





ENR-SRED(IN)

Catalytic Sulfur Reduction (SCOT or Beavon Process w/o H2S Absorber)

() remperature (®)
(:) Pressure (psia)

Y { Mass Flow Rate (ibhr)
@ Q  Duty (MMBtwhr)

W Power(kW)
AIR-COMP m

Wots @R_1 Warnings

PREHEAT

(ar)

QUENCH
Q=7

GAs-4

H2-SRED1(IN)#

H2 H20-SPLT

TG-COMP
W=3750

[H205

H20-4

H20-MIX

SRED-EX(OUT)

A-43

=
S
IS
)

scoT-H20 | scot-H20(0uT) P
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[z} CO2 Liquefaction @
() pressure siay
: Mass Flow Rate (b/hr)

Q  Duty (MMBuw/hr)

CO2-REC1

W Power(kW)

REC-COMP
W=1167

REC-COOL
Q=7

(7-Stages Total; Efficiency = 84.4)

SPLT-1

{coz-GFR } [ coz-TrN10UT) P

Y

CO2(IN)

STGS-1-6 ST6-COOL STAGE-7

W=17176 Q=-4 W=1209

700

Y

4 CO2-REC1(OUT) } CO2-REC CO2-FLTR { CO2-FLT1(OUT) b



FT-SYNG(IN)

SG-PRHT1

Fischer Tropsch Synthesis

Q=781

{Frwaxoun

C} Temperature (F)
) prssure sia)
: Mass Flow Rate (Ib/hr)

Q  Duty (MMBu/hr)

W Power(kW)

man

FT-RX-1
Q=-3177

E

REC-GAS2

A-45

GAS-SPLT

REC-COMP
W=27957

REC-GAS1

TG-FT(OUT)

NAP-SEP1

Q=0
COOL-1
Q=-117
FT-NAP(OUT)
N MID-SEP1
>
Q=-1408 %}
WAX-SEP1
Q=0
Y WAT
Y
WATER-1 > H20-MIX1 FT-H20(0UT)
H20-MIX1 HZO-MIX2

338

FT-MID-D FT-MID-D(OUT) P



FH-EXH(OUT)

O remperature ()
) prse i
Y { Mass Flow Rate (Ib/hn)

Q  Duty (MMBuhr)

W Power(kW)

VAC-COL
QC=-175
QR=215

LPS-GEN
Q=-33

MPS-GEN
Q=-65

WAX-MIX

FT-WAX(IN) }

COL-HEAT |-----

NAP-MIX

Y

Product Upgrading and Refining

A-46

NAPHTHA1

TG-REF(OUT)

HCHT-NAP

HYDTREAT

HIERARCHY

Y,
o | H20-MIX

HT-VLVE

H2HTPRG2

EAT-MIX

HYDCRACK

HIERARCHY

H2-CRAK

H2-SPLT

CRAKGAS2

CG-CoMP

W=2887 104
34

70595

(109
(4)
HCRACK-4 -1 2639

HC-PUMP2
W=1

HCRACK-W

HC-VLVE

H2-REF2(IN)




Q Temperature (F)
() pressure siay
Y Mass Flow Rate (i)

Q  Duty (MMBwhr)

W Power(kW)

H2-MIX

H2-COMP2
W=521

A-47

Hydrocracking

Used to include
PSA power requirement
in utility calcs.

@)
711
5519 PSA-PWR
L5519 > o
H2-CRAK |———4q H2-CRAK(IN) | COMPR
H2-COMP
140 W=233
& o

H CR’QAJE-IM
WAX-PMP1 B
‘W=495

HCRAK-R2
Q=0

H2-REC2

HRACK-7 F—{ HerackouT) p

HCRK-FRC
QC=-312

HCRACK-3 QR=402

QF=0

HC-RECP
Q=-125

Q=8|

HEAT

(e} -[Greamornb

2
=

WAX-PMP2
W=424

CRK-WAX
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Hydrotreating

@,
711
He-MIX
O Temperatre < H2TRT o Hi2-TREAT(N)
C ) pressure osia)
: Mass Flow Rate (Ib/hr) H2-%22A9P72 H2»V(\./‘,(=37l\é|’g
Q Duty (MMBtu/hr)
w Power(kW)
{ Ho-PURGE | [ Ho-HTPRG(OUT) P

Used to include
PSA power requirement
in utility calcs.

PSA-PWR

> { HTREAT-3 —{ HTREAT(OUT) P > —>

FT-MID-D(IN)

H2-FLASH

HT-PRHT HT-RECP COMPR
Q=93 HTREAT-R Q=93 Q=-22
Q=0 W=4
HT-PUMP
W=718
]l HEAT fl

HTREAT-W(OUT) p



Steam Turbines

FT-PUMP

MP-PUMP
W=1409

Note: If you change the design spec
that controls the deaerator temperature,
be sure to update the utility inlet specs
for all three steam levels.

BFW-SPLT

C) Temperature (F)

LP-PUMP
w=43 (@)
5880918
BFW-3

(:) Pressure (psia)
Y { Mass Flow Rate (ib/hr)

Q  Duty (MMBuwhr)

W Power(kW)

FT-SPLT2

MP-SPLT1

Saturated Steam Turbines

LP-SPLT1

LP-STM-2

—

S-TURB-1 S-TURB-2
W=-29898 W=-58247

S-TURB-3
W=-313533

300

FT-COND

[con

COND-MIX

CONDSR-2
Q=-3616

C-PUMP-2

A-49

BFW-MKUP(IN)



D Temperature (F)
(:) Pressure (psia)
D Mass Flow Rate (Ib/hr)

Q  Duty (MMBuh)

W Power(kW)

Cooling Tower

163430531

CT-EX(OUT)
Wanings

CT-FAN

W=3696

cT-cooL
Q=-10153
CTFLASH COLDWELL
Q=10153 a=0
HOT-WELL
CT-PUMP
W=7259
(15) —
7871452 LHEAT |
CT-MKUP(IN) MU-H20
CWR-1 | 122124832 @) @)
122124832 484996116
BLOWDOWN
Q& cws-5 < cws-4
CW-USERS
Q=4386

ewrAG |

156438379

CWR-1-C

362871285

CW-USERC
Q=3616

362871285

CWS-PUMP
W=7545

BLOWDOWN

CT-BD(OUT)
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SCOT-BD(IN)

Routed back
to Claus

S-STRIP

QC=-0
QR=0

GFR-BD(IN)
(103)
(15)
[GFR1 | 221499

Simplified Water Treatment

COND-BD(IN)

CN-OXYL

MIXER

NH3-NH4

MIXER

COND-3 |—) 35944

<

BIOTREAT

298161
20
4 zL0-Ex(UT) |—— EVAPEXH [— Q=336
HEATER
(120)
(15)
102236
POLISH
{T0-HRsG(OUT) |—{ T0-HRSG |—
MIXER

REF-BD(IN)

[Rectzom |

DIGESTER

MIXER

DGST-EFF

MIXER

BIO-EFF 1108441

UF-RO

[Fr-zom ]

COOL-BD(IN)

SOFTEN

MIXER

[cooL2

FSPLIT

879299

RO-EFF E
1587343
Y sPuT
- SPLIT2
TO-MKUP >

MAKEUP(IN)

CLARIFY

MIXER

(s0)

{

PWR-CALC
W=13016

COMPR

(15)
(k-2

O Temperature (F)
(:) Pressure (psia)
D Mass Flow Rate (Ib/hr)

Q  Duty (MMBtwhn)

W Power(kW)

@)
(15)

TO-GFR(OUT)

&
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{ To-eLEC }—] TO-ELEC(OUT) P

TO-CT(OUT)



3-Stages;
Efficiency=75%

Refrigeration Unit

NH3-VAP3

[

C) Temperature (F)
D Pressure (psia)
) Mass Flow Rate (Iohn)

Q  Duty (MMBuwhr)

W Power(kW)

COMPRESR
W=26169
-35
322074
NH3-VAP2
EVAPORTR

Q=142

CONDENSR

Q=-195

VALVE

A-52



Nuclear Integration

Conventional GTL GTL
Inputs
Natural Gas Feed Rate (MMSCFD)' 427 390
% Carbon to Liquid Product 71.9% 79.3%
# HTGRs (600 MW,) N/A 0.75
QOutputs
Total Liquid Products (bbl/day)t 49,994 49,998
Diesel 34,581 35,410
Naphtha 11,892 11,674
LPG 3,521 2,914
Utility Summary
Total Power (MW) 66.6 69.7
Power Consumed -330.1 -402.3
Secondary Helium Circulator N/A -48.4
ASU -132.7 -131.3
Natural Gas Reforming -68.0 -68.9
CO, Compression/Liquefaction N/A -11.7
Fischer Tropsch & Refining Processes -53.8 -60.3
Refrigeration -41.5 -47.1
Cooling Tower -18.8 -20.8
Water Treatment -15.4 -13.9
Power Generated 396.7 471.9
Saturated Turbines 396.7 471.9
Water Requirements’
Water Consumed (gpm) 13,790 14,552
Water Consumed/Ib Feed (1b/1b) 8.55 9.86
Water Consumed/bbl Product (bbl/bbl) 9.5 10.0
CO; Summary
Total CO, Produced (ton/day) 7,164 4,190
Emitted 7,164 841
Capturable N/A 3,349
Nuclear Integration Summary
Electricity (MW) N/A -13.9
HTGR House Loads N/A -13.9
Balance of Fossil Plant N/A N/A
HTGR Heat Use (MMBTU/hr) N/A 1,633
Reformer N/A 1,057
Refinery N/A 741
From Secondary Circulator N/A -165

'Standard temperature of 60 degrees F.
Does not include water usage for HTGR.
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13,225 gpm

Natural Gas

9,690 ton/day ——p»
427 MMSCFD

Water
—P

Conventional Gas
to Liquids Process with
Recycle

7,619 ton/day

Natural Gas
8,862 ton/day—J

390 MMSCFD

Nuclear Heat
479 MWt ’

Water

13,250 gpm gl

Nuclear Assisted
Gas to Liquids Process
with Recycle

449 MWt HTGR
1 —449 MWt 700°C — Heat

CO, Emitted |
> Emitte

Electricity Produced

46 MWe

Products Produced

49,995 bbl/day Liquids
34,582 Diesel
11,891 Naphtha
3,621 LPG

CO, Emitted

841 ton/day I

Capturable CO,

3,349 ton/day

Electricity Produced

46 MWe

Products Produced
50,001 bbl/day Liquids
35,412 Diesel
11,675 Naphtha
2,914 LPG

—

Gas to Liquids
Summary Comparison

SIZE Date

LTR

Sep. 30, 2011

DWG NO

GTL-SUM-1

REV

2

PREPAREDBY  A. Gandrik | TvPe

Summary Diagram

sHeeT 1 OF 1

1



4 3 2 1 A-55
Ny
. . . Tail Gas
—Air—{ Air Separation 0O, Recycle T<
Tail Tail
l Gas Gas
h 4 |
; —LPG—p
Preforming & . Product
Natural Sulfur Gas I Fischer-Tropsch FT .
Gas » Removal Mix Autother.mal Syngas Synthesis Liquids_> Upgrgd!ng & Naphtha®-
Reforming Refining L Diesel—p
Steam Blant
Power an Cooling
. Water
Production Towers
Treatment
\m o Peafiondy Sooeralry
Gas to Liquids
SIZE Date DWG NO REV
LTR | sep. 30, 2011 GTL-BFD-1 2
PREPAREDBY  A. Gandrik | TvpPe Block Flow Diagram | skeer 1 OF 1
4 3 2 1




1 A-56
Exhaust Cryogenic
| —air—p AVE LN
2
_ Natural Gas nl Compression
c »
Gas ;ompressor COH . #
/;\ T D
»
Sulfur F-T
Removal Reactor
—Steam
L
» l—Air—— ) BFW—
Compression
N Steamp»
Fired Heater PSA
Autothermal Gas
Refzrr?r;ing Reformer
|
Synthesis C
Gas
Hy |
__BFW. Water
«—Steam
. » Compression Heavy i —
Light Liquids Tail
Gas Gas
Middle
Separation S Distillate
&
Tail Light
Gas Liquids
LPG l B
Product \ 4
«’g’fggi? Hydrotreater
,,,,,, Hydrocracker
Light Gas
Compression — Recycle L .
¢ Diesel
Product I
Saturated
Steam Turbines < Q ‘< <
Distillation "
T eavy
(N <7Saturated# Columns Liquids
Steam Water =
—— Treatment \m o i
Generator System
Gas to Liquids A
<4—BFW
SIZE Date DWG NO REV
BFW Pump LTR Sep. 30, 2011 GTL-PFD-1 2
PREPAREDBY  A. Gandrik | Tvpe Process Flow Diagram | sxeer 1 OF 1
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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 =

PRODUCTS:

LIQUID PRODUCTS PRODUCED
LIQUID PRODUCTS PRODUCED
DIESEL =
DIESEL =
NAPHTHA
NAPHTHA
LPG =
LPG =
LIQUID PRODUCTS PRODUCED
DIESEL =
NAPHTHA =
LPG =
LIQUIDS PRODUCED / NATURAL GAS FED
LIQUIDS PRODUCED / NATURAL GAS FED

FUEL PROPERTIES:
DIESEL
PROD. RATE, BBL/DAY 34581.
LHV RATE, MMBTU/DAY 167237.

MW 189.9
API GRAVITY 54.1
DENSITY, LB/GAL 6.08
CETANE NO. 95.9

HHV CONTENT, BTU/LB 20366.
LHV CONTENT, BTU/LB 18932.

% CARBON 84.7

D86T CURVE, DEG. C:
0% 148.
10% 184.
20% 202.
50% 251.
90% 327.
100% 355.

POWER CALCULATIONS:

POWER GENERATORS:

9690. TON/DY
427. MMSCFD @ 60°F
23063. BTU/LB
1047. BTU/SCF @ 60°F
446948. MMBTU/DY
93.571 MOL.%
3.749 MOL.%
0.920 mOL.%
0.260 mOL.%
0.040 moOL.%
0.010 moL.%
1.190 mOL.%
0.010 moL.%
0.250 moOL.%
1. pPPmV
0. PPMV
0. PPMV
519998. LB/HR
6240.0 TON/DY
368066. LB/HR
4417. TON/DY
115035. LB/HR
1380. TON/DY
36897. LB/HR
443. TON/DY
49994. BBL/DY
34581. BBL/DY
11892. BBL/DY
3521. BBL/DY
= 0.64 LB/LB
= 117.14 BBL/MMSCF
NAPHTHA LPG
11892. 3521.
48894 . 13289.
78.6 56.2
94.9
5.53 5.99
35.7
19110. 16216.
17710. 15007.
79.0 70.1
-104.
16.
46.
83.
125.
177.
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SATURATED TURBINE POWER OUTPUT = 396.
TOTAL POWER GENERATED = 396.

POWER CONSUMERS:

ASU POWER CONSUMPTION = 132.
NG REFORMER POWER CONSUMPTION = 68.
FISHER TROPSCH POWER CONSUMPTION = 37.
REFINERY POWER CONSUMPTION = 11.
POWER BLOCK POWER CONSUMPTION = 5.
REFRIGERATION POWER CONSUMPTION = 41
COOLING TOWER POWER CONSUMPTION = 18.
WATER TREATMENT POWER CONSUMPTION = 15.
TOTAL POWER CONSUMED = 330.

NET PLANT POWER (+ GEN, - CONS)= 66.

WATER BALANCE:

EVAPORATIVE LOSSES:

COOLING TOWER EVAPORATION = 16721.
ZLD SYSTEM EVAPORATION = 806.
TOTAL EVAPORATIVE LOSSES = 17528.
WATER CONSUMED:
BOILER FEED WATER MAKEUP = 1927.
COOLING TOWER MAKEUP = 16432.
TOTAL WATER CONSUMED = 18359.
WATER GENERATED:
NATURAL GAS REFORMING BLOWDOWN = 1900.
FT PROCESS BLOWDOWN = 1606.
REFINERY PROCESS BLOWDOWN = 1.
COOLING TOWER BLOWDOWN = 1867.
TOTAL WATER GENERATED = 5376.
PLANT WATER SUMMARY:
NET MAKEUP WATER REQUIRED = 13790
WATER CONSUMED / NATURAL GAS FED = 8
WATER CONSUMED / LIQUID PRODUCT = 9
CARBON BALANCE SUMMARY:
% CARBON TO LIQUID FUEL = 71.
% CARBON TO TAILGAS = 27.
% UNACCOUNTED CARBON = 0.
CO2 EMITTED = 7164 .
CO2 EMITTED = 125.
FROM REFINERY = 2822.
LHV TO REFINERY = 21740.
FROM REFORMER = 4342.
LHV TO REFORMER = 33452.
C02 EMMITED / LIQ PROD = 1
CO2 EMMITED / NATURAL GAS FED = 0
STARTUP FLARE SUMMARY':
CO2 FROM FLARE = 134.
LHV TO FLARE = 2073.

EFFICIENCY CALCULATIONS:

HEAT IN (HHV BASED):

NATURAL GAS HEAT CONTENT = 18622.9 MMBTU/HR

S RPPHOOUIONRON
=
=

9 GPM
4 GPM
3 GPM

GPM
GPM
GPM

oow

GPM
GPM
GPM
GPM
GPM

QUIOONN

.2 GPM
.55 LB/LB
.5 BBL/BBL

9 %
3 %
7 %

TON/DY
MMSCFD
TON/DY
MMBTU/DY
TON/DY
MMBTU/DY
.15 LB/LB
.01 LB/LB

TON/DY
MMBTU/DY
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A-59

HEAT OUT (HHV BASED):
NET POWER = 227 .3 MMBTU/HR
LIQUID HEAT CONTENT = 10292.7 MMBTU/HR

PLANT EFFICIENCY (HHV BASED):
EFFICIENCY = 56.5 %

Calculator Block NG-RFMR Hierarchy: NG-RFMR
SULFUR REMOVAL CONDITIONS:
INLET BED TEMPERATURE = 757. °F

PREFORMER CONDITIONS:

INLET TEMPERATURE = 915. °F
STEAM TO CARBON MOLAR RATIO = 1.00
AUTOTHERMAL REFORMER CONDITIONS:

INLET TEMPERATURE = 1092. °F

STEAM TO CARBON MOLAR RATIO = 0.94

OXYGEN TO CARBON MOLAR RATIO = 0.57

OUTLET TEMPERATURE = 1870. °F

H2/CO PRE PSA = 2.219

(H2 - co2)/(Co + C02) = 1.520

H2/CO POST PSA= 2.138

OUTLET COMPOSITION (PRE-CONDENSER):
H2 47.3123 moL.%
co 21.3198 MOL.%
co2 5.9098 moL.%
H20 24.1853 MOL.%
CH4 0.6451 moL.%

OUTLET COMPOSITION (POST-PSA):
H2 61.3647 MOL.%
co 28.7014 moL.%
Cco2 7.9550 MOL.%
H20 0.2753 mOL.%
CH4 0.8685 MOL.%
INERTS 8.7880 MOL.%



Conventional Natural Gas to Liquid Fuels

Reconcile

AsSU

HIERARCHY

OXYGEN 955462

\7

NG-RFMR

COOLER
Q=-12

322

TG-SPLT

BFW-MKUP

ST

HIERARCHY

Color Legend
Water or Steam

CO2 Source

RU

HIERARCHY

TG-FH

TG-MIX

REC-COMP
W=3820

1103727

HIERARCHY

AIR-RFM

Q Temperature (F)
(:) Pressure (psia)
E Mass Flow Rate (Ib/hr)

Q  Duty (MMBuw/hr)
W Power(kW)

Warnings

SYNGAS-1

Reconcile

H20-TRTM

HIERARCHY

FT

HIERARCHY

REFINERY

HIERARCHY

Reconcile

COOL-TWR

HIERARCHY
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4-Stages;
Efficiency=83%

KO-DRUM

H20-MIX

ACOMP-1
W=133293

C) Temperature (F)
D Pressure (psia)
: Mass Flow Rate (Ib/hr)
Q  Duty (MMBuhr)

W Power(kW)

Air Separation Unit

;

C2-WASTE

MS-LIQ

MOLSIEVE

ACOMP-2
W=830

CW-EXCH
Q=3

COLD-2B
Q=19

VALVE-2

[ peol Top
LPCOLTOP

A-EXPAND
W=-1441

Efficiency=83% COLD-2A
5

- --------- Q=-84
17

02-1

COLD-1B
Q=86

COLD-1A
Q=-86

TO-HPCOL
HEX
Q=472
(e5)
(172
[02} 955462

HPCOLBOT

COLD-2C
Q=64

A-61

OXYGEN(OUT)




A-62

Natural Gas Autothermal Reforming

(o) () SRPH2 These streams would actually be
-PH-. 8 cly to the y LPS-GEN3
(S (oS P fed separately to the ATR, mixed to S
23 21 & caleulate feed ratios.
PF-PH-2 MIX-3
1377396 Q=390 ) 1377396 >

BNR-EXH2 BNR-EXH3

1377396

BNR-EXH5 |—— RFMR-EXH(OUT) P

AIR-RFM(IN)

SEC-RFMR
02-AT-PH Q=0
Q=36

Not currently used in the
model, a placeholder if
02 must be cofed to the

W=43794

OXYGEN(IN)

02-SPLT
BURNER2
Q=0

SG-SPLT

(s00)

S-REMOVE PREFORM1

Q=0

T-PH

A
S-CAPTUR
70 HEAT-3
15

2

LPS-GEN
cor\é[ENDSRz LPS;GE
REC-MIX SPLT-3
> | CO2P-CON
A

LG-REC(IN)

SATURATR

O rempentire )

(:) Pressure (psia) PSA-PWR
oD—>

Y Mass Flow Rate (Ib)

Q  Duty (MMBuhr)

COMPR

(109)

W=7
W Power(kW)
CO2-PUMP

W=0

NAT-GAS(IN)

H20-RFMR

NG-COMP
W=10579

Reconcile

H20-PUMP
w=2



SG-PRHT1

Fischer Tropsch Synthesis

Q=1192

FT-RX-1
Q=-3134

AX(OUT)

Ly

REC-GAS2

GAS-SPLT

FT-PROD1

FT-GAS-1

WAX-SEP1
Q=0

REC-COMP
W=37055

REC-GAS1

MID-SEP1
Q=-1678

NAP-SEP1

Q=0

WAT

353

FT-WAX

343
Yo 781128
Y Y
WATER-1 > H20-MIX1 >
H20-MIX1 H20-MIX2

343

FT-WATER

FT-MID-D

TG-FT(OUT)

FT-NAP(OUT)

FT-H20(0UT)

FT-MID-D(OUT)

A-63

Q Temperature (F)
(:) Pressure (psia)
:( Mass Flow Rate (Ib/hr)

Q  Duty (MMBuwhr)

W Power(kW)




Product Upgrading and Refining

@)

A-64

TG-REF(OUT)

FT-MID-D(IN)

H2HTPRG2

NAS;%OOL 115035 71069 37941
NAP-MIX
NAP-MIX2
NAPHTHA2 }»* { NAPHTHA1 | & HCHT-NAP
FT-NAP(IN)
TG-MIX
DIESEL(OUT)
FLSHGAS1
HYDTREAT Gao)
2065
HIERARCHY [€—— 785
(O Temprstre 0
() pressure psiar TTREATW *
Mass Flow Rate (Ibhr ¥
Yy < te (Ib/hr) 0 H20-MIX
Q  Duty (MMBuhe)
W Power(kW)

(as)

€)
) 63865 {—{ CRAKGAS3

H2-SPLT

AIR-REF(IN)

FH-EXH(OUT)

LPS-GEN
Q=-58

HYDCRACK

HC-PUMP2
W=1

HCRACK-W

FT-WAX(IN) FT-WAX HC-VLVE

NAP-SEI
Q=4

RG2

REF-H20(0UT)
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Hydrocracking

Used to include

N PSA power requirement
C} Temperature (F) in utility calcs.

(:) Pressure (psia)

Y Mass Flow Rate (ivho)
PSA-PWR
Q  Duty (MMBiu/hr) >
W Power(kW)
H2-MIX COMPR
Ho-CRAK ———<{ H2-CRAK(N) | w=3
A
H2-COMP
WZ109
Psr =
o 22186 (1)
380274
H2-HCPRG(OUT) P

HCRACK —] HCRACK(OUT) P

HCRK-FRC
Qf 02

HCRAK-R2
Q=0

[HEaT
HCRACK-W(OUT)
608
(2) |- -{ a-REBL2(0UT)
192722
< CRK-WAX

WAX-PMP2
W=402



PSA-PWR

FT-MID-D(IN)

C} Temperature (F)
C ) pressure s
Y Mass Flow Rate (o)

Q  Duty (MMBtwhr)

W Power(kW)

Used to include
PSA power requirement
in utility calcs.

Hydrotreating

A-66

2500
H2-MIX A
< < —{ H2TRT REAT(IN)
H2-COMP2 H2-COMP
W=361 W=1337
{ H2-PURGE | [ H2-HTPRG(OUT) P
1 J L
PSA
A oo

HT-PUMP
W=766

Y

HT-PRHT
Q=98

HTREAT-R
Q=0

THEAT |

HEAT

HT-RECP
Q=-98




D Temperature (F)
() pressure (psia)
Y { Mass Flow Rate (ibhn)

Q  Duty (MMBuwhr)
W Power(kW)

Warnings

MP-GEN
Q=2359

Note: If you change the design spec
that controls the deaerator temperature,
be sure to update the utility inlet specs
for all three steam levels.

Steam Turbines

MP-PUMP
W=3777

FT-PUMP

LP-PUMP
w=68

BFW-SPLT

FT-SPLT1

FT-SPLT2

MP-SPLT1

FT-STM-2

Saturated Steam Turbines

COND-MIX

a,
Gis)

MU-PMP

S-TURB-2 S-TURB-3
W=-51161

W=-304686

MAKEUP |——— BFW-MKUP(N) |

CONDSR-2
Q=-3512
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D Temperature (F)
() pressure (psia)
D Mass Flow Rate (Ib/hr)

Q  Duty (MMBtwhr)
W Power(kW)

Warnings

CT-MKUP(IN)

HOT-WELL

Cooling Tower

CT-PUMP
W=7219

CT-FLASH
Q=-9992

182746537

Q=9992

CWR-1-C

CW-USERS
Q=4661

175464050

352479520

CW-USERC
Q=3512

HEAT
) (o)
(30) (30)
482272743 483207255
BLOWDOWN
<2 cws-5 < cws-4

CT-COOL

CT-EX(OUT)

COLDWELL
Q=0

352479520

BLOWDOWN

CWS-PUMP
W=7507

CT-BD(OUT)
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Refrigeration Unit

NH3-LIQ1

—

COMPRESR CONDENSR
W=41457 Q=-309

C) Temperature (F)
<:> Pressure (psia)
) Mass Flow Rate (Ibhn)

Q  Duty (MMBwhr)

W Power(kW)

(a5)
(12)

NH3-VAP2

EVAPORTR VALVE

Q=226
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Simplified Water Treatment

REF-BD(IN) RFMR-BD(IN) FT-BD(IN) COOL-BD(IN) MAKEUP(IN)
COOL MKUP-1 [ 6900639
RFMR-1
[reF-1
SOFTEN CLARIFY
MIXER MIXER
DIGESTER
MIXER
% DGST-EFF 1755643
O Temperature (F)
(:) Pressure (psia)
Wz\:V;bCSALC D Mass Flow Rate (Ib/hr)
Q  Duty (MMBuwhr)
COMPR @ W Power(kW)
éj cooL-2
BIOTREAT
MIXER

BIOEFF

)
Gw) (15)
&3
403523
) UF-RO
{zLD-Ex(©OUT) |—— EVAP-EXH |——— Q=451
HEATER FSPLIT
(113) (69)
(15) (s )
POLISH Y SPLIT A
{T0-HRsSG(OUT) |—— TO-HRSG > {TocT} {TocToun p
MIXER
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CALCULATOR BLOCK NUC-SUM

REACTOR HEAT SUMMARY :

DUTY REQUIRED = 1633.6 MMBTU/HR
DUTY REQUIRED = 478.8 MWT
HELIUM MASS FLOW = 1925350. LB/HR
INLET TEMPERATURE = 1247. DEG. F
OUTLET TEMPERATURE = 563. DEG F.
PRESSURE DROP = -20.3 PsI
TOTAL HEAT REQ. = 527.1 MWT
SEC. CIRC. HEAT GEN. = 48.4 MWT
Calculator Block SUMMARY
FEED SUMMARY :
NATURAL GAS PROPERTIES:
MASS FLOW = 8862. TON/DY
VOLUME FLOW = 390. MMSCFD @ 60°F
HHV = 23063. BTU/LB
HHV = 1047. BTU/SCF @ 60°F
ENERGY FLOW = 408781. MMBTU/DY
COMPOSITION:
METHANE = 93.571 MOL.%
ETHANE = 3.749 MOL.%
PROPANE = 0.920 MOL.%
BUTANE = 0.260 MOL.%
PENTANE = 0.040 MOL.%
HEXANE = 0.010 ™MOL.%
NITROGEN = 1.190 moL.%
OXYGEN = 0.010 ™MOL.%
co2 = 0.250 MOL.%
C4H10S = 1. PPMV
C2H6S = 0. PPMV
H2S = 0. PPMV
PRODUCTS:
LIQUID PRODUCTS PRODUCED = 518713. LB/HR
LIQUID PRODUCTS PRODUCED = 6224.6 TON/DY
DIESEL = 376925. LB/HR
DIESEL = 4523. TON/DY
NAPHTHA = 112135. LB/HR
NAPHTHA = 1346. TON/DY
LPG = 29654. LB/HR
LPG = 356. TON/DY
LIQUID PRODUCTS PRODUCED = 49998. BBL/DY
DIESEL = 35410. BBL/DY
NAPHTHA = 11674. BBL/DY
LPG = 2914. BBL/DY
LIQUIDS PRODUCED / NATURAL GAS FED = 0.70 LB/LB
LIQUIDS PRODUCED / NATURAL GAS FED = 128.09 BBL/MMSCF
FUEL PROPERTIES:
DIESEL NAPHTHA LPG
PROD. RATE, BBL/DAY 35410. 11674. 2914.
LHV RATE, MMBTU/DAY 171260. 49176. 12092.
Mw 190.1 81.1 59.8
API GRAVITY 54.0 86.8
DENSITY, LB/GAL 6.08 5.49 5.82
CETANE NO. 96.2 40.5
HHV CONTENT, BTU/LB 20365. 19718. 18355.
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LHV CONTENT, BTU/LB 18932. 18273. 16990.
% CARBON 84.7 80.6 75.7
D86T CURVE, DEG. C:

0% 148. -112.

10% 184. 24,

20% 203. 55.

50% 251. 100.

90% 327. 131.

100% 355. 182.

POWER CALCULATIONS:

POWER GENERATORS:

TOTAL POWER CONSUMED = 402.

SATURATED TURBINE POWER OUTPUT = 471.9 Mw
TOTAL POWER GENERATED = 471.9 Mw
POWER CONSUMERS:

ASU POWER CONSUMPTION = 131.3 Mw

NG REFORMER POWER CONSUMPTION = 68.9 Mw

CO2 LIQUEFACTION POWER CONSUMPTION = 11.7 Mw

FISHER TROPSCH POWER CONSUMPTION = 44.0 Mw

REFINERY POWER CONSUMPTION = 11.6 Mw

POWER BLOCK POWER CONSUMPTION = 4.7 Mw

REFRIGERATION POWER CONSUMPTION = 47.1 Mw

COOLING TOWER POWER CONSUMPTION = 20.8 Mw

WATER TREATMENT POWER CONSUMPTION = 13.9 mMw

SEC. CIRCULATOR POWER CONSUMPTION = hm.w Mw

7

NET PLANT POWER (+ GEN, - CONS)= 69.
WATER BALANCE:

EVAPORATIVE LOSSES:

COOLING TOWER EVAPORATION = 17835.3 GPM

ZLD SYSTEM EVAPORATION = 655.9 GPM
TOTAL EVAPORATIVE LOSSES = 18491.2 GPM
WATER CONSUMED:

BOILER FEED WATER MAKEUP = 1135.4 GPM

COOLING TOWER MAKEUP = 17134.1 GPM
TOTAL WATER CONSUMED = 18269.4 GPM
WATER GENERATED:

NATURAL GAS REFORMING BLOWDOWN = 1104.5 GPM

FT PROCESS BLOWDOWN = 1641.2 GPM

REFINERY PROCESS BLOWDOWN = 1.5 GPM

COOLING TOWER BLOWDOWN = 1625.6 GPM
TOTAL WATER GENERATED = 4372.9 GPM
PLANT WATER SUMMARY :

NET MAKEUP WATER REQUIRED = 14552.4 GPM

WATER CONSUMED / NATURAL GAS FED = 9.86 LB/LB

WATER CONSUMED / LIQUID PRODUCT = 10.0 BBL/BBL

CARBON BALANCE SUMMARY:

% CARBON TO LIQUID FUEL = 79.3 %
% CARBON TO TAILGAS = 3.5 %
% CARBON TO CO2 REM. = 16.4 %
% UNACCOUNTED CARBON = 0.8 %

CO2 EMITTED 4190. TON/DY
CO2 EMITTED 73. MMSCFD
FROM FIRED HEATER = 841. TON/DY



LHV TO REFINERY = 8514. MMBTU/DY
FROM REFORMER = 3349. TON/DY
LHV TO REFORMER = 0. MMBTU/DY
C02 EMMITED / LIQ PROD = 0.67 LB/LB
CO02 EMMITED / NATURAL GAS FED = 0.01 LB/LB
STARTUP FLARE SUMMARY:
CO02 FROM FLARE = 123. TON/DY
LHV TO FLARE = 1896. MMBTU/DY
EFFICIENCY CALCULATIONS:
HEAT IN (HHV BASED):
NATURAL GAS HEAT CONTENT = 17032.5 MMBTU/HR
HEAT OUT (HHV BASED):
NET POWER = 237.7 MMBTU/HR
LIQUID HEAT CONTENT = 10431.6 MMBTU/HR
PLANT EFFICIENCY (HHV BASED):
EFFICIENCY = 62.6 %
Calculator Block NG-RFMR Hierarchy: NG-RFMR
SULFUR REMOVAL CONDITIONS:
INLET BED TEMPERATURE = 760. °F
PREFORMER CONDITIONS:
INLET TEMPERATURE = 915. °F
STEAM TO CARBON MOLAR RATIO = 0.58
AUTOTHERMAL REFORMER CONDITIONS:
INLET TEMPERATURE = 1058. °F
STEAM TO CARBON MOLAR RATIO = 0.50
OXYGEN TO CARBON MOLAR RATIO = 0.54
OUTLET TEMPERATURE = 1870. °F
H2/CO PRE PSA = 2.218
(H2 - co2)/(co + C02) = 1.773
H2/CO POST PSA= 2.138
OUTLET COMPOSITION (PRE-CONDENSER):
H2 51.7300 MOL.%
co 23.3247 MOL.%
co2 3.7404 MOL.%
H20 15.2905 MOL.%
CH4 1.4578 MOL.%
OUTLET COMPOSITION (POST-PSA):
H2 60.0448 MOL.%
co 28.0842 MOL.%
co2 4.5034 mMOL.%
H20 0.2740 MOL.%
CH4 1.7552 MOL.%
INERTS 9.8329 MOL.%
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Nulcear-Integrated Natural Gas to Liquid Fuels

SYNG-SPL

AsSU

HIERARCHY

7% purge required to maintain
inert fraction to FT column around
10 mol%.

OXYGEN
CO2-COMP

HIERARCHY

\7

NG-RFMR

CONCO2EX

322

ST-HRSG

HIERARCHY

333

RU

HIERARCHY

SYNGAS-1

HIERARCHY

RFMR-H20

REC-COMP
W=3624

FT

HIERARCHY

HE-CMP
W=48364

REFINERY

HIERARCHY

Color Legend

Water or Steam

CO2 Source

Nuclear Heat Use

H20-TRTM

HIERARCHY

Reconcile

A-76

C) Temperature (F)
(:) Pressure (psia)
Y { Mass Flow Rate (ib/hr)

Q  Duty (MMBtwhr)
W Power(kW)

Warnings

(563)
1036

3 1925350 {

(1015 )

3 1925350 {

HE-IN-2 |—C)

HE-OUT

IHX
Q=1634

COOL-TWR

HIERARCHY




Efficient

cy=83%

KO-DRUM

—
QX

H20-MIX

ACOMP-2
W=822
ACOMP-1
W=131904
CW-EXCH
Q=3

MOLSIEVE

Air Separation Unit

< LPCOLTOP

COLD-2B
Q=19

VALVE-2

A-EXPAND
W=-1426

Efficiency=83%

COLD-2A
Q=-83

COLD-1A
Q=-85

HP-COL

QC=-202
QR=0

ASU-BD(OUT)

TO-HPCOL

ENR-AIR(OUT)

N2-1(0UT)

(s5)
D,
(o2} sassns

OXYGEN(OUT)

coLD-2C
Q=64

A-T77

C) Temperature (F)
C ) presure sia)
: Mass Flow Rate (Ib/hr)

Q  Duty (MMBuhr)

W Power(kW)

HPCOLBOT

VALVE-1




TG-REC2(IN)

NAT-GAS(IN)

Natural Gas Autothermal Reformer

OXYGEN(IN)

STM-RFMR(IN)

HEAT-2

These streams would actually be
fed separately to the ATR, mixed to

calculate feed ratios.

Sfficiency = 83%)

02-COMP
W=43337

SEC-RFMR
Q=0

Not currently used in the
model, a placeholder if
CO2 must be cofed to the

NG-COMP
W=13317

SATURATR

SPLT-3

HE-2(0UT) }

A-T78

SYNGAS-1(OUT)

‘CONDENSR
Q=-1006

CO2P-CON

NG-SPLT

CO2-REM

HIERARCHY

(10)
(29)
295293

Reconcile

H20-PUMP
w=2

{coz-ext |

[ concozexoun p

—{[H2-ReF10UT) P

PSA-PWR

COMPR

w=7

(O Temperaure )
() pressure sia)
Y Mass Flow Rate (lohn)

Q  Duty (MMBuh)

W Power(kW)




Q Temperature (F)
) pressure sin)
: Mass Flow Rate (Ib/hr)

Q  Duty (MMBuwhr)

W Power(kW)

CO2 Removal with Propylene Carbonate

(Fluor Solvent)

[coz-Extiou) p
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© @),
304
845196 549935
CO2-REM i
VAP Q=24 LG-REC-1 {LcREC2} [ Le-ReC2(0uT) P
@ A
SEP (304)
549903
LG-COND
Q=-16
[Le-REC(IN) p—— LG-REC
@
232
Lia
PCCHIL
PC-EU PC-CWU
> E: ——> E\’> Q=3
HEATER
COMPR HEATER

W=9679
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CO2 Compression/
Liquefaction

C) Temperature (F)
C) pressure osin
D Mass Flow Rate (Ib/hr)

Q  Duty (MMBtu/hr)

W Power(kW)

(8-Stages Total; Efficiency = 84.4)

C02-E0R |—] coz-E0R©OUT) P

[[concozexny p—— coz-IN f——>

STGS-1-6 ST6-COOL STAGE-7 ST7-COOL STAGE-8 ST8-COOL
W=8779 Q=5 W=1388 Q=5 W=1510 Q=5
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C} Temperature (F)
) prssure sia)
: Mass Flow Rate (Ib/hr)

Q  Duty (MMBtwhr)

Fischer Tropsch Synthesis B

SYNGAS-1(IN)

GAS-SPLT
475 /
333
SG-PRHT1 REC-GAS2 RECooMP FT-GAS-5

Q=1235

NAP-SEP1
Q=0
. COOL-1
i Q=-188
5 FT-NAP(OUT)
H N MID-SEP1
H 7
i Q=1741
H
|
|
FT-RX-1 E 358
Y 9819944
WAX-SEP1
FT-PROD1 a0
Q=-3198
353
P 795329
4
WATER-1 > H20-MIX1 FT-H20(0OUT)
H20-MIX1
{ FT-WAX(OUT)

FT-MID-D(OUT) b



Product Upgrading and Refining

(149) (a8)
(17) (30)
112135

A-82

NAP-MIX
NAP-Mix2
NAPHTHAZ | * { NAPHTHAT | b HCHT-NAP
DIESEL(OUT)
DIESEL-3 }—Q(—{ DIESEL-2
-
D-co0L2
Dume Q=88 HYDTREAT 20
HTREAT
HIERARCHY [€—— 753
O temenue )
() pressure (psia) HTREAT-W
[Bakiaali L
D Mass Flow Rate (Ib/hr) YHZOVM\X

FT-MID-D(IN)

REF-H20(0UT)

Q  Duty (MMBuhr)
w

(@)
(30)
HT-VLVE

Power(kW)

H2-HTPRG

CRAKGAS3

WAXMIX HYDCRACK

Ensure outlet temperature
of H-EXH-2 is above 607 HIERARCHY
otherwise adjust HE design spec.

HC-PUMP2
W=1

HCRACK-W

HC-VLVE

T H2HTPRG2
e
Q-FURN H2-SPLT
Q-REBL2 .
~
NAP-SE
Q=4

H2HCPRG2 | 21360

H2-REF2(IN)



C} Temperature (F)
C ) pressure osia)
Y Mass Flow Rate (ivho)

Q  Duty (MMBw/hr)

W Power(kW)

HC-WAX2(IN)

Hydrocracking

A-83

Used to include
3 PSA-PWR > PSA power requirement
in utility calcs.
245 COMPR
(855 ) ags -
8915 5637 B
A H2-MIX
H2-CRAK3 < H2-CRAK ———4 H2-CRAK(N) |
H2-COMP2 H2-comp
W=604 W=1120
PsA s
B 21360 (1)
388727
H2-PURGE ——{ H2-HCPRG(OUT) P

HCRAK-R2
Q=0

HCRACK —] HCRACK(OUT) pr

612740

588102

HC-VLVE

HCRK-FRC
Qf 08

HCRK-3

HCRK-5

HC-RECP
Q=-120

H2-FLASH
Q=-80

[HeaT
608
199375
HCRACK-W(OUT)
< CRK-WAX




C} Temperature (F)
C ) pressure osia)
Y Mass Flow Rate (ivho)

Q  Duty (MMBuhr)

W Power(kW)

FT-MID-D(IN)

H2-COMP2
W=343

HT-PUMP
W=766

Y

HT-PRHT
Q=97

HTREAT-R

Q=0

H2-MIX

Hydrotreating

H2-COMP
W:

Used to include
PSA power requirement
in utility calcs.

A-84

PSA-PWR

{H2TREAT(N)

{ H2-PURGE |

[ Ho-HTPRG(OUT) P

MHEAT |

HEAT

HT-RECP
Q=97

HTREAT-W(OUT) p
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Steam Turbines
Note: If you change the design spec
that controls the deaerator temperature,
be sure to update the utility inlet specs
for all three steam levels.

AIR-BLR(IN)
FT-PUMP

NOX-ADJ1

D-FIRE-1

Q=0

LP-PUMP
W=59

BFW-SPLT

(s30)

FG-EXH-6 —— TG-EXH(OUT) p

oBREN
[
L

PR-HT-4
Q

C) Temperature (F)
(:) Pressure (psia)
E Mass Flow Rate (Ib/hr)

Q  Duty (MMBtwhr)

FTSTM3 W Power(kW)

it

[

Warnings

COND-MIX

FT-STM-4

FT-SPLT1 FT-SPLT2
FT-STM-2

>

1

-

LP-STM-2

MAKEUP-2

BFW-MKUP(IN)

MP-STM-3 :

Saturated Steam Turbines
1 L

S-TURB-1 S-TURB-2
W=-51427

S-TURB-3
W=-359972

C-PUMP-2

MP-STM-2

MP-SPLT1

CONDSR-2
Q=-4256




D Temperature (F)
(:) Pressure (psia)
D Mass Flow Rate (Ib/hr)

Q  Duty (MMBuw/hr)
W Power(kW)

Warnings

CT-MKUP(IN)

185771602

AIR-CT(IN)

Cooling Tower

CT-FLASH
Q=-10831

HOT-WELL

CT-PUMP
W=8082

193547433

(100)
(1s)

CT-EX(OUT)

CT-COOL
Q=10831

COLDWELL
Q=0

Treat]
8573884 HEAT
MU-H20
112981932 540112723 540926193
BLOWDOWN
el cWs-5 < cws4
CW-USERS
Q=4057

CW-USERC
Q=4256

427130791

BLOWDOWN

CWS-PUMP
W=8404

CT-BD(OUT)
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3-Stages;
Efficiency=75%

Refrigeration Unit

(O Temperaure )
() pressure (sia)
E Mass Flow Rate (Ib/hr)

Q  Duty (MMBuhr)

W Power(kW)

COMPRESR
W=47057

-35

(12)

EVAPORTR

Q=256

NH3-VAP2

CONDENSR

Q=-351

VALVE
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Simplified Water Treatment

REF-BD(IN) REWMR-BD(N) FT-8D0N) COOL-BD(IN) @]
COOL-1 MKUP-1 [—) 7282039
RFMR-1
[Rer-
SOFTEN CLARIFY
MIXER MIXER
DIGESTER
MIXER
% DGST-EFF 1374741
D Temperature (F)
(:) Pressure (psia)
WF;\:V; ;)ALC Y { Mass Flow Rate (ibhn)
Q  Duty (MMBtuwhr)
COMPR @ W Power(kW)
éj CooL-2
BIOTREAT
MIXER
BIO-EFF @
(i5) MKUP-2 |- 7282039
328232
2D UF-RO
4 zL0-Ex(0UT) |— EVAPEXH |——— Q=366
HEATER FSPLIT
568135 Mix 8573884
POLISH \ SPLIT Y
4 T0-HRsG(OUT) |—— TO-HRSG < TO-BFW. >—— {To-cT} [ To-cToun p

MIXER
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