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Abstract 

This paper describes the approach used by Gas-Cooled 
Reactor A s s o c i a t e s (GCRA) in developing U t i l i t y / U s e r 
Requirements for the Nodular High Teaperature Gas-Cooled 
Reactor (NHTGR). As representatives of the Util ity/User 
industry , i t i s GCRA's goal that the MHTGR concept be 
e s t a b l i s h e d as an a t t r a c t i v e nuclear opt ion o f f er ing 
c o m p e t i t i v e economics and l i m i t e d ownership r i s k s . 
Commercially deployed NHTGR systems should then compete 
favorably in a mixed-fuel economy with options using foss i l , 
other nuclear and other non-fossil sources. 

To achieve th i s goal, the design of the MHTGR plant must 
address the problems experienced by the U.S. industrial 
infrastructure during deployment of the f irs t generation of 
nuclear plants. Indeed, i t i s GCRA's intent to u t i l i s e the 
characteristics of MHTGR technology for the development of a 
nuclear a l ternat ive that poses regulatory, f inancial and 
operat iona l demands on the Owner/Operator that are, in 
aggregate, comparable to those encountered with non-nuclear 
options. 

The dominant risks faced by U.S. Ut i l i t i e s with current 
nuclear plants derive from their operational complexity and 
the degree of regulatory involvement in virtually a l l aspects 
of u t i l i t y operations. The MHTGR approach of using ceramic 
fue l c o a t i n g s t o contain f i s s ion products provides the 
t e c h n i c a l b a s i s f o r s i m p l i f i c a t i o n of the p lant and 
s t a b i l i s a t i o n of l i c e n s i n g requirements and thus the 
o p p o r t u n i t y for reducing the r i s k s of nuclear plant 
ownership. 

The paper describes the rationale for the selection of key 
requirements for public safety, plant s ize and performance, 
operations and maintenance, investment protection, economics 
and s i t ing in the context of a risk management philosophy. It 
also describes the ongoing participation of the Utility/User 
in interpreting requirements, conducting program and design 
reviews and establishing priorit ies from the Owner/Operator 
perspect i ve. 

1. INTRODUCTION 
The t r a d i t i o n a l U t i l i t y / U s e r ' * role in supplying 

electricity includes generation planning and the procurement, 
licensing, operation, Maintenance and decommissioning of power 
plants. In conducting these functions, the Utility/User must 
cope with uncertainties in external factors such as load 
growth, interest rates and the regulatory climate, as well as 
internal demands on finances, management and staff. Nuclear 
generation has been particularly vulnerable due to i t s capital 
intensive nature and intense regulation. In recent yeara, the 
nuclear option has been foreclosed because of the business 
risks derived from these uncertainties. 

In February, 1984, the office of Technology Assessment 
(OTA) issued a report entitled "Nuclear Power in an Age of 
Uncertainty" (Reference l ) . The opening paragraph in the 
Overview and Findirgs section statesi 

Without significant changes in the technology, management 
and leve l of public acceptance, nuclear power in the 
United States i s unlikely to be expanded in this century 
beyond the r e a c t o r s a l r e a d y under c o n s t r u c t i o n , 
currently, nuclear power plants present too many financial 
r i sks as a result of uncertainties In e lectr ic demand 
growth, high capital costs, operating problems, increasing 
regulatory requirements, and growing public opposition. 
Gas Cooled Reactor Assoc ia te s (GCRA) i s a u t i l i t y 

organisation that has represented End-User interests in High 
Temperature Gas-Cooled Reactor (HTGR) development since 1*71. 
GCRA u t i l i t i e s recognised the inherent advantages which the 
helium gas-cooled reactor systems offer in resolving the 
problems ident i f ied above and have supported the further 
development of the HTGR. In the fal l of 1*11, Pacific Gas and 
Electr ic (PGtE) company sponsored an "Evaluation of Small 
Modular High Temperature Gas Cooled Reactors Applied to 
Electricity Generation" (Reference 2). This study presented 
the Modular High Teaperature Gas-cooled Reactor (MHTGR) 
concept to a l l U.S. u t i l i t i e s for the f i r s t time. The MNTCR 
approach of using ceramic fuel coatings and inherent system 
character i s t ics t o contain f ias ion products provides the 
technical basis for s impl i f icat ion of the plant and the 
o p p o r t u n i t y for reducing the r i s k s of nuclear plant 
ownersh ip . An outgrowth of the PGtE study was the 
philosophical framework for Utility/User Requirements for the 
MHTGR: Definition of a nuclear option offering investment 
r e t u r n s and r i s k management p o t e n t i a l on a par with 
fossil-fueled alternatives. 

In April of 19(4, the HTGR Program undertook a systematic 
assessment of mult iple HTGR options that resulted in a 
reference MHTGR plant design consist ing of four, 390 MWt 
reactor modules coupled to two turbine generators (see 



References 3 or 4 for a description of the design) . Today, 
the MhTGR concept is in the Preliminary Design Phase following 
extensive reviev of the conceptual design by the Nuclear 
Regulatory Commission (NRC). The design has been developed 
in response to Utility/User Requirements established by GCRA 
(Reference 5). 

2. THE RISK MANAGEMENT RATIONALE FOR KEY UTILITY/USER 
REQUIREMENTS FOR THE MHTGR 
GCRA•a Utility/User Requirements for the MHTGR are 

implemented as shown in Figure 1. This section describes the 
rational* for key requirements. 

A reality for the nuclear option is that it is the only 
energy supply alternative for which formally approved and 
periodically exercised plans for the rapid sheltering and 
evacuation of the public are legally required as a 
prerequisite to power operation (10CFR50.47). in addition, a 
complex framework of operating limits, system oparability 
limits, setpoints, etc. is imposed through the technical 
specifications as a condition for continued operation. It has 
been the industry's experience that the processes developed to 
assure the health and sefety of the public to the satisfaction 
of regulatory authorities represent a major source of 
uncertainty with regard to capital, operation and maintenance 
(04N) costs and, to plant availability throughout the life of 
the facility. 

A quantum step toward eliminating fundamental risk 
differentiations between the MHTGR nuclear option and other 
energy choices is embodied in the balance between Utility/User 
requirements for plant safety and economics. It is required 
that NRC and EPA criteria for protection of the public be mat 
at the plant Exclusion Area Boundary (EAB) of 425 meters 
without consideration of sheltering or evacuation. At the 
same time, it is required that the plant be competitive with 
comparably sized advanced coal plant alternatives. With this 
circumstance, the MHTGR goes a long way in offering the 
generation planner an even choice between nuclear and coal 
alternatives. The MHTGR is thus designed to meet the 
requirements of the risk management philosophy established by 
the GCRA utility organisation. 

The following discussion is presented in the framework of 
the utility's role in 1) generation planning, 2) procurement 
and licensing and 3) operation and maintenance. 

2 . 1 GENERATION PLANNING 

The generat ion planning function within u t i l i t i e s 
forecasts changes in demand for e lectr ic i ty and identifies 
generation options to meet those demands. On a broad scale, 



utilities within a generation region strive for a portfolio of 
supply options as a hedge against availability and/or price 
escalation in any one sector. In the past, a mixed-fuel 
economy consisting of fossil, nuclear and other energy sources 
was considered a rational objective. The practical choices 
consisted then, as now, of coal, nuclear, oil and gas with 
others (hydro, wind, solar, geothermal, etc.) representing 
viable options only under unique geographic circumstances. 

The major source of risk in generation planning is changes 
in the local and general economy which effect load growth and 
the cost of money. while this risk is *>y no means unique to 
the nuclear option, the capital intensive nature of nuclear 
plants results in comparatively greater financial exposure in 
the event of schedule extensions or delays. It follows that 
the larger the unit being delayed, the greater the financial 
exposure. The NHTGR addresses this concern as the reference 
plant produces a nominal electric output of 550 MNe, about 
one-half that of current LNR installations. The size evolved 
from GCRA surveys which showed the size range of highest 
interest for future capacity addition to be in the range of 
400-700 MNe and from participation in the evaluation of 
candidate NHTGR plant concepts. In addition, it is required 
that features be incorporated to facilitate incremental 
capacity additions associated with single or multiple reactor 
modules. Taken as a whole, these provisions result in smaller 
units with shorter deployment schedules and built-in decision 
points. 

A utility considering a nuclear plar.t must also consider 
the demands that would be placed on management and staff. The 
wide range between the best and worst current nuclear plant 
experiences can be attributed, in part, to the diversity among 
Owner/Operator organizations. The OTA report notes that this 
is not surprising since (Reference 1, p. 113): 

"Forty-three utilities operate 84 nuclear power plants, 
and IS additional utilities are in the process of 
constructing their first nuclear unit. Among these 
various organizations can be found a wide variety of 
management structures and philosophies, experience, 
commitment and skill." (Nuclear News, February, 1983) 

The same report goes on to note: 
"The diversity of the utility industry has not created 
major difficulties in managing non-nuclear generating 
plants. Many different organizational styles and 
structures have been used successfully to construct and 
operate fossil fuel stations and distributions systems." 

The utility desire for simplification in the design of the 
NHTGR resulted in a heavy reliance on passive equipment and 
inherent phenomena to meet the stringent requirements for 

public safety. The integrity of the coated fuel particle 
under all normal and emergency situations, togothor with the 
heat transfer characteristics of the graphite cove, enabled 
plant simplifications so that regulatory compliance is not 
dependent on operator action or the performance of AC-powered 

# systems. At the same time, the use of advanced automated 
control systems accompanied by actions of well trained 
operators assure protection of equipment investment as is 
accomplished in a non-nuclear plant. It is expected that 
these characteristics of the HHTGR will permit a substantial 
reduction in operational licensing requirements relative to 
current plants. The result is a more forgiving nuclear option 
that is less exacting and one that is more compatible in size, 
complexity and operational demands with existing utility 
practices, i.e., one that poses organizational demands more on 
a par with those of a fossil alternative. 

2.2 PLANT PROCUREMENT AND LICENSING 
Having made the decision to add nuclear capacity, 

Utility/Users must address procurement and licensing risks. 
The construction of the current generation of nuclear plants 
resulted in a great diversity of plant designs. While several 
larger utilities developed A-E capability in-hcuse, the usual 
situation involved the utility choosing between two reactor 
types supplied by four vendors and about twenty A-Es and/or 
constructors. In addition, many utilities incorporated design 
features in accordance with their individual preferences. 
These combinations resulted in wide differences in design and 
construction practices at a time when the regulatory process 
was still evolving. Except for the early turnkey plants, the 
procurement and licensing risks were borne solely by the 
Owner. 

Utility/User Requirements for the HHTGR address these 
issues by requiring NRC design certification of the Standard 
Nuclear Island. The Nuclear Island contains the reactor 
modules and the safety-related buildings and equipment that 
are subject to security surveillance. This approach requires 
that the Nuclear Island be physically separated from the 
Energy Conversion Area which includes the turbine generators 
and ancillary non-safety- related facilities. Furthermore, 
the reactor modules can accommodate a spectrum of turbine 
plant configuiations in addition to the reference 
configuration which consists of four reactors supplying steam 
to two turbine generators. The design of the Nut-l»ar Island 
and power conversion equipment of ths reference p\ant is 
expected to accommodate approximately 85% of potential 
domestic U.S. power plant sites. 

The intent of these design requirements is to minimize 
licensing risk through certification of a Standard Hucloar 
Island and to nurture the emergence of a vendor entity who 
would construct the Nuclear Island on a turnkey basis. 



Latitude is provided for the Owner to select and procure the 
Energy Conversion Area according to his capabilities and risk 
preferences. It remains the Owner's responsibility to license 
the facility and staff for operation. 

2.3 PLANT OPERATION AND MAINTENANCE 
Operation and Maintenance (OtN) costs for current 

generation nuclear plants are high and continuing to rise. 
Data obtained by GCRA indicate that staffing for nuclear 
plants is 4 or S times larger than that required to operate a 
aou*rn coal plant of comparable also. In addition, data from 
the institute of Nuclear Paver Operations (INPO) show that the 
equivalent availability of operating plants has hovered around 
61% for several years (Reference 6). These circumstances may 
be attributed to the complex and exacting nature of current 
plants, which leads to equally complicated and detailed 
operational licensing requirements and staff training demands 
and to the need for maintaining certain plant components. In 
the recent past, increased staff and extended outages were 
frequently needed for plants to be brought into compliance 
with regulatory imposed backfits. As noted earlier, there is 
a wide range between the best and worst performers. 

These risks are addressed by requirements that lead to 
simplification o; the plant and the use of equipment familiar 
to owners of fossil facilities wherever possible. There is 
less risk to the Utility/User if economic plant operation, 
maintenance and performance can be achieved from a design 
based on irdustry average expectations of staff and 
equipment. Accordingly, the KHTGR is required to deliver 80% 
equivalent availability* with maximum use of practices 
consistent with r.odera fossil-fired facilities and standard 
"off the shelf" components and materials. As noted in Section 
2.1, an outgrowth of the requirement on safety is a design 
insensitive to operator error and the performance of 
AC-powered equipment. These characteristics are expected to 
translate into dramatic simplifications of technical 
specifications and other operation?.! licensing requirements, 
and support a goal for a four module plant staff of less than 
200 personnel, exclusive of administrative, security, and 
clerical support. The intent of these requirements is to 
define a nuclear plant option that will yield an equivalent 
availability of 80% with staff size and training requirements 
close to those of a coal plant. 

•Equivalent Availability as defined for the MHTGR is the same 
as capacity factor for a plant whose output is not restricted 
by the power grid. 

Requirements for the MHTGR also address some concerns 
unique to nuclear facilities relative to plant life extension 
and component replaceability. With regard to plant life 
extension, longer plant life reduces the capital cost and 
decommissioning component of generation as well as delaying 
siting concerns for replacement capacity. While the Atomic 
Energy Act limits the operating license to a period not to 
exceed forty years, a number of nuclear plant owners are 
finding that many plant components will have a high residual 
value at the expiration of the initial operating license. 
MHTGR requirements specify designing for a forty-year service 
life (based on a conservatively projected duty cycle), with 
identification of and provisions for acquisition of data 
needed to support an application for renewal of the operating 
licensing prior to its expiration. As a further contingency, 
provisions are required for the removal and replacement of all 
components, including those within the primary coolant 
boundary. This approach minimizes initial investment in 
extended life components based on speculative data and 
material properties for the long-term duty cycle, and it 
provides a high likelihood that the service life of a well 
maintained and conservatively operated plant can be extended. 

An additional measure of investment protection during the 
operating life of the plant has been taken with a requirement 
to limit the frequency of exceedance of design limita 
associated with safety related equipment. This requirement 
recognizes the financial implications to the User industry of 
a challenge to the licensing basis of the Standard MHTGR. The 
intent is to provide margin relative to the safety analysis 
upon which the operating license is based and thereby minimize 
the risk of a regulatory shutdown of KHTGR plants. 

3. UTILITY/USER PARTICIPATION IN MHTGR DEVELOPMENT 
The preceding Sections describe the rationale for key 

Utility/User Requirements for the KHTGR. It should be noted 
that those discussed represent a subset selected from 
Reference 5 that have a aajor role in addressing utility 
industry issues. The process of requirements development is 
dynamic and requires an ongoing utility participation to 
assure appropriate interpretation and implementation. This 
process is best understood in the light of the nature and 
context of GCRA's role within the KHTGR Program. 

Historically, market forces controlled the introduction of 
new technologies, and the development costs were amortized 
over predicted sales of the product. In most cases, 
transactions occurred with sufficient frequency for the 
requirements of the buyer, seller and regulator to be sorted 
out in the give and take of the market so that a stable 
infrastructure for risk-sharing evolved over time. Because of 
the extended development time, costs and institutional 



commitments required for deployment, the trial and error ot 
the market place is not an efficient route for 
commercialization of a future nuclear option. 

Within the DOE funded MHTGR Program, vendor/supplier 
interests are represented through DOE design development 
contractors, while GCRA has primary responsibility for 
infusing the perspective of the Owner/operator. This 
arrangement fosters normal buyer/seller viewpoints within the 
Program while interactions with the NRC permit each to gauge 
the implications of an emerging regulatory environment on the 
future market. In doing so, the Program positions both buyer 
and seller interests to identify and address their risks as 
groundwork for a project initiative in response to market 
opportunities. 

The principal means used by GCRA to interact with the DOE 
Program are 1) the development of Utility/User Design 
Requirements. 2) design evaluations conducted by staff and 
utility representatives, and 3) the identification of utility 
priorities for annual and long term planning. Each of these 
activities is conducted with the intent of identifying and 
minimising risks to the End-User in the arecs of generation 
planning and plant procurement, licensing, operation, 
maintenance and decommissioning, i.e., the relevant areas of 
the traditional Utility/User's role in supplying electricity. 

An essential element to bringing the Owner/Operator 
perspective to the Program is the participation of experienced 
utility management and senior technical people in these 
activities. Major design decisions for the MHTGR plant are 
regularly reviewed with utility personnel, along with the 
results of competitive economic analyses and the status of NRC 
interactions. in addition, GCRA utility personnel frequently 
participate in meetings with the management of vendor/supplier 
companies and DOE to assess Program strategy and progress 
toward disposition of open areas. 

As the design of the MHTGR has progressed, more 
ccmprehensive utility technical assessments have been 
undertaken. At the completion of Conceptual Design, GCRA 
conducted a Utility Design Review (Reference 7). The panel 
was composed of senior technical representatives, and the 
review focused on operations and maintenance activities. This 
process lead to the recommendation that a continuing review of 
the design by utility representatives experienced in power 
plant operation and maintenance be established. A Utility 
Working Group was subsequently organized to deal with these 
and other issues related to operations and maintenance in an 
on-going basis. 

From these activities and from staff participation in 
Program design reviews, the GCRA staff develops a perspective 
on the interpretation and implementation of User requirements 
and other issues of principal importance to the Utility/User. 

A statement of the issue with a recommended approach for its 
disposition is cotrmunicated to the DOE Program in controlled 
documentation that is updated quarterly. In this way, an 
optimum design is developed which will assure safe, efficient 
operation at minimal cost while meeting ail regulatory 
requirements in an effective manner. 
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