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SECTION 1

INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

The purpose of this report is to provide projections of annual operation and
maintenance (O&M) costs (exclusive of fuel costs), and owner’s costs, for Gas Turbine-
Modular Helium Reactor (GT-MHR) electric power plants. The projections herein are
based on the current conceptual design definition of the GT-MHR, on the judgement of
senior power plant management and engineering personnel, and on the assumption that
technology and regulatory development programs will be successful. Estimates based on
detailed design definition and plant staff task analyses will be conducted in future stages
of plant development.

The GT-MHR Program reference plant design employs four reactors, each of which
is coupled to a direct (i.e., Brayton) cycle power conversion system (PCS). Each
reactor/PCS combination is referred to as a "reactor module™ or simply, "module” and is
rated at a thermal power level of 550 MW, with anticipated stretch capacity to 600 MW.
The reference four-module GT-MHR plant produces 2200 MWt with a nominal electric
output of 1050 MW. The plant design is described in Reference 1. Development and
commercial deployment are assessed in the framework of the Energy Policy Act of 1992
as summarized in Reference 2. This approach permits development of a regulatory
framework based on full-scale demonstration tests and deployment of standardized, NRC
certified commercial nuclear power plants. Demonstration testing will be conducted on
the first module of the Lead Plant. The first module with common facilities for it and
three additional modules is referred to as the Prototype Plant. The deployment plan used
herein (see Reference 3) projects receipt of a construction and operating license (COL) for
the full four-module Lead Plant by 2010, about 30 months after completion of
certification tests conducted on the single-module Prototype Plant. Lead Plant commercial
operation would begin in about 2013. Long lead material for the Replica Plant (second
four-module plant) is committed at completion of certification tests, with the third through
the Target Plant (fifth plant, corresponding to at least 4500 MWe of installed capacity)
committed at a rate compatible with manufacturing throughput. The Replica through the
Target plants reach commercial operation between 2014 and 2017.

The estimates herein were developed by first assessing resources required for the
four-module Lead Plant in a commercial environment, and then identifying the resources
needed for the single-module Prototype Plant while anticipating plant expansion after the
demonstration period. Since this estimate is for the first plant to be constructed and
operated, current NRC and industry practices are assumed to generally apply. O&M costs
for the Target Plant in a mature industry are assumed to further benefit from GT-MHR
safety attributes with a substantial simplification of operational licensing requirements.
Since the means to accomplish safety functions are embodied in the GT-MHR design,
licensing requirements for the Target Plant will center on design verification and
manufacture of the fuel and reactor modules, with a substantially reduced regulatory

1-1
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effort applied to operating plant activities. Once regulatory simplification has been
confirmed in the successful operation of commercial knts, regulatory and operating
provisions for the Lead, Replica and follotv-ofitunits. dig assumed to be revisited and
standardized based on those for the Tarfget Plant. That is, successful deployment will
allow operating costs of early plants to be reduced to parity with the Target Plant.
Projected costs for an "equilibrium" Target Plant are als¢'#cluded, based on achieving an
expected stretch capacity of 600 MW reactor module thermal power:

1.2 BACKGROUND

This report is the product of.a Tailored Collaboration (TC) Project funded by Pacific
Gas & Electric, Ohio Edison and the-Efectric Power Research Institute to develop
operational requirements for the GT-MHR plant. GT-MHR development is guided by the
principle that advanced reactors must ensure the resolution of technical issues underlying
the business risks of owning a nuclear power plant. The TC Project was undertaken with
the objective of establishing the bases for:

° Design and operational requiremeﬁts for GT-MHR development.

The extent of reduction in demands on plant staff and on the business risks of GT-
MHR plant ownership in a risk-based regulatory environment.

® Baseline estimates of O&M and owner’s costs.

The first of these objectives is.addressed in Reference 2, Utility/User Incentives, Policies,
and Requirements for the Gas Turbine-Modular Helium Reactor. The technical bases for
reduced demands on plant staff and reduced business risks are discussed in Reference 7,
O&M Cost/Risk Drivers at Current Nuclear.Plants and MHTGR Development Friorities, and
Reference 10, A Risk-Based Regulation Methodology for Deriving MHR Operational
Licensing Requirements. This report addresses the third objective and provides economic
measures for considering the GT-MHR's potential to reduce the business risks of
ownership. The estimates herein draw heavily on the Modular High Temperature Gas-
Cooled Reactor (MHTGR) Project Feasibility Study (Reference 4) and related documents
(References 3, 5 and 6), all of which incorporate the judgement and experience of senior
utility personnel who worked at the Peach Bottom 1 and Fort St. Vrain gas-cooled reactor
plants and of the GCRA Utility Advisory Committee whose members have many decades
of operating experience with fossil and nuclear power plants. Insights from the TC Project
are summarized in the following paragraphs.

Nuclear plant O&M costs have dramatically increased since the accident at Three
Mile Island (TMI) in March 1979. In May 1992, a meeting of GCRA’s Utility Advisory
Committee was dedicated to a discussion of O&M cost drivers at current plants and
priorities for gas-cooled reactor developmént. Five members of the Advisory Committee
reviewed major factors contributing to O&M. cost increases at plants within their
respective utilities. While each plant history is unique, the individual experiences and
perspectives had a common theme. Both industry and the NRC have been molded by the
effort to minimize the potentiat for off-normal events, and thereby avoid another accident

1-2
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like the one at TMI. As discussed in Reference 7, at the root of O&M cost increases are
{1) the mechanical and institutional complexity of the current nuclear enterprise, (2) the
focus on avoiding another core melt accident like the one at TMI and (3) the NRC's
practice of leveraging owner financial ratings to motivate improved performance.

O&M cost increases reflect important changes in work processes and the
composition of plant staff from that expected when plants were committed. Current plant
and corporate staffs include a much larger contingent of service professionals than
anticipated. Staff with high-level cognitive skills are required to engage in an on-going
dialogue with regulators and in closely scrutinized procurement transactions, equipment
and personnel performance analysis, document maintenance and report preparation, and
training programs. These work processes are far more interactive and sophisticated than
foreseen for nuclear power, or required for other generation options. As a result, it is
customary for current U.S. plants to be supported by large on-site engineering, training
and administration staffs. According to an NEI (then NUMARC) study (Reference 8), there
are on average twice as many operations and engineering personnel; three times the
number of administrators; and four times as many training personnel at U.S. nuclear
plants than at European nuclear plants. It is also usual practice to have a large number
of off-site specialists and consultants involved with plant operations.

The GT-MHR safety concept forthrightly addresses the foremost technical issues
underlying the business risks of owning a U.S. nuclear power plant in that it:

o Essentially eliminates the potential for a severe accident with core melt and
disarray like occurred at TMI and precludes the need for offsite sheltering and
evacuation plans by retaining fission products within ceramic-coated fuel particles
for the full range of licensing basis events.

L] Minimizes the safety significance of operator errors, equipment malfunctions, and
common-mode failures and provides ample time to implement well-considered
accident recovery measures by embodying the means to accomplish safety
functions within the reactor design.

Eliminates the entire steam generation and condensation cycle.

Plant staffing and O&M cost estimates for Target GT-MHR plants assume that GT-MHR
design and technology development programs will confirm these attributes and that an
appropriate regulatory framework will be developed.

Figure 1-1 illustrates the changes in plant staff composition projected for the
Target GT-MHR Plants compared to current U.S. and European LWR plants. Data for the
current plants are from Reference 8. Whereas 58% (~560) and 45% (~ 240) of plant
personnel at current U.S. and European plants, respectively, are engaged in engineering
and administration; it is projected that only 25% of GT-MHR plant personnel (60) will be
required for these functions, while about half of the GT-MHR plant staff will be engaged
in maintenance work.

1-3
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The bases for the GT-MHR estimates are explained in this report. These include
the safety and technical attributes noted above with the attendant overall plant
simplification, the use of a high-degree of automated control and information
management, NRC certification of a standard plant based upon full-scale tests of a reactor
module, and the formation of an owner/operator-based Central Operational Support
Organization (COSO) to provide specialist resources to operating plants. As measures of
the GT-MHR'’s potential to reduce business risks and demands on staff in comparison with
current practice, it is estimated that:

The GT-MHR will require about 0.25 versus 1 person/MWe on the plant operating
staff.

L] Non-fuel O&M costs for Target GT-MHR plants will be in the range of 4.1 to 4.
mills/kwhr versus 15.5 mills’kwhr for the average U.S. nuclear plant and 8.
mills’kwhr for the average of the current top ten U.S. plants.

5
4
These comparisons provide measures of the incentives for GT-MHR development. The
GT-MHR offers fundamental technological advancements in both power generation and
nuclear safety. These advancements — elimination of the steam cycle and containment

of fission products at the source of their generation — have the potential to dramatically
simplify the business of generating electricity with nuclear energy.

1-5
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SECTION 2

SUMMARY OF ESTIMATED O&M AND OWNER’S COSTS FOR GT-MHR PLANTS

2.1 SUMMARY OF ESTIMATED O&M AND OWNER’S COSTS

This section summarizes estimated non-fuel O&M and owner’s costs for GT-MHR
plants and the assumptions upon which the estimates are based. Summary plant data
and O&M and owner’s costs for the Prototype, Lead, Replica and Target GT-MHR Plants
are provided in Table 2-1, along with projections for an "equilibrium™ Target Plant.

2.2 OVERVIEW OF GT-MHR O&M COST

As shown in Table 2-1, four-module GT-MHR plants are estimated to require plant
staffs ranging from 241 to 300 personnel, and the O&M component of power generation
costs ranges from 4 to about 6 mills/lkwhr. For comparison, the average U.S. nuclear
plant has about 1,000 on-site personnel, and non-fuel O&M costs averaged 15.5
mills/kwhr in 1993. This estimate of O&M costs draws upon the Project Feasibility Study
(Reference 4) in which Consumer’s Power Company and Philadelphia Electric Company
supported a detailed evaluation of the cost of deploying modular gas-cooled reactors at
a utility site and on prior GCRA estimates (References 3, 5, and 6).

2.2.1 O&M Costs for Lead and Prototype GT-MHR Plants

Estimates of O&M costs were developed by first assessing resources required for
the first four-module Lead Plant in a commercial environment, and then identifying the
resources needed for the first reactor module and common facilities to accommodate
addition of the second, third and fourth reactor modules after a demonstration testing
period. Key assumptions are as follows:

[ A stable regulatory environment will exist as a result of confirmatory results from
design and technology development programs and regulatory interactions; e.g., fuel
fission product retention capability is confirmed and operational licensing
requirements are consistent with the risk-significance of plant equipment and
personnel actions.

Plant operation will be supported by an owner/operator-based Central Operational
Support Organization (COSO).

° Plant operating programs will be developed by the vendor entity in' conjunction
with COSO and will be suitable for implementation with minimal development
effort by plant staff.

The plant design will incorporate highly automated plant control and information
management systems.

2-1
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2—1
SUMMARY OF NON—FUEL O&M AND OWNER'S COSTS
" FOR'GT-MHRPLANTS ("94$)

PLANT ATTRIBUTES , EQUIL
& : PROTOTYPE| LEAD " REPLICA TARGET TARGET
COST CATEGORIES PLANT PLANT PLANT PLANT PLANT
PLANT ATTRIBUTES . i
MODULES, # 1 4 _ 4 4 4
POWER RATING, MWe 262 1050 1050 1050 1145
CAPACITY FACTOR, % 80 80 82 85 87
O&M COSTS
POWER GENERATION COSTS
PLANT STAFF, # 166 300 282 241 241
PLANT STAFF, M$/YR 8.52 15.58 14.64 127 12.7
MAINTENANCE MAT'L, M$/YR 0.99 2.21 1.96 1.96 1.96
SUPPLIES/EXPENS, M$/YR 1.95 6.67 6.63 6.53 6.62
TECHNICAL SUPPORT, M$/YR 1 1.19 2.09 1.98 1.79 1.79
SUBTOTAL, M$/YR 12.65 26.55 25.21 22.98 23.07
GENERAL/ADMIN COSTS
PENSIONS/BENFTS, M$/YR 212 3.89 3.66 3.17 3.17
FEES (NRC, ET. AL.), M$/YR 4,15 4.15|" 4.15 2.75 275
PROP/UAB INS, M$/YR 4.41 4.41 4.41 253 253
REPL PWR INS, M$/YR 0.00 0.53 0.53 0.53 0.53
OTHER G&A, M$/YR 1.90 3.98 3.78 3.45 3.46
SUBTOTAL, M$/YR 12.58 16.96 16.53 12.43 12.44
TOTAL O&M, M$/YR 25.23 43.51 41.74 35.41 35.51
TOTAL O&M, MILLS/KWHR 13.72 ' 5.92 5.54 4.53 4.07
OWNER'S COSTS
PROJECT STAFF, M—YR 164.2 276.4 135.1 112.2 112.2
PLANT STAFF, M-YR 363.8 579.8 559.5 371.4 3714
PROJECT MGT, M$ 12.77 21.58 10.77 8.89 8.89
FEES/TAXES/INS, M$ 10.85 72.24 58.39 50.51 50.51
SPARE PARTS, M$ 41.48 51.53 48.82 40.35 31.34
PLANT STAFF TRAINING, M$ 29.22 49.49 46.58 33.10 33.10
GENERAL/ADMIN, M3$ 1252 18.39 15.92 12.35 11.00
CONTINGENCY (15%), M$ 16.02 31.99 27.07 21.78 20.23
TOTAL OWNER'S COST, M$ 122.86 245.22 207.55 166.98 155.06

of mounting a five-man armed response team.

The acceptability of essentially conventional power plant practices in the non-

nuclear areas will be confirmed.

2-2

Current nuclear industry practices with regard to operations wili be required; e.g.,
a Control Room Supervisor with a Senior Reactor Operator License (SRO), the
equivalent of one licensed reactor operator per reactor, and a security staff capable

i



A — oook

The following additional assumptions are used in estimating O&M costs for the

Prototype Plant.

The Prototype Plant will be constructed and operated for several years before the
addition of the remaining three modules of the Lead Plant.

Operating staff positions will be filled in a manner that facilitates future expansion
to the full complement of Lead Plant staff.

Pending the outcome of cost/risk sharing arrangements between the private sector
and the government, nuclear fees and insurance premiums are the same for the
single module Prototype Plant and the full four module Lead Plant.

It is also assumed that both the Prototype and Lead Plants achieve operating

capacity factors of 80% (versus the design capacity factor of 87 %).

2.2.2 O&M Costs for Target and Replica GT-MHR Plants

The GT-MHR Target Plant is defined in accordance with Reference 9 as the

commercial facility that results in an installed capacity of 4500 MWe or greater. The GT-
MHR Target Plant is the fifth four-module plant and would represent 5,250 MWe of
installed capacity. Estimates of O&M costs assume significant institutional: change as a
result of successful prototype demonstration tests, licensing certification pfograms, and
deployment of early commercial plants. Other key assumptions are as follows:

The GT-MHR safety concept will be confirmed to essentially eliminate the potential
for operator errors and equipment malfunctions to jeopardize public safety, and the
need for provisions to manage severe accidents leading to core disarray like the
accident at Three Mile Island.

The offsite consequences of licensing basis events will be confirmed to be benign
to the extent that planning for evacuation and sheltering of the public is not
required. In addition, emergency planning activities; e.g., periodic drills, training
and exercises, are assumed to be simplified to the extent that requirements can be
fulfilled without substantial commitment of senior engineering, licensed operations,
and emergency preparedness personnel to the preparation of elaborate accident
progression scenarios and the development of detailed response plans.

The Target Plant will be licensed such that only two SROs (the Shift and Plant
Supervisors) are required on-site, the control room is adequately staffed with one
licensed reactor operator for two reactors, and security requirements for mounting
an armed response force are relaxed.

Nuclear insurers will reflect the benign off-site nuclear consequences associated
with credible GT-MHR accidents in reduced property damage insurance rates, and
GT-MHR licensees will be exempt from current provisions of the Price-Anderson

2-3
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Act wherein operatmg licensees can be assessed up to $10 million per reactor/per
year/per loss assoc:ated with public habuluty

A plant operating capaccty factor of 85% is achleved as compared to 80% for the
Lead Plant.

A fully mature "equilibrium” Target Plant mcorporates a; reactor module power level
increase to 600 MWt versus thé reference 550 MWt design and achieves an
operating capacity factor of 87%; i.e., equal to the design capacity factor.

The approach to estimating O&M costs for the Replica Plant involves judging the
extent to which the institutional changes. assumed to be in pface for the Target Plant will
have been brought about by the Prototype Plant Project at the time of commitment to the
Replica Plant. Key assumptlons are as follows

With a few exceptions, staffing for the Operations, Technical and Administrative
Divisions is estimated to bé the same as for the Prototype Plant since
demonstration of multi-snodule plant operations will not have been accomplished
at the time of Replica Plant commitrient.

° Maintenance Division staffing is aé%umed to be the same as for the Target Plant
since its size is largely determlned by then replicated plant equipment and O&M
procedures.

A plant operating capacity factor of 82% is achieved, as compared to 80% for the
Lead Plant, 85% for the Target Plant, and the design capacity of 87% for the
"equilibrium" Target Plant.

2.2.3 Plant Configuration Sensitivity Studies

Brief studies were conducted to determine the sensitivity of O&M costs to the
following changes in plant confnguratlon (1) individual control rooms for each reactor
module versus a central control room (the reference) and (2) the number of reactor
modules comprising the plant; i.e., 1, 2, 3, or 4 (the reference) modules. While it is clear
that both of these options would incur higher operating costs than the reference four-
module plant with a central control room, both would reduce risk and increase deployment
flexibility. This study indicates that changing from a central to individual control rooms
would increase the O&M component of the busbar cost of electricity from 4.5 to 5.0
mills/kwhr. While quite limited in scope, the evaluation of the number of reactor modules
in the plant suggests that the GT-MHR can potentially compete in all four configurations
and that a more thorough evaluation of design features that allow flexibility; e.g.,
individual control rooms, should be conducted (sée Figure 5-1).

2.3 OVERVIEW OF OWNER'S COST

During the construction of a power plant, the owner incurs costs for its acquisition
functions which include (1) project management; (2) fees, taxes and insurance; (3) spare
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parts and specific capital expenses; (4) staff training and startup and (5) administrative
and general expenses. Like the estimates of O&M costs, these estimates of GT-MHR
owner’s costs also benefit from the Project Feasibility Study (Reference 4) in which
Consumer’s Power Company and Philadelphia Electric Company supported a detailed
evaluation of the cost of deploying modular gas-cooled reactors at a utility site, as well
as prior GCRA estimates. These estimates also assume successful development and
deployment of the Prototype, Lead, Replica, Target and "equilibrium” Target Plants.
Owner’s costs for the "equilibrium™ Target Plant are assumed to be the same as the
Target Plant except that spare turbomachinery will be shared with another plant and the
training simulator provided through COSO will be shared by five versus three plants.
Schedule assumptions are described in more detail in Reference 3. The major cost drivers
and assumptions for the owner’s costs summarized in Table 2-1 are as follows:

Project Management: These costs are incurred by the owner for professional
services to manage the owner’s engineering, licensing, and quality assurance
programs. The principal cost drivers are the duration of the effort (which extends
from project inception to fuel loading) and the stage of plant/infrastructure
development. The latter ranges from an embryonic vendor/utility/regulator
infrastructure for the Prototype Plant to multiple, parailel commercial projects
deploying a standard design with support from a mature COSO for the Target
Plant. As shown in Table 2-1, the project management effort is estimated to
require 276, 135, and 112 man-years, for the Lead, Replica and Target Plants,
respectively.

[ ] Fees, Taxes and Insurance: Dominant cost drivers are (1) property taxes which are
from 70 to 85% of the total for these accounts and (2) the cost of NRC staff
review which ranges from 20% of the Lead Plant account to 10% of the Target
Plant account.

L Spare Parts: These accounts are dominated by provisions for spare
turbomachinery and access to a training simulator. The Lead, Replica and Target
Plants are assumed to each have a spare turbomachine (i.e., the turbine,
compressor, bearings, and seals), while the "equilibrium" Target Plant is assumed
to share this equipment with another plant. The Lead and Replica Plants are
assumed to each have a simulator. As the industry matures, it is assumed that
COSO operates and maintains the simulators at regional central facilities such that
Target Plant costs are shared by two other plants and "equilibrium” Target Plant
costs are shared by four other plants. -

Plant Staff Training and Startup: This account is dominated by the cost of training
the plant staff; i.e., their salaries and training expenses, and the cost of plant
operation during the interval from fuel loading to commercial operation. It is
assumed that staff training will start from 24 to 36 months before fuel loading,
depending on the stage of plant development, for those personnel requiring
licenses or specialized training and that the permanent operating staff is prepared
to conduct startup operation one year before commercial operation. As shown in

0
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Table 2-1, this. effort is estimated to requjre 580, _560 and 371 man-years, for the
Lead, Replica and Target Plants, respectively.

G&A and Contingency: ‘Geperal and administrative (G&A) costs are estimated at
15% of the above cost accounts exc'gg; fo'f:the fees, taxes, and insurance
account. A 15% allocation for contingencies. is a,gdéd for integration of owner’s
costs with other elemenits of the capital cost estimate.

2-6




a? .wia A

ot

A

PZ-0004

SECTION 3

O&M COSTS FOR LEAD AND PROTOTYPE GT-MHR PLANTS

3.1 APPROACH TO ESTIMATING LEAD AND PROTOTYPE PLANT O&M COSTS

This section provides an estimate of O&M costs for the four-module GT-MHR Lead
Plant and for the demonstration testing period of the first module the Lead Plant; i.e., the
single-module Prototype Plant. These estimates draw heavily on the Project Feasibility
Study (Reference 4) and the previous GCRA studies (References 3,5, and 6). The
approach to developing these estimates, plus the assumptions upon which they are
based, are summarized in the following paragraphs.

It is assumed that the GT-MHR will be designed and deployed in accordance with
the utility/user policies and requirements in Reference 2. From an operating perspective,
the GT-MHR offers a fundamental simplification relative to other nuclear options by
eliminating the steam generation and condensing cycle; e.g., the main circulator, steam
generator, steam and feedwater systems, turbine-generators and their auxiliary systems
employed in steam cycle MHTGRs. These systems and components are replaced by a
direct cycle power conversion system (PCS) which is located within the reactor coolant
boundary and employs advanced technologies to achieve thermal efficiency of about
47.7%. The components of the PCS include turbomachinery (the gas turbine and the
generator), heat exchangers (recuperator, intercooler and precooler) and ducts and seals
that channel reactor coolant flow.

While the direct cycle PCS is developmental, the utility/user requirement for an
87% capacity factor for the Target GT-MHR Plant is based on a number of well
established technical factors. For example, the controlled helium environment should
eliminate most of the sources of wear and corrosion encountered in conventional gas and
steam turbines. The use of magnetic bearings will also reduce maintenance requirements
by eliminating contact wear in rotating machinery and allow less frequent inspection and
maintenance. High reliability and low maintenance is also expected for the recuperator,
intercooler and precooler heat exchangers which operate at modest temperatures,
pressures and flowrates. For the purposes of estimating O&M costs, it is assumed that
maintenance needs for the PCS will be minimal.

In addition, the GT-MHR'’s unique safety characteristics have the potential to
substantially ease operational licensing requirements compared to current nuclear plants.
Operating nuclear plant O&M costs have risen steadily since the early 1980’s. The major
increases during this period since the accident at TMI have been in operating costs. New
programs required by NRC and INPO initiatives have increased staff requirements in
licensing, engineering and administration as well as operations, maintenance, training,
and security, as well as off-site technical support. Such programs are labor intensive, and
many require technical professionals.

3-1
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As discussed in the Introduction, the GT-MHR deployment plan offers a path to
develop an appropriate regufatory framework and deploy ‘standardized, NRC certified
commercial nuclear power plfants based: on prototype tests. Full-scale demonstration
testing of the first reactor module is expected to support simplified licensing requirements
by (1) validating the actual cenfiguration and Ac,haracteristi’qu of passive safety features
upon which the plant safety a';r'ia‘lysis is:based,. and (2)"&stablishing a highly reliable and
physically demonstrated baseline of acce{;t_gnc'é criteria to be applied to the-same features
in commercial plants. Since the GT-MHR‘f)reci‘Lides core melt and disarray like occurred
at the accident at TMI, the technology forthrightly addresses the foremost technical issue
underlying the business risks of owning a nuclear power plant, and a stable regulatory
environment is assumed.

Current nuclear industry practices are assumed to generally apply in estimates for
on-site and off-site plant staff. However, itis also assumed that current trends within the
industry toward focusing resources on risk-significant equipment and on employing a high
degree of automated control and information management are successful. For example,
stringent INPO training program requirements have been included, with appropriate
consideration for the reduced amount of material to be addressed due to GT-MHR
simplicity. On the other hand, in developing estimates of shift staffing, it was assumed
that operating requirements would be less prescriptive than those currently mandated for
light water reactors, in view of GT-MHR passive safety features, long time intervals for
operator response to upset conditions, and the use of highly automated information
management and plant control systems.

These attributes and design features will reduce requirements for the operator to
analyze data and respond quickly during plant transients. Since the means to accomplish
safety functions are embodied in the GT-MHR design, operational licensing requirements
may center on design verification and manufacture of the fuel and reactor modules, with
a substantially reduced regulatory effort applied to site activities. These factors are
expected to add significantly to overall safety and ease licensing, and thereby reduce
burdens on plant staff and the risks of delays in the licensing process. They are examined
more thoroughly in Reference 10, and the resulting framework for simplified GT-MHR
technical specifications is summarized in Appendix A. A critical assumption in this
estimate of O&M costs is that simplified regulatory practices based on the principles of
risk-based regulation will be accepted by the NRC and industry.

The estimates herein were developed by first assessing resources required for the
first full four-module plant in a commercial environment, and then identifying the
resources needed for a single module; i.e., it is assumed that the second, third and fourth
modules will be added after demonstration testing on the first module is completed. For
the purposes of estimating costs, a plant capaqity factor of 80% is assumed for the
single-module Prototype Plant and for the four-module Lead Plant as compared to 85%
for the Target Plant and 87 % for the "equilibrium™ Target Plant. As discussed in Section
4, O&M costs for the GT-MHR in a mature-industry should further benefit from GT-MHR
safety attributes with a substantial sir’nplifiCation of operating requirements. Once
regulatory simplification has been confirmed in the successful operation of early
commercial plants, provisions for the Lead, Replica and follow-on units would be revisited
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and standardized based on those for the Target Plant; i.e., successful deployment will
allow the higher initial operating costs of early plants to be reduced. (This consideration
is not reflected in O&M costs estimated in this report but may be included in life-cycle
cost calculations of return on investment.)

Estimates of non-fuel O&M costs for the Lead Plant were derived by first
determining the needs of the operating plant and then assessing the resources to meet
those needs in terms of plant staff, off-site assistance, and the cost of supplies, fees and
insurance. The Nuclear Operating Plant Functional Needs shown in Table 3-1 were
identified as requirements to operate the plant in a safe and economic manner under the
purview of the NRC and industry oversight organizations; e.g., INPO and NEI. Some of
these needs are clearly objective and immediately obvious, while others are more
subjective. This list of functional needs represents a consensus of senior utility operations
and engineering personnel based on several decades of experience with fossil, LWR and
HTGR plants. All costs associated with meeting these needs are born by the operating
plant regardless of how the need is met; i.e., whether by plant resources, by other
corporate assets, or by contract.

It is also assumed that an owner/operator-based Central Operational Support
Organization (COSO) is established in concert with design development and Prototype
Plant deployment. This organization will be established by prospective commercial
participants early in the GT-MHR development program as an integral part of the
vendor/buyer/regulatory infrastructure. COSO will represent the technical interests of
owner/operators of the first series of commercial plants starting early in the development
of the Prototype Plant and continuing through construction and deployment of follow-on
plants. COSO will interact with vendor entities to translate operating plant needs into
design requirements and operating programs. The COSO role in GT-MHR commercial
deployment is summarized in Appendix B (see also Reference 11).

A particularly important assumption with regard to the O&M cost estimates
presented herein is that both plant operating programs and a trained plant staff will be in
place at the time of plant start-up. The plant operating programs define the purpose and
details of the work to be done by the plant staff. These programs must address all
aspects of plant operation that significantly affect the means of complying with
regulations, the productivity and effectiveness of the plant staff, and the overall economy
of plant operation. It is further assumed that state-of-the-art information management
systems utilizing user-friendly computer operations will be supplied as appropriate for all
plant programs. (The vendor's costs to develop these programs in conjunction with
COSO are included in plant capital costs. Estimate of owner’s costs to recruit and train
plant staff are included in Section 6.) Failure to have these programs in place at the time
of plant startup would incur a significant risk of damage to the plant and would likely
delay plant startup if public safety is at issue. Appendix C of this report provides an initial
outline of plant operating programs for the GT-MHR.

Because this is an estimate of operating expenses, there are no provisions for
engineering and construction work associated with plant modifications. Costs for
government mandated or beneficial modifications to the plant are considered to be a




Table 3-1

OPERATIN®G NYCLEAR PLANT FUNCTIONAL NEEDS
OPERATIONS - B 'LlCrENSlNG - ;
Process Operation NRC
On/Otf-site Operations Review -« INPO

Equipment Tagout, Logkeeping"
Technical Specifications

State Regulatory '
i Nuclear Insarance

MAINTENANCE
Mechanical, Electrical *
Preventive/Corrective
Instruments/Control
Computers
Inservice Inspection

[§ . '
TRAINING
' General Employee

Operator Licensing

Simulator

INPO Accreditation
.Human Performance Evaluation
- Maintenance Graft

OUTAGE PLANNING
Refueling, Scheduling
Maintenance
Modifications

ENGINEERING SUPPORT
Minor/Major Modifications
Independent Safety Engineering
Systems Engineers

RADIATION PROTECTION-HEALTH PHYSICS
Dosimetry, Bioassay
ALARA, Off-gite Environmental Testing

SPARE PARTS WAREHOUSE
Requisitions
Receiving/Disbursal

CHEMISTRY
Conventional

CONFIGURATION MANAGEMENT
Document Control
Change Process

Radio-Chemistry e

LAUNDRY/ANTI-CONTAMINATION
CLOTHING/RESPIRATORS

FIRE PROTECTION
Fire Brigade, Equipment Testing

ADMINISTRATION
Typing/Clerical
Wage/Benefits
Public Relations

EMERGENCY PLANNING
Oft-gite/On-site
Regulatory Interface
Media Interaction

CONSTRUCTION
Major/Minor Modifications

'MEDICAL

,Fitness for Duty

REFUEL OPERATIONS
Fuel Procurement Program

RADIOACTIVE WASTE
Accumulation/Shipping

TIMEKEEPING/PAYROLL

PERSONNEL ADMINISTRATION

GROUNDS & HOUSEKEEPING LEGAL .

INDUSTRIAL SAFETY - SECURITY
Hazardous Waste Program ,Guard Training, Key/Control
OSHA ‘Lock Repair/Changeout

QUALITY ASSURANCE/CONTROL
Plan, Audits, Reports

NUCCEAR PLANT RELIABILITY DATA SYSTEM
"Failure Report, Data Base

SAFETY PERMITS, RADIATION WORK PERMITS,

OTHERS

Writing, Application/Removal

RECORDS MANAGEMENT
Vendor Manuals
Procedure Distribution
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capital expense and are not included here. With a thorough development program and
successful standardization, such costs should be small. Provisions for such costs are
included in the plant capital cost estimate by incrementing the fixed charge rate 0.5%.

As described in Reference 12, the cost accounting breakdown shown in Table 3-2
encompasses approximately the same expenses as those prescribed for public utilities
subject to the provisions of the Federal Power Act; i.e., the Federal Energy Regulatory
Commission (FERC) uniform system of accounts. This structure was also used in O&M
and owner’s cost studies for gas-cooled reactors previously cited. The power generation
cost accounts in Table 3-2 include the nuclear power generation accounts from FERC
accounts 517 through 532 with the exception of accounts 518, Nuclear Fuel Expense;
521, Steam From Other Sources; 522, Steam Transferred; and 525, Rents. Nuclear Fuel
Expense is considered separately in GT-MHR economic evaluations, and no costs are
identified for accounts 521, 522, and 525 for estimating purposes. In addition to direct
wages and salaries, the cost accounts for on-site staff and off-site corporate technical
support include payroll tax and insurance (social security tax and employment insurance
premiums).

The General and Administrative (G&A) cost accounts in Table 3-2 include G&A
expense accounts from FERC accounts 920 through 935. The pensions and benefits
estimate includes an allocation for account 926, Employee Benefits and Péensions, and
also, as a cost estimating convenience, an allowance for Workers Compensation
Insurance which is a part of account 925, Injuries and Damages. Nuclear regulatory fees
are a part of account 928, Nuclear Regulatory Commission Expenses; plant property
damage insurance premiums are a part of account 924, Property Insurance; and nuclear
liability insurance premiums are a part of account 925, Injuries and Damages. Other G&A
expenses are an allocation of all other FERC G&A accounts.

A LOTUS spreadsheet analysis was used to calculate costs in a manner essentially
identical to that used in the BASIC program, HTGROM, described in Reference 12. This
calculational method was also used in prior estimates reported in References 3, 4, 5,
and 6.

3.2 LEAD PLANT STAFF ORGANIZATION

The Lead Plant consists of four reactor modules and produces 1050 MWe. As a
framework for estimating costs, the plant staff is assumed to be organized in Operations,
Maintenance, Technical, and Administrative Divisions as shown in Figure 3-1. Since costs
are estimated on the basis of resources required to accomplish specific functions, they
are essentially independent of the plant organization structure and other alignments are
acceptable. Many plant personnel will have professional credentials in engineering or
related fields, as well as GT-MHR-specific training and relevant plant work experience.
The number and credentials of staff to meet the routine needs of the GT-MHR Lead Plant
are estimated in the following sections.

The Prototype Plant (i.e., the first module and common facilities of the Lead Plant)
will operate as a single module plant for about two years before the remaining three
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POWER GENERATION COSTS

| , ‘Tabl‘ei’és-a Sy
COSTZACCOUNTING STRUCTURE

ON-SITE STAFF
MAINTENANCE MATERIALS
> Fixed '

> Variable

SUPPLIES AND EXPENSES

> Fixed '
> Variable Reflector Block and Control Rod Replacement
> Variable ‘

OFF-SITE TECHNICAL SUPPORT
> Corporate '
> Central Operational Support Organization (COSO)

GENERAL AND ADMINISTRATIVE COSTS

'PENSIONS AND BENEFITS

NUCLEAR REGULATORY FEES

INSURANCE PREMIUMS

> Public Liability

> Property Damage

> Replacement Power

OTHER GENERAL AND ADMINISTRATIVE EXPENSES
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modules are added. As discussed in Section 6, it is assumed that the staff will be
recruited and trained in 'a manner that makes efficient usé of resources. That s, since the
Prototype Plant uses one reactor module, its staff will be smaller than that for the Lead
Plant. However, it will be organized to facilitate the addition of staff for the full four-

module plant.
3.2.1 OPERATIONS DIVISION

The Operations Division is responsible : for operating all plant systems and
equipment, for overseeing and -controlling all water and helium chemistry parameters, for
monitoring and optimizing fuel performance, and for providing support to Maintenance
Division personnel (i.e., removing equipment from service, conducting post-maintenance
inspection and system functional tests, and returning equipment to service). As illustrated
in Figure 3-2, the Operations Division consists of the Division Manager, 65 Operations,
7 Chemistry, and 3 Reactor Engineering personnel.

3.2.1.1 SHIFT OPERATIONS (1 Shift Manager; 6 Shift, 6 Plant, and 6 Control
Room Supervisors; 42 Operators; 2 Helpers; and 2 Clerks)

Shift operations staffing is based on a six-team arrangement, a forty-hour work
week, and an eight-hour work shift. The use of six teams allows continuous coverage
for all posted positions with adequate coverage for operator retraining, maintenance
support, and relief for leave, illness and vacation. (A five team arrangement was
considered, but its use is not consistent with the policies of most utilities.) A shift cycle
consists of five rotations over a six-week period; i.e., day, afternoon, night, training, and
utility shifts, then back to day shift. The day, afternoon and night shifts fill posted
positions that must be continuously staffed. The training shift provides four days for
training in each six-week period to fulfil NRC, INPO and other training requirements.
Although all four days will occasionally be needed for licensed operator training, it is
expected that one or two days will frequently be available for non-posted work and short
time relief. The utility shift is available to support special operations and maintenance
activities, as well as to provide personnel relief. The utility shift is expected to be split
between day and afternoon to support maintenance. The six-team staffing plan is
illustrated in Table 3-3. It provides margin for occasional absences and avoids excessive

overtime work.'"

A Shift Supervisor is in charge of overall shift operations. This individual is trained
in all disciplines associated with the safe operation of the plant and, as the manager of
plant operations, ensures that the duties of the chemistry, health physics, instrumentation
and other maintenance support services are performed as needed for efficient plant
operation. The Shift Supervisor has the authority to direct all plant personnel in matters
associated with plant safety. The Shift Supervisor is assisted by a Control Room

m Some nuclear plant have experimented with ten-hour shifts.to improve productivity and employee
morale. With modest adjustments, the strategy outlined above could be adapted for ten-hour shifts.
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Supervisor and a Plant Supervisor. The Shift Supervisor holds an NRC Senior Reactor
Operator (SRO) license.

The Control Room Supervisor also holds an SRO license and fills the current
regulatory requirement that a supervisor be posted in the control room. Three licensed
Reactor Operators (RO) complete the staff for control room operations. Thus, current
NRC requirements that a licensed reactor operator be posted in the control room for each
reactor module are met. The work load and responsibilities for operating and monitoring
the four reactor modules from the control room will be allocated to operators on the basis
of task analyses and human factors, and a team approach will be developed.

The Plant Supervisor reports to the Shift Supervisor and also holds an SRO license.
This person is trained in all operational processes and is responsible for the overall
operation of the reactor modules and coordination of control room and roving operators.
The latter are responsible for the local operation of ancillary plant equipment. In addition,
the Plant Supervisor inspects plant operating components and oversees non-routine
maintenance to ensure that operational support activities are performed correctly. The
Plant Supervisor is designated as the Chief of the Fire Brigade which is comprised of one
chemistry technician, one instrumentation technician, two maintenance mechanics and
one operator. Security procedures will allow efficient movement of operators, the Fire
Brigade, and the Security Response Team through secured areas.

Four roving operators (licensed ROs) will be dispatched from the control room and
qualified to work throughout the entire plant. The work to be accomplished by roving
operators is expected to be dramatically reduced compared to operator functions in
current plants. The elimination of steam generation and condensing systems, active
safety-related fluid systems, and the potential for systems interaction will reduce the
complexity of the plant and the work-load on roving operators. In addition, much of the
equipment monitoring and diagnostic functions assigned to operators in current plants will
be automated. (The use of such systems is expected to provide a higher degree of
accuracy and reliability than that attainable with current methods.)

The annual equivalent of two helpers is assumed to be engaged im on-the-job
training for operator positions. The helper positions also ensure the availability of
personnel to provide training relief and fill other vacancies. These two helpers (who will
become operators after qualification) provide additional support on day shift operations.

Two clerks are provided to assist day and evening shifts with documentation,
scheduling, and record keeping. The clerks will be trained in the use of the plant
information management system for scheduling shift personnel, generating operations
reports, and scheduling tests and preventive maintenance.

A Shift Technical Advisor is assumed to be unnecessary due to the simplicity of
the plant and the long time intervals available to implement well-considered accident

recovery plans.
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3.2.1.2  REACTOR ENGINEERING (1 Supervisor and 2 Engineers)

The Reactor Engineering group is comprised of professionals and responsible for
key nuclear plant systems (e.g., vessels, heat-transport, .shutdown cooling, neutron
control, reactor protection; and reactor cavity t:ooﬁhg"'sy_'s’»ée;?ms). Other duties include
conducting surveillance and §pecial tests, managing controlfirod and fuel burnup and the
fuel procurement program,directing refuling operations, and routinely monitoring reactor
systems. This group will also conduct the technical interface with reactor vendors and
fuel suppliers. . ‘

The group consists of one supervisor and two proféssionals in nuclear engineering
or physics with specialized training in GT-MHR core design and fuel management. They
will be assisted by the Refueling Supervisors (see Section 3.2.2.1.3) when the latter are
not directly engaged in refueling activities. In addition, personnel from COSO will support
the Reactor Engineering Group in core managément and fuel procurement functions.

»

Experience has shown that a dedicated reactor engineering group improves the
reliability of operations. The reactor engineers will work closely with the refueling team
and planning groups in the Maintenance Division to develop the reactor core alteration
schedule for each refueling. They are also responsible for computer programming that
pertains to refueling activities.

3.2.1.3 CHEMISTRY (1 Supervisor, 1 Chemist and 5 Technicians)

Because of the importance of the chemistry control function to successful plant
operation, the Chemistry Group also reports to the'Operations Supervisor. The Chemistry
Group's responsibilities include the closed-cooling water system, water make-up, and
waste treatment; as well as helium chemistry and radioactive isotope quantification.
Much of the work performed in current plants to maintain chemistry parameters within
normal limits is routine and will likely be automated in- future plants. It is assumed that
the GT-MHR plant design will incorporate a&tOma:t»ed sampling and chemical analysis
equipment and provide for computerized data analysis and report generation with the
means to alert chemistry section supervision of variances from chemistry acceptance
criteria.

It is estimated that a staff of seven personnel, including the Chemistry Supervisor,
is required. The Chemistry Supervisor and a chemist assistant will hold professional
credentials in chemistry and radiochemistry and have .appropriate specialized training.
Five technicians are required for shift coverage. The chemistry technician on shift is a
member of the Fire Brigade. All technicians are qualified to do both conventional and
radio-chemistry.

The degree to which the sampling, information management, and communication
systems are integrated in the plant design will have a significant impact on the work load
of Chemistry personnel. Full use of automated chemical sampling, analysis, and report
generation will enhance reliability and help contain the costs of the chemistry activity.
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An important aspect of this staffing estimate is the assumption that the plant design
incorporates such systems.

3.2.2 MAINTENANCE DIVISION

The Maintenance Division is responsible for all planned and corrective maintenance
of plant equipment. As shown in Figure 3-3, the Maintenance Division organization
consists of sections for Component Maintenance, Health Physics, Plant Services, and
Maintenance Planning. It is staffed in a manner that ensures safe, economic plant
operation in accordance with government regulations and prudent business practices.

Maintenance work on nuclear systems in current plants entails many provisions for
documented quality assurance that are not found in conventional power plant
maintenance programs. Estimates for the GT-MHR Lead Plant provide for administrative
controls on the maintenance of safety-significant equipment that will meet the
expectations of the NRC, INPO, and American Nuclear Insurers (ANI). However,
administrative controls for non-nuclear maintenance work are tailored to meet utility-
controlled requirements as determined by plant management, and they need not meet
current nuclear industry expectations in the areas of documentation, quality assurance,
craftsman qualification and retraining, and requirements for formalized procedures.

The conventional approach to managing work in non-nuclear areas is deemed
appropriate since equipment failure in those areas will not pose a nuclear hazard.
Significant savings in cost can be affected if this more traditional approach to
maintenance management is adopted. For example, work planning can be oriented to
enhancing efficiency by minimizing hold points for independent inspections and audits,
and the time consumed by multiple oversight organizations (e.g., NRC, INPO and
independent quality assurance personnel). The training of craftsmen can employ more
on-the-job and less formal classroom instruction. Productivity is also increased by
eliminating the need to have detailed, prescriptive procedures for non-complex or routine
work. While it has been assumed that current nuclear plant maintenance practices will
be implemented for all nuclear work on the Lead Plant, a more conventional plant
maintenance program will be used elsewhere. Utility controls will ensure reliable plant
operations.

3.2.2.1 COMPONENT MAINTENANCE SECTION (1 Section Supervisor, 8 Discipline
Supervisors, 4 Discipline Foremen, 43 Craftsmen, 7 Craftsmen (annualized),
21 Technicians, 12 Technicians (annualized), and 2 Programmers)

The Component Maintenance Section has the responsibility for the repair,
calibration, and preventive maintenance to be performed on all mechanical and electrical
equipment including instrumentation and computers. In addition, this group. will support
refueling, in-service inspections, and quality control. It is composed of craftsmen of
various disciplines, instrumentation and computer technicians, and computer
programmers. The principal interfaces for this section are with the Planning, Heaith
Physics and Operations groups. Except for shift coverage personnel, these staff are on
a single-shift and will be assigned to day or evening shifts as necessary. An important
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assumption in this estimate is that the plant design incorporates a comprehensive
computerized information management system (CIMS). This system will support a
Reliability Centered Maintenance Program (e.g., as a repository for equipment reliability
data and repair histories) and spare parts inventory management, as well as administrative

functions.

3.2.2.1.1 INSTRUMENTS, CONTROLS AND COMPUTERS (I&C) (1 1&C Supervisor,
1 1&C Foreman, 16 1&C Technicians, 2 I&C Technicians (annualized), and

2 Programmers)

This group is responsible for planned and corrective maintenance of plant
instrumentation, control systems, and computers with certain exceptions (e.g., air
operated valves and associated solenoids) which are maintained by the mechanical or
electrical maintenance group. The group conducts I&C surveillance tests, supports shift |
operations and repairs electrical breakers and relays.

It is expected that plant control and information management systems will provide
highly reliable distributed digital process control and information processing with
appropriate alarms for parameters exceeding prescribed limits and for control system
malfunctions. Automated data collection, analysis and report generation techniques will
be used to verify compliance with many surveillance test requirements. The design will
provide for automatic electronic documentation and optional hard copy reports of
instrument calibration and equipment diagnostics. Assuming this capability, the following
work activities and staffing are anticipated:

SHIFT COVERAGE (1 |&C Technicians for each of 5 teams - total of 5)

These personnel will perform surveillance testing and preventive and corrective
maintenance on instrumentation and computers. This staffing plan provides an
extra technician to assist in routine maintenance on the day shift Monday through

Friday (except Thursday).
INSTRUMENT ROUTINE MAINTENANCE (2 I&C Technicians)

Two technicians will perform plant instrumentation and routine or corrective
maintenance. This effort can be supplemented as needed with shift technicians
rotated into day work.

SECURITY AND TELEVISION (1 I&C Technician)

This person will service televisions and monitor card readers, X-ray machines,
metal detectors, and central and secondary alarm station equipment. Shift
technicians will also have sufficient training in this area to provide continuous
response to problems.




m,ooguw/ 0

FIRE SYSTEM DETECTOR TESTING (0.5 1&C Techn"icia‘n)' '

This person will perf@’r‘g\' survgilrl"a(m:;e‘ t,es»tq‘vr)i.g and a¥stitenance on smoke and heat
detectors as part of ‘the_ Firé Pretection, program:” Some of this work may be
required by technical specifications. Design provisions to facilitate tests of smoke
and heat detectors will avoid the need for scaffold_in'g or temporary access devices.

RELAYS AND SUBSTATION EQUIPMENT (1 I&C Technician)

This person will perform all routine testing and calibration of protective relays in
the plant and substations.

BREAKER PREVENTIVE MAINTENANCE (1 I&C Technician)

This person will rebuild and calibrate 480 volt circuit breakers and calibrate higher
voltage circuit breakers as part of the preventive maintenance program.

PLANT COMPUTER (3 I&C Technicians and 2 Programmers)
These personnel will maintain plant computer hardware and update software.
METEOROLOGY & HEALTH PHYSICS INSTRUMENTATION (2 I1&C Technicians)

These personnel will perform routine calibration and repair of portable test
equipment, instruments, and monitors. Maintenance of some specialized
equipment will be contracted.

PROCEDURE WRITER (0.5 Technical Writer)
This person will draft and revise routine I&C maintenance procedures.

One supervisor and a foreman are required to direct these 20 personnel. Assuming
four 30-day planned outages every 18 months, 30% overtime for plant staff, and 5
temporary technicians; the annual equivalent of 2 technicians is required for outages.

3.2.2.1.2 MECHANICAL AND ELECTRICAL (M&E) MAINTENANCE (1 M&E Supervisor,
3 M&E Foremen, 43 M&E Craftsmen, 7 M&E Craftsmen (annualized))

This group is responsible for planned and corrective maintenance of mechanical and
electrical equipment and for the instaltation of minor plant modifications. It is estimated
that 25% of the M&E group will be electrical craftsmen. The estimate of M&E
maintenance staff required for nuclear equipment is based on a reasonable extension of
industry experience with HTGRs and LWRs, while labor productivity on non-nuclear
mechanical and electrical equipment is expected to be about the same as in fossil-fueled
plants. The estimate is based on the following assumptions:
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The four reactor modules are identical and allow the use of identical O&M
procedures. The plant design incorporates features to facilitate maintenance; e.g.,

adequate access, cranes, rigging, and laydown area.

The administration of work orders and procedures and the filing of work reports
will be automated.

The plant design will permit many on-line maintenance activities; e.g., servicing fire
pumps, rotating screens, compressed air systems, heating boilers, cranes,
elevators, ventilation systems, house generators, circuit breakers, and redundant

components in process systems.

M&E craft crews will be comprised of 50% fully qualified mechanics with the
remainder being less-skilled mechanics and helpers. It is assumed that personnel
will be in training approximately 8% of the time. M&E crews will include the usual
distribution of machinists, welders, carpenters, riggers, pipe fitters, and
electricians. In addition, the concept of "General Mechanic™ will be utilized. The
General Mechanic is fully qualified in a specific discipline and trained to perform
non-complex work in allied disciplines; e.g., machinists may do some rigging,
pipefitting, and electrical work. To minimize labor relation and personnel issues,
these practices will be incorporated in labor agreements, and job descriptions will
define qualifications. This concept has been shown to improve labor productivity
and reduce cost at PECo’s Peach Bottom 2 & 3 and Limerick 1 & 2 Plants.

Two M&E craftsmen will be placed on each of five teams (total of 10 personnel)
to support operations. Administrative procedures will allow occasional overtime

to efficiently complete assigned work.

Inspection and maintenance of the turbomachinery will be accomplished after
removal from the PCS vessel. A spare turbomachinery unit (rotating equipment
inside the reactor coolant boundary) will be available for exchange with operating
units in any of the four reactor modules. This strategy will allow some decay of
radioactive isotopes plated on the turbomachinery and permit maintenance to be
performed while the plant is operating.

The M&E staffing estimate includes three annualized workers for turbomachinery
maintenance; i.e., the equivalent of 12 man-months every refueling outage to
remove and replace turbomachinery and to refurbish the unit when the plant is
back on-line. Provisions are also included for an additional 18 man-months of
temporary labor to supplement M&E maintenance staff. (In practice, to improve
the productivity of contract labor, about 20% of the temporary labor requirement
would be fulfilled by station forces working overtime.)

As discussed in the next section, the refueling strategy is based on the use of a
dedicated team. However, these personnel are utilized in that capacity only about
half time. When they are not engaged in refueling work, they are available to work

as maintenance mechanics.
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] This estimate is based on the judgement of senior utility personnel experienced
with both fossil and-nutclear plants.- For éx~ajgn’ple,*hdn-nuclear maintenance cost
estimates are extirasfé‘fa}tgd from' turbine plant «¢e8ts: at the Philadelphia Electric
Company’s Cromby Station; a;tWo-turbin'ie‘,‘d,OQ MWe fossil plant. In some areas,
estimates are based ori’data from the Fétt St. Vrain HTGR Plant.

In summary, it is estimated that M&E maintenance work for the plant can be
accomplished with one su'per@isor, three foremen’ (one of whom is electrical), and 43
craftsmen on permanent staff. An additional’7 annudlized craftsmen for scheduled
outages would be obtained from other sources.

3.2.2.1.3 REFUELING (4 Supervisors and 8 Technicians (annualized))

Plant availability is highly dependent on the success of refueling activities, and an
especially trained and qualified group is assumed for GT-MHR refueling operations. A
team-building concept will-be employed toimpart a high degree of individual commitment
to the group and to achieving refueling goals. Refueling Supervisors will be dedicated to
this effort, while non-supervisory personnel will be utilized as M&E craftsmen during plant
operation. The team members selected for this group will be trained to perform health
physics monitoring and to perform most aspects of mechanical, electrical and computer
troubleshooting attendant with refueling operations. This estimate is based on conducting
fuel handling activities with four shifts. One supervisor (with a special fuel handling
license) and four maintenance craftsmen per shift for a total of 20 personnel are required.

Refueling a reactor module is estimated to require 16 days, plus another 4 days for
fuel handling equipment setup, testing and removal. It is estimated that receipt and
inspection of new fuel and reflector elements, and the preparation of spent fuel and used
reflector elements for shipping, will require the equivalent of 17 days for the entire crew
per refueling interval, based on about one and one-quarter man-hours per block. In
addition, it is estimated that an equivalent of 6 days for the entire crew is needed for
replacing and shipping spent control rods and that preventive maintenance of fuel
handling equipment'? will require 2 days per reactor. Thus, for each reactor module, an
equivalent period of 46 days is required to receive and inspect new fuel, to refuel the
reactor and maintain equipment, and to ship spent fuel. Administrative procedures will
minimize discretionary absences during the refueling period, and some overtime work may
be required to cover short duration absences.

For the four reactor module plant, 20 personnel will be needed for the equivalent
of 184 days per 18-month refuefing interval or 123 days per year. The four Refueling
Supervisors will be engaged full time in work related to refueling. A portion of their time
will be spent in refresher training to maintain their special fuel handling licenses. For the
remainder of their time, they will be invelved in other activities related to refueling, such
as planning outages and assisting reactor engineers in developing the core alteration
pattern for each refueling. When the other sixteen workers are not engaged in refueling

2 Complex and corrective maintenance (e.g., break-down and overhaul) is assumed to be performed by
the Mechanical and Electrical Group {previous section).
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activities ( ~ 123 days per year), they will be used in routine maintenance activities. Thus,
the annual equivalent of 8 maintenance technicians per year is estimated for refueling.

3.2.2.1.4 INSERVICE INSPECTION (ISI) (1 ISl Supervisor and 2 NDE Examiners
(annualized))

The responsibilities of the ISI group include conducting nondestructive inspections
and tests of the reactor primary system in accordance with plant technical specifications.
The ISI Supervisor will be responsible for planning and administering IS| programs in
accordance with ASME Section X! requirements and reporting results to appropriate
regulatory authorities. This person will be trained in non-destructive examination (NDE)
methods and certified ASNT Level lll in the areas required by ASME Section XI. This
person will also plan and administer erosion/corrosion control programs for other plant
equipment. (Such programs would be conducted by other plant staff.) The COSO will
also be a resource in conducting this work. The ISI Supervisor’s principal interface will
be with the Technical Group.

Assuming 8 personnel per day during a 21-day planned outage for each of the four
reactors, it is estimated that the annual equivalent of two NDE certified examiners will be
required. In the interest of economics and effectiveness, this effort would likely be
subcontracted to NDE specialists.

In arriving at this estimate, it was assumed that IS| work will be conducted during
one outage per refueling interval per reactor and that work during the outage will be
continuous, vessel insulation will be minimal, and component insulation will be removable.
It is also assumed that the plant design will incorporate the means to automate ultrasonic
examination of the vessel welds; e.g., permanent tracks for vessel weld inspections.
Also, it is expected that some M&E personnel are qualified to perform NDE in accordance
with code requirements; e.g., ANSI B31.1, ASME XlI. Health physics services required
by the ISI program will be provided by plant staff.

Other ISI and surveillance activities will be conducted by plant staff. For example,
neutron flux monitoring, feedwater and mainsteam isolation valve functional tests,
pressure relief valve tests and reactor cavity cooling system screen and grating
inspections will be performed by plant staff in the Engineering and Performance Group.
Many of these activities will be performed during plant operation.

3.2.2.1.6 QUALITY CONTROL (5 Technicians (one is Lead))

The responsibility for quality control resides with cognizant group managers. While
no dedicated quality control personnel are assumed in the Operating, Technical, and
Administration Divisions; a dedicated Quality Control group is necessary for the
Maintenance Division because of the volume and variety of their work. One lead and four
other technicians with appropriate credentials in mechanical, electrical, instrumentation,
and health physics areas are deemed necessary. In certain cases, this group will provide
quality control services for operating evolutions.
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3.2.2.2 HEALTH PHYSICS SECTION (HP) (1 HP Supervisor, 11 HP Technicians)

The function of the Health Physics Section is to protect personnel from radiological
hazards, and their services are most frequently regdired by the Maintenance Division. An
organizational consideration is ywhether admjnistrative independence should be preserved
between Health Physics workers and. the pérsonnel they serve. As described in Section
3.2.4.7, it is assumed that -ofganization development programs will impart personnel
safety as an integral part of-the plant culture and minimize dissension between elements
of the same organization. It is therefore assumed thiat the potential for high productivity
will outweigh the benefits of organizational independence and the Health Physics Section
is assigned to the Maintenance Division.

It is also assumed that a cross-training program will prepare all operations and
maintenance personnel to do radiation monitoring for routine work and thereby reduce the
number of dedicated Health Physies personnel. This cross-training concept is very
important in containing operating costs and can be a significant contributor to the
effectiveness of the radiation protection program.

Itis estimated that a staff of 12 personnel, including:the Health Physics Supervisor,
is required. One person is assigned to each of six teams to support operations and
perform routine surveys. Two persons are required to administer the external dosimetry
program, which is assumed to be applied to only the nuclear areas of the plant. Four day
shift positions are estimated for Health Physics’ review of procedures and outage plans
and to support the ALARA program. '

3.2.2.3 SERVICES SECTION {1 Supervisor, 2 Foremen, 6 Craftsmen, and 6
Custodians) - :

The Services Section is comprised of Stores, Radwaste, and Grounds &
Housekeeping groups. It is responsible for managing the warehouse, maintaining plant
grounds and facilities, conducting certain aspects of the fire equipment surveillance effort,
and performing radioactive waste handling activities.

3.2.2.3.1 STORES (1 Foreman, 3 Warehousemen (craftsmen))

The Stores group receives, stores: and disburses both conventional and nuclear
safety-significant equipment in accordance with approved requisitioning procedures. It
also packages and ships articles as required. It is not responsible for procurement and
expediting functions. The warehouse activity will be highly automated to reduce the
number of personnel needed for record keeping and cost management. For example,
procurement data (such as component specifications and vendor information) will be
maintained in a computer database to facilitate re-orders, and an inventory control
program to procure items in anticipation of planned outages and thereby avoid warehouse
bottle-necks will be implemented. :
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It is estimated that one foreman and three warehousemen are requjred. These
personnel will normally work days but will be available to support refueling and
maintenance shift activities.

3.2.2.3.2 GROUNDS AND HOUSEKEEPING (G&H) (6 Custodians)

The Grounds and Housekeeping Program is important for the safe, efficient
operation of the plant because of the effect it has on maintaining employee morale. An
orderly plant also projects a statement of management attention to detail that can leave
a positive impression on both the public and regulatory agencies. Responsibility for
grounds and housekeeping will be shared by the G&H group and plant workers. The G&H
group is responsible for custodial work such as cleaning floors, walls, windows,
walkways, roads, lawns, and washrooms. While plant management must ensure that
housekeeping assignments do not interfere with principal job responsibilities,
non-supervisory plant workers will be assigned specific housekeeping work related to their
discipline; e.g., operators will clean motors and control boards upon completion of the
assigned tasks, and maintenance workers will clean-up the area after maintenance is
completed. Housekeeping in the nuclear area will require radiation protection measures.
(Control and clean-up of contaminated substances will be done by personnel from the
Radioactive Waste group.) One person from the G&H group will be assigned to perform
inspections and conduct minor maintenance on portable fire fighting equipment, first aid
kits, ladders, and fire hoses as part of the safety and fire protection programs.

Based on this housekeeping concept - which involves plant workers as well as
custodians - and considering the size and nature of the GT-MHR plant, it is estimated that
6 custodial personnel are required. It is assumed that much of their work will be routine
and that the group is supervised by the Services Section Supervisor.

3.2.233 RADIOACTIVE WASTE (1 Foreman, 3 Craftsmen)

The Radioactive Waste group is responsible for handling, processing, storing, and
shipping solid contaminated materials (e.g., laundering anti-contamination clothing and
cleaning respirators) and for handling and solidifying contaminated liquid refuse. This
group will also assist in liquid and gaseous waste transport under the direction of the
chemistry group and perform housekeeping chores in the nuclear area related to
contaminated substances. In addition, it assists the Refueling Team with handling,
storing, and transporting fuel elements.

This group is responsible for implementing the requirements of the Hazard
Communications Standard OSHA 1910.1200 and the plant hazardous materials program
which will include such provisions as the means to avoid the generation of mixed waste
requiring additional processing prior to disposal. The foreman will have special training
in OSHA regulations as well as regulations pertaining to the transportation of hazardous
and radioactive waste materials. The foreman will interface frequently with shift
operations supervision and, with support from the chemistry section, act as a principal
interface with OSHA and other regulatory personnel. The plant hazardous waste program
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will be established prior to plant Operatuon It is estimated that one supervisor and three
craftsmen are required. : S

3.2.24 MAINTENANCE PLANNING SECTION (MP)
t

This Section is compﬂsed of Outage Planmng, Spare Parts, Maintenance
Procedures and Preventive M’ﬁmtenance groups. An imp6rtant assumption in estimating
the resources required for the Maintenance Plannmg Seqtuon is that the plant has a
comprehensive computerizéd information management systéem (CIMS). CIMS is expected
to facilitate the work order process; the analysis (tracking and trending) of equipment
failures; and documenting equipment history; repair times, and costs for use in planning
future work.

3.2.2.4.1 OUTAGE PLANNING (1 MP Supervisor and 4 MP Technicians)

The Outage Planning group is responsible for planning reactor refueling, inservice
inspection, preventive and corrective maintendnce, and plant modification activities to be
accomplished during planned outages. For the GT-MHR, the outage critical path will likely
be determined by the duration of activities required for refueling. It is assumed that
turbomachinery maintenance will be conducted off-line as described in Section 3.2.2.1.2.
An effective, user friendly CIMS is expected to be in -pltace such that the status of tasks
can be maintained by individual task leaders.

Effective outage managementis critical to achieve projected plant performance and
economics. Accordingly, it is assumed that an MP Technician is dedicated to each
reactor module to ensure the completeness of ‘planning prior to outages and the effective
execution of schedule critical path activities during the outage. Before the outage, the
MP Technician will meet frequently with plant management and group supervisors to
schedule activities, identify constraints, and establish the outage critical path schedule.
During an outage, the MP Technician must maintain the status of in-progress work
activities and provide management with the information needed to make timely decisions.
Records of outage work, decisions made with regard to unanticipated work, and the cost
of work will be maintained by this group for use in future planning activities and
management prudence reviews; e.g., rate base hearings.

It is estimated that an MP Supervisor with one MP Technician for each module is
required. During an outage, those MP personnel for unit(s) remaining on-line will be
available to assist with work on the unit(s) being serviced.

3.2.2.4.2 SPARE PARTS (1 Foreman)

This person is responsible for identifying and procuring spare parts in accordance
with the Spare Parts Program estabished prior to plant startup. This person must be
knowledgeable of plant equipment and able to expedite procurement when necessary.
An experienced maintenance person or storekeeper can serve in this position. When
follow-on plants are deployed, this person will interface with COSO on matters pertaining
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to pooled inventory. It is expected that an effective CIMS will be used to automate
procurement, inventory control and record keeping.

3.2.2.4.3 MAINTENANCE PROCEDURES (1 Foreman)

This person is responsible for updating maintenance procedures provided at plant
startup. Duties entail resolving procedural issues with component specialists and acting
as a facilitator in developing revisions. It is estimated that one person with a background
in maintenance work and experienced in developing procedures will be required.

In making this estimate, it is assumed that a quality assurance program graded in
accordance with the safety-significance of equipment has been implemented. COSO will
play an important role in both assuring stability of detailed requirements and reducing the
effort required of plant staff.

3.2.2.4.4 PREVENTIVE MAINTENANCE AND EQUIPMENT QUALIFICATION (PM/EQ)
GROUP (1 Engineer and 1 Technician)

These personnel are responsible for managing the Reliability Centered Maintenance
(RCM) program established prior to plant startup. They will work closely with plant
professional staff and maintenance organizations to implement and document the
program. The RCM program will utilize GT-MHR baseline reliability data supplemented by
data from the INPO Nuclear Power Reliability Data System (NPRDS). Predictive
maintenance based on equipment failure history via the NPRDS, computerized diagnostic
instrumentation, and component tests (e.g., vibration testing of rotating equipment) will
complement a traditional preventive maintenance program. It is expected that about one-
third of maintenance activities will be corrective and two-thirds preventive. COSO will
provide an additional technical resource for this effort. The engineer and technician will
work closely with the Maintenance Planning technicians.

This group will also be responsible for assuring compliance with equipment
qualification (EQ) requirements. It is assumed that the design will avoid locating
important instrumentation and equipment in harsh environments and that it will
incorporate sufficient redundancy to facilitate on-line testing and maintenance of such

equipment.

Given a highly user friendly CIMS that allows craftsmen to access work orders and
input data, and support from COSO; it is estimated that an engineer and a technician can
adequately cover this effort.

3.2.3 TECHNICAL DIVISION

The Technical Division is responsible for apprising management of the operational
and regulatory status of the plant. An appropriately qualified staff of technical
professionals is necessary to fulfill this function. While system and component design
information can be obtained from vendors, it is incumbent on the operating oerganization
to master the safe, economic operation of the plant in accordance with the plant
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operating license. This group moniters overall plant performance, supports operation and
maintenance, and maintains ligison with regulatory agencies, INPO and vendors. Itis also
responsible for interpreting d#&a froth-off-site radioactivé and environmental monitoring
activities. COSO will provide a technical resource in thisefifort.

The Technical Division is organized in groups dedicated to Licensing and Regulatory

activities and to Plant Engineering and Performance monitoring.

3.2.3.1 LICENSING ANQ-REGULAF'IZORY (1 Supervisor.and 3 Engineers)

This group reports to the Technical Division Manager and is responsible for the

following functions:

Characterizing the issues/events leading to operating anomalies and coordinating
their disposition with the appropriate agencies; i.e.:

> Filing Operating Experience Assessment (OEA) Reports (e.g., preparation
and submittal of Significant Operator Experience Reports, Safety Evaluation
Reports, Service Information Letters, Licensee Event Reports, and response
to generic letters)

> Managing the fulfillment qf commitments in response to OEA reports and
other obligations. :

> Developing and processing amendments to technical specifications.

Coordinating plant visits by organizations such as NRC, INPO, ANI, and state and
local representatives.

Attending all entrance and exit meetings with the above organizations, as well as
supporting internal and external quality assurance audits.

Coordinating, reviewing, and transmitting formal communications with the
aforementioned groups. While this function may not include the development of
original information, it does include delegating that function to the appropriate
plant organization.

Monitoring changes in the Code ef Federal Regulations that pertain to nuclear and
environmental matters and coordinating company responses as required.

With support from COSO, it is estimated that one Supervisor and 3 engineers can

fulfill this role.
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3.2.3.2 ENGINEERING AND PERFORMANCE (E&P) (1 E&P Super:visor, 5 E&P
Engineers, and 4 E&P Technicians)

The principal responsibilities of the Engineering and Performance group are to
monitor process parameters and system performance, analyze and report performance
data and trends, coordinate and review the results of surveillance tests, provide systems
engineering services, and conduct the off-site environmental monitoring program. In
addition, this group is responsible for design, installation, post-installation acceptance
testing, revisions to O&M procedures, and configuration management of minor
modifications to the conventional aspects of the plant. This group will work closely with
the preventive maintenance engineers in implementing the RCM Program. (Performance
monitoring and systems engineering for reactor and fuel handling equipment will be done
by the Reactor Engineering group.)

It is assumed that a highly effective CIMS will be in place to assist the plant
engineering staff in monitoring plant performance and conducting technical work. The
engineers in this group will complete the Licensed Operator Certification Program. It is
estimated that this effort can be achieved with one supervisor, 5 engineers, and 4
technical assistants for a total of 10 personnel.

3.2.4 ADMINISTRATIVE DIVISION

The Administrative Division is responsible for security, training, personnel
administration, emergency planning and public affairs, safety and fire protection, records
management, and general clerical support.

3.2.4.1 SECURITY (1 Supervisor, 5 Foremen, 42 Guards and 2 Clerks)

The security force estimated for the Prototype plant meets the current
requirements of Title 10 of the Code of Federal Regulations, Part 73, §73.55
(10CFR73.55). A total of 50 personnel, of which 10 are available to relieve other
security personnel, are provided on a five shift basis.

Security supervision consists of one security supervisor and five shift security
supervisors. The central and secondary alarm stations are manned with one alarm station
operator per shift. Four fully qualified guards are provided on a five shift basis to provide
access control, fulfill patrol requirements, and act as armed responders. The five shift
arrangement allows for training on day shift and for relief.

One full time security instructor and a full time locksmith are included on day shift.
The instructor is responsible for classroom training, proficiency demonstrations,
qualification records, and procedure maintenance. The locksmith controls and issues
keys, installs and maintains locks, and conducts required surveillance tests.

Two clerks are provided to screen visitors and issue clearances, to maintain
procedures and records, and to perform other clerical duties.
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This force provides the shift complement required by current regulations. The shift
supervisor and four armedrx’g"uards comprise the-armed response force. No relief personnel
are provided for the centrat’and secondary alarm stations, and additional personnel may
be required during long outages ‘While TOCFR73.55 currently requires a minimum force
of five armed responders_ and the use of1“deadl8' f0‘rce if necessary, some relaxation in
mandated security response may be: arikicipated for the GTMHR because of its safety
characteristics, the small ‘number of vutal areas in the plant and developments in
electronic security measures.

3.2.4.2 TRAINING (1 Supervisor, 6 Instructors, and 1 Clerk/Typist)

The plant training organization is responsible for providing personnel training in
support of operator licensing and requalification and general employee indoctrination in
the following areas: maintenance, instrumentation, controls, health physics, chemistry,
non-licensed operator progression and’ continuing education, right-to-know, fitness for
duty, fire fighting, first aid, and industrial safety. In addition, the training organization will
instruct selected plant staff in technlcal Wrmng as it pertains to developing and revising
procedures. State-of-the-art training ajds will’ be utilized to improve quality and reduce
cost. Training programs will meet NRC ‘mandated operator licensing and requalification
programs as well as industry (e.g., INPO) training and requalification program
requirements.

The following assumptions were made in estimating the training force:

° INPO certification by the National Ac‘a:demy of Nuclear Training is required.
° Training services will be supplied for approximately 240 site personnel.
. Shift operators and certain licensed engineering staff may be in training 10% of

their time. It is assumed that the Licensed Qperator Requalification Program can
be accomplished in three days during each shift cycle, for a total of 24 days per
year. Operators are trained by COSO instructors on a simulator for one week a
year.

Craftsmen and technncnans may be in training 5% of their time for nuclear
requalification, emergency plannlng, first ald fire- flghtlng, safety, and computer
literacy.

An interactive computerlzed tralmng program will be utilized to facilitate
individual education an’d training.

The principal functions of the Tramrng group are administration, lesson preparation,
lesson delivery, and periodic rewview and upgrading of lesson plans. Some
instructors will be requrred to hold NRC instructor certaflcatlon
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The ratio of course "non-classroom” to classroom time for instructors is 3:1.%

This estimate is based on the experience of senior utility operations management
personnel with both nuclear plant and maintenance training facilities, as well as the
experience of nuclear plant training managers. In summary, it is estimated that this
workload can be handled by one supervisor, one clerk/typist and six instructors.

3.24.3 PERSONNEL ADMINISTRATION (3 Clerks and 1 Nurse)

This group is responsible for personnel records and performance reviews, payroll, |
plus employee and medical services. It reports to the Administrative Division Manager. 1
It is assumed that most record keeping and data handling functions are computerized.
This group performs the following services:

o Maintenance of employee service records and the protection of confidential
information.

Review and approval of personnel performance reviews conducted by line
organizations, coordination of wage and title changes and updating of personnel
files.

Administration of employee benefits and payroll functions, including review and
approval of time charged by personnel in line organizations, enrolliment in and
changes to employee insurance and other benefits, withholding tax elections, etc.

Maintaining a small site medical facility on day shift to conduct some physical
examinations and provide documentation for re-licensing applications, as well as
to handle routine illness reports, minor accidents, and drug testing. Medical needs
during afternoon and night shifts will be met by the first aid team or off-site
medical services. The nurse is expected to assist in the employee training related
to medical topics; e.g., first aid, cardio-pulmonary resuscitation, drug:and alcohol
abuse, etc. The nurse position is considered to be cost effective and highly
beneficial to employee morale.

All of these personnel are required to protect employee confidential information.
It is estimated that the Administration Division Manager and the staff of three clerks and
a nurse can provide these personnel administration functions.

3.24.4 EMERGENCY PLANNING & PUBLIC AFFAIRS (1 Engineer)

This person is responsible for coordinating on-site emergency plan requirements
and communicating with off-site organizations in accordance with the Emergency

o "Non-classroom” instructor activities include preparing course material, assisting and evaluating
students, and documenting compliance with mandatory training. While this ratio is consistent with current
practices, it may be overly conservative since it does not account for instructors presenting the same subject

matter to several classes and the potential for computer automated administration. |
|
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Preparedness Plan. All supporting positions required.to implement the plan will be filled
by plant staff. GT-MHR safety attributes: (i.e, an extremely jow risk to public health and
safety and long time intervals to-implement weell-considered recovery actions) eliminate
the need for an extensive corpgrate or commubnity response; organization to develop and
periodically exercise emergency procedures and conduct training exercises. State and
local plans that already exist for dealing with other industrial and natural hazards can be
used to respond to potentiat GT-MHR accidents. -The staff size and cost associated with
the emergency planning fufiction at the GT:MHR should be significantly smaller than that
for current LWR operations.

This person will also‘act“as public relations representative and spokesperson for the
site. A person trained in plant operation and emergency planning requirements and skilled
in liaison with political groups is required.

3.2.4.5 RECORDS MANAGEMENT (1 Foreman, 3 Clerks)

This group is responsible tor maintaining a complete record of the plant design
basis with appropriate supporting documents in accordance with prevailing NRC
regulations; i.e, records maintenance aspects of the Configuration Management Program.
This group will maintain and store as-buiit drawings, vendor manuals, correspondence,
and other documentation necessary to control and maintain plant configuration. Itis also
responsible for distributing and controlling procedures and other documents pertaining to
plant operation and for storing records in accordance with the requirements of 10CFR50,
Appendix B, which will be subject to audit. This group will work closely with the Reactor
Engineering and the Engineering and Performance groups. COSO will be aresource in this
effort.

It is expected that the plant design will incorporate a highly automated information
management system and provide for electronic records keeping. On this basis, it is
estimated that a foreman and three clerks, who normally work on day shift, can fulfill
these function. ‘ ’

3.2.4.6 CLERICAL & STENOGEAPHIC (5 Cierks)

This group is responsible for pooled secretarial and clerical services, and one is
allocated to each of the following managers:

Plant Manager

Operations Division Manager
Maintenance Division Manager
Administrative Division Manager
Technical Division Manager

It is expected that the computerized plant information management system will
greatly reduce the clerical work load found in current nuclear plants and that staff
members will have routine access to the system. Computerized text management
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programs will permit most of the staff to produce correspondence which formerly required
secretarial or clerical support. -

3.2.4.7 INDUSTRIAL SAFETY AND FIRE PROTECTION (1 Engineer)

A full time safety professional will be responsible for the plant industrial safety and
fire protection programs. Safety is considered a line responsibility that exists at every
level in each department. Line managers are responsible for the safety of their operations
and the employees involved. Safety is expected to be an integral part of every job, and
it will be a priority factor in developing work procedures. Indoctrination in the principles
of good safety practices; e.g., the notions that individual employees are responsible for
their own safety and the effect of their actions on fellow employees, will be an integral
part of the plant staff training and organization development programs.

It is estimated that one supervisor with professional credentials in this field can
conduct the safety and fire protection programs provided the aforementioned
management principles and individual commitment to safety and effective safety training
programs are implemented. This person must be experienced in industrial safety, and
cognizant of OSHA regulations, fire protection, and fire fighting programs.

3.3 SPECIFIC OPERATION AND MAINTENANCE EXPENSES

3.3.1 MAINTENANCE MATERIALS

Maintenance materials consist of noncapitalized hardware used in normal
maintenance activities such as clothing; gasket materials; valve stems, bonnets, O-rings
and packing; welding and pipe fitting materials, etc. The fixed portion (i.e., independent
of power output) of this account is estimated as 37.5% of total salaries of craft and
supervisory personnel. The variable component is assumed to be 12.5% of these
salaries, multiplied by the ratio of actual to the design capacity factor. (This ratiois 1 for
the purposes of this report.) These factors were used in prior studies (References 3, 4,
5, and 6) and are considered adequate for the GT-MHR at its current stage of
development. In the future, some adjustment may be appropriate to more accurately
reflect the simplification of the plant due to changing from steam cycle to Brayton cycle

plants.
3.3.2 SUPPLIES AND EXPENSES

The supplies and expenses account includes the cost of consumable materials that
are unrecoverable after use and of contract services for non-maintenance activities. The
estimated annual cost of supplies and expenses shown in Table 3-4 was derived from
discussions with Fort St. Vrain operations personnel, consultation with fossil plant
management at the Philadelphia Electric Company’s Cromby plant, and consideration of
experience at LWR plants.

The annual cost of makeup materials is estimated at $1,026,000. This cost is
dominated by a $967,000 per year allowance for helium makeup, based on an expected
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. Table34
ANNUAL COST OF SUPPLIES AND EXPENSES (K$, 1994)

MAKEUP MATERIALS ; , - $1,026

» Helium - $967

» Chlorine - $15

» Lubricants - $10

» Resin and Regeneration Chémicals - $34

MISCELLANEOQOUS $546

» Payroll Computation, Budget,
Corporate Accounting, etc. - $105

» Facsimile/Telephones - $63

» Office supplies, copying, postage,
security background, psycholpgical
testing, drug testing, transportation,
laboratory chemicals, -uniformis, tools,
janitorial supplies, etc. - $378

TRAINING AND ASSOCIATIONS , $370
» Professional Off-site Training/Supplies - $84

» COSO Simulator Instryction - $210

» Association Expenses (e.g. INPO) - $76

WASTE MANAGEMENT $291

» Low Level Radioactive Waste - $236
» Non-Radioactive Waste - $55.

TOTAL ANNUAL FIXED COST OF SUPPLIES AND EXPENSES $2,233

ANNUAL VARIABLE COS_T OF CONTROL RODS AND REFLECTORS $3,700

» Replacement Control Rods and Reflector Blocks - $2,950
» Disposal of Used Control Rods and Reflector Blocks - $750

OTHER ANNUAL VARIABLE COST OF SUPPLIES AND EXPENSES $735

» 0.1 Mills/)KWH @ 80% Capacity Fagtor - $735
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loss of two helium inventories per year. (That is, the operating helium inventory of each
reactor is 10,000 pounds, and a total of 80,000 pounds at a cost of $12.08 per pound
is assumed lost each year). This assumption is thought to be conservative by former
plant managers of the Fort St. Vrain and Peach Bottom 1 HTGRs, given appropriate
attention to the design of helium piping and valves. Estimates for other materials are
based on costs budgeted at plants with similar cooling water and makeup systems.
Compared to steam cycle systems, the cost of lubricants, hydrogen and carbon dioxide
are greatly reduced because the gas turbine is operated in a helium environment, and
costs associated with makeup water requirements are also much reduced because of the
absence of a steam and feedwater systems.

Estimates of miscellaneous, training and association, and waste management costs
are judged to be representative. The training and association expenses include supplies
for on-site training, fees for off-site professional training, and the cost of services for
COSO simulator instruction. Also included are the cost of participating in industry
professional associations, such as employee participation in the INPO and NEI activities
(38 trips at $2,000 each). Waste management expenses include an allowance of
$236,000 per year for compressible dry and other immobilized (e.g., with cement) low
level radioactive waste and $55,000 per year for non-radioactive locally disposed waste.

The variable component of supplies and expenses; i.e., those that vary in relation
to power output, is dominated by the cost of replacement control rods and reflectors
estimated at $2.95 million per year and the cost of disposal of used control rods and
reflectors estimated at $750,000 per year (Reference 13). The latter includes an average
allowance of about $150 per cubic foot for disposal at a government site. Other variable
costs are expected to be small for a base loaded plant. Examples are the variable cost
of resin and regeneration materials and chemicals for feedwater demineralizers. An
allowance of 0.1 mills per kilowatt hour, or $735,000 with an 80% capacity factor, has
been included.

3.3.3 OFF-SITE TECHNICAL SUPPORT (5 Corporate, 156 COSO Consultants)

It is estimated that the annual equivalent of 15 COSO professional personnel to
support plant operation and maintenance will be required. This estimate does not include
an allowance for consultant support of plant modifications and capital improvements,
which should be few with standardized plants. In addition, five quality assurance
professionals assigned to corporate staff will fulfill the NRC requirement that the quality
assurance function be independent of plant management.

These estimates of off-site technical support are based on the specialist assistance
needed to fulfill NRC requirements and to operate the plant in a cost effective manner.
Prudent management also requires access to experts on plant design and technology to
assist plant staff in regulatory matters and in technical investigations, engineering, and
problem resolution. For the GT-MHR, such services will be provided through COSO. The
COSO role is envisioned as a means of extending design standardization to plant
operations and as a cost effective means of providing specialist resources to plant
owners. As described in Appendix B, COSO functions will include generic operating
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practices, development and }naintenance of plant operating programs, central fuel
management support, and cefittal vendor qua‘lificati%'r\i‘..,;,' Generic regulatory interactions,
wherein COSO acts as the poirit 6f inquiry and response-to proposed regulatory changes,
is considered a particularly critical function for avoiding t,h?,f'economic risks associated
regulatory ratcheting and instability at current nuclear plants.

As a cautionary note, off-site technical support costs will rise significantly if the
staff is not well trained in:GT-MHR plant operation and’ the COSO is not functioning
effectively. Further, the plant staff must be provided With detailed programs and
procedures and be principally engaged in implementing those programs with very little
effort required for program developrment or revision. As noted earlier, it is assumed that
these programs and procedures will-be developed with owner/operator involvement during
Prototype Plant development and deployment (see Appendix C for more information on
plant operating programs).

It is also noted that most current nucledr plants are supported by large off-site
organizations and a cadre of consultants. Much of the work being done by these
organizations results from post-TMI regulatory-imposed design changes and NRC and
INPO program requirements to avoid a‘recurrence of an accident like the one at TMI.
Additionally, other expectations‘bf INPO and insurance carriers have created a heavy
workload in this area. It is anticipated that such derriafnds on current plants will be
significantly reduced as the need for modifications and new programs is reduced. For
these reasons, and the fundamentally different dpproach to nuclear safety afforded by the
GT-MHR that precludes core m:e‘ltx(and disarray like TMI, a stable regulatory environment
is assumed. Key factors in bringing this about will be NRC certification of a standard
commercial GT-MHR plant design via démonstration testing of the first module; i.e., the
Prototype Plant. Another key, factor :in sustaining such an environment will be
establishment of COSO as an owner/operator-based central technical support organization
in concert with Prototype Plant deployment.

3.3.4 PAYROLL TAXES, PENSIONS AND BENEFITS

Payroll taxes, pensions and benefits are estimated to be 37% of the total salaries
and wages for on-site and corporate off-site staff. Of this amount, 10% is legally
required Social Security (7.5%) and Worker's Unemployment Compensation (2.5%)
benefits. The latter varies widely depending -on' the company’s claim history. Benefits
not legally required but found in slightly varying amounts in most nuclear companies are
about 25% of salaries and wages. These include pensions and premiums for group life,
accident and disability insurance. Since staff costs are computed on the basis of full
employee salary, absent time benefits (i.e, holidays {10 days), vacation (15 days) and sick
leave (7 days)) of about 12.5% are not included. However, another 2% is included to
recognize premium time paid to shift employees for holiday work, night shift, and certain
weekend shifts. These assumptions are consistent with lohngstanding ORNL guidelines
provided in Reference 9. ,
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3.3.5 NUCLEAR REGULATORY COMMISSION AND OTHER NUCLEAR FEES

NRC regulations provide for recovery of expenses by collection of fees from reactor
licensees. Fee information can be found in 10CFR170/171. All operating reactor
licensees must pay a Power Reactors fee which is essentially the same for each type.
Also an additional surcharge is levied on operating reactors to recover certain NRC costs
not directly or solely associated with operating reactors. Fees are assessed for reviewing
applications and responding to requests for licenses, approvals, amendments, and
inspections and vary from year to year. These fees are calculated using a published NRC
hourly rate with maximums in some categories. Under certain cases, exemptions from the
annual fee may be granted by the Commission. Also, the size of each reactor compared
to total electric output may be a basis for determining the fee. In addition, INPO and NEI
are sponsored by nuclear utilities and serve primarily as advisors to nuclear operating plant
management on regulatory matters. They recover costs by fees levied on participants.
Fees associated with these entities are summarized in Table 3-5. The NRC fees are
consistent with ORNL guidelines provided in Reference 9, while fees for INPO and NEI are

based on utility experience.

Table 3-5

NRC AND OTHER NUCLEAR FEES (K$, 1994)

COST
] NRC FEES

> Annual Facility $2,800
> Operating Reactor Surcharge $ 270
> Inspection {(maximum) $ 300
> Amendment Requests $ 130
> 10CFR55 - Operator License Review Test $ 40
TOTAL NRC FEES $3,540
o INPO FEES $ 390
NEI FEES $ 220
TOTAL NRC, INPQ, AND NEI FEE $4,150
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3.3.6 NUCLEAR LIABILITY AND PROPERTY DAMAGE INSURANCE

Nuclear liability msyraum:e protection of $200 mﬂhon is required for any plant with
greater than 100 MWe output;. ThI-S coverage: lgsures agamst losses due to bodily injury
and property damage to others arising from -a nuelear mcndent The 1988 extension of
the Price-Anderson Act set-the limit.of ligbility of a-nuclvea-r ‘incident at $7 billion per loss.
Commercial nuclear insurance pools provide the- first sg,eo‘ million, and each operating
licensee can be assessed up to $10 milkon per reactorﬁper year/per loss for the balance.

The insurance premmm for the . pnmary $200 million insurance coverage is
dependent on population density surrounding  the site. Multiple units qualify for a
discount. Treating the four-reactor ‘GT-MHR plant as a unit, this insurance is estimated
to cost $630,000 per year. This assumption is consistent with the ORNL guidelines in
Reference 9. The secondary financial protection requirement through participation in the
pool of nuclear plant licensees costs $11,000 per year.

Liability coverage is also extended to suppliers and transporters. An allowance of
$7,000 is provided for this expense. Anindemnity fee of $3,000 is assessed by the NRC
to cover administrative costs of certifying that insurance is in compliance with
regulations. The total premium for Ilablhty insurance is estimated at $651,000 per year.
Approximately 75% of paid premiums are placed in a reserve fund and become available
for return after ten years based on the l'oss experience of the pool.

Nuclear property insurance coverage insures against direct loss, resulting from
radioactive contamination and all other risks of direct physical damage on a replacement
cost basis. Deductibles of $500,000 to $1.0 million are common practice. The minimum
coverage of about $1.1 billion is assumed to be applicable based on the guidelines in
Reference 9. .

The first $500 million of property insurance coverage is provided by either the
commercial nuclear insurance pool or Nuclear Mutual Limited. The excess over $500
million is provided by a combination of Nuclear Electric Insurance Limited (NEIL) and
commercial nuclear insurance pools. The- insurance premium is estimated to cost $2.5
million per year for primary coverage and. $1.261 million per year for excess coverage.
These premiums are also consistent with the ORNL guidelines in Reference 9. Nuclear
insurance costs are summarized in Table 3-6. Premiums for replacement power insurance
at an annual rate of $530,000. are also included in the estimate.

3.3.7 OTHER GENERAL AND ADMINISTRATIVE (G&A) EXPENSES

For the purposes of this estimate, other G&A expenses are estimated as 15% of
the sum of direct power generation costs (the sum.of costs for on-site staff, maintenance
materials, supplies and expenses and off-site support). This rate for G&A expenses is
consistent with utility ownership and in accordance with Reference 9. Somewhat
different rates may be appropriate for non-utility ownership (e.g., Independent Power
Producers). Property taxes and the cost of interim replacements are not included in this
report but are considered in estabtishing the plant capital cost fixed charge rate.
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Table 3-6
NUCLEAR INSURANCE PREMIUMS (K$, 1994)

COVERAGE COST

° PUBLIC LIABILITY - $200M

> Primary $ 630
> Secondary $ 11
> Suppliers and Transporters $ 10
and Indemnity Fee
Total Liability Premium $651
PROPERTY DAMAGE - $1100M
> Primary Coverage $2,500
> Excess Coverage $1,261
Total Property Damage Premium $3,761
Total Insurance Premium $4,412

3.4 SUMMARY OF LEAD PLANT OPERATION AND MAINTENANCE COSTS

The results of this study show an annual operating expense for the GT-MHR Lead
Plant of $43.5 million or 5.9 mills per kilowatt hour at an 80% capacity factor. As
summarized in Table 3-7, plant staff size is estimated at 300 persons. This estimate
includes the annual equivalent of a number of technicians and craftsmen used to
temporarily supplement permanent staff during planned outages."

“ A reviewer commented that the plant organization shown in Figure 3-1 and tabulated in Table 3-7 poses a
disproportionate number of management personnel; i.e., about 20% have the title and salary of manager,
supervisor or foreman. While alternate organization structures are certainly possible, the focus of this effortis
on estimating the resources required to accomplish the plant functional needs identified in Table 3-1; i.e., the
plant organization shown in Figure 3-1 merely provides a convenient structure for the estimatingprocess. Since
most of the personnel positions in question are assumed to perform plant functional as well as personnel
management duties, the effect on estimated O&M costs is thought to be small. Another reviewer noted that
significant variances (i.e., on the order of 20%) in the salaries of individual positions, such as between the
technical and administrative managers, occur in practice as a result of differences in the skill-level required of
parallel positions. This estimate has adopted the salary structure posed in ORNL guidelines (Reference 9).
Refinements such as those noted may be appropriate in future estimates.
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Table 3—7
GT—MHR LEAD PLANT STAFF (949%)
el : ’ |
‘ Salary Number Total
Position (949) . Staff Sabrries
Plant Manager 128,176 1 128,176
Operations Division " ¥Manager 59;*3,08 1 89,303
Chemistry | SupenVisor 65,769 1 65,769
"Chemist 61,041 1 61,041
Technician 45,807 S 229,036
Reactor Engr. Supervisor 65,769 1 65,769
Engineer 56,314 2 112,627
Shift Operations Supervisor 65,769 1 65,769
Shift supv. 65,769 18 1,183,844
Operator 55,158 44 2,426,944
'Shift clerk 34,040 2 68,081
Subtotal Operations 76 4,368,184
Maintenance Division Manager 89,303 1 89,303
Component Maint. Supervisor 61,041 8 488,331
Foreman 55,158 4 220,631
Craftsman . 43,391 43 1,865,805
Annualized 43,391 19 824,425
Technician 43,391 21 911,207
Programmer 55,158 2 110,316
Heatth Physics Superyisor 61,041 1 61,041
Technician 47,068 1 517,748
Services Supervisor 61,041 1 61,041
Foreman 55,158 2 110,316
Craftsman 43,391 6 260,345
Custodian 30,993 6 185,961
Planning Supervisor 61,041 1 61,041
| Engineer 55,158 1 55,158
Foreman 55,158 2 110,316
Technician 46,963 5 234,815
Subtotal Maintenance . 134 6.167,799
Technical Division Manager 89,308 1 89,303
Licensing | Supervisor 65,769 1 65,769
Engineer 56,314 3 168,941
Engr & Pertf Superyisor 65,769 1 65,769
Engineer ' 56,314 5 281,568
Technician 45,807 4 183,229
Subtotal Technical 15 854,578
Administrative Division Manager 89,303 1 89,303
Security Supervisor 45,807 1 45,807
Foreman 34,040 5 170,201
Guard+2 cik 30,573 44 1,345,220
Training Supervisor 61,987 1 61,987
| Instructor 55,158 6 330,947
Clerical - 34,040 1 34,040
Personnel Admin. Clks&Nurse 34,040 4 136,161
Emergency & P.R. Engineer 56,734 1 56,734
Records Mgt. Foremen 45,807 1 45,807
Clerical . . 34,040 3 102,121
Clerical Clerical 34,040 5 170,201
Safety & Fire Engineer 52,531 1 52,531
Subtotal Administrative 74 2,641,061
Total Site 300 14,159,798
Offsite Staff, Corporate 45,800 5 229,000
Offsite Consultants, COSO 110,700 15 1,660,500
Total O&M Staft 320 16,049,298
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A detailed breakdown of cost results is shown on Table 3-8. Power generation
costs, including staff salary and payroll taxes, maintenance materials, supplies and
expenses and offsite technical support, amounts to $26.5 million or 61% of total O&M
costs. The estimated G&A costs, which includes employee benefits, nuclear liability and
property damage insurance, fees and dues, is $17.0 million or 39% of total. O&M costs.

It is important to note that this estimate is based on known requirements,
supplemented by the judgement of senior utility operating personnel. On this basis, these
projections are considered to be a mean estimate; i.e, actual costs are expected to have
an equal likelihood of being higher or lower.

3.5 O&M COSTS FOR THE GT-MHR PROTOTYPE PLANT

The deployment strategy for the GT-MHR uses the first reactor module of the four
unit Lead Plant to conduct demonstration testing in support of NRC design certification.
The Prototype Plant will be constructed and operated for several years before the addition
of the second, third and fourth modules.

O&M costs for the Prototype Plant were derived by assessing the portion of Lead
Plant resources described in the previous section that are required for operation of a single
module. Staff size, materials and services are reduced, but not proportionally. In effect,
this strategy delays hiring the full complement of plant staff. (Staff buildup is described
in Section 6.) Supplies and expenses, materials, services, fees,insurance and other costs
are adjusted for the reduced staff size and power output.

The deployment plan summarized above entails conducting formal testing programs
in support of design certification. This effort will require that operating procedures unique
to test conditions be supplied to the operating entity and appropriate . training be
completed prior to startup. It is also expected that vendor and regulatory personnel will
participate in demonstration testing as test consultants and observers. COSO will
represent operating interests in the definition, development and conduct of the

demonstration program.
3.5.1 PROTOTYPE PLANT STAFFING

Table 3-9 presents a breakdown of staff positions corresponding to the detailed
descriptions in Section 3.2 and identifies the reductions for the single module Prototype

Plant.
3.5.1.1 PROTOTYPE PLANT OPERATIONS DIVISION STAFFING

Compared to that for the four module Lead Plant, the Operations Division is
reduced from 76 to 40 personnel due to a reductions of 1 shift operations manager, 5
plant supervisors, 12 control room and 12 roving operators, and one clerk, :1 .5 reactor
engineers, and 1.5 chemists and 2 chemistry technicians. Thus for each shift, the
Prototype Plan has two supervisors with SRO licenses: one overall plant supervisor and
a supervisor in the control room. The control room supervisor is required' by current
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GT—MHRLEAD RL/ MARY (94%)
Plant Pefformance ¢ -t L
Net Plant Rating, MWe. .~~~ R 1,050
Base Capacity Factor, % . Ny 80
Annual Net Generation. otk . . 1 7,356
Power Generation Costs: ghonjyeal) -t g
On-—site staff salary and pay“folvl taxes 300 lpéarsons 15.58
Maintenance materials =~ LT :
Fixed . . 1.66
Variable o L 0.55
Subtgtal st .. - o - 2.21
Supplies and expenses T
Fixed LT R 2.23
Variable Reflector Blocks and ¢aniitfbl Rods® - 3.70
Variable e 0.74
4 Subtetal t 4y anr . 6.67
Offsite technical support 4‘ W '
Corporate R 5 pérsons 0.43
COSO ‘. ‘ u ‘ . . 15 persons 1.66
Subtgtal - . <y : 2.09
Subtotal, power generati@nieb‘sts_- e TR
Fixed . SR 21.56
Variable e 4.99
Subfotal ;. 26.55
General and Administrative Cog:s‘(srrﬁfhon/year) '
Pensions and benefits - : 3.89
Nuclear regulatory fees S 4.15
Liability insurance . j , 0.65
Property insurance ! : o , 3.76
Replacement power msurance L 0.53
Other general & admunnstra&a\{e gx;@en‘ées e 3.98
i 16.96
Total O&M Costs ($mqﬂaon/y§m e |
Fixed ™ .; . ¢ 38.52
Variable - S : 4.99
Total Nonfuel O&M Costs, $m|tﬂon/yr o o 43.51
Total Nonfuel O&M Costs alsfk\yh N ) 5.92
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Table 3—9
LEAD PLANT PROTOTYPE PLANT SEE SECTION3.5.1
PLANT STAFF POSITION (4 MODULES) (1 MODULE) SUMMARY FOR EXPLANATIONS
STAFF TEAMS TOTAL | STAFF TEAMS TOTAL | LEAD PROTO DELTA L P | OF DFFERENCES
PLANT MANAGER 1 t 1 1 1 1 1 1 o
OPERATIONS DIV MGR 1 1 1 1 1 1 1 0
SHIFT OPERATIONS MGR 1 ] 1 0 1 0 1 o] -1
SHIFT SUPERVISORS, SRO 1 6 6 1 (] [ -] -] 0
PLANT SUPERVISORS, SRO 1 8 6 1 1 1 6 1 -5
PLANT SUPER, QUALIFIED 0 6 0 o 1 0 0 0 0
CONTRM SUPERVISORS, SRO 1 [} [} 1 [} [} [} [} 0
CONTRM OPERATORS, RO 3 6 18 1 6 6 18 6 -12
RAOVING OPERATORS 4 6 24 2 6 12 24 12 -12
HELPERS (ANNUAL) 2 1 2 2 1 2 2 2 0
CLERKS 1 2 2 1 1 1 2 1 -1 )65 34 | SHIFT OPERATIONS
REACTOR ENGR SUPERVISOR 1 1 1 1 1 1 1 1 0
REACTOR ENGINEERS 2 1 2 05 1 0.5 2 05 <-15]| 3 1.5]REACTOR ENGINEERING
CHEMISTRY SUPERVISOR 1 1 1 0.5 1 0.5 1 05 -05
EMIST 1 ] 1 0 1 0 1 0 -1
RAD/CLEAN CHEM TECH 1 S S 1 2 2 S 2 -3
RELIEF RAD/CLEAN TECH. 0 1 0 1 1 1 0 1 1] 7 35|CHEMISTRY
SUBTOTAL OPERATIONS DNV. 76 40 ~36 |
MAINTENANCE DIVMGR 1 1 1 1 1 1 1 1 ] '
COMPONENT MAINTENANCE SUPER. 1 1 1 1 1 1 1 1 o]
1&C AND CMPUTR SUPER 1 1 1 0 1 0 1 ] -1
1&C AND CMPUTR FOREMEN 1 1 1 1 1 1 1 1 0
1&C SHFT COVERAGE TECH 1 H L] 1 5 S 5 5 0
1&C SECURITY & TV TECH 1 1 1 0.3 1 0.3 1 03 -07
18.C FIRE DETECT TECH os 1 05 02 1 02 0s 02 -03
1&C RLAYS/SBSTN EQUP TECH 1 1 1 03 1 03 1 03 -07
1&C BRKR PREV MAINT TECH 1 1 1 03 1 03 1 03 =~-07
1&C PLTCMPUTR TECH 3 1 3 08 1 038 3 08 =22
1&C PLT CMPUTR PROGRAMMER 2 1 2 0.5 1 05 2 05 -15
1&C HLTH PHYSCS TECH 2 1 2 05 1 0S5 2 0S -1.5
1&C PROCEDURE WRITER 0.5 1 0.5 02 1 02 05 02 -03
14C ROUTINE/GENERAL 2 1 2 03 1 03 2 03 -1.7 ,
1&C TECH (ANNUAL) 2 1 2 03 1 0.3 2 03 -17|22 97]|1.CSTAFF
M&E MAINTEN SUPER 1 1 1 0 1 0 1 [} -1
M&E MAINTEN FOREMEN 3 1 3 1 1 1 3 1 -2
M&E SHFT COVERAGE 2 s 10 2 [ 10 10 10 0
M&E CRAFTSMEN 3 ] a3 10 1 10 33 10 -23
M&E T -G (ANNUAL) 3 1 3 1 1 1 3 1 -2
M&E OUTAGE (ANNUAL) 4 1 4 1 1 1 4 1 -3 154 23 | M&E STAFF
REFUELING SUPER. 4 1 4 4 1 4 4 4 0 '
REFUELING TECH (ANNUAL) 8 1 8 2 1 2 8 2 -6{12 6 [ REFUELING
ISI SUPERVISOR 1 1 1 1 1 1 1 1 0
1SI NDE TECH (ANNUAL) 2 1 2 08 1 038 2 08 -12|3 18]S
OC TECHNIGANS S 1 5 1 1 1 5 1 -41 5 1 | QUALITY CONTROL
HEALTH PHYSICS SUPERVISOR 1 1 1 0.5 1 0.5 1 05 -05
HLTH PHYS SHIFT 1 s s 1 3 3 s 3 -2
HLTH PHSC NI DOSIM 2 1 2 1 1 1 2 1 -1
HLTH PHYS PROCED/REV 4 1 4 1 1 1 4 1 -3 (12 55 |HEALTH PHYSICS
SERVICES SUPERVISOR 1 1 1 1 1 1 1 1 0
STORES FOREMAN 1 1 1 1 1 1 1 1 0
WAREHOUSEMEN 3 1 3 1 1 1 3 1 -2
GANDS & HSXPNG 6 1 6 4 1 4 6 4 -2
RADWASTE FOREMAN 1 1 1 0 1 0 1 o -1 ,
RADWASTE CRAFTSMEN 3 1 3 1 1 1 3 1 -2 |15 8 | SERVICES
PLANNING SUPERVISOR 1 1 1 1 1 1 1 1 0
OUTAGE PLANNERS s 1 s 1 1 1 s 1 -4
SPARE PARTS FORE MAN 1 1 1 0.5 1 05 1 05 -05
MAINTEN. PROCED FOREMAN 1 1 1 0s 1 05 1 05 -05 ;
PMWEQ ENGR 1 1 1 1 1 1 1 1 ol 4 | PLANNING
SUBTOTAL MAINTENANCE DIV. 134 -1} =73 '
k] 1] { { { T T T []
UCENSING & AEG SUPER 1 1 1 0 1 0 1 0 -1 )
UCENSING & REG ENGR 3 1 3 2 1 2 3 2 -1 4 2 | UCENSING ENGR
ENGR & PERF SUPERVISOR 1 1 1 0 1 0 1 0 -1
ENGR & PERF ENGR 5 1 5 22 1 22 s 22 -~28 )
ENGR & PERF TECH 4 1 4 1 1 1 4 1 -3[10 3.2 | PEAFOAMANCE ENGR
SUBTOTAL TECHNICAL DIV. 1S 6.2 -88 '
INISTRA VM ] 1 1 i ] 1 1 1 0
SECURITY SUPERVISCR 1 1 1 1 1 1 1 1 0
SHIFT SECURITY FOREMEN 1 5 5 1 S E) S 5 0
SECURITY GUARDS 4 5 20 4 5 20 20 20 o]
CAS & SAS GUARD 2 5 10 2 5 10 10 10 0
REUEF GUARDS 10 1 10 5 1 5 10 5 -5
SECATY INSTR.& LOCKSMITH 2 1 2 2 1 2 2 2 0 |
SECURITY CLERKS 2 1 2 t 1 1 2 1 -1 |50 44 | SECURITY
TRAINING SUPERVISOR 1 1 1 1 1 1 1 1 0
TRAINING INSTRUCTORS 6 1 6 3 1 3 6 3 -3 .
TRAINING CLEPKS 1 1 1 1 1 1 1 1 o} 8 S | TRAINING
PERSONNEL ADMIN 4 1 4 2 1 2 4 2 -2 !
EMERG PLNG/PUB AFFAIRS 1 1 1 1 1 1 1 1 0
RECORDS MGT FOREMAN 1 1 1 1 1 1 1 1 0
RECORDS MGT CLERKS 3 1 3 1 1 1 3 1 -2
CLERICAL & STENO 5 1 5 2 1 2 5 2 -3 \
SAFETYFIRE ENGA 1 1 1 03 1 03 1 03 -07]15 7.3 | ADMIN STAFF
SUBTOTAL ADMIN. DIV. 74 573 167
TOTAL STAEF 300 100 134 '
i ZILZ N R 1% S O I, - T e e 3 35 ,xn-«i -
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regulations. In addition, these, wil be. ¢ ng. hicepsed ot reom RO and two roving
operators. The eguivalerit Bittda.. ‘ e
division manager:comple

not a posted position oh a

operator shifts and the PRIgES ¥ean jntega .

also expected to visit planfealitment ion ¥ f uef‘igb i review process data, and
assist in the preparation offwrki orkierssfor piat;{t’ yaintdhaace. The Plant Supervisor
interfaces with plant operators; $hift s@‘é'_rvisi‘p@g-add”;’ﬁ;\fe&.‘n‘iiéintenance planning group.
This person will hold an SRO license. = - °¢ - R

The Prototype Plant hasgwo .opevrfé;tjqrs?i,p theicontrol room. Both are NRC licensed,
one an SRO, in accordance witf}cyregnt NRC requireménts. It is expected that this
requirement will be revisedyafter dex 'b_jras;tféftidq; testing for the operation of follow-on
plants because of GT-MHR Eharacte¥istics.

It is estimated that onelpr-of‘qssfiémal, ~\Q/ith;§ubpbft; fr:om COSO, can manage the
Chemistry and Health Physics gig‘oggs; The water chemistry requirements for the GT-MHR
are not complex. Personnel Hueted with heliim. cheraistry and radiochemistry will
require specialist training; but‘mah»yéof the sa%éﬁm.g and data analysis functions will be
automated. The Health Physics reqifrerents §or éhe Prototype Plant will be routine. The
combined number of Chemistdy ard $tealth PRyfSics personnel is reduced from 19 for the
Lead Plant to 8 forthe Prototype Planf.. =4

3.5.1.2  PROTOTYPE PLANT MAINTENANCE DIVISION STAFFING

The number of Maintena"nce\_ Ii)mgu;bn personnel is rpduced from 134 to 61 since
only one reactor module will be it :e;p.;;'g’g;_tién. This, change is dominated by personnel
reductions in Mechanical and Electrigat ;ft\‘?[&E), (54 to 23), Instrumentation and Controls
(1&C) (22 to 9.7); and ‘Services (15 ot 8).  While the number of M&E foremen is
decreased from 3 to 1; M&E §Hiff doverage:of: 18 12 craftsien on each of 5 teams) is
maintained because of regulatory’ reguirements. - Likewise, one 1&C technician for shift
3 x@h@]{e for other reductions is as follows:

coverage has been retained.- The r: :
Refueling All four re?fu-eﬁngffSup-éNfs?rs-ha:jv;e been retained because of the first-of-
a-kind nature of the plafn‘?;ég%@r@i@pa‘téd follow-of units. However, because of
the delayed startup-O{@be $ jotigi.:un’rtl,}-ﬂ\'g formation of the dedicated refueling
group is delayed, at-':d"@he,ﬁqhbeﬁ\b’f anipfjaliz*ed refyeling technicians has been
reduced from 8 to 2. TFhe Pﬁe"t;‘qty‘be»«.‘ Plant - will 'utilize personnel from the
maintenance division su@'e%’“\/;:jééd by refuefing s,up‘_férvis].ors and vendor personnel as
needed. P - N : .
Inservice Inspectien The stgft !$l;{.s"6:p}er\"f/i§or‘ is' reitained in anticipation of plant

expansion, and the numbes of apnualized ISI technicians is reduced from 2 to an

equivalent of 0.8; i.e., aboyit¥14 man-mohths every refueling outage.

2 .
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Quality Control The number of QC technicians is reduced from 5 to 1I because of
the reduced volume and frequency of nuclear related work with only one operating

unit.

° Health Physics As described above, the Health Physics and Chemistry functions
are combined for the Prototype Plant and staffing reflects the reducefd amount of
work for a single module plant. Health physics technicians will be posted for
periods when maintenance work is usually conducted; i.e., the dayjand evening
shifts and on weekends. Two technicians, in addition to supervisory personnel,
are assigned to revising dosimetry procedures and reviewing ALARA provisions in
maintenance plans. This estimate is based on the assumption that all operating
and maintenance personnel will be qualified to perform non-complex health physics
functions.

Maintenance work for the Prototype Plant has been estimated in a manner similar
to that used for the Lead Plant estimate. In many cases, fractions of a man year are
indicated. Estimated costs are independent of whether these resources are hired as

permanent staff or acquired as contract labor.
3.5.1.3 PROTOTYPE PLANT TECHNICAL DIVISION STAFFING

The Technical Division is reduced from 15 to 6. This group must have the
capability to advise plant management of the plant’s operational status on a daily basis
and to interact with the regulator. However, during Prototype Plant startup and
demonstration testing, it is assumed that vendor and COSO personnel provide a strong
element of support for regulatory interactions and systems engineering work.

3.5.1.4 PROTOTYPE PLANT ADMINISTRATIVE DIVISION STAFFING

This division is reduced from 74 to 57 personnel. The training staff is reduced
from 7 instructors to 4 because of fewer staff. Clerical and stenographic work is reduced
as a result of fewer people on staff and reduced documentation requirements. The
security staff is reduced by 5 of the 10 relief guards on the assumption; that guard
support will be available from the construction guard force assigned to forthcoming units.
3.5.2 PROTOTYPE PLANT SPECIFIC OPERATION AND MAINTENANCE EXPENSES
3.5.2.1 PROTOTYPE PLANT MAINTENANCE MATERIALS

The cost of Maintenance Materials is estimated as described in Section 3.3.1; i.e.,
the fixed portion is estimated as 37.5% of total salaries of craft and supervisory personnel
and the variable component is assumed to be 12.5% of these salaries.
3.5.2.2 PROTOTYPE PLANT SUPPLIES AND EXPENSES

The cost of replaceable reactor parts, waste management, and makeup materials

shown in Table 3-4 is reduced in proportion to the number of modules. The costs for the
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Miscellaneous and fowhl@e&@iﬂiﬁig andﬁAss'oqpl;ss categgriesare reduced in proportion
to staff. =~ LS T O A Hisk

T, ORF-SITE TRCHNICAL'SUPPORT

3.5.2.3 PROTOTYPE P}

i e

: assurance specialists and
’ corporate and 15 COSO
\JE;rare particularly subjective

A somewhat a‘rbitrai*y?'a‘-j‘lg@xvy@tge}.gfﬂ c;'o‘r(;;)"b(qth,;._;

9 COSO consultants ‘hastBged _"cf&gé'ﬁﬁ;.ia’s%‘coﬁbﬁfeéﬁ ‘

consultants for the Lead P&ﬁ@ Gstimates, of offisite sufg
ﬁ «.' f R f A

r gnodule. While substantial

in the context of demonstrd B “,;:'ihfe_..ﬁmg re
designer/vendor participation d8igg thisrg se“@;@%}c@, d4:.4hs allowance is considered

gansition teshead Plad & dperation.
Stk R

N e "';:j‘ v B )
3.5.2.4 PROTOTYPE PLANT PAYROLL TAXES, PENSIONS AND BENEFITS

Payroll taxes, pensions and benefits arerreduced in proportion to staff size.
3.5.25  PROTOTYPE PLANTNAC AND OTHER NUCLEAR FEES

Fees for NRC, INPO and NEI gre #ssumed to be the same as those for the four
module Lead Plant. However, degending:on the Qwneeship of the Prototype Plant, NRC
fees may be reduced. For example, i it’s: éwiedsby the dovernment during this period,
NRC fees may be omitted. A L

3.6.2.6 PROTOTYPE PLANT NQ}G‘LEAR ANSURANCE -
AL L : e Lo v
Insurance premiums are,;,é"s'fs_iym!edf‘m»ta‘g’ mgs.same‘aﬁgtor the full four unit Prototype
Plant. However, no replacemesit pofver msurdnge is incuded during the demonstration
phase. A T

3.56.2.7 PROTOTYPE PLﬁQ‘}J.TOTHER !GENE_RAL AND ADMINISTRATIVE EXPENSES

As described in Section'3.3.7; otfigr G&A expenses are estimated as 15% of the
sum of direct power generation-¢ests (the suin of on-sitestaff, maintenance materials,
supplies and expenses and off-site -support) .in “aceordance with ORNL guidelines in
Reference 9. g b ‘ :

: I |
3.6.3 SUMMARY OF PROTOTYPE PLANT OPERATION AND MAINTENANCE COSTS
- _‘.&v KR e -5

sonnel lare required for the Prototype Plant, including
the annual equivalent of tega«péiggx@e*rédmé} used during refueling and outages. The
remainder of the 300 persofinehestimated forthe Protetype Plant would be hired during
expansion to the four-modute: isead Plant. - - A

It is estimated that tﬁép_er

A detailed breakdown o’f‘;‘cqs.ter,e’isgl_:t's‘imﬁasme;forma{, used for the Prototype Plant is
shown in Table 3-10. Total non4?uet§@&;§ﬂ cost is $25.2million with a 13.7 mills/kwhr
at a capacity factor of 80%:Bowerigeneration costs, including staff salary and payroll
taxes, maintenance materials, sup:p;ﬁ‘eé"?a_m_'d‘-"e-)';(penses,;anc;i offsite technical support
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amounts to $12.6 million or 50% of total cost. G&A costs, which includes employee
benefits, nuclear liability and property damage insurance, fees and dues, are also $12.6
million. Compared to the Lead Plant, a relatively greater share of Prototype Plant O&M
costs are allocated to fees and insurance. As for the Lead Plant, these estimates are
considered mean values based on known requirements and successful development
programs. Uncertainties in reactor performance and regulatory interactions are beyond
the scope of this study.
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Plant Perfformance

Net Plant Rating, MWe,i,, S ) 262.4
Base Capacity Factor,- é Se R e 80
Annual Net Generation, mm ' 3 1839
Power Generation Costs (S i«m{ye@ S
On-—site staff salary and payrolt taxes 166 persons 8.52
Maintenance materials E A '
Fixed o . ' 0.74
Variable | e 0.25
Sub;tg}; 0.99
Supplies and expenses . f
Fixed ' 0.84
Variable Reflector Biocks and Centao.l Rods 0.93
Variable ; 0.18
Subtotal _ 1.95
Offsite technical support W E |
Corporate A ' 2 persons 0.19
COSO ‘ e 9’ persons 1.00
Subtotal . ;.- o ’ 1.19
Subtotal, power generation m_s_g S
Fixed 11.29
Variable S B L 1.36
Su tota el ef - 12.65
General and Administrative ¢ o;s»tii & (Sl nijear)
Pensions and benefits ‘ 212
Nuclear regulatory fees . 415
Liability insurance S 0.65
Property insurance , 3.76
Replacement power msuraﬂce i ' '-';» 0.00
" | Other general &admlnlstfa“Vee Een Ls _ . 1.90
Subtotal .. 5 . o 12.58
Total O&M Costs ($millicnd¥ieas) - * - .~ :
Fixed - S 23.87
Variable ;o 1.36
Total Nonfuel O&M Costs, §mﬂﬁo@/yr : 25.23
Total Nonfuel O&M Costs, hﬁllsjl‘xwh 13.72

¥

¥
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SECTION 4

O&M COSTS FOR REPLICA, TARGET
AND "EQUILIBRIUM" TARGET GT-MHR PLANTS

4.1 APPROACH TO ESTIMATING TARGET PLANT O&M COSTS

The GT-MHR Target Plant is defined in accordance with Reference 9 as the
commercial facility that results in an installed capacity of 4500 MWe or greater. The GT-
MHR Target Plant is the fifth four-module plant and would represent 5, 250 MWe of
installed capacity. As discussed in Section 3.1, GT-MHR commercnal deployment
provides for demonstration testing of the first module of the Lead Plant (i.e., the
Prototype Plant) and NRC certification of a standard commercial design. The GT-MHR
deployment plan projects receipt of a construction and operating license (COL) for the full
four-module Lead Plant by 2010, about 30 months after completion of certification tests
conducted on the single-module Prototype Plant. Lead Plant commercial operation would
begin in about 2013. Long lead material for the Replica Plant (second four-module plant)
is committed at completion of certification tests, with the third through the Target Plant
committed at a rate compatible with manufacturing throughput. The Replica through the
Target plants reach commercial operation between 2014 and 2017. Projected costs for
an "equilibrium™ Target Plant are also included, based on achieving an expected stretch
capacity of 600 MW reactor module thermal power.

This deployment plan provides for regulatory development in concert .with reactor
design and technology development and prototype tests of a reactor module. It is
intended to reduce uncertainty in the regulatory environment and enhanceinstitutional
acceptance of the GT-MHR from the outset of commercial deployment. For the purposes
of the Target Plant estimate, it is assumed that GT-MHR design and technology
development programs are successful; i.e., they confirm the following aspects of GT-MHR
technology that allow reliance on passive features and inherent characteristics:

o High Heat Capacity - The high heat capacity of the graphite-moderated core in
concert with the relatively low power density of the core results inja very slow
response to imbalances in heat generation and removal during accident conditions.
The large thermal capacitance of the MHR core is a primary factor in the unique
ability of the MHR to withstand an indefinite loss of coolant during power

operation.

L High Temperature Capability - The graphite structural elements of the core maintain
strength (strength actually increases at elevated temperature) to temperatures far
in excess of conceivable accident conditions. This property provides assurance
that the core remains in a well characterized geometry. Low probabi7ity accident
analysis is greatly simplified and uncertainties reduced by eliminating the potential
for reconfiguration of core materials; i.e., severe core melt.

4-1
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. .
ant - Because theihelium eeolant is chemically inert, does

efatoy ., anﬁi.j_iéjno“zv?‘f ‘ ,for decay heat rejection;
Medueed Bk 2lmmtEd

Inert, Single Phase €go
not serve as a nex
whole classes of 36erq
helium eliminaté$ the

vapor) under accide® ps.  Fhus %o
flow and heat transfey ghacadteriatics’ a

etc., are avoided. Acd,dﬁ‘ém?a?%?ai%ﬁ is:Gregtly S
by the elimination of cohsidergtiott .of tWo-phaser
T LR |
Negative Reactivity Coefficient ¢ The core coeffibisiat,and fuel characteristics are
specifically designed te provide. a strong negdtive ‘temperature coefficient of
reactivity. over the full Tange:of eperating ‘cohditionsi. As a result, increases in
temperature resulting. ffom ; mpbalancest in- energy generation and removal
automatically act to decrease éﬁe@e@rupe}w ers This éBgracteristic places an inherent
limit on temperatures that can:be: achieved wihilé the core is critical.
Reactor Size and Configifatios (inaxisum pewer tevel; annular core configuration,
uninsulated steel reattor vessel) - Théede design features are specified to limit the
amount of decay he4t and alfgw. removdi bdecay.beat by thermal radiation from
the reactor vessel, while ‘maintefiting «coated “particle fuel temperatures within
allowable limits. The poweét 1ével; Mr’es@ts in a fgwipower density, a key factor
in the heat capacity-x:haraictgmis“ ﬂ‘-;'di‘s'f@;t;:'s‘sed‘ eatlier. These characteristics, in
concert with the high héat c,?@a' fitys:place an inherent limit on the temperatures
reached by the fuel, reéctor .ﬁ;te@";;ai*str:uetures, ‘and reactor vessel due to post-
shutdown decay hest umdey gecigent coniditions..

T a ) 5 )
Reactor Cavity Cooling #ystéim $RCCS) .+ The RCCS removes heat from the
reactor cavity by natsur%étfvt:ei‘eeégﬂfa@iohsof:{_-’ci)@iside«. ajr.through ductwork and cooling
panels located withift the reactorcavity. The RCES maintains acceptable reactor
cavity concrete tempera‘%vﬁég an@&@ﬂormal‘bperating conditions and, in conjunction
with the features diseussed apove,Jimits the.reactor internals and reactor vessel
to acceptable temperatures u@dkk%at‘fa’éht coriditions.

PRSI A )

In developing O&M cost es‘tgrr)a‘t:es for the GTWHRs’{garget Plant, it was noted that

reliance on passive featorgs -gad ‘iltereqt. ; charaggeristics makes the GT-MHR
fundamentally different tham l.siNwa thet followling respects:

A

The reactor coolant-does. not serve a s'aféfy func;tioh.

. ;" + » H
The most important safety wi"i,c’&:ibns'1are§acc({).m“;z:li=shed without moving parts,
external power sour@esfef-id{ﬁamiafgg signals, er human actions.

. . L]
¥ YRt

The GT-MHR has nov;efomtgrﬁa?t to” éggég. _d.amafge, as a threshold of safety
degradation, but aflows the;cliaracterization of accidents in terms of absolute risk.

1

e ot

The GT-MHR eliminates the: potgntial for a large, energetic source term and
reduces the domain of public ¥fisk’ cénsiderations.

1

e BT By
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Long time intervals are available to implement accident recovery measures.

Thus, it can be anticipated that the GT-MHR safety concept will substantially
relieve the areas of greatest uncertainty in the operation of current LWRs:

Human error probability

L Configuration management
The potential for adverse systems interactions
The consequences of low probability events

The GT-MHR safety concept enables features relevant to safety to be embodied
in the design, verified by full-scale tests, and monitored during operation. Safety
significant site activities may then emphasize (1) the installation, mspect:on and
maintenance of a relatively small scope of passive equipment, and (2) the continuous
monitoring of the principal means by which safety functions are accompllshed When
successfully developed, the MHR safety concept will:

Essentially eliminate the potential for operator errors and equipment malfunctions
to jeopardize public safety, and the need for provisions to manage severe accidents
leading to core disarray. This will (1) ease regulatory demands on owner/operator
management, and (2) lessen investor concern about the potential for interruption
of operations.

Preclude the need for sheltering and evacuation plans for the off-site public, which
will ease the public’s concern for reactor safety and investor concerns regarding
the potential for interruption of operations. Existing local plans to respond to
environmental and industrial hazards will be sufficient.

Allow the bulk of the plant to be designed, constructed, operated, an<ii maintained
to utility/user-controlled standards, which will reduce costs and increase investor

confidence.

Provide an approach to defense-in-depth against the release of fission products
that reduces demands on the plant operating staff and the perceived need for
regulatory oversight of plant operations management. This. will reduce the
business risks of nuclear plant ownership.

For the purposes of projecting Target Plant O&M costs, the following specific
assumptions with regard to institutional acceptance are made relative to those cited in
Section 3 for the Lead Plant:

The Target Plant can be licensed with only two Senior Reactor Operators on site
and none is required in the control room. Further, public health and s:afety can be
assured without reliance on the control room, its contents, the automlated control

4-3
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system, or opere‘it BT el e Iﬁ;ée factors are expected to
justify reductions i A ASLE é;&@{lﬁgandated by NRC and INPO

and the size of the g

R

' ,on non-safety-significant

The productivity .ot “maintengnce wel - worging,
equipment will be ogipadwith those in myitiple W gligotrventional plants. For this
to happen, the cdigge®expectatidns ob NRG:%nd INPO in the areas of
documentation, quality:a SUﬁanc&éi crafe&shiah teli@ification and retraining, and
prescriptive procedgir~e§,iu. just’ have evolved to.. '?.f’cej:b't the appropriateness of
essentially convenztiejfta’E ratHcesifiot mueh of tﬁg‘g@ﬂ-MHR plant.
- * . TS

° Regulatory provisions.for secufity wi}iffec:dg;gz'e that,the radiological consequences
of credible acts of sabotage aye less than EPA guidétines for off-site protection of
the public and that GTW‘HR%"'g;t;gj»?éi?ea&ﬁ0u§ifm.g.fueléstorage facilities and plant
safety equipment are gedgrdp icatly srvalivand easily secured.

R T R e T
A plant operating capaqi%y&gcﬁéﬁ?@é&&% isd@chieved, as compared to 80% for the

Lead Plant and 82% foRithé Replipa-Plant’
o (A

i€

PR
i . H .

Assuming that own@r/og)_e;vr‘a’téff:"irxtérés,ts" {e.g., .COSO) lead an ongoing program
sustained throughout d%lgid@ﬁa@pme{jf@hd‘fearly deployiment to establish management
and operating practices approgifate: 3 she-GT-MMR.. witlhini the industry, the resulting

v 4

demands on the owner/opénatdF ’ma%or afiizétion should be on par with those for other

modern commercial enterprises inyofving hazagdous rategials.

O&M cost estimates for the GT-MHR Target-Plant in Section 4.2 are based on the
foregoing assumptions and émg,‘e's‘fs’e;%iiinitermsio'ﬁinerememal change from the Lead Plant
estimate given in Sections 3. 2%théeugh j,g,?s,%ﬂ‘géj?h Section 4.2, an estimate for the fully
mature "equilibrium” Target ?}5%{ i_s}"pﬂgséiﬁtg&. That.is, it is further assumed that the
reactor module power leve@“é?;ﬁ;ﬁéf%‘e‘@'?té@"@@@--fM‘Wt versus the reference 550 MWt
design and an operating capacity:f Jctor .equal to the design capacity factor of 87% is
achieved, While costs not ¥elated’ #é, power: output remain the same as for the Target
Plant. In Section 4.3, estiviaséd tfor the Rbplica- Plant are expressed in terms of
incremental changes from both the Lead afid Tadkget Plants.’

1 R :

4.2 GT-MHR TARGET AND “EQUIRIBRIUM" TARGET PLANT 0&M COST ESTIMATE

Y .

The discussions-of costs fgf;f?ﬁ)&e GT-W&Targe{t Pfant in Section 4.2.1 and 4.2.2
apply as well to the "equilibrigm” k1 aﬁgeﬁ'é{}la-n@ Costs are.summarized for both in Section
4.2.3. a s :

' P | L Fe % ;

4.2.1 GT-MHR TARGET PLANT smﬁsﬂe'-ﬁeqymfmems

The following sections discuss the rationale-for projected reductions in staff relative
to that estimated for the LeadPlant, Fabler4z] presents a breakdown of staff positions
corresponding to the detaited descriptionsiprovided in Section 3 and the assumptions
stated in the preceding: -sééc,jr-iom. - Ag‘b‘.laﬁi‘.;;grganiz;értéon‘ comprised of Operations,
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GT—MHRLEAD VS TARGET PLANT STAFF

Table 4—1

OPERATING STAFF COMPARISON:

?@000447/
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N WS rative D‘i‘\f/isiO'ns.a.s,.fsjE&_‘gvxl/n in Figure 3-1 is assumed.

$m@fpor@i%éﬁ;§ﬁm@m and experience of senior

Maintenance, Technical
As for the Lead Plant, tf

utility personnel with+#§¥ G‘ BRI @ﬂéms” R
. ’ ,ﬁ woE ";L'_ ;A:. .- ,\f . PR i‘q
4.2.1.1 GT-MHR TARGEE PLANT SPERATIONS DRASION

The Operations Divigior i§ rediaceq 'from 76 to6%" gecsonnel. The major factor in
this change is a reduction in,the nunkier 64 opgrations, sgfk-fiom 65 to 52. Itis assumed
that the Shift and Plant Supet¥isars areithe enly.:Senidr Réadctor Operators assigned to
shift work, that none is required ih the cbntrofroom, ahd that the control room is
adequately staffed with three ficeased reactor operators rgsponsible for the four power
units. Power unit operations are under the-digection of thé' Plant Supervisor and require
three roving operators to covérthe plant. The number of Helpers (operators in training)
can be reduced from four to two becpusébf thie reduced number of licensed positions to
fill. Overall plant activities (e.g.,* shift 'zmgfn;,éf‘fﬂ' ance, radiation protection, chemistry,
security, as well as operation of plagt sygleé’nis)':afe"SUper{vis,ed by the Shift Supervisor.
The functions of the Chemist are. assfmed to be accomplished by the Chemistry
Supervisor. : .

4.21.2  GT-MHR TARGET PLANT MAINTENANCE DIVISION

The Maintenance Divisién is!' reduced fromy 134 to 118 personnel. The main factor
is a reduction in mechanical ahd elegtrical miaintenance personnel from 54 to 46. This
area benefits from implementation’ of cénventjonal practices and reduction in nuclear-
related training. The period betwéen p:e\?/\e;:jtf_.\‘i"'e,ijmaintengnt:'e on both components and
instruments will have lengthened as:a résult of mature reliability centered maintenance
programs on standard plants. T ‘ '

4.2.1.3 GT-MHR TARGET PLAKT TECHNICAL DIVISION

A stable regulatory _énvitopment; matb;e, standanl'dized procedures; and an
experienced COSO justify a reduction i .Li'censfﬁg and Performance Engineers. COSO
personnel will be engaged i midfigorieg: and consulting at all GT-MHR plants, and
therefore able to respond efficientlyte individual plant needs. The Technical Division staff
is reduced from 15 to 11. - : ' :

i

42.1.4 GT-MHR TARGET PELANT ADMIISTRATIVE DIVISION

The Administrative Division is fedyeed fwrjﬂAtQ 49 personnel. Decreasesinclude
reductions in training staff from 8 to § persgrnel, which are consistent with staff
reductions and the use of matute, Standardized iSr%oCed‘u;res,' and reductions in the security
staff from 50 to 30. With reigard o the latter, it is.expected that evolving security
regulations will allow the numberof: armed responders to be reduced from five to three
and that the requirement.for a déﬁtﬁnu@&tﬁY“s,ta}ﬁfed secondary alarm station will have
been eliminated. It is also assufned that evolyirigj regulations will recognize technological
improvements which reduce dependgnce on human reliability.

- o e ae
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4.2.2 GT-MHR TARGET PLANT SPECIFIC OPERATION AND MAINTENANCE EXPENSES

The treatment of Maintenance Materials, Supplies and Expenses; Payroll Taxes,
Pensions and Benefits; and other Administrative and General Expenses for the Target
plant remain as described in Section 3 of this report. Offsite Technical Support, Nuclear
Regulatory Commission and Other Nuclear Fees, and Nuclear Insurance are treated slightly
different. The number of quality assurance personnel is reduced from 5 to 4 and the
number of COSO consultants is reduced from 15 to 13 for the Target'PIant This
adjustment reflects maturity of practices and personnel experience with the standard
plant. As shown in Table 4-2, the only change in NRC and Other Nuclear Fees is for the
Annual Facility Fee which is reduced by 50% for the Target Plant in accordance with
Reference 9. This adjustment reflects the expectation that the NRC staff effort will be
substantially reduced for the standard plant in comparison to the first-of-a-kind effort
required for the Lead Plant.

Table 4-2
NRC AND OTHER NUCLEAR FEES (K$, 1994 !
LEAD TARGET
PLANT "PLANT
NRC FEES '
> Annual Facility $2,800 $1,400
> Operating Reactor Surcharge $ 270 '$ 270
> Inspection $ 300 '$ 300
> Amendment Requests $ 130 '$ 130
> 10CFR55 - Operator License $ 40 $ 40
Review Test
TOTAL NRC FEES $3,540 $2,140
INPO FEES $ 390 $ 390
NEI FEES $ 220 . $ 220
TOTAL NRC, INPO $4,150 $2,750
AND NEI FEES

With regard to Nuclear Insurance, if the attributes ascribed to the GT-MHR are
established; namely, that both the likelihood and consequence of severe nuclear accidents
are substantially reduced relative to current plants, it is reasonable to expect that these
factors will eventually be reflected in reduced property damage insurance rates, and a
50% reduction relative to insurance for the Lead Plant is assumed. In addition, it is
reasonable to expect that GT-MHR licensees would be exempt from current provisions of

4-7
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i ,‘.':‘assessed up to $10M per
“Aake for the Lead Plant, it is
' t power insurance and an

.the Price-Anderson Act w&@yf”‘-
reactor/per year/per loss é@@o ate.
assumed that commerciat iy
allowance for a $530 009 annp

< 2

) “‘»‘ 3)* L T 3 J
4.2.3 SUMMARY OF TAﬁ@&w wr @PERATJORLA'\@? EINTENANCE COSTS

The results of this-gtud: D %nse for the GT-MHR Target
Plant of $35.4 million .or 4«}: Al 4 S5 capacnty factor. As shown
Table 4-1, staff size.is estirpated at: 24 a‘@é ,-“; the same as those for the
Lead Plant shown in Table 3-7.; Tt;gs elstmate'mcl,uges th(é gmhual equivalent of a number
of technicians and craf{smen ngd to;tempoga{ﬁyf supple{snent permanent staff during
planned outages. S ,-r, Tty . & :
. 13

A detailed breakdown of. coS’t ges,mlts‘f@ shown on Tab}e 4-3. Power generation
costs, including staff salary afd™ %&ﬁavx@s, mdintépance materials, supplies and
expenses and offsite techmcaliﬁubf:&': ‘1o $23.0 milion or 65% of total O&M
costs. G&A costs, which mc‘iu ptp ée‘be‘ fs, nueiear #ability: and property damage

msurance, fees and dues, are: *‘12‘4m floh or_ 36 of fot(al G&M costs.

tr PO TR

<

As for the Lead Plant, iknséstma“; ~|s ba§ed on known fequirements, supplemented
.by the judgement of senior utffﬁt‘ay gp 6‘ g pé’r%nnel 00 this basis, these projections
are considered to be a mean estmga ﬁ% aceuat costs are expected to have an equal
likelihood of being higher or*xlowefi T

Table 4-4 presents-a surmnafy ‘of: Ga&M egs;s for the e,gqmllbrlum Target GT-MHR
Plant. These costs assume *theusama staﬂ sizg and other gosts estimated for the Target
Plant with the further aN?umpﬂ‘owst at #he; s?@écted ;tr h in-reactor module power
output from 550 to 600 MWt rs*ac@geﬂed% ‘aﬁﬁa*g. wmh an mclrease from 85 to 87 % in plant
capacity factor. The referenc&GT-NHE; plant. esugn inclydeés provisions in the reactor
and PCS design that will auo?r ﬁge&aov:v{er m%rease if .currenstly- assumed margins are
confirmed. The more optimis ie piant Ga ao.e;,y fact«or‘i“s ‘consistent with values being
assumed on other advanced re.actaoa pr'arns xThese’ﬁssumptlons result in an 11%
reduction in the O&M comp%ne@t 0? the m?bar cost ef e+ezctncnty to 4.1 mills per kilowatt
hour.

] -
3

4.3 GT-MHR REPLICA PLAﬁT @*&M cao}ST EST!MATE

i
It is assumed that the - oncl‘GT-MﬁR plant is arg noduction of the Lead Plant
except for site specific ltems,”}é Shje h@@caﬂ Plant. Thepproach to estimating O&M
costs for the Replica Plant u@ve@ges g.f‘@gl""" ‘the éﬁ’tﬂént to which the institutional changes
assumed to be in place, for. the %fa t Rant wnFI‘tﬁ‘aye been brought about during the
course of the Lead Plant Pro,}e.ggjs *:‘,. exed .f,' F p{.oymgnt plan projects commitment to
the Replica Plant coincident with gofibleec Of, ce;gu’flcat.g@ﬂt ’sts on the Prototype Plant,

several years before commercia! op..' tof, ﬁa.e ful1 f’Qur-module Lead Plant O&M cost

St L LR Sy Y &
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Table4-3
GT—MHR TARGETPLANT O&M COST SUMMARY (949%)

Plant Performance

Net Plant Rating, MWe 1,050
Base Capacity Factor, % 85
Annual Net Generation, million kwh 7,815
Power Generation Costs ($million/year)
On-site staff salary and payroll taxes 241 persons 12.70
Maintenance materials '
Fixed 1.47
Variable , 0.49
Subtotal 1.96
Supplies and expenses
Fixed 2.05
Variable Reflector Block and Control Rod Replacement 3.70
Variable 0.78
Subtotal 6.53
Offsite technical support
Corporate 4 persons 0.35
COSO 13 persons , 1.44
Subtotal | 1.79
Subtotal, power generation costs -
Fixed 18.01
Variable 497
Subtotal 22.98
General and Administrative Costs ($million/year) '
Pensions and benefits 3.17
Nuclear regulatory fees 2.75
Liability insurance 0.65
Property insurance 1.88
Replacement power insurance 0.53
Other general & administrative expenses 3.45
Subtotal 12.43
Total O&M Costs ($million/year) '
Fixed 30.44
Variable 4.97
Total Nonfuel O&M Costs, $million/yr 35.41
Total Nonfuel O&M Costs, mills/kwh 4.53

4-9
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GT+

Plant Performance i : ]
Net Plant Rating, MWe  “~ - , : e 1,145
Base Capacity Factor, %, = - o o 87
Annual Net Generatlonﬂﬂw : ' 4 8,726

naigelitaxe 241, persons 12.70
Maintenance materials <. o 1
" Fixed _ | | 1.47
Variable . S _ . 0.49
Subtotd = * : SO 1.96
Supplies and expenses ‘ . _
Fixed ' ‘ 2.05
Variable Reflector Block and. @@nﬁorﬂéd RIepJacement : 3.70
Variable I 0.87

Subtotal 6.62
Offsite technical support ' ‘ -

Corporate A : | . 4 persons 0.35 l

COSO o _13 persons 1.44
Subtotal . - - 1.79
Subtotal, power generation cgsts ) g
Fixed L 18.01
Variable ‘ 5.06
Su 439384 i e 23.07
General and Administrative Cg sts (%lmon/yeag '
Pensions and benefits T 3.17
Nuclear regulatory fees 2.75
Liability insurance SRRRT 0.65
Property insurance ‘ : : 1.88
Replacement power insurance ~ ' . 0.53

Other general & administrativg expenses _ _ 3.46
3 12.44

S@MI
Total O&M Costs ($m||hon/v§é.ﬂ : o
Fixed A . ~ 30.45
Variable ‘ . 5.06
Total Nonfuel O&M Costs, smumoﬂr ] L 35.51
Total Nonfuel O&M Costs, mitis/kwh o 4.07

i .
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° A plant operating capacity factor of 82% is achieved, as compared toi80% for the
Lead Plant and 85% for the Target Plant.

With the exceptions of the Chemist and one Instructor positions, staffing for the
Operations, Technical and Administrative Divisions is estimated to beithe same as
for the Lead Plant since demonstration of multi-modules operations will not have
been accomplished at the time of Replica Plant commitment.

Maintenance Division staffing is assumed to be the same as for the Target Plant
since its size is largely determined by then replicated conventional plant equipment
and O&M procedures. This allows a reduction of 16 personnel relative to the Lead
Plant.

Thus, it is estimated that a staff of 282 personnel is required for the R:eplica Plant.
Other costs {(maintenance materials, supplies and expenses, fees and insurance, and off-
site support) remain as estimated for the Lead Plant. O&M costs for the Replica Plant are
summarized in Table 4-5. Power generation costs, including staff salary and payroll
taxes, maintenance materials, supplies and expenses and offsite technical support
amounts to $25.2 million or 64% of total cost. G&A costs, which include employee
benefits, nuclear liability and property damage insurance, fees and dues, are $:1 6.5 million
or 36% of the total cost. ’
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Plant Performahce '

Net Plant Rating, MWe | . 1,050
Base Capacity Factor, % g 82
1 7,539
Power Generation COSQ{W@{(?:‘;M B b
On-—site staff salary and fpay,li@ﬁ:f i 282 p‘efsons 14.64
Maintenance materials ] T ,
Fixed | o ' l 1.47
Variable NS SRR LTS e 0.49
T B » | 1.96
Supplies and expenses W T o
Fixed " 2.18
Variable Reflector Blocks and Comtro?hod§ ‘ 3.70
Variable \ 3 0.75
Suthtal ‘ g 3 . . 6.63
Offsite technical support * - e .
Corporate . | 5 persons 0.43
COSO oL 14-pegsons 1.55
Subtofl . .- f L o 1.98
Subtotal, power generatttSJ‘f ot
Fixed JE I 20.27
Variable T 4.94
total L s o 25.21
Pensions and benefits LR T 3.66
Nuclear regulatory fees g0 ¥ 4.15
Liability insurance R cy T 0.65
Property insurance I C & S . 3.76
Replacement power insurance. - . 0.53
Other general & administrati ie_%pgns@ss "' ' . 3.78
Subiotal -t . 16.53
Total O&M Costs ($mnuon—/y§§ 0. N
Fixed T ‘! S . 36.80
Variable - - 4.94
Total Nonfuel O&M Costs, $}fﬁillr@n grooo ' 41.74
Total Nonfuel O&m Costs, rmh‘s/kwh 5.54
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SECTION b

PLANT CONFIGURATION SENSITIVITY STUDIES

5.1 INTRODUCTION '

Studies were conducted to determine the sensitivity of O&M costs to (1) individual
control rooms for each module versus a central control room (the reference); and (2) the
number of reactor modules in the plant; i.e., 1, 2, 3, or 4 (the reference) modules. While
it is clear that both of these options would incur higher operating costs than the reference
four-module plant with a central control room, both would reduce risk and increase
deployment flexibility. In the case of individual versus central control rooms, 'the avoided
risk is the reduced likelihood of delays in certification due to issues emerging during
regulatory review of control room design and staffng plans. (See Reference 1'4 for a more
complete discussion of NRC’s position on operator staffing and function for advanced
reactors.) With regard to the number of modules per plant, the concern is one of being
able to accommodate a broad range of owner/operators in a global market.

5.2 INDIVIDUAL VERSUS A CENTRAL CONTROL ROOM

For the reference plant design, Shift operations is staffed by a Shift Supervisor and
Plant Supervisor (both SROs and not posted in the control room), three reactor operators
(ROs and posted in the control room), and three roving operators (ROs). If individual
control rooms for each reactor module were adopted, the reference functionsifor the Shift
and Plant SROs would be retained, but 8 reactor operators (2 ROs for each control room)
and 5 roving operators are required. The additional roving operators are deemed
necessary to ensure adequate in-plant response to control room operaton:' directions.
Increments in shift operations and support staff for individual control rooms are shown
in Table 5-1 for GT-MHR Target Plants. This change would increase the O&M component

of the busbar cost of electricity from 4.5 to 5.0 mills/kwhr.
5.3 NUMBER OF REACTOR MODULES PER PLANT

O&M costs for 1, 2, 3, and 4 module GT-MHR plants are summarized in Table 5-2.
These costs are based on incremental changes relative to the reference 4 module plant
design with a central control room. In Figure 5-1, the 0&M component of the busbar cost
of electricity for each stage of plant development (i.e., Prototype, Lead, IReplica and
Target plants) is plotted for 1, 2, 3, and 4 module plants. Also shown in Figure 5-1 is the
average O&M cost for the top ten U.S. LWR plants in 1993 of 8.4 mills/kwhr (adapted
from Reference 15). (Per Reference 16, the U.S. LWR industry average |n 1993 was
about 15.5 mills/kwhr.) While this comparison is limited in scope to O&M costs, it
suggests that the GT-MHR can potentially compete in all four configurations and that a
more thorough evaluation of design features that support flexibility; e.g., individual control
rooms, should be conducted.
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SECTION 6

OWNER’S COSTS FOR GT-MHR PLANTS

6.1 APPROACH TO ESTIMATING OWNER’S COSTS FOR GT-MHR PLANTS

During the construction of a power plant, the owner incurs costs for its functions
which include (1) project management; (2) fees, taxes and insurance; (3) spare parts and
specific capital expenses; (4) staff training and startup and (5) administrative and general
expenses. The estimate of owner’s costs in this section builds on the estimates of plant
staff and operating costs developed in Sections 3 and 4 of this report for the Prototype,
Lead, Replica, Target, and "equilibrium™ Target Plants. Owner’'s costs for the
"equilibrium" Target Plant are assumed to be the same as the Target Plant:except that
spare turbomachinery will be shared with another plant.

6.1.1 Owner’'s Cost Accounts

Federal Energy Regulatory Commission (FERC) organizes owner’s costs into the
following five subaccounts.

° Project Management Expenses (Account 941). This account includes the cost of
the owner’s project staff to manage and integrate its engineering, licensing, and
quality assurance efforts. It also includes supporting home office services such as
estimating, planning and scheduling, and purchasing, as well as ;;)ayment for
outside support services directly associated with siting, construction and startup
of the plant.

L Fees, Taxes and Insurance {(Account 942). These expenses cover all owner’s
nuclear and other insurance premiums, property taxes, sales taxes on purchased
materials and equipment incurred during the course of the project, iplus related
permits, licenses, and fees. Builder’s all-risk insurance is included in Account 914
as part of plant indirect costs.

® Spare Parts and Capital Equipment (Account 943). This account includes the initial
stock of supplies, consumables and spare parts needed for testing and startup
operations in addition to the plant inventories of coolants (helium), gases (carbon
dioxide, hydrogen, nitrogen, etc.) fluids (demineralized water, lubricants, etc.),
auxiliary fuels (fuel oil) and chemicals. Office furniture, communication equipment,
vehicles, laboratory equipment, housekeeping supplies, and other spare parts and
equipment are also part of this account. '

Staff Training and Startup {(Account 944). This account includes the costs of
training the initial supervisory, operating, maintenance, and administrative staff and
their salaries, as well as the cost of maintenance materials and supplies, for the
period prior to commercial operation.
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6.1.2 Background ancj‘Assumptnons . G 1

The ORNL gundetmes {Referelnce 9) mcfxcate tﬁat the preferred approach to
developing an estimate ofkth.eg;owner S gost ls&toﬁgon”’ ,
However, if that is not poss;b‘r'e it js. re%ommeno"ed that,.@wner s cost be estimated as
15% of the other direct and. ini i;ep‘t biase constrﬂctzon c,osts This estimate of GT-MHR
owner’s costs benefits from th ;Ml:ﬂ}GR fogect Feasnblhty; S‘tudy (Reference 4) in which
Consumer’s Power Company. and Phlla elphla Electric Company supported a detailed
evaluation of the cost of deployang“moddl:ar gas- cooled reactors at a utility site.

For the purposes of thls estlmete the owner S costs are based on a hypothetical
East/West Central site in accordance with ORNL guidelines.' In general, the East/West
Central site owner’s costs are considfered to be representative of the costs for a wide
varlety of sites but are not specific to.any one site. Factors which could cause the
owner’s cost to vary from site-to- siteinclude the application and rate of sales taxes, the
method of valuing property and the. tax rate applied, and owner-specific choices (e.g.,
staff salaries, G&A rate, spare parts phai@sophy, etc.).

This estimate of owner: s costs fiakes credrt for sharing resources between the
commercial plants included in th mntgal deployment scenario. Standardization is one of
the keys to successful deployme,nt of;he GT»MHR or.any. other advanced nuclear reactor.
Without standardization, each rea¢tor. is. qfrlque and must deal separately with regulatory
issues, design modifications and, O&M?procedures Experience in the U.S. has shown that
dealing with unique designs cah be very expensive in terms of capital cost, operating
cost, and risk of regulatory s,hutdowrv It is assumed that the,NRC will certify a standard
design based on the successful completuo’n of* Pxototype Plant'testing and reference plant
design and licensing activities. 1?In additidn, it .is 'assumed that prospective owners will
organize COSO to deal W|th the vendor and regulator on generic issues as outlined in

Appendix B.
6.2 PROJECT MANAGEM.ENT EX@;ENSE:S (Aecount 941).

The owner’s project management costs are the expenses the owner incurs for
project management services to kcens;e and bu:ld the ‘plant on the owner’s site. Estimates
of staff composition, size and costs are Of.gamzed in the' followmg subaccounts:

Account 941.1 - Engmeenng/&ute Management
Account 941.2 - Quality Assurancae

Account 941.3 - Project Llcensmg >
Account 941.4 - Project Managefment & Control

The estimated costs for these accounts are, sumrmanzed in Table 6-1. Salaries are
consistent with those used in estimatlng operatmg staff’ costs in Sections 3 and 4.
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Similarly, payroll taxes are assumed to be 10% of salary and employee !benefits are
assumed to be 25% of salary; however, no allowance for overtime has been included
since this period is prior to commercial operation. The components of these accounts are
discussed for the Prototype, Lead, Replica and Target Plants in the following sections.
The distributions of costs by accounts and with time are as shown in Tables 6-1 and 6-2.

6.2.1 Prototype Piant

The GT-MHR Prototype Plant consists of one reactor module and all plant common
facilities for the complete four module Lead Plant. For the purposes of estimating owner'’s
project management costs, it is assumed that the plant is located at a government site
and that the government will own and operate it through the demonstration program and
NRC certification of the standard GT-MHR design.

As shown in Table 6-2, the owner’s project management effort is required for a 10-
year period extending from 7 years before to 3 years after start of site work. A small
team is brought together early in the project to investigate alternative sites and perform
environmental impact studies. Project approval is assumed to occur aboutithree years
prior to start of site work. Fuel loading occurs in the third year after start of site work,
and related project management activities are completed by the end of that!year. Most
technical activities performed in the interval between the start of fuel loading and
commercial operation will be under the direction of the plant operations manager and
these costs are included in Account 944.1.

Project management expenses for the Lead Plant Expansion are estimated to cost
$12.8 million for a 164.2 man-year effort.

6.2.2 Lead Plant

The GT-MHR Lead Plant consists of the Prototype Plant and the Lead Plant
Expansion; i.e., the private sector’s addition of second, third and fourth reactor modules.
It is assumed that the NRC will grant a combined operating license for the full four-module
Lead Plant based on successful operation of the Prototype Plant and their review of the
Lead Plant design. The Lead Plant is assumed to be constructed under a fixed price,
turnkey commercial contract; i.e., a fully operational facility will be supplied to the owner.

For such an arrangement, a small project management team is assumed sufficient
to oversee execution of the contract and to fulfill the owner’s regulatory responsibilities.
The owner’s Lead Plant project management effort is required for a period of 6 years
extending from 3 years before to 3 years after start of site work.

The Lead Plant Expansion project management team is mobilized three years before
start of site work for the second reactor module of the Lead Plant. This staff will have
gained experience on either the Prototype Plant project management team or plant
operating staff. Relative to Prototype Plant project, the Lead Plant construction schedule
is shorter as a result of prior construction of the first module and common fagilities, and
the scope of engineering, quality assurance, and administrative efforts are reduced due
to a shorter schedule. The licensing effort is reduced due to use of the Prototype Plant
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Table 6-2 -
PROJECT MANAGEMENT STAFF (MAN—YEARS)
ACCTS [YRS FRMSTRTOF SITEWRK | —8| -7 {-6|-5[—-4[-3|-2] -1 1 2] 3| 4[TOTAL
041.T T CVILENGINEER 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 95
ENGR/ ELECTRICAL ENGINEER 1.0 1.0 1.0 1.0 1.0 0.5 55
P BITE MECHANICAL ENGINEER 1.0 1.0 1.0 1.0 1.0 0.5 55
R MGT 1&C ENGINEER 1.0 1.0 1.0 1.0 05 45
0 NUCLEAR ENGINEER 1.0 .0 .0 0. 3.5
T SUBTOTAL 3411 1.0 1.0 1.0 1.0 3.0 4.0 D. 3.0 . 2. 28.5 |
0] 941.2 | QA/QC MANAGER 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .0 .0 0.8 9.8
T RuAL QA/QC ENGINEERS 1.0 20 20 20 20 1~5| 10.5
Y ASSUR QA/QC AUOITgNSPECTORS .0 1.0 .0 1.0 1.0 0.8 .8
P 12 10 1.0 1.0 1.0 [X 4. 4. 4.0 i 281
E 841.3 | LICENSING MANAGER 02 1.0 1.0 1.0 1.0 .0 1.0 1.0 1.0 1.0 C.S; .7
PRUCT | LICENSING ENGINEER 1.0 2.0 20 3.0 5.0 6.0 8.0 50 20 1.0 33.0
P {ICNSG | ADMIN/CLERICAL 0.2 .0 1.0 1.0 .0 .0 3.0 3.0 .0 1.0 0.8 16.7
L SUBTOTAL 941.3 0.4 3.0 4.0 4.0 .0 .0 [10.0] 10.0 .0 4.0 2.0, 59.4
A 941.4 | PROECT MANAGER 0.2 0 0 0 K K 1. 1. K .0 ‘l..| 0.2
N PRJXCT PROECT ENGINEER 1.0 1.0 1.0 1.0 1.0 1.0 1.0 7.0
T MGT/ PLANNING & CONTROL 1.0 1.0 2.0 20 20 2.0 2.0 120
CNTRL | COST ACCOUNTING 1.0 20 20 20 20 2.0 1.0
ADMINISTRATIVE ASSISTANT .0 .0 .0 1.0 .0 1.0 1.0 1.0 1.0 1.0 10.0
SUBTOTAL 9414 0.2 3. K 4.0 X 7. 7. 7.0 7. 7.0 .
IOTAL STAFF [oX.] 3 120 [ 1 25 28 240120 1
WAT.T [ CIVIC ENGIREENR AR*J 1.0 1.0 1.0 U5 0. L. 9-3
L ENGR/ | ELECTRICAL ENGINEER 1.0 1.0 1.0 1.0 1.0 0.8 5.8
E BITE MECHANICAL ENGINEER 1.0 1.0 1.0 1.0 1.0 08 58
A MGT 1&C ENGINEER 1.0 1.0 1.0 1.0 1.0 0.8 58
D NUCLEAR ENGINEER .0 1.0 1.0 .0 1.0 0. 58
SUBTOTAL 341.1 9.0 - X 3. >. 4.5 . 27.7
P 941.2 | QA/QC MANAGER .0 1.0 1.0 .0 1.0 0. 58
L QuAL QA/QC ENGINEERS 1.0 20 20 20 20 08 98
A ASSUR | QA/QC AUDITANSPECTORS .0 1.0 1.0 1.0 1.0 0.0 50
N SUBTOTAL 341.2 kX | 40 0 4. 1. 20.6
T 941.3 [ LICENSING MANAGER 1.0 1.0 1.0 1.0 1.0 0.8 58
PRJCT LICENSING ENGINEER 3.0 3.0 3.0 3.0 1.5 168 151
E LICNSG [ ADMIN/CLERICAL .0 .0 .0 .0 1.0 0.0 50
X SUBTOTAL 941.3 5.0 .0 5.0 5.0 3. 2.4 259
P 931.4 [PROECTY MANAGER .0 .0 . 0 K . S.
A PRJCT PROVECT ENGINEER 1.0 1.0 1.0 1.0 1.0 0.8 58
N MGT, PLANNING & CONTROL 2.0 20 2.0 20 1.5 08 10.3
S ENTRL | COST ACCOUNTING 20 20 20 20 1.5 0.8 10.3
N ADMINISTRATIVE ASSISTANT 1.0 1.0 1.0 1.0 .0 0.8 5.8
BTOTAL 941.4 7. 7.0 7. 7. 0] 40 38.0 ]
JOTAL STAFE 20 2101 21 21 1801 112 1122
BAT. T T CIVICENGINEER 1.0 1.U 1.0 1.0 1.0 1.0 TU 0.7 7.7
ENGR/ ELECTRICAL ENGINEER 1.0 1.0 1.0 1.0 10] 03 53
BITE MECHANICAL ENGINEER 1.0 1.0 1.0 1.0 1.0 0.3 53
MGT 1&C ENGINEER 1.0 1.0 1.0 1.0 0.3 43
R NUCLEAR ENGINEER 0.0 1.0 1.0 1.0 0.3 33
E BTOTAL 941.1 10 1.0 1.0 3.0 4.0 5.0 2.0 37 1.2 25.
P 941.2 | GA/QC MANAGER 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.3 8.3
Ll RQUAL QA/QC ENGINEERS 1.0 20 20 20 1.0 03 83
ASSUR | QA/QC AUDITANSPECTORS .0 1.0 1.0 1.0 0.0 4.0
C BTOTAL 941.2 1.0 1.0 1.0 3.0 4.0 4.0 4.0 20 0.6 20.6 |
A 941.3 | LICERSING MANAGER 07 10 7.0 K] 10 1.0 10 1.0 03 8.3
PRJICT LICENSING ENGINEER 1.0 3.0 4.0 40 4.0 3.0 3.0 20 0.6 248
P LICNSG | ADMIN/CLERICAL .0 0 0 .0 .0 .0 1.0 0.2 7.2
L SUBTOTAL 941.3 3. .0 6.0 6.0 3.0 .0 5.0 3.2 0.9 40.
A 947.4 | PROECT MANAGER Ky .0 K K K K 1.0 1. 0.3 8.3
N pPRuCT PROUECT ENGINEER 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.3 7.8
T MGT/ PLANNING & CONTROL 0.5 1.0 20 2.0 20 2.0 20 10 03 128
CNTRL | COST ACCOUNTING 1.0 1.0 2.0 20 20 2.0 1.0 0.3 113
ADMINISTRATIVE ASSISTANT .0 .0 .0 1.0 .0 1.0 1.0 1.0 0.3 83
SUBTOTAL 3414 3.0 . 7.0 f 7.0 7.0 5. 1.5 485
TQTAIL STAFF 01 14 19012 21012101 14 42 1351
93T T T CIVIL ERGINEER 1.0 TU 1.0 1.0 R AR RY OU [-X
NGR/ ELECTRICAL ENGINEER 1.0 1.0 1.0 1.0 08 48
ITE MECHANICAL ENGINEER 0.0 1.0 1.0 1.0 08 3.8
MGT 1&C ENGINEER 0.0 1.0 1.0 1.0 0.8 38
NUCLEAR ENGINEER 0.0 0.0 .0 .0 0.8 2.
T SUBTOTAL 941.1 {0 1.0 2.0 [X X 9. 3.2 21.2
A 941.2 | QA/QC MANAGER 1.0 1.0 1.0 1.0 .0 0 0.8 8.8
R pwaAL QA/QC ENGINEERS 1.0 20 20 20 08 7.8
G ASSUR AUDITANSPECTORS 1.0 1.0 1.0 1.0 0.8 4.8
E sugrg TAL 341.2 1.0 1.0 3.0 .0 40| 40 4 i9.4
T 9417.3 [UICERSING MANAGER 1.0 10 1.0 0 1.0 i0 8 638
PRUCT | LICENSING ENGINEER 1.0 3.0 40 40 3.0 20 0.8 17.8
P LICNSG | ADMIN/CLERICAL .0 1.0 .0 .0 .0 1.0 0.0 8.0
L SUBTOTAL 941.3 3.0 5.0 .0 8.0 .0 4.0 1.6 | 30.6
A 041.4 | PROJECT MANAGER K K K K K 0 0. .
N PRJCT | PROJECT ENGINEER 05 1.0 1.0 1.0 1.0 1.0 0.8 8.3
T MGT/ PLANNING & CONTROL 0S 20 2.0 20 20 20 0.8 113
CNTAL | COST ACCOUNTING 1.0 20 20 20 20 08 98
ADMINISTRATIVE ASSISTANT .0 .0 1.0 .0 1.0 0.8 8.8
SUBTOTAL 947.4 3. . .0 7. .0 7.0 4.0 41.0
TOTAL STAFF 1 18012101 210120011121 1122
6-5
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site and NRC certified, stam =d~r’e<.ac.tggr~; -rpqg{tggps. Projget: management activities are
completed with plant start@ip fhe- rh%*ieé%“aff;@rESt:’a,qt"@,’f"is'ite work.
- - ‘nf " ' Y B4

4 L
The total owngf's @ hessum; of costs for the Prototype
Plant and for the Lead Plai#

i f,the second, third and fourth
reactor modules. Project

th ‘ (’fheI‘Lead Plant Expansion are
estimated to cost $8.8 miffigH srigffprt. When added to the costs for

oF% 112.2 man-ye

LMY . . Y, N e %L .
the Prototype Plant the tofg grojeot maiagemept resotirdes required for the Lead Plant
are 276.4 man-years and $21 5 milon? ¢ o1 T

'u‘f‘_r {‘ . ) ) : ‘
6.2.3 Replica Plant - B ; I

The Replica Plant is the se¢ond fo;u;r-modu_ﬂ!e GT-MHR plant and the first of a series
of identical commercial plahts ordefed; congurrent with the decision to add the second,
third and fourth reactor miodules:to the Prototype Plant. The Replica Plant is also
constructed under a fixed. priée, tuknkéy contract. Theowner’s project management
effort is required for 9 years, éxtending¥rom 5. years before:to 4 years after start of site
work. Relative to the Lead Plafit, sdditigeial time is needed to obtain licenses and permits
for construction at a new site asguimed 1o have characteristics within the envelope of

standard plant siting paranﬁete‘f"sf

The project schedule provides ftq};;si%e,speéific ficensing but also takes credit for
learning on the Lead Plant%‘é;@;iécg @g@@ﬁe use ‘of a-one-step licensing process. The
project management staffin;gr_:.e?fté‘-}?} s tnilar: to that for the Lead Plant Expansion in that
the project management st'afﬁpé%%@_a‘,taz‘]‘ ﬁer;‘sfonnel. Hoewever, the project management
staff is required for a Ior.\_;ger.ypér’ié_ld’zfof-_‘;.tim"e.'éo accomimodate site specific licensing

activities. Lo

-

Project management e;;gpe:hses'for: the Replica Plant are estimated to cost $10.8
million for a 135.1 man-yéar €ffort. . - '

6.2.4 TargetPlant . . o '

The GT-MHR Target Pléng'i’s"%igér‘;assuméd to be constructed under fixed price,
turnkey contracts and is -the fif.t?b{t identicd} ‘GT-MHR -plant. The owner’s project
management effort is required fog gwo. year§ less time than for the Replica Plant and
extends from 4 years before: t& 3 yeiars after the start of site work. The project
management effort for the.,_.;ﬁTaf"g.A_e‘«t Plantds .17 %. less than for.the Replica Plant due to the
shorter project schedule.: Plant starup takes place in the 3rd year after start of site work
and related project management 'aci%iviti{e’s end that year. €roject management expenses
for the Target Plant are estimated to cost $8.9 million for'a 112.2 man-year effort.

. , i _

A , .
6.3 FEES, TAXES ANDINSYRANCECOSTS (Account 942)

Estimates of owner’s fees, 1axes and insurance costs for GT-MHR plants are
organized in the following subaeéo@n-t‘s“.‘
. .
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Account 942.1 - Sales'" and Property Taxes
Account 942.2 - Licensing Fees and Permits

Account 942.3 - Insurance

The estimated costs for these accounts are summarized in Table 6-3. The
components of these accounts are discussed for the Prototype, Lead, Replica and Target
Plants in the following sections. '

6.3.1 Owner’s Property Taxes (Account 942.1)

Property taxes are based on an annual assessment of property value. Actual
property tax payments are due during the year after the property is assessed. One year
of property taxation is assumed prior to the start of site construction work to cover the
land value and improvements prior to construction. The year-by-year property value
assessments for tax purposes are assumed to be one-half of the average year- by-year
accrued capital cost as determined from the plant capital cost cash flow. (T|he assessed
value is less than the average accrued cost since the full value of the accrued cost is not
realized until the plant becomes operational.) This convention for estimating the assessed
value is based on the approach used in Reference 17.

The property tax rate is assumed to be 2% in accordance with t!he financial
parameters specified in Reference 18. However, actual property tax rates vafry from site
to site. The resultant estimates of property taxes to be paid by the owner prior to start
of commercial operation are summarized in Table 6-3 based on estimates!'of the total
plant capital costs to the nearest $50 million. (The Lead Plant cost assumes|one-half the
cost of the Prototype Plant plus the full cost of adding the second, third and fourth
reactor modules.) No property taxes are applied to the Prototype Plant b:ecause it is
assumed to be deployed at a government site and owned by the federal government.

6.3.2 Owner’s Licensing Fees and Permits (Account 942.2)

These costs are comprised of NRC application fees, the full cost of NRC staff
review of licensing submittals (the dominant contributor), and state and local fees. They
are summarized in Table 6-3. Estimates for the first and last of these cost categories are
relatively straightforward. NRC fees are delineated in 10CFR170. According to the July
1994 fee schedule, the application fee for a construction permit for a nuclear power
reactors is $125,000. Based on experience, the cost of state and local fees is estimated
to be about $600,000 for any GT-MHR project except the Prototype Plant, which is
assumed to be owned by the federal government and located at a government site.
However, the costs of NRC staff review functions (e.g., reviews of submlttals for
Combined Operating Licenses) are to be billed for the full amount and emplrlqal cost data
are based on the two-step licensing process.

m It is noted that sales taxes are not applied to power generation facilities in the majority of the states
and that such taxes are applicable to only a small percentage of total plant equipment and site material costs.

Sales taxes have not been included in these estimates of the GT-MHR owner’s costs.

6-7
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YANCEEGOSTS ('949)
YPE| - AD [ | REPLICA | TARGET
R T PLANT PLANT
0421 OWNER'S PROPERTY RFAXES, | i A
ASSUMED CAPITAL COSY 900 4,800 1,800 1,600
PROPERTY TAX RATE 0% . 2% 2% 2%
EFFECTIVE TAX BASIS 1350 2,520 2,394 2,080
SUBTOTAL 942.1: 0| 50;900,000] 48,000,000} 42,000,000
942.2 LICENSING FEES/PERMR'S ™ N
NRC APPLICATION FEE - - 125,000 259,000 125,000 125,000
NRC STAFF REVIEW AT FULL.COST: | 10,725,000 16,975,000 6,250,000 5,250,000
(EQUIV NRC STAFF MAN-YEARS), 43| .+ 68 21 21
STATE AND LOCAL FEES/PERMITS : - | | 0 600,000 600,000 600,000
~ SUBTOTAL9422 % ... | .10,850000] 17,825000f 5,975000 5.975,000
942.3 OWNER'S INSURANCE S o
PUBLIC LIABILITY 20| . 650,000 650,000 650,000
PROPERTY DAMAGE . "ol 3760000 3,760000| 1.880,000
SUBTOTAL 942.3 % 0} - 4410,000] 4,410000| 2,530,000
TOTAL ACCOUNT 942 ' 10,850,000 72,235,000 58,385,000 50,505.000

The estimate of owner’s cgstfforésih@;_staff review of GT-MHR applications using
a two-step licensing process i& baéeéton*the‘?@suﬂptidn that staff costs for the one- and
two-step processes are equal. "Anequivatent costbased on fee data from earlier versions
of 10CFR170 and current NRGistaff:billifig Tatesiis calculated as follows. The 1984 fee
schedule list the cost for re‘v‘:iewi-n;@:.“;Ca‘o'n-s:frngg'gjonx Permit applications as $3 million.
Assuming this fee is representative of NRC staff:costs andian inflation rate of 5% per
year, a conservative estimaée,fé‘f éurrent costs (1994$) for the GT-MHR would be $4.8
million. Similarly, the 1988."ﬁ§?e schedule lists the costs for reviewing applications for
Operating Licenses as $3,077400, or $4,125,000'in 1994 dollars. Thus, the cost of the
two-step process in current dollars would be. 1$'8,925,000. Assuming the two-step
process will cost the same and-using the:. 1994 billing rate for NRC professional staff of
$133 per hour and 1880 manéht)u.rsp-eff year (2080 hours less 200 hours vacation, sick,
and holiday hours), this cost répresents & 36 man-year effort by NRC staff.

Based on the GT-MHREdegplo_xyment“plan and schedule, the NRC staff effort to
review the GT-MHR Prototype " Plant is-éstim@dted to require about 43 man-years and
$10.7 million. Commitment to thig Lead®Plant Eg(_pansion (i.e., the addition of the second,
third and fourth reactor module} f@}?@owssucces,s’ﬁgl licensing, startup, and initiation of the
certification test program on thePrototype: Plait.: The NRC staff review of the application
for Lead Plant Expansion will Be concurrént with the certification for the standard GT-
MHR design which will be con‘:i?téi-eéprim to issuance of the combined operating license
for the full four module Lead Plant. .An additional 25 man-years of staff effort is
anticipated for the Prototype Plant Expamsion resulting in a total cost for NRC staff review
for the Lead plant of about $ 57 million. &
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The NRC licensing fees for all plants following the Lead Plant are asisumed to be
based on a NRC certified design and directed to the resolution of site/owner-specific
issues. For sites within the envelope of parameters for the certified design, this effort
should be relatively modest. This review process is assumed to require 21 man-years and
about $5.3 million of NRC professional staff time.

6.3.3 Owner's Insurance (Account 942.3)

Nuclear power plant public liability and property damage insurance coverage during
construction is assumed to begin one year before commercial operation of the first
reactor, or about the time nuclear fuel is received on site. Accordingly, insurance costs
during construction are assumed to be equivalent to the total of the annual premiums
developed in Sections 3 and 4 of this report. The owner/operator is assumed to be self-
insured for standard hazard insurance and no costs are included for hazard insurance in
this estimate.

The government is assumed to be the applicant, constructor, and operator of the
Prototype Module and to self-insure. Therefore, no insurance costs were applled during
construction of the plant. The property damage insurance premiums for the Target Plant
are assumed to be 50% of that for the Prototype and Replica Plants based on assumed
confirmation of GT-MHR inherent safety characteristics. The insurance premnums for the
Prototype, Lead, Replica and Target Plants shown in Table 6-3 are consnstent with those
in Tables 3-8 and 4-4 of this report. '

6.4 SPARE PARTS AND CAPITAL EQUIPMENT (Account 943)

The estimate for spare parts and capital equipment is organized in the following
subaccounts:

Account 943.1 - Initial Spare Parts Inventory
Account 943.2 - Consumables, Supplies & Coolants
Account 943.3 - Plant Equipment and Furnishings

Each of these accounts is discussed in the following sections. The associated costs are
summarized in Table 6-4.

6.4.1 Initial Spare Parts Inventory (Account 943.1)

The initial spare parts inventory includes those needed for testing and plént start-up
operations. Cost estimates for the initial spare parts to be supplied by the owners of the
GT-MHR Prototype, Lead, Replica and Target Plants are given in 6-4. An allowance equal
to the average cost of the units in the plant is included for a spare turbomachipe (i.e., the
turbine, compressor, bearings, and seals). The provision of a spare turbomachine for
every four-module plant is considered a conservative assumption. As future work shows
that the reliability of turobmachinery is such that spares can be shared by several plants,
this cost may be reduced. For the "equilibrium" Target Plant, it is assumed| that spare
turbomachinery will be shared with another plant.

6-9
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ARS8 CAPITAL PMENT ('94$)
] < : el ¢ {s . ' ey o g :.:**
T A REPLICA | TARGET
N PLANT PLANT

943.1 OWNER'S SPARE PARTS" -7 R Co
SPECIFIC SPARE EQUIBMENT . [.:21,960/000| 20;340j000| 18,504,000 16,056,000
FACTORY EQUPM'T ANO MATER'LS | 287,000,000 |.796,860(000 | 748,000,000 | 696,000,000
SPARE PARTS ALLOCABIONE % .~ & - 8%f 3 .i2% 2% 2%
_ SUBTOTAL943.f ., - | 30,560,000} 36,240/000| 33,504,000} 29,956,000

9432 CONSUMABLE S/SUPPHESIEOOUANT; - . . -

HELIUM INVENTORY, LBS/BEACTOR .} ; 10,000 10,000 10,000 10,000
MAKEUP HE (2 INVENTORIES), tBS .} = - 20,000 80,000 80,000 80,000
HELIUM COST AT $1208/LB/$ = 241644| = 966,575 966,575 966,575
FUEL OIL, K GAL/PLANT T T80 30 30 30
FUEL OIL AT $1.05/GAL (2% ES€E.),’$ 40,749 44,990 65,557 48,698
DEMIN WATER, K GAL/PLANT . - , 600 700 700 700
DEMIN. WATER (FLUSH); K GAL/PLANTj. . 320 1,280 1,280 1,280
DEMIN. WATER AT $0.15/GAb. 85~ | - =7 1381000 297,000 297,000 297,000
MISC SUPPLIES (10% OF ABOVE)L S . 4. . 421089 130856 132913 131,227
_ SUBTOTAL943.2 . 462432 | 1439421 1,462045] 1,443,501

9433 EQUIPMENT AND FURNISHINGS A ‘
PLANT SIMULATOR © 't "f 7,950i000| .7,350,000| 7,350,000 2,450,000
FACTORY EQUPM'T AND-MATER'US | * 8%,000/000| 65,000,000| 65,000,000 65,000,000
- EQUPM'T/FRNSHGS ALLOCATION; % % . J0%| - 10% 10% 10%
SUBTOTAL9433 .} 10,450,000] 13,850,000| 13,850,000| 8,950,000
~STALACCOUNT 943~ 5 | 1741479432 | 54.5p0,401| 48816045 40,349 501

*. 3y
Although designers have not'yet developed”a regemmended initial inventory of
spare parts, an allowance of 2% “of :mhe‘fact*éj‘ry' ?qdi,pmen{ and material costs for spares
has been identified in discussions MerTMHR Program participants as adequate to
support plant testing and start-up” of tﬁ‘e&,,Lﬁéféd; Replica, and Target Plants. The Prototype
Plant is assumed to require a bugp’e# spare parts allotmerit because no sharing between
modules is possible, and an allowance of 3% has-been used.

6.4.2 Consumables, Sup'pl.ies‘& Cobolanés (Atcount 9'4f“3.2)

This account covers the%:ost _é).f me initivél‘plant inyentories of reactor coolant, fossil
fuels, demineralized water and ghémicals. . Jt" does not include the initial nuclear fuel
inventory which is included in ‘the fuel ¢ycle cost.

Quantity estimates and @ssocidted costs. for the consumables, supplies and
coolants based on currently @y@ilablg;dggsig@ iﬁ'férmation are'given in Table 6-4, including
an allowance for miscellaneous ;si:p‘;ﬁﬁésf, - Thesé estimates apply equally to the Lead,
Replica and Target Plants, Prototype Plant costs have been adjusted to reflect the
requirements of one reactor vsﬁtﬁ"g@}fwjrﬁbn"‘f‘afciﬁﬁe's. Additional costs for materials and

supplies associated with opéfation énd mainfenance jctivities by the owner during
construction are included in Accourt 944.

6-10
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6.4.3 Plant Equipment and Furnishings (Account 943.3)

This account contains the cost of the owner’s specific equipment such as office
furniture, tools, vehicles, laboratory equipment, housekeeping gear, etc. In addition, an
allowance of $7.35 million is included for a plant simulator, $4.75 million for the
simulator equipment and $2.6 million for building space to house the simulator and
classrooms. It is assumed that COSO operates and maintains the simulators at regional
central facilities such that Target Plant costs are shared by two other plants and
"equilibrium™ Target Plant costs are shared by four other plants. This 'would be a
departure from current practice and but should be acceptable with truly standardized GT-

MHR designs.

In the Project Feasibility Study (Reference 4), owner’s specific equipment was
estimated to be approximately 10% of factory equipment and materials cost, and this
allocation is used in this estimate. Costs are summarized in Table 6-4.

6.5 STAFF TRAINING AND START-UP (Account 944) :

Estimates for staff training and start-up costs are organized in the following
accounts:

Account 944.1 - Plant Operating Staff
Account 944.2 - Maintenance Materials
Account 944.3 - Supplies and Expenses

These accounts are discussed in the following sections.
6.5.1 Plant Operating Staff (Account 944.1)

The costs incurred by the owner to develop the plant operating staff are
summarized in Table 6-5. As described in Sections 3 and 4 of this report, theisizes of the
Prototype, Lead, Replica and Target Plant staffs are estimated to be 166, 300, 282 and
241 personnel, respectively. Table 6-6 shows the rate at which these staffs are recruited
and trained in advance of commercial operation. Staff salaries are as shown ip Table 3-7.
Plant-specific assumptions for these estimates are summarized in the following

paragraphs.

Prototype Plant: The on-site staff required to operate and maintain the Prototype
Plant is 166 personnel, including 163 full time plus annualized outa:ge support
personnel equivalent to about 48 man-months during a fuel cycle (i.e., about 3
man-years). The build-up of this staff during the construction period !is assumed
to occur in a manner similar to that described in the Project Feasibility Study
(Reference 4) and is estimated to require a 364 man-year effort over a period of
6.5 years. This projection is based on the following assumptions:

> Training of the permanent operations staff begins 48 months p:rior to start
of commercial operation of the reactor. This will allow about three years of
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OSTS ('949)
REPLICA TARGET
PLANT PLANT
944.1 PLANT OPERATING S_ Lh I o b o
STAFF MAN - YEARS BEFORE 4 s .. 580 560 371
STAFF SALARIES .‘ . F 19,019,78Q| 30,191672| 29,187,907| 20,213,962
TAXES & BENEFITS B, 656, 7923 10‘563 085{ 10,215,767 7,074,887
OFFSITE CONSULTANTS; COSO 996 300 2Jjﬁ§ 800 1,549,800 1,439,100
SUBTOTAL 944.15, " 26,673,002| 43,415,557 40,953,474 28,727,949
944.2 MAINTENANCE MATERIALS '
EQUIVALENT OPERATING YBARS _ -'0.92 0.83 0.75 0.58
MATR'LS COST, $/YEAR OPE-'&AIION -, 740,000 1,660,000 1,470,000 1,470,000
SUBTOTAL 944.2- .. 678, 333 1,445,000 1,102,500 857,500
944.3 SUPPLIES AND EXPENSES ’
EQUIVALENT OPERATING YEARS 2 20. 1.93 1.98 1.54
S/E COST YEAR OF OPERAHON: 1 850,000 2,280,000 2,280,000 2,280,000
SUBTOTAL9443 1,868,202 4,632,059 4,523,617 3,513,660
TOTAL ACCOUNT 944 7:29249538] 49.492,616| 46,579,591 33,099,108
Tablleﬁ —6
PLANT OP ERATING STAFF*@ULLD UP (MAN —YEARS, 949%)
[ RS FRM STRT OF SITE WRK - li' —21 -1 l’,‘ it 2] 3] 4] man- vgl cost.s |
P PLANT MANAGER 1 05| 10l 10f fo] 1of 10| 10 833,146
R [DOPERATIONS DIVISION 051 15[215]|280/|375/|380 127.0 7.722,829
O MAINTENANCE DIVISION 351 10.04 37.1| 59.0 109.5| 5,347,471
T [TECHNICAL DIVISION > 1.0 10 31] 57| 62 17.0| 1,106,518
O ADMINSTRATIVE DIVISION “)].o05]. 10[ 60| 7.7|323|563 103.8| 4,009,815
TOTAL ~051* 24 45! 33]|497] t14] 161 363.8 | 19,019,780
L PLANT MANAGER Y. ' R
D DPERATIONS DIVISION 10.0.| 1815 33.0 | 28.8 90.3| 5.198,177
MAINTENANCE DIVISION .1.0]°6.0]| 225 58.4 87.9| 4,109,545
E TECHNICAL DIVISION E {1 10| 20| 58| 7.0} 15.8 929,198
X [ADMINSTRATIVE DIVISION | 1.0}, 40| 37]184 22.1 934,972
P TOTAL | 13.0 /330,57 65.0 [107.6 216.1 | 11,171,892
R PLANT MANAGER 2. ] os5[+ro}, 1.0} 10] 1.04 1.0 55| 704,969
IE [OPERATIONS DIVISION y .|, 2.0 2] 530|691 | 750 210.3| 12,413,134
P MAINTENANCE DIVISION 1 e 23.5 | 56.5 [102.0 183.0| 8,895,169
1. [TECHNICAL DIVISION 5 [ 1.0, , 3.0, g5/ 12.2,| 15.0 39.7| 2,421,607
C ADMINSTRATIVE DIVISION . 1104 60{ 95]315)730 121.0| 4,753,028
A TOTAL l: o5} s0li242] 935 170.3,1266.0 559.5 | 29,187.907
T PLANT MANAGER — ] o2] 1o| 1o} 10| 10] .05 47| 602,428
A DPERATIONS DIVISION ) 20|20.0| 45.0{ 56.4 | 31.0 154.4| 9,117.240
R MAINTENANCE DIVISION 1.0] 50 120] 421|590 119.1| 6,013,441
G TECHNICAL DIVISION . [ 0] 55| 95| 55 23.5| 1,473,502
£ IADMINSTRATIVE DIVISION 0.2/ 2.0, 60| 95]|275 248 69.7 | 3,007,351
T TOTAL { 04] eo,gﬁo 73.0 1365 120.5 371.4| 20,213,962
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training prior to loading fuel.

> The trained staff is in place 12 months before commercial operation and
prepared to conduct pre-operational testing and startup operations.

The estimated cost of salaries, payroll taxes, fringe benefits, and COSO
consultants is $26.7 million as shown in Table 6-56. COSO support is estimated at
9 man-years.

Lead Plant: The buildup of permanent plant operating staff for the |four module
Lead Plant is assumed to follow the pattern used for the Prototype Plant as also
shown in Table 6-6. Somewhat less time is required since most management and
senior operations personnel will have been recruited and trained for the Prototype
Plant. During the addition of the second, third and fourth reactor modules; an
additional 134 equivalent full time personne! are added to the operating staff. The
initial Lead Plant operating staff is estimated to include 288 full time and 12
annualized personnel. A 216 man-year effort is needed to develop staff for the
Lead Plant Expansion, resulting in a total Lead Plant effort of about 580 man-years.
Other major assumptions are:

> Training of the Lead Plant Expansion staff begins 36 months Qrior to start
of commercial operation of the second reactor module on the plant site.
This will allow about 2.5 years training prior to loading fuel.

> The trained staff is in place 9 months before commercial op;eration and
prepared to conduct pre-operational testing and startup operations.

The estimated cost of salaries, payroll taxes, fringe benefits, land COSO
consultants for the four module Lead Plant is $43.4 million as shown in Table 6-5.

COSO support is estimated at 15 man-years.

Replica Plant: Training, startup, and operating experience is assumed to benefit
the Replica Plant owner/operator through COSO activities. The op-site staff
required to operate and maintain the Replica Plant is 282 personnel, including 274
full time and 8 annualized outage support personnel. The buildup of this staff
during the construction period is shown in Table 6-6. A effort to develop the
operating staff is estimated to 559.5 man-years. Key assumptions assoc:ated with
this estimate are as follow:

> Training of the permanent O&M staff will begin about 39 months prior to
commercial operation of the first reactor module versus 48 months for the
Prototype Plant.

> The trained staff is in place 8 months before commercial operation and
prepared to conduct pre-operational testing and startup operations.

7
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;,s;atlagriés;: paysolk: ta‘x‘@§@,gfﬁipg,e benefits, and COSO

*‘.;)‘\@ﬁxlgﬂéablicaﬁflar‘it}'i§§ dhbglt $41 million as shown in
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Target Plant: Similds to-tie:Replica Plant; Ihe}zﬁif’;jﬁing, startup, and operating

u,gi’t) préevious Plapts is ‘agsumed to benefit Target Plant

experience accruedBheggiie . :
owner/operators: Via.( S5O activitis.:. oX IS ‘as\gaiff required to operate and
onhel, jncluding 233 full time and 8

maintain the Target:Prant is 241 per§

annualized outage supgort:personnel. Asfor th(éégﬁhf‘er'plan,ts, the buildup of this

staff during the copstedgtion plerigd is“shown in:Talkge 6-6. A total operating staff

commitment of 37.1.4 #aniyeags is estimated.o¥era period just over 4 years. The
< assumptions assoeiatz:egjr;;v\}'imﬁi“this'x staffing buildup-include the following:

The estimated cq“.‘f‘
consultants for the ¥¢
Table 6-5. COSO°

R PP

> Training of tfheﬁf}peiamiaj‘nef@_t; staff Lwill begin 30 months in advance of
commercial operation: ot the first reactor:-module versus 48 and 39 months
for the Prototype-afids Replea, Plants,-respectively.

> The trained staff: is; inyplage 6,;'f‘rf-nén:ths'pefpre commercial operation and
prepared to cond_{act?"bée'-fogér'a,t-:ipnal.;xestirag and startup operations.

The estimated cost -of }galafte;s,i‘.kb%*yrolL.f taxes,. fringe benefits, and COSO
consultants for the fo;g;.lim‘@iggle‘z;,gfge{ﬂPla'nt is $28.7 million as shown in Table
6-5. COSO support-is; &stintatédi at 11 3fman-years.

6.5.2 Maintenance MaterhlS;@ch-obniQ%&@ ,
T i

s, FO5 C i .

The maintenance materials inicluded in-this account are those used by the plant
operating staff during the ‘plant eor;strugté‘@&ﬂ;g@d@start-up period. For cost estimating
purposes, the use of maintgnar)cegmgggrids is ia‘s;§umed to oceyr at the same rate per full
staff year estimated for the fixed, coghpenent, of aintenance materials in Sections 3 and
4 of this report. Itis assumed thatthe ’owﬁer takes-responsibility for plant startup prior
to fuel load. Fuel load tQ'-fl,ng; power. o grativ.oh is assumeéd to be 11 months for the
Prototype Plant, 10 months-fo¥.thé kedd Plast Expansion.reactors, 9 months for the
Replica Plant and 7 monthks ff'@i,nthe‘f"léadget&Plant.’ The resultant cost estimates for the
plants are summarized in Fable 6-5% |+ .

6.5.3 Supplies and Expens,es:?-iéAtécgcﬁuqi;;‘5:44«3) ‘

This account is simifar to Acc%unf 944.2 for maintenance materials and covers the
costs of supplies and expenses used by thes@&M staff during the construction and
start-up period. Similar to thé estimate’ for. migihtenange «materials, the cost of supplies
and expenses is assumed to be the same per fulkstaff year as.the fixed component of the
O&M supplies and expeﬁ'seslgﬁima‘ﬁéd L3 Segtions 3 and 4 of this report. The costs for
control rod and refiector blgck, rdpladément and dispesal are excluded. Data for
"Equivalent Operating Years™:i Tabte 6@3&5,;_13r‘e~‘ca_lculaite-d by dividing the number of "Staff
Man-Years Before COL" aIso*idem'i'fie’;d::‘ﬁ“r.”LF*able 6-5.by the size of plant operating staff.
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The resultant cost estimates for the Prototype, Lead, Replica and Target Plant supplies
and expenses are summarized in Table 6-5.

6.6 GENERAL AND ADMINISTRATIVE (Account 945)

An allowance of 15% of Accounts 941, 943 and 944 is assumed to cover general
and administrative (G&A) expenses. This allocation was used in prior estimates and in
the calculation of other operating G&A expenses in Sections 3 and 4 of this report.

6.7 SUMMARY OF GT-MHR OWNER’S COSTS (Account 94)

The GT-MHR owner’s costs are summarized in Table 6-7. The estimates in
accounts 941 through 945 are considered "most likely” values. A 15% contingency is
applied to their sum as a judgmental increment to effect a "mean” estimate; i.e., an
estimate for which actual costs are expected to have an equal likelihood of being higher
or lower. A comparison reveals the expected trend of decreasing owner’s costs as the
stage of plant development advances. Owner’s costs for the "equilibrium" Target Plant
are assumed to be the same as the Target Plant except that spare turbomachinery will be
shared with another plant and simulators will be shared through COSO as described in

Section 6.4.3.

Table6-—-7
GT—MHR OWNER’S COST ESTIMATE ('949%)
ACCOUNTS PROTOTYPE| LEAD REPLICA | TARGET
941, 942, 943, 944, 945 PLANT PLANT PLANT PLANT
941 PROJECT MANAGEMENT EXPENSES
941.1 ENGINEERING/SITE MGT 2,166,662 4,272,505 1,969,002 1,611,692
941.2 QUALITY ASSURANCE 2,031,650 3,608,649 1,621,536 1,501,062
941.3 PROJECT LICENSING 4,059,286 5,928,578 2,904,286 2,204,617
941.4 PROJECT MGT & CNTRL 4,507,763 7,773,279 4,270,976 3,574,345
TOTAL ACCOUNT 941 12,765,360 21,583,012| 1 0,765,799 | . 8,891,716
942 FEES, TAXES AND INSURANCE '
942.1 OWNER'S PROPERTY TAXES 0| 50,000,000| 48,000,000/ 42,000,000
9422 LICENSING FEES/PERMITS 10,850,000 17,825,000 5,975,000 5,975,000
942.3 OWNER'S INSURANCE 0 4,410,000 4,410,000 | ., 2,530,000
TOTAL ACCOUNT 942 10,850,000 [ 72,235,000 58,385,000 ' 50,505,000
943 SPARE PARTS & CAPITAL EQUIPMENT
943.1 OWNER'S SPARE PARTS 30,560,000 36,240,000| 33,504,000 29,956,000
943.2 CNSMBLES/SUPPLS/COOLNT 462,432| 1,439,421| 1,462,045| 1,443,501
043.3 EQUIPMENT AND FURNISHINGS| 10,450,000| 13,850,000 13,850,000| , 8,950,000
TOTAL ACCOUNT 943 41,472,432 51,529,421 48,816,045 | | 40,349,501
944 STAFF TRAINING AND STARTUP
944.1 PLANT OPERATING STAFF 26,673,002 | 43,415557( 40,953,474 ' 28,727,949
9442 MAINTENANCE MATERIALS 678,333 1,445,000 1,102,500 857,500
944.3 SUPPLIES AND EXPENSES 1,868,202 4,632,059 4,523,617 . 3,513,660
TOTAL ACCOUNT 944 29,219,538 | 49,492616| 46,579,591 | 33,099,108
945 GENERAL AND ADMINISTRATIVE 12,518,509 | 18,390,757 15,924,215 12,351,049
CONTINGENCY (15%) 16,023,889 | 31,984,621 27,070,598 | | 21,779,456
TOTAL OWNER'S COST 122,849,819 [245,21 5,427 [207,541,248 [1 66,975,830
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CONCEPTUAL FRAMEWORK FOR
DEVELOPING GT-MHR TECHNICAL SPECIFICATIONS !

1. INTRODUCTION

A critical assumption in the estimate of O&M costs in this report is that simplified
regulatory practices based on the principles of risk-based regulation will be accepted by
the NRC and industry. Since the inception of work on the modular gas-cooled reactor
safety concept in the early 1980s, its potential to simplify the means to| accomplish
safety functions and regulatory requirements has been recognized (Reference A1).
This Appendix presents a conceptual framework for developing technical specifications
for the GT-MHR based on the principles of risk-based regulation; i.e., the allocatlon of
licensee and regulatory resources in accordance with the risk-significance o|f equipment
reliability and personnel actions. The background of current U.S. iregulations,
technological differences between GT-MHR and LWR, and the GT-MHR approach to
nuclear safety are considered in developing this framework and are summarized herein.
Finally, this Appendix presents "strawman” criteria for GT-MHR technical specifications
adapted from the NRC Final Policy Statement on Technical Specifications Improvements
for Nuclear Power Reactors and provides recommendations for future work.

2. BACKGROUND
2.2 EMERGENCE OF RISK-BASED REGULATION

The study reported in Reference A2 was undertaken to advance a methodology
for deriving operational licensing requirements for the Gas Turbine-Modular Hellum Reactor
(GT-MHR) in a manner that appropriately addresses the reactor’s passive features and
inherent characteristics. While the bulk of U.S. regulatory practice is rooted in
deterministically derived provisions for LWRs, there are strong indications of increased
acceptance of a risk-based regulation (RBR) philosophy. The NRC staff has defined risk-
based regulation as the use of probabilistic risk assessment (PRA) insighis to focus
licensee and regulatory attention on design and operational issues commen'surate with
their impact on risk to the public {(Reference A3).

The application of RBR in the regulatory process is expected to allow the operators
of current nuclear plants greater flexibility to efficiently manage their plants while
maintaining or increasing the current level of safety. This shift in regulatory! philosophy
is fortuitous for GT-MHR regulatory development since its economic potential is
predicated on establishing safety characteristics such that the extensive use of
commercial practices is acceptable. Since RBR is based on the systematic yet
unprejudiced nature of PRA procedures, it also offers a framework for | developing
regulatory provisions for the GT-MHR independent of deterministic licensing practices that
has evolved over the course of LWR deployment.

.
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The extensive and:&pdiiex body- of regulatory; it
United States over the past eedgeages has pgen Gitiiidated and defined by current
LWR technology. The'fi@é%f’dbnsﬁafﬁf@‘ga@;‘ﬁf’féﬁl-’é?" erénces between LWR and MHR
technology must be undei‘sgoﬁ& at ﬁ%e“odtsei of;

! e outse 'deréyiﬁgéafb@:byopriate regulations for the
GT-MHR. A brief review fof kR-Reéchnotogicalycharactieristics that have guided the

evolution of current safety regig tioms,.and ;c.omﬁﬁ(is:r;iwﬁwMHR attributes, is provided
in the following paragraphs. It s aci;cno;w.Le,dged} that%these insights pertain to the
potential for an advanced reacter.- Reaﬁifmgﬁisuch‘rpotentjal}i_s contingent upon the success

of design development and Iicﬁensmg" prégrams; .

2.2 TECHNOLOGICAL BIFEER

The hazard associated with qurrgdt LWRs that has been identified as posing the
greatest risk to the public is the, .c;onséduence;s.-;a‘s.‘soeé;at-ed with core damage. Core
damage frequency is a "surrogate’ tigk measuge in that.core damage is an LWR event that
defines a threshold to rapid prb.éfeS'g,,gbn Gf‘:t:q‘r‘é.:(gdfist'ribuni@_n with the potential for a large
energetic source term, as QDDQSG'}éi*%ﬁ’O‘azqga@tiﬁéd health sisk. The use of core damage
frequency as a risk measure is'an impartant simplifying :assumption for LWR technology.
Its use in the context of operating teg wiadions is.necessary ‘because severe LWR accidents
leading to the release of fission ‘pro%uct's can-include highly complex phenomena. For
example, a severe accident seqhépeé‘%i_gq\t»-imclude--core mielt ejection through the reactor
vessel to the containment, tfie ﬁerfﬁaﬁé}m of eombustible gases such as hydrogen and
carbon monoxide when moltén metallic: corematerial (cotrium) reacts with containment
concrete, high energy pre‘ssuréﬁlqadsl omﬁq:cgmfainrﬁfém due to steam line rupture or gas
explosion, structural failure or Gegradation.of the containment, and the energetic release
of fission products propelied by steam and combustible gases.

All of these phenomena have b‘ee@ tbe:sgibjeé‘t’of extensive safety research, and
plant designs incorporate *broasiohs 0. wmitigate: the progression of such accident
sequences. However, the chamacterization of severe accidents is described as entailing
minherent. uncertainties.”"™ " (Seer alse; Réference A4), As a result of significant
uncertainties in characterizing: ri.ék»’i"m the public, current LWR operating and regulatory
practice is oriented to avoiding.thig sevese: accidentidomain.. Thus, challenges to safety-
related equipment are consid.el‘—édg‘u;nia‘cc’éptaﬁlexan“d incur gegulatory sanctions when they
do occur. :

While the GT-MHR ‘(:or.éj: ,,"nn;ltf-be\gj{amaxged:_ﬁiﬁr\ the literal sense, the movement of
significant amounts of fuel from its desigh logation require’s the decomposition of ceramic

ER

Y

m The NRC staff notes, ".\;;‘the‘susejo!"bwb_ahilfé-tié infgfriation in developing performance based criteria
may be more appropriate and robusc;,,wﬁiéfﬁ .appﬁe‘d_'-té- the potential for. severe core damage or to system
availability {Level 1}.under given eond;,tio@s ‘Z@th'e{ than to publie ri;k (‘l;ev‘el 3). The inherent uncertainties in
assessments of individual or societal ri$k digke anafyses of such parametersmore amenable to comparisons with

goals rather than determination of compliange with criteria™?

2 Such severe accident s‘e,quenges,-carib.e tr;e,ated’ analytically within the context of RBR methodology via
another surrogate risk measure, ‘Ts‘é&i’digioém‘ gg‘giévta_ihmbnt failure. probability;” however, the engineering

algorithms necessarily entail such infiérent U cer'%amties".'
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fuel particle coatings, a process that occurs slowly under conditions of sustained high
temperature, fluence and chemical attack, concomitant with the release of sufficient
energy to cause dispersal. No credible accident sequences have been identified that lead
to core disarray or to the energetic release of a large inventory of fission products to the
environs. The GT-MHR safety concept arrests the progression of events prior to the
relocation of fuel from its design location within ceramic coated particles. Even the
consequences of severe events (event frequencies in the range 1 X 10* to 5x 107 per
plant year) are limited to the dispersion of a very small amount of fission products present
in initially defective fuel particles or contaminants.

In this context, the GT-MHR has no counterpart to core damage frequency as a
threshold of safety degradation. Similarly, the concept of conditional containment failure
probability does not apply. Therefore, the GT-MHR safety concept eliminatesimany of the
uncertainties associated with calculating health risk to the public. With consideration of
uncertainties, it limits immediate public health risk during highly improbable; events to a
level below the regulatory threshold for EPA requirements for plans to 'shelter and
evacuate the offsite public. In addition, the GT-MHR permits successive challenges to
reactor components (e.g., multiple loss-of-coolant or loss-of-flow events) without
exposing the public to significant risk."

In contrast with current technology, GT-MHR technology permits chalracterization
of absolute risk and its use in regulatory processes. Moreover, absolute risks associated
with improbable events are in a completely different domain than those of current plants;
i.e., a domain for which planning for public intervention is the policy consideration versus
a domain for which immediate health effects and latent fatalities are the corisiderations.

3. THE GT-MHR SAFETY CONCEPT AND ANALYSES

MHR safety analyses center on applying the laws of physics to verify the
conditions imposed on the ceramic-coated fuel particle during postulated accidents. Proof
of adequate safety need not rely on the reliability of pumps, valves, and their associated
services or on the probability of correct operator actions. Focusing on issues of fuel
particle integrity simplifies MHR safety analyses. Passive features afnd inherent
characteristics incorporated in the design to accomplish the following four functions
ensure that radionuclide retention within the fuel particle remains acceptable:

1. Control of core geometry
2. Control of core heat generation
Q The MHR safety concept allows the plant to be operated with an "acceptable number|of challenges”

to equipment as opposed to pursuing an operating goal of "eliminating challenges” to safety-related equipment
per NRC Technical Specification criteria for current LWR (See discussion in Section 4). Be:cause inherent
characteristics limit the conditions imposed on the MHR's two principal fission product barriers (the ceramic fuel
particle coatings and the steel reactor coolant boundary), their failure mode is progressive de:gradation; i.e.,
cumulative damage. In both cases, time-at-temperature/stress, the number of strain cycles, and fluence are key
parameters in determining service life. For example, the duty cycle for MHR vessels includes three conduction
cooldown events in the life of the plant. The robustness of the MHR containment system resides in its ability
to sustain several challenges to fission product barriers without significant risk to the public.

A-3

[P ORIV F

0




e Sl T T N

pp-000847/ 0 ¢

3. Control of egtg; heat dissipation . : o
4. Control of c; »al attack, R DI

The MHR safety oe@eé}@t ,has beetn appuedym,me Gie]srgns of 350 MWt and 450
MWt reactor modules for Svtfea@@yrcbe lR plants ‘and: as“W‘eH as in the design of reactor
modules for the GT-MHRy (§ee Referjences A5 and’ A\%)’ "The fundamental safety
principles are common to- theé,e ‘designs: - anutae A- sz;h.o 'S the design features and
equipment selected by d’ésrgneré o ‘ensure fhat “the:: :above functions are reliably
accomplished over the fulk”range of licensing basis eVe?ms for the steam cycle MHR
concept. ¢

The equivalent of a k_evel '3 RRA was developed for the MHR steam cycle plant
conceptual design; i.e., the awalysrs mcbudes an:assessment of consequences (absolute
risk to the public). It is the most’ cempréhensrve probabilistic assessment of the MHR
safety concept conducted to date; ai‘bert at the conceptual design stage and without the
aid of computer integration. Afho}  fhe kwsrghts from PRAtand deterministic analyses are
that the MHR is fundamerntall»y diffetent tham the: [’.WR in the following respects:

] The reactor coolant does not serve a safety functlon with regard to controlling
nuclear heat generation {i.e., water'reactor coolant serves as a neutron moderator)
or to controlling decay Weat d‘.ssrpamon (i.e., water reactor coolant transfers heat
to the environment).” w :

Local core melt, core drsarray, a breach of the reactor eoolant boundary, core melt
ejection, .and the reledse of 4. jargbe mventory of fission products cannot occur as
result of a result of a loss of ooolant o antrcrpated transient without scram
(ATWS) accident'. R

° The potential for a large: edergre,.tic “source term is eliminated. (See
Reference A7®). -~ ™ ‘
.. NI
° Long time intervals are avarlable for operator actrons and the restoration of

equipment to arrest the progr&essuon of\ev«ents r

In addition, the ultimate:.means; to accomplrsh MHR decay heat removal
(conduction, convection and radiation to the: ultimate heat sink) and to control nuclear
heat generation (reactor negative temperature coefficient) are always present and
continuously functioning, and therefore do not requnre initiating signals, moving parts, or
human actions.

. WY ety & J}

W No credible accident sequences;taaye beemdentufred that lead to core disarray or to the energetic release
of a large inventory of fission product.s to. thér envikons. I this context, the MHR has no counterpart to core
damage frequency {(CDF) as a thresho]d ofs saﬁﬁety,degrad’atron See the discussion Section 5.

L

e

5 With regard to whether a cé@ventlo;nal contammem structure ‘or some other mitigation system or
process should be required for the MHR, the AqCR ated "Neither the designers, the NRC staff, nor members
of the ACRS have been able to: postul%t‘e«acc‘g;qden eenarlos of reasonable :credibility, for which an additional
physical barrier to release of fissiom products rs requlred in order.to p,(gvrde adequate protection to the public.”

A4

b



/

‘08'000’447/ 0 9

SANNICIND NOWDIY NOLLDZLOHd Vd3
1331 O1 Q3INDISIA 8103430 DNLLYOD NGVAMOTIY (2)
© A 03032344 ¥V SNOLLDI13S NDISIa
© A9 030303ud Y s3LnGILLY (1)

13883A

HO10V3H QILVINSNINN ©

MY OIQVHUHN
43134 13883A
FUNESIYd O
zﬂﬁ.wwwhmu 38012 SIATVA
WREIHL NouviIOos|
WONTTd H3ddn © dill 01 #38§ ©
14OddNS 13853 SIAIVA
ONY §13883A NOUVIOS!
JUNSSIUY 13348 CENXXZNETT

ALMIGVI3Y NOIH ©

ONV NYiLS NIV ©

STVIHILYN IUNLVEIINIL HDIN ©
ANINIONVHHY JHOD UVINNNY ©

84N 3188V1D ©
YIMOJ D0 31 8SVI1D ©
AN3INdIND3

JOHLNOD NMOALNHE
IAYISIY dIYL OL 9088 ©

v oL TIVM 13883A

M 135837 O1 JHOD KoK 4
NOY4

AV3IH 31viavy 4AV3H 1ONANOD

AISY3IAI0

HOLOVIY NMOALNHS

8dn3tesYID ©

H3IMOd OQ 31 86V10 ©

SQOY TOHLNOD

HILNO ditl OL ¢OS§ ©

YO10Vay
NMOALNKHS

NOLWLYQIXO
qandimn

SISATOHAAN
q3an4d Limn

\J
$SIUONI xuk(Ji.( ALVOUIN ©

NOVLLY IVOININD
TOHLINOD

_

S30H HIV-OL-HIV ©  ALIDOVIVDI LVIH HOIH ©
NOUVINOUID TVHNLYN ©  ALISNIQ ¥3MOd MO ©

1

IIHISOMLY OL 13883A 30I18Ln0
8O0M NOW4 ©O1 YOO NOYJ
AVEH HAJSNWL AVaH WAJSNVHL

4
TYAONIY h(ﬂ—x AAISSYd ©

NOLLYJISSIC
AV3IH TOUANCD

SONIOVOT TYi3In

|

INHALYN TOHLNOD

AVIHIIOAD NS ©  NMOGLAHS 3A¥ISIY ©

AN310144300
ALVEIdNIL IMLYOIN ©

SO0H TOHLNGD
IEOHJLN—R ¥aino o

ONIGTING HOLDV3Y ©

440ddNS 13683A WOLOVAY ©

713883A YO1DV3IN ©
ATINISSY

LHOddNS 1I88IA HOLOVAY ©
13883A HOLOVAY ©

ANIVHLSIY TVHILYY IHOD © ATBNISSY
SHOLOTIIY ANIVY183YH TVHILYT 3HOO ©

GNY 340D A1IHdVYD © SHOLOFIIY
NUONULS GNY YOO ALIHIVYD ©

AHOddNS YOO ©  FUNLONHLS LHOdINS FUOD ©

NIVEQ334 ANFYIHNI
H1IM JOULNOD

SNOSIOd 3NEVIAON
HIM TOHANOD

NOWYIaVY ONY SNOSIOd T1SVIAON
NOLLONGNOD ¥O4 40 NOLLUISNI ¥Od4
AHLINOIO NIVINIVN AH1INOID NIVANIVN

ALNIGVdYD !’8»::% NeVYN3y o

l

NOLLYW3INID
LV3IH TOULINOD

U
TOHULNOD xOFé:UExOO.uZmn(& o

AHLINOID
JYOD TOULNOD

MANIH LAHINIATIVOININD ©
FINOON H3d AHOLNIANI
FANONNOIOVE TIVNS  ©

(1) SONUYCD
TIOUHYd NIKLIM
$30N2NNOKIVY NIVL3Y

(2) SONLLYOD 30UV
3Nnd OSIWL ALNVNO HOIK ©

SNOILO3T3dS NDIS3A ANV
SNOILONNA TOHLNOD 3AITONNOIAVH HHIN

1-v ainbi4

A-5

RN SR

i

-~ o
SIS, Y W



94,000547/0 1

4, "STRAWMAN" GTW}@Q;}@CHN#CAL SPE’;C!FICATI‘O{N; CRITERIA
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The NRC and indusEyh %&u’w}é‘;&@edptp impt@%é edlinical specifications for current
LWRs over the past degage }hls’%feffiblc.t cul?.ﬂ'u?éi tedkig isswance of the Final Policy
Statement on Technical Specifjseit '°’&i‘usfe_;{ﬂﬂpf0\/émeﬁ'ts fa; Q_“if%:]ear Power Reactors in July
1993 (Reference A8).- lt. proVides ‘insight to ‘the" Commlission’s views on the use of
PRA to derive technical spegifigations anda po’rq;t@iﬁ‘.derg;for developing a framework
for GT-MHR technical spec#{ca joRs ¥ The following! para'é’g_éptgjs;contain excerpts from the
Policy Statement with annotatidns éxpl ining ?'sitrawma‘ﬁ" jdaptations to the GT-MHR.

... the Commission has added a fourth criterion' to capture requirements
which operating experience o}_.ﬁ'r‘gxbabilistic safety assessment (PSA) show
to be significant to public -healith ’{md safety. . . the Commission concluded
the criteria should be codified- thfough rulerfiaking.

. . . Some commenters; statgd tf\iat if PSA is used to impose Technical
Specifications for some highfisjiééii'tem’s, it should also be used to remove
some low-risk items. . . Since thedirst three criteria in the Policy Statements
are derived from the plangssafet }-analysissreport which is deterministic in
nature,” (but which _itself .incofporates qualitative risk insights) the
Commission believes that a broad lapplication of PSA to remove individual
requirements from Technical Spelc-ifi,c‘ations.is’geherally counter to the
philosophy of the first three griterigy - :

The extension of the sole: use of PSA to remove individual
requirements from Technical Spékitications would need to be founded ina
broader policy of risk-Based: feguldtion which the Commission is currently
pursuing at a leveks njore: inclusive: than Technical Specification
improvements. . . ' T :

The Commission poficy in.this regard is copsistent with its Policy
Statement on "Safety Goats for-the Operation of Nuclear Power Plants,” 51
FR 30028, August 21, 1986.; ThetPolicy Statement on Safety Goals states
in part, ". . . probabilistic results shoufd be reasonably balanced and
supported through use of detgfministic arguments. In this way, judgments
can be made. . . about the degrge of cenfidence to be given to these
[probabilistic] estimate§fahd assumptions.:

e The "fourth criterion” is with féfiardito thé@r?;ée{presentéd in the Proposed Policy Statement of February

6, 1987. The four LWR criteria and ""‘,‘Stc'é,;wsiian ¢riteria” for the MHR &re'discussed later.
I Ay'- 3 - . T ‘ o ‘ !
o This statement makes the goint that tha-criteria put forth in-this Policy Statement are derived from

deterministic safety analyses for L'WR;"-‘fhe'sef re, sbecific to.current LWRitechnology and design philosophy; i.e.,
based on the use of diverse an&reddﬁd@n,@hqgi&zei s'yst-e?r’n‘s:to avoid: a lo;ss-of-coo|ant accident and a large,
energetic source term. Alternate criteria, spe‘ﬁlc to ki}e'ba'ssj\?e design philosophy and founded on the principles
of risk-based regulation, must be d%yélo;ijed';for the MHR. .
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The Policy Statement identifies four criteria for defining the scdpe of
Technical Specifications. These criteria are intended to be consistent with

... 10CFR50.36.

. . . emphasis is placed on two general classes of technical matters:
(1) those related to the prevention of accidents,’® and (2) those related to
mitigation of the consequences of accidents. The first is captured by
criteria (1), (4) and to some extent criterion (2) in that they alert the
operator to a situation when accident initiation is more likely. The second
is explicitly addressed and captured by criteria (2), (3) and (4).*®

onditions

The purpose of Technical Specifications is to impose those ¢
or limitations upon reactor operation necessary to teth
an abnormal situation or event giving rise to an ir

i """ to safety and establish
operation which cannot be changed without prior Commission approval.

The following criteria''®"'® delineate those constraints on design
and operation of nuclear power plants that are derived from the plant safety

® For the purposes of interpreting guidance from this Policy Statement for use in déeveloping MHR
Technical Specifications, the term "accident” is taken to mean the potential to move sufficient amounts of fuel
trom its design location {i.e., core damage or disarray) to constitute an immediate threat to public health and
safety [i.e., potential for a prompt dose exceeding 10CFR100 limits).

o Within the above interpretation of the term "accident,” the MHR passive design philosophy places much
greater emphasis on accident prevention than is the case for LWR in that passive features and inherent
characteristics arrest the progression of events prior to the movement of significant amounts of fuel from its
design location within the core over a credible range of events (i.e., the range of events satisfactory to the NRC

and ACRS).

fno For the purpose of developing MHR Technical Specifications, the phrase "obviate the possibility” is
interpreted as pertaining to Design Basis Events; i.e., events of frequency > 10, and the phrase "immediate
threat” is defined as the potential for a prompt fission product release exceeding 10CFR100 limits.

an For the purposes of developing MHR Technical Specifications, the phrase "those featlres that are of
controlling importance” is interpreted to mean the attributes, or combination of attributes, of SSCs that, if
diminished or destroyed, would potentially result in an immediate threat to public health and safety; i.e., doses
exceeding 10CFR100 limits. These attributes, or combination of attributes, arrest the progre;ssion of Design
Basis Events prior to an "accident” as defined in Footnote (9). They are identified by application of the principles

of risk-based regulation methodology.

na These criteria are essentially the same as those used for the AP600 - Chapter 16, AP600 Standard
Safety Analysis Report, June 26, 1992,

"3 *Strawman" adaptations specific to the MHR are noted by steikeout and ynderline. While these MHR
criteria are in a very early stage of development, they are based on a balance of probabilistic and deterministic
evaluations and application of the principles of risk-based regulation. They are posed here as a starting point
for development within the MHR Program, to be refined as design and technology development allow more
comprehensive treatment and as dialogue with the NRC progresses.
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analysis: report and§ag belqng ih: Technical Sps@ﬁcataons in accordance

alled mstrumen}atuon % S

GT-MHR Criterion ‘t@, R > .used to detect, and
indicate in the coaﬂ?o&moﬁzﬂﬁ ,Bi‘gnlﬁoaxnt ab,,ﬁ@mnqi degradation of the

Discussion of ‘GT”': 'H‘R,C’rmermn 1 A basic concept in the adequate

to ensure that Tecfmuwl@peaﬂca&nons control those instruments

specufucally mstaﬁed tH detect excessive reaetor—eoolant—system
leakage f §§;Qn prgdggmimth«n the reactor cooglant pressure

boundary.

GT-MHR Criterion 2: A-proeet ¥ sre; A design feature,

process v_a_nablg, or ogésat;ng ﬁastrlcttonl that is an .initial condition of a

Design Basis 3 E} or Transient analysis that either

assumes the failure of os pﬁesents a—ehallerge an__unacceptable
challenge''® to the tnteghty o? a ﬁssgon product barrier.

Discussion of G MHR Criterlorg 2: Another basic concept in the
adequate protection of}t‘.hte.pubhc health and safety is that the plant
should be operated Wik the Bounds of the initial conditions
assumed in the emsﬁlng Desugn Basis Aeeident Event and Transient
analyses and that the plane wn1| be opefated to preclude uranalyzed
. The purpose of
this criterion is &o capﬁure“tt\ose process va,nables that have initial
values assumed in the Design Basis Aee+éeﬂt» Event and Transient
analyses, and which are monltored and controlled during power
operation. . . This' cntseri’on*also in¢ludes. . .:.design features and

operating restnctlons (preyssures/températures/ luence limits) and
umulative damage’ 1o prijaary f‘iSSlon :oduct barriers needed to

- -

preclude unacceptable
challenges.
B An "unacceptable challenge” woufd%causeéhv‘prima;ya fission prodbct barriers to exceed cumulative

damage criteria {see Footnote (23).for discssion).. J?;f;\is approach. differs from regulation based on the
- probability of an accident (e.g.; core damag and poses.regulation based on a finite number of events, the
cumulative effects of which degrade athe mar m wﬁth %hfchm‘assuve features accomplish safety functions.

A- 8
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GT-MHR Criterion 3: A structure, system or component that is part of the

primary sueeess—path''® means to accomplish safety functions and which
functions or actuates to sritigate arrest the progression of a Design ‘Basns
Aceident Event or Transient that either assumes the failure of or presents
a-challenge an unacceptable challenge to the integrity of a fission product

barrier.

N

Discussion of GT-MHR Criterion 3: A third concept in the adequate
protection of the public health and safety is that in the event that a
postulated Design Basis Aeeident Event or Transient should o!ccur,
structures, systems, and components are available to function|or to
actuate in order to mitigate-the-consequenee arrest the pr Qgrgssm
of the Design Basis Aceident Event or Transient. . . It is the intent
of this criterion to capture into Technical Specifications only those
structures, systems, and components that are part of the prilmary
sueeess—path means to accomplish safety functions of a siafety
sequence analysis. . . The primary sueeesspath means to ggggmplis
safety functions for a particular mode of operation does not mclude
backup and diverse equipment.

GT-MHR Criterion 4: A structure, system, or component which operating
experience or probabilistic safety assessment has shown to be significant
to public health and safety.

Discussion of GT-MHR Criterion 4: It is Commission policy that
licensees retain in their Technical Specifications LCOs, action
statements, and Surveillance Requirements for the following systems
which operating experience and PSA have generally shown to be
significant to public health and safety and any other SSCs that meet

this criterion:

R Coretsolation-Coolinalsolation_Cond
& Residual-HeatRemoval
.
:Ea.sb: E.au : Es“;' E.I

oS The phrase "success path” is synonymous with the phrase "means to accomplish safety functions.”
The latter is used in the NRC’s Advanced Reactor Policy Statement which encourages innovation|and simplicity
in this regard. With a few exceptions, the "means to accomplish safety functions” is embodied in the design
of the reactor module; e.g., decay heat rejection via conduction, convection and radiation. The functional
analysis approach to the development of MHR Technical Specifications (versus a systems approach) should be
used to facilitate the understanding of changes in design philosophy from current LWR to the MHR. For
example, while the reactor vessel provides safety-related functions with regard to reactor configuration, decay
heat rejection, and prevention of chemical attack; its function of retaining reactor coolant is not safety-related.
Experience has shown that these distinctions are initially difficult to communicate to those unfamiliar with the

MHR.

A-9
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It is the’ uaxg(?ij._f ¢ ‘j, e irements that PSA or
operatmg XpeHERGt s s to public health and

Iteh S OMS ahfLety Goal and Severe
Accident Poh‘i es‘;x:be ré\tamed orm@‘lu,dked 0 e’éhnlcal Specifications.
. . Further, .85 & part 'of the, Commsssymﬁs Iongomg program of
Improving T‘echa},éa §Speétfucataons, it wrﬁi QOntmue to consider
methods to makae bétter use &f° risk  and: réihab‘hty information for

defining futur"e genend Technlcal Specmcatnon ‘fequirements.

. . . with regard to- the fourth entenon each lemng Condition of Operation,
Action, and Survelllance Requurement should have Sl,lpportlng Bases. The Bases
should at a minimum add%eSS the followmg quesﬂons and cite references to
appropriate Ilcensspg docugweimtatéon (e .95 FSAR Topccal Report) to support the
Bases. .

1. What is the justlflcatiom for tthe Téchnical Specufncatlon, i,e., which criterion
requires it to be m the feci\mcal Specnflcatnons?

2. What are the bases' faor eaach LCO, ie., why was it determined to be the
lowest functnon@! césabiﬂty or; performance level for the system or

X : component in: questrpn necessary for safe operation of the facility and what
are the reasons: for tmerrADﬁhcabuhty of the LCO?

3. What are the Ba‘s’aes fo each Actton i.e. «why should this remedial action
be taken if the associa ed ;.(;0 c"anmot be méet, how does this Action relate
to other Action assoouafed with - the LCO ’and what justifies continued
operation of the Sysiem erzcomponent’ at the reduced state from the state
specified in the LEGF ?o*r the, ajdoWed‘ time: period?

4, What are the Ba§es fét“ea;eh‘sle‘-ltmg Sa‘fe‘ty; System Setting?

5. What are the Bases for éiach Surv nllance Requnrement and Surveillance
Frequency, i.e., what: spelcmc teﬁctlo&al rgquurement is the surveillance
designed to verify?. Wh‘y is: “thi§ surveullance necessary at the specified
frequency to assure that tbe system or component function is maintained,
that facility operation w;ll b<e WIthlr; the safety limits, and that the LCO will
be met? ' .

ttoﬁé the Bases for each number (e.g., Allowable
,10@T|me* Surveﬂfance Frequency), state, condition,

. In ‘answering these ques
Value Response Time, C‘om‘a._-“

~ At

. .
42 g

9% The control rods and RSCE are identified ag safety-related (despite low risk significance) on the basis
that they provnde redundant mearns t%aeﬁreye a $ubcntc%cal reactor state and yltimately arrest challenges to

fission pr rriers

A-10

i N

- .-

'

.
¥
3
7, G R &



P00 04 i YE

and definition (e.g., operability) should be clearly specified. As an\example, a
number might be based on engineering judgment, past experience or PSA insights
but this should be clearly stated.

5. RECOMMENDED APPROACH TO GT-MHR TECHNICAL SPECIFICATIONS

It is recommended that an effort to develop conceptual technical specifications for
the GT-MHR be implemented at an early stage. Pursuing such an effort ensures that:

The technical issues underlying the business risks of owning nuclear power plants
will be addressed early in the design, technology and regulatory development
program.

] The economic benefits of GT-MHR passive features and inherent characteristics are
appropriately reflected in O&M cost estimates.

An effort to develop technical specifications would also provide desigr;Iers with an
opportunity for productive interaction with utility/user personnel and feedback to the
design process. '

The following insights from the work reported herein are offered for further
consideration:

Risk analysis technology should be used to ensure that operating programs and
regulations are consistent with the risk-significance of plant equipment, personnel
actions, and the provisions of emergency plans.

L GT-MHR technology appears to offer the potential for establishing a clear interface
between the regulator and the owner/operator; i.e., only a small scope of
equipment is risk-significant and most of that is passive. This delineation should
be clarified and implemented through the technical specifications development
process.

® The technical specifications should be organized by function (eig., by the
radionuclide control functions shown in Figure A-1) rather than by system. This
approach should facilitate the initial use of results from safety analyses in the
development of technical specifications and plant operating programs, as well as
the use of risk analysis methods in the operating plant. --
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FUNCTIONS OF THE GT-MHR
CENTRAL OPERATION SUPPORT ORGANIZATION

1. INTRODUCTION

The mission of a Central Operation Support Organization (COSO), and options for
its formation, were initially outlined by the GCRA Utility Working Group in 1990 (see
Reference B1). The COSO role was envisioned as a means of extending design
standardization to plant operations and as a cost effective means of providing specialist
resources to plant owners. In the interim, the scope of off-site support sefvices to be
provided by COSO has been further developed in staffing plans and O&M cost estimates
for modular gas-cooled reactors. This Appendix describes the mission and functions
envisioned for a Central Operation Support Organization (COSO) during GT-MHR
commercial deployment. It also presents recommendations for further defining the role

and costs of such an entity.

As described in Reference B2, the deployment of current nuclear plants severely
taxed the technical management resources of virtually every U.S. nuclear utility. The
complexity and variety of plant designs led to individual regulatory treatment which placed
individual utilities in vulnerable positions to contend with the litigious U.S. regulatory
process. In addition to contending with plant operations and interacting with the NRC,
individual utilities must conduct a technical interface with a proliferation of oversight
agencies; e.g., INPO, the Environmental Protection Agency (EPA), the Federal!Emergency
Management Agency, and the NEI. These factors, the concern that a weak:-performing
utility might precipitate an accident, and the potential for nuclear regulatory action to
place company-wide financial ratings at risk all contributed to the need for a much larger
contingent of skilled service professionals and consultants than initially envisioned. These
factors are among the most important O&M cost drivers at current plants.

As described in Reference B3, the GT-MHR deployment strategy pose?s that such
issues should be addressed via an owner/operator-based COSO offering specialized skills
and services (see Table B-1) as part of the emerging utility/user infrastructure. The
functions assumed for COSO in the body of this report are summarized in thie following

sections.

2. COSO ROLE AND FUNCTIONS

2.1 THE COSO MISSION

The COSO mission is to represent operator interests in GT-MHR plant design,
licensing, construction, startup and operation in a manner consistent wuth the MHR
deployment strategy; i.e., to guide the development of plant operating characteristics and
regulations so that the GT-MHR is compatible with resources of a broad range of
owner/operators. Assuming that owner/operator interests (e.g., COSO) lead an ongoing
program sustained throughout design development and early deployment to establish
management and operating practices appropriate to the GT-MHR within the industry, the

B-1
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Generic operatmg~pra’cttces gmd regulatory‘mteracuons !

> Revnew/condensatnon/dlssemmanon of opemtmg expenence

> Resoluthn of gengng)hceq,smg-related issues with the NRC
Development, maintenan‘c;é, and ?;;g‘raqijigiof plapt Qégrgtional support programs
> Design baselige control,?‘ clesngn basis documer“itation support

> Operating and refuelimg procedures

> Simulation facximes INPO accredxted training: program support, plant reliability
database i °

> Surveillance agd in- servn‘ée mspeetxon (ISI) programs

> Preventive mafntenaace spare parts plant modification programs

> Security plans and proce;;lres

Central fuel management Support . .

> Fuel bumup‘\history/&’-utumnevreloé,d support
> Software development/maintenance
> Fuel procure-m’engéﬁppqﬁ; ,

Management and administration of pooled spare parts inventory.

Central vendor/contraétor q&aliﬁé:ation program
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resulting demands on the owner/operator plant organization should be on par with those
for other modern commercial enterprises involving hazardous materials. Generic
regulatory interactions, wherein COSO acts as the point of inquiry and response to
proposed regulatory changes, is considered a particularly critical function for avoiding the
economic risks associated regulatory ratcheting and instability at current nuclear plants.

2.2 THE COSO ROLE DURING THE GT-MHR DEVELOPMENT PHASE

It is assumed that COSO will be established by prospective commercial participants

‘early in the GT-MHR development program as an integral part of the viendor/buyer

/regulatory infrastructure. Prior to Prototype Plant deployment, COSO'’s function will be
to translate operating plant needs into design requirements and operating programs for
development by vendor entities. COSO personnel will also conduct periodic reviews to
confirm that design requirements are interpreted appropriately and that the design
includes adequate provisions for O&M functions such as those outlined in the examples
in Table B-2.

The most important role envisioned for COSO during the development phase is in
the area of plant operating programs. As discussed in the body of this report, a critical
assumption with regard to projected O&M costs is that those programs are in place well
in advance of plant startup. Long before such programs are needed at the p:lant site, the
major elements of operating programs should be established so thati operational
considerations can be addressed in design reviews without substantial risk to design
program costs and schedules. The programs should be in nearly final at the start of plant
staff training occurs about three before fuel loading of the Prototype Plant. Initial outlines
of operating programs currently envisioned for the GT-MHR are presented in Appendix C
of this report.

2.3 THE COSO ROLE DURING PROTOTYPE PLANT DEPLOYMENT

The COSO role during Prototype Plant deployment will be shaped by cost/risk
sharing arrangements yet to be negotiated; however, the focus of COSO activities will
remain on advancing its capability to support commercial plants. For example, it is
anticipated that COSO will play a lead role in regulatory interactions ;Pertaining to
operational licensing requirements, demonstrations of the operator role, and the adequacy
of operating programs during both Prototype Plant deployment and the review of the Lead
Plant design. COSO will also play a lead role in training the Prototype Plant operating
staff and in conducting owner/operator interface between the government interests,
vendors and prospective Lead Plant owners during this period. This experience will
position COSO to support commercial deployment of NRC certified standar:d design.

2.4 THE COSO ROLE DURING COMMERCIAL DEPLOYMENT
It is assumed that COSO will be sufficiently established to play a Iea¢ role in staff
development and regulatory interactions aimed at maintaining standard O&M programs

for the Lead Plant and follow-on commercial plants. The functions outlined| for COSO in
the body of this report are summarized by the divisions of the assumed GT-MHR plant
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> The pla,r\ut arsfangement, equupment lccaﬂon "security measures, and

prows:ens f@r ge‘rSOn@el access shoﬁid;consuder efficient personnel
movemegt pa'r&gcul'arly durlng refuelmg Outages

EQUIPMENT QUAL}EEICATION REQUi‘R EMENTS

> The design shouhd qvouq QOCatmg mstrumentatnon in a harsh environment
and thereby ease; malﬂtenance work:. and equipment qualification
requirements. - .

*>

EQUIPMENT REE’D‘UNDANCY i,

> The desfgn should mconpofate suffncuent redundancy to meet the
availability go'aIS'amd litnit theul}kehhbod of shutdowns due to failure of
a smgle«brece of. e -ur'pm‘ent A propna:te attention should be given to
ancillary eqemp suéh‘ a§" ‘Eontrok- roomy chillers, computer room
chillers, mstﬂfrmenr air eom@ﬁessers etc.- |

v

FIRE PROTECTION PROGRAM (1OCFR50 APPENDIX R REQUIREMENTS)

K N

> Whenever practlcabie the desngn should awond penetrations in fire walls
for cables, afacts and 'piping that- reduwe mspectnon and testing in
accordance*w“tth; léCF%O’Appendux R

INSTRUMENTATFON ACC@SS‘EAND TESTING

> The capabllaty,to exﬁeémously test ms&ru,mentatlon must be factored

into the d@s@ of gsucli yStems. Factors ,to be considered include
physical access. teo Lnsjrurﬁents 1o perform maintenance, testing, and

calibration: of,énstrumer:ﬂt»s ~{For. example smoke détectors at current

plants require; access ‘eyery.: six months a.:,\d usually require temporary

scaffoldmgh % cess:). " FunctuonAl or- calibration tests of
mstrumehlat;gn sysi-ems shou'ld not requxre jumpers or removing leads.

T

&

EQUIPMENT SELEC;TI‘ON:

> The means to. perform preventive and cofrectuve maintenance should be
considered in esta%hshmg the desngn selectlon and location of
equipment. L 2od
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organization (see Figure 3-1) as follows: '

OPERATIONS DIVISION

On-call support to plant Shift Operations and support for updating and
implementing operating procedures.

Specialist support to Reactor Engineering for day-to-day monitoring of reactor

systems, conducting surveillance tests, managing control rod and fuel burnup and
the fuel procurement program, and directing refueling operation.

MAINTENANCE DIVISION

Specialist support for updating and implementing maintenance procedures.
Technical resource for managing the Reliability Centered Maintenance (RCM)
program established prior to plant startup and updating GT-MHR iand NPRDS
baseline reliability data with data from operating GT-MHR plants.

Specialist support for the inspection and maintenance of instrumentation and
control systems, refueling equipment, reactor internal structures, theidirect cycle
power conversion system, and information management systems; as well as

support for conducting such programs as the helium chemistry and radiation
protection, in-service inspection, and outage planning.

Management and administration of the central pooled spare parts inventory, with

emphasis on expensive, reliable equipment whose failure would incur a serious
operating penalty during procurement; e.g., generators, recuperator sections, etc.

TECHNICAL DIVISION

Specialist engineering resource to support liasison with regulatory agencies, INPO
and vendors.

Specialist support for Licensing and Performance Engineers to:

> Prepare for and coordinate plant visits by organizations such aé NRC, INPO,
ANI, and state and local representatives. .-

> Monitor changes in the Code of Federal Regulations that pertain to nuclear
and environmental matters and coordinate company responses as required.

> Characterize the issues/events leading to operating anc!>malies and
coordinate their disposition with the appropriate agencies.

> Develop and process amendments 10 technical specifications.

B-5
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> Interpret dat& fr@m off Site radloacmve an'd;,enl\monmental monitoring.

£
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ADMINISTRATIVE DIVISﬁ@W '

Instruction of and s@pp t for"the plant trammg sta‘ff aind owner/operator of central
plant simulators sha@“e y three €0 f:ve blant‘s ‘

Support for mplemént;@g the records management aspects of the Configuration
Management Progra#; derg. matngannlng and storing as-built drawings, vendor
manuals, correspoendence,: ahd" other d@cumemagon necessary to control and
maintain the plant configuration in accordance with the requirements of 10CFR50,

Appendix B.

Specialist resource forimpleq entation_ of the bio:logiical, thermal and radioactive
elements of the env:ronment pro‘gra'rn

A

3. RECOMMENDED AREAS FOR FURTHER DEVELOPMENT

At this time, ne»ther the COSO roje nor the effort to develop plant operating
programs have not been exphéfaitlyidémafied i GT-MHR cost estimates. Both the change
from current practices and the“high\lg iftgractive, role envisioned for COSO are such that
a more complete concep&uat develbp"ment of COSO’s. role and functions should be
undertaken if that concept is to remam a ssgnmcant element.of the GT-MHR deployment

strategy.

It is recommended that COSO :funcﬁrons and costs be estimated in a manner similar
to that used to estimate GT- MH‘R pJant @&M costs: Thesbases for such an estimate are
the COSO functions summanfed i thn@lAppgndix the. outline of GT-MHR operating
programs in Appendix C, and the C0}$O fesources required for GT-MHR plants identified
in the body of this report. Elements of | ithe es'tlmate should include the definition of
organizational needs and a frameworyt (sych as the approach used to develop Lead Plant
staffing estimates in Section 3. &oftm ‘report) for staffing COSO. This information
would provide the basis for future wark. to deveiop C0sO oap:tahzatuon requirements and
a business plan. .

4. REFERENCES

B1. Development of a Centra/ @p?rat/om Support Organ/zat/on for the MHTGR, Gas-
Cooled Reactor Assocnattes, GCRA 90 004 Aprit 1390.

B2. 0&M Cost/Risk Dr:vers at O,u(rfaaté Nuc/ear Plants and MHTGR Development
Priorities, Gas-Cooled Ré&actor: Assocrat@s GCRA 94 001, January 1994.

B3. Utility/User Incentives, :; Pg//o/e§ and Reqwrements for the Modular High
Temperature Gas- Coo/ed Reacfor Gfa’s Cooled Reactfor ‘Associates, GCRA 394-004,
October 1994. : P
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GT-MHR PLANT OPERATING PROGRAM OUTLINES

INTRODUCTION

Plant operating programs define the purpose and details of the work to be done by
the plant staff. As noted in the body of this report, cost estimates herein are based on
the assumption that plant operating programs have been developed and implemented
sufficiently in advance of fuel loading to permit their use in operational reviews and staff
training. That is, it is assumed that the plant vendor has progressively developed these
programs in conjunction with the Central Operation Support Organization (COSO, see
Appendix B) through the conceptual, preliminary and tinal design phases. The cost of
these programs is assumed to be included in plant capital costs. Itis further assumed
that the plant design incorporates state-of-the-art information management systems as
needed to implement electronic documentation for all programis. . Failure to have these
programs in place at the time of plant startup (fuel loading) will reduce plant productivity,
increase cost, and may delay commercial operations. The following twenty programs are
representative and outlined in this Appendix:

Management Information/Electronic Documentation
Training Programs (INPO accredited)

Operating Procedures

Refueling Procedures

Configuration Management
Preventive/Reliability-Centered Maintenance Program
Surveillance Testing

Inservice Inspection Program

Chemistry Program

10. Plant Modification Program

11. Quality Assurance for Operation

12.  Fire Protection Program (10CFR50, Appendix R)
13. Security Plan/Procedures

14. OSHA Hazardous Materials

15.  Environmental Monitoring (Offsite)

16. Emergency Preparedness Plan

17. Vendor Manuals

18. Equipment History

19. Spare Parts

20. Nuclear Power Reliability Data System (NPRDS)

CONOO PN
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1. MANAGEMENT INﬁQMA.TIQN/EEECTRONIC D@@U?AENTATION

=

3
3
5

TR , ; 3
The GT-MHR has the potenpal to empléy h:ghly automated plant control and
information manageﬁ‘aegat sygﬁems Modets for such:;programs are in place at some
operating fossil and: nuéfeaf pdantﬁ and expemence;w:th those systems should be
used in developing su@h systems for- the GT-MHR.. The architecture of such
systems should reflect thesperspective. of nuclea{«;*pialnt management with regard
to type, form and frequerrcy of mforma'tton handhng

Such features must be fuily funcuonal at. ‘plant fuel loading and startup, and
facilities (e.g., simulators).for stéaff training muyst be available 2 to 3 years in
advance of plant stastup. * -; "+

All plant staff will be trained in the: use of . computer-baséd information
management systems so-that they:can receive work assignments, enter the status
of work, and describe work processes etectronically; i.e., the goal is a "paperless”
plant.

Automated data collection, analysis, anid‘report generation and on-line O&M
procedures will be employed wherever practicable.

User friendly (graphical or menu- drivemcbmputer interfaces) terminals and data
entry devices (e.g., bar- c‘ode ﬂ,scanners) will be -used to enhance clerical
productivity.

2. TRAINING PROGRAMS

End Item:

INPO accredited training programs to develop and maintain a technically proficient plant
staff. .

Content:

° Training programs sufficient for. plant personnel-to develop and/or maintain
proficiency in both the manual and .inteflectual. job  skills. Training programs
oriented to topics ranging from safety practices to licensing requalification are
required for about 80% of the plant staff; ‘e.g.:

b

> Senior Reactor Operators
> Licensed Reactor Operators
> Reactor Engineers

- ~&_§‘_{s‘ PRI 2 NNE 4
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> Instrumentation Technicians

> Chemistry Technicians

> Radiation Protection Technicians

> Mechanical & Electrical Maintenance Technicians
> Instrumentation & Control Technicians

> Craftsmen

Training programs that will fulfill INPO accreditation requirements inéluding:

> Formal job analyses
> Instructor qualification
> Teaching methods and methods for determining instructional content and

the training effectiveness.

Comments:

Training programs have the potential to significantly impact plant economics. Inadequate
programs increase the risk of personnel error and regulatory sanctions, while overly
ambitious programs reduce personnel productivity. It is assumed that NRC and INPO will
accept a scope of instruction based on the risk-significance of personnel functions and
not impose rigorous training programs on the whole staff. !

3. OPERATING PROCEDURES

End Item:

Detailed, computer automated operating procedures for all plant process systems and
components as the bases for both staff training and plant operation. '

Content;

Categories for plant systems and components specifying those which require
specific procedures versus those using generic procedures.

Detailed procedures specifying:

> System parameter limits, interface requirements and starting, stiopping , and
monitoring requirements for all plant states.

C-3
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> The steps tofxsstaﬁ, stop, and momwaeaéhproeess component through plant
evolutloqs ,

J’; ‘ o
L A program for m'atMal mg iﬁfocedufies th@tﬁ ebsures consistent format,
consideration of hwﬂaggjactoxs. and burlt-&&cheqks#onr procedure applicability and
documentation conggofs ,

7 PRI . PP 2]

Comments: e
. _ : 3

A special subset of the opegatmg procedures is the procedures for isolation (e.g,
Safety/Blocking proceduresy which sﬁ)ec;fy actions to be takén to place a component and
its environs in a safe condition for eelfsonnel mamtenance work Such procedures identify
the steps for tagging-out equupment and thé means to* avoud operation which could
compromise safety. Because’ ef fthenr implications on personnel safety and plant
economics, these procedures are sub;ecnt 'to especnally 1horough review.

3
¥

4. REFUELING PROCEDURES *
End Item:

Detailed procedures for conducfigg iﬁfe, efflcnem fuel handlung operations from receipt
of new fuel to disposal of spent: erI ith emphasns on plant operatlons and fuel handling
during refueling outages. %

Content:
Yo H
Detailed procedures incl‘u.ding'*pro-vi-sions, f'o.rz .

\‘v

> Receiving, lnspe-ctrng and handlmg new and spent fuel and for shipping
spent fuel. .

> Testing refuelin,gf equipment prior. to, during, and after refueling operations.

> Communication‘s:”bétwse?é?mﬂfa'thre;‘refueling floor and the control room and

between machjnetoperatdrs.

> Entry and rest'orgtgen (iicluding closure testing) of the reactor vessel.
> Control and docurn:emfait'i‘onf of:fugl movements.
P ;- ';.;~

> Recovery, handhng and s}mpmeht of vessei material coupons for non-
destructlve tests ,

> Inspectlon of -the rleactor vessel and reactor mternals.
et | ¥

oot
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The GT-MHR plant staffing plan assumes that fuel handling equipment operators will be
dedicated to this activity and will assist in routine plant maintenance when they are not
required for fuel handling. Refueling Supervisors will have special fuel handling licenses.

5. CONFIGURATION MANAGEMENT

End ltem:

A program to ensure that the operating configuration of all safety- and economically-
significant plant systems and components isimmediately accessible to plant management
and operating staff and to ensure that design basis documentation is continuously
maintained in accordance with regulatory requirements.

Qon;en;:

The means (e.g., automated information collection) to monitor the status of plant
systems and equipment; e.g., set points, valve positions, maintenance;tagout, etc.

Design basis documentation and the means to implement on-going document
maintenance.

Comments:

Although requirements for the GT-MHR should be less complex than for current plants,
the requirement for formal configuration management systems emerged in the LWR
industry early in the 1980s. Developing and implementing such programsin operating
plants has been quite expensive, as has the requirement to identify and maintain design
basis documentation. The GT-MHR Program has the opportunity to develop a formal
configuration management program during design that could be transferred to the
owner/operator. Most elements of the configuration management program should be
included in the plant staff training and startup programs.

6. PREVENTIVE/RELIABILITY-CENTERED MAINTENANCE PROGRAM

End Item:

A program for conducting Reliability Centered Maintenance (RCM) based on state-of-the-
art diagnostics and industry-wide, vendor-specific, and actual component data.

[EPIE PR X TR :ir;“' G - . s
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Content: o _
L% ’ PRGN
° Electronic technitii ,malsncapable oft aautoméhcally relating equipment fault

detection and duagﬁo- %@ t«@ [apphcable repaw«pm@e&wes, including an inventory
of spare parts. ~ i ; _ 1

o Technician skill requﬁ'ements and estrmaied mean«tlme to-repair.
. wt ‘ " " Q
® - Automated work ordaerss and reports for use in trackim equipment reliability. Such

electronic forms shou(l‘d idéntify the .compenént, frequency of preventive
maintenance, spare parts. re-qunred for inspection (gaskets, O-rings, sealants,
coatings, etc), specific'itemis.tg bé inspected. and fimits of acceptability, special
instructions and tools, and"(de;scrrptlons of the equipment conditions observed and
the maintenance implemented.

Qommgn;g:

The initial elements of this program should be available from the design program. That
is, the databases and reliability: dralyses. «used by the designer should include historical
industry data for much of the: planir This irformation should be supplemented with
vendor-specific component data _aSethe designiis fmahzed,:and with on-line reliability
records when the plant is operating.:.

7. SURVEILLANCE TESTING
End item: : L
3

Detailed procedures for conducting: equlpment surveallance required by the plant technical
specifications. . j

Content: | - : :

° For equipment subjegt te: su;rveiI}ance,' develop the:fmeans to:

> Identify the requuremjent dbjective, test interval, test procedure,
instrumentation, .acceptance: critefia, technucran credentials and reporting
requirements. 3

> Implement an automat;d process for schedullng surveillance tests and
signaling the omlssxon of sdueduled tests

> Generate a managemeni summary report WhICh indicates tests completed,
test failed, and fo:ﬂ’ow up action. -

> Input failures or excepﬁions to the Equipment History and NPRDS when

appropriate.

c6
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8. INSERVICE INSPECTION PROGRAM

End ltem:

A program for inservice inspection (I1S1) that meets the NRC requirements.

ontent:

ISI program for the reactor vessel, reactor internal structures! and other
components subject to ASME Section XI.

° For equipment subject to ISI, develop the means to:

> Identify the requirement, objective, ISI interval, inspection procedure,
instrumentation, acceptance criteria, technician credentials and reporting
requirements.

> Implement an automated process for scheduling IS! and signaling omitted
inspections.
> Generate a management summary report which indicates inspections

completed, detected faults, and follow up action.

> Input failures or exceptions to the Equipment History and NPRDS when
appropriate.

9. CHEMISTRY PROGRAM

End {tem:

A program to control the chemistry of process fluids throughout the plant iand thereby
avoid unplanned and extended outages toremediate excessive corrosion and degradation.

Content:

] Procedures for sampling and analyzing helium coolant, cooling water, and other
process fluids.

For all fluid systems subject to chemistry control, develop the means to:

> Identify the requirement, objective, sampling interval, sampling procedure,
instrumentation, acceptance criteria, technician credentials and reporting
requirements.

> Implement an automated process for scheduling chemical sampling and
annunciating omitted tests.

C-7
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> Generate a nq‘?én@gement summ&{y re,port‘*WMhmducates chemical analyses
toﬂovsf u;p ;aTetjon

> Input excepﬁ@gnsng the Eqsupmefat kllstory andWPRDS when appropriate.

o N {
Comments: ' . : _ '

Chemistry control is |mportang to re\hable plant opefatuo;,ﬁ lProcess systems subject to
chemistry control include the freactdr, closed: 'éoojnng water, make-up water, and waste
treatment systems. Much of the: work to maintain chemiistry parameters within normal
limits is routine and will be automated it is assumed that the GT-MHR plant design will
incorporate automated samplirg* and cheriical” analys;s equnpment and provide for
computerized data analysis and report: generatlon with the means to alert chemistry
section supervision of varianeés fpom c«ﬁemnstry acceptance criteria.

»

10. PLANT MODIFICAATION‘ PRO@RAM
End Item:

A program and implementing @ré‘cedu;as for mpdnfy’mg plant systems, structures and
components in accordance wwth regmattéry reqwrem,gntfs

i

Content: e

Categorization of SSCs,,af;Ecording« to whether they are (1) subject to NRC review
or (2) not subject to'NRE revifvew-«.«

L Detailed procedures ﬁor the de;s;gn, revnew and approval of modifications to SSCs
that (1) are subject to NRC review and (2) are not subject to NRC review and for
their quality assurance pﬂrog‘rams, ie., the. processes to:

> Initiate and log*-modi‘ﬁigfat'gons.‘ :

> Track the progre&s of the: modlfleatlon and conduct on- and off-site
independent reviews. :

4

> Identify and track comﬁnttment dates (especrally NRC commitments)

> Verify -approval by dh%»?;n;d »d;ff-'sijge «_gaaqthoniiies
> Update the plant -eerff}*'figuratién design.basis. and equipment histories.
- ‘5 . . ': 4’ - ¥ .
() ¥
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11. QUALITY ASSURANCE FOR OPERATIONS

End Item:

A detailed definition of Quality Assurance activities necessary for plant operation to
comply with the provisions of 10CFR50, Appendix B, and owner/operator-controlled

standards.

ntent:
[ ] Categorization of equipment subject to "graded” quality assurance.
° Detailed procedures for implementing a quality assurance program for the functions

of»purchasing, receiving, and storing plant equipment and materials; for operating
and maintaining the plant; and for auditing plant management.

L Special quality assurance procedures for nuclear fuel.
] Automated support of the quality assurance function wherever practicable.
Comments:

O&M cost estimates for the GT-MHR assume successful implementation of griaded quality
assurance in accordance with the risk-significance of equipment and personnel functions
and that conventional (utility-controlied) quality assurance programs will be adequate for
much of the plant.

12. FIRE PROTECTION PROGRAM

End Item:

A fire protection program suitable for implementation that meets the requirements of
10CRF50, Appendix R and the expectations of insurance underwriters.

Content:

The fire protection program will identify the:

> Location of fire fighting equipment
> Type, criteria and frequency of equipment tests
> Composition of the plant fire brigade
> Content of fire fighter training programs
C-9
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> Procedures ﬁor conduct‘?”n@/reportfi‘ng flne d‘mJls and for obtaining off-site

ass:stance . f%ﬂ s
LA . e i »' N
> Process for ﬁanwﬂarlzmg off:site frremen iwa.thi the plant design and safety
program : . S

° The fire protection!p‘rog'jram Will address the: 6
> Potential for explosrver mrxtures in: rooms, Qg.nldmg spaces, tanks, etc.
> Appropriate use~ of»alarms, srgns, ventrlatmg fans, and other protective

measures.
> Unimpaired movement of pre fughtmg personnel through spaces that are
potentially secured.

L The schedule and procedures for?i‘re protection tests and drills will be automated
whenever practlcable to en$ure appropnate staff response and management
reports. {

Comments:

See Appendix R for space/rooimw COmbust'fble kimits,s pésting requirements, fire fighting
methods, and tests required of.fire: wnallgpe:netrattons, .smoke/fire detectors and alarms,
and fire doors and dampers. : ‘

13. SECURITY PLAN

End Item:

A plan and detailed procedures for securir\g the plant that is acceptable to the NRC.

Content: § '
1

10CFR73 stipulates that nuclear ‘plants must have a security plan and specifies

topics to be addressed; ‘é.g, the pian must:

> Provide a layout of the;x%plant and its surrour\ding environment.
> Show the location of .security -posts, the gatehouse, and primary and
secondary alarm statlorgsaand descnbe methods of communication.

> Describe and justify the ssze,and qualification of the security force and the
scope of periodic {égjnﬂs and the training and drug programs.

R R EE & = s
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> Provide for an armed response team and for off-site assistance from local
law enforcement.

> Describe security patrols and the control of personnel and vehicle
ingress/egress.
L Procedures required to implement the plan, e.g.: Primary and Secondary Alarm

Station operating/communication procedures; and search, access, communications
and reporting procedures.

14. OSHA HAZARDOUS MATERIALS
End ltem:

A program meeting OSHA requirements for notifying employees about the presence of
hazardous materials in the workplace.

Content:

A list of on-site hazardous materials with their locations, amounts, and antidotes
and recommended methods for handling and disposal.

Programs defining personnel responsibilities and procedures to audit to the use,
movement and security of hazardous materials.

Comments:

The Plant Hazardous Materials Program is assumed to be under the direlction of the
Chemistry Supervisor and much of the Program can be automated.

15. ENVIRONMENTAL MONITORING

End ltem:

An environmental monitoring program that meets NRC and EPA requirements.

Content:

L Detailed procedures identifying the test parameters and frequency, acceptance
criteria, technician credentials, and documentation requirements.

Comments:

GT-MHR plants will be required to have offsite environmental monitoring programs for
radiation effects; e.g., milk, grass, and air sampling.

c-11

- P _‘,,, e . ) AN : X= . o
. SPU- 7 N .ada:»h.élxﬁ.m, ﬂ,rz....akr.

AR N R ey



p(’/oo_ou?/o 1

16. EMERGENCY PREP'AQ‘ B

W L LA K
' i

1

I

End Item: ' =LA B AN
¥ L U ’ Lot
A plan to protect site persennel and the pubhc from the eaﬁfe(%ts of a nuclear accident that
meets NRC requirements. ‘* . . oo e
o B ‘ 2 Tk i'f‘.» . %
Conten;: N T m»
° Current regulations requ:re that emergency preparedness plans include the
following:
> The method of notkfyrng offsrte governing agencres that an accident has
occurred.
> A description .and Iocatlon «of on-site and off-site emergency organizations
and facilities.
> Vehicle routes for evac‘ua-tin?g th._e public withih ten miles of the plant.
> Training programs for oiff:srée: assistance personnel; e.g., school bus drivers,

local police, hospr,takrepewﬁﬁg pezrsonnej éte.

> The responsibilities of key pe,lssonnel a .description of the accident
assessment and dems:pm makr‘ngﬁprocesses and the options for obtaining
expert technical- sfupport el

Comments:

The GT-MHR Program position 1s thatsradroactwe reiease,s to the off-site public will be less
than those for which the EPA requires emergency notification and sheltering plans.
Provisions to assure civil preparedr}ess for. dther envuronmemal and industrial hazards are
expected to be adequate to add‘ress Al ‘hazards posed by GT-MHR. It is likely that some
elements of the above planramg requlrements er be imposed:on early GT-MHR plants.

17. ELECTRONIC VENDOR MANUAL;GPROGRAM
End Item:

Current vendor installation, oper:atuggrancﬁmalntenance manuals for all plant components
in electronic format; e.qg., CD-ROM o

ntent:

o -A plan for acquiring all vendorﬁ&eciqmcal manqals in_an electronic format suitable
for accessing via the plant lnférmatlon rgnanag?ement system.

o

C-12
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] Procedures for interfacing vendor electronic technical manuals (VETM) with the
plant configuration control program such that vendor data reflects ithe current

design configuration.

° Provisions to interface VETM with equipment integral diagnostics. and guide
technician troubleshooting and repair procedure.

Comments:

The GT-MHR Program should develop a systems engineering approach to specifying
equipment that employs integral diagnostics and VETMs in conjunction with the plant

information management system.

18. EQUIPMENT HISTORY

End Item:

An automated program for collecting and analyzing equipment repair and maintenance
data for use by the Reliability Centered Maintenance Program and by Licensing Engineers.

ontenty:

Automated equipment identification (e.g., bar coding) that accesses complete
technical description and repair and maintenance history.

Automated reliability trend analyses and comparison with industry average
experience.

Data interfaces with the Reliability Centered Maintenance Program and the Plant
Configuration Management Programs.

Comments:

Equipment history is another aspect that must be considered in the architecture of the
plant information management system.

19. SPARE PARTS

End Item:

A program for managing the spare parts inventory in a cost effective manner.

Content:

o Vendor recommended spare parts inventory for plant systems and components.

.
i
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L Automated mventk%yj.;". atrol tincldding gt

the plant, part sipe@ifﬁ‘ m,vons and ﬁnmﬁry@eco‘
and pricing data; ' " R M

° Shelf life or other $§fé”‘cia§§to‘r“age in'stk&é‘ifibns_, .95 témperature, humidity.
A L s T

Qommen;§:

The approach to managing the spare’ parts mventory is another aspect that must be
considered in the architecture-6f ‘ﬁhe piant information management system.

20.  NUCLEAR POWER RELIABILITY DATA SYSTEM (NPRDS)

End ltem:

An automated program for coﬂeict;ng and reportmg rehabuhty data in a manner acceptable

to INPO. f .

Content:

L Automated equipment adennﬁcatﬁon (e g:, bar coding) that accesses complete
technical description and repair and mamt’enance history.

L Automated reliability trend analyses and comparison with industry average
experience. - ,

L Data interfaces with the Eqmpqnerﬁt Hjstory, Reliability Centered Maintenance, and

the Configuration Managementt Pr’ograms and w"th INPO.

Comments:

*

The approach to supporting the INPO, NPRDS is another aspect that must be considered
in the architecture of the plant mforni’atlon management system.
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