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Table Notes: 

a IEEE: 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 (III) requirements for mechanical components.

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

c Specifi cally apply to the proposed TerraPower Natrium Sodium-Cooled Fast Reactor

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

99  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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100  (Nuclear Engineering International, 1980) under https://creativecommons.org/licenses/by/2.0/ red and 
blue lines added for emphasis. 
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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 coeffi  cient estimates of the Poisson model of ASME certifi cates is argued to represent 
a change in nuclear component diversity. The number of ASME nuclear certifi cation is the 
combination of the total number of nuclear component fi rms, and the number of product 
types produced by these fi rms. Only under strict assumptions do these coeffi  cients also 
predict the output of the nuclear components sector. Under the more relaxed assumption 
of monotonicity, the coeffi  cients 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 fi rm 
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 certifi cations 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 
certifi cation lack a nuclear component sector101, while active certifi cates indicate that a 
state is part of the supply chain. Even if the company with a certifi cate is not actively 
producing parts, they are a part of the nuclear components supply curve as defi ned in 
economic terms. Such companies will be willing to produce these parts if prices rise to a 
profi table threshold. Holding the N-stamp indicates the fi rm considers this production a 
possibility. This provides some policy implications without further assumptions. Increasing 
the number of certifi cates in a state also increases the probability of the State being 
actively involved in nuclear component supply chain. 

101  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 
NA102 type certification adds less production than an OWN103 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.

102  This is a certification for installation of nuclear components. 
103  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 coeffi  cient 
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 outcomes104 (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 certifi cates in a state per 
year, the outcome variables are binned accordingly. The number of certifi cates acquired is 
separated into the nuclear category, and all other certifi cates. 

104  For example, if there are outcome values that range from 1 to 1000 and the higher values are well 
represented, a linear regression may be suffi  cient for estimating the model.



109WYOMING’S  NUCLEAR SUPPLY CHAIN

The distribution of outcomes shows that a Poisson model is more appropriate than a 
linear regression. The outcome variable of nuclear component certifi cates is zero 91% of 
the time. Zero is the mode for both certifi cate 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 certifi cate numbers increase. Because only one entry has 
more than fi ve nuclear certifi cates, a linear regression will have ineffi  cient standard errors, 
and biased coeffi  cients. A Poisson model corrects for this providing effi  cient estimates. 

Next the variables selected will be explained. In the preferred model state and year fi xed 
eff ects 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 eff ects, and nameplate capacity. These 
eff ects are either colinear with fi xed eff ects or are nearly colinear.

In the case of nameplate capacity and temperature there is the capability to estimate a 
within state eff ect, but these would be misleading coeffi  cients. The planned addition or 
retirement of nameplate capacity is well known in advance, leading to anticipation eff ects. 
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 fi xed eff ects. Most of the policy eff ects in states are 
consistent over time and so are captured by the state fi xed eff ects. The remainder of this 
eff ect is expected to be primarily noise. The nameplate capacity is included elsewhere 
because it captures some of the state location and policy eff ects.

Temperature eff ects are also excluded from this model even though there is variation 
across states and years. This is done based on the behavior of fi rms that maximize profi ts. 
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 fi rm selecting a location for a new facility will therefore 
consider only the long run average weather in a state. These weather eff ects operate on 
the long-term margin, making them colinear with the state fi xed eff ects. In other industries 
like natural gas production, year to year aff ects 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 aff ected 
by short term weather changes. 

The variables included in the state-year fi xed eff ect model are corporate taxes collected, 
manufacturing employment levels, unemployment rates, population, and the level of non-
nuclear certifi cates acquired in a year. 
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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 eff ects unique to 
power generation. More nuclear nameplate capacity is expected to drive components 
manufacturing fi rms to locate regionally, due to network eff ects. General nameplate 
capacity can contribute to these network eff ects, and captures a slew of state attributes, 
such as the size of the electricity grid, and policies that aff ect power companies. To 
account for spillover eff ects, the nameplate capacity of neighboring states is included. 
These coeffi  cients should be interpreted carefully, as general nameplate capacity is 
capturing more than the direct development eff ects of added capacity.

The state’s size is included because a state’s population density aff ects land prices and 
labor availability, diff erent from average population levels. 

Two additional dummy variables besides the year fi xed eff ect 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 fi nished products 
can be sold to the market with lower transportation costs. However, being on the coast 
is correlated with hurricanes. To better predict the coeffi  cient of natural disasters, this 
dummy is included. A state like Maine has the benefi ts of easy access to the coast but 
has fewer natural disasters than a state like Florida. This dummy accounts for the average 
eff ect of a state being on the coast, disentangling this eff ect from natural disaster eff ects. 

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 fi xed eff ect 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 eff ect of 
these other types of taxes. 

Since fi xed eff ects 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 suffi  cient. 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 coeffi  cients in the model deemed to be statistically signifi cant that become 
insignifi cant under alternative standard errors handling. In fact, some attributes such as 
natural disaster deaths are signifi cant if clustering is not done. 
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APPENDIX (E) POISSON MODELS WITH DROPPED 
COEFFICIENTS
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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 fi nding the relationship 
between uranium price, and the number of ASME nuclear certifi cates 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 certifi cates 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 fi rst eff ects European certifi cation levels, the U.S. fi rms 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 fi nd 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.
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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. certifi cation level, from a 
shock in foreign nuclear certifi cation levels, and Figure 25 provides the opposite response. 
Figure 26 plots the forecasted error decomposition over three years for each variable. 

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.

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. certifi cation level, from a 
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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 certifi cation rates, they do not 
respond signifi cantly to nuclear component production levels. About 20% of the United 
States component certifi cation levels can be explained by shocks in the global market 
after three years. Most of the future certifi cation levels can be explained by general trends, 
and shocks to U.S. certifi cation 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 identifi ed 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 
aff ecting long-term growth prospects in the State.

These results suggest that there exists a long run relationship between U.S. nuclear 
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APPENDIX (G) SUMMARY OF ASME CERTIFICATION RATES 
FOR NUCLEAR INVOLVED FIRMS
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APPENDIX (H) CORRELATION MATRIX OF ALL ASME 
CERTIFICATION TYPES



124 MAY 2024

APPENDIX (I) ASME BOILER AND PRESSURE VESSEL CODE 
COMPLIANCE
In addition to NQA-1, NRC Regulations require that SR pressure retaining components 
comply with Section III of the ASME Boiler and Pressure Vessel (BPV) Code105. 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 fl uid 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 specifi es 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 stresses106. Beginning in 1963, ASME 
issued Certifi cations (“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 Certifi cations for these nuclear-grade fl uid systems. 

ASME also established Certifi cations for the manufacture and installation of industrial 
grade boilers and fl uid retaining systems. These Code requirements can be found in ASME 
BPV 

Sections I, II, and IV. These non-nuclear Certifi cations include:
S: Power Boilers
A: Assembly of Power Boilers
PP: Pressure Piping
E: Electric Boilers
PRT: Parts Fabrication.

105  First mandated by the NRC in 1963, ASME BPVC, Section III, “Rules for Constructions of Nuclear Facility 
Components-Subsection NCA-General Requirements for Division 1 and Division 2,”( BPVC.III.NCA – 2023), 
Required by 10CFR50.55a (Ibid 9).

106  Seismic stress, operational bases earthquake, and safe shutdown earthquake, defi ned by 10 CFR 100.
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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 vendor107. 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 classifi ed by the NRC as “safety system functional failures.” The NRC investigation 
identifi ed 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 vendor108 supplied SR operators to all U.S. nuclear 
plants (fi gure 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 fl ow transmitters. The NQA-1 vendor109

supplied these transmitters to most of the U.S. nuclear fl eet and many industrial facilities. 

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

108  Limitorque (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=85a6da4e_0).

109  Rosemount fl ow 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 qualifi ed for the harsh post-accident 
environment that the SR transmitters were qualifi ed 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 Rules110 require each licensee to maintain a list (Q-List) of all SR, important to safety, 
and seismically qualifi ed SSCs111. 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 diff erence in distribution 
between non-nuclear certifi cates and ASME N-cert data captures the nuclear industries 
unique 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 certifi ed, having been produced using independent certifi cation. 
Where small pressure-related components production fi rms respond signifi cantly 
diff erently than other fi rms, the results could be biased. 

Unfortunately, there is not suffi  cient data to perform a correction method such as an 
Inverse Propensity Weight Treatment Weighting (IPTW) regression. As a back of the 
envelop model justifi cation, the available data on manufacturing fi rms is used.

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

111  EPRI, “Guideline for the Utilization of Commercial Grade Items in Nuclear Safety Related Applications 
10 CFR 50, Appendix B, Criterion II, “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 fl eet 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 fi rm with an ASME certifi cate. 
The two groups are not directly comparable, as a single company may acquire multiple 
N-certifi cates. Further the Vogtle supply chain only captures a snapshot of active nuclear 
fi rms, whereas the year fi xed eff ects 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 certifi cate 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 certifi ed but did not sell to 
Vogtle) and all historic production. Vogtle) and all historic production. 

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 classifi ed 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 fi ve states for steel production are Indiana 26%, Ohio 12%, Michigan 
5%, and Pennsylvania 5% (Tuck, 2021). 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 III or IV from Oregon and one of these had an 
ASME certifi cate.

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 certifi cates ever acquired in a state. Three models were run, 
the fi rst 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 certifi cate, and the 
fi nal model predicts the number of AP1000 suppliers that do have a ASME certifi cate. The 
results are presented in Table 27.



129WYOMING’S  NUCLEAR SUPPLY CHAIN

The results do not provide evidence of the existence of selection bias. The coeffi  cient of 
“Number of N-Cert. in a state” is the variable of interest. This coeffi  cient 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 eff ect where the behavior of companies in the data 
set deviate from the unobserved AP1000 supplying fi rms, the coeffi  cients should diff er. 
The diff erence between these model coeffi  cients is 8.17%, a z-test of the two N-cert 
coeffi  cients 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 eff ect at the fi rm 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 certifi cate. 

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 fi rm 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 fi rm’s percentage 
increase in N-cert associated components will match the percentage increase of all other 
components. 

This evidence aff ects the interpretation of the certifi cation data. In the most restrictive 
interpretation, the models predict the certifi cation 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 fi rm structures as pressure 
vessels. With this caveat in mind a conservative interpretation can be made.
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APPENDIX (L) POLLUTION OUTPUT PREDICTED FROM 
NUCLEAR COMPONENT MANUFACTURING GROWTH
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