
GA-A21827 

GT-MHR POWER CONVERSION SYSTEM: 
DESIGN STATUS AND TECHNICAL ISSUES 

K. ETZEL, G. BACCAGUNI, A. SCHWARTZ, 
S. HILLMAN*f and D. MATHIS* 

This is a preprint of a paper to be presented at the IAEA 
Technical Committee Meeting on "Development Status 
of Modular High Temperature Reactors and Their Future 
Role," November 28-30, 1994, ECN, Petten, The 
Netherlands, and to be published in the Proceedings. 

Work Supported by 
Department of Energy 

Contract DE-AC03-89SF17885 

# AlliedSignal Aerospace, Tempe, Arizona 

GENERAL ATOMICS PROJECT 7600 
DECEMBER 1994 

siirw 

8fff&8UTIQN OF THIS DOCUMENT iS UNUMITaT" 

^AlliedSignal ^ GENERAL ATOMICS 
^ A E R O S P A C E 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or any agency 
thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



GT-MHR POWER CONVERSION SYSTEM: 
DESIGN STATUS AND TECHNICAL ISSUES 

K. Etzel, G. Baccaglini and A. Schwartz 
General Atomics 

San Diego, California 
and 

S. Hillman and D. Mathis 
AlliedSignal Aerospace 

Tempe, Arizona 

ABSTRACT 

The Modular Helium Reactor (MHR) 
builds on 30 years of international gas-
cooled reactor experience utilizing the 
unique properties of helium gas coolant, 
graphite moderator and coated particle 
fuel. To efficiently utilize the high tem
perature potential of the MHR, an inno
vative power conversion system has 
been developed featuring an intercooled 
and recuperated gas turbine. The gas 
turbine replaces a conventional steam 
turbine and its many auxiliary compo
nents. The Power Conversion System 
converts the thermal energy of the he
lium directly into electrical energy utiliz
ing a closed Brayton cycle. The Power 
Conversion System draws on even more 
years of experience than the MHR: the 
world's first closed-cycle plant, fossil 
fired and utilizing air as working fluid, 
started operation in Switzerland in 1939. 
Shortly thereafter, in 1945, the coupling 
of a closed-cycle plant to a nuclear heat 
generation system was conceived. 

Directly coupling the closed-cycle gas 
turbine concept to a modern, passively 
safe nuclear reactor opens a new chap
ter in power generation technology and 
brings with it various design challenges. 

Some of these challenges are associ
ated with the direct coupling of the 
Power Conversion System to a nuclear 
reactor. Since the primary coolant is also 
the working fluid, the Power Conversion 
System has to be designed for reactor 
radionuclide plateout. As a result, issues 
like component maintainability and re-
placeability, and fission product effects 
on materials must be addressed. 

Other issues concern the integration of 
the Power Conversion System compo

nents into a single vessel. These issues 
include the selection of key technologies 
for the power conversion components 
such as submerged generator, magnetic 
bearings, seals, compact heat exchang
ers, and the overall system layout. 
Another class of issues affecting system 
and component performance include lo
calized effects such as flow distribution, 
pressure losses, and acoustic loadings. 

This paper summarizes the design sta
tus of the GT-MHR Power Conversion 
System and discusses the key technical 
issues to be addressed to bring this at
tractive concept to fruition. In addition to 
describing the issues associated with 
the design of the Power Conversion 
System, the paper provides strategies to 
make the GT-MHR a reality shortly after 
the turn of the 21st century. 

INTRODUCTION 

The concept of coupling a closed 
Brayton cycle to a gas-cooled reactor 
was first proposed in 1945. Due to lack 
of technology readiness together with 
institutional considerations, this power 
plant concept remained essentially dor
mant for more than a quarter of a cen
tury as technologies developed to the 
extent that the concept could be realisti
cally pursued. Development of closed 
Brayton cycle power plants and gas-
cooled reactors followed separate paths. 

Brayton cycle power plant experience 
began with the commissioning of the 
world's first closed Brayton cycle power 
plant in 1939. The oil-fired, intercooled 
and recuperated plant was designed 
and built by Escher-Wyss and produced 
electrical power and hot water for the 
company's heating system. This pioneer 
plant was to be followed by about 15 



more closed-cycle gas turbine plants, 
most of them built in Germany in the 
50's and 60's. Those plants operated 
well, generating electrical power and 
district heat from dirty fuels such as bi
tuminous coal. 

Gas-cooled reactors were proposed as 
early as 1942. Since then, more than 30 
years of design, development and oper
ating experience have been accumu
lated. A total of 58 gas-cooled reactors 
have been built and operated worldwide, 
with 36 remaining in service today. 

In the 1970's large nuclear systems with 
closed-cycle gas turbines were pro
posed for power plant application. 
Significant helium turbine design and 
development programs were undertaken 
both in Germany and the U.S. The de
signs developed in these programs were 
abandoned because of a lack of tech
nology readiness which resulted in 
safety issues and marginal economic in
centive. The available technologies such 
as oil lubricated bearings with the poten
tial of oil contamination of the primary 
coolant, and the large size of straight 
tube recuperators did not lend them
selves to an attractive, integrated and 
efficient plant layout. 

Now, advanced state-of-the-art tech
nologies such as active magnetic bear
ings and highly effective and compact 

plate fin recuperators are available. 
Their use in the GT-MHR allows for the 
first time the achievement of a highly 
integrated and efficient closed-cycle 
power plant. 

OVERALL GT-MHR LAYOUT 

Since the power plant layout has been 
described previously (Simon, et al., 
1993), only a summary will be given 
here. Each module is installed in a be
low grade vented low pressure concrete 
containment structure. The module 
components are contained within three 
steel pressure vessels: a reactor vessel, 
a power conversion vessel and a con
necting cross vessel (see Fig. 1). The 
reactor vessel is to be made from 9 Cr-1 
Mo-V alloy steel, and is approximately 
8.5 m (28 ft) in diameter. It contains the 
reactor system which includes the annu
lar reactor core, reactor internals and 
neutron control assemblies. Details of 
the reactor system have been described 
previously (Baxter, 1994). 

The power conversion vessel, also to be 
made from 9 Cr-1 Mo-V material, con
tains the entire Power Conversion 
System which is comprised of the he
lium turbomachine, recuperator, pre-
cooler and intercooler, and internal 
ducts and shroud supports. The turbo-
machine includes the turbocompressor, 
generator, magnetic bearings, and sup-
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Fig.1 GT-MHR Module Layout 



ports and ducts. The recuperator is a 
compact plate-fin design. The precooler 
and intercooler are low temperature 
finned tube, helical bundle, helium to 
water heat exchangers which remove 
reject heat from the cycle. 

DESIGN STATUS 

Design requirements for the Power 
Conversion System (see Table 1) were 
established based on a plant-level anal
ysis considering safety, site, and eco
nomic issues. Conceptual sizing and 
design of the major Power Conversion 
System components was performed in 
an integrated manner and involved sev
eral iterations. Work is in progress to 
optimize the gas flow path to meet re
quirements such as component acces
sibility, removal and replacement, and 
minimum system pressure losses. 

Tab. 1 Power Conversion System Design 
Requirements 

Cycle Efficiency > 47% 

Package Approximately 

8.5 m diameter, 
30 m long 

Overspeed 
Capability 

120% required, 
140% desired 

Maintenance 
Interval 

7 to 8 years 

Design Lifetime 40 to 60 years 

Turbocompressor 

One of the major components installed 
on the center line of the vessel is the 
vertical single-shaft helium turbocom
pressor driving a synchronous genera
tor. To date, primary focus has been di
rected on a shaft speed of 3600 rpm 
corresponding to 60 Hz electrical ser
vice. Preliminary studies have shown 
that 50 Hz service at a shaft speed of 
3000 rpm can be accommodated in the 
basic Power Conversion System with a 
slight increase in turbocompressor stage 
count and diameter. The turbocompres
sor, shown in Figure 2, consists of the 

turbine, a high-pressure compressor, 
and a low-pressure compressor. 

Fig. 2 GT-MHR Turbocompressor 



The compressors are separated to facili
tate intercooling and to increase com
pressor efficiency. The turbocompressor 
is supported from a structure in the 
plane of the main vessel flange. This 
structure separates the reactor coolant 
helium from clean helium within the 
generator cavity. 

The aerodynamic and structural design 
procedures used for the turbocompres
sor are identical to conventional air-
breathing gas turbine practice. The high 
design pressure of the closed Brayton 
cycle system results in a machine size 
that is physically smaller than industrial 
gas turbines and aero-derivatives in 
utility service. 

Since the specific heat of helium is five 
times that of air, it follows theoretically 
that more stages are required for a 
helium compressor. However, due to the 
low optimal pressure ratio in the highly 
recuperated cycle of about 2.8, the 
number of turbine and compressor 
stages are comparable with air-breath
ing gas turbines. 

The turbocompressor is designed in 
aero-engine fashion with the high 
pressure gas in the center. This mini
mizes the number of seals, and pro
duces a near balanced thrust condition 
during full power operation. The entire 
rotating group including the generator 
rotor is supported by an active magnetic 
bearing system. A set of magnetic bear
ings powered by an uninterruptible 
electric power supply is included, 
together with mechanical anti-friction 
catcher bearings to prevent rotor dam
age in the unlikely event of magnetic 
bearing failure. 

High compressor and turbine efficiencies 
are projected based on a combination 
of: 1) low Mach number, 2) high 
Reynolds number, 3) clean oxide-free 
blade surfaces, and 4) close blade tip 
clearances for a machine that is not 
exposed to severe thermal transients. 
Due to the moderating effect of the large 
graphite volume in the reactor, the 
transient thermal operating conditions 
are mild compared to those of a com
bustion gas turbine. The modest turbine 
inlet temperature of 850°C (1562°F) can 

be accommodated with uncooled blades 
made from existing nickel-base alloys. 
Table 2 provides a compilation of key 
turbocompressor design data. 

Tab. 2 Turbocompressor Salient Features 

Power, MWe 286 

Working Fluid Helium 
Turb. Inlet 
Temp., °C 850 
Compressor 
Pressure Ratio 2.8 
Mass Flow Rate, 
kg/s 320 
Compressor 
Number of Stages 
Max. Tip Dia., mm 

14 LP+ 19 HP 
1683 

Turbine 
Number of Stages 
Max. Tip Dia., mm 
Tip Speed, m/sec 

11 
1778 
335 

Rotational Speed, 
rpm 

3600 for 60 Hz, 
3000 for 50 Hz 

Machine 
Orientation 

Vertical 

Overall Length, m 13 
Overall Dia., m 2.8 
Overall Weight, kg 45,000 

Generator 

The synchronous machine is a two-pole 
unit rated at 325 MVA. A brushless ex
citer system with a shaft mounted exciter 
alternator and shaft mounted diode rec
tifiers is the most suitable arrangement 
for supplying and controlling the DC field 
current in the generator rotor. Compared 
to conventional horizontal generators, 
modifications to the stator frame and in
ternal structures are necessary for the 
vertical orientation of the generator. 
Insulation materials are also a design is
sue with regard to rapid decompression 
of the generator cavity. Preliminary in
vestigation shows that a common gen
erator for both 50 Hz and 60 Hz opera
tion may be possible. The common gen
erator would be slightly oversized at the 
higher shaft speed for 60 Hz service. 

Recuperator 

The recuperator uses modern offset 
plate-fin surfaces (Fig. 3) with the entire 



heat-exchanger structure (fins, plates, 
side bars and manifolds) being brazed 
together forming a strong monolithic 
unit. 

flow baffle is sealed to each recuperator 
module. 

Fig. 3 Counterflow Recuperator Section with 
Offset Plate Fins 

Very compact fin surfaces are employed 
with fin densities of 8 to 11 fins per cen
timeter (fin pitch of 1.27 to 0.91 mm) and 
fin heights of 1.27 and 1.9 mm. Such 
short fins are necessary to produce heat 
exchangers small enough to fit in the 
very tight envelope of the power con
version vessel. To effectively use the 
annular space surrounding the turbo-
compressor, the recuperator is config
ured as six modules acting in parallel. 

Because of the need for very high de
sign effectiveness of 0.95, it is neces
sary to use a counterflow configuration. 
For the purpose of introducing and 
withdrawing fluids, the modules use 
crossflow sections at both ends. 

The multiple fin-containing flow channels 
in the recuperator are stacked upon one 
another, alternating between hot-stream 
and cold-stream passages as shown in 
Figure 4. The high-pressure helium flow 
from the high-pressure compressor is 
channeled to the cold-side passages of 
the recuperator through a manifold inte
gral with the recuperator. After passing 
through the core, the high-pressure flow 
is collected in another integral manifold. 
The low-pressure hot-side helium from 
the turbine exhaust flows into the core 
from the annular plenum formed by 
structures within the power conversion 
vessel. The exiting low-pressure flow 
exhausts into another plenum, sepa
rated from the first by a flow baffle. The 

HIGH PRESSURE SIDE 

TO 
PRECOOLER 

FROM 
COMPRESSOR 

Fig. 4 Recuperator Core Flow Schematic 

Precooler and Intercooler 

The precooler and intercooler are he
lium-to-water heat exchangers which 
operate in a very benign environment; in 
fact, their metal temperatures are less 
than 121 °C (250°F). The technology for 
these units is commercially available. 
Both heat exchangers are helical finned 
tube bundle arrangements with the 
cooling water inside the tubes. Both 
coolers employ approximately 700 
tubes, each about 30 meters long. 
Studies are continuing to optimize the 
configuration and arrangement of the 
two heat exchangers. 

TECHNICAL ISSUES 

Directly coupling a closed Brayton cycle 
gas turbine concept to the passively 
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safe MHR opens a new chapter of clean, 
efficient power generation technology, 
but also brings with it some design 
challenges and technical issues. Table 3 
provides a basis for the discussion of 
these key design issues for the GT-
MHR. 

Table 3 GT-MHR Design Issues 

Desian 
Selection 

Desian 
Requirement 

Desian Issue 

Nuclear heat 
source and 
direct cycle 

Accommod. 
radionuclide 
plateout 

• Maintainability 

• Materials 

High pressure 
helium working 
fluid 

Provide com
pact Power 
Conversion 
System 

• Leakage flows 

• Flow 
maldistribution 

High temp, 
helium working 
fluid 

Provide high 
conversion 
efficiency 

• Materials 

Integration in 
single vessel 

Assure 
component 
integrity of 
arrangement 

• Differential 
thermal 
expansion 

Purified high-
pressure 
helium 
atmosphere 
for generator 

• Acoustic 
loadings 

• Rotor 
dynamics 

• Coupling 

• Maintainability 

• Seals 
• Generator 

cooling 
• Complex 

interfaces 

Use of new 
technologies 

Use of 
magnetic 
bearings 

• Bearing 
redundancy 

Large, 
vertical 
helium turbo-
compressor 

• Rotor 
dynamics 

In the following technical discussion, the 
focus will be on the helium seals, rotor 
dynamics, differential thermal growth, 

and maintainability of the components of 
the Power Conversion System. 

Helium Seals 

The components of the Power 
Conversion System have been inte
grated within a single pressure vessel. 
This design minimizes the primary 
coolant pressure boundaries, but intro
duces unavoidable complexity associ
ated with channeling the coolant flow 
between tightly packaged components. 
The design has to be elastic to allow 
motion due to thermal expansion, but at 
the same time stiff enough to contain the 
pressure differentials within the coolant 
loop without excessive deformation. 
Additionally the generator and the turbo-
compressor must be designed for peri
odic removal and replacement. 

The above requirements eliminate the 
possibility of an all-welded assembly. 
Seals between structures and compo
nents are then needed to minimize he
lium leakage since it adversely affects 
plant efficiency. Hence, careful engi
neering of the seals is critical. An anal
ysis has been performed to predict the 
seal leakage flow rates, the leakage 
rates uncertainty, and their effect on 
plant efficiency. 

The results of this analysis showed that 
helium leakage, especially from the high 
pressure to the low pressure side of the 
coolant loop, has a strong effect on plant 
efficiency. The single largest contributor 
to the total leakage flow is the purge 
flow required to cool the first few turbine 
rotor disks. 

The two clamped joints at the high pres
sure inlet and outlet manifolds of each 
recuperator module account for about 
19% of the total leakage. Clamps are 
currently favored over flange welds to 
facilitate recuperator removal if required. 
Leakage flow across the flow baffles at 
the low pressure side of the recuperator 
modules is not a major contributor due 
to the low pressure differential of 0.03 
MPa. 

Careful design efforts and test programs 
have been planned to assure that the 
helium seals will meet their performance 
requirements during their design life. 
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One of the challenges is to assure that, 
when the turbocompressor is removed, 
the seal interfaces can be reestablished 
with the re-installation of a new or refur
bished turbocompressor. Another chal
lenge is the design of a system of in
struments which will be able to detect 
excessive helium leakage and identify 
the leakage location. 

Rotor Dynamics 

The turbomachine of the GT-MHR is 
comprised of the exciter, generator, tur
bine, high-pressure and low-pressure 
compressor which are mounted on a 
single shaft. With the long, slender con
tour of the rotating assembly and the 
application of magnetic bearings, rotor 
dynamics were identified early in the de
sign as a key technical issue. 

For the GT-MHR turbomachine, the ro
tor weight could be as high as 45,000 
kg. In the initial design concept, the rotor 
aerodynamic thrust is upwards and is 
almost identical in value to the rotor 
weight. While the rotor is heavier than in 
magnetic bearing applications to date, 
the thrust bearing unit loadings and pe
ripheral velocities are bounded by cur
rent operating experience. 

Early in the conceptual design of the 
turbomachine rotor dynamics analyses 
were performed to provide a preliminary 
assessment of the critical speeds and 
associated mode shapes for the 3600 
rpm design. In this analysis, a 5-bearing 
(see Fig. 5) and a 3-bearing support 
configuration were evaluated using a 
finite-element rotor dynamics code. 

HP LP 

Radd Mag a g 4 i 
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Fig. 5 5-Bearing Support Configuration 

Mass properties of the compressors and 
turbines were estimated from previous 
aerodynamic and mechanical analyses. 
Traditional aero-engine materials were 
assumed for the compressor and tur

bines; titanium for the compressors and 
nickel-base superalloy for the turbine. 
For the generator, a solid steel rotor was 
assumed. Based on these assumptions, 
a finite-element model of the turboma
chine was developed. 

The results showed that for an assumed 
magnetic bearing and support stiffness 
of 105,000 N/mm and less, the rotor as
sembly must pass through four or more 
critical speeds to reach the design 
speed of 3600 rpm. The principal finding 
was that the entire shaft would need 
stiffening in order to raise the critical 
speeds during start-up and shut-down. 

Several ways were identified which 
would accomplish this. The largest 
benefits were expected from modifica
tions to stiffen the generator. This is due 
to domination of the lower frequency 
modes by the generator characteristics. 
Changes to the generator should have a 
large positive effect on the rotor dynam
ics of the entire turbomachine. Also, the 
adjustable characteristics of magnetic 
bearings allow for some innovative ideas 
for crossing critical speeds. Various con
trol approaches which are believed to 
have merit will be evaluated in a continu
ing effort. 

In order to develop a satisfactory bear
ing/shaft system, further iterations of the 
basic rotor dynamics model are re
quired. These iterations will include the 
shaft stiffening as discussed above, as 
well as exploration of alternate bearing 
counts and stiffnesses. 

Differential Thermal Growth 

Temperatures within the single vessel 
containing the Power Conversion 
System range from 850°C at turbine inlet 
to near room temperature in the gen
erator cavity, precooler and intercooler. 
With the complex flowpath required by 
the compact packaging within the ves
sel, substantial temperature differences 
arise both between and within the Power 
Conversion System components and 
structure. These temperature differences 
result in significant thermal movements 
of components. The design of the com
ponents, their supporting structures, 
and seals must accommodate the move-



ments without introducing excessive 
stresses or the potential for seizing of 
adjacent elements. 

Three areas were identified as critical: 1) 
differential axial thermal growth between 
the turbomachine rotor and stator; 2) 
differential axial thermal growth between 
the turbocompressor static structure and 
the remainder of the vessel structure; 
and 3) thermal growth and distortion of 
the recuperator modules. Preliminary 
thermal analyses have been performed 
for each of these areas to identify possi
ble problems and design requirements 
for seals and other interfacing compo
nents. 

These preliminary analyses were per
formed using heat transfer coefficients 
computed from the known temperatures 
and flow areas for the coolant flow 
paths. Component analyses were per
formed using finite element models for 
the turbocompressor (Fig. 6) and for the 
recuperator (Fig. 7), while hand calcula
tions were used to estimate the thermal 
growth of the structural supports and 
flow boundaries. 

Fig. 6 Finite Element Model of Turbocompressor 

Fig. 7 Finite Element Model of Recuperator 
Modules 

These analyses assumed unrestrained 
thermal growth, except at support or key 
interface locations. Follow-up stress 
analyses were made where free expan
sion was restrained. 

With the 5-bearing baseline design, the 
thermal analyses showed a 25 mm rela
tive displacement between the turboma
chine rotor and static structure. The 
analyses indicated that the majority of 
this displacement occurred at the turbine 
inlet. Here, the rotor was cooled to ac
commodate the magnetic bearing while 
the static structure was not cooled. 

Several viable approaches will reduce or 
eliminate this mis-match in thermal 
growth. The most promising is to elimi
nate the turbine inlet bearing; this is cur
rently undergoing rotor dynamics evalua
tion. If this is not possible, higher tem
perature bearing materials and/or differ
ent cooling schemes will be investigated. 



Between the turbocompressor static 
structure and the remainder of the ves
sel, a 50 mm axial relative displacement 
is predicted. This movement will primar
ily manifest itself at the connection be
tween the turbine inlet flange on the tur
bocompressor and the turbine inlet duct 
inside the cross vessel. Therefore the 
mechanical interface must be designed 
to accommodate the indicated motion. 

Thermal analysis of the recuperator indi
cates that the modules will warp into a 
"banana" shape with a mid-height dis
placement of the centerline of 30 mm. 
This bowing is due to one side of the 
module being at turbine discharge tem
perature while the other side is at com
pressor discharge temperature, consid
erably lower. This movement, typical for 
this type of heat exchanger, must be ac
commodated by the surrounding seals 
and flow baffles. 

The follow-up thermal stress analyses 
indicated that attention is needed in 
several areas where the movements are 
either restrained or where there are high 
temperature gradients. The interface 
between the turbocompressor static 
structure and its vessel support is one of 
these areas, as is the connection be
tween the high pressure compressor 
discharge and the turbine inlet housings. 
This early look at the thermal aspects of 
the conceptual design will allow these 
areas of concern to be handled as a 
matter of course during the preliminary 
and detailed design phases. 

Test programs have been planned to 
verify that thermal growths can be ac
commodated. The test programs will be 
structured to illustrate deficiencies in the 
initial design solutions, point the way to 
design refinements, and to confirm the 
adequacy of the final design solutions. 

Maintainability 

The internal components of the Power 
Conversion System are scheduled to be 
inspected and refurbished (if necessary) 
periodically. Part of this periodic inspec
tion includes the removal and replace
ment of the turbomachine every seven 
years. Because of the size and weight of 
this unit, high precision component 

handling is expected to be challenging, 
particularly in combination with the pre
cautions required for potential radionu
clide plateout on internal turbocompres
sor surfaces. 

As the first step to identify the chal
lenges associated with the maintenance 
of the Power Conversion System, a 
component removal and replacement 
study was performed. The purpose of 
this investigation was to identify associ
ated issues and to develop strategies 
and methods to address those issues. 

Two schemes have been proposed for 
handling those components which are 
periodically removed and replaced for 
inspection or refurbishment. These 
components include the electric genera
tor, the exciter, and the turbocompressor 
along with their associated bearings, 
connectors, instrumentation, wiring and 
support structures. Future studies are 
planned which will address the removal 
of the remaining major components 
within the power conversion vessel such 
as the recuperator modules, intercooler 
and precooler modules and the hot duct. 
The primary difference between the two 
schemes is the degree of remote 
handling and shielding. 

In each of the two schemes considered, 
the separation and removal of the gen
erator power and water cooler connec
tions are done first as shown in Fig. 8. 
This step is followed by removal of the 
upper dome, then removal of the gen
erator rotor to turbocompressor tie-bolt, 
and removal of the exciter, the top bear
ing pack, and the generator rotor from 
the rest of the turbomachine as one unit. 
This is followed by the separation and 
removal of the generator stator. Finally, 
the turbocompressor is removed as a 
single unit. 

In the first scheme, removal of all gen
erator and turbocompressor compo
nents within the power conversion ves
sel is accomplished remotely, utilizing 
handling casks to protect the surround
ing environment from radiation. Because 
of the large size and location of Power 
Conversion System components, this 
scheme requires a large and heavy 
cask, extensive room in and above the 
silo, high building clearance above the 



Fig. 8 Removal of Connections 

refueling floor and a large crane. 
Building clearance above the silo is ex
pected to be on the order of 30 meters. 
Although no quantitative analysis was 
performed, it is estimated that a crane 
capacity in the order of 400,000 to 
450,000 kg may be required. In addition, 
a significant amount of remote handling 
is required for disconnecting and recon
necting complex vessel penetrations. 

In the second scheme, the plant mainte
nance crane is used directly for removal 
of the generator, which is the heaviest 
component of the turbomachine. A han
dling cask is not used in this operation, 
so the crane capacity is reduced. 
Required building clearance is less than 
in the first scheme. For this operation, 
the generator cavity is open to the reac
tor building. Maintenance personnel en
ter the generator cavity to disconnect 
and reconnect service penetrations, 
which would eliminate the need for 
some of the complex remote handling 
operations. After the generator is re
moved, a cask is used for remote re
moval of the turbocompressor. Since the 
turbocompressor is significantly lighter 

than the generator, the cask is consid
erably lighter than that required in the 
first scheme (probably on the order of 50 
percent lighter). Direct shine radiation 
from the turbocompressor cavity after 
the generator has been removed will be 
limited by the shielding provided by the 
turbocompressor support dome and the 
addition of temporary shielding around 
and on top of the dome. For this 
scheme, however, air ingress or primary 
coolant egress in and out of the vessel 
needs to be prevented while the genera
tor cavity is open to the atmosphere, 
particularly when workers enter the cav
ity. For this, a static seal brake is re
quired at the top end of the turboma
chine as shown in Fig. 9. In addition, 
the use of a tent may be considered to 
provide an atmospheric enclosure 
around the cavity. 

The above considerations make the 
second scheme more attractive than the 
first scheme. Future work efforts will de
velop estimates of the potential contami
nation based on expected helium purity 
levels, the continuous purging of the 
generator cavity which is planned, the 
shielding provided by the generator 
support structures and the generator it
self, and finally related experience with 
gas circulators and control rod drive cav
ities. 
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Fig. 9 Turbocompressor Removal, Scheme 2 



CONCLUSION 

The Gas Turbine Modular Helium 
Reactor (GT-MHR) is the result of cou
pling the evolution of a small passively 
safe modular helium cooled reactor to a 
closed Brayton cycle Power Conversion 
System. While the idea of a nuclear gas 
turbine is not new and has been studied 
over the last 30 years, required key 
technologies were not available until re
cently to fully utilize the advantages of
fered by this concept. 

The GT-MHR opens a new chapter in 
power generation technology, and 
brings with it a spectrum of design chal
lenges and technical issues. Those is
sues, including helium seals, rotor dy
namics, component maintenance and 
differential thermal growth within the 
Power Conversion System, are being 
addressed and resolved. 

The progress and status of related work 
efforts currently in progress has been 
summarized in this paper. Continuing ef
forts will concentrate on completion of 
the conceptual design and resolution of 
the key design issues. As the design 
progresses, analytical models will be re
fined with additional detail as appropri
ate. Critical design features will be vali

dated in early rig and sub-system test
ing prior to testing of the entire Power 
Conversion System with a non-nuclear 
heat source. 
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