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ABSTRACT 

This paper reviews the rnaterials.technology aspects of steam generators 

for high-temperature gas-cooled reactors (HTGRs). This advanced reactor 

system features a graphite-moderated, uranium-thorium, all-ceramic core and 

utilizes high-pressure helium as the primary coolant. The stearn.generators 

in these systems are exposed to gas-side ternperatures_approaching 760°C 

(1400°F) and produce superheated steam at 538°C (1000°F) and 16.5 MPa (2400 

psi). Thus, the design and development of steam generators for these sys-

terns require consideration of time-dependent materials behavior~ corrosion, 

fretti~g, wear, and related ·phenomena of concern in all steam ge.nerators. 

The prototype Peach Bottom I 40-MW(e) HTGR was operated by the 

Philadelphia Electric Company for a total of 1349 equivalent full-power 

days (EFPD) over 7 years. Upon planned decommissioning of this plant, the 

forced-recirculation U-tube steam generators and other components were sub-

jected to destructive metallurgical examination. This examination, the 

I results of which are described in this paper, showed the steam generators to 

be in very satisfactory condition. 

The 330-MW(e) Fort St. Vrain HTGR, owned and operated by Public Service 

Company of Colorado and now in the final stages of startup, has achieved 70% 

power and generated more than 1.5 x 106 MWh of electricity. The steam gen-

erators in this reactor are once-through units of helical configuration, and 
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their design and development required considering a number of new materials 

factors including creep-fatigue. Also, since these are once-through units, 

water chemistry control needed special consideration. 

Current designs of larger .HTGRs also feature steam generators of 

helical once-through design. Materials issues that are important in these 

designs include detailed consideration of time-dependent behavior of both 

base metals and welds, as required by current American Society of Mechanical 

Engineers (ASME) Code rules, evaluation of bimetallic weld behavior, 

evaluation of the properties of large forgings, etc. 
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1. INTRODUCTION 

Figure 1 illustrates the principal features of high-temperature 

gas-cooled reactors (HTGRs). The reactor core consists of g~aphite blocks, 

which act as both moderator and structure and contain the fuel that gener

ates fission heat. The fuel used may be either the carbides or oxides of 

uranium and thorium. The system is cooled by high-pressure helium which, in 

a typical steam-cycle HTGR, enters the core at temperatures of ~320°C 

(---650°F) and is heated to temperatures of ~760°C (1400°F) by the core. The.

helium is then circulated to heat exchangers, where the heat is transferred· 

and can be converted into energy for useful work. The cool helium is then 

recirculated back to the core; and the circuit continues. Because of the 

re1atively high helium temperatures, the heat exchangers can be steam gener

ators capable of generating high-pressure, high-temperature steam compatible 

with modern turbomachinery. Indeed, the all-ceramic reactor core gives the 

system the potential to go to very high core outlet temperatures [approach

ing 1000°C (1832°F)], and currently, significant effort is being devoted to 

developing the reactor for high-temperature process heat applications. How

ever, keeping within the context of this conference, this paper will focus 

on the steam generating (electricity producing) version of this reactor 

system. 

HTGRs have been under development for more than 20 years. During that 

time, a number of units have been developed, and several .are still under 

construction or development, as shown.in Tabler. Of the reactor systems 
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shown in Table I, only four feature steam .generators that produce modern 

high-pressure, high-temperature steam (see Table II). These are the Peach 

Bottom, Fort St:. Vr~:i.n, Thorium Hoch Temperatur. Rer~ktor. (THTR), <'!nd l;:!.rg@ 

HTGR systems. The Peach Bottom reactor was operated for seven years and has 

been shut down, decommissioned, and the steam generators examined. The Fort 

St. Vrain reactor has entered commercial operation, and substantial operat-

ing experience has been accumulated. ·The THTR in the Federal Republic of 

G~rmarty is still under. construction and, therefore, ·has yet to accumu1ate 

operating experience with its steam generators. Similarly, the large HTGRs 

are currently only in the design stage. Accordingly, this paper will focus 

on the units that feature these modern steam generators and will pay most 

attention to the Peach Bottom and Fort St. Vrain reactors; although,· other .. 

systems will be referred to when appropriate. 

2. PEACH BOTTOM 1 

The Peach Bottom Unit No. 1 prototype HTGR (Fig. 2) was operated by 

Philadelphia Electri~ Company for a total of 1349 equivalent full-power days 

(EFPD) over I years between January 1967 and October 1974, when it was shut 

down for planned decommissioning. Table III gives relevant operating sta-

tistics, and Table IV.gives the principal features of the operating 

environment. 

Figure 3 shows the general layout of the Peach Bottom primary coolant 

system. The two steam generators, which were housed in separate pressure 

vessels, were forced-recirculator boilers with pendant U-tube economizer, 
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evaporator, and superheater sections (see Fig. 4). Figure 5 is a photograph 

of a tube bundle. The photograph shows the original 304H stainless steei 

superheater bundle. However, prior to reactor commissioning, the superheat-

er section encountered stress corrosion cracking; as a result, the super-

heater section was retubed with Alloy 800.a Table V indicates the finaf 

steam generator materials selection and generating environment. The Alloy 

800 tubes served throughout the operating life without any failures. Two 

' small leaks occurred due to fabrication defects at the tubesheet, but these 

were so minor that they remained tolerable throughout the operation. 

After decommissioning, a destructive examination program was undertaken 

to determine the reactor condition. The Department of Energy (DOE) and the 

I 
Electric Power Research Institute (EPRI) sponsored this program. This 

examination evaluated the condition of one s~eam generator. 

The top head of the steam generator was removed to examine the steam 

side of the tubes and tube sheets. The side of the pressure shell was cut, 

as shown in Fig. 6, to give access to the helium side of the superheater, 

and economizer, and evaporator tubing. In general, the steam generator 

internals appeared in excellent condition (see Fig. 7). Figure 7 shows a 

view of the superheater section; apart from some carbonaceous deposit on the 

tubes and sum~ ~vluence of minor fretting dam<'!gP where the types pass 

through the support plates (Figs. 8, 9), tube bundle showed essentially no 

evidence of degradation. Similarly, the economizer section (Fig. 10) was in 

excellent condition. 
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To further evaluate the condition of the steam generator construction 

materials, metallographic and mechanical test specimens were removed and 

subjected to detailed metallurgical evaluation. In general, this examina

tion confirmed that all construction materials were in excellent condition. 

As Fig. 11 indicates, no evidence of significant interaction was given 

between the Alloy 800 superheater tubing and the external hPlium environ= 

ment, although these helium-exposed surfaces showed r.Arhnn deposits (be

lieved to have resulted from minor oil ingress into the reactor during oper

ation). The internal, steam-exposed surfaces of the superheater tubing were 

covered by thin, protective, entirely satisfactory oxide fi.lms. Examination 

of these oxide films showed that the apparent rate of oxide growth WAS 

entirely consistent with the observations made by others (!) (see Fig. 12). 

Similarly, the economizer and evaporator tubing showed no Pvirlence of 

adverse interaction with the primary coolant environment, and they showed 

the presence of protective oxirlP films of the expected thicknes~ un the 

steam and w.a ter sides (see Figs. 13, 14). 

Evaluation of the mechanical properties of the exposed material showed 

that, in general, extended service had had relatively little effect. In the 

case of the Alloy 800 supe.rheate:r tubing; however, suLstantial age"" hardening 

was noted to have occurred because of service exposure, resulting in a con

siderable strengthening (see Figs. 15, 16) and some loss of.ductility (see 

Fig. 17). However, despite this thermal aging effect, the residual ductil

ity of the material remained at entirely satisfactory values. 
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The overall conclusion from the post-decommissioning examination of the 

Peach Bottom reactor was that all construction materials, including those 

used in the steam generator, appeared to have performed entirely satisfac-

torily and, from a materials viewpoint, were capable of many additional 

years continued expos~re• 

3. FORT ST. VRAIN 

The 330-MW(e) Fort St. Vrain HTGR (Fig. 18), now operating on the 

Public Service Company of Colorado grid, has features which differ signifi-

cantly from the Peach Bottom unit. Figure 19 shows the flow diagram for 

this reactor. 

As indicated, the reactor utilizes a pr~stressed concrete pressure 

vessel (YCRV) (Fig. 20). The PCRV concept was chosen for its important 

inherent safety aqvantages. However, because this vessel type was chosen, 

the steam generators needed to be as compact as possible. To achieve this 

in the Fort St. Vrain plant, the steam generators chosen were once-through 

units comprising helically wound tubing. 

The reactor contains 12 heat exchanger modules. Figure 21 shows a 

simplified schematic and Fig. 22 a photograph of one such module. Table VI 

indicates the construction materials and relevant operating environment for 

these units. As shown, Alloy·soo is used in the hottest sections of the 

superheater and reheater. The intermediate temperature superheater is 2-1/4 

Cr-1 Mo, and the remainder of each module is low alloy steel. 
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Table: VI shows that the pressure-containing metal temperatures in this 

reactor are ~ignificantly higher than they were in the .I~e!lch Bottom u:n.iJ::~. 

As a result, in the des:i,gn of the Fort St. Vrain units., considerabl,e atten-

tion was directed toward elevated tempera~ure design considerations_- These 

steam generators were built before American Society of Mechanical Engineers 

(ASME) Boiler and Pressure Vessel Code rules for elevated temperature ~on-

struction had approached the 1eve1 or. complexity that now exists in Code 

Case N-47. Nevertheless, the design of the Fort St. Vrain units considered 

fatigue, long-term time-d_ependent properties, and to some extent, creep/ 

fatigue interaction. In addition, because these st~am generators are sub-

ject to high cross-tube gas flows, special.attention was directed. toward 

flow-induced vibration and related fretting and wear damage. After m~ch 

testing, wear protection was provided by protective sleeve and tubing 

devices. Figure 23 shows a typical sle!=!ve and wedge comb.ination, and Fig. 

24 shows these devices in place in a reheater bundle. 

This reactor started power generatio.n in Decembe.r 1976 a.nd, as 

i_ndicated in Table VII, has, ~o date, g.enerated very substantial amount.$ of 

electricity. Table VIII shows the reactor operating environments. The 

steam generators have shown very satisfactory operation. One tube leak was 

experienced in November t9.77. The. exact location of the tube leak was 

difficult to discern; however, the .leak was located in the Alloy 800 super-. . : : . 

heater bundle ~ection. Indications at the time suggested that this was 

simply a r.andom fai],.ure, and subsequent operati,on wit,bout evidence of 

further leakages tends to confirm this view. 
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4. FUTURE, LARGE HTGRs 

A number of designs have evolved in recent years for large steam-

generating HTGRs. Due to the very satisfactory prior experience, the steam 

generators in these units are expected to have materials and configurations 

generally similar to the Fort St. Vrain reactor. For instance, the units 

will be helically wound, once-through units with Alloy 800H and 2-1/4 Cr-1 

Mo as the principal construction materials. 

However, the design of these future steam generators will be governed 

by the increasingly complex and sophisticated design rules of Code Cases 

N-47, N-48, etc. These requirements impose the need for very complex and 

complete finite element analyses including consideration and analysis of 

creep/fatigue ipteracton phenomena,.creep, ratchetting, and other failure 

modes. Moreover, the effects of specific environments on properties must be 

considered, as must the effects of fabrication factors, such as welding and 

bending, on materials behavior. Such analyses will require that existing 

data bases for construction materials be considerably extended. 

Also, economic factors will almost certainly dictate that future HTGR 

steam generators have larger modules than were used in Fort St. Vrain. 

This will necessitate evaluating the properties of very large forgings, 

developing wear protection systems appropriate for 't.he new configurations, . . : 

and related factors. 
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5. CONCLUSIONS 

Overall,. HTGR steam generator m<;~-terials have performed very 

satisfactorily. In particular, only one random-failure tube. leak has 

occurred on Fort St. Vra~n.~enerators. None failed at Peach Bottom. Exami

nation of the Peach Bottom reactor 7 years of service indicated no sign~fi

cant materiais,degradation of any kind. All indicators show th<;~-t the Peach 

Bottom units could have operated for a great many more years. 

In general, material selection for future units app7ars "!ell founded, 

and the additional work on materials that c.urrently appears nee~ed is _t;elat

ed to meeting modern code rquirements and re~ponding to economically induced 

configuration changes. 
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FOOTNOTE 

aThe designation of Alloy 800 has undergone many changes in the years 

subsequent to the building of the Peach Bottom reactor. For example, in 

mode~11 U.S. codes a,nd specifica~_ion~, "Alloy 800" refers to a form of mate

rial heat .treate~_at relatively low temperatures to produ~e a fairly. fine-
• • . . I ', 

grained high-yield-strength product. "Alloy 800H," on the_ other hand, 

refers to a version of the material which is heat treated at very high tern-

peratures to produce a coarser-grained creep-resistant material. This mate-

rial is also required to have a carbon content in the upper half of the 

range permitted for "Alloy 800." At the time of Peach·Bottom construction, 

the importance of heat treatment to properties was recognized, while the 

~ 

significance of carbon content was not. Thus, for high-temperature service, 

under conditions where creep strength was important, a material designated 

either "Alloy 800, Grade 2" or !;Alloy 800-solution annealed" was specified. 

This material required-high-temperature heat treatment, but did not have 

carbon control or specific minimum grain size control. The latter material 

was that employed in Peach Botto.m. 
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STEAM 
530°C 

----i&f~ 16.5 MPa 
(1000°F/ 
2400 PSI) 

FEEDWATER 
204°C --1-1.- 20 MPa 
(400°F/ 
2900 PSI) 

Fig. 1. Simplified schematic of steam generating HTGR 
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fig. 2, Prototype 40-MW(e) HTGR at Peach Bottom, Pennsylvania 
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Fig. 3. Isometric view of primary coolant systems 



SUPERH::ATEO 
STEAM 

8636 MM 
(28 FT. 4 IN.} 

HOT HELIUM 
FROM REACTOR 

' 
COLO HELIUM 
TO REACTOR 

~--..--

COLD HELILM 
TO C>JMPRE>SDR 

GAS 
BAFFLES 

BAFFLE 
SUPPORTS 

EVAPORATOR 
OUTLET TUBES 

.........-SUPPORT . 
RODS 

I 

' 
I 
I 

L_ 

\ 
COLD HELIUM FRCM 
MAIN COMPRESSOR 

CONOMIZER 
INLET TUBES 

\ 

CONOMIZER 
OUTLET TUBES 

EVAPORATOR 
INLET TUBES 

AREAS FROM 
WHICH SAMPLES 
WERE REMOVED 

Fig. 4. Stec.m generator cross section showing sampling locations 
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Fig. S. ··Heat transfer section of one steam generator. Uppermost, light-colored tubes are 
304H stainless steel superheater section, which was later retubed with Alloy 800 . 
of tubes is the evaporator; lower tubes are the economizer. 

the original 
Center region 
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Fig. 6. Superheater tubes visible through hole cut through steam generator 
shell and shroud 
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Fig. 7. View of superheater tube bundle looking down toward impingement 
baffle. This baffle faces the entry point of the hot duct. 
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Fig. 8. Superheater bundle. Note wear areas where tubes pass through 
support plate. 
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Fig . 9. Typical wear pattern on superheater inlet tube at support plate 
contact point 
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Fig. 10. Economizer tubes 
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Unetched Electrolytic Oxalic Acid Etch 

Helium Side 

Unetched Electrolytic Oxalic Acid Etch 

Steam Side 

Fig. 11. Surface conditions on superheater outlet tube No. 20 (Alloy 800) 
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Fig. 13. 

Helium Side 

Water Side 

Surface features on typical economizer outlet tubing (EC0-68) 
(carbon steel) (Nita! etch) 

25 



EVI-50 EVI-78 

Helium Side 

F.VT-50 EVI-78 

Steam Side 

Fig. 14. Details of typical surface conditions of evaporator inlet 
tubing (carbon steel) (Nital etch) 
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Fig. 17. Comparison of tensile elongation of superheater 
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Fig. 18. Fort St. Vrain power plant 
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Fig. 19. Fort St. Vrain flow diagram 
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Fig. 20. Fort St. Vrain pressure vessel 
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Fig. 21. S lmplif ied schema tic ot Fort 
St. Vrain steam generator module 
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Fig. Completed primary steam gl?nPr::~tnr module and reheater standpipe 
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Fig. 23. Sleeve and wedge assembly 
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Fig. 24. Cuulpleted reheat:cr bundle. Nol~ ::;l.:to!ves ann wf!rlr;P.R i.n place on 
tubing at support plate contact points. 
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TABLE I 
PRINCIPAL STEAM-GENERATING HTGRS 

NAME 
SIZE· 

SPONSOR/OWNER LOCATION TYPE STATUS [MW(t)] 

DRAGON· 20 DECO (a) WINFRITH, UK EXPERIMENTAL UNIT OPERATED 1966 -1976 
NOW DECOMMISSIONED 

AVR (b) 46 KFA (c) JUUCH, FRG EXPERIMENTAL UNIT IN OPERATION SINCE 1967 

PEACH BOTTOM 115 AEC(d) (DOE)/ PENNSYLVANIA, USA SMALL PROTOTYPE OPERATED 1967-1974 
I PHILADELPHIA NOW DECOMMISSIONED I 

ELECTRIC 

FORT ST. VRAm 842 AEC(d) (DOE)/ COLORADO, USA · DEMONSTRATION IN OPERATION SINCE 12/76 
PUBLIC SERVICE CO. REACTOR · 
0 F COLO RAO;J 

THTR 762. VEw(e) SCHMEEHAUSEN, FRG DEMONSTRATION . SCHEDULED FOR STARTUP 1982 
REACTOR 

HTGR-SC(f) 2000- POWER REACTOR IN DESIGN 
3000 

(a) ORGANIZATION OF EUROPEAN COOPERATION AND DEVELOPMENT, 
EUROPEAN ·NUCLEAR ENERGY AGENCY. 

(b) ARBEITSGEMEINSCHAFT VERSUCH REAKTOR. 

(c) KERNFORSCHUNGSANLAGE. 

(d) ATOMIC ENERGY COMMISSION. 

(e) VEREINIGTE ELECKTRIZIATSWERKE WESTFALEN. 

(f) HTGR-STEAM CYCLE. 
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TABLE II . 
PRINCIPAL FEATURES OF HTGR STEAM GENERATORS & HEAT 

EXCHANGERS 

MAX STEAM/WATER CONDITIONS PliiMAR"I' STEAM l:ENERATOR 
PLANT CCOLAN1T TEMPERATURE PRESSURE CONFIGURATION AND TYPE TEMP 

[(0C) (°F:l (OC(OF)] [(MPA) (psi~] 

DRAGON 830 ( 1526) 203 (397) . 1.6 (232) (NOT USED FOR POWER GENERATION). 

AVA ~a) 95( (1742) 505 (941) 7.5 (1088) INVOLUTE TUBE 
I 

PEACH BOTTOM i 700 (1292) 536 (997) 10.2 (1480) U-TUBE FORCED-RECIRCULATION 

FORi ST. VRAIN 775 (1421) rtiAI N STEAM 538 (1000) 16.5 (2400) ONCE-THROUGI- HELICAL BUNDLES 
REHEAT STEAM 538 (1000) 4.9 (711) WITH REHEAT 

THTR 750 (138.2) MAIN STEAM 530 (986) 18.0 (611) ONCE-THR JUGH HELICAL BUNDLES 
REHEAT STEAM 530 (986) 5.6 (812) WITH REHEAT 

. HTG R-SC (b) 1)90 (1274) 540 (1004) 16.5 (2393) ONCE-THROUGH HELICAL BUNDLES 

(a) ARBEITSGEMEiiNSGHAFT VERSUCH REAKTOR. 

(b) HTGR-8TEAM CYCLE. 



TABLE Ill 
PEACH BOTTOM OPERATING STATISTICS 

OPERATlON PERIOD 

TOTAL POWER GENERATED 

JAN. 1967- OCT. 1974 

1.38 x 106 MW(e) h 

AVERAGE GROSS THERMAL EFFICIENCY 37.2% 

TOTAL TIME OF OPERATION WITH 
COOLANT AT HIGH TEMPERATURE --35,000 h 

STEAM GENERATOR LEAKAGE EXPERIENCE TWO SMALL LEAKS FROM THE SUPERHEATER 
TUBESHEETS THAT WERE PRESENT AT 
STARTUP PERSISTED AT THE SAME LEVEL 
THROUGHOUT LIFE. 



TABLE IV 
PEACH BOTTOM ENVIRONMENTS 

. ., .. ,. . .,. ·-····-
PRIMARY COOLANT 

HELIUM AT 2.2 MPa (319 psi) 

IMPURITY PARTIAL PRESSURE (Pa} 

H2 20 
H20 1 

' co 1 ~· 

C02 <0.06 

· CH4 2 

Sl:l:UNDARY COOLANT. 
FEEDWATER AT 12 MPa(1741 ~si) 

pH 9.4 

HYDRAZINE 50·200 ppb 

DISSOLVED Oz 0 (NONE DETECTED) 

STEAM DRUM CONDITIONS 
Si02 ION 100-500 ppb 

CIION 100-600 ppb 

pH 8.8- 9.2 

40 
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TABLE V 
PEACH BOTTOM STEAM GENERATOR MATERIALS AND 

OPERATING CONDITIONS 

e HEAT TRANSFER TUBING 

MEAN WALL 
MATERIAL TEMP [°C (°F)] ENVIRONMENTS 

SUPERHEATER TUBING ALLOY 800TO . 415-557 HELIUM ON O.D., STEAM ON I. D. 
B163-64 AND (779 -1035) 
CODE CASE 1325 

EVAPORATOR TUBING C-Si STEEL TO 329-343 HELIUM ON O.D., STEAM/WATER 
SA-192 (624- 649) ON 1.0 . 

ECONOMIZER TUBING C-STEEL TO 232-315 HELIUM ON O.D., WATER ON I. D. 
SA-179 (450- 559) 

e OTHER COMPONENTS 

MATERIAL TEMP [°C (°F)] 

SHROUDS 1 CR-1/2MoTO 358 
SA-387 Gr B (676) 

THERMAL INSULATION 304SS FOIL 400-700 
(752 -1292) 

SUPERHEATER TUBESHEET LOW ALLOY 540 
STEEL. CLAD (1004) 

... WITH INC 82 

EVAPORATOR AND C-ST EEL 230-340 
ECONOMIZER TUBESHEETS (446- 644) 

41 
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TABLE VI . 
FORT ST. VRAIN STEAM GENERATOR MATERIALS AND' 

OPERATING CONDITIONS 

MAXIMUM 
COMPONENTS MATERIAL OPERATING 

TEMP [°C (°F)] 

SUPERHEATER II Jl.ND REH=ATER ALLOY 800-SOLUTION 730 (1346) (TUBES) 

ANNEALED 760 (1400) (SUPPORTS) 

SUPEaHEATER I AND EVAP.ORATOR 21/4Cr-1Mo 540 (1004) (TUBES) 

620 (1148) (SUPPORTS) 

ECONOMIZER 1/2 Cr- "i/2 Mo 400 (752) 

FEEDWATER LEADS AND 1/2 Cr- 1/2 Mo/,>STEEL 260 (500} 

RINGHEADER 

STEAM LEADS AN Ill RINGHEADER ALLOY 800-MDLL 540 (1004) 

ANNEA.LED 

WEAR PROTECTION COATI!\ GS CHROMIUM CARBIDE. 750 (1382) 

ENVIRONMENTS 

• 

HELIUM AND STEAM .. 

HELIUM AND 
STEAM/WATER 

HELIUM AND WATER 

HELIUM AND WATER 

HELIUM AND STEAM 

HELIUM 
! 
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TABLE VII 
FORT ST. VRAIN OPERATING STATISTICS 

INITIAL POWER OPERATION 

TOTAL POWER GENERATED TO DATE 

GROSS THERMAL EFFICIENCY (AT 70% POWER) 

EXPECTED GROSS THERMAL EFFICIENCY 
AT 100% POWER 

STEAM GENERATOR LEAKAGE EXPERIENCE 

..... 

DECEMBER 1976 

> 1.2 x 106 MW(e) h 

37% 

39% 

ONE LEAK FROM A SUPERHEATER TUBE 
OCCURED IN NOVEMBER 1977 

• 
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TABLE VIII 
FORT ST. VRAIN ENVIRONMENTS 

PRIMARY COOLANT 
HELIUM AT 5.0 MPa (725 psi) 

IMPiiRITY . 

H2 
H20 

CH4 
co 
co 2 

SECONDARY COOLANT 
FEEDWATER AT 

.PARTIAL PRESSURE (Po) 

40. 120 

1 - 10 

4-20 

4· 20 

2-40 

20 MPa (2901 psi) STEAM GENERATOR INLET 
CHARACTERISTICS 

pH 

HYDRAZINE 

CONDUCTIVITY 

DISSOLVED 02 

• 

9.l· 9.3 (NH3) 

1U-20ppb 

0.1 J.{mho/cm (MAX) 

5 ppb (AT DEAERATER OUTLET) 

44 
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GENERAL ATOMIC COMPANY 
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