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STATUS OF THE UNITED STATES HATIONAL HTGR PROGRAM

INTRODUCTION

It has long been recognized in the nuclear
community that the High Temperature Gas-Cooled
Reactor (HTGR) offers a unique potential for
expanding the roie of nuclear technology in meeting
future requirements for energy. The high tempera-
ture capability of the HTGR offers increased
efficiency and flexibility in the production of
high quality steam for industrial processes in
addition to electricity and may provide the optimum
basis for accessing incremental markets in the
industrial and transportation (via synfuels) energy
sectors.

This paper will describe the status of the U.S.
HTGR Progrém and will provide some comments regard-
ing its future prospects. In doing so a brief
background will be provided, the cooperative effort
amang government, energy users, and scppliers will
be described, the present technical status of the
program will be summarized and some conclusions
derived from results to date.

HISTORICAL DEVELOPMENT

Based upon pioneering studies at Oak Ridge
Natienal Laboratory ({ORNL) in the 1940's and the
European gas cooled reactor program in the 1850's,
the Peach Bottom HTGR was committed in 1957 under
the joint spornsorship of 53 U.S wutilities.
General Atomic Company was the principal supplier
of the reactor system. In 1967 feach Eottom became
the first HTGR to produce electricity. Subsequert-
ly, the Peach Bottom plant was operated by tne
utility, Philadelphia Electric Comcany, for a
period of 7-1/2 years and achieved a renarkable 88%
nuclear steam supply system availability over that
period. The successful development of Peach Bottom
led naturally to the commitment of Ft. St. Yrain
ang in the 1971-74 time frame commercizi orders for
ten large HTGR's ranging from 770 - 1200 MWe were
accepted by General Atomic Compary. Initial design
and licensing efforts were well under way when
economic conditions in the wake of the 1974 oil
embargo precipitated the cancellation of several of
the orders and the subsequent withdrawal of the
HTGR option.

Following the witndrawal of tne HYG commercial
ption in 1974, tne HTGR prograr entersd a period
of reassessment. Over 1974-77, 2 series of limited
Energy Research and Development Administration
(ERDA)/Department of Energy (DOE) studies were
sponsored io consider various applications of the
HTGR and to determine whether sufficient incentives
existed to justify major federal support. The
resylts of the ERDA/DOE studies endorsed the
following principals for conducting an HTGR program
in the U.S.:
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o The users of the technelogy should play an
active role in the direction and development of
the technology to assure that the ultimate
product is commercially acceptable and to
utilize, where possible, normal user-supplier
relationships.

® An equitable basis must be determined for the
assumption of costs and risks by the govern-

ment, user industry and supplier industry.
Critical in this regard is to assure that both
the user and supplier industries have vested
interests in the success of the program.

Formation of GCRA

In response to the requirement for active user
industry involvement, 6 utilities formed Gas-Cooled
Reactor Associates in February 1978. In the
ensuing period, utility participation and support
have grown to include 29 utilities representing
approximately ?5% of the U.S. installed electrical
generation capacity. GCRA utilities have a sub-
stantial investment in and experience with nuclear
power representing approximately 25¢ of cn-line
nuclear capacity and about 40% of the capacity
under construction. Most recently, user support
has grown to include 9 major industriai firms whose
interest is centered primarily upon procecs steam/
process heat applications. Industrial contractors
currently involves ¥n the program include Gersral
Atomic Company, General Electric Company and
Combustion Engineering. L't is the lead govern-
ment Tiaboratory associated with the program.

Cooperative Frogram

The evolving program will be a cooperative
endeavor among government, utilities/emergy users,
and suppliers tc define the direction of the HIGR
Program and to achieve an equitable balance of
investment, risk, and benefit if a lead cummercial
plant project is initiated. In the current
definition phase of the program, the role of
governwent is to provide information and technology
which supports ine developmen* of important HTGR
applications and which provides poth to the govern-
ment ond to the private se<ctor a basis for decis-
ions regarding a ‘ead project initiative.

An important element of this progrem has been
the international cooperation that has evolved,
significantly reducing overall program costs.
Efforts will continue to enhance and extend these
cooperative efforts.

hear Term Prograr Direction

In FY 1580 ar intensive review was conducted
of the HTGR options which were proposed for near
term deployment. Included in the evaluation were
the Steam Cycle/Cogeneration, Gas Turbine, and
Reforming variants of the HTGR. On the basis of
that review, the Steam Cycle/Cogeneration concept
was identified as naving the highest potential for
a near term project initiative. The Gas Turbine
was determined to be more appropriately developed
as a follow-on option dus to its increased develop-
ment risk and marginal incentives relative to the
Steam Lycle. While the Reforming version of the
HTGR was found attractive with respect to its
ultimate potential for energy transport, the
information available was insufficient to warrant a
definite conclusion regarding the incentives for
near term deplovment. Accordingly, the current
HTGR Program in the U.S. is focused to provide a
Lead Project decision basis for the Steam Cycle/
Cogeneration concept. In parallel, advanced HTGR



concepts such as the Reforming HTGR are being
further developed as a basis for understanding
their appropriate role and timing for development.

HTGR APPLICATIONS

HTGR Nuclear heat Source

The HTGR Nuclear Heat Source being developed
in the J.S.comprises a helium-cooled, graphite-
moderatec advanced converter reactor which operates
on the uranium/thorium fuel cycle. The HTGR
Nuclear Heat Source typically operates in the range
of 6.,0-1C00°C core outlet temperature. Key fea-
tures of the HTGR reactor system in the U.S. are
its coated particle fuel, prismatic graphite and
ceramic core design, single phase inert helium
coolant, and Prestressed Concrete Reacior Vessel
{(PCRY). The design of the HTGR Nuclear Heat
Source is further described in Refs. 1, 2 and
3 for the Steam Cycle/Cogeneration, Gas Turbine,
and Reforming applications respectively.

In considering the hTGR for electrical gener-
ation and process heat applications, inherent
characteristics of the HTGR Nuclear Heat Source are
of considerable importance. Among such character-
istics are the following:

1. As noted above, the HTGR fuel and struc-
tural elements which establish the core geometry
are comprised of ceramic-based materials. Thus,
the inherert temperature limitations of reactors
with metallic core elements are eliminated. The
HTGR, trerefore, is the only current nuclear
concept uncer development with projected process
heat capzbilities above 550°C and thus capable of
competing with fossil fuels for higher temperature
applications. Current LWR technologies are limited
tc about 290°C.

2. The inert, single-prhase, gaseous coolant,
the larce heat capacity coupled with low power
density in tne core, the coated particle fuel
design, the substantial temperature margins in the
core structure, and the confinement of the primary
system within the PCRY lead to inherent safety and
operating characteristics wrich are expected to
facilitate licensing and tc ease constraints on
oroximate siting and thus minimize energy distribu-
tion costs.

3. The low primary system contamination
resulting fror the coated particle fuel design and
from the inert primary system coolant will be a
significant fector in achieving reduced maintenance
down-time and hence the high availability commen-
surate with industrial process heat applications.

Depending upon the specific application,
the basic HTGR Nuclear Heat Source can be utilized
in conjunction with various heat tranmsport con-
cepts. In the present U.S, HTGR Program, primary
consideration is being accorded to the Steam
Cycle/Cogeneration concept. This concept and other
HTGR applications under consideration are identi-
fied in the following sections.

Steam Cycle/Cogenerezion

The Steam Cycle/Cogeneration version of tne
HTGR corprises a fiexible nuclear steam supcly
system (hSSS) (Figure 1) which can be utilized by
producing various combinations of electricity
and/or process stea- for utility and industrial
applications. In tris system, high-quality steam
is generated at the clevated conditions of approxi-
mately 17 MPa/540°C with the primary helium zas
conditions meintaired in the low range of HTGR
capability at less tnan 700°C. The plant features
a modular four loop crimary coolant system that can
be scaled up or down by varying the number of locps
from two to six wh‘le maintaining the basic N3SS
configuration. The current design is based on many
of the components ar4d systems demonstrated at Fort
St. Vrain. 1In addition, several key design changes
have been macde as a result of Fort St. Vrzin
experience plus accommodating the functional
requirements of the utilities associated with
GCRA.
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The currert reference design of the 2240
MW(t) HTG2-SC/{ was =stablished in FY 1979 (Ref.
4,5) as a specialized variant for electrical
generatior. Trere re-ains a strong utility inter-
est in such specialized systems 25 a result of its
potentially acvartaszzous siting, licemsing, e&-¢
operationzl chzracte-istics. <Zlectric generation
costs using the HTGR-SC/C system are perceived as
being approximately «jual to those of conventioral
LWR systers.

in the more recent J.S. HTGR Program, the
principal design erchasis is being placed ur:in
cogeneration agplications of the MTGR-SC/C. Tne
basis for this emphasis is the potential for near
term deployment of a system which could impact the
gurrent technical arZ economic reliance on fossil
uels.

While substitutizn of electricity for other
process heat/process steam energy sources could
favor an increased rcie for nuclear energy, the low
energy-conversion efficiencies associated with
current electrical czneration technologies are an
important factor wh*zh must be considered. For



current light water reactor (LKR) systems, an
efficiency in the range of 30-35% is typical. The
HTGR steam cycle technology demonstrated at Fort
St. Vrain improves that figure to nearly 40%.
Modern fossil fuel units typically generate elec-
tricity with an efficiency in the range of 35-40%.
In substituting electricity for other energy forms,
the present low conversion efficiencies are mani-
fested in the following ways:

o The total energy resources required are sub-
stantially increased.

o The cost advantage of nuclear fuel is generailly
overcome by the low conversion efficiency for
electrical generation.

s The environmental burden associated with heat
rejection is substantially increased.

A more promising approach to the direct use
of nuclear-derived heat appears to be found in
large-scale nuclear cogeneration. In such con-
cepts, electricity is typically produced as a
topping cycle employing high-temperature, high-
pressure steam. The reduced-pressure steam is then
utilized for process energy input. In the ideal-
ized case, nearly the total energy output from the
nuclear heat source is productively used either for
electricity generation or for process heat. The
advantages of this approach are relatively obvious:

o The energy losses normally associated with
elect:icity production can be substantiaily
reduced.

® A substantial net reduction in total energy
resources may be achieved relative to separate
proguction of steam and electricity.

o A net savings may be realized by both the
electrical rate payer (due to improved genera-
tion efficiency) and the industrial heat user
{due to the low cost of nuclear fuel).

With regard to the latter point, <e potential
savings to the nation as a whole is impressive.
Using 1380 U.S. energy consumption data (Ref. 6)
ang assuming 352 average efficiency for electricity
production, if 10> of the reject energy could be
recovered via cogeneration, tae value of that
energy at current oil prices (S30/barrel)} would be
in excess of 38 billion/year.

In the HTGR-SC/C system, the Nuclear Heat
Source {NHS} is substantially identical for various
combinations of steam and electricity production.
As the electricity to steam ratio is varied,
principal changes are found in the turbine plant.
Figure 2 depicts a typical turbine plant nonfigur-
ation for the HTGR-SC/C application in which the
relative amounts of electricity and process steam
produced can be varied. In the all-electric mode,
both turbine-generator (TG) sets shown are operated
at full capacity. In the maximum cogeneration
mode, TG No. 2 is shut down and the steam is
directed to the process. By varying the output of
TG No. 2 the ratio of electricity to steam can be
controlled in the intermediate range.

HTGR-SC/C BALANCE OF FLANT
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As depicted in Figure 3, the HTGR offers a
unique capability for nuclear cogeneration. In the
temperature range below about 290°C the HTGR ras
the ability to prcduce a higher fractior of elec-
tricity as a topping cycle when compared to currznt
LWR systems. Current LWR systems are incapable of
producing steam above approximately 290°C.

TYPICAL COGENERATION CHARACTERISTICS
OF CURRENT NUCLEAR SYSTEMS
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Figure 3

The HTGR-SC/C concept Zescrided 2dove -as
evoived as the result of a sudstantial :asign and
development effort. The reculting nucisar s2zam
supply system (NSSS} desicn has furtner b:sen
subjected to an extensive review by tre utii‘ty
industry. Accordingly, the economic chzaracterss-
tics of the NSSS are generally conside-ed to be
well defined. Based upon a recent evaluaticn,
joint-product cost data have been develcped fo- a
reference HIGR-SC/C case. The balance of piant
considered for this case is configured similar to
Figure 2 and has the potential to operate over a
wide range of steam demands.

Relative joint-product cost characteristics
are illustrated in Figure 4, lines 1, 2, and 3 in
the figure correspond to plant opersticn in the
all-etectric mode, at 503 of the maximum cogenera-




tion potential, and at 100% of the maximum cogen-
eration potential respectively. Note that each
line cerresponds to the possible allocations of
cost between electricity and steam for a given
plant under the specified operating conditions.
The cost of single-product competing technologies
is indicated for both electricity and steam.

The area within the dashed lines represents
the domain of cost allocation in which a joint-
product cost benefit can be realized by some
combination of the electric rate payer, the steam
user, and the investors in the plant. Note,
however, that the probable domain is considerably
larger since the 1200 MW(t) coal plant is well
beyond the scale normally associated with indus-
trial applications and is based upon utility
financing. Improvement in coal-derived energy
costs could be realized through the use of a
cogeneration cycle; however, a relative advantage
would remain with the HTGR due to low fuel costs.
Relative to the projected cost for oil- and gas-
derived steam, the incentives for the HTGR are even
more compelling. At the present time, about 84% of
industrial heat in the U.S. is produced through the

use of these two fuels.

HTGR-SC/C RELATIVE PRODUCT COSTS
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High Temperature Process Heat

Beyond the near term applications of the
HTGR using steam cycle technology, an incremental
potential may be identified for advanced HTGR
systems providing direct process heat. An HTGR NHS
configured for such applications is depicted in
Figure 5.

The incremental potential of such a system
may be illustrated through a typical example which
was explored during FY 1981. In this example, the
HTGR facility was configured to provide both
process energy {(in the form of direct heat and
steam) and electrical energy for the Exxon Cata-
1ytic Coal Gasification (ECCG) process. The
product of the ECCG process is methane (called
Substitute Natural Gas or SNG).

HTGR REFORMER (PROCESS HEAT) SYSTEM
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Figure 3

The ECCG process uses alkali metal salts
as catalysts mixed directly with the feed coal to
promote low-temperature gasification. Use of this
catalyst also increases the rate of steam gasifica-
tion, reduces agglomeration of caking coals, and
promotes the achievement of gas compositions
closely approaching gas phase methanation equilib-
rium. The process utilizes a fluidized bed gusifi-
cation system that operates in a well-mixed mode
approaching isothermality, the fluidizing gas being
steam and recycle hydrogen and carbon monoxide.

Figure 6 shows the ECCG process heat require-
ments that have potential for HTGR coupling. Up to
997 MWt of energy at temperatures ranging from
472°F to 1575° could be coupled to a plant design-
ed to gasify 12,000 tons/day of coal. This process
also consumes electrical power in the amount of 190
Mde. Four process steps show potential for coup-
1ing: 1) the gas preheat furnace for the gasifier,
2) the coal/catalytic drier (2nd drying stage), 3)
the raw coal drier (1st stage drier), and 8)
offsite boilers supplying process steam.

The use of HTGR-derived heat to replace combus-
tion in the ECCG process results in significant
savings to the environment and of ccal and product
gas including:

e 2940 tons/day of coal not burned,

e 230 tons/day of product methane not burned,
e 265 tons/day of ash not generated, and,

e 6908 tons/day of carbon dioxide not emitted.

The technical and economic implications
of high temperature direct heat applications such
as the above continue to be assessed in the U.S.
HTGR Program. Future emphasis will be placed upon
reducing the relatively high capital costs which
appear to be associated with such systems. Unless
such cost reductions can be realized, the incremen-
tal capabilities of high temperature direct heat



systems may not be warranted except in specialized
circumstances.
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Steam Methane Reforming and the Thermochemical
Pipeline

The HTGR is unique among nuclear energy
systems in that it can operate at temperatures high
enough (850°C to 1000°C) for efficient steam
reforming of methane. The high temperature helium
coolant is used to drive the reformer to produce
hydrogen in the form of syngas and thereby chemi-
cally store the nuclear heat from the HTGR. The
syngas product can be transported long distances to
dispersed process heat users. Using the reverse
(methanation) reaction a closed 1oop energy system,
or thermochemical pipeline (TCP)}, can be formed to
deliver nuclear energy to small dispersed indus-
trial process heat usaers with methanators added at
the user sites. Water and methane are returned
from the methanator plants to the HTGR-R plant.
This TCP concept is depicted in Figure 7. Further-
more, for an open loop reforming system the hydro-
gen in the syngas can be used as a feedstock or
as a fuel for a variety of dispersed applications
such as production of coal derived liquids, am-
monia, and methanol and the processing of steel.
Qur studies indicate that implementation of the
HTGR-R in these types of applications could
both increase the supply of, and substitute for,
fluid fuels and thus have 2 major impact on all
global energy systems.

The benefits of such a system have been eval-
vated (Ref. 7) and show that the TCP energy system
concept has the potentiai to compete with nuclear
electricity and with fossil energy systems such as
substitute natural gas (SNG) and local fluidized
bed coal combustors for one and two shift process
heat operations. Energy delivery cost projections
show that at distances approximating 30 miles or

greater the TCP may be the lowest cost system for
delivery of energy including direct trans-ission of
nuclear zenerated steam. This relationship contin-
ues for distances as great as 200 riles.

The reforming version of the HiGR is a develop-
mental zdvanced system and major tradeoffs mus: be
made to select the optimal HTGR-R pla~t design.
Principel changes under consideration 2re between
high or low reactor core outlet temperztures and
between direct anc¢ indirect cycle reactor plant
configurations.

Since reforming activity decreases below
600°C and the rate of reforming increases with
elevatec temperature, there is an incentive to use
a higher core outlet temperature to achieve better
plant performance. However, the higher tempera-
tures usually require more expensive materials and
additionz] technology development. The selection
of the girect or indirect steam reforming configur-
ation desends upon economical and safety/licensing
considerations. For the indirect cycle (IDC)
configuration, an intermediate heat exchanger (IHX)
is located within the prestressed concrete reactor
vessel (PCRV) and secondary helium is piped to the
reformers and the steam generators located outside
the containment building. The direct cycle {3C)
configuration eliminates the secondary helium luops
with both the reformers and steam generators
located within the PCRV. The two plant design
configurations and two temperature options of 9:0°C
and 850°C result in four reactor plant cycles for
comparative evaluation. However, only the 950°C
DC and £30°C iDC configurations are being evaluzted
in the current program. The relative performznce
of the :ther two reactor plant cycles (250°C IDC
and 850°C DC) will be inferred fro~ the results of
the stuc;.

The reat cycles, key process equipme~t, SyStem
configurztion and overall heat balance nave been
defined for comparison of the major plart charac-
teristics and cycle efficiencies of the teo reactor
systems deing studied. System economics, relia-
bility, -erformance and operability /contrzllability
are design criteria used to optimize system design
conditic~s. Parametric studies have been performed

THERMOCHEMICAL PIPELINE CONCEPT
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Figure 7



to define the principal plant parameters. The
balance of plant {BOP) design has evolved in
several stages resulting in the selection of a
thermally-driven heat cycle and the incorporation
of contact condenser/evaporatar heat exchangers,

A layout of the HTGR direct cycle reforwc«
plant configuration is shown in Figure 3., Tni
passive system was found to be less costiy ¢nd move
reliable than the turbocompressor » cycle
considered as an alternative for the 5iF system,
The contact condenser/evaporator replaces the
mix-feed-evaporator as the key process equipment
for the reformer BOP plant system. The simplicity
of the direct contact heat exchanger design will
reduce component costs of the key process heat
exchange equipment and increase system reliability.
As the component configuration for the 950°C DC and
850°C 1DC process plant are almost identical, key
plant characteristics and operational capabilities
for both cycles can be easily compared.

HTGR DIRECY CYCLE REFORMER PLANT CONFIGURATION
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To maximize the cycle efficiency of the HTGR-R
plant, four plant features have been incorporated
into the design anc operation to reduce the overall
plant wzste heat rejection.

1. 5team is condensed in the contact condenser
to conserve the energy and as a source of heat and
water supply for the reforming process. The
process system operating at higher pressure is
designed to allow more waste heat to be recovered
into the steam-electric system.

2. The 40 psia pressure is also selected for
the LP turbine to maximize the waste heat that
could be recovered from the process plant.

3. The low pressure steam reheat arrangement
improves the heat rate of the LP turbine.

4. The turbine feedwater is heated with the
waste heat from the process system to maximize
the gross power output cf the steam-electric

system.

A summary of the plant performance for the
reference 950°C DC and 850°C IDC HTGR-R plants is
presented in Table 1. The overall plant efficiency
i5 defined as the sum of the net power output and
pipeline thermochemical energy divided by the core
power. It is used as a means to compare the
relative overall performance of the HTGR-R for
different plant design conditions. The overall
plant efficiency is about 66% for the reference
950°C D plant design and 49% for the 850°C I0C
Plant. The reformer split referred to in the tzble
is that percentage of the total energy which is
input to the reformer,

TABLE 1
HTGR REFORMER PLANT PERFORMANCE

850°D IDC 950°C DC
Reforming Pressure 25 Bar 49 Ber
Reformer Split _ 4z 542
Core Power, Mit 1170 117¢C
Circulator Power*, Mue -99.5 -65.6
Reformer System
Pumping**, MWe -3.6 -0.7
Heat Added by Steam
System, Mdt +384 +265
Heat Rejected to Steam
System, Mwt -352 -232
Pipeline Pumping**,¥de -73.0 -3:.0
Plant Keat
Rejection,¥at -58C -380
Feed Pump Power,Mde -€.0 -6.7
Auxiliary Load,Mde -10.0 -5.0
Gross Power Output,Mde 191.8 165.7
Electric Power, MWe c 55
28 Hr/day ket
Thermal Energy, MWt
Availaple & hr/day 1635 1995
Available 2« hr/cay 545 665
Overall Efficiency,? 47 57
* Circulator Efficiency: Drive = 92%
Control = 96%
** Pumping Efficiency: Drive = 92%
Pumping = 84%

The current estimate of the relative delivered
energy costs via the TCP show an advantage for the
950°C direct cycle plant of approximately 252 over
the B50°C indirect cycle plant. The comparative
costs include estimated capital and fuel costs, as
well as influence of thermal efficiency differ-
ences.

Modular Reactor Systems

) In the U.S. as in other countries, a renswed
interest has developed in small, or modular HTGR
reactor systems. 1If economically viable, such
systems would offer increased flexibility which



would benefit both electrical generation and
process eneryy applications. From the electrical
generation viewpoint, distributing the generation
of electricity among several small reactors rather
than one large reactor would allow increased system
reliability for a given system capacity or, con-
versely, a smaller system could be developed with
equivalent reliability. Ir a similar fashion, a
smaller unit size would facilitate process energy
applications which typically demand 2 high degree
of reliability and appropriate provisions for
backup energy sources. For both electrical and
process energy applications the smaller unit size
of modular HTGR's should result ir increased siting
flexibility and reduced licensing difficulty.

The crucial element to be determined is
whether a modular HTGR reactor system can be
devised which is economically viable. Previous
evatuations have clearly led to <he selection of
larger systems, however, the following considera-
tions have resulted in tne current interest:

e Larger systems have becore increasingly
complex and expensive as reculatory require-
ments have evolved. Potentiag! simplifications
in smaller systems would tend to offset
economies of scale.

e Site construction would be reduced relative
to shop fabrication with attendant savings.

® Reactor complexes cou'd be developed on a
phased basis with reducec capital risk.

To explore these elements, modular HTGR
reactor systems will be evaliated in the U.S., HTGR
Program beginning in FY 1%82. The market ~nd
application potential for a sirgle, small HTGR
module will be determined as weil as that for
myltiple modules which can ce linked together to
provide larger power capacity. The study will
focus on the adaptadbility of the mdular concept to
direct cycle and indirect cyc'e process heat
applications for a reactor o.tlet temperature up to
950°C. A commercia) plant sotior will be derived
that allows compariscn with the i170-MaW(t) plant
configuration, currently in 2 more advanced state
of conceptual design. This creconceptual work wil)
lead to a scoping dasign ard cost estimate which
along with technical consideratiors should provide
2 basis for 2 determinatior rega~ding the incen-
tives for modular reactor syste-s.

Gas Turbine

Over the period FY 1979-80, the U.S. HTGR
Program was directed to a substantial assessmeng of
Gas Turbine (HTGR-GT) technclogy and a comparison
of its near-term incentives versus the Steam Cycle

alternative.
The focal point for the study was a potential

HTGR-GT commercial plant (Figure 9} having the
following characteristics:

Size (MWt/MiWe): 2000{800
Core Qutlet Temperature: 850°C
Number of Heat Transport

Turbine Loops: 2

dry, wet-assisted,
binary {ammonia and
steam)

cooling Options:

HTGR GAS TURBINE SYSTEM
2000 Mwit
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Principal findings of tre study were that:
1) The HIGR-GT is feasible, but with significantly
greater development risk thar the KTGR-SC, 2) at
the level of performance ccrresronding to the
reference design, no incrementz] eccromic incentive
can be identified for the HI3R-GT to offset the
increased development costs and risk relative o
the HTGR-SC. This result was true over the range
of cooling options investigated, 3) the relative
economics of the HTGR-GT and HTGR-SC are not
significantly impacted by dry cooling ccnsidera-
tions, and 4) while reduced cycle complexity ray
ultimately result in a relia>ility advartage for
the HTGR-5T, the value of that potential advantagze
could rot be quantified in the context of <ne
current evaluation.

Although the FY 1979-80 results d¢id not provide
the basis for a high priority %o be 2ssigned to the
Gas Turbine Program as the preferred lead commer-
cial plant, the HTGR-GT cortinues to engender
considerable interest from participating utilities.
This interest stems from the potential for improved
efficiencies at higher core sutlet tempsratures,
the basic simplicity of the gas turbine cycle
(Yower meintenance, hi.gher cazacity factors), 2+d
low water use requirements.

Based upon encouraging results from the Steam
Cycle/Cogeneration applicatiorn, additional interest
in the HTGR-GT is being derived fro~ its potential
cogeneration characteristics. While prior studies
provide some insight regarding the cogeneration
potential of the HTGR-GT, the full potentia: of
the HTGR-GT for such applications has yet to be
explored. This potential mav be significant for
the following reasons.

¢ In cogeneration applications, electricity
comprises the higher value (premium) product
and thus it is highly desirable that the
electricity to steam ratio be maximized. As
illustrated by Figure 3, the HTGR-GT is expect-
ed to offer a substantial advantage in this
regard.



¢ The projected cost of the H™GR-GT for elect-
ricz] generation is comparable to tne H732-SC/C
anc La3, Further, enhancing the cogeneration
potzntial of the HTGR-GT by raising tre opre-
coc’er temperature woulc be achieved by reduc-
inc the effectiveness, a~d hence, size a~4 cost
of trhe recuserator {in the ultimate, the
rec.perztor might be eliminated). Thus,
enhzacement cf the cogeneration rotential of
the H7GR-G7 mey entail a net cost reduction for
the nuclear heat source.

To ccnfirm the above projecticns, system
studies will be uadertaken in FY 1982 <0 ascertain
the parzmeters of the cycle sest suites for zogen-
eration and to estimate the technica! and economic
venefits of sych systems.

HTGR MAZKETS
Process Yeat

Whi‘e substitution of nuclear enercy for
oil and gas appears desirable, the expanded use of

nuclear energv beyond conventional electrical
production wili be subject to constraints i-posed

by the expected markets. A thorough uncerstasnding
of these marxets is, therefore, a first prerequi-
site to evaluating the prospects for nuclear erergy
in unconventional roles. In reflection of that
fact, studies have been conducted to characterize
the markets for industrial process heat and the
related area of synfuels production.

These studies have been undertaker at three
varying levels of detail. At the most general
level, current and projected requirements for
process related ensrgy in the United States have
been identified to define the upper limit of the
overall market potential. The cheracteristics of
the market were then addressed in terms of temper-
ature, plant size, load factors, geographical
distribytion, curreat fuel types and other pertin-
ent variables. At this levei the specific poten-
tial for various HTGR concepts can be estimated.
The most detailed ievel evaluated involved consid-
eration of specific sites and applications and
provided a basis for consideration of institutional
issues such as financing arrangements, area specif-
ic energy costs, siting issues, and similar fac-
tors. A summary of results from the more general
level of detail is presented as Table 2.

Table 2
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® INDUSTRIAL PROCESS HEAT PROCECTIONS (E.)
1978 2000 2020

Direct Process Heat 4.0 5.3 6.4
Indirect Process Heat €.9 9.9 i2.1
Metallurgical loal 2.1 2.1 2.1
Refinery, Gas Plant,

Field Use 4.9 4.3 i
TOTAL 17.3 21.6 23.7



As a result of studies to date, a substanti
¢ : y antial
ang unique potential has been identified for
ut1hzat1or) of the HTGR in meeting incremental
market requirements.

Synfuels

In addition to the inwustrial process heat
market, synfuels development comprises an area of
particular interest in the consideration of nuclear
energy applications. The following rezsons may be
cited for this interest:

e The size, probable siting, temperature require-
ments, and timing are compatible with the
development of a high-temperature nuclear heat
source such as the HTGR.

e Major environmental advantages may accrue due
to reduced mining, transportation, and burning
of coal for a given product output.

To evaluate the potential for synfuels, a
study was commissioned by Gas-Cooled Reactor
Associates (Ref. 8) to project the evolution of
the market through 2020. A summary is provided in
Table 3. Note that in 1980 there were no commer-
cial-scale synfuel plants in the U.5. An indeper-
dent study conducted in the same period substar-
tially confirmed these results (Ref. 9). However,
changes in the levels of support end incentives to
be provided by the U.S. Government are expected to
impact these results.

Table 3

U.S. Synfuels Forecast

2008
Total Proc.
Capacity Heat
No. of (103 Capacity
Plants BDOE*) C(GWt)
Gases 10 450 5
Liquide 34 1712 41
Total 44 2162 46
2020
Total Proc.
Capac.i’ty Heat
No. of (10 Capacity
Plants BDOE*) (GWt)
Gases 4] 1799 20
Liquids 160 7990 192
Total 201 9789 212

* Barrels/day oil equivalent

HTGR TECHNOLOGY DEVELOPMENT

As an integral element of the overall HTGR
Program, the Technology Development Program in the
U.S. is directed to the support of important HTGR
applications. The present structure of the Tech-
nology Development Frogram incorporates five major
elements which are identified below.

Fuel Technology - Tnis element consists of activ-
Tties to develop anc qualify fuel for application
in HTGR facilities. Included are development of
fuel processes, fuel materials, fuel cycles, and
fission product/coolant chemistry. Major emphasis
is upon development of fuel for the low enriched
Uranium/Thorium fuel cycle which will be applicable
to both near term and advanced systems.

Materials Technolegy - This element consists of
activities to characterize and qualify materials
for application in HIGR facilities. Included for
development are graphite, ceramic, and metallic
materials. While primary emphasis is currently on
Steam Cycle Cogeneration applications, materials
development for advanced systems is also included.

Plant Technology - This element consists of activ-
ties which are oriented to development of ana-
lytical methods and criteria which are applicable
to such areas as design, analysis, licensing,
safety and reiiability evaluations and risk asses-
sment. 1In general, the methods develcped under
this element are broadly applicable for multiple
HTGR applications.

Design Verification and Support - This element
consists of testing activities which are initially
required to support the evaluation of HTSR designs
and which are subsequently required for design
verification e~d support of the licensing process.
It includes the planning, analysis, design and
construction ¢f test specimens, models, fixtures
and test rigs and the validation and interpreta-
tion of test results.

Technology Transfer - Technology Transfer pertains
to those activities which are directed to acquisi-
tion and utilization of information vesulting from
resources and facilities, both domestic and inter-
national, which are external to the HTGR Program.
Specificelly included are a:tivities in support of
international cocperative agreements and assimila-
tion of data from cperation of Fort St. Yrain.

Reflecting the current design and programmatic
emphasis on the Steam Cycle/Cogeneratioa version of
the HTGR, a similar focus exists in the Technology
Development Program. A high fraction of Technology
Development Program results, however, are expected
to apply to advanced systems as well. At the
present time approximately 15% of the Technology
Development Program is uniquely supportive of
advanced systems.

FORT ST. VRAIN STATUS

The successful development of the Peach Bottom
reactor led naturally to the commitment of Fort St.
Vrain, the first large HTGR to be operated commer-
cially. Fort St. Vrain, a 330 MWe Steam Cycle



HIGR ceveloped by General Atomic Company, first
achieved criticality in Jaruary 1974 and has since

been tested at power levels to about 90% and
operated continuously at about 70%. In its seven
years of operation, it has produced in excess
of 2.£ billion kilowatt-hours of electricity for
the Public Service Company of Colorado system.

The well-publicized difficulties of Fort
St. Vrain have had the unfortunate effect of
overshadowing some very significant achievements
which nae been demonstrated through that facility.
For the most part, the troudles at Fort St. Vrain
have C2en related to design and mechanical diffi-
tulties which are not related ts basic HTGR design
concepts and which have no adverse implications
with regard to future HTGR deve.opment. Signifi-
cant examples in this regard have been re-current
problens with circulator seals and service systems,
and the extended shutdown for cable routing mod-
ifications.

The single notable exception has been the
temperature fluxuation phenoitenon which has been
otserved in the intermediate power range near the
currently authorized power timit of 70%. Based
upon éextensive analysis and model testing, a
modification to the core was devised by the sup-
plier and installed by the utility. The modifica-
tion has eliminated the Fort St. Vrain temperature
fluxuation problem and the authorization for
testing above 70% power has been granted by the
Nuclear Regulatory Commission. It is expected that
the phanomenon can be avoided in subsequent core
desigrns.

Despite the difficulties encountered at Fort
St. Vrain, the operating utility has reported
considerable satisfaction with the inherent operat-
ing characteristics of the HTGR. Due to the large
heat c2pacity of the core coupled with its rela-
tively low power density, the plant has been found
to accept transients and loss of equipment in a
graceful manner. Operational upsets, including
perious of no forced circulation cooling of the
reactor have been experienced with no apparent
damage to the fuel or to the plant, Particularly
cited dy the utility is the time available to
eva2luate and to respond to unexpectec operational

occurrences.

Ancther impressive aspect of Fort St. Vrain
operatisn to date has been the minimz’ exposure of
operating personnel to radiation. [n the five
years of Fort St. Vrain operation, one refueling
operation has been accomplished, including exten-
sive examination of fuel and reflector elements.
Additicnally, the plant has undergone considerable
maintenance, including removal of four circulators
following prolonged power operation. Maximum
integrated exposures reported, however, are in the
range of 100-220 millirems, with only 6-8 people in
the plant having received exposures in this range.

In summary, Fort St. Vrain remains a major
element of the HTGR Program. While difficulties
have been encountered, on balance the Fort St.
Vrain experience has provided posftive verification
of the HTGR technology. In the coming months, we
Took forward to achieving full power operation at
fort St. Vrain and to continuing favorable exper-
jence in operation and maintenance.

SUMMARY

In summary, the HTGR continues to appear as an
increasingly attractive option for application to
U.S. energy markets. To examine that potential, a
program is being pursued to examine the varicus

HTGR applications and to provide infcrmation to
decision-makers in both the public and private
sectors. To date, this effort has icentified a
substantial technical and economic potential for
Steam Cycle/Cogeneration applications. Advanced
HTGR systems are currently being evaluated te
determine their appropriate role and timing.

The enccuraging results which have been ob-
tained lead to heightened anticipation that a role
for the HTGR will be found in the U.S. energy
market and that an initiative culminating in a lead
project will be evolved in the forseeable future.

Program can continue to benefit
from international cooperative activities to
develop the needed technologies. Expansion of
these cooperative activities will be actively

pursued.
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