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Table 17:
Small Industrial Grade Components Used in non-Safety SSCs?°

Anchor Bolt

Ball Bearing
Bolting

Control Switch
Cotter Pin

Crane Wheel Axle
Drive Belt

Frame Device
Fuel Qil

Fuse

Impeller Key
Integrated Circuit
Filter Regulator

Table Notes:

Limit Switch
Lubricating Grease
Material Plate Angle
Motor

Diaphragm

O-Ring

Pinion Gear
Pressure Switch
Pump Impeller
Pump Mechanical Seal
Relay

Resistor

Roller Spring

Shaft Coupling
Solenoid Valve
Spiral Wound Gasket
Spring

Temperature Switch
Terminal Block
Terminal Connector
Torgue Switch
Transistor
Transmitter

Valve Packing Gland
Valve Seal Ring
Valve Stem

@ |[EEE: Institute of Electrical and Electronics Engineers, established a series of “Class
1E” Codes and Standards for safety-related electrical components. 10 CFR 50.55a
mandates these IEEE Codes and Standards for domestic licensees, similar to ASME
BPV Code (lll) requirements for mechanical components.

b Per NRC (https://www.nrc.gov/reactors/new-reactors/smr/licensing-activities/
nuscale/ser-open-items.html)

¢ Specifically apply to the proposed TerraPower Natrium Sodium-Cooled Fast Reactor

9 The proposed BWXT is a high temperature gas (Helium cooled) micro-reactor

% Required per 10 CFR 50 10 CFR 50.63(a)(1), “Loss of all alternating current power” (https:/www.nrc.gov/

reading-rm/doc-collections/cfr/part050/part050-0063.html).
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Figure 24:
Pressurized Water Reactors -Structures, Systems, and Components Classifications'®

INDUSTRIAL-GRADE SSCS

« Turbine Building
« Turbine-Generator Set
» Main-Condensor

SAFETY RELATED SSCS

Containment/ Reactor
Fuel Building/ Spent Fuel
Cooling
Valve Vault
Essential Switchgear/
Batteries and Inverters
Diesel Generators
Emergency Core Cooling
and Residual Heat
Removal/ Heat Exchangers
Component Cooling Water/
and Heat exchangers

« Auxiliary Feedwater

* (Not Shown) External
Service Water and
Cooling tower
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APPENDIX (C) POISSON COEFFICIENT INTERPRETATION

This appendix provides more details about the rationale for the applied regressions. The
goal of this research is to identify what advantages or barriers are present in Wyoming for
the development of a nuclear component manufacturing sector. Proper interpretation of
the econometric results is necessary if the results are to be applicable to policy decisions.

The coefficient estimates of the Poisson model of ASME certificates is argued to represent
a change in nuclear component diversity. The number of ASME nuclear certification is the
combination of the total number of nuclear component firms, and the number of product
types produced by these firms. Only under strict assumptions do these coefficients also
predict the output of the nuclear components sector. Under the more relaxed assumption
of monotonicity, the coefficients predict an ordinal rank of state output levels. Care should
be taken when expanding this to the GDP output level. In totality, the estimate of firm
diversity is useful for identifying the ease of entering the nuclear component market, and
the estimates can be applied to the ranking of state component output.

In the most literal sense, the models predict the number of ASME nuclear certifications in
a given state and year. This outcome is not the same as the level of nuclear component
production, but it still provides valuable information. States without active ASME nuclear
certification lack a nuclear component sector, while active certificates indicate that a
state is part of the supply chain. Even if the company with a certificate is not actively
producing parts, they are a part of the nuclear components supply curve as defined in
economic terms. Such companies will be willing to produce these parts if prices rise to a
profitable threshold. Holding the N-stamp indicates the firm considers this production a
possibility. This provides some policy implications without further assumptions. Increasing
the number of certificates in a state also increases the probability of the State being
actively involved in nuclear component supply chain.

w1 Two exceptions exist, if generic parts are constructed, or if some manufacturing skips the N-stamp
procedure. Both cases are the exception and not the industry norm.
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When some basic assumptions are applied to the model, the implications of the result are
expanded. The number of certificates can be viewed as an index of nuclear component
manufacturing diversity. The coefficient estimates are best interpreted as the elasticity

of firm product lines. Each ASME N-stamp is an addition of a new company to the sector,
or the addition of a product line from an existing nuclear components company. Both
changes contribute to sector diversity, either by increasing how competitive the market

is (more firms) or by increasing product ranges (more types of nuclear components
produced). For the policy goal of developing a nuclear component sector in Wyoming, this
measure of industry diversity is germane. As was seen in previous research, acquiring large
nuclear supply chain facilities can be challenging (Gebben & Peck, 2023). If the policy

goal is to establish a robust sector in the State, the N-stamp intensity avoids the pitfall of
overweighting exceptionally large nuclear component facilities when the ability to attract
such companies is highly limited. The development of a nuclear component industry

with many firms and product types is of interest to policy makers even if this does not
correspond one-to-one with sector level output.

Further this is the most appropriate measure when estimating the advantages and barriers
to establishing a nuclear component sector. The diversity of nuclear component firms is
more suggestive of a low barrier to entry than pure output. This segment of the analysis
attempts to establish the factors that allow entry into the market. For that goal, the
existence of many small firms is a better indicator that the State has amenable attributes
to start a nuclear component sector than the output of those firms.

The results may be extended to output levels under even more restrictive assumptions. If
there is a predictable covariance function between nuclear component certificate rate and
nuclear component GDP, then there is a way to transform the number of certificates to
sector output. An intuitive assumption would be that ASME N-stamps are linearly related
to total output. A company that applies for a nuclear certificate has some probability
distribution of the final level of component output. Sometimes the firm develops into a
large company and other times they remain idle. If each certificate has the same expected
probability distribution of outcomes, then adding a N-stamp to a state is linearly related
to output. By chance some of these firms develop large lines, but the addition of any
single N-stamp has the same expected outcome prior to seeing how the firm develops.

If this reasoning is followed, then the coefficient estimates of the Poisson model can be
interpreted as the effect on industry output (although this assumption is not made in the
current analysis).
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This narrow assumption can be relaxed. It is possible to predict an expansion path of
N-stamp to nuclear component manufacturing that is non-linear. A plausible outcome is
that there is a constant elasticity of production to nuclear component certification. Adding
one more N-stamp to a state with many N-stamps indicates a large product line is added,
since the sector is already saturated. In a State with very few N-stamps these new product
lines may be low hanging fruit such as small valves or pipes. While an estimated expansion
path is not undertaken in this analysis, future research can extend the present analysis
through a micro economic model that maps N-stamps to industry output.

A reasonable assumption that is made about the production response to nuclear
certification is that it is strongly monotonic. That is, any given state will increase new
nuclear component output if a nuclear certificate of any type is added. It may be that a
NA2 type certification adds less production than an OWN:: type certificate, but adding
either certificate, all else equal, increases production. Under this plausible assumption the
Poisson estimates does predict the ranking of importance of each factor to firm output.
For example, reducing corporate tax rates by 2% is found to increase the number of
nuclear certifications by 0.6%. Increasing nuclear power in a state by 2% is predicted to
increase the number of certificates by 0.16%. From the monotonic assumption it follows
that a state with 2% lower corporate taxes will have more production than a comparable
state with 2% higher taxes but 2% lower nuclear output. What cannot be said is that this
difference will be 0.44% of total output. The coefficient cannot be interpreted directly as
production levels, but a larger coefficient always implies the variable has a larger effect on
final nuclear component output.

Taken together the Poisson coefficients are treated as being the elasticity of firm and
product diversity in nuclear component manufacturing of a State. The coefficients provide
insight into which variables create barriers or advantages to attracting new firms engaged
in a wide range of nuclear component manufacturing. Positive coefficients imply an
increase in the nuclear component sector output along the given vector. However, the
relationship between certificates acquired and sector GDP output is not taken to be linear
(without more data). The model should be applied to component manufacturing output
with this in mind.

2 This is a certification for installation of nuclear components.
13 This is a certification for ownership of nuclear powerplants.
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APPENDIX (D) MODEL DESCRIPTION

In this appendix the details of the Poisson regression are provided, with a complete
explanation of model choices. A Poisson regression provides more consistent coefficient
estimates than linear regression when the distribution of outcomes are positive whole
numbers. However, linear regressions will yield comparable results if there are many

possible outcomes (Wooldridge, 2019).

To decide if a Poisson regression is appropriate a summary statistics table is provided in
Table 18. Because the regression is estimating the number of certificates in a state per
year, the outcome variables are binned accordingly. The number of certificates acquired is

separated into the nuclear category, and all other certificates.

Table 18:
Distribution of the Number of New ASME Certificates
®
Characteristic Nuclear, N = 1,584 Non-Nuclear, N = 1,584
ASME Certificates in a Given State and Year

0 1,449 (91%) 612 (39%)
1 69 (4.4%) 275 (17%)
2 34 (21%) 211 (13%)
3 18 (11%) 144 (91%)
4 10 (0.6%) 87 (5.5%)
5 3 (0.2%) 83 (5.2%)
25 1(<0.1%) 172 (11%)
Th (%)

4 For example, if there are outcome values that range from 1to 1000 and the higher values are well
represented, a linear regression may be sufficient for estimating the model.
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The distribution of outcomes shows that a Poisson model is more appropriate than a

linear regression. The outcome variable of nuclear component certificates is zero 91% of
the time. Zero is the mode for both certificate types. The distribution is skewed towards
lower values, with state-years with only one entry representing 4.4% of all data points. The
number of entries declines as the certificate numbers increase. Because only one entry has
more than five nuclear certificates, a linear regression will have inefficient standard errors,
and biased coefficients. A Poisson model corrects for this providing efficient estimates.

Next the variables selected will be explained. In the preferred model state and year fixed
effects are included. This removes the need to include time invariant state attributes in the
model. This strengthens the model results but restricts which outcomes can be predicted.
For this reason, the following variables were not included: state size, access to maritime
trade dummy, corporate tax dummy, temperature effects, and nameplate capacity. These
effects are either colinear with fixed effects or are nearly colinear.

In the case of nameplate capacity and temperature there is the capability to estimate a
within state effect, but these would be misleading coefficients. The planned addition or
retirement of nameplate capacity is well known in advance, leading to anticipation effects.
More importantly there are very few shocks in nameplate capacity. A recent example of a
shift in expected capacity occurred in 2022, due to war in Eastern Europe. This resulted
in an increase in the price of natural gas, due to supply constraints. As a result, the price
of electricity increased, leading to the retirement date of many coal power plants to be
shifted out. While events like this can induce changes to the inelastic power sector, such
changes are captured by the year fixed effects. Most of the policy effects in states are
consistent over time and so are captured by the state fixed effects. The remainder of this
effect is expected to be primarily noise. The nameplate capacity is included elsewhere
because it captures some of the state location and policy effects.

Temperature effects are also excluded from this model even though there is variation
across states and years. This is done based on the behavior of firms that maximize profits.
Year to year changes in weather are inherently stochastic. Any variation from historic
norms in weather does not change expectations of future weather. An unseasonably cold
winter this year does not suggest that the next winter will be similarly cold. However,

the average temperature over many winters can be used to predict the temperature in
future winters. A manufacturing firm selecting a location for a new facility will therefore
consider only the long run average weather in a state. These weather effects operate on
the long-term margin, making them colinear with the state fixed effects. In other industries
like natural gas production, year to year affects matter. A colder than average winter will
increase natural gas prices in that year, and consequently production. However, there is no
plausible mechanism by which the demand or supply of nuclear components is affected
by short term weather changes.

The variables included in the state-year fixed effect model are corporate taxes collected,
manufacturing employment levels, unemployment rates, population, and the level of non-
nuclear certificates acquired in a year.



The amount of corporate taxes collected (in dollar terms) is selected over the alternative
of corporate tax rates (percentage). The amount of corporate taxes collected by the

state is not perfectly reflected by the corporate tax rate. For example, a state with a

10% corporate income tax rate may collect fewer taxes from an identical firm than a

state with a 5% tax rate if the former state has a moratorium on income taxes for certain
types of production, or for a certain number of years. All else equal a nuclear component
manufacturing firm will prefer to build a new facility in the state with a 10% corporate tax
rate if the effect of the moratorium and incentives reduces the effective tax rate to 4%.
This effective rate is identified through the dollar value of taxes collected on corporations.

The year fixed effect controls for national economic recession or expansion which affect
the taxes collected. Localized economic changes are captured through the population
coefficient. After controlling for these national economic trends, the corporate tax
coefficient estimates the state specific changes on effective taxes paid from state policy.

Data was collected for other tax rates including property taxes. The data for property
taxes is more limited so the number of observations is reduced when this term is included.
Also, property tax rates do not directly isolate the taxes paid by corporations which is

a more relevant measure of taxes paid by manufacturing firms. Once the state and year
fixed effects are included, the corporate tax rate coefficient provides a good, generalized
estimate of the effect of tax changes. An equivalent effective tax rate hike in other types
of taxes affects the bottom line of firms in the same manner as a corporate tax rate hike.
This means the results can be applied more broadly than to corporate tax rates. When
applying these results to other taxes it is important to adjust for the particulars of the tax
including available write offs, and exemptions.

Controls for population were also included. This variable is not assumed to be causal.

An increase in population reflects a wide range of economic trends, including job
availability, standards of living and state policy. It is assumed that any given state has a
fixed manufacturing output per capita. If Wyoming grows by 10% all else equal there is
likely to be 10% more component certificates. However, the effect varies because growing
or shrinking populations indicate a change in underlying state characteristics. While the
reasons behind the population growth are not ascertained by the regression, population

is an important control to avoid biasing the other coefficients. Generalized national
population trends are captured by the year fixed effects. The population variable estimates
the effect of state specific migration that deviates from the national average.

Manufacturing employment is included to establish how manufacturing growth affects
nuclear certification levels. If nuclear ASME certification follows the same trends as general
manufacturing the coefficient will be significant. If for example the nuclear component
firms are identical to the general population of manufacturing firms, an increase in
manufacturing levels will be a perfect predictor of ASME nuclear certificates. This control
is endogenous with corporate tax rates, and for the purpose of predicting the effect of

tax rates, a model with this variable removed is preferred. While endogeneity with the
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outcome variable is possible, the nuclear ASME certified firms are a small portion of
employment even in states with an existing manufacturing sector, so the effect is primarily
one way.

The unemployment rate is included to capture the remainder of the local economic
changes affecting a state. This term is insignificant because most of the unemployment
effect is controlled by the year fixed effect, and the population coefficient. The
unemployment rate is available for all states over the period studied, so including this
variable does not reduce the “n” of the regression. The cost of including this term is low,
even though the results are not significant.

The rate of non-nuclear certification is also included as a control. This captures any
changes to the value of ASME certificates that are specific to a state. For example,
Wyoming may establish standards that make ASME certification more valuable to firms.
Removing these potential biases improves the overall estimate, although this value is not
found to be statistically significant.

The second model applies a similar Poisson regression but drops the state fixed effects.
As a result, more controls are included. Dropping the state fixed effect allows for the
impact of state characteristics to be observed. This comes at the cost of requiring controls
for variables that are constant across time for each state. The primary effect of weather
and nameplate capacity are fixed at the state level and so are included in this model. For
weather: heating degree days, cooling degree days, and natural disaster direct deaths are
used. Average temperature is not included, because this effect is nonlinear. People prefer
to locate in moderate climates, raising the average temperature in a cold state would
induce more development, but the same temperature change in a hot state will decrease
development. The heating and cooling days segregate uncomfortable weather, a state
with a high average number of cooling degree days has many days that are hot enough

to require air conditioning. A state with many heating degree days has many days where
home heating is used, and/or days of intense heating requirements. Isolating the effects of
hot and cold weather provides a more robust estimate.

The number of direct deaths due to natural disasters is considered the best value to
represent the effect of catastrophic events. Companies selecting a site for a manufacturing
facility consider the risk of catastrophic events. All else equal locations with a high
probability of hurricanes will have higher insurance costs, and higher risk of facility
damage. The damage to buildings from hurricanes, floods, fires, and tornadoes are highly
correlated with total death rate. Alternatively, the amount of property damage caused

by natural disasters was collected from the NOAA data set. Death rates are preferred to
property damage measures because firms are more concerned with local severe weather
events, than broad but moderate events. A typical frost event can cause significant
property damage, by causing car accidents or destroying crops. Yet such an event would
not cause damage to a typical manufacturing facility. Events that cause direct deaths on
the other hand, are more associated with catastrophic events that can damage a large
manufacturing facility.
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Nameplate capacity is included as an indicator of regional economic effects unique to
power generation. More nuclear nameplate capacity is expected to drive components
manufacturing firms to locate regionally, due to network effects. General nameplate
capacity can contribute to these network effects, and captures a slew of state attributes,
such as the size of the electricity grid, and policies that affect power companies. To
account for spillover effects, the nameplate capacity of neighboring states is included.
These coefficients should be interpreted carefully, as general nameplate capacity is
capturing more than the direct development effects of added capacity.

The state’s size is included because a state’s population density affects land prices and
labor availability, different from average population levels.

Two additional dummy variables besides the year fixed effect are included. A dummy

for a state being on the coast is included. Access to maritime trade is an advantage to
manufacturing operations, inputs can be purchased more cheaply, and finished products
can be sold to the market with lower transportation costs. However, being on the coast

is correlated with hurricanes. To better predict the coefficient of natural disasters, this
dummy is included. A state like Maine has the benefits of easy access to the coast but
has fewer natural disasters than a state like Florida. This dummy accounts for the average
effect of a state being on the coast, disentangling this effect from natural disaster effects.

The second dummy is one if a State never had a corporate income tax. States without

a corporate income tax, such as Wyoming, commonly apply other types of taxes to
corporations. For example, Wyoming is one of few states that has a tax on stored
corporate property. Without the State fixed effect controls the corporate income tax
estimate will be biased. States with an apparent zero corporate tax rate have an uncertain
tax rate due to unique tax structures. Including this dummy removes the mean effect of
these other types of taxes.

Since fixed effects are included, there is the potential to underestimate the model
standard errors unless the errors are clustered. The models selected use heteroskedastic
robust, state and year clustered standard errors. This is deemed to be a conservative
estimate since it allows for correlations across time within states. However, it is likely that
clustering at the state level is sufficient. Alternative clustering methods are applied in Table
19 and Table 20. The results suggest that the selected model standard errors are robust.
There are no coefficients in the model deemed to be statistically significant that become
insignificant under alternative standard errors handling. In fact, some attributes such as
natural disaster deaths are significant if clustering is not done.
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Table 19:
Alternative Standard Error Estimates in State & Year Fixed Effects Model

Dependent Variables Nuclear Certifications

Model a 2) (3) (4) (5)
Poisson Poisson Poisson Poisson gauasipoisson
- (!!logn) R
Variables

Corporate Tax -0.273** -0.273*** -0.273** -0.273** -0.273**

(0.19) (0.103) (0.133) (0.108) (0.135)
Manufacturing 1.47 (0.938) 1.47 (1.05) 1.47 (1.08) 1.47 (0.907) 1.47 (113)

Employment

Unemployment 0.059 0.059 0.059 (0.1M0) 0.059 0.059 (0N7)

(0.130) (0.145) 4.64* (217) (0.093) 4.64* (1.88)
Population 4.64* (2.52) 4.64* (2.35) 0.016 4.64*** (1.51) 0.016 (0.025)
Other Certificates 0.016 0.016 (0.025) 0.016

(0.022) (0.025) (0.020)

Fixed-effects
Year \/ \/ v \/ v
State \/ \/ \/ \/ \/
Fit Statistics

Standard-Errors State & Year State Year 1ID 11D
Observations 898 898 898 898 898
Squared Correlation 0.26856 0.26856 0.26856 0.26856 0.26856
Pseudo R? 0.26901 0.26901 0.26901 0.26901 0.26901
BIC 1,430.5 1,430.5 1,430.5 1,430.5 1,430.5

Signif. Codes: ***: 0.01, **: 0.05, *: 0.7



Table 20:
Alternative Standard Error Estimates in Year Fixed Effect Model

Dependent Variables

Nuclear Certifications

Model m 2) 3) (4) (5)
Poisson Poisson Poisson Poisson gauasipoisson
("log”)
Variables
Corporate Tax -0.267** -0.267*** -0.267*** -0.267*** -0.267***
(0.084) (0.077) (0.098) (0.067) (0.090)
Nameplate Capacity 0.461 0.461 0.461 0.461* 0.461
(NPC) 0.417) (0.468) (0.322) (0.274) (0.370)
Nuclear NPC 0.080** 0.080** 0.080*** 0.080*** 0.080***
(0.036) (0.035) (0.026) (0.019) (0.026)
Other Certificates 0.031 (0.022) 0.031 (0.028) 0.031 (0.021) 0.031 (0.019) 0.031 (0.025)
Manufacturing 0.956*** 0.956*** 0.956*** 0.956*** 0.956***
Employment (0.254) (0.302) (0.235) (0.203) (0.274)
Unemployment -0N7 (0.112) -0.M7 (0N7) -0.117 (0.072) -0.117* (0.061) -0.117 (0.083)
Boarder NPC -0.013 (0.058) -0.013 (0.075) -0.013 (0.062) -0.013 (0.050) -0.013 (0.068)
Boarder Nuclear 0.106 0.106 0.106 0.106** 0.106
NPC (0.083) (0.096) (0.077) (0.050) (0.067)
Natural Disaster -0.554 -0.554 -0.554** -0.554*** -0.554**
Deaths (0.356) (0.366) (0.238) (0.182) (0.246)
Avg HDD -0.704 -0.704 -0.704* -0.704** -0.704*
(0.467) (0.513) (0.375) (0.296) (0.399)
Avg CDD -0.630 -0.630 -0.630 -0.630** -0.630
(0.557) (0.623) (0.406) (0.310) (0.418)
State Size -0.243 (0.231) -0.243 (0.223) -0.243 (0.168) -0.243** (0.119) -0.243 (0.160)
Fixed-effects
Year v v v v v
Has Corporate Tax v v v v v
Coastal v v v v v
Fit Statistics
Standard-Errors State & Year State Year 11D 11D
Observations 1,362 1,362 1,362 1,362 1,362
Squared Correlation 0.21424 0.21424 0.21424 0.21424 0.21424
Pseudo R? 0.26373 0.26373 0.26373 0.26373
BIC 1,464.3 1,464.3 1,464.3 1,464.3

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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APPENDIX (E) POISSON MODELS WITH DROPPED
COEFFICIENTS

Table 21:

Alternative State Fixed Effect Controls

Dependent Variables

Nuclear Certifications

Model m (2) (3) 4) (5) (6) (7)
Variables

Corporate Tax -0.273** -0.309*** -0.312*** -0.166* -0173* -0.321*** -0.160*

(0.119) (0.11D) (011D (0.091) (0.091) (0N3) (0.091)
Manufacturing 1.47 2.31

Employment (0.938) (0.694)

Unemployment 0.059 0.023

(0.130) (0.149)
Population 4.64* 5.65*** BT 5.73**"

(2.52) (2.18) (2.25) (2.2
Other Certificates 0.016 0.026 0.026 0.027

A (0.022) (0.022) (0.024) (0.022) .
Fixed-effects
Year w/ w/ \/ \/ \/
State v v v v v
Fit Statistics

Standard-Errors State & Year
Observations 898 927 927 927 927 927 898
Squared Correlation 0.26856 0.26453 0.26364 0.25307 0.24762 0.25817 0.25592
Pseudo R? 0.26901 0.26677 0.26671 0.25242 0.25088 0.26528 0.25884
BIC 1,430.5 1,458.8 1,452.0 1,465.1 1,460.4 1,447.2 1,424.0

Clustered (State & Year) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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Table 22:
Alternative Year Fixed Effect Controls

Dependent Variables

Model

Nuclear Certifications

m

m

Corporate Tax

Nameplate Capacity (NPC)
Nuclear NPC

Other Certificates
Population

Manufacturing Employment
Unemployment

Boarder NPC

Boarder Nuclear NPC
Natural Disaster Deaths
Avg HDD

Avg CDD

State Size

Variables

-0.287*** (0.089)
0.298 (0.475)
0.077** (0.035)
0.031 (0.021)
0.336 (0.592)
0.781** (0.357)
-0.116 (0.12)
0.002 (0.060)
0.087 (0.086)
-0.539 (0.338)
-0.533 (0.579)
-0.478 (0.679)
-0.220 (0.235)

-0.238** (0.096)
0.932%* (0.429)
0.105*** (0.038)
0.041 (0.025)

-0.068 (0.114)
-0.049 (0.067)
0.156* (0.087)
-0.466 (0.267)
-0.414 (0.376)
-0.824* (0.433)

-0.206* (0.120)
0.782** (0.396)
0.068* (0.038)
0.035 (0.026)

-0.179 (0.278)
0.316 (0.349)
-0.115 (0.408)

-0.333*** (0.086)
-0.149 (0.369)
0.064 (0.040)
0.033 (0.025)
1.21**%(0.269)

-0.346 (0.305)
0.346 (0.353)
0.150 (0.469)

Year
Has Corporate Tax
Coastal

Fixed-effects

Standard-Errors
Observations
Squared Correlation
Pseudo R?

BIC

Fit Statistics

1,362
0.21424
0.26373
1,464.3

State & Year

1,391
0.18201
0.24228
1,507.4

Clustered (State & Year) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

1,391
0.15822
0.22550
E51=A5

1,391

0.18883
0.24721
1,485.0
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APPENDIX (F) VECM MODEL OF US AND FOREIGN ASME
CERTIFICATION

To determine the long run relationship between the U.S. nuclear component market and
the global market a time series analysis is undertaken.

A Vector Error Correction Model (VECM) is implemented finding the relationship

between uranium price, and the number of ASME nuclear certificates in the U.S., and all
other foreign markets. A spurious regression results when the levels of times series are
predicted, and those data points are non-stationary. In this case there is an expectation
that shocks to the number of nuclear certificates in the U.S. and in all other countries, will
share a long run relationship. If there is an underlying shock to the nuclear component
market, that first effects European certification levels, the U.S. firms will eventually respond
to this shock. In the long run a shock to one market will converge to the same dynamic

of the two. If this dynamic holds a VECM can be applied which allows the level data to be
used without a spurious regression.

The model uses errors in the VAR model as an input to find a short run and long run
relationship. The natural log of all variables is used in the VAR model, and a trend term is
included. Six months of lags are selected for the model based on the AIC criteria. However,
for such a model to hold, the hypothesis that a cointegrating relationship cannot be
rejected. A Johansen test is applied to the VAR model to test the validity of using a VECM
(Johansen, 1988; Osterwald-Lenum, 1992). The results are provided in Table 23.

Table 23:
Johansen Test of Co-integration

[ ] [ ] L ] [ ]

Test 10% 5% 1%

r<=2 10.93 10.49 12.25 16.26
r<=1 55.93 22.76 25.32 30.45
r<=0 116.64 39.06 42.44 48.45

[ ] [ ] L [ ]
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The hypothesis that all variables are cointegrated cannot be rejected at the 10% level, and
the hypothesis of at least one cointegrating equation cannot be rejected at the 1% level.
Test of serial correlation cannot reject the hypothesis of no correlation at 12 or 16 month
intervals. Applying the error correction to the VAR produces the eigenvectors in Table 24.

Table 24:

Eigenvectors Normalized to Uranium Price

Uranium Price

us

Foreign

Trend

Uranium Price

1

-0.0482

0.0326

-0.0002

us

1

0.0307

0.0160

0.0001

Foreign

1

-0.1640

-0.1740

-0.0004

Trend

-0.0808

0.0335

0.0088

Three main results are presented from the model. Figure 24 and Figure 25 plot key impulse
response functions. Figure 24 plots the impulse response of U.S. certification level, from a
shock in foreign nuclear certification levels, and Figure 25 provides the opposite response.
Figure 26 plots the forecasted error decomposition over three years for each variable.



Figure 25:
Orthogonal Impulse on US Nuclear Certificates from Foreign Certificates
(Results of model shown overtime)

Orthogonal Impulse Response from Foreign
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Figure 26:
Orthogonal Impulse on Foreign Nuclear Certificates from US Certificates
(Results of model shown overtime)
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Figure 27. EE(;reign
VECM Forecast Error Decomposition M Uranium Price
(Results of model shown overtime)
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These results suggest that there exists a long run relationship between U.S. nuclear
component manufacturing and global manufacturing levels. While uranium prices have

a relationship with the two forms of nuclear component certification rates, they do not
respond significantly to nuclear component production levels. About 20% of the United
States component certification levels can be explained by shocks in the global market
after three years. Most of the future certification levels can be explained by general trends,
and shocks to U.S. certification rates.

For the analysis of economic barriers to developing nuclear components in Wyoming,

the key results are that there does exist a cointegrating long run relationship between
nuclear component manufacturing in each region. This suggests that small components
are more of a global commodity than large components which are identified as regionally
constrained. A trend term is included, which accounts for the average shift from the

U.S. to foreign production. Both factors are relevant to discerning the key market factors
affecting long-term growth prospects in the State.
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APPENDIX (G) SUMMARY OF ASME CERTIFICATION RATES
FOR NUCLEAR INVOLVED FIRMS

Table 25:

Diverse vs. Specialized Nuclear Components Manufacturing Summary

Fraction of Total
Active Certificates
Avg Issuance Date

Fraction of Total
Active Certificates

Fraction of Total
Active Certificates
Avg Issuance Date

Fraction of Total
Active Certificates

Nuclear Components ¢

Both Only Nuclear
43.73% 35.03%
74.83% 73.39%

2009-07-10 2010-12-20

L]

NPT: Nuclear Partials

Both Only Nuclear
33.03% 31.92%
74.07% 70.80%

2009-07-06 2010-08-13

L

NAC: Nuclear Installation

Both Only Nuclear

19.57% 11.30%
71.88% 80.00%
2011-01-17 2012-02-17

Difference Between the Both Group and the Only Nuclear Group

I

8.70%
1.44%

I

NV: Nuclear Relief Valve ¢

Both Only Nuclear
214% 0.85%
85.71% 100.00%

2006-06-30 2011-04-29

L]

111%
3.28%

MO: Nuclear Material

Both Only Nuclear
1.53% 20.06%
80.00% 78.87%
2010-10-01  2010-11-12

8.27%
-8.13%

OWN: Nuclear Owner

Both Only Nuclear
0.00% 0.85%

NA 33.33%

NA 2012-09-07

Difference Between the Both Group and the Only Nuclear Group

I

1.29%
-14.29%

I

-18.53%
113%

-0.85%
NA
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APPENDIX (H) CORRELATION MATRIX OF ALL ASME
CERTIFICATION TYPES

Figure 28:
Correlation Matrix of All Components (Ibid supra 19)

N: Nuclear Components

NPT: Nuclear Partials
NAC: Nuclear Installation
MO: Nuclear Material
NS: Nuclear Components
PRD: Pressure Relief Device

U2: Pressure Vessels
PP: Pressure Piping
OWN: Nuclear Owner
T: Transport Tanks
NV: Nuclear Relief Valve
U: Pressure Vessels

S: Power Boiler
HLW: Lines Portable Water Heaters

M: Miniature Boilers
H2: Steel Plate Heating Boilers
A: Power Boiler Assemblies
E: Electric Boilers
NQA: Quality Program

UD3: Rupture Disks

U3: Pressure Vessels
H1: Cast Iron heating Boilers

M: Miniature Pressure Vessel

N: Nuclear Components
NPT: Nuclear Partials
NAC: Nuclear Installation
MO: Nuclear Material
NS: Nuclear Components
PRD: Pressure Relief Device
U2: Pressure Vessels
PP: Pressure Piping
OWN: Nuclear Owner
T: Transport Tanks
NV: Nuclear Relief Valve
U: Pressure Vessels
S: Power Boiler
HLW: Lines Portable Water Heaters
M: Miniature Boilers
H2: Steel Plate Heating Boilers
A: Power Boiler Assemblies
E: Electric Boilers
NQA: Quality Program
UD3: Rupture Disks
U3: Pressure Vessels
H1: Cast Iron heating Boilers
M: Miniature Pressure Vessel
RP: Fiber-reinforced Plastic Pressure Valves
UV: Safety Valve
AlA: Authorized Inspection Agency
BPE
N3: Nuclear Components
HV: Heating Boiler Safety Valves i)
RTP: Reinforced Plastic Pressure
Parts Fabrication B H D B B = B

V: Power Boiler Safety Valve .

UD: Rupture Disks

-1 -08 -06 -04 -6.2 0 02 04 06 08 1

N3: Nuclear Components
HV: Heating Boiler Safety Valves

RTP: Reinforced Plastic Pressure

Parts Fabrication
V: Power Boiler Safety Valve

UD: Rupture Disks
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APPENDIX (1) ASME BOILER AND PRESSURE VESSEL CODE
COMPLIANCE

In addition to NQA-1, NRC Regulations require that SR pressure retaining components
comply with Section Ill of the ASME Boiler and Pressure Vessel (BPV) Codes. These
requirements apply to large power reactors, small modular reactors (SMR), micro-reactors,
and advanced reactors. ASME BPV Code requirements are extended to the pressure
retaining portions of SR SSC fluid systems for the following distinct Classes:

Class 1: Reactor coolant pressure boundary (RCPB);

Class 2: Fluid systems that interface with the RCPB, such as ECCS and component
cooling; and

Class 3: Fluid systems that do not directly interface with the RCPB, such as essential
cooling and diesel generator cooling systems.

The Code specifies the required margins to the critical buckling strength for nuclear
component primary membrane and bending moments, as a function of NRC and ASME
required load combinations. These load combinations include normal operating pressure,
thermal stress, post-accident, weight, and seismic stresses®. Beginning in 1963, ASME
issued Certifications (“N-Stamps”) to manufacturers of these three nuclear Classes of
pressure retaining systems as compliant with the Code. Table 4 lists the ASME Code
compliance Certifications for these nuclear-grade fluid systems.

ASME also established Certifications for the manufacture and installation of industrial
grade boilers and fluid retaining systems. These Code requirements can be found in ASME
BPV

Sections |, Il, and IV. These non-nuclear Certifications include:
S: Power Boilers
A: Assembly of Power Boilers

PP: Pressure Piping

E: Electric Boilers

PRT: Parts Fabrication.

5 First mandated by the NRC in 1963, ASME BPVC, Section lll, “Rules for Constructions of Nuclear Facility
Components-Subsection NCA-General Requirements for Division 1 and Division 2,”( BPVC.III.NCA - 2023),
Required by T0CFR50.55a (Ibid 9).

6 Seismic stress, operational bases earthquake, and safe shutdown earthquake, defined by 10 CFR 100.

124 MAY 2024




Table 26:
ASME BPV (Section IlI) Certifications for SR Pressure Retiming SSCs

Stamp Stamp

N Pressure vessels, pumps, valves, piping G Design of graphite or composite core
systems, storage tanks, core support components and assemblies
structures, concrete containments, and
transport packaging.

NA Field installation and shop assembly of OWN Nuclear power plant owner
all items.

NPT Parts, appurtenances, welded tubular GC Graphite or composite core
products, and piping subassemblies components and assemblies

NS Supports NV Pressure relief valves

N3 Transportation containments and
storage containments

APPENDIX (J) SAFETY-RELATED COMPONENT
COMPLEXITY

The specialization of large SR components is readily apparent. Reactor vessels and
internals; steam generators; containment cooling and venting systems; reactor and
reactivity control systems; and ECCS heat exchangers all have complex manufacturing
processes. However, smaller, typical industrial SR components may also have less apparent
specialized attributes. For example, most domestic power reactors use a SR steam driven
feedwater pump. These steam turbines were provided by an NQA-1 vendor. At a Midwest
power reactor, the utility replaced the Inconel governor valve stem due to pitting. The
utility decided to save money by using an “industrial-grade” replacement part. However,
over the next year, the turbine failed multiple times due to overspeed. These failures

were classified by the NRC as “safety system functional failures.” The NRC investigation
identified that the original NQA-1 vendor used a proprietary heat treatment to prevent the
stem from thermally expanding, preventing the turbine overspeed trips. Another example
involved motor operators for valves. The vendor® supplied SR operators to all U.S. nuclear
plants (figure 2) and industrial grade operators to most large non-nuclear facilities. These
operators use limit and torque switches to control the range of the valve stroke. Many
failures of ECCs occurred due to the lack of adequate QA associated with the replacement
of these switches. Another example involved flow transmitters. The NQA-1 vendor®
supplied these transmitters to most of the U.S. nuclear fleet and many industrial facilities.

07 Terry Turbine Provide almost all the domestic SR turbine-drive auxiliary feedwater and reactor core
isolation cooling pump turbines (https:/www.osti.gov/servilets/purl/1529465).

08 | imitorque (https:/www.framatome.com/solutions-portfolio/docs/default-source/default-document-
library/product-sheets/a0964-p-us-g-en-401-12-21-limitorque.pdf?sfvrsn=85a6dade_0).

19 Rosemount flow and pressure transmitters.
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A utility replaced the transmitter seals with an industrial-grade component. Unknown

to the licensee, these replacement seals were not qualified for the harsh post-accident
environment that the SR transmitters were qualified for. The licensee’s actions resulted in a
failure of these transmitters, rendering the ECCS inoperable for an extended period.

Control of Structures, Systems, and Components Classification

NRC Rules require each licensee to maintain a list (Q-List) of all SR, important to safety,
and seismically qualified SSCs. The “Q-List” is used to determine the QA requirements for
procurement, design, storage, installation, maintenance, and testing of these components.

APPENDIX (K) SELECTION BIAS DISCUSSION

The regression results are treated as being representative of small nuclear component
manufacturing in the U.S. It is assumed that the supply function of all small components
can be aggregated, since the manufacturing equipment can be used to produce a range
of component types, especially over the long run. As such, the difference in distribution
between non-nuclear certificates and ASME N-cert data captures the nuclear industries
unigue manufacturing considerations.

To some extent the market must be aggregated as each nuclear component would

have a highly limited data set. There may be only one “reactor vessel internal lifting

ring” produced in the last 20 years, but there were multiple pressure containing parts
produced in that time span. Because of this, aggregating to the “small component” level is
considered the most insightful category.

However, this raises concerns about the aggregation process, and consequently selection
bias. ASME N-cert data is limited to SR pressure containing components, and not all these
components are ASME certified, having been produced using independent certification.
Where small pressure-related components production firms respond significantly
differently than other firms, the results could be biased.

Unfortunately, there is not sufficient data to perform a correction method such as an
Inverse Propensity Weight Treatment Weighting (IPTW) regression. As a back of the
envelop model justification, the available data on manufacturing firms is used.

10 Appendix B to Part 50—Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Plants, Il. Quality Assurance Program (https:/www.nrc.gov/reading-rm/doc-collections/cfr/part050/
part050-appb.html).

1 EPRI, “Guideline for the Utilization of Commercial Grade Items in Nuclear Safety Related Applications
10 CFR 50, Appendix B, Criterion I, “Quality Assurance Program” (https:/www.nrc.gov/reading-rm/doc-
collections/cfr/part050/part050-appb.html).
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While no new additions to the U.S. nuclear power fleet were made for three decades,
there were recent additions from the Vogtle 3 & 4 units which began construction in 2012
and started operating in 2023. A data set of the companies that produced components
for these units was collected (Department of Energy, 2022). Then the ASME data set was
searched to identify which of these companies matches a firm with an ASME certificate.
The two groups are not directly comparable, as a single company may acquire multiple
N-certificates. Further the Vogtle supply chain only captures a snapshot of active nuclear
firms, whereas the year fixed effects model using the ASME dataset allows for yearly
trends to be captured. Nevertheless, the potential bias from aggregation can be informed
by comparing the two.

The map provided in Figure 27 plots the number of companies that are in the AP1000
data set but are not in the ASME certificate data set. This can be compared to Figure 13
in Section 3.5 which plots the ASME N-cert locations. The ASME data set captures more
companies, because it includes both potential producers (are certified but did not sell to
Vogtle) and all historic production.

Figure 29:
Location of AP1000 Suppliers Not in ASME Data Set
(Department of Energy, 2022)

Num, Companies

5
4
3
2
1

L]

Some states were fully captured by the ASME data set such as Kansas, California, and
Virgina. Pennsylvania has by far the most missing companies, which is a steel heavy state.
It is likely that the small components aggregation assumption skews with component
size. Parts that are not classified as “large” but tend to be larger are more likely to

be constructed in States like Pennsylvania and Wisconsin that produce larger steel
assemblies. The top five states for steel production are Indiana 26%, Ohio 12%, Michigan
5%, and Pennsylvania 5% (Tuck, 2027). While this does not fully explain the regional
variation, all these states except Michigan have at least one missing company.
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While this is a concern, it is of note that ASME N-cert data does exist in each of these
States. It is theoretically acceptable to have missing data so long as that data is
proportional to the observed data set. Also, to identify components that can be produced
in Wyoming, weighing smaller non-steel components more heavily is a minor issue. This
more accurately matches the forms of manufacturing found in the State.

One point that alleviates concern of selection bias is that there are at least some data
points in states that are missing data. For example, two nuclear manufacturing companies
supplied components to the Vogtle unit Il or IV from Oregon and one of these had an
ASME certificate.

A simple Poisson model was used to test for bias. In the model the number of companies
supplying AP1000 parts was estimated, using the number of nuclear N-certs, and the
number of non-nuclear ASME certificates ever acquired in a state. Three models were run,
the first predicts the total number of AP1000 suppliers in a state, the second predicts

the number of AP1000 suppliers in a state that do not have an ASME certificate, and the
final model predicts the number of AP1000 suppliers that do have a ASME certificate. The
results are presented in Table 27.

Table 27:

Poisson Model Comparison of Available and Missing Nuclear Suppliers
Dependent Variables Number of AP1000 Number of AP1000 Number of AP1000

Suppliers Suppliers without N-Cert Suppliers with N-Cert
Model m (2) (3)

) Variables )
Constant -1.222*** (0.2922) -2.054*** (0.4382) -1.786*** (0.3929)
Number of N-Cert. in a state 0.0965*** (0.0176) 0.0919*** ( 0.0267) 0.1008*** ( 0.0235)

Number of non-nuclear 5.03 x 10°(0.0008) 0.0005 (0.0011) -0.0004 (0.0013)

ASME Cert. in a state

Fit Statistics
Observations 50 50 50
Squared Correlation 0.27441 0.19629 0.18415
Pseudo R? 0.22510 0.16254 0.1837
BIC 11.04 74,753 84.692

11D standard-errors in parentheses | Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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The results do not provide evidence of the existence of selection bias. The coefficient of
“Number of N-Cert. in a state” is the variable of interest. This coefficient is nearly identical
between model (2) predicting the number of AP1000 suppliers missing from the ASME
data set, and model (3) predicting the number of AP1000 suppliers in the ASME data

set. If there is a notable selection effect where the behavior of companies in the data

set deviate from the unobserved AP1000 supplying firms, the coefficients should differ.
The difference between these model coefficients is 8.17%, a z-test of the two N-cert
coefficients cannot reject the null hypothesis that they are identical with a P-value of 0.79
(Clogg et al., 1995). This suggests that any selection effect at the firm level is minor, and
the model can be applied.

To conceptualize what components are more heavily weighted in the model, this data is
grouped by component type. Table 28 lists the components supplied for the Vogtle units
from a U.S. company and the percentage of that component supplied by a company in the
ASME data set. Overall 55.9 percent of U.S. companies in the AP1000 supply chain were
linked to a company with an ASME certificate.

Any bias from missing data is skewed away from the components with 0% overlap. The
location of companies producing cranes, batteries, and building panels are not fully
captured by the data set. There is a focus on the firm availability rather than linking the
N-cert to a particular component. For example, if the company providing the “integrated
head packing” does not acquire a N-cert for this component yet acquires one for another
part the results are still informative. In the short run, the component output is a Leontief
production function. The ratio of components must remain constant. The firm’s percentage
increase in N-cert associated components will match the percentage increase of all other
components.

This evidence affects the interpretation of the certification data. In the most restrictive
interpretation, the models predict the certification rate of small safety related pressure
containing components. However, based on some economic assumptions, this can be
applied more broadly to small components, which have similar firm structures as pressure
vessels. With this caveat in mind a conservative interpretation can be made.
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Table 28:
Ratio of Vogtle U.S. Supplied Components Produced by Companies with an
ASME N-cert (Department of Energy, 2022)

Component Percent of Companies with N-cert

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
57%
50%
0%
0%
0%
0%

Automatic Depressurization System
Squib Valves

Class 1E Switchgear

Control Rod Drive mechanisms
Degasifiers

Fuel Assemblies

Instrumentation Valves

Integrated Head Package

Reactor Coolant Loop Piping
Reactor Coolant Pumps

Reactor Vessel Flowskirt

Reactor Vessel Internal Lifting Rig
Spend Resin Tank

Steam Generator Recirculation and
Drain Pumps

Valves

AP1000 Modules

Class 1E Batteries

Cranes

Liguid Ring Vacuum Pump
Radiation Monitoring Systems
Recirculation Heaters

Shield Building Panels

Solenoid Valves

Tank Demineralizers

Unit Auxiliary Transformers
Variable Frequency Drives

000000000000000000000000000
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APPENDIX (L) POLLUTION OUTPUT PREDICTED FROM
NUCLEAR COMPONENT MANUFACTURING GROWTH

Table 29:

IMPLAN Environmental Impact Assessment
Output ? units
Commercial Non-Hazardous Waste kg
Excluding Construction Activities

Commercial Non-Hazardous Waste kg

from Construction Activities

Commercial RCRA Defined Hazardous kg
Waste

Criteria and Hazardous Air Emissions kg
Greenhouse Gases kg
Land Use m2*a
Mineral Extraction kg
Mineral Extraction MJ
Nitrogen and Phosphorous Releases kg

from Agriculture

Pesticide Releases kg
Point Source Industrial Releases to kg
Ground

Point Source Releases to Water kBqg
Point Source Releases to Water kg
Water Withdrawals kg

Mid-High Demand

6,720,989

727,207

220,076

607,601

109,923,829

20,304,904

47,423,324

308,060

724

45

1,51

1l

127,651

16,911,248,661

High Demand

23,302,477

2,549,841

745,862

2,119,528

380,029,735

72,201,518

154,298,873

995,794

2,594

160

5,260

39

447,536

59,197,511,725
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