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a . N"c1ear Testing, and Core ~anagement of the FTR' 

R. A. Bennett, J. Kr Daughtry, R. A. Harris, C. B, Jones, 
J, 6. Yelson, J. A. Rawlins, -n. E. *EdthrCic~, K. A, Sevenich, B. D. Zhnerman 

Introduction 

The Fast Test React01 (FTR) is a sodik-cooled, mixed-oxide-f ueled, 400 MW(Th) 

fast reactor designed for irradiation testing of FBR fuels and materials. The 

. reactor is located near Richland, washington, and is operated by the Westinghouse 

Hanford Company for the U.S. Department of Energy. The FTR is presently undergoing 

nonnuclear startup tests,'in preparation for the initial fuel loading. The reactor 

is provided with special irradiation facilities to enhance its experimental capa- 

bilitlcs. Yrr!ese tncllide cj ~ h t  in-core, contact-instrumentable test positions of 

approximately 12 cm. hexagonal cross section which permit continuous connection of 

experiment instrument leads during operation or refueling, and which may also be 

used for ciosed loop systems that provide specially tailored coolant conditions 

for test sections up to approximately 6 cm. in diameter. Special.equipment is 

also provided .for test handling, disassembly and examination, and for ,experimental 

data collection and recording. 

The arrangement of the principal reactor internal components is shown in 
;:. 

Figure 1, and a plan view of the core arrangement is In Figure 2. The eight special 

test positions are arranged in Rows 2,*4,yand 6, approximately on core radii which 

divide the core into three trisectors. In order to permit instrument leads to 

remain attached to these eight experiments without interference during refueling, 

each trisector is served by its own in-vessel fuel handling machine and, during 

reactor operation, is covered by its own instrument tree which monitors the exit 

coolant conditions from those channels not provided with contact instrumentation. 

The three in-vessel handling machines and three instrument trees are mounted so 

as to rotate between their operating positions over the core, and 'parked' 

positions outside the core, without disturbing the overhead instrument connec- 

tions to the eight test positions located on the trisector boundaries. In ad- 

dition, due to the separation of the refueling machines, each trisector also has 
c1 

its own ex-vessel transfer port. This division of the core into three trisectors, 

each serviced by separate refueling equipment, results both in unique constraints 

and unique flexibilities for accomplishing the initial core loading, to be dis- 

cussed in greater detail below. 



The FTR core arrangenezt., shown in Figure 2, contaizs 91 active core positions -. 
in six hexagonal rows, surrounded by 108 radial reflector assemblies rzade of high- 

nickel alloy. The six-row active core includes three safety ro'ds in RO" 3 (nor- 

mally fully withdrawn during operation) and six operational control rods in Row 5 ,  

which are withdrawn to approximately midcore at startup and reach approximately 

the full-out position at the end of each operating cycle. These nine control rods 

are operated by drive mechanisms mounted on the reactor head, through shafts which 

penetrate the instrument trees and which must be disconnected for fuel handling 

operations. The eight special test positions at startup will contain two instru- 
---*-2 -cSe-Llan- 4 -  D...." 9 - -  - -  -- . - -  .,- - . t - r i  L :  1- in-reat+nr,AIcstrar~~t thimele, In 

Row 2, for monitoring the initial fuel loading and for subsequent active neutron 

and gamma spectrometry measurements; a highly instrumented vibration test assembly; 

an instrumented absorber assembly; and standard fuel and structural components. 

Additional instrumented positions will be used for structural materials irradia- 

tions under controlled temperature conditions, and for closed loop tests, in 

future operating cycles. Besides the nine control rod and eight instrumented test 

positions, the remaining 74 of the 91 active core positions will ordinarily be 

occupied by either driver fuel assemblies or by experimental fuel assemblies of 

approximately equivalent power and reactivity. These seventy-four 'driver' core 

positions are all mechanically identical, and accept 3.65-meter (twe1veifoot)-long 

core components, with separate outlet coolant instrumentation provided in the 

instrument trees for each position. 

A further description of the reactor, and in particular its nuclear design, 

can be found in References 1 and 2. The results of the supporting critical ex- 

periment program are summarized in Reference 3, and key nuclear parameters are 

summarized in Table I, extracted from these sources. The balance of the present 

paper is concerned with reactor physics aspects of FTR startup, testing, and 

initial operation. 

. . Reactor' Physics of FTR Startup and Operation 

i Initial Fuel Loading 

A.conventiona1 symmetric procedure of loading the reactor from the center 

outware (in all three sectors) with control rod withdrawals at intervals to. ob- 

tain rods-out count rates is relatively inefficient with the FTR, because: 
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(1) Fuel transfer equfpment ZUSK be repeatedly 'moved from one ex-reactor 

,.t-izirisfer port to another in order to service sllthree trisectors; and 

(2) For each rbds-out data point desired, all' three in-vessel handling 

machines and instrument trees, must be rotated into the proper posi- 

tions, and all nine control rod drivelines connected. 

These disadvantages can be circumvented by loading fuel into one trisector 

completely; then parking its handling machine and rotating its instrument tree in 

place while the next trisector is completely loaded, and so on. This process has 

the additional advantage that the control rods can be connected and operated 5.n 

those trisectors where fuel loading is complete and the instrument trees are in 

place. This allows relatively frequent withdrawals of three or six rods, when 

either one or two trisectors have been loaded, in addition to maintaining a 

cocked rod, if desired, during fuel movements. The control rods in the trisector 

being loaded remain disconnected and fully inserted, of course. This plan, termed 

'trisector loading,' will be employed in the initial loading of the FTR. The 

sequence of partial core loadings now planned is illustrated in Figure 3. Each 

individual fuel loading step involves the removal of one of the simulated core 

assemblies, which were originally installed in the reactor.during its construction 

to maintain core geometry and filter the coolant; and its replacement by a fuel 

assembly. All control absorbers and other nonfuel components required for.the 

initial core loading have already been installed in the reactor. 

The normal operational low-level flux monitors (LLF'M) consist of fission 
I 

chambers located in three thimbleswhich penetrate the .radial shield region ap- 

proximately as shown in Figure 3. These are intended for core monitoring during ; 

normal reactor startups and for shutdown and refueling operations. They will I 
also be installed and operating during the initial fuel loading. However, the I - 
large changes in net detection efficiency (neutrons counted per core source i 

neutron) for these detectors as the separate.trisectors are loaded would make I .  

conventional plots of relative inverse count rates difficult to interpret., 
1 - 
I 
I 

Because of these potential problems, a series of experiments was performed in ' 1 
I 
I the FTR .Engineering Mockup Critical ~x~eriment ( 'EMc') , assembled in the ZPR-9 facility i 
I 

at Argonne National Laboratory, to simulate the fuel loading process. Neutron de- I 
i 
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t e c t o r s  were i n s t a l l e d  i n  sh i e ld  regions i n  locations representing the ILFM5, as 

w ~ L 1  a s  i n  severa l '  in-core loce.ti.ms, and count, r a t e s  were neasured f o r  severa l  sym- 

metr ic  and asymmetric partial l ;- l&ded core con£ i g u r a t i m s  represent ing bcth normal 

and ' t r i s e c t o r 1  loading schemes f o r  the  FTR. Because the sequence of experimentai con- 

f igura t ions  constructed began with a f u l l y  loaded core and proceded by removing var ious 

regions of fue l ,  t h i s  was termed the ' ~ e v e r s e  Approach to  c r i t i c a l 1  experiment. In 

addi t ion t o  experimental count r a t e  da ta  £ran in-core and ex-core de tec tors ,  s u b c r i t i -  

c a l  r e a c t i v i t y  measurements were a l s o  made by ca l ib ra ted  autorod and by the rod drop 

(inyerse ~ i n e t i c s  j tec'hnlque Eor s eve ra l  of the ~ z r t i a l l ~  '. ioadea c ~ i i f i g u t a  ti'c,r;s.. . 

As f u e l  was removed from the ZPR-9 matrix locations representing the outer two 

rows of FTR fue l ,  experimental count r a t e s  from the detector . .near  the core  center  

showed a smooth and monotonic dependence on the amount of f u e l  remaining, fo r  e i t h e r  

symmetric o r  asymmetric loadings. The experimental count r a t e s  f o r  the detectors  in 

LLFM posi t ions  showed abrupt s lope changes, as  expected, as  the amount of fue l  p resen t  

in each of the t r i s e c t o r s  was varied.  Selected r e s u l t s  i l l u s t r a t i n g  these e f f e c t s  a r e  

shown i n  Figure 4. 

Results of t h i s  experiment were ca re fu l ly  analyzed to  determine how the loading 

process may bes t  be monitored with both in-core and ex-core de tec tors ,  and whether a 

symmetric loading procedure holds any subs t an t i a l  advantages over the operat ional ly  

more e f f i c i e n t  t r i s e c t o r  loading scheme. ~ e t a i l e d  analyses were made a t  both Oak Ridge 

(4) National Laboratory and the Hanford Engineering Development ~ a b o r a t o r ~ ' ~ )  which 

showed the r e l a t i v e  count r a t e s  from the ex-core detectors  could be s a t i s f a c t o r i l y  

computed provided s u f f i c i e n t  d e t a i l  was included in the ca l cu l a t iona l  models. This 

general ly  involved two dimensional  d i f  £us ion theory o r  % analyses,  wi th  s p a t i a l l y  
+ 

dependent a x i a l  bucklings used i n  non-fueled regions of  the core;  these were in tu rn  

obtained from three-dimensional ca lcu la t ions  of se lec ted  reference cases. Special  

numerical convergence t e s t s  were also  e~lplayed to  ensure f lux  convergence in regions 

( 5 )  f a r  from the f i s s i o n  source. Relative count r a t e s  f o r  in-core de tec tors  were more 



r ead i ly  computed by simple two-dimensional techniques, s ince they a r e  surrounded by 

the :=$re neu t rm source. - .  *-ad a r e  r e l a t i ve ly  unaffected by nrlc;lrtainties regarding the 

a x i a l  leakage from non-fueled regions. From the r e s u l t s ' o f  t h i s  experiment, i t  was 

concluded t h a t  (I) the core  loading process can be monitored most read i ly  k i t h  a de- 
. . 

t e c to r  located near  the core center;  and (2) i f  a c e n t r a l  de tec tor  is avai lable ,  then , ' 

e i t h e r  a symmetric or asynrmetric f u e l  loading sequence can be sa fe ly  used. Consistent 

with  these conclusions, the procedure now planned f o r  monitoring the i n i t i a l  FTR f u e l  

loading w i l l  r e ly  ch i e f ly  on count r a t e s  from de tec tors  within the in-reactor  thimble 

located near  the core  center ,  f o r  the purposes of predict ing c r i t i c a l i t y  and de tec t ing  

anomalous conditions during the loading process. However, count r a t e s  w i l l . a l s o  be 

taken with the LLFM's as  a fur ther  assurance tha t  the loading is  proceding as  intended, 

and ' t o  provide da t a  f o r  analysis  and checkout of ca lcu la t iona l  models. Due t o  the  

expected changes i n  detect ion e f f ic iency  f o r  these remote 'de tec tors  a s  the loading 

proceeds, calculated tab les '  of expected r e l a t i v e  count r a t e s  a s  a function of the 

amount of f u e l  loaded have been prepared f o r  use as  a guide i n  in te rpre t ing  the r e s u l t s .  

.Count r a t e s  w i l l ' b e  taken with o n e o r  more of the operating cont ro l  rods withdrawn 

during the loading of the f i n a l  t r i s ec to r .  When a core loading has been reached t h a t  

is predicted t o  be c r i t i c a l  with a l l  rods out ,  based on extrapolated inverse count r a t e  

da ta ,  the in ves se l  handling machine and instrument t r e e  serving the f i n a l  t r i s e c t o r  

w i l l  be ro ta ted  i n t o  .posit ion and a l l  nine rods w i l l  be withdrawn t o  achieve e i t h e r  a 

c r i t i c a l  rod pos i t ion  o r  a s l i g h t l y  s u b c r i t i c a l  s t a t e  with a l l  rods out ,  from which the 

absolute  core r e a c t i 4 i t y  can be es tabl ished through a rod drop measurement.  his i n i -  

t i a l  c r i t i c a l i t y ' i s  present ly  expected t o  occur a f t e r  loading about 58 f u e l  assemblies, 

, o u t  of a t o t a l  of 73 ,!planned f o r  the f u l l y  loaded i n i t i a l  core. Once the core loading 

a t  nea r - c r i t i ca l  is  determined and a r e a c t i v i t y  ca l ib ra t ion  has been obtained, f u e l  . 

loadigg w i l l  be continued in the f i n a l  t r i s e c t o r  u n t i l  a f u l l y  loaded core of 73 f u e l  

assemblies is reached. Core excess r e a c t i v i t y  w i l ' l  be checked a t  t h a t  time t o  i n su re  

t h a t  i t  is i n  the proper range t o  continue with the acceptance t e s t s ,  and i f  no t ,  any 
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. . necessary ad jus bnents ' w i l l  be made. . . . Startup Physics Tests 
. .  . 

An extensive ser ies  of physics related measurementc w i l l  be  mad^ rn? FTR during 

the. s tartup testing period to, confirm key nuclear design and safety features, t o  

measvre nuclear parameters needed for e f f ic ien t  operation as an irradiat ion fac i l i ty .  

The following types of measurements are planned: 

Control rod worths and worth profiles,  excess reactivi ty,  and shutdown margin; 

Reactivity worth of selected core component subs t i t u t i d s  ; 

Dynamic analyses employing rod drop methods; and 

Extensive nuclear core characterization using active and passive sensors. 

As several of these t es t s  are of a more o r  less conventional nature, the following dis-  

cussion w i l l  focus on cases involving methods or  experiments that are somewhat unique 

to  the FTR. This category includes the general means of making subcr i t ica l  react iv i ty  
. . 

measurements ; the dynamic measurements a t  power; and the core characterization program. 

Absolute subcr i t ica l  react iv i t ies  w i l l  be determined by inverse kinetic analysis 

of the neutron level  transient following a control rod drop, to  be performed by on- 

l ine  computer. Of the variety of inverse kinetics algorithms available for  th is  pur- 

( 6 )  pose, the Yang-Albrecht algorithm w i l l  be used i n  the i n i t i a l  FFTF measurements. 

The inverse kinetics analysis w i l l  be supported by precalculated values of control tod 

worths to which the experimental results  may be compared. This .calculation also :.yields 

estimates of the changes in  detection erficiency which occur due to flux shape pertur-  

bations when the control rod is dropped, allowing corrections t o  be made in the inverse 

kinetics.calculations ,to refine the value of the inferred experimental rod worth. In  

addition to  ,the differknce in reactivity before and a f t e r  the rod drop (the expe'ri- 

mental rod worth), the absolute subcri t ical  reactivi ty may a lso  be obtained from: th i s  

technique. In cases where a less precise but more rapid experiment is desired, .or 

where react iv i t ies  must be measured in  f a r  subcr i t ica l  configurations, the modified 



(7) source mdltiplication ('MsM') method . w i l l  .be used. This technique infers the 

* .  
difference in subcr i t ica l  multip13.cz'.20d - f a c i o r  from L F M  cdunter readings take, a t  

two different  s t a t e s  , using 'configuration fdctors ' to a!2cxnt for changes 

in detection efficiency or i n  neutron source between the two states.  To establisf? the 

MSM zcactivity values on an absolute scale, a rod drop absolute reactivi ty measurement 

is ordinarily made a t  a s l ight ly  subcri t ical  s t a t e  to provide a reference count r a t e  
! 

calibrat ion point. Many of the reactivity measurements rkquired during the acceptance 

I 
t e s t s  and for  subsequent routine operation w i l l  be performed as subcr i t ica l  reactivi ty 

J I  CL---, ,, 
2--L-------  ===Z~JPZZ=ZL_E. zz? :-!.I1 YC_%!?.C.C t he  Y!S m,eef_??3d vd th 2 rod d x o ~  cel ibrat im 

a t  a reference s ta te .  The use of MSM for subcr i t ica l  reactivi ty measurements was ve r i -  

f ied and compared with other experimental methods during the ,FTR c r i t i c a l  experiment 

program. (7) 

Dynamic characterist ics of the reactor a t  power w i l l  be measured with the rod drop 

technique$8) which has a lso  previously been employed a t  the EBR-I1 reactor. tr) ,k 

procedure involves a small, rapid negative reactivi ty exci ta t ion of a few cents in mag- 

nitude, in order to  produce a reactor down-transiene. This neutron level transient is 

recorded and analyzed in  order to extract features of .the reactor dynamic response. 

Since the FTR does not have a special low-worth transient rod for  th is  purpose, an 

.operational control rod w i l l  be used. The rod is f i r s t  lowered to  near the bottom of 

the core, and then scrammed for the l a s t  few inches of i ts  stroke, to  achieve the 

desired small, rapid negative reactivity insertion. Since th is  procedure entai ls  a 

substantial  misalignment of the control rods a t  power, precautionary measures are" 

taken including a s m a l l  power reduction pr ior  to  the experiment and a controlled .power 

recovery af terwards , to  prevent damage to core components or experiments. 

The reactor characterization program is especially important in view of the experl 

mental purpose of the reactor, and has been previously described in detai l .  ( lo)  1t in-  

cludes measurements with active neutron and gamma instruments (calorimeters, spectrom- 

e ters ,  and absolute f ission chambers) located i n  an instrument thimble near the core 
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. center ,  a s  wel l  a s  the i r r ad i a t ion  of passive monitors ( f o i l s )  a t  severa l  locat ions  

throughout the core. The fsb:! i ~ r a d i a t i o n s  w i l l  be perfzmed both a t  low power ( r~ 4MW) . ,L 

+. C" 
I Y 

and a t  high power, and i n  each case w i l l  u t i l i z e  eleven cgpcial ly  b u i l t  c k r a c t e r i z e r  

assemblies. . S i x  of these assemblies have been b u i l t  t o  simulate dr iver  f u e l  assem;:. 

b l i e s ,  and contain d r ive r  f u e l  pins with spec i a l  features  t o  f a c i l i t a t e  remote- d i s a s  - 
sembly and removal of se lec ted  pins in which the dosimeters a r e  contained. Of the 

remaining f ive  characrer izer  assemblies, one simulates a s t r u c t u r a l  assembly and four  

simulate FTR r a d i a l  r e f  l ec tors ,  a l l  with spec i a l  features  f o r  the i r r a d i a t i o n  and recov- 

gry o i  f o l i  packages. Reaction r a t e s  t o  be measurad include f i s s i o n  and capture r a t e s  

.of important ac t in ides  a s  wel l  as  standard f a s t  reac tor  dosimetry react ions ,  and mul- 

t i p l e  f o i l  packages t o  be used f o r  neutron energy spectrum unfolding. 

The dosimeter i r r ad i a t ions  a r e  planned t o  provide in£ onnation about both the 

gross shape of important reaction r a t e  d i s t r i bu t ions ,  and t h e i r  l oca l  per turbat ions  in 

the  v i c i n i t y  of heterogenei t ies  such a s  absorbers o r  nonfuel experiments. This is ac-  

complished by arranging the character izers  s o  t h a t  r e s u l t s  from the two i r r ad i a t ions  

combined w i l l  span approximately a core diagonal (with some pos i t ions  common between 

the  two i r r ad i a t ions ,  f o r  normalization of r e s u l t s ) ,  and locat ing addi t iona l  charac- 

t e r i z e r s  next t o  sources of l oca l  perturbations.  In the a x i a l  d i rec t ion ,  the f o i l  

packages w i l l  extend from near  the lower gr id  p l a t e  through the ac t ive  core and a x i a l  

r e f l e c t o r  regions, and i n t o  the region normally occupied by the (upper) f i s s ion  gas 

plena. Results of the dosimeter i r r ad i a t ions  w i l l  help  e s t a b l i s h  the bas i c  'unper- 

2 turbed' FTR nuclear environment, and a l s o  t e s t  the a b i l i t y  t o  ca l cu l a t e  the l o c a l  per-  

turbat ions  within and-near  experiments, an important aspect  of experimental i r r a d i a t i o n s  

in the FTR. 

Nuclear Core Management and Operational Physics Support 

Following the acdeptance t e s t s ,  the FTR w i l l  be operated a s  a f a s t  neutron ir- 

rad ia t ion  f a c i l i t y  on -approximately 100 full-powe r-day i r r a d i a t i o n  cycles. Including 

. . the  addi t iona l  time required f o r  refuel ing and maintenance, from two t o  three cyc les  



of opera t ion  per  year  a r e  expected. Based. on cur ren t  i r r a d i a t i o n  plans,  from 30 t o  
..d . 

=i@ e ~ ~ z r r i m e n t s  may be i n  .the core, a t  any .one, 'i*,, usfng "r;any of the standard 'd r iver '  

core  pos i t ions  and the  f i r s t  ref  l ec to r  row, I n  addi t ion  t o  the e i g h t  spec i a l  i n s t r u -  

merited test posi t ions .  . A %P.e  va r i e ty  of experiments a r e  now being prepared f o r  

i r r a d i a t i o n  during t h e  i n i t i a l  operating cycles ,  including mixed-oxide and carbide 

fue ls ;  i n t e r n a l  and ex te rna l  blanket assemblies containing uranium and thorium mater- 

ials; boron carbide absorbers; instrumented f u e l  and s t r u c t u r a l  experiments, and others.  

Each experiment is designed t o  be i r r ad i a t ed  in a s p e c i f i c  nuclear  environment, and i n  

many cases i t  may have a s ign i f i can t  impact both on the  o v e r a l l  core  r e a c t i v i t y  and 

power margin and on the loca l  environment of its neighbors. It is therefore  the ob- 

j ec t ive  of the continuing nuclear core management a c t i v i t i e s  t o  coordinate the core  

locat ions  and i r r a d i a t i o n  schedules of the experiments s o  a s  t o  maintain a s t a b l e  en- 

vironment from cycle  t o  cycle,  s a t i s f y  a l l  design and s a f e t y  r e l a t ed  core ' cons t ra in t s ,  

and provide f o r  each experiment a nuclear environment cons i s t en t  with i ts  i r r a d i a t i o n  

objec t ives  . 
The i n i t i a l  planning of each reloaded core configurat ion w i l l  be done with the  

a i d  of two-dimensional calculat ions ,  which can represent  a l l  the e s s e n t i a l  operating 
/ 

and s a f e t y  cons t r a in t s  with s u f f i c i e n t  accuracy f o r  t h i s  purpose. Core management 

options which can be exercised t o  ad jus t  the  core r e a c t i v i t y  and power ta lance  include 

replacement o r  shuf f l ing  of fuel ;  exchange of f u e l  assemblies f o r  s t r u c t u r a l  'shim' 

assemblies, o r  of r e f l e c t o r s  fo r  absorbers; and i f  necessary, re loca t ion  o r  temporary 

removal of experiments. In addit ion t o  s a t i s f y i n g  'experimental requirements, r e fue l ing  

plans must ensure t h a t  a l l  standard core components (d r ive r  fue l s ,  con t ro l  absorbers,  

r e f  l ec to r s )  a r e  replaced on a regular schedule cons is ten t  with t h e i r  permissible ir- 

rad ia t ion  l i fe t ime.  Once a core loading has been chosen t h a t  s a t i s f i e s  operat ional ,  

s a f e t y  and experimental objectives , de ta i l ed  prerun ca lcu la t inns  w i l l  be made t o  obtain  

predicted l o c a l  neutronic  environmental da t a  f o r  comparison w i t h  experi~oeat requirements 

and previous i r r a d i a t i o n  his tor ies .  In  order  t o  account s a t i s f a c t o r i l y  f o r  p a r t i a l l y  



inser ted .  con t ro l  rods and ax ia l ly  nonu'niform',experiments, an e x p l i c i t  three-dimen- 

s iona l ,  f u l l  core ca lcu la t ion  is concic!src3 t o  be necessary. The '~DB' multigroup 

diffusiori  theory computer program (I1) is present ly  used f o r  t h i s  puqicse. A va r i e ty  

of comparisons of two- and three-dimensional d i f fus ion  theory ca lcu la t ions  with FTR 

c r i t l c a l  experiments have shown(',*) t h a t  key react ion ra tes  a r e  calculated with s a t i s  - 
fac tory  accuracy i n  the v i c i n i t y  of the core,  when using the d i f fus ion  approximation. 

I 

These ' ca lcu la t ions ,  along with auxi l ia ry  two dimensional analyses . fo r  cont ro l  rod 

worths, w i l l  provide the bas i s  for  the standard prerun documentation t o  be prepared I 

fnr esch cycle, which w i , l l  include predicted v a l ~ l e s  of important operat5snal and s a f e t p  

parameters a s  wel l  a s  react ion r a t e  d i s t r i bu t ions .  A s imi la r  s e t  of calculat ions  

. w i l l  be performed, i n  somewhat grea te r  d e t a i l ,  following each cycle  and incorporating 
. . 1 

any list minute changes i n  operating plans t h a t  were no t  re f lec ted  i n  the prerun analy- 

.sis such a s  d i f f e r e n t  core loading, cycle  length o r  power h i s to ry ,  o r  cont ro l  rod 

posi t ions .  Results of these postrun analyses w i l l  be maintained a s  a permarient record ! 

I 
of the FTR i r r a d i a t i o n  h is tory ,  fo r  use by the FTR Project  and t o  a s s i s t  experimenters 

i n  the i n t e rp re t a t i on  of t h e i r  pos t i r r ad i a t ion  data. Each i r r a d i a t i o n  cycle w i l l  

general ly  begin with a mix of f resh  and i r r ad i a t ed  standard and experimental core com- 
i 

ponents. For convenience, a computerized da ta  storage.system has been devised t o  main- 1 
I 

t a i n  de t a i l ed  records of the i r r a d i a t i o n  h i s t o r i e s ,  i so top ic  compositions, and l i f e  ! 

f ractims remaining fqr a l l  p a r t i a l l y  irra¶ ia t ed  cmpmefits, w i t h  provisions f o r  
., i 

e d i t i n g  and updating da t a  f o r  each cycle. This da ta  system is interfaced with the  

two - and three -dimensional d i f fus ion  theory computer programs through use of input  

generator  codes which ex t r ac t  i so top ic  compositions f o r  each component from the d a t a  

i 
base and prepare i so top ic  'mix tables '  i n  the proper format f o r  a d i f fus ion  theory f lux  I 

! 

calculat ion.  

The scope of the planned l?TR i r r a d i a t i o n  program has broadened considerably s i n c e  
I 
i 

the  i n i t i a l  core  design was fixed and components ordered. One example of current  i m -  

portance is the i r r a d i a t i o n  of experimental inner  blanket assemblies in inner core po- 



s i t i o n s  which would ord inar i ly  be occupied by d r i v e r  o r  experimental fuels .  Such 

experiments were no t  anticipated i n  es tab l i sh ing  reac thii? a2laiances f o r  the i n i t i a l  

d r i v e r  f u e l  inventory, which was purchased'to'specifications which predate the currenx 

i n t e r e s t  in he terogeneoiis .core designs. To cope with increased r e a c t i v i t y  requirements 

to  support  these and other  experimental programs, the f i r s t  reload d r i v e r  f u e l  supply 

has 'been ordered with increased enrichment, up t o  about 4% ~ k / k  g r e a t e r  

r eac t iv i ty .  Be tween the o r ig ina l  and reload d r ive r  f u e l  purchases, and .allowing f o r  

some fueled experiments provided from off -5 i t e  independent f u e l  sources,  a s u f f i c i e n t  

f u e l  inventory should be on hand a t  s t a r t u p  t o  operate rof aijouc iour teen i r r s d i a t i o n  

cycles.  A t yp i ca l  reload batch would contain  about 20 fresh d r i v e r  and experimental 

fue l s ,  i n  addi t ion  t o  s u f f i c i e n t  cont ro l  absorbers, r e f  l ec tors ,  o r  o ther  components t o  

replace a l l  components t h a t  have reached the end of t h e i r  i r r a d i a t i o n ' l i v e s .  The 

f r e sh  d r i v e r  assemblies w i l l  be se lec ted  from both the o r ig ina l  f u e l  inventory and the 

(higher enrichment) reload f u e l  purchase, with the f rac t ion  of f u e l  coming from the  

two sources adjusted according t o  cur ren t  experimental r eac t iv i ty  requirements. 

The se l ec t ion  of spec i f i c  fue.1 assemblies t o  make up the replacement batch is com- 

p l i ca t ed  by the use of gas tags t o  a i d  in the in-reactor  in-reactor  i d e n t i f i c a t i o n  of 

leaking fuel .  
(12) 

To each gssembly is assigned a s e t  of tag r a t i o s  of xenon and krypton 

isotopes ,  and a l l  217 pins within t h a t  assembly contain  a small  amount of tag gas m i x -  

t u r e  conforming t o  these spec i f i c  i so top ic  ratios. .  Thus i n  the event of a f i s s i o n  gas 

leak from a f u e l  pin ,  some of the tag gas ndxture w i l l  a l so  escape i n t o  the r eac to r  

cover gas where i t  can be sampled and mas spectrometr ical ly  analyzed t o  determine the 

I d e n t i t y  of the leaker. Eighty d i f f e r e n t  s e t s  of tag r a t i o s  have been provided, com- 

pared with a nominal equil l ibrium core loading of 76 f u e l  assemblies, s o  t ha t  it i s  

possible  t o  load the reac tor  without dupl icat ion of gas tags. The t o t a l  f u e l  inventory 

a t  s t a r t u p ,  counting both the o r ig ina l  and followon f u e l  purchases, cons is t s  of fou r  

. s e t s  o r  'cores ' of from 77 t o  80 f u e l  assemblies each, a l l  wi th  gas tags  conforming t o  

the  same set of 80 d i f f e r e n t  i so top ic  r a t i o s .  ~ h e : , f u e l  assemblies a r e  a l s o  divided i n t o  



' t h r ee  d i f f e r e n t  combinations of enrichment/flow zones, each with an associated .set of 

gas ta,e r a t i o s .  C~n,sequeriely, c a r e f u l  planning of fu ture  ec..led batches w i l l  be ' 
I I - .  

needed t o  minimize in-reactor  gas tag dupl icat ions  and to' maintain a proper balance 

within  the  spare  f u e l  inventory with respec t  t o  gas t ag  r a t i o s  and enrichment/£ low 

zones. 
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' TABLE ' I : ! - 

' !. 
FTR tIEUTROHICS CHARACTERISTICS . . 

- .  

P ~ a t  f l u x  ' 

'Fract ion Flux > .l Mev . . 

. . 
~ i s s i 1 c ' ~ u  Mass 

Pu-240/Pu Tota l  

Pu/(u+Pu) Z.one 1 ' 

Pu/(u+Pu) Zone 2 

. Axia l  P/A power 

Radial P/A Pawer 

Average Discharge Burnup 

. Peak Discharge Burnup 
\ I 

bredding Ratio 

Delayed 'Neutron Fraction ' 

0opp1er ~ o e f f i c i e n t  

Doppler Power Coef f ic ient  

' tla 'Power Coef f ic ient  ? .  0.02 t/l.lw 
. ,  . . . 

- Radial Expansion Parer c o e f f i c i e n t  0.20 Q/th,l 

' Axia l  Expansion Power C o e f f i  .- c len t  



Figure 1. Reactor Elevation 
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Figure 3. FFTP Care'Inading Sequence ' 

Pueb W e d  & T W  Trim 
Sector .I?r%or b8 Criticality 

- - . .  . . - - -  
Fuels Loaded in  Third T r i -  
Sector Af ter  R e d g a t  Critjl 



" 
0 8 16 . 24 32 ' . .  40 48 

NUMBER OF FUEL ASSEMBLIES I N  OUTER CORE ZONE 

. .  . NEDL 7506-110.7 

F I G U R E  4. Plots o f  inverse count rates versus fuel elements loaded. 




