCK SUMMARY
POWER CALCULATIONS:

POWER GENERATORS:

STEAM TURBINE POWER OUTPUT = 390.8 mw
TOTAL POWER GENERATED = 390.8 mw
POWER CONSUMERS:
HTGR POWER CONSUMPTION = 104.4 mw
SAGD POWER CONSUMPTION = 84.8 Mw
UPGRADING POWER CONSUMPTION = 140.0 mMw
POWER BLOCK POWER CONSUMPTION = 14.2 Mw
TOTAL POWER CONSUMED = 343.4 mMw
NET PLANT POWER (+ GEN, - CONS)= 47 .4 mMw
SAGD WATER BALANCE:
LOSSES:
STEAM LOST TO INJECTION WELL:
VOLUME: 18489.8 BBL/DAY H20 EQ.
VOLUME: 539.3 GPM H20 EQ.
MASS: 3234.2 TON/DAY
WASTEWATER EFFLUENT:
VOLUME: 5109.4 BBL/DAY
VOLUME: 149.0 GPM
MASS: 893.7 TON/DAY
TOTAL LOSSES:
VOLUME: 23599.2 BBL/DAY H20 EQ.
VOLUME: 688.3 GPM H20 EQ.
MASS: 4127.9 TON/DAY
STEAM GENERATION:
SAGD INJECTION STEAM:
VOLUME: 401575.1 BBL/DAY H20 EQ.
VOLUME: 11712.6 GPM H20 EQ.
MASS: 70242.1 TON/DAY
TEMPERATURE: 592. F
PRESSURE: 1450. PSI
STEAM FOR WATER TREATMENT:
VOLUME: 15395.7 BBL/DAY H20 EQ.
VOLUME: 449.0 GPM H20 EQ.
MASS: 70242 .1 TON/DAY
TEMPERATURE : 282. F
PRESSURE: 51. pSI
STEAM INJECTED TO SAGD WELLS AFTER PIPING COND.:
VOLUME: 369796.4 BBL/DAY H20 EQ.
VOLUME: 10785.7 GPM H20 EQ.
MASS: 64683.5 TON/DAY
TOTAL PROCESS WATER FOR STEAM GENERATION:
VOLUME: 385192.2 BBL/DAY
VOLUME: 11234.8 GPM
MASS: 67376.4 TON/DAY

TOTAL MAKEUP WATER REQUIRED:



VOLUME:
VOLUME:
MASS:

PERCENTAGE WATER RECOVERY:

LIQUID PRODUCTS SUMMARY:

INTERMEDIATE PRODUCT:
BITUMEN PRODUCTION
STEAM TO OIL RATIO

FINAL PRODUCT:
SYNCRUDE PRODUCTION =
SYNCRUDE TO BITUMEN RATIO =

UPRGRADING/SMR PROCESS SUMMARY:

UPGRADING PROCESS REQUIREMENTS:
HYDROGEN REQUIREMENT =
GENERAL PROCESS HEAT =
PROCESS HEAT AS STEAM =
POWER =

UPGRADING PROCESS PRODUCTS:
SYNCRUDE PRODUCT =
BUTANE =
COKE =
SULFUR =
C02 EMITTED =

SMR PROCESS REQUIREMENTS:
NATURAL GAS REQUIREMENT =
PROCESS HEAT =
POWER =

SMR PROCESS PRODUCTS:
HYDROGEN PRODUCT =
STEAM AS HEAT =
CO2 EMITTED =
CAPTURABLE €02 =

OVERALL HEAT/POWER REQUIREMENTS:
EXTERNAL PROCESS HEAT REQ. =
TOTAL PROCESS HEAT REQ =

STEAM AVAILABLE FROM SMR =
EXTERNAL POWER REQ. =

OVERALL CO2 BALANCE:
TOTAL CO2 PRODUCED =
C02 EMITTED =
CAPTURABLE C02 =

HTGR SUMMARY :
850C HTGR - UPGRADING:

HELIUM INLET FLOW =
TEMPERATURE =
PRESSURE =

HELIUM OUTLET FLOW =
TEMPERATURE =

23599.
688.
4127.

93.

147918.
2.

144247 .
0.

257.
292.
85.
49.

144247 .
2.
2089.
1304.
1554.

71.
312.
29.

257.
43.
388.
3947.

646.
690.
43.
78.

5890.
1943.
3947.

274.
825.

274,
415.

2
3
9

BBL/DAY.
GPM.
TON/DAY

9%

6
5

0
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BBL /DAY
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HEAT AVAILABLE TO PROCESS
REACTOR HEAT TO PROCESS
IN SEC. CIRCULATOR

HEAT GEN.
770C HTGR - SADG & POWER:

STEAM INLET FLOW
TEMPERATURE
PRESSURE =

STEAM FLOW TO SAGD

STEAM FLOW TO POWER PROD.

STEAM OUTLET FLOW =
TEMPERATURE

HEAT AVAILABLE TO PROCESS
REACTOR HEAT TO SAGD
REACTOR HEAT TO POWER PROD.

646.
585.
61.

1442,
540.
17.
927.
515.
1442.
350.
17.
2485.
1597.
888.
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