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Appendix S1. Other approaches to cost estimation



Analysts and policymakers must make important decisions in the face of uncertainty on
how electricity-generating technologies are likely to evolve. Key factors include
investment costs, operation and maintenance costs, technical performance, and public
acceptability. Here, our focus is on assessing the future capital costs of integral light-
water small modular nuclear reactors (SMRs). These constitute an emerging technology
that uses the same operational principles as large light water reactors but in a size range

of 300MW:. or less, as compared to conventional Gigawatt-scale units.

While they are not all applicable to projecting the future cost of SMRs, several methods
deserve consideration: 1) running regression or econometric methods that use historical
data to generate estimates; 2) employing scaling factors from technologies where costs
are known and applying them to the new technology in question; 3) building component-
and process-based bottom-up engineering-economic models; and 4) using structured

expert interviews to elicit estimates.

One strategy is to investigate how similar technologies have performed in the past. There
is ample literature on technological innovation related to electricity generating systems
that uses regression and econometric models to estimate how the cost of these systems
has evolved as their cumulative added capacity increases (this is termed “learning by
doing”), as more research dollars are poured into their commercialization (“learning by
researching”), or as a function of the implementation of policies that are designed to

accelerate their market penetration. These investigations usually report their conclusions



in terms of “learning rates”: the percentage reductions in the technologies’ costs when

their installed capacity is doubled.

Although there have been several attempts to estimate nuclear power’s learning rates over
the past few decades, the technology uniquely handicaps these efforts. The facts that (1)
there are fewer than 450 nuclear power plants in the world and (2) the “technology”
employed in these plants varies quite widely, meaning that many different plants sit on
different cost curves, results in costs that are variable and generate little insight to guide
estimates of future costs. We present a few reported learning rates here. In their 2001
study, McDonald and Schrattenholzer (S1) report learning rates for a number of energy
technologies, including nuclear power plants. They estimate that the learning rate of
nuclear power in the developed world (those countries that belong to the Organization for
Economic Cooperation and Development) from 1975 to 1993 is about 6%; Using existing
data on the American nuclear industry, as well as previously unpublished data on the
French nuclear experience, Grubler (S2) finds an “observed real cost escalation [that] is
quite robust against the data and model uncertainties that can be explored”. Grubler
concludes that, for the Gigawatt-scale nuclear reactors in operation today, there is a
“negative learning by doing” effect: specific costs increase rather than decrease with
accumulated experience. He explains this by emphasizing several caveats associated with
these data, including points made above. For example, Grubler notes the different
institutional arrangements (such as safety regulations) that different reactors had to
contend with, as well as the aforementioned cross-generational variations among nuclear

reactor designs that make such comparisons questionable. Questioning recent claims of



nuclear power’s economic viability, Cooper (31) conducts a similar assessment of the
costs of U.S. nuclear power plants. In his work, nuclear power exhibits an increasing cost

trend as a function of the cumulative capacity installed.

These methods are inappropriate here because, in using learning rates to forecast future
costs, a modeler implicitly assumes that the trend in future costs will be similar to what
we have seen in the past. This does not hold for SMRs, the business case for which is
predicated on the assumption that they will be factory-fabricated, unlike legacy nuclear
plants. An even more fundamental point is that this strategy is indefensible for these

SMRs, which are a new, emergent technology for which there is no historical data.

Another strategy is to estimate the cost of a new technology by applying a scaling factor
to an existing benchmark. This could be done for SMRs by using the reported costs of
large-scale nuclear reactors as a starting point, “scaling” the costs only by size (MW,
capacity). While Kuzentsov and Barkatullah acknowledge the fact that SMR cost
estimates in 2009 may be mere conjecture, they explicitly adopt this approach (27).
Another way of generating these estimates is by applying other theoretical scaling factors
that take into account the inherent differences between the technologies. Because SMRs
would be manufactured in a factory, for example, a researcher might scour the literature
for an estimate of the cost reductions that factory fabrication generates in other industries,
applying that factor (or a modified version of it) to the large reactor cost estimates he or

she is using as a benchmark. Other factors that have been mentioned in the literature as



being relevant for SMRs include technical progress economies and modular construction

economies, among others. Carelli et al. (34) provide a good example of this approach.

A third method to estimate the future costs of SMRs is by using detailed component and
process based bottom-up engineering-economic models. For example, the Electric Power
Research Institute (EPRI) is working with vendors and utilities to develop an SMR utility
requirements document (URD) that details the necessary components and processes for a
given plant configuration (S3). Naturally, given the proprietary nature of design details
and the complexity of this task, these estimates, especially if they are designed to be
publically available, take time to develop. These efforts are valuable; they help modelers
develop a better scope when generating estimates that include process and support
facilities, fuel handling and storage equipment, and even the basic transmission yard

infrastructure required for SMRs.

The final method, used in this paper, is a top-down expert elicitation, an approach to
generating estimates that we explain in the methods section of our paper and in appendix
S4 of the supplementary information. When well designed and executed, expert
elicitation not only generates estimates, it provides a structured discussion that serves as
an outlet for participating experts who are themselves uncertain of the future direction of
their proposed technology. These discussions, while qualitative, generate much insight:

they highlight questions experts think have yet to be addressed, for example, providing



fertile ground for further assessment and public discourse. None of the other methods

listed above do this.

In Figure S1, we compare our results with estimates of likely SMR cost from the
literature derived using some of the methods outlined above. Notice the narrow range
within which all of these prior estimates fall, when compared with the results of our
elicitation. While our experts may be subject to overconfidence, these results suggest that
other methods may be even more susceptible to underestimating costs and associated
uncertainties. At this stage of such a complex technology’s development, most of these
prior estimates have either been derived using the “anchor” of large reactor costs or via
consultation with a small number of experts. Notice also the lack of systematic treatment

of uncertainty in many of these estimates.

Our experts also provided us with a wide range of estimates for large, current-generation
nuclear reactors. There is a long history of cost estimates for conventional reactors that
have turned out to be in serious error (S9). Figure S2 compares the estimated cost of
nuclear plants prior to construction with their actual cost: in some cases, actual costs

turned out to be many times greater than estimated cost (S10).

The fact that not all of the estimates we elicited for conventional reactors overlap

indicates that, despite this history that all our experts know about, many are still



producing cost estimates that are "overconfident" (i.e. too narrow). Despite our best

efforts to reduce overconfidence during the elicitation, the same is probably also true for
many, if not all, of the estimates for SMRs made by our experts. However, as Figure S1
suggests, the result we report are probably considerably less overconfident than previous

estimates.

We are fully aware that, when it comes to an emergent technology like SMRs, there is
much uncertainty on how costs and performance are likely to evolve over time. We do
not argue that expert elicitation dominates other methods: instead we argue that given the
uncertainty on how SMRs are likely to evolve in the near future, results from the different
methods should be provided to decision-makers in order to inform them about the

uncertainties regarding new technologies.
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Figure Legends:

Figure S1: A comparison of our elicitation results with existing estimates of SMR cost,
the sources of which are listed either in the main manuscript or in appendix S1. Estimates

were adjusted for inflation and, like our results, are presented in 2012 dollars.

Figure S2: Nuclear power has a record of poor and optimistic cost estimation. As this
plot by Talabi and Fischbeck (S10) shows, in some cases, actual costs turned out to be

many times greater than the cost estimates made prior to construction.
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Table S1: A list of small (<300MW_.) reactor designs, sorted alphabetically by country,

Supplementary Information:

then by name. The reactor types are as follows: iPWR = integral pressurized water

reactor; PWR = pressurized water reactor; BWR = boiling water reactor; HWR = heavy
water reactor; LMR = liquid metal reactor; HTR = high temperature gas cooled reactor;

MSR = molten salt reactor; and TWR = traveling wave reactor.

No. Name Developer Country g:;ctor ((1:\?[1\)3:)1 ty Ret.
1 CAREM-25 CNEA Argentina  iPWR 25-150 26
2 FBNR FURGS Brazil iPWR 72 26
3 ACP100 CNNC China PWR 100 S11
4 CEFR CNEIC China LMR 20 26
5 CNP-300 CNNC China PWR 325 26
6 HTR-PM Tsinghua University  China HTR 105 26
7 Flexblue DCNS France PWR 50 - 250 26
8 PHWR-220 NPCIL India HWR 235 26
9 4S Toshiba Japan LMR 10 26
10 SMART KAERI Korea iPWR 100 26
11 ABV-6M OKBM Russia PWR 8.6 26
12 BREST-OD-300 RDIPE Russia LMR 300 26
13 KLT-40S OKBM Russia PWR 35 26
14 RITM OKBM Russia iPWR 50 26
15 SVBR-100 JSC AKME Russia LMR 100 26
16  UNITHERM RDIPE Russia PWR 2.5 26
17 VK-300 RDIPE Russia BWR 250 26
18  WWER-300 OKBM Russia PWR 300 26
19 EM* General Atomics USA HTR 240 26
20 G4M Gen 4 Energy USA LMR 25 26
21 SMR-160 (HI-SMUR) Holtec International  USA PWR 160 *
22 mPower Babcock & Wilcox  USA iPWR 180 26
23 NuScale NuScale Power USA iPWR 45 26
24  PRISM GEH USA LMR 155 26
25 Traveling Wave Reactor  Terrapower USA TWR ~300 S12
26 Westinghouse SMR Westinghouse USA iPWR 225 26

*Anton S. SMR-160: An Unconditionally Safe Source of Pollution-Free Nuclear Energy
for the Post-Fukushima Age. Presentation to the Nuclear Energy Standards Coordination

Collaborative, July 17, 2012, Washington, DC.
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Appendix S2. Full expert elicitation protocol



npa-nwo-ddommm//:dny

(921J0) TL9T ~ 89T ~ T1¥
npa NI MaIpuvO)p U3

€12S1 Vd ‘ysmqgsnig
KJISIOATU[) UO[[QJAN 213ouIe))
Ko1jod o1iqng pue Suresurduyg
‘peoH juounredaq
Fuueauiduyg
JO 10ss9j014 1By PIO]
ue3I0A JASURID) JAI

npa-nwo-ddo wpas//:dny

(9011J0) L8S — 89T — CI¥
npa nuO®)0panazyl

€12S1 Vd ‘ysmagsniq
KJISIOATU) UO[[QIA d13ouIe))
122D (INAFD) SUD BN U0IsIa(
A310uq pue ojewlI]) 1030211
Ka1104 211qnd pue SulIoouISuy
10S$9J01J [0IBOSOY JUBISISSY
OPIAIZY SQU]

[090)01J MIIAINU]

npa-nwo-ddo wpad//:dny

(sr1qowr) STHe — €56 — CIv
npa - nuo®) [ pAp

€1TS1 Vd ‘ysmagsnid
K)ISIOATU() UO[[QA Q13ouIe))
Ka1104 211qnd pue SulIoouIsuy
JuOpMIS 9)ENpeIn
B[[npqyV pouyy

:)eq

23dxy

§1S0)) J10)98IY JB[NPOJA [[ewWS JO
SIUAWSSISS Y 113d X7 Jo uoneInIy



7 98egq

"pa321duioo s1 §52204d UONALIOSUD.A]
ayy 20uo padodjsap aq jjim sadpj OIpny “S)NSaL paqLIdSUD.4 Y}
uo puv sadpj 01pny 243 UO YJOqG A2QUINU S1Y] ISN J]IN 3] "PIPLOIDA
aq [ SaWDU ON UdqUINU D paudissy aq Jjim juvdioiind yovg
2Pa1ddyoad 3q fyruAuoue syuednied [Im Moy

‘08I 142dX2 YoDa WO SAIDUINISD PAzIUAUOUD TONPIAIPUL L2ALJ2P []IM
om ‘papoajo.d aq uvd Anuduoun , spuapuodsad f] “Sajpulsa pajion]o
ayy 3uisn AJ1j1gv1A 21U0U0ID YINS SUISSISSD 110da4 D 42412 []1N I
231npadoad ay) jo uonddwod 3y} uodn IAIII31 NOA [[IM JBYAA

‘uoypuLLofur sopuaa Aivjaridoad astuo.duiod
JY31ut jpy) vIvp pAvy d1f102ds-ud1sap L0 YSv J0U J]IN 4 ‘ON
JUBISIP YIS Tenonaed e 10y PRI 3q BIep paey [[IA

‘us1sap YWS Avnonvd v Suipav3al
uonpuLiofur Livjatidoad 10f ysp Jou Jjim S40ID3SIAUT UONDIIN]D Y}
u1 pasn aq Jiin SYNS JO spuridon)q ajqojivan Ajoygnd O140uax) “ON
Jsyradaniq £1ejdradoad 03 dpewr 9q DUAIJII [[IAN

juonredronaed anoA 10 nok yuey,

"SYINS 10J OpBW 2q UBD 9SBI O[WOUOID UB UdYM SSISSE 0) SI [BOT
mQ ‘Kjaurea 1oyem Y31 oy JO (SYNS) S10J0BAI IBI[ONU Je[npowt
‘[[BWS JO UONJONIISUOD 9} JOJ SIS0D J101[0 03 SUDjIoM QI8 M

"SYINS JO SO1uou0d9 a3 Juissnosip uaym Axoid

© SB $1500 (YT) 10}0BaI 9FIL] 9SN SAILWIISI JSOD JUALIND [y ooe[d
o€} 0} $)S0J DIWOU0II JO sIsA[eue dn-wo0)oq € 10J Mo[[e p[nom
161} BJEp OU SI 91O} ‘PAJONISUOD 3q 0} 19K OARY SYIAS asneodg

uondnponuy °| yed

suonsanb papus-uod(

juonerado
pue quowko[dep quowrdo[aaap YIS 03 soSuajjeyo
15912013 oy 0s0d SUISIU0D AIINOIS pue K)9Jes YOIYA

;oAnorIe A[[eotwouodd Ajrenonted
WIAY) O¥BU SONISLISORIBYD OLJ100dS-YINS YOTYM

{,011eua0s JuawAordap YIAS 100510d oy SI IBYM
{$1S00 U0 AJLIB[NPOW JO 9OUIN[JUL oY} ST JIBYA\
SO[NPaYOs UOIONISU0d SUNIONg

UOI)BIOPISUOD JOPUN SA[NPOW JUB[J

$1509 JYSIUIOAO SUnIdIg

UONBIOPISUOD
JIopun S9130[0UYd2} UO UONBULIOJUI PUNoIIoeyg

uoneuuoyur dryderSowaq

"uoneoI? Jo s[rejid oy} uo sjou
¢A10M UOTE}IDI[D STy} [[IM MOH

uonoNpoONU[

TIX 31ed

IX Med

X ed
X1 Hed
TIIA 31ed
‘TIA 3ed
‘TA 31ed
‘Aded

‘Al 1ed
TIT 31ed

I Meg
T Mg

[030)0.1J MIIAINU] Y} JO dUIpNQ



¢ aSeq

"UOLIUQH pue Ue3ION Aq ‘AJuIp1i20U/) JNSUOD
oseold ‘sisATeue Aorjod pue ysi1 aaneuenb ur Aureyreoun
y3m SUIfedp UO pUB ‘SONSLINAY IS} UO UOIBWLIOJUT IO ]

(800T AA) T8 12 1oY0SI WOL] (8L6T) "T& 12 UIAISUDIYIIT WOL]
*$1SB0Q10J Y Ul Judunsn(pe 2p Junioyouy  -onNsLNY ANIqe[IeA. o) Sunensuowap 23y

Kouenbaig4 sniy

000'00¢1 000001 _0odot 0001 00!

RS = - mehi—a]

pajoaloid Jeap

° °
8 o

3
g
9suodsay UDB d1J}aWO3H

joodor

000!

U01}93[01d 9911d 110 VI 0} JOLIF JUBDIAd LD °€ 2NBIY

"J[nsal [euly

o saserq ‘paysnilpe Apuarorgnsur ‘royoue siy ] jutod Funiels
[eINJBU SIY} PUNOIR JA[OADI SUOISSNOSIP [V TOYOUR UB SIW093q
UQY[} Je} IOMSUR U SIS00YD JuUdpuodsal e ‘ONSLINAY Juauuisnipn
ayy Surtoyoun ) uf ‘suonsanb reqrus ‘payse-A[snoradid o3
SIOMSUR [[€091 0} ST JI ASB MOT] U0 spuddap Iomsue s juopuodsor
© QUSLINAY Aj1guivap dY) U] "SONSLINSY Judugsnipo

pup Surioyouv 3y} pue A1171gnjivap ) dpnjoul sampadord
uoneoIe anged jey) SONSLINAY 9ANRIUS0D Ay, "suonsonb
SuLIoMSUER UOYM JUIPIFUOIIIAO0 Iq 0) AOUIPUI) B 9ARY

— ojdoadAe[ pue sp1adxa ypoq — sjuopuodsal eyl SMOYS JoIeasdy

"A1anoa(qns s1y 10y 1snfpe pue ssasse A[Isnqol

0} MOV J0J B[NULIOJ JNO-IBJ[O OU SUIBWIAI QIOY ], *3S3Y) SB (ons
$2.npadoad uoneIIP Jo dinyeu IARIR[qns ay) Surziseydwd
JIUIPIAI YIIM 3JI[dAux ST 3INJRIIII| JIWIPLBIL Y I,

uoneInIyd jo sfrepid ay) uo you y

"‘paAonsap aq [[1m sade) [[e ‘uonduosuen

siy) Jo uona[dwos uodn) ‘sesuodsar oA Juiqriosuer) Jo

sasodand a3 103 AJUO popI092I 2 [[IM 2INPa201d UOLIBIIOND SIY T, *0S
0p 0} NOA 331N Im ‘Yyueiodur Je[ndnaed Jo SI A noA djou
€ [JIM 193[193ur 0) YSIM NoL JT "SOoUBAQLIS INOA SUI[INO 0} AJeISAY
jou op ‘uonsanb e YIIm 9[qeIIOJUIOD JOU Ik NOK J[ "UOISSNISIP
aAnue)sqns e ur 93e3uo 03 adoy am ‘SUOIINAS 9SOY) JO YOS Uf

Jyuawkordop YIAS opaduur 03 AJo1] 1SOW a1k SUIIOU0D KJoyes jeym
‘A[rerruarg “uorurdo InoA ur 9[qerA A[[ed1IOU099 ISOU WAL} Ul
SYIAS 03 01310ads S10J0BJ YOIYM SUIULIOIIP 0} SUIAI} OS[e OI8 M

‘Y311 oy} 03 [oued juodelpe oy} Ul PasSNOSIP S ‘UOIIRIOIO 11adXo
Jo sqreptd juourword 210W 9y} JO SUWIOS PIOAE 03 SIY} OP 9A\ *.Ssong
159q, INOA 9q P[NoMm YOIyM 9S00  A[oNI] ISOU, JO JJBWIISI UL IOJ
upyse 210J9q ‘arewSd punog-1addn a3 uay ‘(Jusuodwod pres 10§
1509 9[qIssod 159M0] 93 ST Jeym ‘Juowgpnl Inok ur) 9jewinss punoq
-IOMO] ) JIOT]S ISILJ [[IM A\ "POIIOI 9q UL [[IM — syuduodwod
MIAIS SWOS 10 pue — SYIAS JO 1500 [e3rdes oy 10J sareunsq

‘sjue[d YINS 01 UONONISUOD — [BIJ[OS T —

[EUOTJUOATOD WOIJ SAOW I} AQ PAIUIN[JUI 9q [[IM SI[NPOUL ISAY} JO
[oBd MOY] SSNOSIP A[JOLIq [[IM 9AN "SI[npoul 3509 [e3ides dA[om) ojur
jue[d 1omod Jeo[onu [BUOIIUSAUOD B JOJ SJUNOIIB JO 9p0d (S, VA VI)
s, A0u03y A310Ug OTWO]Y [BUOIIBUIIIU] 9} POPIAIP QAR A\

"nok Aynuapt
A[IO21IP 3, US20P Jey} WI0J & Ul — 112dXa 91} — NOA In0qe UONBUWLIOJUT

oryderSowap SwOS JO UOIIOI[[0I Y} [TBIUS ISITJ [[14 2Ipaooxd oy ],

"SugIsop YIS Jorem 1yS1| 0m) JO AJNIGRIA JTWOU0DD
oy 03 Sune[a1 suonsanb payse oq [[1m NoA ‘safed Surmor|oy 2y uQ

{H0M UONEBIDIP SIY) [[IM MO “[T MEd



$ 98eq

sonsi3o[ ureyo Ajddng

juowageue]A 109[01] / JudWdFRUBIN

juowdo[aad pue YoIeasay / suoneIdd() / SOOIAISS [BOTUYIa],
[€897 / $20In0Sal uewny

Md / SunasIep / SUOTJB[QI JUSWIUIOAOLD)

Sununoooy / eroueur,] ; Sunipny

sonsigo| ureys Ajddng

juowageue]y 10901 / JuswoSeue

Juowdo[oA9(] PUB YoJeasay / suonerad() / S9OIAISS [BOIUYIS],
[397 / S90In0Sa1 UBWNY

Md / SUnSSIRA / SUOTIR[SI JUSWIUIIAOLD)

Sununosoy / [eroueur] / unipny

¢lrey uonisod
JUALIND INOA S0P A1039)8d YIIYM U]

:Adde yeyy [1e Y29yd
3s®Id ¢udLIddx? [euoIssajoad saey
noA op sedae SUIMO[[0] Y} JO YIIYM U]

203y

:JUSWIUIE)JE [EUOT)BONPS JO [9AS] ISQUYIIH

:(Aue J1) JuowaSeuew ul juads sieak Jo JoqunN
:Ansnpur Jesponu oy ur Juads s1eak Jo raquinN

:Ansnpur Jesa[onu oy} Ul padIom JSIIJ NOA Jedx

‘uone3nsoAul

Ino ojur 91e10dI0dUT 03 PASBUBW JABY dM 2JUSLIAXD pue S[[INS JO Wns I} A[9jeInode d1ow WYII[YSIY 0} JOPIO UI UOBULIOJUT SIY} JOI[[0D

0} SIM AJUO A “SINSAI [BUl} JNO U0 SuLIeaq 9[}I] 9ARY P[NOYS UOHEBWLIOJUT SIY [, "uonewIojul orydeiSowop o1seq Swos JO9[[00 MOU [[IM A\

uonewaojur digydeadownd( 111 3ed



G aSeq (800T ‘v¢ AInf) uorssiuruo)) A10jengay] JeajonN ay3 03 uonejussaid uoneorjdde-axd  uSisa oreogny 03 uononponuy,, (OLD A[LISNN) SAY
QSO “I(] WO} Uy e} dIe JYSLI Ay 0} pue Iuod oy ur saxmord oy “(Sdl-oinpow romod o[easnuy/(/8007/SO[L/W0d BIUYOIULS[O [9//:d}Y]) BOIUYIIL UBS[D) WO UYL} ST Y] oY) 03 dxmyard oy,

[ IoquInN JIN'S USISOp SIY) [[89 [[BYS OM ‘3u0[ "y 9 Yoy "SQIqUISSSE 4 "uonem3uod L] X L] U [onf YMT PIepuels — [on
uoneotqej woly paddiys se suoy 00¢ — WYSem AJY

o[npow [9SSAA 1030BAI (19)oWeIP) ‘Y 6 Aq Y G — SUOISUSWIP A ¥

S[NPOW [9SSOA JUSWIUTLIUOD (10JoWEIP) ‘Y ] AqQ Y ()9 — SUOISUSWIP JUSWUTEIUO))

juao1ad (¢ uey) JojeaI3 — 10j0R) Aj1oede)

¥-9 NOILD3S AMN S — Kytoeded [eornoalg
\/ JMIN 091 — Kiroeded [ewioy L

(SO 2 dAL
SIATWA dWNS ¥ V32

AT TWNIWON
SSINAITHL TIWM
TN3SSIA  INIWNIVINDD

WI¥D ¥3d #
SUOY 0¥INDD
«£ TYNIKON
SSINDIHL TV
3SSIA A0LIVWIY

(S3Wd 2 dAD
0F HIS @.¥
ONIdld ¥31VA0334 —

M3IA OINI
06 (31¥10¥
Y3IAVH AILVAMIIIS |~.

SE9FT

61161
80002

(S3Wd 2 dAL
/56 LHIN3T JENL 9AY m
9ET ~ OILVH HOLId A0H
9€T - DILVY HILId L¥3A
®.06%'0/,629'0 S3ENL 9ES
9510 703 WIN:

(S3IV7d ¥ dAL) SA3IADD
SS300V ¥3QV3H 98 1
2r9e

(S30Vd 2 dAl>

0y HIS #.01
ONIdId WY3LS NIWW VOE

(S30Vd 2 dAL), -
S3IATWA IN3A LE V3

G214

4|l
(S30Vd ¥ dALd . h.."
WIND

:019y pojuasaid are sonsiye)s pue sagewn o[qe[reAe-A[o1[qngd "UONE)IOI[S SIY} UI SOISO[OUYd) YINS 0M) JOPISUOD [[IM AN

~—l

[ Joquinu JJAS U0 UOIJBULIOJUI punoidydey ‘A 3ed



9 o3eq *(3pdyeoysjoBy/Iws/woo Ted[oNUAsnoySursam mmm//:diy) 109ys Jonpoid YINS osnoySunsapy Ay wody udxe; st JYSur oyy 03 a1n3ord oy T *(FMS TS IWS/WOd Ted[onudsnoyunsom mmm,//:dny) ajisqom
asnoy3unsop 9y} woiy uaxe) joysdeus e s1 10juod oy ur 21mord YT, (AWM TUIS/IUS WO TEI[ONUISNOYIUNSIM MMM //:d1IY) 0IPIA YIAS 9SNOYSUNSIA Y3 WoIj uaye) joysdeus e st o] oy 03 axmard oy,

7 JoquinN JIN'S USIsap SIy [[ed [[BYS M "3U0[ ¥ § oY "SII[QUIASSE Y ‘UONBINIIJU0D /] X /] UL [oNJ YT PIepuels — [on]
umouwyun —Jy3om AJY

J[NpoW [9SSIA 1030831 (191oWeIp) Y 71 Aq 'Y [§ — suorsuowip A Jd
[9SSaA JusWUIRIUO0D (191oWeRIP) Y 7€ Aq 'Y 6§ — SUOISUSWIP JUSWUIBIUO))
juoorad ()¢ uey) 1938218 — 10j0B) Ajroede))

AMN §7T — Aoeded [eo1nod[g

1MIN 008 — Aroedeo [ewioy

7 J_dquInu JPJAIS U0 UOJBULIOJUI PUNoI3Ndeg ‘AJ 1ed



[ 98eq

T HINS TUNS
("1 959)
. w 002
I
E—
cr]
sgurp[inq A1033)ed
1 JIWSIAS dIe L I
yurd ug s3urpping
MIIA d[ord yued +[II UOHBIdUID) jueld II UOEIIUID)
MIIA dog,
— F - D
T IS CTUINS jue[d +111 Uone.R_uUdnH yue[d [T UoneRUdn)

sjuradjooy yuepd somod xedpdnu [BINIYIOdAH AT 3]




g 98eq

MM 008 (HMIN 091
T UINS 1 WS ()MIN00SE (MMINSTYE (MMmoss (MMINOLT
4 a 7
o o Vi
L & L 7
g5 Ex i
28 g ’
£ ¢
A A
L
1 \
1N _—_-_-_‘\
f \\\\\\ it . - X Pﬂ—.—u muOH ﬁo HHQOU
HM p | Cle=—mmmmm- Y '6€
—

SUaWAIS /N MY = M ‘dsnoysunsam = HM J18°50
/10T0¥020/20/101d/eep/eorwore/dl 10 strmmm/ /:dny
1wo.y st SAdY 103oead agd.ae[ 1noj ay3 jo aanyid ay],

SUOISUIWIIP [9SSIA d.anssaad 10308da Jo uosrredwo)) A 3ed



*(AWIMIUUS/IWS W00 Ted[onuasnoySunsam mmm,//:dny) 0opIa YINS dsnoySunsopy oy wolj uaye) Joysdeus e s wonoq oy je amord

oy pue (Sud-1opesy urew Jws/SaFeU/IWS /WO Te[onuasnoyIunsom mmm,//:dny) 231sqam asnoysursopy 9y woiy st doy oy je 21myord oy i orreusos *(Sud noke[)z%Nun07%107%-02%0107%31107%-02%T8OSIN
/a1eagnN/aSew/reuos/31o eorr stie//:dny :inoke] jueld jun-oafom) pue ‘Sud [opowinzy,NUNOZ% T 107% -07%607%31107%-07%1BOSNN/A[eosnN/aSewi/reuos/31o-eaerstre//:dpy  juridon|q jueld jiun-oajom) ‘Sud wooy 0z,
101U0D0Z7%-07%807%31107%-0T%21BISNN/2[BOSNN /A5 et/ Ieu0s /310 21 SLIR//:d))Y ;w001 [013U09) d0) WOl ASIMNI0[d “YHV] oY ) wolj are saxoid oy 14 ySnoxyy g soureusos (3dfgypeSewr 7 100d/eSewn
/reuos/S1o0-edersue//:dny) VAV oyl wolj st wopoq 3y e aamoid oy pue (Sdl103089000 |  V/59021doyis/saSewr/S10 sa1pnisuwioyinos mam//:dpy) saipnig uieyinog 1oy aymusuy ayy woj st doy oy 1 a1mord oy 1| oOLeUdS

6 93eq

¥3ISNIANOD HOLVHINID INISYNL -

WAIEEY

\

ONIOTINg 3NIB¥NL

IHIHHEH

L

T
L

1

TIMYIVIS

%000 A¥Q

1
ool

TamEvLS
AV8 HOLOV3Y
MO138 WOOY T04INOD

b ——s30my3s oINHO3L

sgurp[inq A1033)ed
] 1WA d.1e
sjurd ug s3wipping

E—

IMIN STT

TUNS X [
ynm Juelg
S OLIBUJIY

NV m:@z:nz«xﬂ_u«“_mu — - | rwJ\\H M\H\H\M \\\\\\\\\\\ JM \\\\\ J”
= = j : : e
¥ISNIANOD HOLVHINGO INIBUNL sl \_ﬂ_ D ﬂ_ D ﬂ D
ONIQTING INIBUNL — ﬁ g N 0 \_ _/
M 080°T dMIN §TT
L HAS X T THYNS XS
PIM Juelg PIs Jueld

 OLIBUIIS

€ OLIBUIIS

M S¥

TANS X 1
UM Juelg

7 OLIEUAIS

L 0

IMIA 000°T

10)0€3. [BUOTIUIAUOD
+IITUdD T WPIM juelq
1 OLIRUAIS

MO[q SOLIEUIIS S ) I0[dXd 0) I[ PINOM A\ ‘AT Med



01 98eq

(AAN/$) $1S02 JYSIUIIA0 JO d3uey

uopeNSUOWI(q

0 OLIBUJIS

‘uonsanb s1y} 03 Tomsue Y}
oI PNOM M [OIYM UI JBULIOJ Y} 91BI)SUOUWIIP M ‘MO[ag (,SOLIBUDIS FUIMO[[O] a3 JO [oed ul 30adxd nok op — A\ 1od sIe[jop ur — s3s09
JYS1UIoA0 JO oFuel JeyMm ‘Asnpul ay) ul 90uaLIadxa Inok pue o[qe[iear AJUSLIND UOHBWLIONUT A} USAIS Guowdpn[ SuLoourdus 3saq InoA uy

UONBIISUOWDP — SIS0 JYSIUIIA0 SUDIH ‘A Ied



11 9Seq

(AAN/$) $1S02 JYSIUIIA0 JO d3uey

IMIA 000°T

J0)983.1 [eUOUIAUO0D
+IIIUID | YiM Jueld

1 OLIBUIIS

Juepd 1omod 1eajonu S A 000°] [BUOTIUSAUOD B 0] 199dXx3 NOA op — A\ Jod sie[[op Ul — $}S09
JYS1UIoA0 JO oFuel JeyMm ‘Asnpul ay) ul 90uaLIadxa Inok pue o[qe[iear AJUSLIND UOHBWLIONUT A} USAIS Guowdpn[ SuLoourdus 3saq InoA uy

jue[d 10)98A1 [BUONJUIAUOD — $)SOI JYSIUIIA0 SUDIT ‘A Med



71 98eg

(AAN/$) S350 JYSIUIIAO JOo dGuey

(AAN/$) $1509 JYSIUIIA0 Jo duey
(AAN/$) $1509 JYSIUIIA0 JO I3uey
(AAN/$) $3509 JYSIUIIAO Jo dGuey

IMIN STT IMIN 080°T IMIN STT IMIA S¥

TANS X1 1 4INS X $T LANS XS TANS X |
yim Juelg LESL L M Juelg M Juelg

G OLIBUJIS  OLIEUJIS € OLIBUJIS 7 OLIBUJIS

‘sa[npout YIS puly-e-Jo-yIN yim pajerndod are syueld YIS Yl 18Y) QWNSSE A\
{M0[9q soLreuads Jueld YIAIS oY1 JO Yyoea 10J 109dxo nok op — ApY J1od s1e[[op Ul — $}S09
JYS1UIoA0 JO oFuel JeyMm ‘Asnpul ay) ul 90uaLIadxa Inok pue o[qe[iear AJUSLIND UOHBWLIONUT A} USAIS Guowdpn[ SuLoourdus 3saq InoA uy

soL1euddS JuB[d YJAS — $1S09 JYSIUIIA0 SUDIY ‘A IBd



€1 98eq
00

€0

L]

€0

IMIN STT

TUNS X I
yim Juelg

G OLIBUJIS

(4]

€0

€0

0

€0

0°0

10

(4]

€0

S0

90

Lo

6'0

0’1
IMIA 080°T

T HIAS X $T
PIm Jueld

$ OLIBUIIS

€0

14ll]

S0

IMIN §TT

TANS X §
yim Jueg

€ OLIBUJIS

0°0

10

(4]

€0

€0

90

Lo

6'0

0’1

0°0

o

(4]

€0

0

<0

Lo

6°0

01

M ¥

TANS X T
ynm Juelg

7 OLIBUJIS

(4]

€0

€0

14ll]

]

IMIA 000°T

0°0

10

(4]

€0

S0

90

Lo

6'0

0’1

J03J98J.1 [eUOIUIAUO0D
+IITUID T Y3IM Jueld

I OLIBUIIS

I - 3509 39318} & SUIAJIYIE SOLIBUIIS JO AN[Iqeqo.a] ‘A }ed

Juonenouad pury-e-JO-yIN SOASIYOER 31 uaym MY Jod 0Q0‘y$ eyl ssof
1500 JY3IUIOA0 UR FUIASIYOR OLIBUIS (OB JO AJjIqeqold oy S1 18y



$1 a8eq
00

€0

L]

€0

IMIN STT

TUNS X I
yim Juelg

G OLIBUJIS

(4]

€0

€0

0

€0

0°0

10

(4]

€0

S0

90

Lo

6'0

0’1
IMIA 080°T

T HIAS X $T
PIm Jueld

$ OLIBUIIS

€0

14ll]

S0

IMIN §TT

TANS X §
yim Jueg

€ OLIBUJIS

0°0

10

(4]

€0

€0

90

Lo

6'0

0’1

0°0

o

(4]

€0

0

<0

Lo

6°0

01

M ¥

TANS X T
ynm Juelg

7 OLIBUJIS

(4]

€0

€0

14ll]

]

IMIA 000°T

0°0

10

(4]

€0

S0

90

Lo

6'0

0’1

J03J98J.1 [eUOIUIAUO0D
+IITUID T Y3IM Jueld

I OLIBUIIS

7 - 1509 193.1%) B SUIAJIYIR SOLIBUIIS JO AJ[Iqeqoad ‘A }Bd

Juonensuad puny-e-Jo-yiIN SOAJIYIL 1 udYM A 1od 000°9$ Uey) 10JeaI3

1500 JY3IUIOA0 UR FUIASIYOR OLIBUIS (OB JO AJjIqeqold oy S1 18y



G 98eq

ooueInsul uonelrodsuen) pue uorjeyrodsuel]

S[00} pue ‘sanIoe] QuoweSeuew 109fo1d Toqe] uonoNISUO)

SQOIAIAS JNOAR] pue ‘UISop ‘SULIOQUISUH

(s107BA9]9 ‘s3S10Y ‘souerd) juowdmbs ayg

juowdibs Sunysiy a1y pue HVAH

juowdinba juerd H291 pue Juowdinbo [eo1OSH

uonoafol 10jem pue LT JOJeAL

WQISAS UIB9)S UTBW PUB ‘I9JBMPId) 9esuapuo))

juowdinbs jue[d 10jeI0USD)

juowdimbs jueld surqing

juowdimba jueld 103080y

uoneredord 9y1s pue Surp[ing

yuvy  :sapmpous 3uimojjof ayy ojut juvjd somod 4pajonu v apiaIp Y

-uerd Jomod Jeaponu 9 N 000°] [EUOIIUSAUOD © JO UOIINISUOD [IIM PIJBIJ0SSE $1500 [e3ided ay) 03 SULLIQJRI 918 OA\ “(24DYS 1520243 2y) A0f
S)UN022D 10Y) 2Npout 2y 40f | Jo yuv.) 10J SUNOII. YILd Jey]) 109 [e31ded Jo aIeys Ay} UO PAseq SO[NPOW U} ULl 9SBI[J ‘MO[oq UMOYS Je 39S |,
‘so[npou dA[om} ojut jue[d 1omod & ur Juausaaul [e3ided oy} pasuapuod 9Ly oM ‘(()()(QZ) SIUNO0IOY JO 3p0) VAV 2yl Suis)

UONRIIPISUOI JIpun safnpow jue[d [BUONUIAUOD SUDUBY ‘JA Ied



91 a8eq

(P21S1] Sa[npout Y3 0 aulos 2410U31 aM 152331 noA pinoy
YIS 40f 1upvaajaudl 3u1aq sapnpout ayj o Luv aasaiof nod oq

yuvy

doueinsul uorjeprodsuen) pue uonelodsuer],
S[00} puE ‘sanI[Ioe} Juawoeue jooloxd ‘Toqe] uoroNNsUO))
SQOIAIAS JNOAR] pue ‘UISop ‘SULIOQUISUH
(s107BA9]9 ‘s3S10Y ‘souerd) juowdmbs ayg
juowdibs Sunysiy a1y pue HVAH

juowdinba juerd H291 pue Juowdinbo [eo1OSH
uorno9[a1 10jem pue oI I9JBAN

WOISAS WILd)S UTBW PUB “Id1BMPIJ 9JBSUSPUO))
juowdinbs jue[d 10jeI0USD)

juowdimbs jueld surqing

juowdimba jueld 103080y

uoneredord 9y1s pue Surp[ing

:Sapnpout 3uimojjof ayy ogui juvyd 1omod 4pajonu v apIAIP

‘(ereys 1s938013 O
J0J SIUNOJOE JBY) O[NPOW 9} J0J | JO JULI) JOJ JUNOIJE [IM [ord — juowdpn( SurieourSus JnoA ur — jey 3500 [ejides Jo a1eys oy} uo paseq
so[npour oy} 210w 20U0 uel asea[d ‘syue[d YIAIS JO SONSLIOOBIBYD JUSISYUI Y} USALD) TeIouasS Ul SYIAS INOqe JUIY) 0} NOK JUBM MOU Ip\

UoNRIIPISU0I JIpun safnpou jue[d JYIAS sunjuey ‘JA 1ed



L1 98eq

IMIN STT IATN080‘T IMIN €TT IMIN ¥ .
uepd [euonuIAU0d J
TANS X I TYNSXPT  TUNSXS THNS X I ., JUEdIsion MIN000TT
o/ ) %0 %0 %0
%0 Yo
d
g 2
g g
%01 %01 m %01 %o 2
;
S =
=4
%0T %07 m 70T %07 m
[«
%0€ %0€ m %0€ %0E S
«» 1]
[=]
%0p %0y m % 0¥ %oy 2
g g
= =
S [=]
%08 %08 w %08 %wos %
< <
g g
%09 %09 m. %09 %09 m.
5] 2
a -
o 2 %0L %L S
%0L 0L 2 =1
g g
%08 %08 g %08 %08 &
2 2
g z
%06 %06 S %06 %06 m.
£ 3
2 @
%001 %001 %001 %001
{10} Junoooe [[Im 9] 95ed uo 9soys nok {10J 1UNoode [[1M G a3ed UO 3SOYD NOA SIAMPOW AL}
sa[npow aA1} doy ayj 2952103 noA op 3509 [eyded Jo a3ejuadiad jeym doy a3 99s210] NOA Op S350 [BI1ded Jo a8eIu0o1ad JeyM
ssyuepd YIAIS 100 ;jued [BUOUIAUOD IM A 000°T [81dA)Y © a0y

sonpouw jue[d payue.a-doj § Aq 10J PIIUNOIIE $IS0I JO ISBIUNIIJ ‘JA Ied



81 a8eq

doueInsul uoneyodsuen pue uoneyodsuel]

S[00} pue ‘sapi[Ioe} ‘quawadeuew j0ofo1d Toqe] uonoNNSUO))

SQOIAIS Jn0oAe] pue ‘uIsop ‘Surresurduyg

(s107BA9]9 ‘s3S10Y ‘souerd) juowdmbs ang

juowdinbe Sunysiy a1y pue HVAH

juowdinbas juerd H291 pue Juswdinbo [eo1OSH

uonoafol 10jem pue OXeIUl JOJeAL

WQISAS UIB9)S UTBW PUB ‘IOJBMPAd) 9)esudpuo))

juowdmbs jued 10jeIoUIL)

juowdmbas juerd surqing,

juowdinbs jued 101080y

uoneredaid 9315 pue Surp[ing

N 0 oot
2P 939 d,%c, 99% Aup f1 ‘sppaand ajou puv saxoq ajviidosddp a1y
{ {
%.7,%9 X %@ %%t o ¥o2Y2 asvajd ‘mojaq sapnpout 2y fO Yyova 40, ;s1s02 [pj1dpd juvjd
%@7% o 00 » o%i YIS 21pos 03 apvtidoaddp j1 s1 Juawdpn! Suriaou1dua anod uy
T

(uerd romod responu (9N 000°T) [BUOTIUIAUOD B JO 9SBD 9SBQ ) 03 JANE[AI d[qe[eds Ik SYNS Sunerado
jueld & (1M POJRIDOSSE SISOO I JO SWOS JBY} SWNSSE 03 J1B IT SI 91ewns? 3509 umop-do) e je jdwone 1Sy © 10, "s3s09 Teydes juerd
MIAS Suturuelap o1 yoeoxdde siyy a1o[dxa 01 oyI] mou p[nom app “Aroedes 103001 £q $1509 [€31deD SS0IF 9[ROS SIOYINE ‘OINJRINI[ Y} U]

$S1S0J 103I8II [RUOIUIAUOI SUISN PI[BIS I( SI[NpPoW ued ‘sasAjeue umop-doy uj ‘JA 31ed



61 98eq

JBIX

B:E) § BU:E) ¢ Bi:E) § Bi:E) ¢ 0 183X
%0
%0S
%001
uoneISUOWI( 0 OLIBUIIS

uonddurod
393f0ad jo o,

‘uonsanb sy} 03 JoMSUE Y O] P[NOM dM YOTYM UI JBWLIOJ S} JRIISUOWAP dM ‘MO[og

"soL1eueos jueld snorrea 10} so[npayos uononnsuod ojerrdordde yojoxs aseard 03 noAk o1 pinom om @10y

UONBI)SUOWIP - SI[NPIYIS UONINIISUO0I SUNIT “[IA Ied



0z 98eq

Iuax aIvax IBax avax IBax (0 1udax
%0

[«]

=]

2

%08 =

=2

=

%001

J10)9%31 [BUOIUIAUOD
IMIN 000°T +IITUD [ YyM jue[d | OLIBUDS

393f0ad jo o,

(300load uorzonnsuoo juerd somod reaonu M NO00
‘[RUOIIUDAUOD € 1O S[NPaYds uononysuod derrdordde ue ‘quowdpnl Surroourus ok ur ‘9q prnom jeym yojos asea[d nok ued 9si

jueld 103981 [BUONIUIAUOD — SI[NPIYIS UOIIINIISUOI SUDIY TIA Med



1z 98eq

Bi:E) § Bi:2) ¢ Tex 0 18X

JBIX B2 ¢
%0

%0S

uonddurod
393f0ad jo o,

%001

T IINS X T
IMIN Sb yIm Juelg (AUELIERIN

(3unesnNsoAUl Udaq 9ABY 9M SOLIBUIDS Jue[d
[ Joquuinu YIA'S Y3 JO AUO J0J d[NPpayds uoronnsuod djerdordde ue ‘quowdpnl Furdaurduo InoA ur ‘9q pinom jeym yo3ays ased[d nok ue)
‘s101819d0 YIA'S 107 [e31ded JO 1500 o1} 9onpal AW SI[NPAYOS UOTIINNSUOD I3I0YS

[ Jdquinu JJAIS — SAMPIYIS UOIIINIISU0I SURDIY TIA Med



77 98eg

JBIX

B:E) § BU:E) ¢ Bi:E) § Bi:E) ¢ 0 183X
%0
%0S
%001
TUNS XTI
IMIN §TT M juelq S OLIBUIDS

uonddurod
393f0ad jo o,

(SuneSysoAUI U2aq 9ARY 9M OLIBUADS Jueld 7 Joqunu YAS SUO Y} I0] Wes oy} Op NoA ue))

7 IdquInu YJAIS — SI[NPIYIS UOINIISU0d SunNI ‘1A Ied



€7 98eq

"9)IS QWIBS ) I8 P[[elsul sa[npowi juanbasqns Jo 1509 [eiided
oy} uo 9ouUANJUI S, AJLIBNPOW JO JBWIISS INOA 0} Spuodsariod jey) aAImd oy merq (7)
(1 o[npouw 3e) sIxe-A oY) UO 2q P[NOM S[NPOW ISIJ A} JUIY} NOA a19yMm jop B 20e[d (])
‘SUTARO[[0} 93 Op 95€9[d "U0NSIND SIYF SULIOMSUE U A\

ve | 4 81 SI (4! 6 9 € [ dgMPON
X
e
S
=
4
8
o
=9
=3
(4]
[«
2
uopeSUOWI(q (0 OLIBUIIS

{ITUN [BIUSTIOIOUT OB (1M JNOUT 03 309dXd am op
U 9[NPOW JO }SOJ Y} JO YONW MO — Y 9JIS I8 [[8 — A[[EIUSWAIOUI SI[NPOW PPE U} PUB Y 9IS J& U 2[NPOUW JYINS P[INg 01 910Mm oM J]
(SUINS JO Ajaenpows 9y St snodgejueApe A[[eoIou0dd MoH

{S1S00 dNpowt YJAIS U0 A)LIB[NPOW JO dUIN[JUI Y} ST JBYAA “ITIA 3ed



$ 98eq

"9)IS QWIBS ) I8 P[[elsul sa[npowi juanbasqns Jo 1509 [eiided
oy} uo 9ouUANJUI S, AJLIBNPOW JO JBWIISS INOA 0} Spuodsariod jey) aAImd oy merq (7)
(1 o[npouw 3e) sIxe-A oY) UO 2q P[NOM S[NPOW ISIJ A} JUIY} NOA a19yMm jop B 20e[d (])
‘SUTARO[[0} 93 Op 95€9[d "U0NSIND SIYF SULIOMSUE U A\

ve 1T 81 SI [4! 6 9 € [ dgMPON
B
e
S
=
A
8
e
="
£
(4]
[«
2
sa[npowr SN S+ I R_qunN JNS

{ITUN [BIUSTIOIOUT OB (1M JNOUT 03 309dXd am op
U 9[NPOW JO }SOJ Y} JO YONW MO — Y 9JIS I8 [[8 — A[[EIUSWAIOUI SI[NPOW PPE U} PUB Y 9IS J& U 2[NPOUW JYINS P[INg 01 910Mm oM J]
(SUINS JO Ajaenpows 9y St snodgejueApe A[[eoIou0dd MoH

$$1S0D JINPoW | JIqUINU YJAIS U0 AJLIR[NPOW JO dUIN[JUI Y] ST JBYA ‘TIIA Med



Gz 98eq

"9)IS QWIBS ) I8 P[[elsul sa[npowi juanbasqns Jo 1509 [eiided
oy} uo 9ouUANJUI S, AJLIBNPOW JO JBWIISS INOA 0} Spuodsariod jey) aAImd oy merq (7)
(1 o[npouw 3e) sIxe-A oY) UO 2q P[NOM S[NPOW ISIJ A} JUIY} NOA a19yMm jop B 20e[d (])
‘SUTARO[[0} 93 Op 95€9[d "U0NSIND SIYF SULIOMSUE U A\

14 € (4 [ dgMPON
B
e
S
=
A
8
o
=9
£
(4]
[«
2
sa[npowr S A €7¢ ¢ R_qunN JINS

{ITUN [BIUSTIOIOUT OB (1M JNOUT 03 309dXd am op
U 9[NPOW JO }SOJ Y} JO YONW MO — Y 9JIS I8 [[8 — A[[EIUSWAIOUI SI[NPOW PPE U} PUB Y 9IS J& U 2[NPOUW JYINS P[INg 01 910Mm oM J]
(SUINS JO Ajaenpows 9y St snodgejueApe A[[eoIou0dd MoH

$$1S0D JINPOW 7 JIqUINU YJAIS U0 AJLIR[NPOW JO dUIN[JUI 3Y) ST JBYAM ‘TIIA Med



97 93eq *210Y NYM pue or[q ul pasnpoidar st 1| J15°L00g-dew-prrom-jeonijod; [ 0/600¢/speodnsusiuoo-dm/smou-siouired joursiorun'mmm//:dny woij uese) piom ay) jo dew jeonijog

"S2AYDULDIID _fO 1500 pub ‘Spaau A3.1ouad ‘SIS0 10qD] ‘SjuduiaAnbal (31.4m2as ‘suoyninsul L10jpn3a.l SSnosiq

{1 OO PINOM OLIBUSDS JuowAo[dop
MIAS 19931ad 9y} JeyM UO JUSWILOD NOK UB))

“Ju)sTXa-uou A[[eonoeld ST J0 ¢ S9)e1S payru() oy} se pado[oAap Sk 10U JOYIIS ST SINJONI)SBIJUT

Jea[onu 9soyMm SOLIIUNOD O} S)run yons Jo des ay) Surio[dxa a1e s10pusa YINS dwos se jueprodur A[eroadss st siy [, jyuswkodop
MIALS 10J OLIBUSDS [9SEO-1SOQ, B 9JMIISUOI — PIASIYIL JI — P[NOM SI0JOR) JO UOLRUIqUIOD YIIYA\ "suondo Sunis YINS 210[dxa 0} jJuem op

S OLIBUIIS JudWAO[dap PYIAS 399J13d oY) Se UOISIAUD NOA 0P JBYAA “X]T I1ed



17 98eq

anjva anjpa anjva
jsouiIn O 2uios JO ou JO

|||||||||||||||||||||||||||||| $1500 SUTUOISSIIUWOd3P JUSISLI(T

||||||||||||||||||||||||||||||| suondo asn-pud dAIRUIN Y

||||||||||||||||||||||||||||||| SO[NPAYOS UOTIONIISUOD IA)IOYS

||||||||||||||||||||||||||||||| suondo 3unis 9[qIxafy IO

||||||||||||||||||||||||||||||| suondo SuIzis A[qIxI[J SION

||||||||||||||||||||||||||||||| 1500 Suruue[d pue K)a)es JUSILI

||||||||||||||||||||||||||||||| ug1sap jo Ayorpdurs yuaroyuy

||||||||||||||||||||||||||||||| UONONIISUOD [BJI[AYS J0J PASU JO UOHBUIWI[H

||||||||||||||||||||||||||||||| SSSN + 1010831 JO UONBILIqR) A10308,]

anjpa anppa anppa
1soun fp) 2ui0s JO ou JO 24D 2421 ADPISUOD dM S2ZDIUDAPD D1f102dS- NS

(30U OP [OIYM PUE ‘YoIeasaI 2I0W PUB UONUINIE JLIOW UIY) NOA OP YOIyMm :S}IJauaq asay} uo uorurdo oA o1 pjnom om QI0H
"S]1Juaq 9say Jo 181 B po[idwod aaey om ‘ypdap ur arnmyeroln] ay3 SulApmis 10y
"SYIAS JO s1Jouaq d1ouos? [enuaiod Jy) N0} S[BLISIEW JOPUIA PUR SAIPMS JIWAPeIL Yjog

SUIAS JO SSIUIAIIIRIIIE JIWOUO0II IY) SUISSISSY *X B ]



87 98eq

54030124 234D]
UL22U0D S UL2OUO0D UL2OUOD

jsounn JO yonut sv JO ou JO
|||||||||||||||||||||||||||||| Tomod 9)15-1J0 JO SSOT

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2IN}Nd adueuUNUIBIA

||||||||||||||||||||||||||||||| SIomawely A10je[n3a1 jo Aoenbapy

|||||||||||||||||||||||||||||| uS1Sop J030BIY

||||||||||||||||||||||||||||||| S)uaAd A111qeqold-mof ‘wanxy

|||||||||||||||||||||||||||||| SoIN[Iey OpOouW UOW0))

||||||||||||||||||||||||||||||| JuowdSeuew [1dy003s [ony Juadg

||||||||||||||||||||||||||||||| I no Sururer) JoyerddQ

||||||||||||||||||||||||||||||| SIUSPIODL JUB[O0D JO SSO[ YBAIQ-[[BWIS

|||||||||||||||||||||||||||||| SIUSPIOOE JUB[OOD JO SSO[ NBIQ-3318]

|||||||||||||||||||||||||||||| (uonyerayrjord Surpnjour) a8ej0qes 9ANOY

UL2OUO0D $.401oD24 234D] UL22U0D
1sounn Jo SO UIDOUOD ou Jp ‘24D A2P1SU0D 0] Nod 2Y1] PINOM dM SUA2DUO0D A12fDS

yonut sv JO

"JOU 91B SUIdJUOD [OIYM PUe (SI0J0BAI JEd[ONU [BUOIIUSAUOD 0} paredwoo) juswAojdop
MINS Aq PaIBIAJ[[B 918 SUIdOU0D AJ3fes yorym uo uorurdo Inok oI p[nom am ‘019H "sainjeaj Ajajes aalssed Auew ojerodioour pue
SYDO'T Je21q-031e] JO JSLI Y} deUIWI[ ‘K103 UI Ao} Jet)) 2. SYJA'S JO SHJAUq PAINOI-Yoniu oY) JO OM],

SUTNS A PIde] SISUI[[RYD :AJLINIAS pue A)dJeg ‘IX Med



6 98eq

{UONB31ISOAUL SIY} Ul 9pnjoul pue 0} yeads
sn SuIARY 9[qBIOJWOD 9q P[NOM pue mou noA suadxa aroyy a1y

(R1v1IeA 1918M JYSI] 94} JO SYIAS
Jo yuowAo[dop pue UOTBZI[RIOISWILIOD A} 9JBIS[IIIB 0] JOBUD NOA
PInom su3Isop YINS Sursuaor] 01 yoreordde JudiInd s, UoISSIUwo))
o} 03 saFueyd Jeym ‘OYN U} JO 931eYO UI 910M NOK J]

(Su31sap YIAS Jo Anordurs juaisyur 03 syuey}
pajeUIWId 9q 0} 399dX2 NOA Op sInoy-ueu Jo ISeIuddIad jeym
‘08 JI (9AISUIUI-ISOO A[1e[nonIed 9jeuruI[d noA JI0om 93IS-U0 Y} S|

{YSe 01 St PayI] aARY NOA p[nom suonsanb jeym

(51500 Suneodo juerd YINS uo 1oedwr JueOYIUSIS B 9ARY UBD
orreudos Surggess senonted e Sursooyd 9A91[0q NOA O(J (,S1030Bal
[BUOIIUSATOD JO Je} A[}oBXd ST uSIsop A[quiasse [ony jey)
uaAIS 9ndino 1030891 Aq PI[BOS 2q ULD $)SOO [9NJ UEBD SIS0 N0

LUS1Sop YIAS Jo Lordwirs juaioqul 0}
SYUBY) PojeUIlI]d 39S 03 399dXd NOK O YI0M-I)IS JO AFeIuddIdd
1eyMm ‘paxrnbai sqol Jo 1oquuinu Jo suro) ul ‘A[[eonsijeay

"9[qeMOJWOodUN [99) NOA Sayew Jeyp J1 sasuodsar aaneyuenb opraoid jou paou nox
-a10[dx2 01 91| OS[€ p[noM 9m suonsanb Jo 1SI[ € puly [[I4 NOA ‘mo[g

suonsanb papud-uadQ ‘11X 1ed



Supplementary Information:

Appendix S3. Disaggregating the elicitation task using the IAEA code of accounts



A code of accounts is a numbering system that uniquely identifies the individual
components of a project. In 2000, the International Atomic Energy Agency (IAEA)
issued a technical report concerning the “economic evaluation of bids for nuclear power
plants” (29). This was done to help those countries or non-nuclear utilities that wished to
invite bids for nuclear plants but did not yet have a robust authority with its own accounts
system that could evaluate such bids. Presumably, organs like the IAEA also put out this
material to slowly nudge both existing and newly established organizations towards

standardizing everything from the industry’s jargon to the accounts system itself.

Section 4.2 and Annex I of the IAEA’s report describe the Agency’s accounts system in
detail. Here, we are concerned with those components that fall within the scope of
overnight cost. The IAEA labels these costs “fore costs.” The description of these
accounts, taken directly from the IAEA’s report, is presented below. Overnight cost
includes accounts 21 through 41, accounts 50 through 54, and account 70. The subset of
accounts that we considered in this investigation is very close to the scope of overnight
cost as defined by the IAEA. It included accounts 21 through 41 and account 50, but
excluded accounts 51 through 54 and account 70, which fall under the scope of owner’s
cost. The code of accounts was further simplified to make it easier to digest by our

experts, given the limited time we had with each.

We tried to be consistent when answering experts’ queries as to where certain

components, tools, or jobs fell in this classification scheme. One of the IAEA accounts



system’s departures from the code of accounts used by industry is its classification of
construction labor and project management in a distinct category. Our experts suggested
that vendors usually lump the labor required for the reactor plant, for instance, into the
reactor plant category. Disaggregating labor from each of the components may have

proved a challenge for our experts.

For a question whose purpose was to prompt discussion of the major cost drivers in SMR
plants and how these compare to cost drivers in conventional plants, sorting through the
code of accounts in full, while carefully outlining the particulars of an arbitrarily-chosen
site, was deemed an ineffective use of what limited time we had with each expert. Also,

there was no guarantee that such an exercise would have produced valuable information.

The twelve capital cost categories that fell under the scope just outlined were presented to
the experts on index cards. These are presented below in list form. The experts were
asked to rank the twelve items according to the share (in percentage terms) of capital cost
that each would contribute to the total cost of a conventional nuclear power plant. The
process was repeated for a generic, one-unit SMR plant. Specifically, we were interested
in changes in the ranking. We then asked our experts for the percentage of capital cost
that the five top-ranked categories account for in each of the five scenarios under

investigation.



Table S2 lists the five top-ranked items for both a conventional nuclear plant and a
generic, one-unit SMR plant, according to each of the experts who responded to this
question. Reactor plant equipment is the one category that is ranked in the top five by all
experts (for both conventional and SMR plants). All experts believe that the share of
capital cost accounted for by reactor plant equipment is higher for SMR plants than it is
for conventional plants. Four other categories are present in more than half of the
responses for a conventional plant. These are (1) turbine plant equipment, (2) building
and site preparation, (3) electrical equipment and 1&C plant equipment, and (4)
construction labor, project management, facilities, and tools. For a conventional nuclear
plant, the last of these is ranked highest by almost half of the experts. The proportion of
cost accounted for by construction labor is lower for SMR plants, thanks to the fewer
number of labor-intensive jobs needed at an SMR construction site. Experts agreed that
this is one of the fundamental benefits of SMRs. Building and site preparation is assigned
a lower share of capital cost in SMR plants as well, and it drops out of the top five in
some experts’ judgment. On the other hand, electrical equipment and 1&C plant
equipment generally accounts for a greater share of capital cost in an SMR plant, as it is
the same equipment you would need in a conventional plant. While there is commonality
in the rankings, the issue is hardly cut-and-dry: seven out of the twelve categories feature

in ranks one to three for both conventional and SMR plants.

The percentage of capital cost that the five top-ranked items account for in a conventional
1,000MW, Gen III+ plant ranges from 50% to 90%, with general consensus centering on

two-thirds to three-quarters of total project cost, as Figure S3 shows. A similar lack of



consensus exists for the four SMR scenarios. We engaged in a substantial discussion with
each expert regarding the cost of multi-module facilities. Some believed that, with
twenty-four SMRs on a single site, the cost of the twenty-four reactor modules would
dominate the total project cost. Others vehemently disagreed, suggesting that the
operation-construction interface for such a facility would require a large staff. The
common theme we found is that, while some SMR-specific advantages may reduce the
costs of particular components or systems, these effects may be cancelled out by potential

cost inflation in other areas.

The twelve capital cost categories under consideration are listed below, along with a short

summary of what each entails. This list is adapted from the report in question (29):

1) Building and site preparation
- Land reclamation, clearing, and grading
- Access roads, sidewalks, access roads connected with public roads
- Railway access
- Sanitary installations, yard drainage
- Storm sewer systems, waterfront structures
- Harbor and cranes, waterway improvements
- Air access facilities

- Excavation and foundation for buildings

2) Reactor plant equipment



- Reactor vessel and accessories

- Studs, fasteners, seals, gaskets, tubes, and fittings

- Reactor vessel internals (core tank, baffles, shrouds, moderators, reactivity
control components, upper core structure, CR guide assemblies,
distributors, etc.)

- Reactor vessel support structures

- Reactor control devices (CRDMSs, in-core instrumentation, neutron
sources, boron shutdown systems)

- Main heat transfer and transport system (coolant system)

- Reactor auxiliary systems

- Reactor ancillary systems

- Nuclear fuel handling and storage systems

3) Turbine plant equipment
- High pressure and low pressure turbines
- Turbine drain system; seal steam/leak off system
- Moisture separator/reheater system
- Turbine bypass system
- Lubrication and control fluid system
- Ancillary equipment (main stops, throttles, valves, piping, insulation,
instrumentation, etc.)

- Support structures, foundation, mechanical parts



4) Generator plant equipment
- Generator
- Water system
- H,system
- CO; system
- N, system
- Lubrication system
- Seal oil system

- Excitation system

5) Condensate, feedwater, and main steam system
- Main condensate, feedwater, and main steam systems
- Piping
- Valves and fittings
- Supports (piping related)
- Insulation
- Pumps, storage tanks, and heaters
- Emergency feedwater system
6) Water intake and water rejection
- Circulation water intake canals, works, structures, etc.
- Water pump structures (circulation, service, process cooling pumps)
- Water overflow structures, surge tanks, discharge canals

- Circulation water aeration structures, water surge ponds



Cooling water structures, tower pump structures, connection structures,
and discharge structures

Circulation water piping

7) Electrical equipment and I&C plant equipment

Bus ducts, breaker systems, and switchgear

DC distribution and sub-distribution equipment

Batteries and chargers

Converters and inverters, plus control and monitoring

Earthing equipment

Diesel and diesel control equipment

Aux equipment: transformers, motors, cables, penetrations, junction boxes,
supporting structures

Ancillary and communication systems

Sensors, signal processing equipment, computers, monitoring equipment,

instrumentation equipment

8) HVAC and fire fighting equipment

Ventilation and air conditioning systems for reactor building, reactor
auxiliary building, and fuel building (those buildings that are in controlled
areas)

Ventilation and air conditioning systems for those buildings that are not in

controlled areas



- Both of the above include filters, heaters, coolers, fans, blowers,
humidifiers, ducts, piping, valves, and other equipment (motors and
actuators)

- Alarm and sprinkler systems, plus piping and valves

- Mobile installations

- Manually operated fire fighting equipment

9) Site equipment (cranes, hoists, elevators, etc.)
- Polar crane inside reactor building
- Gantry crane outside reactor building
- Cranes in turbine building
- Cranes in reactor auxiliary building
- Elevators in reactor building
- Elevators in reactor auxiliary building
- Elevators in electrical building

- Laboratory equipment

10) Engineering, design, and layout services
- Civil engineering, general plant layout and design
- Mechanical engineering for systems and components
- Electrical engineering for systems and components

- 1&C and reactor protection engineering



- Reactor physics, thermodynamics, thermohydraulics, plant dynamics,
analogue computer analysis, earthquake analysis, chemistry and other
engineering activities not directly component or system related

- Construction and/or erection manuals and instruction preparation,
commissioning instructions, operation procedures, as well as quality

assurance measures

11) Construction labor, project management, facilities, and tools
- Civil works, mechanical systems, electrical systems
- Administration, cost control, contracting, scheduling
- Quality assurance
- Field offices with installation, social buildings, warehouses, workshops,
guard houses, and fences
- Provisional installation during construction
- Fuel for engines, turbines, and boilers
- Waste storage and treatment
- Communication equipment

- Heavy construction equipment

12) Transportation and transportation insurance
- Harbor crane
- Gantry

- Unloading equipment



- Lorries

- Scaffolds, ladders, and stairways



Figure Legends:

Figure S3: Share (percentage) of capital cost accounted for by the five top-ranked
categories when constructing conventional and SMR plants. Note that the information is
presented by expert, and not by scenario, because expert rankings differ. In other words,
rankings are comparable across scenarios for each individual expert, but not across

experts.
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Supplementary Information:

Appendix S4. More details about the expert elicitation



Developing the protocol:

We started with a list of the questions we wanted answered. After several rounds of
discussion among the authors, each of which resulted in the iterative expansion of certain
areas of inquiry, their exclusion, or the refinement of the questions, we settled on queries

related to the following areas:

1. capital costs of each of the five scenarios we developed;

2. the probability that the costs for each scenario would fall below certain target

costs;

3. each single-unit SMR’s construction duration;

4. the components that account for most of the cost of an SMR project;

5. expert judgments on where in the world these reactors could see first-of-a-kind

and nth-of-a-kind deployment; and,

6. a general list of open-ended questions designed to stir discussion.

Once the protocol was completed, we conducted a set of pilot interviews with non-
experts. These were designed to highlight problems in the interviewer’s delivery or in the
phrasing of the questions. As a result of what we learned in these interviews, we
rephrased some questions to better delineate the scope of the investigation, we added a
‘background’ section to provide as much reference information as the pilot testers
deemed necessary to absorb the tasks, and we noted the need for visual aids to help guide
the experts through the protocol. Consultations with researchers in behavioral social

science raised methodological questions regarding the structure of response forms and



visual aids. After further revisions, additional pilot testing was carried out, this time with
an expert from the pool of experts we had been building during the course of the
protocol’s development. Because experts have demanding schedules, we constrained the
protocol so that it took around two hours. In the end, interviews took between one and
four hours. Necessarily, a balance had to be struck between items that went on the
protocol forms and those that were verbally relayed to each expert. Interviews were
recorded and transcribed manually by the authors (we decided against using software in
order to catch the nuances that different intonations suggested. Also, the software we
tried had obvious problems with the terminology and acronyms that were employed).
Where transition words and silence-fillers (like “umm’) were deliberately uttered to
express hesitation about a prompted claim, this was usually brought up in the course of
the interview and duly noted in the transcripts using brackets. Upon transcription, audio

files were deleted.

Addressing the pitfalls of expert elicitation:

Pitfalls such as over confidence, and the bias that cognitive heuristics can produce arise
in any process involving human judgment about uncertainty. The difference in a well-
designed expert elicitation is that one can adopt strategies designed to minimize their
influence. Strategies we employed included: 1) prompting experts to justify their
estimates and 2) asking for probabilistic judgments in more than one way, checking for

consistency in the process. Below, we walk through one example of such an elicitation



for illustrative purposes. The procedure followed was that pioneered by Morgan and

Henrion (10) that provides a more comprehensive treatment.

Assume an expert provided a lower bound estimate for the capital cost of a scenario when
prompted. We then asked them to explain why they thought that number was correct
(regardless of what it was). For example, if an expert provided a lower bound of $3,000
per kW,, we asked why it could not be lower. We might say: "Suppose the number
actually turns out to be $2,500, can you suggest a way in which that might happen?" The
purpose of this prompting exercise was to expand the universe of alternatives that the
expert considered. This process was repeated for the upper bound. In either case, if the
expert revised their estimate, they were effectively considering a more complete universe
of alternatives than they previously had, which means their revised range was less
overconfident than their original range. The expert may stick to their original range after
prompting from the interviewer, which is also fine: the interviewer’s job was to prod and
caution experts about overconfidence (each interview was preceded with a discussion of
what overconfidence is and how it manifests itself in such procedures), not to coerce the
expert into providing a wider range. In order to avoid "anchoring," the interviewer

elicited the median, or “best,” estimate last.

The second method we used to avoid overconfidence was a consistency check. In our
case, once we had elicited a range of estimates of capital cost for each scenario, we

proceeded to a seemingly different question that asked experts for the probability of



capital costs for each scenario (a) falling below $4,000 per kW, and (b) rising above
$6,000 per kW.. By answering these two questions, however, the expert provided us what
we needed to construct a cumulative distribution function (CDF) that we could then
compare to the probabilistic judgments provided in response to the first question above. If
the two CDFs generated two different pictures of capital cost, the inconsistency was

brought to the expert’s attention, and they were asked to revise their estimates.

The above discussion demonstrates the importance of developing a well-specified system
for the elicitation, hence our emphasis on the technical depth that went into developing
each scenario. This supports our argument that, in the context of energy technologies,

asking simply for estimates of ““solar panel costs” or “SMR costs™ is inappropriate.



