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L E G A L  NOTICE 
This report was prepared as  an account of Oovemmcnt sponrored work. Neither the United 
Btates, nor the Commission, nor my person acting on behalf of the Commission: 

A. Makes m y  warranty or representation. expressed or implied. wlth respect to the eccu- 
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FORE WORD 

. The Experimental  Beryllium .Oxide Reactor (EBOR) Program,  for  - 
mer ly  the Mari t ime Gas-cooled. Reactor (MGCR) Program,  was initiated 
Februa ry  17, 1958, under Contract AT(04-3)-,187 between the U. S. Ato.mic 
Energy Commission and Mari t ime Administration and General Dynamics 
Corporation..  In Decembe,r of 1960, fo rma l  authorization was received to  
reorient  the p rogram to include a s  an  intermediate stage the design, con- 
struction, and tes t -  operation of a 10-megawatt ( thermal)  reac tor  experiment 
for  the purpose of determining the operating charac ter i s t ics  of BeO- 
moderated, gas-cooled sys tems and of lending g rea te r  assurance  o f . success  ,- 
to  the subsequent prototype plant. This reac tor  experiment i s  known a s  the 
~ x ~ e r i m e n t a l  Beryllium Oxide Reactor.  

. '  The objective of the EBOR program . is  to  develop a gas-cooled, BeO- 
moderated reac tor  that can be used i n  conjunction with a closed-cycle gas  
turbine o r  .a s t eam cycle for  a sma l l  .land-based o r  a mar i t ime  power plant. 
Design objectives' fo r  the power .plant a r e  high thermodynamic efficiency, 
simplicity of desi,gn with attendant .ease of operation, low maintenance 
costs ,  and maximum efficiency of operation over  a wide range of power 
settings. 
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I.. SUMMARY 

. . 

REACTOR 

During the quarter ,  work was initiated on the design, of .the reactor-  
startup source element,. A single 50-curie Po-Be source i s  being designed 
to meet the requirements of reactor  startup.. 

,Design and procurement action was initiated for the f i r s t  phase of : 
, 

the tipping-reflector-element tes t  program. Design of the tes t  model and. 
apparatus i s  complete and fabrication i s  in process.  

. - 
A new se r ies  of environmental tes ts  of, f ~ e l - ~ i n  spe cimens consisting 

of depleted 57 U02-43 B e 0  (weight percent) clad'with Hastelloy-X-280 was 
initiated. Each of six fuel-pin specimens was clad f rom a separate lot of - 

the produdtion Hastelloy-X-280 to obtain random sampling of the production 
J. tubing. 

The thermal-performance analysis of the  36 -element core was com- 
pleted for the case of the steady-state design point'. with start-of-life power 
generation, . Under these conditions, the total power produced i s  10 mega- 
watts, 9. 6 megawatts being produced in the core and 0 .4  megawatt in the 
vessel  and internal components. Results show, that the mixed-mean 
coolant-outlet temperature f r om the core i s  1 3 0 0 ~ ~  and the reactor-outlet- 

0 
duct temperature i s  1270 F. The over-al l  reactor  p ressure  i s  18. 1 psi.  

. . 

The pressure-vesse l  flow model has beei fabricated and delivered. 
The model was subsequently checked for leaks and mounted in the tes t  stand. . . 

A special flow meter  for  measuring the amount of bypass flow was installed 
in the flow .model and i s  presently undergoing calibration. 

CONSTRUCTION AND PROCUREMENT 

Design proposals, based on the cr i ter ion of removability a t  site,  
were prepared for .the coolant inlet-orifice inser ts  'for the reflector ele-  
ments. , 

. Four pellet-fabrication t r i a l  runs have been completed'to date. The 
fourth run was made using a single standardized process during the entire 
run and produced 5,500 pellets f rom s e e d e d ' ~ 0 ~  and as-received BeO. 



. . Major steps accomplished during the quarter  in the a r ea  of p ressure -  
vesse l  fabrication include: ( 1) a r r iva l  of the pressure-vesse l  top-head 
flange and dish forgings, (2 )  delivery of the pressure-vesse l  shell flange, 

. . . . .  
arid (3)  welding of thermal-  shield course C - 3 longitudinal seams using . , _  

.. . .. . , .  
Automatic Welding Procedure WP-34. . . . . . . . .  .. 

. .. . . .  . 

Prototype tes ts  of the control-rod-drive mechanism a r e  scheduled ,. . 

to begin early in  August, 1963. 
. . 

Todd Shipyards, vendor for the modification of the Shield Test  Facility 
(STF) instrument bridge, inspected the existing assembly a t  the Idaho tes t  
s i te  preparatory to beginning work. 

. - . . 
REACTOR PHYSICS 

Reactivity calculations pertaining to completion of the nuclear -de sign 
analysis of the EBOR reference -design core were completed during the 
quarter .  In particular,  the variation of reactivity with lifetime, the radial- 
and axial-power distributions, and the total and differential control-rod- 
bank worths were re-established. Additionally, a formal report  summari-  
zing the temperature-  coefficient calculations, including the effect of Doppler 
broadening of .the u~~~ resonances, was issued. 

Two special computer programs were prepared to enable contour 
maps of the flux, integrated flux, and power distributions to be automatically 
plotted using the SC-4020 plotter. The programs greatly facilitate the 
presentation of data 6fi'EBCIR ancl wi l l  be used Lu generale c u r v e s . l u r  a.. 
final formal  report  on the nuclear c h a r a c t e r i s t i ~ s  of rhe reactor.  

Work &as  initiated on the preparation of those sections of the final 
hazards report  that require physics calculations. Combined heat-transfer 
and reactor  -kinetic's calculation's were run using a modified version. of the 
General Atomic developed code BLOOST - 2. Cases involving various ramp 
and step reactivity insertions were completed and the resul ts  a r e  pre-  . 

sented herein. 

MATERIALS DEVELOPMENT . . 

The high-temperature irradiation of capsule MGGR-4 in the Materials 
Testing Reactor (MTK) was terminated in mid- arch, after 11, 700 hours 
of irradiation encompassing 170 temperature cycles a t  full powereha+ been 
accumulated. T.his .corre'.spbnds to an.estimated peak burliup of -4..8 percent 

3 of. the ur,anium atoms preserit (:ap$r:okirr+af~ly . 3 .  ,6 % 1 C2;O fi,s ~ i o : n ~ /  cm . ; 
42 ,.-000 ~ w d / t o n  of uranium). 



. . 

3 .  

. . .. .. 
Postoperation examination of capsule MGCR-BRR-9 continued during . . . . . . 

the quarter .  Density determinations for th6 fuel pellets 'revealed a ' l inear  
increase of about 1. 5 percent. Fine-  and coarse-particle fuel pellets ; . . 

exhibited no differences in linear change. Fission-gas-release measur'e-. 
ments showed that the coarse-particle fuel pellets released approximately 

. . 
2.0 percent of the krypton during irradiation whereas the fine-particle fuel, . : .' . . . . 

. .pe l le ts  released l ess  than 1 perc'ent, an apparent anomaly that i s  being , ,  . . . .. . . 
. . .  . . 

further  investigated. . . 
. . 

. . 
. . 

Measurement of dimensions and densities of specimens f rom the 
M G ~ R - ~  capsule is complete. .The diametral cracks observed in the 
1. 68-inch-diameter bentonite-containing specimens f rom the hotter portion . . I  
of the capsule a r e  believed. to have resulted f r o m  the difference in thick- 

.. ness expansion a s  a function. of radius.. Prel iminary evaluation of the 
room-temperature thermal-conductivity changes for the specimens con- ' , . ' . "  

. . . . . . 
taining bentonite indicates that the conductivity of pieces f rom t-he cooler . . 

end of the capsule retained approximately 20 percent of the original value 
and pieces f rom the hotter end retained approximately 25 percent. . . 

. , . . .  . 
'.. ., ..' 
. .  . . .  . . .. . . ., . . . . . In the study to determine the effect of a fatigue mechanism on B e 0  , 

. . 

materials ,  the testing of Be0  ba r s  machined f rom production-type B e 0  ,. . 
. ..,. 

block was completed. Results indicate that a fatigue mechanism will not . . 
. . 

cause failure of EBOR Be0  blocks in the temperature range 10000 to 
' 1 6 0 0 ~ ~  if the pieces a r e  repeatedly subjected to a maximum s t r e s s  of l e s s  
than 85 percent of the anticipated uncycled modulus of rupture. 

. . . . .  
. . . . 
.". ,. Absorber-materials  capsule MGCR-7; which has been under i r radia-  

tion in the Engineering Tes t  Reactor (ETR) since November 9, ..1962, had , .  

accumulated. 2350 hours of ir.radiation a s  of May 27, 1963. 
' 

CONSTRUCTION ENGINEERING, 

During the quarter ,  the AEC office in Washington, D. C. , granted 
a re lease  for construction of the facility and the AEC Idaho Operations 
Office released. the plans and specifications to the construction contractor 
on June 5, 1963. 

All major pieces of equipment to be purchased by General Atomic 
a r e  on order .  



TENTATIVE DESIGN DATA 

Site 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Location 

Operating Data 
. . . . . . . . . . . . . . . .  Reactor thermal power 
. . . . . . . . . . . . . . . .  Reactor heat flux (max. ) 
. . . . . . . . . . . . . . . .  Reactor heat flux (avg. ) 

. . . . . . . . . . .  Reactor outlet coolant p ressure  

. . . . . . . . . . .  Reactor inlet coolant pressure, 
. . . . . . . . .  Reactor inlet coolant temperature 
. . . . . . . . .  Reactor outlet coolant temperature 

Maximum cladding temperature (hot spot) . . . .  
Coolant mas s  flow ra te  (through core)  . . . . . .  

. . . . . . . . . . . . . .  Coolant- maximum velocity 

NRTS, Idaho 

. '  
10 Mw 
2 10, 000 Btu/ hr.-j<f?''; j 
77, 100 Btu/hr.-<<$':.'; 
I, 089 psia 
1 ,107ps ia  . . 
7500F 
l., 2 4 5 U ~  
1, 500°F 
14, 5 l b l s e c .  
2.40 ft /sec . 

. . 
Reactor P r e s s u r e  Vessel 

. . . . . . . . . . . . . . . . . . . . . .  Inside diameter 1 16 in. 
. . . . . . . . . . . . . . . . . . . . . . .  Inside height 280 in. 

Total weight of p ressure  vessel  and internals . , 440, 000 lb 

Reactor Core 
. . . . . . . . . . . . . . .  Approximate dimensions 

. . . . . . . . . . . . . . . . . . .  Reflector thickness 
. . . . . . . . . . . . . . . .  : Number ~f fuel elements 

. . . . . . . . . . . . . . . . .  Number of control rods 

23. 3 in. X 23. 3 in. x 
76. 0 in. high 

-7 in. of B e 0  
3 6  
4 

U . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  . . . . .  B ~ / u ~ ~ ~  atom ratio ; 

Composition (wi th  fuel elements in  core): 
. . . . . . . . . . . . . . . .  U02-Be0  fuel compacts 

. . . . . . . . . . . . . . . .  . .  Cladding and spacers  
. . . . . . . . . . . . . . . . . . . . . .  Shro11.d . . .  , 

. . . . . . . . . . . . . . . . . . .  Fiie-1 cooling void 
Instrument tube and void . . . . . . .  , . . . .  ; . .  

. . . . . . . . . .  M o d e r a t ~ r  spine and outer block 
. . . . . . . . . . . . . . . . . . . . .  Outer spacing gap 

Fuel  Element (annular ring of rods)  
. . . . . . . . . . . . . . . . . . . . . .  Number of rods 

. . . . . . . . . . . . . . . . .  Number of fueled rods 
. . . . . . . . . . . . . . . . . .  Rod outside diameter 

18 
18 
0. 375 in. 



Fuel  Element - - continued 
. . . . . . . . . . . . . . . . . .  Structural mater ia l  

Amount of diluent (BeO) ip fuel.body . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  . , .  Fuel.ed length 

. . . . . . . . . . . . . .  Over -all  length of assembly 
. . . . . . . . . . . . . . .  Design life a t  full power 

Burnup at  end of life . . . . . . . . . . . . . . . . . .  
. , 

. . 

Nuclear 'Data 
Core nuclear constants a t  operating 

temperatures:  
Median f ission energy . . . . . . . . . . . . . . .  
Age to  indium resonance energy . . . . . . . .  
Infinite-medium resonance-escape 

probabilities to 2 ev: 

. Ptotal. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Reactivity (unrodded): 

. . . . . . . . . . . . . . . . . . . . . . . . .  H o t j  clean.  
, . 

Cold, clean . . ' . . . . . . . . . .  ; . . . . . . . . .  
Control-rod worth; hot, clean reactor  

. . . . . .  . . . . . . . . . . . . . .  (a l l  four rods)  , 
Power distributions (normal): 

Axial maximum-to-average factor . . . . . . .  
Radial maximum-to-average factor . . . . . .  
Core-element maximum-to-average factor . 

. . . . . . . . . . . . . . . . : .  Hot-spot factor ' i  

Hastelloy-X 
76.0 v01-70 
,76.0 in. 
82. 5 in. 
10,000 h r  
2 X lo4 ~ w d l t o n n e  of U 



11. REACTOR 

CORE AND ASSOCIATED COMPONENTS 

Research and Development 

Source Element . . 

Wurk w d s  irlilialed u n  sthe design of rhe source element to be used in 
reactor  startup. A review of the requirements for  the SOIISCC element 
revealed that one 50-curie Po-Be source will be required. It was deter - 
mined that four locations must be available for placement of the source 
element. These locations will be the four tipping reflectors on the inner 
row located nearest  to the pressure-ves  se l  concentric duct. A meeting 
was held with a prospective vendor to determine the information required 
in  the specification for  the source element. A specification wiil be p r e -  
pa red  based on resul ts  of this  meeting and on information f rom other 
vendors. 

Tipping-reflector-model Tes ts  

t 

During the quarter ,  design and procurement action was initiated for 
the f i r s t  phase of the tipping-reflector-element tes t  program. Phase I 
will consist of room-temperature mechanical tes ts  of the tipping mechanism 
to  provide confirmation of the dynamic performance of the element with 
emphasis on the resis t ive frictional forces between unlubricated sliding 
surfaces. Components of the tipping mechanism a n d  the  tnp- s i~pport  
s t ructure  that influence the tipping action will have actual tipping-reflector- 
element dimensions, finish, and materials .  The thermally actuated joint 
in  the design element will be replaced by a mechanically actuated joint for  
the tes t  element. The weight, center of gravity, and rotational moment 
of inert ia  of the column of B e 0  blocks and disks will a lso be simulated. 
In the tests ,  falling and rotational t imes will be measured and the dynamic 
behavior of the specimen during the tipping process  will be investigated.- 

, . The design of the tes t  model and apparatus i s  complete and fabri- 
.cation i s  in  process.  

Fuel- in Tests  

A new se r ies  of environmental tes ts  of fuel-pin specimens clad with 
Hastelloy -X -280 was initiated during the quarter .  Each of six 15 -inch-long 

6 



fuel-pin specimens was made with Hastelloy cladding f rom a separate lot 
of the production tubing to obtain random sampling of the prdduction.~order. 
The simu1ate.d fuel pellets were made with production dimensions ('with..'. 
the shallow circumferential groove) and a r e  composed df depleted.' .. : " '  

57.; U0~-43~.:.Be.O:(,.volurjn'k -percent.uraniurri). . The six bpkci&hs liavk 'beefi 
1 . .  - fabr;i:ca~,ed::and .ar.e.. avGaiting.:cr.eep- shrink treatment.  . . . 

. .  . 

The mock fuel pellets in four of the s ix pins a r e  within the dimensions 
specified for production pellets. The fifth pin was assembled with pellets 
that were rejected because they failed to meet the requirement of end- 
squareness.. This pin will demonstrate the sensitivity of the thermal.- . 

' 

ratcheting mechanism to end- squarene s s .  The sixth pin contains alumina 
pellets sli t  normal to the pellet axis at one end of the groove. This .+in i s  , . ' 

intended to demonstrate the effect on cladding performance of pel let  f r ac -  
ture  of a type '(.I) that shortens. the pellet length and ( 2 )  that might re'sult 
f rom a s t r e s s  concentration a t  the s ide of the groove. 

. . 

The six specimens will 'be creep- shrunk with their longitudinal axes, 
horizontal in two test  autoclaves using production-process parameters .  

, . 
None of the fuel pellets was outgassed during fabrication; fuel-pin internal 
p ressure  will be .monitored during creep-shrinking to measure the amount 
of gas evolved a s  a resul t  of contaminants remaining on the pellets f rom 

.the various postfiring fabrication operations. If gas evolution i s  negligible, 
the presently required .outgassing step may be eliminated. a ,  

After creep-shrinking, the six specimens will be subjected to 100 
pressure  -temperature .cycles simulating reactor  operation. ~acE; '  cycle 

0 will be conducted in a helium environment, between 250' and 1600 F . ' 

te.mperature, and between.ambient and 1200. psia pressure .  Fuel-pin 
internal press,ure will be monitored a s  in previous tes ts  to detect cladding 

. failure. The pins will be inspected.dimensional1y and X-rayed after each 
tenth cycle. 

Core Thermal Performance 

Thermal-performance studies of the 36-element core have been com- 
pleted. The performance i s  based on the steady-state design point with 
start-of -life power g'eneration. An analysis of the maximum fuel- cladding 
temperature based on hot-spot factors  has  also been completed. 

The total power produced a t  the steady-state design point with s t a r t -  
of-life power generation i s  10 megawatts, o f  which 9. 6 megawatts a r e  pro-  
duced in the co're and 0.4' megawatt 'in the vessel  and internal components. 
The reactor-coolant flow i s .  14,53 pounds/second at 750°F qnd ,1120 psia. 
The core-coolant flow i s  13.78 pounds/second with a core-coolant entering 
temperature of 7 7 0 ~ ~ .  The difference between the total..r.eactor-coolant 



flow ra te  of 14. 53 pounds/ second and the core-coolant flow rate: of 13. 78 
I 

pounds/ second ' is the resul t  of bypass leakage a t  the top head, .co2re and 
reflector seals,  and support grid. The mixed-mean coolant outlet tem-  
pera ture  f rom the core  . is  1300°F, .,and a t  the reactor  outlet duct the tem-  
pera ture  i s  1270°F; the reactor-coolant outlet temperature i s  l e s s  than. 
the core-coolant outlet temperature, since if .was assumed that the bypass-. 
leakage flow did not absorb heat f rom the core o r  vessel.    he' over-all  
reac tor  p r e s su re  drop i s  18. 1 psi .  

The core elements a r e  orificed to produce approximately the same 
maximum fuel- cladding temperature of 1530°F. . Within a quadrant the 
coolant outlet temperature differs..for each individual core element, 'with'" 
a temperature of about 123O0I? for  thecooles t  element and 1 4 0 0 ' ~  for the 
hottest. : This scheme of orificing was necessary to limit the maximum 
value of the fuel-cladding temperature, since an orificing s:cheme based 
on a constant coolant outlet temperature f rom each element would have 
resul ted in an appreciably higher maximum fuel-cladding temperature in 
severa l  of the core elements where the pin-to-pin power variation i s  a s  
much a s  25'percent. ,The reflector elements a r e  orificed f 0 r . a  constant 
coolant outlet temperature of 1 3 0 0 ~ ~ .  

The hot-spot analysis for  the EBOR core assumed that each uncer- 
tainty was based on a 95 percent confidence limit, or ,  in other words, the 
odds were 1:20 that the uncertainty would have a larger  value than assumed. 
The uncertainties were applied to one element of the core  in such a way a s  
to  increase  the fuel-cladding temperature while the other elements were 
unaffected by the part icular  uncertainty. At the axial location in the ele- 
ment where the temperature i s  a maximum, the circurnferentially averaged 
fuel-cladding temperature for  the average-power fuel pin i s  1354OF and 
the circumferentially averaged temperature for  the maximum-power fuel 
pin i s  1530'~. The maximum circumferential fuel- cladding temperature 

0 
fo r  the maximum-power fuel pin i s  1572 F and occurs a t  tho minimum 
distance between the fuel cladding and the spine. 'l'he resul ts  of the 
individual uncertainties a r e  tabulated below: 

. .! Uncertainty ATS0F.  

Radial-llux uncertai~aLy uf 1070 . . .  ..! . . . . . . . . . . .  82 
Fuel-pin-power uncertainty of 2570 . . . . . . . . . . . .  45 
Heat t ransfer .decreased by 870 . . . . . . . . . . . . . .  29 
Total core'-pbwer uncertainty of 3% . . . . . . . . . .  25 
~ l c m & n t . f l o w  a r e a  decreased by 3.  57" . . . . . . . . . . " .  14 

. .  Fuel-pellet-loading variation of 370 . . .  , . . . . . . . .  12 
. Inlet-coolant-temperature uncertainty of 170 . . . . .  '7 

Orifice- setting variation of 570 . . . . . . . . . . . . . ' . .  2 



L Combining these uncertainties in such a way that their effects a r e .  
cumulative yields a maximum fuel- cladding temperature of 1 8 0 8 ~ ~ .  : Com- 
bining these uncertainties statistically yields a maximum fuel-cladding . 

0 
temperature of 1675 F; the odds in this calculation a r e  1:20 that the maxi- 
mum fuel- cladding temperature will exceed 1675OF. 

L . I  

- T.he resul ts  of the thermal analysis, a r e  being incorporated into the 
safety analysis report  and will eventually be summarized in a topical 
report.  

Construc.tion and Procurement 

Core and Reflector Elements 

#.  ' 1 .  

Design proposals were prepared for  the coolant-inlet-orifice inser ts  
for the reflector .elements. The designs a r e  based on the cr i ter ion of 
removability a t  site. F o r  a 36-element core, the proposed orifice hole 
i s  0: 0.90 *0. 001 inch for all  reflector elements. This will produce outlet- 

; gas temperatures between 1 2 7 0 ~  and 1350°F. If the number of- core ele-. . J 

ments i s  increased f rom 36 to 44, the coolant-inlet-orifice inser ts  can be 
replaced. The designs a r e  presently being reviewed. 

- Information received late in the quarter  f rom several  suppliers of 
pa r t s  to be used in assembling the core and reflector elements indicates 
that the pa r t s  will be late in delivery. The information was received too 
late for  ,proper evaluation of how these late deliveries will affect the . :: : 

assembly of core and reflector elements. Early in the coming quarter ,  
a new schedule will be established which will indicate the pacing i tems and 
the effect of 'the late deliveries on the over-all  assembly schedule. 

control  Element 

Bids were 'received f rom seven vendors on the .dysprosia ti les : for  
the control element. The purchase order  was awarded to Coors Porcelain 
Company. 

. ~ n v e s t i ~ a t i o n s  to select a method of welding the control-eleinent 
panels continued. A design was suggested which could use resis tance 
welding, a method believed to produce minimum distortion. As an  out- 
growth of the investigation, Airline welder s of Los Angele s, California, 
was asked to make recommendations for  reducing welding distortion in  
the control element. 

Fuel  Fabrication ' 

1 

Four pellet-fabrication t r i a l  rurLs have been completed to, date, of 



which the last  three  were made during the quarter .  During the fir.st three 
runs, various pa ramete r s  were changed so that, in effect, four processes 
were developed to the production stage for  each run. The fourth t r i a l  run 
was made' using a single standardized process  during the entire sequence. 

' A total of 5500 pellets was fabricated in the fourth run f rom .seeded-U02.  
and as-received BeO. Yields f rom the second and third runs were 2600 
and 4200 pellets, respectively. 

The entire pellet-fabrication process,  including the pellets produced 
f rom the fourth run, i s  presently undergoing evaluation. F r o m  the various 
binding mater ia ls  tested in the four runs, ethyl cellulose has been selected 
for  use in seed prkparation and polyvinyl alcohol for use in mix preparation. 

PRESSURE VESSEL AND ASSOCIATED COMPONENTS 

Research and Development . . 

Pressure -vesse l  Flow Model 

The pressure-vesse l  flow model has been fabricated and delivered 
to General Atomic. Delivery of the model was delayed because of diffi- 
culties encountered by the vendor in forming the Plexiglas shells to .the 
specified tolerances. ~ i m e n s i o n a l  checks of the completed.and assembled 
model indicate, however, that the flow-passage tolerances a r e  well within 
the specified values. 

In accordance with the'purchase requisition .for the model, a hydro- 
static t e s t  was performed by the vendor pr ior  to delivery. The test  con- 
s is ted of pressurizing'  the model with water t o ' a  maximum of 30 psig in 
increments of 5 psig. Strain-gage instrumentation was installed on the 
model a t  three points and monitored during the test.  'The s t resses  developed 
in the model under p ressure  were determined to be acceptable for the 
anticipated p ressure  level during actual testing. . A complete visual inspec- 

, 
tion of the model was made while under hydrostatic pressure .  The resul ts  
of the inspection wgre satisfactory except for leaks that occurred at two 
out of  eight s imilar  'locations, where components were fastened together 
by bolts. A post-test inspection of'.these bolt locations indicated that. the 
leaks could be easily corrected by additional sealing of the bolt threads. 

The coolant flow in the EBOR pressure  vessel  i s  divided into two 
s t reams:  the main s t ream,  which i s  about 80 perc,ent of the total flow, 
and the bypass s t ream,  consisting of the remaining 20 percent. The main 
s t r e am cools the upper head region, the core-barre l  s tructure,  and the 
core  support structure. The bypass s team i s  orificed to the passage that 
cools the lower vessel  shell and lower head region. Both s t reams  join in 



the vesse l  lower plenum.prior to flowing'through the core. To measure  the 
amount of bypass flow in the model, a special flow meter  was designed for  
installation a t  the orifice location in the lower head, which separates  the 
vesselbottom-head coolant passage f rom the lower plenuk region. i t  was 
necessary to design the special meter ,  an a r e a  type with an  indicating "float, " 

because of space limitations in the model. . The meter  has been fabricated 
and i s  presently being installed in the model. 

The model tes t  loop i s  approximately 50 percent installed, including 
pump and reservoi r  -tank installation and piping installation up to the point 
where i t  connects .to the model.' 

The pressure-vesse l  model has be'en installed in the stand and work 
is .pr.oceeding to  install  the remaining loop-pipe connections. 

The model i s  being set  up for  calibrating the bypass flow meter .  
Since this meter  was designed especially for  this application, i t  is  to be 
calibrated in place using the main-loop flow meter  as the calibrating 
standard. 

Construction and Procurement  

P r e s s u r e  Vessel and Internals 

During the quar ter  severa l  reports  and procedures were received 
f r o m  Pacific Goast Engineering Company (PACECO) and returned with 
approvals noted. The approved i t e m s  included: 

Report R-3, Rev. 3, Shell. 
Report R-5, Rev. 1, Core B a r r e l  and ~ h e r m a l  Shield. 
Report R-6, Rev. '1, Thermal  S t ress .  and Fluid Flow. 
Report R-7, Rev. .2,  Lower Head. 
Report R-9, Rev. ,3,  Vessel Supports. . - 

RP-20 1, Rev. -1, Weld Repair Procedure.  
RP-202, Temporary Attachments. 
RT-302, Rev. 2, Radiograph Procedure., 
SR-602, Rev. 2, Thermal  S t ress  Relief Procedure.  
Forging Material  Specification. 
Drawing 5060- 1163, Rev. 1, Alignment Details. . 

During the qua,rter the following major-  steps in the fabrication of 
the p ressure  vessel  were accomplished: . . .  

'1. . P r e s s u r e - v e s s e l  top head: The top-hehd flange and dish forging '  
were received. ' The dish forging was dimensionally inspected 
and found to be acceptable. The top-head flange i s  ready for  
dimensional inspection. The top-head flange did not pass  the 
tensile requiremints  of ASTM-336F2 and was re-heat- t reated 



by the supplier., T h e  new tensile tes ts  on the forging passed the 
:requirements of the specification. . . . . . 

Pre s su re  -vessel  shell: The p ressure  -vessel  shell.flange 'was..' 
, : 

received, dimensionally inspected, and found to be dimensionally 
acceptable. The pressure-vesse l  shell halves were returned to 
the mi l l ' for  reworking because the out-of-roundness exceeded : 
the purchase -order  requirements. Layout of the longitudinal 
t r i m  l ines was ,made and the halves a r e  ready for burning and 
bevelling 'of the s eams. 

P r e s su re  -vessel bottom head: The gore and dollar-plate seams 
were welded using Manual Welding Procedure WP-3 5. Radio- 
'grap'hs shnwerf that  all ,  seams were acceptable. Tho bottom Aoad 
skir t  is ready for trimming. A law spot on the bottom head was 
repaired by welding, and radiographs showed the repair  to be 
acceptable. The ASME Code inspector also ruled the repair  to 
be acceptable. 

Thermal-shield top head: Welding of the gores and dollar plate 
of the thermal-shield top head was. completed using Manual . 

Welding ~ r o c e . d h r e  WP-35. The head i s  ready for  trimming and 
machining. 

Thermal-shield course C- 1: Course C-1 was rolled to diameter,  
seam-welded, and released for machining. 

Thermal-shield course 'C-2.: This course,was rolled to diameter 
and seam-welded using Manual Welding. Procedure WP-35, The 
course i s  ready for  welding to course. C- 1. 

Thermal-  shield course C- 3: The longitudinal seams of this 
course were welded using Automatic. welding Procedure WP-34. 
Seam runoff tabs were.  cut f r om the t r i m  material  a n d  welded a s  
an extension of each longitudinal seam. ' One of these. t.a.hs wa.s 
sent to Cenei-a1 Ator~iic lo r  e.valuaLiull u l  -Llrt: impact properties 

. . 
of the weld material.  

Core-support top head:. The gore and dollar-plate seams were 
welded using Manual Welding Procedure WP-35. Radiographs re -  
vealed a dcfcct in onc of the seams. Repair was ~ l i ade  ill accord- 
ance with the approved procedure. The repaired a r ea  has been 
approved. 

Core- support- shell  course C- 1: The three  pieces comprising 
, 

this course were welded together a i d  rolled to diameter,  and 
the final s eam was welded. .The' three longitudinal seams of 
this course were radiographed and no defects were found. 

Core-support-shell course C-2: This course was rolled to 
diameter and measur.ements were takkn on roundness, diameter,  



and offset of the seam. All measurement.5 were foimd'within 
tolerance.., '   he single longitudinal seam: was welded using Manual 
Welding ProCedure WP-35. Radiographs-revealed no defects. 

. . .  
1 1. c o r e -  support- shell course C-3: This course was rolled to' diameter: 

And t he  single ldngitudinal seam was welded using Manual Welding 
Procedure WP-35. . Radiographs revealed no defects, . , 

12. ', core;support bottom he,ad: The gores and dollar qf th6 
bottom head were welded using Manual Welding Procedure WP-35. 
The head has' been laid out for. trirriming;" . . 

. . 

The f i r s t  installment of "Data Book for  the Design and Fabrication of 
the EBOR Pressure .  Vessel and Associated Components" (GA-4136) was 
issbed. The purpose of the data book i s  to document the' design and fab.ri- 
cation of the p ressure  vessel  and associated components. The data book 
includes sections entitled Engineering Design, .Material Procurement,  
Manufacturing Planning and ~ual i f ica t io$ ,  Manufacturing Operations and 

. '  

~ n s ~ e c t i o n ,  ' Equipment Testing (Vendor), Shipment, s i t e  R.eceiving Inspec- 
tion, ~ ~ b i ~ m e n t  Installation and' Inspection, Equipment Testing (Site), and : 

Materials Surveillance Program. . . 

The ~ n ~ i h e e r i r i ~  Design section will contain the following information: . . 
1;: A physical description of the p ressure  vessel  andinternal  com- 

ponents, 'utilizing an isometric  drawing of the components. . . 

2.  A statement of the design requirements refer.encing the purchase - 
equipment specification. . , 

. 3 .  A description of :the material  requirements, which define the ' 

allowable s t r e s s e s  and identify the. mechanical and thermal . 
. properties of the con'struction materials .  

4. A discussion of'the Phase' I steady-state analysis, including a 
description of the approach to t h e  analysis, the logicof  the' 

. . 
analysis, .and the .methods ,of analysis and s t ress ,  tempe ratur,e, 
and pressure-drop summaries of the resul ts  of .the analysis. 

, . 

5. . A description of the Pha,se I1 fatiguk analysis, including a dis - 
, cussion'df 'the approach to the analysis; method of &alysis, 

cases analyz:ed, and' resul ts  of the analy.sis. 

6. A description of the significance of the hydrostatic and reac to r .  
silt: t e s t s  performed on the equipment. 

7. An appendix which includes the construction drawings and reference 
to the analysis reports .  



Concentric Duct and Anchor 

Comments were returned to the supplier, Dravo Corporation, on the 
prel iminary analysis of the concentric duct and internal insulation. The 
internal insulation will be supplied by Solar Aircraft  Company of San Diego, 
California. A final report  was received f rom Dravo Corporation on the 
design and construction of the concentric duct and anchor. The report  i s  
presently being reviewed. 

CONTROL-ROD-DRIVE MECHANISMS 

..- 
Construction and Procurement 

Latch Assembly 

The latch assembly was modified to permit  a limited amount of 
rotation between the drive and the control element. This was accomplished - 
by eliminating. the  rigid joint and modifying the thread arrangement so that 
the control-element lift now has an  external thread. To reduce the pdssi- 
bility of self-welding, the external threads of the control element will be 
flame-plated with tungsten carbide. The mating par t  of the internal thread 
will be made f rom Haynes-25 material.  . . 

Scram Motor.. 

The pacing i tem among the vendor components for  the control-rod- - 

drive mechanism i s  s t i l l  the s c r a m  motor, being supplied by Lear  Siegler, 
Inc. 'I'his component i s  now scheduled for dellvery by the knci of ~ u i ~ , '  i96.3. 

Prototype Tes t s  

The prototype tes ts  of the control-rod-drivc rncchanism are-planned 
to begin early in August. The purpose 01 the tests  i s  to confirm that the 
changes made f rom the experimental drive to the production drive will not 
affect the reliability and performance of the drives. 

COMPONENT HANDLING 

Construction and Procurement 

Control-rod-drive Transfer  Cask 

Construction of the control-rod-drive transfer  cask was completed 
by the supplier, U. S. Nuclear ~ o k ~ o r a t i o n ,  and the component h a s  been 
received a t  the Idaho site. 



. . 
. An inspection of the existing assembly a t  the. Idaho s i t e w a s  made by 

. .-. the vendor, Todd Shipyards. The operation of .the bridge was found to be 
- . . er ra t i c  but was corrected by Gefieral Atomic personnel. .The tendor  

s tar ted arrangements for  disassembly of the instrument bridge early in 
June. Several General Mills drawings on this equipment were req.uested 
by the vendor. Most of the drawings have been obtained f rom individuals 
formerly associated with operations of the Shield Tes t  Pool Facility. 

INSTRUMENTATION 
. .. . 

Research and ~ i v e l o ~ m e n t  
. .. 

The design i s  complete for  dummy in-core instrumentation connectors. 
These connectors .. . will be used during the construction phase.'to check out 
in- core ,wiring.. 

The pneumatic activation loop in the General Atomic TRIGA facility 
i s  being investigated for  testing the EBOR failed-fuel detection precipitator 
under functional conditions.. Qualitative resul ts  can be 'obtained with the 

, 

precipitator under these conditions.. . .  The fea.sibility of quantitative cali- 1' 

bration i s  the a r e a  of concern in the investigation. 

Constryction and Procurement 

The. status of EBOR instrumentation construction and .procureAent 
activity a t  the end of the quarter  i s  given below: 

1. Fabrication of the nuclear and safety system i s  complete. Testing 
and inspection a r e  98 percent complete. 

2. Fabrication of the control panelboards .is 70 percent complete;, . . . 

90 percent of the components have been received. 

3,. Fabrication of the in-core instrumentation i s  40 percent comp1,ete. 

4. Fabrication of the Inconel-sheathed reactor  the rmo~ouples  i s  
-. 75 .percent -complete. 

5. .Reworking of AEC-furnished equipment receivkd f rom the STF 
facility i s  complete. 

6. A method of utilizing the operational-control-rod instrumentation 
system during receiving-inspection checkout of the control- rod 

I drives has been formulated. Vendor quotations for  adaptive sub- 
assemblies have been solicited. 



7. All components of the coolant-activity monitoring .system have 
been received and the integrated system has been satisfactorily 

. . bench-tested. 

8. Fabrication and inspection-testing of the high-pressure-heliurk 
instrument valves i s  complete. 

9. . The instrument -depres surizing junction boxes, helium-instrument 
contrdl boards, selector valve manifolds, p ressure  -ve s sel  
thermocouple-cable harness,  and failed-'fuel detection system 
programmer  &re on order .  

10. One of the three  recorders  required for the temperature-  
monitoring sy~ l ; cm hao been ordered. The two remaining record.er.s 
will be obtained by modifying two. surplus research and develop- 
ment recorders .  

11. Approximately 7 5  percent of the AEC-furnished materials  and 
subas~embl ies .have  been ordered to enable the contractor to 

.... install  in- core instrumentation. 

12. . An economical source of metallic radiation shielding in the fo rm 
of random- size (1  18 to 1 / 2  inch in diameter),  mixed material  
(chromium steel, carbon steels,  and stainless steel reject ball 
bearings) has  been located. This shielding will be used to f i l l  
the vert ical  voids . in the three instrumentation conduits that 

.penetrate the biological. shield above the reactor  vault. 

SAFETY ANALYSIS 

F i r s t  drafts  of the following subsections of the final safety-analysis 
repor t  (SAR) were prepared: 

Control-rod-drive mechanism - Description, principles of operation, 
and reliability analy sis. 

Control-rod-drive mechanism - Basis  for selection of top-mounted 
. . 

" drives. '  

The f i r s t  draft of Section IV, Reactor Core, i s  approximately 75  percent 
complete. 

The digital computer code for system transient analysis was written 
during the. quarter .  . Operational analysis will proceed in the following 
sequence: 

1 .. Perturbations to -the design-point full-power condition, including 
' 

changes to the core-outlet demand temperature, helium-to-air 
heat-exchanger -0u t l e t ' demkd temperature, valve setting, and 
s c r a m  with main circulator on. 



2. Helium inventory reduction on automatic temperature control. 

3.  System warmup and controlled power changes. 

4. Emergency a i r  -cooling. 



111. REACTOR PHYSICS . 

NUCLEAR DESIGN 

Reac.tivity, Calculations 

The reactivity calculations for EBOR were  essentially completed 
during the quarter .  Severa l  revisions in the EBOR design were  noted in 
the previous quar te r ly  progress  r epor t  (GA-4124). The calculations 
repor ted  he re  a r e  a continuation of the analysis  of the perturbations leading 
to  these revisions.  The variat ion of reactivity with lifetime and the - 
differential  control-rod worths a t  the beginning and end of life were  reca l -  - 
culated. To facil i tate the presentation of the data, two special  computer 
p rograms  that p repa re  plots of the data were  wri t ten using the SC-4020 
plotter a t  General  Dynamics /Electronics .  The f i r s t  p rogram produces ,, 

contour maps of the flux and power distributions f rom the XY-flux dis- 
tr ibution calculated by the 2DXY code. The second program produces 
axial  power, burnup, flux, and nvt distributions for each co re  and ref lector  
element.  These values were  calculated f rom 2DXY radial  and FEVER 
axia l  fluxes, combined by a simple synthesis of the rodded and unrodded 
sections of the core .  A leas t - squares  fitting technique was used to smooth 
out the discontinuities between rodded and unrodded sections of the core.  
No change in the radial-flux distribution with t ime was assumed in this 
model. With the s t rong reflector-moderating effect present,  and the sma l l  
amount of fuel depletion, the radial  distributions a r e  not expected to  change 
appreciably during the c o r e  lifetime. 

'The recalculation of the variation of reactlvlty with lifetlme for the 
36-element co re  was performed with the FEVER code, but with compositions 
and c r o s s  sections that were  consistent with those used in the final reactivity 
calculations repor ted  in  GA-4124. Table 1 shows a summary  of the burnup 
data for  10, 000 hours  of full-power operation. F igures  1 to 6 give the 
axial-power distribution a s  a function of lifetime in the fuel e lements ,  a s  
obtained by a synthesis with 2DXY resul t s  by the technique previously 
menti6ned. F igure  7 shows the numbering scheme used for the elements.  
'rhe five curves  shown on Figures  1 through 6 correspond to five different 
t imes  during the co re  operation: 0 hours  with equilibrium xenon, 2500 
hours ,  5000 hours ,  7500 hours ,  and 10, 000 hours.  A bet ter  picture of the 
power distributions in the EBOR core  requi res  a three-  dimensional analysis,  
which i s  beyond the capabilities of suitable analytical techniques. 



Table 1 

SUMMARY O F  EBOR BURNUP DATA FOR 36-ELEMENT CORE 
AFTER 10,000 HOURS O F  FULL-POWER OPERATION 

Excess-reactivity Requirements, 70: 

. . . . . . . . . . . . . . . . . . . . . .  Fission products 2.47 
. . . . . . . . . . . . . . . . . . . . . . . .  Heavy isotopes 0.60 

~ i 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.27 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Burnup 0.70 

. . . . . . . . . . . . . . . . . . .  Control contingencies - 1.23 

. . . . . . . . . . . . . . . . . . . . . . . . .  Total excess  5.27 

Isotope Invento r ie  s : 

B e g i n n i ~ g  of Life End of Life 

Burnup at  10,000 Hours: 
. . . . . . . . . . . . . . . .  Core  average, yo of pellet destroyed 0.17 

. . . . . . . . . . . . . . . . . .  Maximum, OJo of pellet destroyed 0.43 
Fast nvt (>I. 0 Mev) 

. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Avg 1 3.75X1020 
Max . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 9 2 ~ 1 0 ~ ~  

Epithe rmal nvt (1, 0 Mev -, 1 ev) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Avg 1 . 6 ~ 1 0 ~ ~  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Max 7.7X1021 

Thermal nvt (1 ev  -, 0) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Avg 2.07XloZO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Max 3 . 7 6 ~ 1 0 ~ ~  

~ i s s i o n s l  cm3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Avg 6 . 0 9 ~ 1 0 1 9  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,Max 1.54X1020 



0 l STANCE FROM BOTTOM OF ELEMENT, CM ( X 10'~) 

Fig. 2 --Power distribution 
in region 2 for time steps 

0 through 4 

Fig. 1 --Power distribution 
in region 1 for time steps 

0 through 4 



DISTANCE FROh B6ttOM OF ELEMENT, CM ( x lvz) 

Fig. 3 --Power distribution 
in region 3 for time steps 

0 through 4 

Fig. 4- -Power distribution 
in region 4 for time steps 

0 through 4 



Fig, 5--Power distribution 
in region 5 for time steps 

0 through 4 

D l  STANCE FROM BOTTOM O F  ELEMENT, CM ( X 10'2) 

Fig. 6 -  -Power distribution 
in region 6 for time steps 

0 through 4 

l l STANCE FROM BOTTW OF ELEHENT, CM ( % 10-3 
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' I 2  

I I 13 

6 II I t  

Fig. 7--Numbering scheme for EBOR elements (one-fourth core geometry) 
- 



The axial variation of the fast, intermediate, and thermal fluxes and 
c o r r e s p ~ n ~ i ~ ~ ~ 3 3 v a l u e s  a s  a function of lifetime for element No. 1 (one 
of the  four center elements in EBOR) a r e  given in Figures 8 through 13. 
Similar curves a r e  available for all  of thetcore and reflector elements. 
The axial distribution of atom-percent burnup in the fuel for each fuel 
element as a function of lifetime is  given in Figures 14 through 19. Finally, 
Figure 20 gives the core-  reactivity requirements a s  a function of lifetime. 

The differential control-rod worth a s  a function of insertion was 
calculated for the  beginning- and end-of-life conditions, using the GAZE 
code in 12 groups. The results a r e  given in Figure 21. Detailed power and 
flux distribution XY contour plots for the beginning- of- life hot condition 
a r e  given in Figures 22 through 29 for  the average unrodded and average 
rozded portions of the core. 

Uuring the quarter a report(" summarizing the temperature-coefficient 
calculations performed for  the reactor was issued. Table 2 shows the 
results  of these calculations. A similar report on the remainder of the 
nuclear characteristics is being prepared. Table 3 gives a summary of 
data from this report. The "with bias" reactivities in the table were 
obtained by subtracting the difference between critical-assembly and 
calculated reactivities previously established. 

Table 2 

SUMMARY OF EBOR TEMPERATURE-COEFFICIENT CALCULATIONS 

36- elerrle~ll Cure 

o 
Temp., K 

44- element Core 

- .  -. 
300 (clean) 
980 (clean) 
1366 (clean) 
300 (equil. Xe) 
980 (endof l i f e )  

Prompt Coefficient, 
5 0 6k/kxlO / K . 

u235 

, -1.5 
-0. 5 
-0. 3 
-0. 5 
-0.4 

300 (clean) 
980 (clean) 

Total 

Delayed Coefficient, 
6k/k X ~ U ~ / O K  

u238 
Core 

-2 .8  
-1.2 
-0.9 
-1. 1 
-1.0 

-1. 6 
-0. 5 

Total , Reflector 

-4. 3 
-1. 7 
-1.2 
-1. 6 
-1 .4  

-2. 9 
-1. 3 

Total 

-0.2 
-0.2 
t o .  0 
-0.2 
- 0 . 2  

-4. 5 
-1. 8 

t o .  7 
t o .  4 
t o .  2 
t o .  3 
t o .  4 

-0. 2 
-0. 2 

t 0 . 5  
t o .  2 
t 0 .2  
to .  1 
t o .  2 

t o .  5 
t o .  3 

-3 .8  
-1.5 
-1 .0  
-1.,5 
-1.2 

t o .  3 
tO.1 

-4. 2 
-1.7 



Fig, 9--Flux from 1 ev to 1 . 0  Mev 
in region 1 for time steps 

0 through 4 ' 

Fig. 8--Flux >1 Mev in region 1 
for time steps 0 through 4 

DlSTMlCE FRW BWTW OF ELEMENT, CM ( X 10'~) 



Fig, 10--Flux from 1 
region 1 for time 

0 through 4 

ev to 0 in 
steps 

Fig. 11 --Total neutron exposure 
(nvt) >1.0 Mev in region 1 for 

time steps 0 through 4 



Fig. 13--Total neutron exposure 
(nvt) from 1 ev to 0 in region 1 

for time steps 0 through 4 

Fig. 12 
from 1 

- -Total neutron exposure 
ev to 1.  0 Mev in region 
time steps 0 through 4 

(n*) 
1 for 



Fig. 15- -Atom-percent burnup in 
region 2 for time steps 0 through 4 

Fig. 14--Atam-percent burnup in 
region 1 for time steps 0 through 4 



Fig. 17-  -Atom-percent burnup in 
region 4 for time steps 0 through 4 

Fig. 16- -Atom-percent burnup in 
region 3 for time steps 0 through 4 
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Fig. 23- -Contour m a p  of reactor  
power ( in  watts/  cm3); rodded core  

Fig,  22--Contour map of ~ c a c t o r  power 
( in w a t t s / ~ m ~ ) ;  ~ n r ~ d d e d  core 
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Fig. 25--Contour map  of reac tor  
flux (in neut rons /cm2-sec)  f rom 

1 ev  to 1 Mev; unrodded co re  
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Fig. 27--Contour map of reactor  
f l u x  (in q&utrons/cm2-sec)>l .O Me.v; 

rodded core  

F ig ,  2h--Gnntni1r map nf reactnr  
flu ( ~ I ~ I I ~ ! U ~ ~ U I I S / C I P I ~ - S ~ C )  from 

1 ev to 0; unrodded core  
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29- -~or i tou r  map  of reac tor  
( inneutrohs/cmZ- sec)  f rom 
1 ev. t~ 0; rodded.coi-i  

Fig. 28- -Contour map  of reac tor  
f l u x  (in neutrons7 c m 2  - sec)  f rom 

1 ev t.o 1 Mev; rodded c o r e  
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Table 3 . . 

SUMMARY O F  EBOR REACTIVI.TY CALCULATIONS 

Excess  reactiviky, 70: 
Without b i a s .  

. . . . . . . . . . . . .  Cold 1. 0784 
. . . . . . . . . . . . . .  .Hot 1. 0527 

With bias 
. . . . . . . . . . . . .  Cold 1. 0622 

. . . . . . . . . . . . . .  Hot 1. 0369 
Hot- to- cold 

reactivity change . . . .  2 .  267" Ck/h 

Beginning-of-life contrpl-i-od-worth 
reactivity decrease ,  70 6k/k:' 

Case ' Cold Hot - - 
, - 

All rods  out . . . . . . . . . .  0. 0 0. 0 
O n e r o d i n  . . . . . . . . . .  4 . 0  4 . 0  
Two rods in 

Adjacent . . . . . . . . . .  8. 1 8. 0 . 

Diagonal . . . . . . . . . .  9 .  7 9. 5 
T h r e e r o d s i n  . . . . . . . .  14.2 14.0 
Four  rods in . . . . . . . . .  21. 6 21. 3 

.Kinetics Calculations 

. Pre l imina ry  kinetics investigations wer*e initiated during the quar te r  
to a sce r t a in  the nuclear- thermal  response to the core  following s t ep  o r  
r a m p  inser t ions of positive reactivity and part ia l  o r  total  10s s -  of- coolant 
flow. Neither the possibility n o r  t h e  r r ~ i l i b i l j t y  of any of tho aooumcd 
react ivi ty  inser t ions was considered in this study. 

In most  of the reactivity inser t ions studied, it was assumed that no 
s c r a m  action occurred.  This i s ,  of course ,  not rea l i s t ic  but was done 
p r imar i ly  to  investigate the effect of the calculated prompt negative tem- 
pera ture  >coefficient and to determine the t ime required to reach  tempera tures  
that would cause damage to the fuel-element cladding, i. e.  , grea te r  than 

0 
approximately '2300 F. Future studies will include consideration of the 
appropriate  s c r a m  action in the event of such reactivity inser t ions and 
w i l l  therefore be l e s s  seve re  and m o r e  real is t ic .  

F o r  these studies,  a model of the fuel element that could be .used  in 
a modified version of the BLOOST-2 code was assumed.  . BLOOST-2 was 
designed f o r  t ransient  anal'ysis of.H'TGR-type fuel elements.  An. EBOR.fue1 



element i s  made up of a cent ra l  moderator  spine 2. 012 inches in diameter  
surrounded by 18 fuel pins 0. 375 inch in diameter .  The spine and fuel pins 
a r e  surrounded by an  outer square,  annular moderator  block having outer 
dimensions of 3. 514 inches and an  inner diameter  of 2. 906 inches. In the 
EBOR element,  heat i s  removed by the coolant passing over the fuel pins, 
i. e . ,  between the spine and the outer moderator  block. In the BOOST-2 
kinetics-heat-transfer code, heat removal takes place a t  the outer c ircum- 
ference of the moderator  sleeve. It was necessary  to modify the code to 
eliminate the sleeve region ent i rely in o rde r  to simulate heat t ransfer  to 
the gas  a t  the surface of the fuel region. The model chosen for use with 
the modified code consisted of a cent ra l  moderator  spine surrounded by 
an  annular fuel region. The dimensions of the model were  chosen s o  that 
the total  moderator  and fuel volumes were  the same  in the model a s  in the 
actual element. The model used i s  shown in F igure  30. The steady-state 
heat- t ransfer  coefficient and fuel conductivity were  increased in the heat- 
t r ans fe r  calculations to account for the difference in geometry so that the 
fuel average and fuel surface tempera tures  and the coolant-gas tempera ture  
would bc the same  in the model a s  for the actual EBOR element. The gap 
thickness of 0. 045 inch between the fuel and moderator  in the model i s  the 
same  as that in the actual element.  

It was real ized that the model would overpredict  the moderator  
temperature.  This i s  of no consequence, s ince almost  a l l  of the negative 
tempera ture  coefficient in EBOR i s  prompt and associated with the tem- 
pera ture  of the fuel region only. 

The following assumptions were  made in the analysis.: 

Input data were  for an  "average" element,  i. e. , one having an  
average heat-generation r a t e  and axial  distribution and an  average 
coolant-flow rate .  No such.average element actually exis ts  .in 
the reac tor  owing to the power-density variation over the core  
and the fact. that the helium i s  orificed differently to the various 

. . elements  to maintain a constant.cladding tempera ture  for a l l  
elements.  The axial-power distribution for this  element c o r r e s -  
ponding to  65 percent  r'od-bank inser t ion i s  shown in  F igure  31. 

2. The delayed-neutron fractions used were  the actual fractions for 
~~~5 a s  reported by Keepin, (2 )  and no allowance was made for 
the " e f f e ~ t i v e n e s s ~ ~  correct ion to these numbers or  for additional 
delayed neutrons due to the (y, n) reaction in beryllium. 

3. . Ramp inser t ions assumed a rod withdrawal a t  the r a t e  of 2 .inches 
per. minute. 

4. All s c r a m  action assumed in the analysis  was af ter  a 40-milli- 
s.ecplld delay till.le. ' 

, I 
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Fig. 30- -Fuel-element model used in hazards  
analysis;  fuel average tempera ture  (Ta ) and 
fuel surface tempera ture  (Ts)  equal those in 

EBOR element 
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Fig. 3 1 --Axial power shape for  model element 
corresponding to 65 percent  rod-bank inser t ion 



Table  4 s u l ~ ~ m a r i z e s  the kinet ics  and hea t - t r an s f e r  input d,ata u sedc in  the 
ana ly s i s .  

Table  4 

KI.NETICS AND HEAT-TRANSFER INPUT DATA 

Kinet ics  data :  
- 5  Neutron genera t ing  t i m e  . . . . . . . . . . . . . . . . .  2 . 2  x 10 s e c  

Delayed neu t ron  f rac t ions  
and  decay  cons tan t s  - P i  - 'i 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.000211 0.01243 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001402 0 .0305 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001254 0 .11143 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.002528 0 .30134 

. 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.000736 1.1362 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.000269 3 .0134  

Heat-  t r a n s f e r  data: 
Hel ium coolant- in le t  t e m p e r a t u r e  . . . . . . .  7 7 0 ~ ~  
S teady-s ta te  hea t - t r an s f e r  coefficient  . . . . . . . .  1105. 0 Btu/f t2-OF-hr 
S teady-s ta te  flow r a t e  pe r  e l emen t  . . . . . . . . . . .  1328. 0 l b l h r  
Spec i f i c  hea t  of coolant  . . . . . . . . . . . . . . . . . .  1. 241 Btu/lb-OF 
Conductivity of fuel  body . . . . . . . . . . . . . . . . .  72. 0 ~ t u / f t - O F - h r  
Reac to r  power . . . . . . . . . . . . . . . . . . . . . . . . .  10. 0 Mw 

The  re la t ive ,  in tegra ted  con t ro l - rod  worth,  f r o m  which the r a m p  
reac t iv i ty  i n se r t i on  r a t e s  w e r e  de t e rmined ,  is shown in F i g u r e  32. In the  
r a m p  ana ly s i s  i t  w a s  a s s u m e d  that  the to ta l  wor th  of any one rod f r o m  
76-inch to 0-inch inse r t inn  was  worth  0. 06 dk/ k, The  calcula ted EBOR 
t e m p e r a t u r e  coefficient  a s  a function of t e m p e r a t u r e  is shown in F i g u r e  33. 
The  va r i ous  components  of the ove r - a l l  coefficient  a r e  indicated in the  
f igure  and include the  p rompt  coefficient ,  c o r e  delayed coefficient ,  and the 
posit ive contr ibut ion due to  the  r e f l e c to r  delayed coefficient. It is s e e n  
f r o m  F igu re  33 that  the m o s t  impor tan t  contr ibut ion to  the to ta l  coefficient  
is the p rompt  component.  The to ta l  coefficient  w a s  a s s u m e d  in th i s  ana ly s i s  
to apply to  fuel - region t e m p e r a t u r e s .  Tha t  i s ,  i t  was  a s s u m e d  in  the 
ana ly s i s  that  the ca lcula ted to ta l  coefficient  w a s  the p rompt  coefficient. 
Th i s  h a s  the effect  of underes t imat ing  the negative- reac t iv i ty  cutback due 
to  f ue l - t empe ra tu r e  i n c r e a s e s  i n  a t r an s i en t  and  is t he r e fo r e  a conserva t ive  
a s  sumption.  

T h r e e  ba s i c  types  of reac t iv i ty  i n se r t i ons  w e r e  investigated:  ( 1 )  posit ive,  
s t e p  reac t iv i ty  inse r t ion ,  ( 2 )  posit ive,  r a m p  reac t iv i ty  inse r t ion ,  and  
( 3 )  l o s s  of coolant  with no reac t iv i ty  inse r t ion .  In the ana ly s i s  of the  s t e p  



INSERTION. IN. 

Fig .  32--Integrated axial rod importance ve r sus  insertion depth, 

TEMPERATURE. O K  

. Fig.  33- -EBOR temperature cocfficient 



insertion, studies were  perfbrmed to deter'mine the maximum, s t ep  change. 
possible assuming conditions without s c r a m  and with s c r a m .  Four  tem- 
pera tures  were  considered important: average helium outlet, average fuel 
element,  hot- spot tempera ture  in the average element,  a n d  hot- spot 
cladding tempera ture  in  the average element.  It i s  important to note that 
these tempera tures  always r e f e r  to ei ther  a n  average element o r  to the 
peak-axial te,mperature in an average element and not to - the  over-al l  peak 
tempera ture  anywhere' in the core ,  which could be higher than the values 
given here.  

Step Reactivity Insertions 

F i g u r e  34 shows the tempera ture  diktribution'as 9 function of t ime 
following a '0. 005 6k/k  s tep  reactivity increase  with no s c r a m  action. It 
i s  seen  that for such 'an  accident seve re  cladding damage would resul t  in 
approximately 4 seconds. 

Figure. 35 shows the average fuel- element and helium- outlet tempera-  
tures  versus  t ime following a 0. 010,.6k s tep  increase  in reactivity both with 
and.without a 1 2 0 - ~ e r c e n t - ~ o w e r  s c r a m  action., In this accident a s c r a m  

0 
action causes the average fuel-element temperature.  to peak a t  about 2 120 F, 
but, owing to the axial local /average power distribution, the hot-spot 
.cladding tempera ture  (which i s  not shown on the figure) re.ache,s a peak 

0 
value of 3160 F 0. 13 seconds before i t  s t a r t s  to level  of f . .  

,The  assumption of s tep reactivity insertions without any s c r a m  action 
'is s o  pessimist ic  and improbable that it was decided to determine the 
,magnitude of s tep  change that could be tolerated in  EBOR,, assuming in a l l  
ca ses  that the co re  wds s c r a m m e d  af te r  reaching 120 percent  power and 
following a 40-millisecond delay t ime; These resu l t s  a r e  summarized  in 
F igure  36, where the maximum values .of the indicated tempera tures  reached 
a t  some t ime following the s t ep  change a r e  plotted as a function of the 
6k/k of the step. 

F o r  these assumed accidents, the limiting tempera ture  of the core  
is always the cladding. It i s  s een  f rom Figure 36 that the maximum step, 
change that can be controlled by the s c r a m  sys tem i s  iibout 0. 009 6k/k. 
Step increases  g rea te r  than this make the core  too prompt c r i t ica l  and, 
owing to the sma l l  heat  capacity.of the fuel pins and the shor t  neutron- 

'generat ion t ime,  seve re  damage occurs  immediately. 

The effects of the tempera ture  coefficient and a s c r a m  on the power 
following a 0. 01 6k/k step. reactivity insertion a r e  shown in Figure 37, where 
the core  power ( in  megawatts) i s  plotted against t ime.  The dashed curve . '  

assumes  no s c r a m  and. th.e .power reache's a peak value of.about.16, 500 mega- . . 

watts a t  0. 05 'second befoie  being turned downward by thk tempera ture  
. :  



I I  I  1 I  I  I  I I  I I  
0 1  2 3 4  5 6 7 8 9 1 0 1 1 1 2 1 3  

TIME. SEC 

1200 1 I  1 i 1 I I I I I  I I I I 
0 0.2 0.4 0.6 0 . E  1.0 1.2 i.4 1.6 1.8 2.0 2.2 2.4 2.6 

TIME, SEC 

Fig.  34--Temperature versus  t ime af ter  a s tep Fig.  35--Temperat;u:e ve r sus  t ime af ter  a. s tep 
6k change cf 0 .005 ;  no s c r a m  Ek change of 0. 010 

.. .. 



A 

A CLADDING HOT SPOT (Tc) IN 
AVG. FUEL ELEMENT - 

8 AVG. FUEL ELEMENT '(=if) 
C AVG. He OUTLET (f&) 

- 

- 

- 

- 

. . 

NO. SCRAM 

\ . \ 
\ 
\ 
\ 

WlTH SCRAM AFTER Ll 
REACHING 120°h POWER \ 
WlTH 0 .040-SEC DELAY \ 

\ 
\ 

I 1 I I  - ~ -  - I \ I I .  

1230 
. 

A 

8 

102  
0.01 0.10 

TIME, SEC . . 

0 0 . 0 0 2  0 . 0 0 4  0 .006  . 0 . 0 0 8  0.010 0.012 

- 

C 

- 

- 

I I I I I 

Fig .  37- -Power versus  t ime following a 0 . 0  1 6k 
' step change 

STEP 8k 

Fig.  36-.-Maximum tempera ture  reached ve r sus  
step 6k for  a s c r a m  a t  120 per,cent power 

following a 0 .  040 - sec  delay 



44 

coefficient. The solid curve,  which i s  for a . s c r a m  a t  120 percent power 
(12 Mw), peaks a t  about 14,.000' megawatts and then drops rapi'dly. , . ' 

Ramp Insertions of Reactivity 
..-. 

Calculations w e r e  a l so  performed for seve ra l  assumed ramp reactivity- 
inser t ion  ra tes .  EBOR rod-worth analyses predict  the hot, clean rod-bank- 
inser t ion  depth to be about 42 inches into the active core.  In this analysis,  
i t  was a s sumed  that a r a m p  accident occurs  when one rod s t a r t s  to withdraw 
a t  a r a t e  of 2 inches/minute.  The consequences of such a n  accident have 
been evaluated a s  a function of the insertion depth of the rod a t  the s t a r t  
of withdrawal. In a l l  c a s e s  studied to date, no s c r a m  action w a , ~  ae.sumed. 

In F igures  38 and 39, the' t empera tures  and the reactivity contributed 
by the accident and .the tempera ture  coefficient are plotted against  tj.mF: f ~ r  
r a m p  inser t ions a s sumed  to have s ta r ted  a t  40-inch and 50-inch insertion 
depths, respectively.  Owing to the' strong variation in the differential  rod 
worth as a' function of inser t ion depth, ' the r a m p  reactivity r a t e  is. a p p r ~ x i . ~  
mately two ti ines g r e a t e r  a t  50 inches ?bd inser t ion than i t  i s  a t .40  inches. 
As  a result., the r a t e  of tempera ture  r i s e  i s  approximately twice a s  grea t  

. . 
. for  the 50-inch insertion., 

The accident reactivity and the temperature.-coefficient-reactivity 
feedback a r e  plotted a s  a function. of t ime in F igures  38 and 39. Also shown 
is the net reactivity,  .which i s  always ve ry  slightly positive for these cases'; 
i. e . ,  the tempera ture  coefficient never  quite cancels .out  the reactivity 
being added by the r o d  withdrawal. 

The r a t e  of tempera ture  change in the average helium-outlet tempera-  
t u r e  and in the cladding hot-spot tempera ture  in the average fuel element 
is plotted a s  a function of the assumed rod-insertion depth a t  the s t a r t  of 
the r a m p  in F igure  40. It is seen f rom Figure 40 that a t  the calculated 
hot, c lean rod-bank position of 42 inches, the withdrawal of one rod will 
cause  the cladding hot- spot tempera ture  to increase  a t  the r a t e  of 

U 
approximately 210 Flminute .  At this ra te ,  some of the cladding in the 
average  fuel e lement  would r each  melting tempera tures  in approximately 
4- 1 / 2  minutes.  

Loss  -of- coolant Flow 

F o r  the loss-of-coolant-flow study, i t  was assumed that the helium 
coolant flow'was instantaneously lost  and that no s c r a m  action was taken. 
In F igure  41, the pertinent tempera tures  and reac tor  power a r e  plotted a s  
a function of t ime. In the analysis of this case ,  i t  w a i  assumed thS.t..the 
coolant fai lure  occur red  a t  5 seconds for the t ime scale  shown in the figure.  
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In the event of coolant loss  a.nd.no s c r a m ,  some asymptotic value of 
the average c,ore tempera ture  and the reac tor  power should eventually be 
.reached owing to the feedback f rom the negative tempera ture  coefficient. 
F r o m  Figure  41 it is seen. that the asymptotic values have almost  been 
reached af te r  about 2 minutes. It is a l so  of in te res t  that the average fuel: 
t empera ture  passes  through a maximum and then s t a r t s  to decrease  a s  
heat f rom the fuel region i s  t r ans fe r red  to the moderator .  

It should be pointed out that t h e ' k o d e l  used in these ~ t u d i e s  under-  
predicts the ra te  of heat traxisfer f rom the fuel to the moderator  and con- 
sequently i s  l e s s  valid for the loss-of-coolant analysis than for the other 
cases  considered. 'This i s  .because the model was s e t  up t o  give the co r rec t  
tempera ture  in the fuel element and a s  near ly  as possible.the co r rec t  heat 
t ransfer  'to the coolant gas.  However, for total  doolant loss  no heat i s  
t r ans fe r red  to a gas and, consequently, the r a t e  of heat t ransfer  a c r o s s  the 
gap to the moderator   determine.^ the.  tempera ture  reached in the fuel element 
and the.cladding. Owing to the geometr ical  difference between the actual 
EBOR element  and the model, the heat- t ransfer  r a t e  to the moderator  i s  
different f o r t h e  two. This. i s  pr imar i ly  due td the fact that t h e  actual  
surface a r e a  for heat t r ans fe r  to the moderator  in an  EBOR element i s  
about ' twiee the  a r e a  in the model geometry. In the analysis of this case,  
the gas  co'nductivity was increased by a factor of two over the nominal 

- 

value for helium to compensate for the differences in  the heat- t ransfer  a r e a  
between the model 'and an  EBOR element. 

Fortunately,..  it  i s  -possible t,o compare the resu l t s  of this calculation 
with resul ts '  calculated f rom an EBOR heat- t ransfer  code that handles the 
EBOR geometry.  explicitly.. In this heat- t ransfer  calculation, the reac tor  
power a s  a function of time.obtained .from the above model calculation was 
used a s  input', since the explicit calculation i s  not a combined hea t - t ransfer  - . - 

and kinetics calculation. Th.e calculated tempera ture  a s  a function of t ime 
obtained f r o m  the, explicit calculation i s  shown in .F igure  41 a s  a dashed 
curve. ' This i s  the tempera ture  of the cladding a t  the'point of peak he'at- 
generation . ra te  in the central  EBOR element. This, then, corresponds to  
the hottest  cladding tempera ture  in the core ,  and the heat-generation r a t e .  
corresponding to this point was about 26 percent higher than the heat- 
generation r a t e  a t  the point of maximum cladding tempera ture  for the average- - .. 

c l a ~ n e ~ ~ t  that was calculated with the modcl geomctry.  

'. A comparison of the two cladding tempera tures ,  given in Figure 41, 
shows that the model calculation probably gives a good indication of the 
peak tempera tures  reached ,follo&ing the loss  of coolant. However, a s  . 
expected, the model underpredicts the heat-pransfer r a t e  f rom the fuel to 
the moderator  and consequently 'predicts that the fuel and cladding . tempera-  
t ~ ~ r e s  will remain  at elevated temperature% longer th'an i s : w t u a l l y  the case.  

1 
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I .  MATERIALS DEVELOPMENT 

FUEL MATERIALS 

Irradiation of Fuel  Mater ials  

Per formance  studies '  o.f fuel mater ia l s  for the EBOR under conditions 
of high-temperature i r radiat ion .were continued during. this quar te r ,  

The MGCR-4 capsule experiment was designed to study the effect 
of fuel-paiticl& s ize  on the performance of '70.Be-30 UO (volume percent)  

2 ' 
fuel pel1,ets a t  tempera tures  and heat-flux conditions that 'are  of in te res t  
in the EBOR program. The fu'el pellets for the capsule were  fabricated 
at. General  Atomic and contained 30 volume percent. U02 d i spe r sed . in . a  
. B e 0  ma t r ix  a s  fine (approximately 10-micron-diameter)  par t ic les  in half 
.'of the pellets and a s  coa r se  (approximately 150-micron-diameter)  par t ic les  
in the remaining, pellets. 

The capsule was inser ted in a ref lector  position in the MTR on 
June 16, 1961, and was discharged f r o m  the reac tor  on March.11,  1963, 
having accumulated.l l ' , '  700 hours .  of i r rad ia t ion 'a t  full power encompassing 
170 cycles.  This  corresponds to an  est imated peak burnupof 4. 8 percent 
of the uranium atoms present  (approximately 3.  6 x 1 oZ0 f iss ions/cm3; 
42, 000 Mwd/ton of uranium). 

The Monel cladding on seven of the eight specimen pins was severely 
cracked. This precluded f iss ion-gas-release analysis for these seven; a 
gas  sample f rom the eighth pin was collected and i s  undergoing analysis.  

All 16 samples  of seeded fuel (100- to 150-p. U 0 2  particles),  were  
removed f rom their  pins a s  whole pellets. All 16 samples  of the homogeneous 
fuel (0- to 25-p U02 part ic les)  were  broken; 13 were  badly, fragmented, 
three  of which were  in la rge  pieces.  The diameter  and length of a l l  of the 
seeded fuel pellets increased 0. 5 to  1 percent.  Density meai3ur:emepts will 
be used to. infer dimensional changes that might have occurred '  in the . 

homogeneous fuel pel.l.ets. 

I tems of the postoperation examination and analysis s.till awaiting 
completion .include fission-gas- re lease  analysis ,  uranium-burnup cal-  
culations, isotope burnup, fission-product analysis ,  meltdown tes t s  to  

47 



augment f i s  sion-gas.- r e l eas  e data, metallography, and determination of 
' post i r radiat ion.  s.trength.. 

Eight specimens f rom the temperature-his tory mockup of the MGCR-4 
fuel capsule were  submitted for measurement  of fishion-gas re lease-af te r  
t r ace r - l eve l  i r radiat ion.  Surface-area measurements  were  made on the 
samples ,  but f i ss ion-gas- re lease  analysis has  not been completed. 

Capsule MGCR-.BRR-9 

The MGCR-BRR-9 fuel capsule was designed and fabricated a t  
Battelle Memorial  Institute and i r rad ia ted  in the MTR for 18 reac tor  
cycles .  The capsule contained BeO-U02 fuel pellets identical to those 
i r rad ia ted  in the 'MGCR- 4 capsule. The capsule was discharged f rom the 
r eac to r  on November 19, 1962, a f te r  experiencing a burnup, as indicated 
by dos imet ry  analysis ,  of 3. 34 percent of the uranium atoms present 
(approximately 2.2 Y. 1 020 f i ss ions /  cm3; 28, 800 Mwdl ton of uranium). 

As repor ted  in  the previous quarter ly , . report  .(GA-4124), a l l  of the 
fuel pellets in the capsule had. cracked, precluding a d i rec t  determination 
of &mensional change. The resu l t s  of 'density determinations a r e  l is ted 
in Table 5; f rom these r e su l t s  i t  has  been determined that the l inear  increase  
in  length and 'diameter  was approximately I .  5 percent. No differences 
w e r e  found between measurements  of the .f ine-particle and the coarse-  
par t ic le  fuel pellets,  

'I'able 5 

DENSITY O F  FUEL SPECIMENS FROM MGCR-BRR-9 CAPSULE 

sadiation 
Density . . 

Pell.et 
No. 

F-106 
F-107 
- 1 8  
F-109 
F-110 
F-111 
C-124 

..C-125 
C-126. 
C-127 
C-128 

. C-,129 . 

% 'l'heo. 

Change in 
Density, 

O/o 

- 4 . 5  : 

-2. 3 
-3. 5 

Pos  t i r  
... Bulk 

g / c m  
3 

4. 9'3 
5. 00 

. 5 . 0 3  
- - - -  
- - - -  
- - - -  
4.j80 
- - - -  
4. 91 

, - - - -  
- - - - 
- - - -  

P r e i r  radiation 
Bulk -Density 

3 
g / c m  

5. 16 
5. 12 
5 . 2 1 .  
5.02 
5 .18  
5.'13 
5 .  05. 
5. 02 
5. 04 
5. 03 
5. 06 

.. 5. 02 

% Theo. 

95. 6 
94. 8 
96 .5  
9i3.. 0 
95.9 
95. 0 
93. 5 
93. 0 
93. 3 
93 .1  
93 .7  
9 3 . 0  . 



. Fis  sion-gas- r e l ease  .measurements, .  . made by puncturing the .individual 
fuel pins in .the hot cell; indicated that the' coarse-part ic le .  fuel pellets 
relea'sed approximately 20 of the krypton during i r radiat ion-and 
the fine,-particle fuel pellets re leased  l e s s  than  1 percent ( s e e   able 6.). 
This behavior i s  just .the inverse  of that predicted theoretically and that 
prev$ously observed by oth,er,. experimenters .  who have investigated.fine- 
and coarse-par t ic le  fuel-dispersion mater ia l s  under different i r radiat ion.  
conditions. . The reason for this behavior is present ly unknown. . Fuel- 
.meltdown t e s t s  a r e  under way on these' i r rad ia ted  fuel samples  to confirm 
the above resu l t s .  . . 

Table 6 
. . , . 

FRACTIONAL RELEASE O F  KRYPTON-85 

a 
-None detected. 

Work remaining on the, examination of the MGCR-BRR-9 c'apsule 
inc ludes  isot.ope a n d  f i . s s ion-  pioduct determination of burnup and 'meltdown 

Fract ion 
. Released 

Nd& 
ND& 

0. 242 
0. 176 
0. 003 
0. 232 ,-. 

studies.  

85 ' 
Kr 

Atoms 
Formed  

1 8  
1. l6xlOl8 

1 .  2 7 ~ 1 0 ~ ~  
1. 3 0 ~ 1 0 ~ ~  
1. 2 9 ~ 1 0 ~ ~  
1 . 2 0 ~ 1 0 ~ ~  
1. 14x10 

. . 

REACTOR MATERIALS 

' 

Specimen 
No. 

4 
1 .  
3 
6 
2 
5 

Moderator. ~ a t b r i ~ l s  

Fuel- 
particle 
,Size 

Fine 
Fine 
Coarse 
Coarse 
Fine 
Coarse 

Fission 
Total 

f / c m  

Studies of the.effects of i r radiat ion on the behavior of BeO-moderator 
ce ramics  were  continued during. the quar te r .  

2o  
2 . 0 1 ~ 1 0 ~ ~  
2. 1 9 ~ 1 0 ~ ~  

,2.:28xP 0 . 
20 

2. 28x1 020 
2. 0 7 ~ 1 0 ~ ~  
2 . 0 1 ~ 1 0  

The MGCR-2 capsule, containing 134 beryllium oxide specimens 
embodying , three  different compositions, was i r rad ia ted  . in the GETR, .was ,. . . : 

terminated prematurely ,on. January  5, 1963, and.was examined in the 

3 . 9 5 ~ 1 0  
20 
20 

4. 3 5 ~ 1 0 ~ ~  
4. 42x1 020 
4. 40x1 O2 
4. 08x1 020 
3. 9 . 0 ~ 1 0  



Genera l  Atomic .hot cell .  Calculation of data f rom flux-wire dos imeters  
indicate that the average  exposure for the capsule was 1. 0 x 1021 nvt 
(> 1. 0 Mev) a t  an  averag$ flux of 1. 17 x 1 014 nv. . Tempera ture  distribution 
in the capsule i s  being determined. , I  - .  

Measurements  of dimensions and densit ies of the i r rad ia ted  B e 0  
specimens,  completed during the quar te r ,  a r e  l is ted in Table 7. The 
physical appearance of a l l  of the samples  containing bentonite was good 
except for  d iametra l  c racks  in the 1. 68-inch-diameter pieces f rom the 
hot ter  portion of the capsule.  It i s  believed that the diametral  c racks  
resul ted f rom the difference in thickness expansion a s  a function of radius.  
This difference would r e su l t  in tensile s t r e s s e s  being generated a t  the  
center uf the pellet. This interpretatlon 1s supported by the existence of 
occasional c racks  extending f rom the central  portion of the pellets toward 
the outside surface.  

Table 7 

PERCENTAGE CHANGE IN DENSITY AND DIMENSION 
O F  B e 0  FROM MGCR-2 CAPSULE 

A pre l iminary  evaluation of the room-tempera ture  thermal-  
conductivity changes , for  the specimens containing bentonite, based on 
thermal-diffusivity measurements ,  indicates that the conductivity of pieces 
i r rad ia ted  in the cooler  end of the capsule retained approximately 20 
percent  of the original value and pieces i r rad ia ted . in  the hotter portion 
of the capsule retained approximately 25 .per.cent of the original ther.mal 
conductivity. . Modification of the thermal-  diffusi.vi.ty a.pparatus, to permit 
measurements  a t  eLevated tempera tures ,  i s  complete and thermal-  
diffusivity measurements  over a range of tempera tures  will be initiated 
during the nkxt cluarter. 

Capsule 
Posi t ion 

Coo le rend  
Hotter end. 

A much l a r g e r  proportion of the specimens containing 1 perce,nt 
MgO o r  -0. 5 percent MgO plus 0. 5 percent A1203 was found to be ,broken. 
This was par t icu lar ly , t rue  for  the 1. 68-inch-diameter r ings ,  ,of which only 
9.. of the ,2,4 .examined. remaine.d intact; only one of these intact rings was a 
low-density specimen. . Of the.. 24..inner ,rings. exam.ined,. 10 were  broken, 9 of 

i 
I 

Theoret ical-  
' 'density 

. Change, 70 
- 1 . 6 t o - 2 . 5  

. - 3 . 0  to - 3 , 7  

Linear-dimensionchange,  . . 70 ' 
' 

Diameter 

0 . 4 4 t 0 0 . 8 2  
1 . 1 8  to 1.44 

Thickness 

Outer Edge 

0 . 5 0 t 0 0 . 7 2  
0 .96  to 1 . 3 8  

i 

Center 

O . . l O t o 0 . 5 6 .  
0 . 3 4 t n  1 . 2 2 '  



which were  low-density specimens. Of the 24 plugs examined, 4 were  
broken, a l l  of which were  of low density. Two of the high-density. outer 
rings containing large-  s ize gra in  and 1 percent MgO flux had disintegrated 
to powder except for. two o r  three  fragments . .  

Diametral  increases  for the 24 plug specimens ranged f r o m  0 .28  to 
1. 41 percent,  and the thickness changes var led ' f rom minus 0.48 td plus 
1. 16 percent. Corresponding density changks ranged f rom 0. 3 to 6. 0 
percent decre.ase. . . 

. . 

Cylindrical specimens,  0. 3 inch ip diameter ,  a r e  being core-dri l led 
f rom both preirradiat ion and postirradiation samples  to evaluate Both the 
s t rength and thermal  diffusivity. 

B e 0  Irradiat ion in MGCR-4 

In addition to the fuel pellkts contained in the MGCR-4 fuel-irradiation 
.capsule, 16 b'eryllia samples  were  a l so  i r rad ia ted . in  the capsule a s  par t  
of the B e 0  i rradiat ion .study; The samples  consisted of pellets prepared 
f rom UOX-grade B e 0  containing 1 weight percent MgO. Measurement  of 
the samples  a f te r  i r radiat ion indicated that there was no detectable change 
in the d iameters .  The d iameters  of the beryl l ia  pelle'ts were  determined 
to within 0. 001 inch, which corresponds to ' an  accuracy of 0. 25 percent. 
The fast-neutron flux to which the specimens were  exposed i s  being 
determined by analysis of dosimetry data. 

BeO. Development 

Work to determine whether a fatigue mechanism will influenc'e the 
modulus -of- rupture s t rength of B e 0  ma te r i a l s  continued during the 

The specimens usQd in the tes t s  were  machined f rom unirradiated 
B e 0  blocks that. were  fagricated to the specifications for  EBOR'moderator  
blocks. Testing of the B e 0  b a r s  i s  complete. . Metallographic and el'ectron- 
probe studies a r e  continuing. Table 8 give's the significant data obtained 
during testing. 

Results indicate that a fatigue mechanism will not cause failure of 
0 0 

the B e 0  in the tempera ture  range 1000 to 1600 F i f  the pieces a r e  repeatedly 
subjected t'o a maximum s t r e s s  of l e s s  than 85 percent of the anticipated 
uncycled modulus of rupture.  In fact, the resu l t s  indicate that a significant 
strengthening of the EBOR mate r i a l  may  be gained af ter  cycling to l e s s  
than 85 percent of the anticipated uncycled modulus of rupture.  An indi- 
cation that a fatigue mechanism may be operative (not shown in Table 8) 
w a s  nhserverl for ha.rs subjected to a maximum s t r e s s  ~f g rea te r  than 85 
percent of the anticipated uncycled modulus of rupture.  



Table 8 .i , , ' ,  

MODULUS O F  RUPTURE, STRESS CYCLE, AND YOUNG'S MODULUS.. 
,.- .. . !  

. FOR B e 0  AT VARIOUS TEMPERATURES 
.4 

-- 

The mean uncycled modulus-.of-rupture values for the EBOR B e 0  
0 0 

modera tor  in the tempera ture  range 1000 to 1800 F were  substantially 
lower than the values for ~ ~ ~ - ' ~ r a d e  B e 0  repor ted  in  the l i terature .  The 

0 
a b r u  t dec rease  in u n ~ ' ~ c l e d  modulus of rupture a t  approximately 1400 to 8 
1450 F can possibly be attributed to the softening of an intergranular  
g l a s sy  phase. 

Temp, 

(OF)  

1000 
1300 
1400 
1450 
1500 
1600 
1'700 
1800 

The measured ,  uncycled, Young's-modulus values in the observed 
tempera ture .  Interval w e r e  subs tantlaily lower than values for  AOX-grade 
B e 0  repor ted  in the l i te ra ture .  A distinct decrease  in uncycled modulus 

0 
values was observed a t  approximately 1500 F. 

A correlat ion of unc ycled modulus - ~ f -  rupture values for bars from 
four  corresponding blocks indicated that two blocks were  relatively weak 
and two were  strong. 

Control-mater ials  Development 

Modulus of Rupture, psi  

The objective of this task  i s  to develop control-rod mater ia l s  for 
use  in the EBOR program. 

S t r e s s -  
cycle Range, 

ps i  
3 1 to 2 5 ~ 1 0 ~  

1 to 25x10 
- - - -  
- - - -  
- - - -  

3 
1 t o  1.6. 3x1 n 

- - - -  
- - - - 

Before 
Cyc l ing  

28,900 
35, 100 
31, 400 
23, 300 
18,900 
14, 600 
14, 150. 
9 ,990  

. Capsule -MGCR- 7 . . 

Young.' s Modulus 
Before Cycling,. 

psi  

37. 7x10; 
37. 4x10 
34. 8 
35. 6A10h 
54. VxlU 
7.7. 7. ,X i n 6 

6 
28. 6 x 1 0 ~  
2 7 . 9 ~ 1 0  

After 
1000 Cycles 

. 30, 200 
34, 400 
- -  - -  
- - - -  
- - - -  

15, 600 
- - - -  
- - - -  

The MGCR- 7 absorber  -mater ia l s  capsule was designed for the 
i r rad ia t ion  of A1203-Dy203 absorber  ma te r i a l s  with a range of. compositions 

. of in te res t  for  EBOR applications. The capsule was installed in the ETR 
and i r rad ia t ion  began November 9,-  1962. An exposure equivalent to  2350 
hours  a t  reac tor  full power was attained during i r radiat ion throughMay 2'6, 1963. 



Evaluation of the out-of-pile reference specimens for the i r radiat ion 
experiment  was completed during, the.  quar te r ,  with the except.ion.of high- 
temperatbr'e thermal-diffusivity measurements .  A summary  of significant 
resu l t s  obtained .at room temperature i s .  shown i n ' ' ~ a b 1 e .  9. Tensile-streng.tki 
values fo r  mater ia l s  representat ive of .those being. i r radiated were  d-etermlned 
by the diametral-  compression- tes  t method. High- tempera ture  . thermal- 
diffusivity measurements  a r e  scheduled" for'. the next quarter .  

Table 9 

TENSILE STRENGTH AND YOUNG'S MODULUS 
FOR EBOR ABSORBER MATERIALS 

.Young's 
Modulus, 

psi  

-25x10 
6 

-53x10 
6 

-43x1 0 
6 

-34x1 0 
6 

. Tensile 
Strength, 

psi  

17, 720 
24 ,220 
15, 020 
10, 080 

I 

Group 

1 
2 
3 
4 

Dy20 , 
wt-'$ 

4. 7 
26. 6 
46. 7 
67.  2 

Densit? 
, 

g l c m  

3.467 
4 . 4 9 4  
4 .926 
5 .450  



V . .  CONSTRUCTION ENGINEERING 

Completion of Title I1 design was reported in the previous quarter ly 
report  (GA-4124). During the present quarter  the AEC office in Washington, 
D. C . ,  granted re lease  f o r  construction, and the AEC Idaho Operations 
Office released the plans and specifications to the construction contractor 
on June 5, 1963. 

Purchaac orelcrs fo r  a l l  nlajor pieees s f  equipin=i~t .to be purchased 
by General Atomic have been placed. Many pieces of equipment have been 
obtained and a r e  now in s torage a t  the National Reactor Testing Station 
(NRTS). 

As mentioned in  previous reports ,  the EBOR will be constructed at  
the site of the fo rmer  Shield Test  Pool Facility, which was par t  of the 
General ~ l e c t r i c / A i r c r a f t  Nuclear Propulsion Department complex, 
situated a t  the north end of NRTS. This  a r e a  has since been designated 
a s  Tes t  Area  North (TAN). F igure  42 shows the location of the facility 
and the shaded a r e a s  of F igure  43 define the modifications and additions 
planned to adapt the facility for  the EBOR installation. 

The facility a s  i t  now exists includes two pools, each of which meas -  
u r e s  25 feet wide, 40 feet long, and 30 feet deep. The south pool will be i divided into two sections: the south section will house the reactor  and the 
north section will contain the pressure-vessel-head storage a rea .  The 
south section will be deepened by approximately 20 f t  to  accommodate the 
reac tor .  The concentric duct will exit south f rom the reactor  through a 
tunnel about 23 feet below grade level. The regenerator will be situated 
a t  the end of the concentric duct. The helium piping leading to and away 
f r o m  the regenerator  will pass  through a tunnel normal to the tunnel that 
houses the concentric duct and will r i s e  to the machinery vault a t  grade 
level.  

The machinery vault contains the main helium circulator,  decay- 
heat-removal  blower, and the emergency a i r  compressor ,  which will cool 
the reactor  core in the event of a loss-of-coolant accident. 

The helium-to-air heat exchanger will be located in a plenum below 
the stack, which is 150 feet high and 8. 5 feet in diameter a t  the top. In the 
unlikely event of a helium leak in the heat exchanger, contaminated helium 
will be dispelled through the stack. The building ventilation system i s  
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Fig. 42- -Map of National Reactor Testing Station showing Test Area North 



Fig. 43--Layout of ShieldTest Facility showing modifications for adaptation to EBOR test facility 



'designed a s  a once -through system. Air i s  supplied f i rs t  to the inhabited 
a r ea s  of the facility, then i s  exhausted through the .reactor vault, concentric - 
duct tunnel, and machinery vault and out through the. stack. 

The north pool in the building will remain unchanged; 'its dimensions 
, ' a r e  identical to those of the south pool. I t s  function in the over -all instal - 

latibn will be for the storage of spent fuel.' 




