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Nature of collaboration
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Intent — Cost Certainty
Intent — Schedule Certainty

1. Strategy

Exploit high productivity parallel work
Enable minimization of long-lead items
Enable compatible suppliers/components
Enable off-site fabrication & inspection
Enable factory manufactured components
Enable thermal energy interconnect system

2. Schedule Engineering
Facilitate parallel delivery opportunities
Enable multiple sources of services and components

3. Project Risk

Facilitate schedule certainty

Facilitate fixed price bids

Facilitate project-element scope detailing
Facilitate supply-chain digital integration

4. Project Cost

Shorter project lowers financing cost

Schedule confidence controls financing expenses
Open supply-chain enhances market-based dynamics
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Form of “the answer” in repowering coal
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Data flow

DOE/INL repowering scenario ID

Table 4-7, page 44
INL/RPT-22-67964, rev. 1,

"Investigating Benefits and Challenges
of Converting Retiring Coal Plants into Nuclear Plants"

Table 4-7. Estimated project savings for different C2N projects when compared to
C2N#0 Greenfield
C2N#1 Baseline -21% -25%
C2N#1 Conservative -11% -15%
C2N#2 Baseline -33% -35%
C2N#2 Conservative -19% -22%
C2N#3 Baseline -31% -34%
C2N#3 Conservative -14% -17%

eenfield or C2N#0.
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Data flow

Table 4-7, page 44

INL/RPT-22-67864, rev. 1,

DOE/INL repawering scenarto ID
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Data flow
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Data exchange by Excel

Cost

Data

AutoSave @orr (o) 1B I :2 Code_of_accounts example for ARPA-E deck 2023 05 31 — Saved to my Ma
Home Insert Draw  Page Layout Formulas Data Review View Developer Q@ Tell me
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A ] c D E F G H 1 J K L M N o
1 Account Description Refurbishment Category  Subject (C2Nddd01) SMR 01 SMR 02 SMR 03 SMR 04 SMR 05 SMR 06 SMR 07 SMR 08 SMR 09 SMR 10
73 220A.269 impurity monitoring Unspecified $ - ] - 8 - 8 3 3 3 -3 - 8 - 8 - s -
4| 220427 instrumentafion and Gortrol Unepocified $ - s s 3 s s s $ $ -8 - |8
'S | 220A.31 Support enginesring Unspecified $ - s - |8 - |8 3 3 $ - % -8 -8 - |5 -
/6 | 220 Nuclear Stwam Supply System (NSSS) sub-total Sublotal 3 - |s - |8 3 3 3 $ $ -8 -8 -8
dl [F— —
'8 221  Reactor equipment, Cooling Tank Nuclear grade buildings. 3 745,282 | 5 s 024§ 693785 § 667,507 $ 61,248 § 614991 § 588733 § 562475 § BT § 509,969
9| 221 Reocter equipment Decay Hest Condensers Wuclear grade bulldings 5 766,275 | 5 s |34 $ T2 § 31§ B84 § 14§ 4506 § 577545 § 550583 § 23822
0| 221 Reacior squipment PMOD Grid Muclesr grad buildings $ 13,086,198 | 5 s 12625758 § 12485318 WIMETT § 1244437 § 10783997 § 1032355 § 9BE3I16 § 9402676 § 8942235
1 221 Reactor equipment, Basement Nusisar grade buidings $ 2,827,035 | § s 272158 § 262808 § 252626 $ 2429156 $ 23687 220217 § 21047 § 2091277 § 1,891,608
= 221  Reactor equipment, Can Silo Radank Nuclear grade bulldings. s 7,580,919 | s H 7314183 3 T047447 3 &780711 § 6513975 § 62720 § 5880503 § SMITET § 5447000 § 5,180,264
3 221  Reactor squipment, Gan Siko and Membrane Wall Nuclear grade buldings $ 5,289,532 | 5 ] 5103419 § s 4730 § 4545079 § 4355066 § 4172883 § 3906740 § 3800827 § 3614514
B4 | 221 Rescior equipment. Fusisait Drain Tark Nuclear grade buiidings $ 16,017,388 | 5 15453813 § 4028 § MameE 13763000 $ 12190514 § 12635030 § 12072364 § 150670 § 10845215
ps 221 Reactor equipment, Offgas Holdup Tanks and Silos Nuclear grade buildings $ 2220711 |5 H 2142575 § 2084438 3§ 1906302 § 1,908,166 § 1830030 § 1751884 § 1673788 § 15965822 § 1517486
E6 221 Rescior equipment, Fuel Cask and Fuel System Nuclear grade buldings. H 3,719,783 | s H 3588002 § 3488021 33740 $ 3108258 § 3085377 $ 283445 § 2803615 § 2672733 § 2541882
7| 221 Reactor squipment Unspecified § - s - |8 - |8 3 3 $ -8 -8 -8 - |8 -
8| 221 Reactor squpment Unspecified $ - s s 3 3 3 $ $ $ $ s
ES 222 Main heat transport system Unspecified 5 - s - |8 3 3 3 $ -8 -8 -8 -8 -
Po | 223 safeguards system, shudown codling system Urmspacified $ - s H 3 3 3 3 s -8 -8 -8
b1 224 Raowasta system Unspacified § - ]s -8 3 3 $ $ $ -8 -8 -8 -
b2 225 Fuel handing Unspecified $ - H -8 3 3 3 3 - 8 - 8 - 8 - 8 -
3| 226 Ofher reactor plani equipment, PLP Mokor Unspocified s - s s 3 3 s s s - s - |8 - |s
b4 | 226 Other reactor plant equipment, Secondary Loop Pump Unspecified $ - s -8 - 8 s s $ -8 -8 -8 -8 -
5| 226 Otmes reactor planil equipment, Tertiary Loop Pump Unspecified $ - s s 3 3 3 $ $ $ $ s
P6 226 Other reactor plant equipment, Steam Generating Cell Unspecified $ - 5 -8 3 3 3 3 - 8 - 8 - 8 -8 -
p7 226 Other reactor plant equipment, Secondary Heat Exchangers  Unspacified ] - s -8 -8 -8 - 8 - 8 - % - 8 - 8 - 8 -
ba | 226 Otner reactor piant squipment, Tertiary Heat Exchangsrs. Heat Transport and Storage System (HTSS) S 1,068,000 | 5 1068000 § a1 § 60713 § sas0 § wa50 § 448560 § 446560 § 440560 § 448560 § 48560
b9 227  Reactor instrumentation and control Urspecified $ - s -8 3 -8 3 $ - % - 8 -8 -8 -
00 227 Reoctor insirumentation and conirol Unspocified s - ]s s 3 3 s s $ - s - s - |s
01 228 Reactor plant miscallaneous items, slectric systam Unspecified $ - s -8 - 8 s s s -8 -8 -8 -8 -
02 228 Reacior plant miscellanecus tems Unspacified $ - s -8 - 3 -8 -8 - % - % - % - 8 - |8 -
o3| 22 Nucisar Heat Supply System Subiotal $ 53,322.123 |5 5332212 | § 51216503 § H9TTE5 § 71T 53830 § 43500828 § HEN2T § 0266 § ECEHN 36,156.54
o4
05 [+
05
07 231 Turbine squipment Turtines, Coaling and ather existing plant 5 118,020,000 | 5 118.020,00000 | § - |8 3 3 $ -8 -8 -8 - |8 -
08 231 Turtine equipment Unspeciied $ - s - s 3 3 3 $ $ $ ERE ] s
05 231 Turbine equipment Unspecified $ - H - s - s 3 £3 £ - 8 -8 - 8 - 8 -
10 231 Generster equipment Turbines, Cosling and oiher exising plant $ - s s s 3 3 $ s 13 -8 B
11 231 Generstor equipment Unspecified $ - s -8 s s $ s -8 -8 - 8 -8 -
12 231 Genaralor squipment Unspocified $ B £ - |8 3 3 3 3 $ - % - 8 - |8
13 233 Condensing Systems Unspecified s 17,218,000 | 5 1721800000 | 3 3 3 3 s s - s - s - s
14, 234 Feed Heating Systems Unspecified $ 75,732,000 | 5 7573200000 - 8 s s s -8 -8 -8 -8 -
15 235 Omer wrbine pant squipment, Unspacified § - s - |8 3 3 3 $ $ $ -8 H
16| 235 | Ofter turtine plrt equipment, Codling ather Avanced Heet Sourca (AHS) systems, safoty grad § 37,224,000 | 5 37220,00000 | § - s s s s - s Y - s - s -
17| 235 Other turbine plant equipment, Steam Piping Avarced Heat Source (AHS) systems, safely grad $ 48,864,000 | 5 4BE64,00000 § 3 3 3 s s s -8 s
18 235  Other turbine plant aquipmant, Coaling ather Avanced Heat Source (AHS) sysiems, safsty grad $ 37,224,000 | 5 372400000 § s s $ $ -8 -8 - 8 -8 -
19 235 Other turbine plant equipmen, Avanced Hest Source (AHS) systems, safely grad § - s - |8 3 3 3 $ $ - % - 8 - |8
20 235 Ofher urhine plant aquipment, Unspecified H - s - |8 3 3 3 3 3 -8 -8 -8
21 236 Turbine Generator Equipment ISC Unspecified $ 33,086,000 | 5 33,096.00000 - 8 s s s -8 -8 - 8 -8 -
27 237 Tiwhine niant il el we i s e 1ot $ 2 s - k) kS £ £ £ s & - & - &
4 » MFGO7_C2N00003_MWT0300_MWHTO000 MFGO7_C2N00003_MWT0025 MWHTO0000 MFGO8_C2N00001_MWTO0750_MWHT0000 MFGO08_C2N00003_MWTO0750_ MWHT0000 MFGO08_C2N00001_MWT0300 MWHT0000 MFGO8_C2N00003_M)|
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Data exchange by Excel, multiple reactors

AutoSave @ o [ B IG# 2 Code_of_accounts example for ARPA-E deck 2023 05 31 — Saved to my Mac
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1 Account Description Refurbishment Category Subject (C2Nddd01) SMR 01 SMR 02 SMR 03 SMR 04 SMR 05 SMR 06 SMR 07 SMR 08 SMR 09 SMR 10
73 220A.269 impurity monitoring Unspecified ] - H -8 -8 s s s -8 -8 -8 -8 -
74| 220A.27 instrumentation and Control Unepecified $ - s H 3 3 3 3 $ $ LK | -8
'S | 220A.31 Support enginasring Unspecified 3 - 5 - |8 -3 3 3 3 -8 -8 - s -8 -
6| 220 Muciear Steam Supply Syster (NSSS) sub-ctal Sublotal S s - |8 $ 3 3 s $ BN ) -8 - s
4 (-
& 221 Reschor equpment. Cooling Tank Nuclear grade buidings $ 746,282 | 5 TaB2m2 | § T § 633765 § 667507 § 641249 § LIZETRE 586733 § 62475 § 5%217 § 500,950
9 221 Reactor equipment. Decay Heal Condensers Nuclear grade buldings. 3 788,275 | § 766275 | § 78314 § T2352 § o853 § 58429 § 631468 $ 64506 § ST § 550583 § 23622

0 221  Reactor equipment, PMOD Grid MNuclear grade buildings $ 13,086,198 | 5 13,086,198 5 12625758 3 12165318 § M4BT § N2447 § 10783967 § 1032355 § 9863116 § 9402676 § 8842235

1 221 Reactor squipment Basement MNuclear grade buldings $ 2,827,035 | 5 2827085 | § 2721586 3 2628096 3 2588 3 2429156 § 2329887 § 220217 § 210747 § 2277 § 1,831,808
2 221 Reactor equipment. Can Siio Radtank Nuclear grade bulldings. $ 7,580,918 | 5 7500919 | § 734183 § 7047447 § 6780711 § 6513075 § 624720 § 5800503 § SM3TET § SA4T00 § 5.180.294

3 221 Reactor squipment, Can Siko and Membrane Wall Nuclear grade buldings $ 5,289,532 | § 5288532 § 5103418 § 4917306 3§ 473,183 § 455078 § 4358066 § 4172883 § 3986740 § 3800877 § 3614514
R4 221  Reacior equipment, Fuelsait Drain Tank Nuclear grade buldings. $ 16,017,388 | s 18,017,388 § 15453813 § 14800238 3§ 14,308,663 $ 13763088 § 13109514 § 12635039 § 12072364 § 11508780 § 10845215
5 221 Reactor equipment, Offgas Holdup Tarks and Silos Nuclear grade buildings 5 2220711 s 22071 § 2142575 § 208443 § 1986302 $ 1908166 $ 1830030 $ 1751894 § 1673758 § 1595622 § 1517486
F6 221 Reacior equipment. Fusl Cask and Fuel System Nuclear grade buldings. $ 3,719,783 |5 are7Es § 3588002 § 3458021 § 3327040 $ 3196258 $ 3065377 § 283486 § 2803615 § 2672733 § 2541852

7 221  Reactor equipment Unspecified $ - s -8 -8 -8 - 3 -3 - 8 -8 -8 -8 =

& 221 Reackr squpment Urspecifies ] - s s 3 3 s s s $ s s
FS 222 Main heat transport system Unspecified $ - s -8 s s $ $ -8 - 8 -8 -8 -
bo | 223 safeguards system, stuadown cooling system Unspecifed $ - s - |8 $ 3 3 $ $ - s -8 - s
b1 224 Resweste system Unspecified s - s - s 3 s s 3 s EE ] - s - s -
b2 225 Fusl handing Unspecified $ - s -8 - 8 s s s -8 - 8 -8 -8 -

3| 226 Oter reactor plant equipment, PLP Motor Unepacified $ - s H 3 3 3 $ $ - % -8 - 8
b4 226 Ofther reactor plant equipment, Secondary Loop Pump Unspecified $ - 5 - s - s 3 £3 3 - 8 - 8 - 8 - 8 -

5| 226 Other reactor planl equipment, Tertiary Losp Pump. Urspecified ] - s s s 3 3 $ $ s s B
b6 226 Other reactor plant equipment, Steam Generating Cell Unspecified $ - s -8 s s $ $ -8 -8 -8 - 8 -
b7 226 Other reastor plant equipment, Secondary Heal Exchangers  Unspecified $ - s - |3 - |3 - |8 - % - % - % PR | - 8 - 8 -
P2 226 Other reacor plant equipment, Terliary Heal Exchangers Heal Transport and Storage System (HTSS) s 1,068,000 | s 1,088,000 § BI0SS1 § 800713 § 448550 § 448580 § 443560 § 443560 § 443560 § 443560 § 448560
po | 227 Reactor instrumentation and control Unspecified § b - |8 3 -8 3 -8 -8 -8 -8 -8 -
00 227 Reacter instrumentation and contral Unepacified $ - s H 3 3 3 $ $ - % -8 - |8
01 228 Reactor plant miscallanecus items, alectric systam Unspecified $ - ] - 8 - 8 3 3 3 - 8 - 8 -8 - 8 -
02 228 Reactor plant miscellanecus ilems Unspecified S e - |8 - |8 -8 -8 -8 -8 - s - 8 - 8 -
03 22 Huclear Heat Supply System Sutioial i 53,322,123 | s m@212 5 51216503 | § 4017165 § aT1m8ET 53830 § 435088 § aENET § 30832686 § TS § 3,156,544
04
os
jo6
07 231 Turbine equipment Turbines, Coaling and other existing plant 3 118,020,000 | s 118,020,00000 ' § -8 3 3 3 - 8 - % - 8 - 8 -
08 231 Turbine equipment Urspecified ] - s - s 3 s s s $ $ -8 -8
09 231 Turbine equipment Unspecified § E - s - |8 $ 3 $ -8 -8 - |8 - |5 -
10 231 Generaor equipment Turbines, Cosling and aiher csing pant $ - s s 3 3 3 $ $ $ -8 s
11| 231 Genersior equipment Unpecified s - s - s s s 3 3 - s - s - s - s -
12 231 Generstor squipment Unspacified s - s -8 s s 3 $ $ EE -8 -8
13 233 Condensing Systems Unspsciied $ 17,218,000 | 1721600000 | § s s s $ s EE ] - -8
14| 234 Foud Hesting Systams Unespecified i 75,732,000 | 5 7573200000 | § - s s s s -3 - s - s - s -
15 235 Other turbine plon equipment, Urspecified s - s - s 3 3 s s $ $ -8 - |8
16 235  Other turbine plant equipmant, Cooling other Avanced Heat Source (AHS) systems, safsty grad $ 37,224,000 | 5 3722400000 § -8 s $ $ -8 -8 -8 -8 -
17 235  Other wurbine plant equipment, Steam Piping Avanced Heat Source (AHS) systems, safety grad § 48,864,000 | 5 4B.864,000.00 | § 3 3 3 3 $ $ - 8 s
18] 235  Other turtine plant equipment, Cooling other Avanced Heet Source (AHS) systems, safely grad § 37,224,000 | 5 2722400000 | § 3 3 s s s s - s - s -
19, 235 Other turbine plant equipment, Avarced Heat Source (AHS) systems, safely grad § R - |8 3 3 s $ s -8 -8 -8
20| 235 Other turbine plant equipment, Unspecified § e - |8 H 3 3 3 $ LI ] LK | LIE |
21 236 Turbine Generalor Equipment I&C Unspecified $ 33,096,000 | 5 33,096,00000 -8 3 3 3 - % -8 -8 - 8 -
27| 237 Tiwhine nart miscellanens s eme Unereifieet H - s . s s s S s s s . s . ls

4 » MFGO7_C2N00003_MWT0300_MWHT0000 MFGO07_C2N00003_MWT0025_MWHTO0000 MFG08_C2N00001_MWT0750_MWHT0000 MFG08_C2N00003_MWTO0750_MWHT0000 MFGO08_C2N00001_MWTO0300_MWHT0000 MFG08_C2N00003_M|

Ready o ']f,i Accessibility: Investigate =

* Gen-IV International Forum (https://www.gen-4.org)
2007, “Cost Estimating Guidelines for Generation IV Nuclear Energy Systems”
https://www.gen-4.org/gif/upload/docs/application/pdf/2013-09/emwg_guidelines.pdf

Gen IV
Standard®

Code of
Accounts
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Data exchange by Excel, standard text strings

MFGdd Reactor manufacturer ID

CZNddd["OO" / "ol " / moom / uo3u]

DoE/INL ID

MWTdddd

MWHTdddd

Augmented Backus—Naur form (ABNF)
https://en.wikipedia.org/wiki/Augmented_Backus%E2%80%93Naur_form
"d" = single DIGIT: %x30-39 Decimal digits (0-9)

Reactor thermal power

Thermal storage (MWht)

Repowering scenario

(MWt)
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Data exchange by Excel
Worksheet-naming examples

MFGO7 C2N00000 MWT0300 MWHTO0000
MFGO7 C2N00001 MWT0300 MWHTO000O0
MFGO7 C2N00002 MWT0300 MWHTO0000

MFGO7 C2N00003 MWT0300 MWHTO0000

DoE/INL

DoE/INL

DoE/INL

DoE/INL

scenario

scenario

scenario

scenario
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Standard text strings, extensibility

MFGdd
OWNdd
EPCdd
VNDdd
REGdd
RCHdd

Reactor manuf
Owner 1D
Engineering,
Vendor ID
Regulator ID
Researcher ID

Augmented Backus—Naur form (ABNF)

https://en.wikipedia.org/wiki/Augmented_Backus%E2%80%93Naur_form

"d" = single DIGIT: %x30-39

Decimal digits (0-9)

acturer 1D

Procurement,

and Construction ID
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Standard text strings,
thermal power examples

MWTO025 25 Megawatt thermal 1nterface element
MWTO300 300 Megawatt thermal interface element

MWTO789 789 Megawatt thermal interface element
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Standard text strings,
thermal storage examples

MWHTOOO0O FElement with no integrated thermal storage

MWHTO0123 Element that integrates 123 MWht of thermal
storage
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Today : ARPA-E “nuclear heat” workshop

c2Nndddf[("oo™ / "oi"™ / wo2"™ / "Q3"/ "99"] Repowering
scenario DoE/INL ID

Heat-Only scenario ?

TERRA

Augmented Backus—Naur form (ABNF) PRAXIS
https://en.wikipedia.org/wiki/Augmented_Backus%E2%80%93Naur_form '
"d" = single DIGIT: %x30-39 Decimal digits (0-9)




Data exchange by Excel
Worksheet-naming example
Heat-only reactor scenario

MFGO7_C2N00099_MWTO300_MWHTOOOO
Cost assessment for:
Reactor manufacturer 07's

300 MWt reactor (with no i1ntegrated TES)

Applied to a “non-coal” heat only application
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Data exchange by Excel
Example of a “thermal storage only” element

Non-Reactor Vendor

FL_1

VNDO5 C2N00099 MwTOO012 MWHTOO34

Thermal storage only element, with:

12 MWt thermal power interface
34 MWht thermal storage capacity
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Proposed reserved scenario number, “heat”

DOE/INL repowering scenario ID

Table 4-7, page 44

INL/RPT-22-67964, rev. 1,

"Investigating Benefits and Challenges

of Converting Retiring Coal Plants into Nuclear Plants"

Table 4-7. Estimated project savings for different C2N projects when compared to greenfield or C2N#0.
C2N#0 Greenfield
C2N#1 Baseline -21% -25%
C2N#1 Conservative -11% -15%
C2N#2 Baseline -33% -35%
C2N#2 Conservative -19% -22%
C2N#3 Baseline -31% -34%
C2N#3 Conservative -14% -17%

C2N#99
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