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OPERATIONAL PHiDlC.- F.iutl THE IHCTR

by 8. C, Rtasehe

INTRODUCTION AND GENERAL DESCRIPTION

The Heavy Water Components T est R eactor ( H W C T R ' was b u i l t  

fo r  the Atomic Energy Commission by the Du Pont Company to  s a t i s f y  a 

need fo r  fu e l te s t in g  in  the ASC's Heavy Water Power R eactor Program.

The re a c to r  was designed to  provide a r e a l i s t i c  t e s t  environment fo r  

f u l l  s iz e  fu e l  c a n d id a te s .

Containment B uilding

Tha HiJCIK is  housed in  a containm ent b u ild in g  70 f t  in  

diam eter and 125 f t  h igh , shown in  f ig u re  1. About h a lf  o f the  bu ild ing  

is  below grade and co n s tru c ted  of p o s t- te n s io n e d  co n cre te . The upper 

h a lf  i s  coi ,s tru e  ted  of carbon s te e l .  The building; i s  designed to  con ta in  

an i n t e r n a p r e s s u r e  of 2i* p s ig . The containm ent b u ild in g  houses the 

re a c to r  and co o lan t system, the charge-d ischarge  machine and the  re a c to r  

in s tru m en ta tio n . The c o n tro l room and a u x i l ia ry  se rv ic e s  and equipment 

are  house4 in  o th e r b u ild in g s . The containm ent b u ild in g  is  v e n ti la te d  

and a i r  cond itioned , and the normal 5000 cfm a i r  throughput exhausts 

from an 30 f t  s ta c k . Upon re c e ip t  of c e r ta in  s ig n a ls  (h igh  in te rn a l  

tem perature or p ressu re , high a c t iv i ty )  the b u ild in g  is  au to m atica lly  

is o la te d  by two p a irs  of b u t te r f ly  valves in  th e  i n l e t  and o u t le t  a i r  

d u c ts . Four banks of carbon absorber u n its  w ith th e i r  own c irc u la t in g  

sy s to  s a re  a lso  a c tiv a te d  by the  i s o la t io n  s ig n a l . They tra p  f i s s io n  

products th a t  raay be re le a se d  to  the  containm ent b u ild in g  fo llow ing  an 

acc id en t and reduce the consequences of the  maximum c re d ib le  a c c id e n t.
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The re a c to r  v e sse l shown in  f ig u re  2, i s  about } j  f t  high 

and has a maximum in s id e  d iam eter of 7 f t .  The bottom head has U3 

nozzles through which pass m onitor p in s fo r  each fu e l  assembly and 

vario u s instrum en t le ad s . The top  head i s  b o lte d  to  the  re a c to r  and 

must be removed fo r  charging fu e l .  The c o n tro l and s a fe ty  rod d riv e  

mechanisms a re  b o lte d  to  the  head and l i f t  with i t  when the head is  

removed; the  dolatched  rods remain in  the  co re .

The design  p re ssu re  is  1500 p sig  a t  315*C and the maximum 

power i s  70 HW. C u rren tly  the re a c to r  power i s  U5 MV with an o u t le t  

tem perature o f 250*C a t  1200 p s ig . The system is  p re ssu riz e d  w ith  

helium  ami th e  re a c to r  o u t l e t  tem perature a t  every o p era ting  p re ssu re  

is  a t  l e a s t  10*C subcooled. Film b o il in g  i s  p erm itted  a t  the h o t sp o ts . 

Heat i s  removed from the re a c to r  by c i r c u la t in g  D^0 a t  10, >00 grm f i r s t  

through the fu e l  then through the bulk  moderator and then through two 

v e r t i c a l  U-tubo steam g e n e ra to rs . H-0 steam from the b o ile r s  c a r r ie s  

o f f  the  energy to  the  atm osphere.

Core Layout

The core co n ta in s  a d r iv e r  rin g  of 2U fu e l  tu b es, each loaded 

w ith 1 kg of U-235 and a burnable b o ro n -s ta in le s s  s t e e l  ta rg e t .  A lay o u t 

of the core i s  sho n in  f ig u re  3- Tue c e n tra l  t e s t  reg ion  can accom

modate 12 elem ents up to  10 f t  long. The h ea t removal c a p a c ity  i s  2 Mkr 

per p o s it io n .

A r in g  of 12 b o ro n -s ta in le s s  s te e l  rods co n ta in in g  1 wt » 

n a tu ra l boron provides r e a c t iv i ty  c o n tro l .  The s ix  f a s t  shutdown rods, 

c a lle d  s a fe ty  rods, decrease r e a c t iv i ty  by 6% Ak/k in  1.5 seconds and 

9% Ak/k in  3 seconds. A backup system can in j e c t  a potassium  t e t r a 

b o ra te  so lu tio n  in  the moderator to reduce the r e a c t iv i ty  by 2U$ Ak/k



within 15 second? after wctivatln. The- normal excess k is about 1.2) k 

at 20*C. A driver cycle is equivalent to about 9)0) M/D in the reactor.

The HWCTR is probably the most heterogeneous power reactor 

now operating. Notice that the 21 driver fuel positions are net uniformly 

spaced, but are interrupted at intervals. The gap permits internal piping 

connections to be made to as many as six isolated test positions with 

their own coolant syst*res. 5c the driver ring cannot be well characterized 

by a typical lattice cell as is generally don© in calculating large 

reactors. Interposed between the driver fuel and the test fuel are the 

control roos spaced at regular intervals. Twelve test positions are on 

a seven-inch triangular pitch, and each can be loaded with different fuel, 

loadings tested to date have varied from 15 lb/foot of natural uranium 

to 10 ib/ft of uranium enriched up to hX in U-23S* Both uranium metal and 

oxide in the form of rods and tubes have been tested. A central cluster 

of six control rods, generally removed from the reactor while operating 

produces a large moderator flux peak or a strong central flux depression.

LOW POKES FBJ5ICS TESTS AND COKPARlSOh WITH CALCULATIONS

The reactor was first made critical on larch 3, 1962, and 

has been operating at power since August 1962. In the interval between 

March and August, 1962, an extensive set cf low po >er physics tests was 

performed particularly to verify data obtained in a full scale mockup 

at temperatures up tc 5 0 * and to obtain additional data up to the 

operating temperature of 250*C. The 250*0 data is the first such 

critical data for a very heterogeneous D̂ .O reactor at high temperature.

Rod Worths

Rod worths were measured with the conventional period 

technique. Th< differential worth in k/cm was measured at several 

intervals in typical axial flux shapes and integrated over the f u2 l



rod lengtt. . The period re  a c t iv i ty  re la t io n s h ip  was c a lc u la te d  b> the 

Methods of Finn in  re fe ren ce  3- ip p ro p ria te  c o rre c tio n s  were nude fo r  

f a s t  f is s io n s  in  U-23£ and fo r  gwmna s e i f  s h ie ld ! ;^  which in flu en ces  

the e f f e c t iv e  photoneutron c o n tr ib u tio n . For a ty p ic a l  esse  the 

e f fe c t iv e  delayed neutron  f r a c t io n ,  b e ta , was in c reased  by the photo- 

neutrons from DaG to  about 3 . ? ^ .

F igu re  1 i s  a ta b le  o f the  Measured norths of the rods a t  

23*C and 2i*3,C. Rod worths were a lso  c a lc u la te d  using  a two-dime ns ions 1 

n u ltig ro u p  technique to  be describee, s h o r tly . In  the c a lc u la t io n , the 

rode ere  tre a te d  as boundary reg ions and the logarithm ic  d e r iv a tiv e  

was 8 f t  equal to  the re c ip ro c a l l in e a r  e x tra p o la tio n  d is ta n c e , # 

cc mputed fo r  a long b lack  c y l i r  in

Temperature C o e ff ic ie n ts

The r e a c t iv i ty  was Measured as a fu n c tio n  o f tem perature 

using the measured rod n o rth s  ju s t  mentioned. The c o e f f ic ie n ts  shown in  

f ig u re  $ a re  th e  Measured values fo r  two-core c o n fig u ra tio n s  and the 

c a lc u la te d  values using  the two-dim ensional m ultigroup model. Although 

these values ere  measured a t  e f f e c t iv e ly  aero therm al power and 

re p re se n t da ta  fo r  the iso therm al case the only o th e r im portant tem pera

tu re  dependent r e a c t iv i ty  e f f e c t  is  the Doppler c o e f f ic ie n t  in  the 

uranium fu e l-  Changes in  the  tem perature of the co o lan t and of the 

d riv e r  fu e l  produce an in s^ g n if  ic a n t r e a c t iv i ty  e f f e c t .  T herefore, a t  

power the  l a r  e moderator tem perature c o e f f ic ie n t  w ith a time co n s tan t 

of about 21 seconds determ ines the k in e tic  response of the re a c to r .

Flux Shapes

The Ff/CTR co n ta in s  ru, d ir e c t  f lu x  measuring dev ices. The 

in te g ra l  power d is t r ib u t io n  can be in fe rre d  from flow and tem perature 

measurements a p p ro p ria te ly  c o rrec ted  fo r  gamma h e a tin g . But th e re  i s  no 

d ir e c t  method fo r  o b ta in in g  the  a x ia l  f lu x  or power d is t r ib u t io n .  Sr



the meat important object j .--as t f the i< , ,.>oief teats a? to provide 

data so that a reliable conputati nai *, -el could oe davelapse.

Flux shapes wore measure i by insertin* a small copper tub*- 
in the center of each fuel element. Hie activation distribution in 

the tube was measured with a scintillation scanning system and the axial 

flux distribution *ar obtained directly from the scan. The radial and 

azimuthal distribution were obtained by integrating the axial uistrioutior. 
ano correcting for disadvantage factor differences between the various 
elements.

The next several figures (6, 7. 8, and 9) show radial anu 
axial measurements for several rod configurations.

Prior to the low power tests, & two-dimensional multigroup 

code P D Q - 3 ^  was used to obtain a preliminary estimate of reactor 
parameters. The early results were compared to the raockup data of 
reference 2. The geometrical model finally developed represents each 

fuel and control position discretely and /ith the volume characteristic 
of the fuel assembly. The results obtained with the Todel are quite 
sensitive to the assigned fuel volume. Figure 13 depicts the radial 

model in X, Y geometry. Thermal macroscopic constants are obtained by 
flux weighting material constants over a partial cell using the full 
cell flux shape calculated with a one-velocity approximation.

Although the driver fuel cannot be realistically characterized by a 
typical cell, results obtained using an equivalent 5*inch square pitch 
are satisfactory for obtaining the heterogeneous constants. Fast 
macroscopic constants are obtained for the homogenized partial cell 
with the itJFT code. ̂  We have developed a D^O library fer MUFT which 
yields ages in D20 as a function of H^C contamination in good agreement 
with the data developed by J. W. Wade of Savannah River Laboratory.^ ^



The a x ia l  kx»*Jl m  Xm c  dimension# i s  shewn in figur* 11. the 

annular rings are characteristic of the fuel ♦■Janes, rather than the 
cell v©lames. Constants are obtain.^ bj the same technique a aa for the 

radial problem.

Figure 11 presents two tables that compare meaattred and ca*- 
eulateu values of the important flux dependent parameter i • *-avg for 

two tei era tore extremes. With the t /< ;w!%>utntionaI models described 
we calculate the radian and azimuthal shapes to within i% and the axial 
shape to within t%%.

The effects of fuel depletion are calculated by similar t c- 
dimensional me thods usinp the TURJDC code. ̂  C ompar iso ns with gamma 
scans of irradiated fuel are within the tj% range for fuel exposed up 
to jOOQ tWD/ton.

CPHUT1HG PHILOSOPHY

Since all tests in HWCTh are in-core, the interaction between 
experiments and the reactor is much stronger than for most "test" 

reactors. We rely heavily on our ability to predict operating conditions. 

The reactor power is generally limited by heat transfer on some fuel 

element. This power determination is directly dependent on the power 

distribution which is obtained from the calculated power distribution.

In conclusion, let rae point out cne major difference in 

approach between operating HL/CTR as a test reactor and most test/or 

power reactors. In general, for a power reactor it is desirable to 

operate at maximum power for some set of conditions, usually limited by 

heat transfer. This implies that most efficient operation is obtained 

when the maximum to average power ratio is minimized. In the il/CTR, the 

objective as to operate so that all tests or as many as possible are 

operating at their design (usually heat transfer limited) condition.
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This frequently mi’ans sacrificing total power in order to obtain proper

radial snd azimuthal distributions. Hence, "best'1 operation frequently
occurs • .'hen the maximum to average power ratio is not minimized.
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