




MONTHLY PROGRESS REPORT 
FOR 

OCTOBER 1989 

Compilers: 

J. A. Johnson 
M. R. McSee 
D. L. Selby 

Contributina Authors: 

R. L. Battiste 
M. C. Billone 
J. F. Carew 
N. C. J. Chen 
G. L. Copeiand 
J, A. Crabtree 
f. C. Difiiippo 
R. F. Domagala 
(2, C. Eberle 
R. R. Fullwood 
W. R. Gambill 
Mv L. Gildner 
R. M. Harrington 
J. 6. Hayter 
M. Hayashi 

G. L. Hofman 
C. R. Hyman 
L. M. Jordan 
R. A. Lillie 
@. R. Luttrell 
B. H. Montgomery 
H. A. Mook 
W. R. Nelson 
L. C. Qakes 
R. E. Pawel 
F. J. Peretz 
f3, T. Brimm, 111 
e. 6. Queen 
J- Rest 
A. E. Ruggles 

T. L Ryan 
J. M. Ryskamp 
w. K. sartory 
H. B. Shapira 
J. L. Snelgrove 
W. F. Swinson 
R. P. Taleyarkhan 
H. R. Thresh 
C. 0. West 
T. C. Wiencek 
G. L. Yoder 
G. T. Yaha 
S. A. Pawadzki 

November 1989 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37831 
operated by 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 
for the 

US. DEPARTMEM OF ENERGY 
under Contract No. DE-ACO5-840R214OO 





Internal Correspondence 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

November 28, 1989 

Distribution 

Monthlv Proqress Report for October 1989 

The attached monthly reports are unedited, u&eviewed, timely reports of work done. In 
some cases, the work is incomplete or preliminary. In others, problems are identified that 
will, presumably, be resolved in later reports. I ask you, therefore, to be cautious in using 
this information; it has not been given patent clearance and is intended as a means of in- 
ternal communication. If you have any questions or reactions to any of the results reported, 
you could contact the author directty. 

Some items described in our monthly reports may be patentable, which is why f have been 
asked to remind you of the "warning" paragraph on the cover of this report, and of the sub- 
contract terms relating to such material. 

Your Monthly Progress Report contributions should be submitted to James A. Johnson, 
FEDC Bldg, MS-8218. However, if you are using the US. mail services, please note that 
our mailing address is Advanced Neutron Source Project, Oak Ridge National Laboratory, 
FEDC, MS-8218, P. 0. Box 2009, Oak Ridge, TN 37831 -821 8. Your reports are due to 
James by the 10th of the month, and reports received after that date will not be included in 
the Monthly Progress Report. 
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Colin D. West, Project, FEDC (4-0558) 
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WBS 1.1.7 - Structural Analvsis 

a) A series of analyses was performed to examine the impact that increasing the core 
central hole size would have on the fuel plate’s critical veloc’rty limitation (see 
Attachment 9). 

WBS 1.1.8 - Cold Source Development 

a) Mew estimates of the liquid fraction for the ANS cold source conditions have been 
obtained (see Attachment 10). 

WBS 1 .1 .9 - instrument DevebDment 

a) The ANlSN detector shielding calculations have been completed (see Attachment 12). 

b) The seventh issue of TRans is now available (see Attachment 12). 

WBS 1.1.11 - Neutron Pransoort and Shielding 

a) New calculations of neutron and gamma fluxes have been obtained using a highly 
biased quadrature for various positions in a beam tube (see Attachment 13). It should 
be noted that these calculations were performed for a radial beam tube configuration 
looking at the fuei. Therefore, the gamma and fast neutron fluxes are not at all what 
we expect to see for the no-line-od-sight beam tube geometry. 

WBS 1.1.1 2 - Instrumentation and Controls 

a) Dynamic model calculations have been performed to define expected power overshoots 
associated with reactivity transients {see Attachment 1 4). 

WBS 1.2.5 - Qualitv Assurance 

a) The AN$ Quality Assurance Plan has been revised to address comments from DOE- 
OR8 and to reflect recent ORNL organization changes (see Attachment 19). 

b) A Key Activity Review of the PS2 Reference Core Development has been initiated (see 
Attachment 19). 

WBS 1.3 - Reactor Svstems Develoment 

a) Two refueling system approaches are being considered {see Attachment 21). 
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ATTACHMENT 1 

ADVANCED NEUTRON SOURCE 
IDAHO NATIONAL ENGINEERING LABORATORY 

MONTHLY REPORT FOR OCTOBER 1989 

3 .  M. Ryskamp and E. L .  Redmond I1  
FTS 583-9533 o r  (208) 526-9533 

1.1.01.01.03 MCNP Modelinq of  the ANS 

During October more MCNP c a l c u l a t i o n s  were performed t o  further c h a r a c t e r i z e  
the ANS. Table 1 l i s t s  some of t h e  runs performed a s  well as  a few o f  the  
runs presented  i n  the September monthly. The co re  m u l t i p l i c a t i o n  f a c t o r  and 
i t s  s tandard  dev ia t ion  a r e  given f o r  each run. T h e  run number i s  a l s o  listed 
fo r  future reference. 

T A B U  1. MCNP AND PDQ CALCULATIONS PERFORMED IN SEPTEMBER AND OCTOBER 1989 

Run 

DO470 

.__ 

DD478 

ANS34 

ANS38 

ANS39 

ANS43 

DescriDtim 

PDQ-7 c a l c u l a t i o n  o f  graded fuel co re  model 
without  boron i n  the fuel end caps.  

PDQ-7 c a l c u l a t i o n  of  graded fue l  co re  model 
con ta in ing  boron i n  the fue l  end caps .  
Homogenized hafnium was p resen t  i n  the 
c e n t r a l  hole t o  the core midplane. 

MCNP c a l c u l a t i o n  o f  graded fuel co re  model 
wi thout  boron i n  the fuel end caps.  The 
D 0 S ( c t , B )  l i b r a r y  used was evalua ted  
a$ 400 K .  

MCNP c a l c u l a t i o n  o f  graded fuel co re  model 
con ta in ing  boron in  the fue l  end caps .  
The 020 S ( c t , @ )  thermal l i b r a r y  used was 
evalua ted  a t  400 K. 

MCNP c a l c u l a t i o n  o f  graded fue l  co re  model 
con ta in ing  boron i n  the fuel end caps.  The 
020 S(cr,@) thermal l i b r a r y  used was 
evalua ted  a t  30Q K. 

MCNP c a l c u l a t i o n  o f  graded fue l  c o r e  model 
model con ta in ing  boron i n  the fuel end caps .  
There was no S ( c r , j )  thermal l i b r a r y  used i n  
th i s  ca l  cul a t i o n .  

Core 
Mu1 t i p 1  i c a t i o n  

Factor  

1.2994 

1,0301 

1.2742 0.003Za 

1.1368 f. 0.0040 

1.1205 0.0045 

1.1343 0.0033 



TABLE 1. (continued) 

Run 

ANS53 

ANS5Q 

ANS45 

ANS36 

ANS46 

ANS48 

Core 
Mu1 t i  p l  icat  ion  

Oescri Dtian Factor 

MCNP calculation of graded fuel core mode? 1.1232 2 0,0033 
containing boron i n  the fuel end caps. 
There was no S ( a , J )  thermal l ib rary  used i n  
t h i s  calculation. The f ree  gas  temperature 
used was 300 K for  a l l  l iquid except the 
D 0 above the fuel elements which was 3 5 0  K.  
T6e f ree  gas temperature of the fuel and a l l  
A16061 was 350 K. 

MCNP calculation of graded fuel core model 
eantaining boron i n  the fuel end caps. All 
fowr control rods were inserted t o  core m i d -  
plane. The D20 S ( c u , B )  thermal l ibrary used 
used was evaluated a t  300 K. 

MCNP calculation of graded fuel core model 
containing boron in the fuel end caps. The 
D20 S(a,fi) thermal l ib rary  used was 
evaluated a t  300K. All four control rods 
are a t  the fu l ly  removed position (100 mm 
above the top element). 

MCNP calculation o f  graded fuel core model 
containing boron i n  the fuel end caps. The 
D20 S(a, f i )  thermal l ib rary  used was 
evaluated a t  300 K. A l l  faur control rods 
were fu l ly  inserted i n  the cent ra l  h o l e .  

MCNP calculation o f  graded fuel core model 
containing boron in the fuel end caps. A l l  
eight safety rads were fu l ly  inserted. The 
D 8 S(a,J) thermal l ibrary used was evaluated 
a t  300 K. 

1.0036 f. 0.0040 

1.1162 0.0040 

0.9014 0.0032 

0.8568 0.0030 

MCWP calculation of graded fuel care model 1.1302 f. 0.0033 
containing boron i n  the  fuel end caps. Four 
voided beam tubes were modeled. 
thermal 1 ibrary was used. The temperatures 
used far  the free  gas treatment were the same 
as ANS43.  

No S ( c r , f i )  

a The s t a t i s t i c a l  uncertainties reported with a l l  MCNP calculations 
represent one standard deviation. 



Thermal Neutron Flux Calculation for Control Rods Inserted 

An MCNP model containing control rods inserted t o  core midplane was run. 
Incorporated into t h i s  model was a reasonably fine segmentation o f  the 
0 0 ref lector  for  f l u x  mapping purposes. 
tgermal neutron flux prof i le  as calculated by MCNP and POP. Both axial 
profiles shown contain the peak thermal neutron flux as calculated by the 
respective codes. 
34.05 cm and 36.55 cm from the core centerline.  
35.88 cm from the core centerline. 
neutron flux prof i le  as calculated by MCNP and PDQ. 
Shawn contain the peak thermal neutron flux as calculated by the respec- 
t ive  codes. 
and 20.275 cm below the core midplane. 
below the core midplane. 

Figure 1 shows the axial 

The MCNP prof i le  presented was calculated between 
The PDQ prof i le  occurs a t  

Figure 2 shows the radial thermal 
Both radial profiles 

The PDQ profile occurs a t  15.1 cm 
The MCNP prof i le  presented was calculated between 14.35 cm 

The MCNP r u n  used for these figures was ANS5O and the corresponding POQ 
r u n  was DD478. MCNP and PDQ calculate the same general flux profile 
indicating t h a t  the PDQ flux prof i le  i n  the ref lector  i s  f a i r ly  accurate. 
However, MCMP predicts 5 flux peak of 7.5% higher t h a n  PDQ (7.9061E + 19 
versus 7.3527E t 19 n/m s thermal f lux) .  I n  rea l i ty ,  t h i s  difference i s  
more pronounced since the MCNP fluxes are evaluated from t a l l i e s  averaged 
over regions while the POQ fluxes are evaluated pointwise. 

The volume-averaged peak thermal neutron f lu  calculated by MCNP between 

PDQ cannot accurately predict the fluxes w i t h i n  the fuel regions. 
comparisons are presented. The f i r s t  compares PDQ and MCNP flux calcula- 
tions in the fuel when control rods are parked a t  core midplane. The 
second case compares PDQ and MCNP flux calculations i n  the fuel for the 
graded fuel core models without boron in the end caps. The total  flux i s  
compared as well as the fraction o f  total  flux i n  each g roup  averaged over 
each fuel element. 
control rods parked a t  midplane. 

TABLE 2 .  MCNP AND PDQ F L U X  COMPARISONS WHEN CONTROL RODS ARE PARKED AT 
CORE MIDPLANE 

0.0 and 0.625 eY i s  7.8945 & 0.1429 E+19 n/m h s .  

Two 

Table 2 shows th i s  comparison for the f i r s t  case: 

Umer Fuel Element 
PDO MCNP 

(00478) ( ANS 50 ) 

Total Flux (n/(m2S)) 

Fraction o f  Total F l u x  
Group 1 
Group 2 
Group 3 
Group 4 

8.7383Et019 

0.1807 
0 a 3926 
0.3480 
0.0787 

0.2196 
0 e 4033 
0.2951 
Q. 0820 



Lower Fuel Element 
PDQ MCNP 

(D0478) (ANSSO) 

Total Flux (n/(rn2S))  1.2024E+020 1.3660Et020 

Fraction o f  Total Flux 
Group 1 
Group 2 
Group 3 
Group 4 

0.1920 
0.3901 
0 3782 
0.0597 

0.2177 
0 0 4076 
0 D 4.046 
0 0 0701 

Table 3 shows the comparison for  the second case: 
without boron i n  the end caps. 

graded fuel model 

TABLE 3. MCNP AND PDQ FLUX COMPARISONS FOR THE GRADED FUEL CORE WITHOUT 
BORON I N  THE END CAPS 

- U P  
PDQ MCNP 

(00470) (ANS34) 

Total Flux ( n / ( m 2 S ) )  8.6214Et19 8.9523+19 

Fraction o f  Total Flux 
Group 1 
Group 2 
Group 3 
Group 4 

Total F1 ux ( n /  (rn2S) ) 

Fraction of  Total Flux 
Group 1 
Group 2 
Group 3 
Group 4 

0.1739 
0.3713 
0.3564 
0.0984 

0 .2 io5  
0.3921 
0.2870 
0.1104 

DQ470) (ANS34) 

7.2701E+19 8.1997Et19 

0.1613 
0.3699 
0.3909 
0 0 0979 

0.2096 
0 * 3898 
0.3040 
0.0966 

As these tables demonstrate, considerable differences e x i s t  i n  t h e  flux 
representation predicted by PDQ and MCNP. 
consistently occurs i n  Group 3, where MCNP predicts a lower flux. MCNP 
also predicts a higher thermal and f a s t  neutron f lux.  
t o  be consistent between PO9 and MCNP. 
enough t o  warrant concern for  some reactor parameters. 

The 1 argest differences 

These differences may be large 
Group 2 fluxes seem 
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Q2P S(a,BI Thermal L i b r a r y  Effects 

I n  September comparisons were made between cases u t i l i z i n g  the 300 K, 
400 K D20 S(a,/?) l i b r a r y  and no S(a,P) l i b r a r y .  
discovered l a t e r  that  the temperature specifications f o r  the free gas  
treatment were incorrect f o r  the no S(a,/?) case. Therefore, t h a t  
particular run was performed again w i t h  the correct temperatures. 
was used for a l l  0 0 except i n  the fuel and coolant out le t  channels 

l ibrary effect  i s  presented i n  Table 4 .  

I t  was 

300 K 

where i t  was se t  a ! 350 K .  A correct comparison f o r  the 020 S ( a , j )  

TABLE 4 .  THERMAL D20 LIBRARY EFFECTS 

Core 
Thermal L i  brarv  Run Number Multiplication Factor 

ANS39 
ANS38 
ANS53 

1.1205 ;t 0.0045 
1.1368 0.0040 
1.1232 5 0.0033 

The effect  on the core multiplication factor i s  negligible between the 
300 K S(a,fi) case and no S(a,/3) when the temperature representa- 
t i o n  for the free gas  treatment i s  approximately 300 K. 

The flux calculations, however, are severely altered when the S ( c r , B )  
i s  no t  used. 
C and 6 for  the three eases l i s t ed  i n  Table 4 .  The locations o f  the 
ref lector  regions can be found i n  Figure 1 of the September monthly. 

Table 5 shows the thermal neutron f l u x  i n  ref lector  regions 

TA8LE 5. D20 S ( U ! , ~ )  THERMAL LIBRARY EFFECTS ON THERMAL NEUTRON F L U X  

The energy range f o r  these thermal flux values i s  0 .0  - 0.625 eV. 

Thermal L i  brarv  Thermal Neutron F1 ux 
1019 n / ( m 2  sec) 

D20 Reflector Region 6 

480 K $(@,/I) 5.2864 t 0.0492 
300 K S(a,/ I )  5.3062 0.0493 
No S(a,B) 4.6813 3. 0.0421 

D20 Reflector Region G 

400 K S(a,@) 5.1938 5 0.0556 
300 K S(a,/3) 5.1597 F 0.0557 
No S(a,@)  4.3297 2 0.0468 



Table 5 shows l i t t l e  d i f f e rence  i n  t h e  f l u x  when e i t h e r  t h e  300 or 400 K 
S ( c r , f l )  l i b r a r y  i s  used. However, a 12 t o  16% d i f f e r e n c e  i s  seen when 
t h e  S(a,/?) l i b r a r y  i s  removed. 

As s t a t e d  i n  t h e  September monthly,  removal o f  t h e  S ( c r , f i )  l i b r a r y  
r e s u l t s  i n  app rox ima te l y  a 15% r e d u c t i o n  i n  r u n  t ime .  The above r e s u l t s  
i n d i c a t e  t h a t  f o r  a co re  m u l t i p l i c a t i o n  f a c t o r  c a l c u l a t i o n ,  remov ng t h e  
S(cp,J) l i b r a r y  would be acceptable and would reduce r u n  t ime ,  
H Q W B V ~ T ,  for  a thermal neu t ron  f l u x  c a l c u l a t i o n ,  removal of t h e  S a,p) 
l i b r a r y  would be unacceptable.  

1.1.01.04.02 

MCNP and POQ were used t o  determine t h e  e f f e c t s  o f  v o i d i n g  heavy water 
r e g i o n s  on t h e  co re  m u l t i p l i c a t i o n  f a c t o r .  
these c a l c u l a t i o n s .  
t h e  volume o f  t h e  vo ided r e g i o n  i s  l a r g e .  However, i t  can i d e n t i f y  t h e  
genera l  magnitude and t h e  s i g n  o f  t h e  r e a c t i v i t y  changes, as shown when 
comparing t h e  f i r s t  two rows o f  numbers. 

E f f e c t s  o f  D20 Vo id ins  on t h e  Core R e a c t i v i t y  

Table 6 l i s t s  t h e  r e s u l t s  o f  
D i f f u s i o n  t h e o r y  does n o t  g i v e  accu ra te  answers when 

For example, v o i d i n g  a l l  c o o l a n t  channels s i g n i f i c a n t l y  s h i f t s  t h e  f l u x  
spectrum i n  t h e  f u e l ,  making i t  harder .  T h i s  changes t h e  U - 2 3 5  c ross  
s e c t i o n s  t h a t  a re  used i n  t h e  MCNP model. However, t h e  PDQ runs used t h e  
same U-235 c r o s s  s e c t i o n s  as t h e  base case w i t h  heavy water .  
recomputed t h e  PDQ c ross  sec t i ons ,  we may g e t  b e t t e r  answers. 
t h i s  r e q u i r e s  a l o t  o f  work. 
s e c t i o n  changes and a l s o  t r e a t  neu t ron  s t reaming through vo ids  p r o p e r l y .  

I f  we 
However, 

MCNP can a u t o m a t i c a l l y  account f o r  c ross  

The c o r e  r e a c t i v i t y  drops w i t h  v o i d i n g  except i n  t h e  c o o l a n t  bypass 
annulus. 
bypass annulus. MCNP c o u l d  be used t o  check t h i s  va lue.  However, t h e  
s t a t i s t i c a l  f l u c t u a t i o n  may be l a r g e r  than t h e  d i f f e r e n c e  between t h e  
computed co re  mu1 t i p 1  i c a t i o n  f a c t o r s .  
d imensional  t r a n s p o r t  t h e o r y  c a l c u l a t i o n s  t h a t  c o n f i r m  t h e r e  i s  a p o s i t i v e  
r e a c t i v i t y  i n s e r t i o n  w i t h  v o i d i n g  i n  t h e  bypass annulus.  Vo id ing  t h e  
annulus ~ ~ I T I Q V ~ S  t h e  moderator j u s t  o u t s i d e  t h e  f u e l .  T h i s  produces a 
ha rde r  f l u x  spectrum pass ing o u t  through t h e  co re  p ressu re  boundary tube 
(CPBT). Thus fewer neutrons a re  cap tu red  i n  t h e  CPBT and more l e a k  i n t o  
t h e  r e f l e c t o r  where t h e y  s low down. The co re  r e a c t i v i t y  i nc reases  
s l i g h t l y .  

There i s  a smal l  p o s i t i v e  r e a c t i v i t y  i n s e r t i o n  when v o i d i n g  t h e  

ORNL has performed some one- 

I f  t h e  c o o l a n t  bypass annulus was w ide r ,  t h e  e f f e c t  cou ld  be worse. 
However, e v e n t u a l l y  when i t  i s  wide enough, t h e  r e a c t i v i t y  would drop w i t h  
v o i d i n g  because t h e  CPBT would be wor th  l e s s .  
v o i d i n g  t h e  wide plenum r e g i o n  below t h e  upper f u e l  element. 
s e l e c t i n g  t h e  bypass w id th ,  des igne rs  must be c a r e f u l  n o t  t o  make the  
w i d t h  t o o  smal l  j u s t  because o f  t h e  v o i d i n g  problem. With a ve ry  smal l  
w id th ,  t h e r e  may n o t  be enough heavy water  t o  coo l  t h e  o u t e r  f u e l  element 
s i d e  p l a t e  and CPBP d u r i n g  an acc iden t .  
hood o f  v o i d i n g  i n  t h e  bypass annulus, even though t h e  r e a c t i v i t y  
consequences would be v e r y  sma l l .  A l a r g e r  bypass annulus may p reven t  
s i g n i f i c a n t  v o i d i n g  f rom ever  o c c u r r i n g .  

Th is  was con f i rmed  by 
When 

T h i s  would i nc rease  t h e  l i k e l i -  



Voiding i n  the central hole i s  negative, even with control rods inserted 
t o  core midplane. Thus, the flux spectrum does not  sh i f t  enough t o  
significantly reduce the worth of the control rods. 
because the hafnium nuclides in the rods have h i g h  epithermal C ~ Q S S  
sections as well as high thermal cross sections. The rods are very b l a c k  
over a wide neutron energy range. 

This may be par t ia l ly  

The values l i s t ed  i n  Table 6 lead t o  void coefficients t h a t  are different 
from those used in the REtAP5 model. New void coefficients will be 
computed for  use i n  R E L A P 5 .  I n  addition, the MCWP values of control rod 
worth can be used t o  modify the current RELAPS values. 

TABLE 6. EFFECTS OF D20 VOIDING OW THE CORE REACTIVITY 

Change i n  Core 
MultiDl ication Factor (Ak) 

Voided Rea i on MCNP PDO 
-0 a 054 -0  .032 

Plenum above lower fuel element -0.024 -0.034 

Cool ant channel s 

Plenum below upper fuel element -0 006 

50 mm of void above upper fuel 
element 

Central hole with control rods 
a t  midplane 

-0.003 

-0.058 

Central hole without control rods -0.038 

Central hole below midplane with 
control rods a t  midplane -0.037 

C ~ o l  ant bypass annul us +O. 003 

10% void i n  en t i re  ref lector  tank -0 .021  

‘The s t a t i s t i c a l  uncertainties of the MCNP calculations a r e  typically 
- +0,084 for  one standard deviation. 

1.1.85.01.01 Characterize Central Control Rods 

Further studies on the central control rods were performed. The studies 
contained the four proposed control rods. 
rods modeled, the second study has the four control rods modeled a t  the 
fu l ly  removed position, the t h i r d  study modeled the control rods a t  the 
fu l ly  inserted position and the fou r th  s t u d y  modeled the control rods 
parked a t  the core midplane. A l l  o f  these studies were performed w i t h  
graded fuel core models containing boron i n  the end caps. 
presents these resul ts .  

The f i r s t  study has no control 

Table 7 



TABLE 7 .  CENTRAL CONTROL ROD CHARACTERIZATION RESULTS 

Core 
DescriDtion Run Number Mu1 t i  ~1 i cat i on Factor 

Base Case - No control rods ANS39 1,1205 .t_ 0,0045 

Control rods fully removed ANS45 1.1162 & 0,0040 

Control rods fully inserted ANS36 0.9014 2 0.0032 

Control rods inserted to ANS56 1.0036 t 0.0040 

(100 mm above t o p  element) 

core  midplane 

These results indicate that the current configuration o f  four control rods 
in the central hole i s  adequate to shutdown the reactor. The control rods 
a l so  have negligible reactivity effect when in the f u l l y  removed p o s i t i o n .  
These results a l s o  indicate that Four control rods inserted to core mid- 
plane are sufficient to reach criticality. 

A comparison o f  the change in the core multiplication factor as calculated 
by PDQ and MCNP for control rods inserted to core midplane indicates that 
PDQ does a good Job of estimating the control rod bank worths even though 
PDQ cross sections are homogenized over the central hole 
presents the change in the core multiplication factor as calculated by 
MCNP and POQ. 
control rods inserted t o  core midplane i n  a model that d d not previously 
contain control rods. 

Table 8 

The values presented represent the effect of placing 

TABLE 8 ,  THE CHANGE IN CORE MULPIPLICAYHON FACTOR FOR CONTROL RODS 
INSERTED PO CORE MIDPLANE 

Change in Core 
Mu1 tip1 ication Factor 

PQQ 
MCNP 

-0.1307 
-0.1169 



1.1.05 .01.02 Characterize Reflector Shutdown Rods 

A study was performed with the eight proposed ref lector  shutdown rods a t  
the fu l ly  inserted position. Table 9 presents the resul ts  of t h i s  study 
as compared t o  a case w i t h  no ref lector  rods present. 
were present in e i ther  calculation. The graded fuel core model containing 
boron i n  the end caps was used for  these studies. 

No control rods 

TABLE 9. REFLECTOR SHUTDOWN RODS CHARACTERIZATION RESULTS 

Core 
Deseri Dtion Run Number Multiplication Factor 

No shutdown rods ANS39 1.1205 & 0.0045 

8 ref lector  shutdown rods AM46 
fu l ly  inserted 

0.8568 2 0.0030 

These resul ts  demonstrate the reflector shutdown rods capabil i t y  o f  safely 
bringing the AN$ t o  a subcrit ical  s t a t e  when needed. 

1.1.11.02.0f Evaluate Reactivity Worth o f  Beam Tubes 

The September monthly showed a view of  the ANS w i t h  four beam tubes 
modeled. 
react ivl ty .  
beam tubes. 

During October th i s  case was run t o  see the beam tubes effect  on 
Table 10 compares two studies, one w i t h  and one without the 

TABLE 10. THE EFFECT ON REACTIVITY DUE TO INSERTING FOUR BEAM TUBES 

Core 
Descriotion Run Number MultiRl ication Fac tor  

No beam tubes AN543 1.1343 2 0.0044 

4 beam tubes ANS48 1.1302 & 0.0033 

These values indicate t h a t  the presence o f  beam tubes deem n o t  have a 
large e f fec t  on react ivi ty .  The effect  i s  expected t o  become more 
pronounced when a l l  proposed beam tubes are modeled. The total  e f fec t ,  
however, i s  n o t  expected t o  be much more t h a n  one percent on the core 
mu1 tip1 ication factor .  

I t  should be noted that  i t  i s  possible t o  easily model e l l i p t i ca l  
cylinders in MCNP. 
c i rcu lm,  i t  may be worth while t o  correctly model them. Currently the 
beam tubes are modeled as circular  cylinders. 

I f  the beam tubes are going t o  be more e l l i p t i ca l  t h a n  





ATTACWMENP 2 



Q
) 

U
 

_
p
_
I
J
 

e
m

 

E 8 8 8 I 
I
 



i 
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Fig.+ Comparison Qf power densities 
from 4 - group calculation to 39 - group 
powfar densities (4 gp - 39 gp)/39 gp 
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T'RHLE 1 

THERMAL FLUX F'RRAMETERS 
( B E G I N N I N G - O F - L I F E )  

I NTERMEU I ATE REFERENCE CORE VER. 2 

7 GROUP 

PEAK TIIEHMAL FL-UX I N  REFLECTOR 
I N i I Y t t Z  5 )  7.68E+l9 

E F F: I C: I E N  CY I M :k 1 - 2 1 2 .  85'1 

INNER RAI31$4L 430% MAX L U C R T I O N  (MIYI) 239. -7 

OUTER R A D I A L  80% MAX L O C A T I O N  (MM) E; 1 C! . b 

A X I A L  ( A T  PEAK) 80% MAX LOCA'T1S)RI (MM) -458.1 
157.1 

VOLUPIE bJ I TH Tl lERMAL FL.UX 1::. 80% 
O F  PEAK: VliLUE (L) 27.5.8 

-455.4 
195.3 

366.5 
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ATTACHMENT 3 
Internal Correspondence 

MARTIN MARIElTA ENERGY SYSTEMS, INC. 

November 1, 1989 

D. L. Selby 

Octobef 1989 Monthly Progress Report Eor the ANS Project (Heat Removal) 

In addition to the matters described in the attached report, I: participated in nine meetings 
concerning ANS R&D, decay heat removal, flow instability criteria, core operating limits, T/H 
loop design, and research reactor design methods. Additional heat transfer and pressure drop 
correlations were provided to J. R. Dixon, and dimensions of the conceptual spent-core transfer 
vessel were obtained from C. C. Queen for use in thermal calculations during November. 
Finally, it was noted that water-cooled aluminum has been operated during short-term tests at 
heat fluxes up to 46.0 MW/m2 (CHF tests by the writer, 1960). 

W. R. Garnbili 

WRG:mrm 

Attachment 

cc: R. G. Asmiller 
J. M. Begovich 
R. T. Primm, I11 
G. L. Yoder 
WRG File 



Heat Removal Monthly €%ogress Report for October 1988 
Advanced Neutron Source Project 

W. R Gumbill 

1. My letter report of October 19th documenting three proposed single-phase frictiom factor 
correlations for the ANSR core is incIuded as Attachment k Two additions% points are 
noted here: 

(a) For laminar flow in a flat duct (AR = m>, the hydrodynamic entrance length L+hy = 

V , R e  is 0.011. For the ANSR core (average AR = 68.111), my estimate of L+hy is 
0.016. 

If line segment d of Fig. 1 of the subject letter is adopted to represent transitional 
flow, rather than segment g, the former can be closely approximated by Eq. 14 of the 
letter-Le., simply by extending its lower h i t  from R e  = 4240 to R e  = 1500. 

(b) 

2 Additional critically-evaluated T/M correlations for project-wide use will have to be selected 
andlor developed in several areas, which include: 

(a) Single Phase: 
f for rod bundle flow (control rods in central hole). 
f for concentric annulus flow (gaps between outer side plates and the CPBT). 
Inlet loss coefficients (laminar and turbulent) for the core. 
Meat transfer coefficients (laminar, transition, and turbulent) for three geometries: 
rectangular channels, annuli, and rod bundles, 

- 
~ 

0 

- Flow instability criterion. 
* Incipient boiling heat flux (the upper limit of the single-phase regime)--for forced 

convection and for natural circulation. 
Two Phase: 
- 
- Friction coefficients (local boiling). 

Heat transfer coefficients (local boiling). 

CHF for forced convection, natural circulation, and blocked-base cases. 
Void fraction. 
Singularity BP (expansions, contractions, bends, e+). 
Bulk boiling (net vapor generation). 

* Film boiling (post-CHF region). 



- 
- 

(c) Related: 

Critical flow rate with flashing flow. 

Post-accident heat removal (debris beds, e.g.). 

Oxide growth rate correlation. 
- D,O properties (uniform set). 

As already stated in the Task Initiating Document for development of preliminary T/H 
correlations, documentation will include, in each case, the correlation, reasons for which 

chosen, variable ranges, validity limits, uncertainty estimates, and references. This task in 
its entirety is clearly a large and important one. 
For the current coping analyses of decay heat removal, preliminam single-phase heat 

transfer correlations were suggested; see Attachment B. These do _not include buoyancy 

effects, which are being evaluated separately. For the ANSR core, it appears that 
buoyancy will be unimportant at velocities exceeding about 1 m/s. 

3. 



ATTACHMENT A 

Internal Correspondence 
11- ~ 

MARTIN MARlEITA ENERGY SYSTEMS. IMC. 

October as, 1989 

0. L. Selby 

Propwed Single-Phase Friction Factor Relationships for the AHS% Core 

This letter report proposes "semi-fina$" single-phase friction fac- 
tor relationships for  the specific geometry of the ANS reactor core. 
Pamming friction factors are used throughout, and the fuel plates are 
taken to be hydrodynamicaably smooth (regarding which, see my letter of 
August 14, i 9 a w .  

1. Lamimar ~sretkerml i?%ow: For f l a t  ducts (iafinitely wide 
parallel plates), f Re =: 24, FOP the current reference core, the fuel 
plate spans are 92 and 8l m = 86.5 mna average. The aspect ratio AR, 
defined as the ratio of coolant-channel span to gap, is 86,5/1.27 = 
68.11, and the inverse aspect ratio a+ = l/AR = Q.Blb4?. Values of f Re 
vs, a* have been computed for fully developed laminas flow in rectangu- 
lar channels t o  sevew-digit accuracy, and these values have been repre- 
sented within 0.05X by Shah and London (1978):' 

- 23 e 53% 
Re ' f -  

in which f i s  f o r  larmintas, isothermal, f u l l y  developed flow, An exact 
treatmeat would have to account SOP the additional pressure drop in the 
hydrodysramie entrance region caused by the momentm change (from the 
change in the shape o f  the ve10city profile) and by the accumulated 
increment in wall shear for the devdoping flow as compared with devel- 
sped %Lowa. This can be done in terms of either the apparent friction 
%&3CtQK f which i s  bared an the total AI? from x = 0 to x 9  or o f  the 
iacrenentt?'AP number [Ktx) 1 whish ascoraaats only f a r  the difference 
betwean the total AP and the fully devel~ped Alp. This accounting has 
nse been done hare for two reasons: (a) Laminar flow is not experienced 
until Long times after shutdown when heat fluxes are relatively small. 
and therefore the most exact ca%culations are not needed, and (b )  im 
several laminar-flow cases examined in the resent past, the flow in 
approximately the downstream 90% of the core length was fully developed. 
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2. Laminar Heated Flow: When a flowing liquid is heated, f is 
decreased, but for laminar flow, this decrement has never been compre- 
hensively correlated. Nevertheless, work in this area over the past 
twenty years seems to have diminished to zero. The dependence can be 
expressed by: 

in which fh  is the friction factor for  the diabatic (heated) flow. The 
following tabulation summarizes the values of C and m which have been 
proposed for heated laminar liquid flsws. 

C Proponent (s 1 Comments - 
Sieder and Tate (1936)’ Tube flow 10/11 

Deissler ( 195113 Tube flow, constant 4 ,  u VS. 1 

Bonilla (195814 Empirically satisfactory 1 

Perry (1973 l6 Oils, chosen by Boucher and 1 

t: relation used corresponds 
approximately to liquid metals 

Test (196815 Oils, Re > 30, sign of m in 9 / 8  
paper corrected here 

Afves, based on Sieder and 
Tate 

m 

-0.2s 
-0.58 

- 

-0.32 
-0.20 

-0.38 

Of these, I recommend, on the basis of favorable past experience, 
Bonilla‘s farm - i.62.) 

Combining Eqs.  (2)  and (41, 

3. The Critical Re and Transitional Flow: Hanks (1966)’ showed 
that the Re, for rectangular ducts with AB 2 10 (i.e,, a* S 0.1) 
is 2800. For a completely disturbed (fully chaotic) inlet flow state, 
Hanks (196318 theoretically derived a Re, value of 2288 for a flat duct, 
Hanks’ 1966 result is in reasonable agreement with those of Davies and 
white (19281,’ who found Re, = 2920 for a* = 0.01, and of Beavers, 
et af, (1970),” who determined that Bec = 3400 f o r  a rectangular 
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channel (a* = 0.0145) with a symsnetric rounded entrance. The nominal 
isothermal critical Re is taken here to be: 

Discussion of the f - Re relation fer trawai%iswab flows will. be 
defe~red, to follow treatment of the important turbulent flow regime, 
At this p o i ~ n t ,  it is merely noted that for high AB (small a*) channels, 
the transition, laminar +* turbulent, is smoother (more regular) than 
that associated with tube f l o w  [Boeilla (1958) ,"  e.g. I. 

4. Turbulent IsstkemaE F l o w :  Until the mid-l!37(as, the approach 
universally taken to turbulent flow iw rectangular channels was to use 
the ~ Q U I X ~  tube f - Re curve, basing We and f ow the standard wetted 
equivalent diameter D This metRod correlated many rectangular channel 
data tQ within -95% &P 6 x Lo3 5 Be 5 500 x l o 3 ,  This approach, which 
is often a $ood-to-exeel%ent apprOXiIWtiOn, was treated at BQme length 
in a paper by Martnett et al. ( P 9 6 2 P  

Jones (19761,13 however, using all the available f data (a* = 0.025 
to 1.0), showed that f o r  rectangular channels f can indeed be obtained 
accurately from the tube curve for f vs. Re, E only i f  Re is based on 

The diameter Dg is approximated the "%aminar equivalent diameter" 
within 2.0% by: D% 

whish gives, f a r  the ANSW core, Bs/De Oe680l, After evaluating f from 
We based ~n D,, the standard De is used to eampute AP, This procedure 
redused the scatter in the experiments% f data %rem + 2 0 X / - 5 $  to f 5 X ,  

square dust: and are higher by 112 for infinice parallel plates than for 
a circular tube at the same Re. 

Equivalent to the preceding in accurac (27%), but more direct, is 
the correlation of Bhatti and Shah (1987)," which applies to rectangu- 
lar ducts with 0 I a* 5 1 and for 5 x 183 I Re 5 107: 

f = (1.0875 - 0.1125 a*) fT * ( 8 )  

in which fT represents tka turbulent tube-flow correlation of Tech0 
( 1965 : 16 

L Re 
1.964 In Re -3.8215 7 = 1.7372 In 

(fTI1 
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Equation ( 9 )  agrees with the von KArmAn-Nikuradse equation (with which 
the most accurate tube data agree within 22%) within i 0.1%. From 
Eq. (81, the ANSR turbulent f is given by: 

f = 1.0858 fT . (10) 

Some values from E q s .  ( 9 )  and (10) are: 

E 
f T Re 

f; 103 0.009330 0.010%31 
104 0,007718 O.QO8380 
5 104 0 .Q05227 0 .QQ5675 
105 Q.OO4502 0.804888 
3 x 10s 0 . 0036 18 0.003928 
106 O,OO2912 0,003162 

Three other f correlations have been compared with the preceding 
tabulation of Re vs. ANSR f. For Re = lo‘+ - lo6, the simple Cobburn- 
McMams relation f f 0.046/Re0” fits the values within +2.3% and -5.5% 
when the numerator is increased to 0.05 - i.e.: 

0,0500 
f = BeO.2 

Pot the same Re range, the INEL correlation:” 

fits the values within +3.2% and -4.7%; and the Filonenko correlation:’8 

0.2500 f =  9 

(1-82 log Re -1.6412 

fits within +1.6 % and -006% when rewritten as: 

0.2709 f =  . 
(1.82 Log Re -1.6412 

(13) 

(14) 

Equation (14) is recommended for the isothermal f It gives E 
values 8.362: higher than Filonenko’s original relati2$rp&. (13) 1 for 
tube flow. In Petukhov’s Nusselt modulus correlation, f appears three 
times, but that f is the Datcy friction factor (4 times Fanning). 
Therefore, the f relation to use in the Petukhsv correlation is: 

1 . 0836 - 
fDarcy (1.82 log Re -fo64)2 

(15)  
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Mote that the increase in f, which is related solely to the geometry, 
will increase the single-phase heat-transfer coefficient from the 
Petukhov equation by a similar, but unidentical, amount. 

5. Turbulent Heated PLOW: The relation proposed by Petukhov 
(1970)" for heating liquids: 

was based on turbulcnt-flow tI20 data and is recomeaded. The data base 
spanned the f ~ l l o ~ i n g  ranges: Pr = l , 3  - 10, Be = fa'+ - 2-3 x 185, 
and pb6ua = 1 - 2 . 9 .  Incidentally, for pb/uw = 1.0 to 2.5, Eq. (16) 
agrees with Eq, (4) within an average deviation of -2.2X. Note that 
for p 651 = 2 * 0 9  which i s  probably a representative core-average value 
~ Q P  tke hSW, Eq. (16) gives a decrease in f for turbulent flow a f  - 1 7 X ,  
while Eq. (4) projects a deerease in f for laminar flow of -2OI, Com- 
bining Eqs, (14) and (161,  

c - (:b'uw)l - 0 2 7 0 9  - 
(fpn)turb (1.82 log Re -1.6412 

6 ,  Transitional Isothermal Flow:  There appear t o  be no reliable9 
critically ewaluated corre1ationi for  friction (or heat transfer) coaf- 
ficients BpplieabLe PO transition f l o w  io rectangular channe~s o f  vati- 
QUI aspect ratios.. In Fig. 1, the isothermal. f correlations far  laminar 
and turbulent flows [Eqs. ( 2 )  and (1411 are shown as line segments a and 
g9  respectively. The transition region is represented by a rai~ imurrp 
boundary (b-61, a suggested m x h u m  boundary ( d ) ,  and by an approxi- 
mately CBnScarr~ f value ( $ 9 .  The transitisn-region wertica% scatter Of 
f data typical o f  rectangular ducts is shown by curve! ( c )  of pig, 2 for 
a small ~%3 channel (a+ = 2/79; the points  8t-e the classical, data of 
Nikuradse (1.t430).~' There is some indication in the ~itersrtura that in 
Fig. 1, the curve a-b-s-e is f ~ l l ~ w ~ d  as the flow rate inereasas, 
whereas with a deereasing fLow rate, e-d-a or e-g-a is the preferential 
path, 

Although path d gives maximum f values, it% terminal points are 
uncertain, and 1 now favor curwe g, i.e., 

for the range of Re = 2148 t o  4248. 

7. Transitional Heated Flow: Lacking any specific seetangular- 

channel data, 

@) trans 
I propose: 

= (?) -8*32 , 
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i.e., the same dependence as for laminar flow [Eq. (411. As noted fol- 
lowing Eq, (161, this relation is also acceptable for turbulent flow for 
the Limited range of u /u = 1.0 - 2.5. Combining Eqs. (18) and (191: l a w  

"0.32 

= 0.0f10 p-) . ( R 1 t rans 

8 .  Circular Tube Comparison: In Fig. I ,  the f - Re relation is 
also shown for smooth round ducts. For this case, f,, = 16/Re, f,, 1, 
is from Techo's cotrelatioa. [E¶. (911, and ftrans was computed with tge 
correlation of: CAuachiPf ( 1997 1 9 2 9  which encompasses all three f low 
regimes for tube flow, The proposed AtlSB. core f - Re curve (a-g-e) 
falls above that for tubes at d l  values of: Re. 

9. Concluding Remarks: "he f correlations proposed for laminar, 
turbulent, and transition flows in the current core are Eqs .  ( 5 1 ,  (171, 
and (201, respectively. Equation (15) should be used in the Perukhov 
heat transfer equation; no heating correction is applied to f in that 
instance, since the Petuichov correlation includes its own correction 
factor - i.eo, ( I J ~ / ~ , ) ~ ~ ~ ~  . TRe correlations are s u m m i z e d in 
Table 1, and the approximate core flow regimes are identified by per 
cent flow rate in Table 2. Changes in the aspect tario a* will alter 
each correlation to some extent; all relations needed eo calculate such 
changes are included in this letter. In computing the total AP? com- 
ponents other than frictional AI? must also be ca%culated; these include 
the acceleration (momentum change) AP, inlet contraction B P ,  outlet 
expansion AP, and hydrostatic AP. In addition, the €-Re relationships 
for flow paths parallel to the core will each be somewhat different. 
Examples include f low parallel to the group of control rods in the 
central hole and flow through the concentric annuli between the outer 
side plates of the fuel elements and the CPBT. 1 

Aa always, comments, questions, and suggestions are welcome, 

W. R. Gambill 

ce: J. M. Begovich B. S. h x o n  W. E, Thomas 
N.C.J. Chen E. Miller C. 0. West 
J. 8 .  Dixon F, J. Peretz G, L. Yoder 
B. M. Harrington H. Peueler W B G  File ( 2 )  
J. A. March-Leuba A. E, Ruggles 
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Table 1 

we range 

5 Re 5 2140 

"With a slightly increased deviation, 
Eq. (17) a l s o  applies t o  4.24 x lQ3 
5 Re c 1040 

Table 2 

Core Single-Phase Flow Regimesd 

Regime 

e1 - 4  Laminar 

aFor a conseaat power-to-flow ratio 
equal t o  that a t  full power, 



Hotat ion 

e 

m 

pw 

AP 

Be 

t 

X 

IJ 

channel aspect ratio ( s p d g a p )  

cross-sectional flow area 

coefficient in Eg. ( 3 )  

wetted equivalent diamete . (4a,/pw) 

laminar equivalent diameter [Ea. ( 7 11 

isothermal Fanning friction factor 

apparent Panning friction factor 

isothermal Darey friction factor (4 f >  

Fanning friction factor for a diabatic (heated) flow 

f for turbulent tube flow from Techo's correlation 

incremental pressure-drop number 

exponent in Eq. ( 3 )  

wetted perimeter of flow channel 

streamwise static pressure difference 

Reynolds number 

critical Reynolds number 

liquid temperature 

streamwise distance from beginning of channel 

inverse aspect ratio ( ~ / A R )  

liquid viscosity 

v i s c o s i t y  at bulk temperature tb 

viscosity at wall temperature tw 

wall heat flux 
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Re 

Fig. 2. Friction factors for f u l l y  developed turbulent flow in 
smooth circular ducts with rectangular indentations and in a rectangular 
d u e t .  





TI. TURB. AND TRANSITION FLOW 
For Re, 1 2300, use Gniebki ' s  (1976) correlation: 

Eqs (4) and (5) together are valid for Re, = 2300 - 5x10'. 
and Pr, = 0.5 - 2x103. 

CONTEXT: 
1. 

2. 

3. 

4. 

5. 

"Re Petukfiov correlation we 
best for Re 2 lo4 and Pr 1 0.5. 

been using petukhov and Popov, 1963 and 19701 is 

To include: the transition-flow regime, Gnielinski modified the simpler Petukhov-Kirillov 
correlation (1958), using Hausen's technique [ 1974, e.g.1. 

Eq. (4) agrees with Petukhov-KiriIlov wi/- f 5% at Re 1 104. 

The last two factors in Eiq. (4) are Petukhov's variable-property correction and Hausen's 
(LID) tern. 

In F&. (5), the 836% increase in the numerator is my correction for our geometry (letter 
of October 19, 1989). 





ATTACHMENT 4 
Internal CorresDondence 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 

November 13, 1989 

J. A. Johnson 
D. E. Selby 

ANS Reactor Core Analysis Task Monthly Progress Report for October 3 9 8 9  

Steadv State Thermal Hvdraulics Code Analvsis (N. C. J. Chen, W. R. Nelson, G. L. Yoder) 

A comparison between the thermal hydraulic performance of the E3 and E8 core neertronics 
has been performed. Figure 1 shows a comparison of the maximum permissibfe core power 
during the core lide for each core. These comparisons have used the same uncertainty 
assumptions as were used in the PS-2 design exercise. In this figure, if the curves lie above 
the desired 333 Mw thermal line, the core can operate at that level without exceeding the 
incipient boiling limit (uncertainties included). If the curves lie below the line, the core would 
operate in the nudeate boiling region. The figure indicates that the E8 design is an 
improvement over the E3 design at the end of core life; however, the E8 design still lies below 
the incipient boiling limit at the beginning of core life. Figure 2 shows a simiiar plot for just the 
E8 core; however, the second curve on the figure shows the predicted core performance with 
the uncertainties suppressed. An increase of approximately 40 percent in the maximum power 
is indicated with no uncertainties induded. 

Figure 3 shows the maximum centerline temperatures (solid lines) and corresponding oxide 
thickness (dashed lines) for each of the E8 cores over the fuel cycle. In this calculation, the 
standard Griess correlation has been used to calculate the oxide growth rate. Centerline 
temperatures and oxide growth have been calculated without using the uncerfainty associated 
with fuel segregation to predict oxide growth rate, but rather using the uncertainty associated 
with the hot streak. This method has been used because the oxide tends to decrease the 
local peaking factor as was implied by the August monthly report. This technique should be 
viewed as interim until a beater method is devised based on the hot spot uncertainty/oxide 
results presented in August. As is obvious from the figure, the lower core is limiting with 
respect to centerfine temperatures and exceeds the 400°C limit over about one half of the 
cycle. The limiting location within the core for both incipient boiling and maximum centerline 
temperature is always near the core exit, indicating that additional fuei may be moved nearer 
the core inlet to improve thermal performance. A similar calculation was performed without the 
uncertainties included and is shown in Figure 4. In this case, the maximum centerline 
temperatures are always below the 40Q"C temperature limit and oxide thicknesses are limited 
to approximately 25 microns. In order to examine the sensitivity of maximum centerline 
temperatures to the assumed oxide growth rate, the Griess correlation was divided by a factor 
of two and the caiculation (including uncertainties) was repeated. The results are shown in 
Figure 5. In this case, centerline temperatures remain just below the 400°C limit. 

Thermal Hvdraulic Correlation Selection (A. E. Ruggles) 

Graphical and tabular representations of the incipience of boiling limit and the departure from 
nucleate boiling limit (CHF) were distributed to various engineering and development personnel. 
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ATTACHMENT 5 

A N S  PROGRESS REPORT' FOR THE MONTH OF OCTOBER 1989 

Control and Core Developments 
E C. Difilipgo 

1. Control Calcu?ations 

The calculations were related to the effects of Xe transients on reactor parameters and the 
differential worth of the safety rods. 

a. Influence of Xe transients and control rods movements on the performance. The effects of 
the Xe transient on several parameters are shown in Table 1 for the case of the PS2 core, 
E8 grading (see ECD, progress report August '89). 

Table 1. Effects of Xe transients on Reactor Parameters (Case EB) 

Parameter BOL + Xe at full powef BOL NoXeb BOL NoXe + move CRc 

CR positiond (mm) 
k 
PlFd 
E( llrn2)f 

Power peak positiong 

Ffm peak position 

152. 
0.974 
214 
290 

167. 
-222. 

328. 
-192. 

152 
1.819 
2-11 
2.92 

167. 
-222. 

323. 
-192.. 

-25. 
0.9'99 
220 
2.9 1 

167. 
-252 

328. 
-222 

a&ginning of life (BOL) conditions with Xe at full power. 
BOL, no Xe, no change in control rod gosition. 
BOL, no Xe, control rod moved to compensate Xe reactivity. 
Bottom of control rod (CR) with respect horizontal Center he.  
Peaking factor. 
Rendernent. 
gPeak positions with respect to horizontal center line. 

b 
C 

d 
e 
f 

1 



The table shows that near BOL the Xe distribution in itself does not affect the position and 
magnitude of the p e a k  of the thermal flux and power distribution; but the movement of the 
control rods associated to the Xe affects the ffm and power distributions. 

With these new ca%cu%atians, it is possible to complete the picture sf the movement of the 
thermai flu% as function 0% time from the very beginning of the cycle (no Xe present) to the 
end, The r ~ u ~ t s  art shorn in Fig. 1. 

b. Calibration of Safetv Rods 

Integral and differential worth of the safety PO& described in FCD, September 1989 
Progress Report were computed for grading El0, BOL of the PS2 a r e .  Fipre 2 shows the 
results under two conditions: with and without the presence af regulating rods (see 
k p t .  '89 Progress Report for the methodology.) 

The effects of the structural parts of the control rods were simulated by simply extending 
the rods to "infinity7" the z coordinate in Fig 2 represents the distance from the top of the 
rsd to the upper active edge of the upper core, the rods move downward Ak/k means [k(z) - 
k(z=m)]/k(z-m) Le. the relative change of k with respect to the case of total withdraw (that 
is, total lack of control materials in the reflector). 

2. Core Calculations 

The iterative process to improve the power distributions continued. Case E10 corresponds 
to the following optimization criteria: the lower core and the bottom corner of. the upper 
core were optimized at 7 days, the outer edge of the upper core was optimized at 8 day 
and the inner part ai the upper cure was optimized at 14 days; this combination produced 
(to the present) the best results. 

Table summamizes the performarace of this grading. 

Table 2. Performance. of Grading E10 

kb 

0" 0,9726 14.89 13.44 1.97 2.90 
3.5 0.9734 13.39. 5-29 1-79 2-59 
7. 1.0232 11-74 135 ¶ -65 3.05 
10-5 0.9907 16.19 6.23 1.45 3.12 
14. 0.9895 8.65 0.036 1x5 3,m 

"Xe at equilibrium included (fission power 350 Mw). 
% is maintained near 1 by moving the control rods. 
'Peaking factor, maxiumm power density divided average. 
*Rendernent- 

2 



Figure 3 show the maximum temperature profile for the hottest channel at each t h e  step. 
Figures 4 to 9 show the entire temperature distribution as function of space and time. Note 
that the maximum fuel temperature would be ZB0C 

A warning about these results: 1) the power distributions were computed with a detailed. 
mode% but with only one thermal group so the power distributions are not very accurate. 
2) the thermal hydraulk cakulations correspond to the ease of a perfect core and 
correlations; no uncertainties are included in the madel. The working conditions in the 
simulation are: 350 Mw fission, 95% of which heats the fuel, 27.4 4 s  coolant velocity and 
49°C inlet temperature. 

Despite these limitations one concludes that the automatic procedure developed to tailor the 
power distributions works, the fmal accuracy will depend on the availability of accurate 
power dktniutions. 
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ATTACHMENT 6 

FUEL DEVELOPMENT AND EVALUATION 
OCTOBER 1989 

E. L. Copeland 

We are continuing to gather information ora the testing of U,Si, by JAERI in support of 
It appears that very valuable information for A N S  can be gained by its use in the JMTR. 

cooperating in these experiments. 

Preparations continue at Babcock and Wilcox for the rolling of the first full sized 
developmental plates for ANS. 

Work is continuing at Argonne National Laboratory (ANL) on fabrication development, fuel 
performance modeling, and the irradiation simulation. A quality assurance assessment was 
conducted by DOE in October on the ANS work at ANL. The written report is not yet available. 
The ANL contribution to the monthly report follows. 



ANL Contribution to the A N S  Monthly Report for October 1989 

I. Management/Experiment Design (J. L. Snelgrovej 

The WNL portion of the ANS fuels work was under budget by 533k at the end 
of FY 1989. An additional $75k in interim funding has been provided by O W %  
during October. The $9.08k avaliable thus far for FY 1990 will allow work to 
continue at a normal pace at least through the end of November. With the 
cutoff of RERTR funds for fuel development, w e  have requested $565k of ANS 

funds for FY 1990 to allow us to continue meaningful fabrication development 
along with the ongoing simulation and modeling efforts. 

II. Fuel Development and Fabrication (R.  P. Domagala, T .  C. Wiencek, and 
H. R. Thresh) 

As was done last monthl this report has been prepared before the end of 
the month in order to accommodate the travel schedule of one of the authors of 
t h i s  section (RPB) and still have the report at O W L  in a timely fashion, 

An important but time-consuming activity which took place in October was 
a DOE mandated and conducted Q-A lrassessment" of our work on this project. 
The actual assessment took place on October 17-18 but prior to that 
considerable effort had to be expended in reviewing the organization of the 
documentation of all the paperwork required for the assessment. This will be 
followed sometime in the immediate future by a written report by DOE personnel 
who will require explicit action and a written response to any items they may 
feel are not documented to their satisfaction. 

A total of 14 slices with a nominal thickness of 0.015 in. (0.38 mm) were 
cut from three different U-Si alloy ingots. These pieces have been delivered 
to R. C ,  B i r t c h e r  (ANL/MSB) f o r  ion-irradiation studies, The specific 
depleted uranium-base alloys cut include: ingot D259A, an as--are-cast alloy 
at a composition of 7 . 3  wt% Si, ingot D256, an as-arc-east alloy at a 
c ~ m p o ~ i t i ~ n  of 7 .0  w t %  Si, and ingot D266D, arc-cast and heat treated at 80OoC 
for 72 h at a composition of 4.0 wt% Si. All compositions are nominal since 
the cost Qf conducting anal.yse% was considered prohibitive. Nevertheless, 
based on our practise and experience with many other U-Si arc-melted alloys, 
t h e  true compositions are almost certainly very close to the nominal 
(intended) compositions. 

Plans are being formulated for the production of tapered-compact 
miniplates at U loadings in the range o f  -1.5 to 2.0 gU/cm3 in the 0.030 in. 
(0.76 mm) thick fuel zone of 0.050 in. (1.27 man) thick plates. Early 
experiments will be conducted with W powder as a surrogate fuel. The 
objectives of these experiments will be to determine how homogeneoinsly the 
fuel zone concentration of W (representing W3%i,) can be fabricated and how 
smoothly the concentration gradient will. develop at the longitudinal (ccapct 
taper) ends of the plates. 

Preliminary to work on the compacts and miniplates fabricated from them, 
we are conducting a thorough inventory of materials left from the RERTR 
program. Such items include W and A1 powders, B4C powder, 6061 clad and 



2 

frames, as well as dies and punches. With a restricted budget we must use 
existing materials and hardware to the greatest extent possible. 

Since the present ANS core design incorporates burnable poison at the 
ends of the plates, effort has been directed to locate sources of supply not 
only of BqC but also of "BORAL" a trademark product which apparently covers an 
AP-clad dispersed phase B4C-A1 composite in one instance but also describes a 
B-Al a l l o y  used as a master alloy in the aluminum industry. 
samples are being gathered although it is not clear that a commercially 
available product will satisfy the needs of the fabrication aspect of this 
project. Therefore, additional up-to-date information is being accumulated on 
B4C powder availability, size, price, and purity. 

Information and 

Finally, the 22 FANS described in several previous monthly reports are 
ready fox machining to final dimensions, at which point they become "HANS"' and 
will be identified as such according to serial numbers assigned by ORNL. 
These HEU units contain either UsSiz, UA12, UAI,, or U308 powders in the fuel 
zone. 

One point concerning the FANS should be recorded. In the radiographs 
taken after e-beam welding and He leak testing, a number of tiny "white spots" 
are visible at the top of several FANS. These particles are almost certainly 
bits of W which sputtered from the run-off and run-on tabs which are standard 
components of the fixturing for weld closures. We will identify the exact 
location, size and number of these particles and will discuss with cognizant 
personnel at ANL and ORNL if these particles should be removed or may be left 
in place. 

III * Other Tasks 

Postirradiation Examinations (G. L. Hofman, and L. A. Neimark) 

No report this month. 

Analytical Modeling (J. Rest, G. L. Hofman, M. C. Billone, and 
S. A. Zawadzki) 

In order to understand the recently observed rate dependence of fission 
gas bubble swelling in U3Si2, the effects of trapping of interstitials and 
vacancies on the irradiation-enhanced gas atom diffusivity are being analyzed. 
The concept of defect trapping has frequently been invoked to explain the 
improved swelling resistance of metals and alloys brought about by minor 
solute additions. In studies on the swelling behavior of irradiated alloys1 
it has been shown that solute segregation and trapping effects must be taken 
into account simultaneously in order to predict the temperature, the defect- 
production rate, and the compositional dependence of void swelling. Binding 
between defects and solutes can lead to the coupling of s o l u t e  fluxes to 
defect currents which, in turn, can cause a redistribution of solute and 

IP. R. Okamoto, N. 8. Lam, and H ,  Wiedersich, "The Effects of Defect Trapping 
and Radiation-Induced Solute Segregation on Void Swelling," Proceedings of 
the Workshop on Correlation of Neutron and Charged Particle Damage held at 
Oak Ridge National Laboratory, June 8-10, 1976. 
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solvent atoms in the material. Trapping of defects by solute atoms enhances 
defect recombination and thereby reduces the fraction of radiation-produced 
defects which contribute to the formation of dislocation loops and voids. 
Solute segregation can deplete regions away from sinks of strong trapping 
solute elements and, thereby, reduce the extent of defect recombination in the 
matrix and the swelling resistance of the alloy. 

In all cases reported to date, 'usmall sizea8 allaying elemewta segregate 
towards defect sinks if the fractional change in lattice parameter per unit 
change in solute concentration is taken as a measure of solute size in an 
alloy. The solute size effect may be associated with the formation o f  mixed 
C1QO> dumbbell interstftials in which an undersized solute, but not an 
oversized one, can occupy one end of the dumbbell. If tightly bound mixed 
dumbbells can migrate as complexes with energies Less than or comparable to 
the vacancy migration energy, the mixed dumbbell component will constitute a 
large fraction of the total interstitial flux to sinks. As the solute 
concentration builds up at sinks, back diffusion induced by the concentration 
gradient increases. If back diffusion occurs predominantly by the vacancy 
mechanism, solute segregation to sinks, and hence, solute depletion of the 
matrix may become especially severe under conditions which favor relatively 
long transient times and low vacancy mobilities, i.e., low defect production 
rates and low temperatures. 

Appreciable void swelling is not expected in U3Si2 at the low 
temperatures characteristic of the miniplate irradiations (significant void 
swelling in the A 1  matrix arid cladding is a pogsibility). However, as the 
fission spike-induced gas atom diffusion coefficient can be expressed as a 
function of the effective Concentration of vacancies, a reduction in the 
vacancy population will have a direct effect on the long-range diffusion of 
gas atoms and, thus, on gas bubble swelling. The fission gas bubbles, on the 
other hand, act as sinks for vacancies and as possible sites for: defect 
recombination and, thus can, in principle have an indirect effect on the 
mobility o f  the gas atoms, In addition, defect structures w i t h i n  the matrix 
( e . g . ,  dislocations), act as sinks f o r  gas atoms and as sites for preferential 
bubble growth.* 
(dislocations) may be analogous to solute segregation in metals. Bubble 
segregation can deplete regions away from sinks of bubbles and, thereby, 
reduce the extent of defect recombination and vacancy getting (by bubbles) in 
the matrix and subsequent matrix bubble growth. A theoretical model is in the 
process of being formulated in order to assess the viability of the above 
ideas. 

In effect, the effects of bubble segregation to sinks 

'J. Rest, G .  L, Hofman, and R. C. Bir tcher ,  "The effect of C r y s t a l  Structure 
Stability on the Mobility of Gas Bubbles in Intermetallic Uranium Compo~nds,'~ 
to be published in the proceedings of the 14th International SppoaL 'Urn OR 

Effects of Radiation on Materials, June 27-30, 1988, Andover, Massachusetts, 
and J. Rest, G. L. Hofman, and R. C. Birtcher, "The Effect of Crystal 
Structure Stability on Swelling in Intermetallic Uranium Compounds," to be 
published in the proceedings of the 1988 International Meeting on Reduced 
Enrichment for Research and Test Reactors, San Diego, CA, Sept. 19-22, 1988. 
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Ah18 Corrosion Test Loop 
R. E a Pawel G.L.Yoder 
M ., T .McFee B.M.Montgomery 
S.P.Baker T.J.Henson 
d', F. King J e D. McNabb 
Q B . Cavin %.D.Ckitwood 
R. R. Leedy 

1. CTEST No.15 was completed on October 6 ,  1989 after 2 4  
days of operation. As noted in the last Monthly Report, this 
test was the second in the series in which the heat f lux  is being 
varied while holding the inlet coolant temperatures and coolant 
velocities constant. For an average heat flux twice that of 
CTEST No.14, the oxidation rate w a s  more rapid, but films of only 
modest thickness were measured at the conclusion of the 
experiment. In addition, a heavy Fe-rich layer was apparent and 
no spallation was found. The calculated rate curves for CTESTS 
No.14 and No.15 are given in Figures 1 and 2. 

significant difference in thickness observed along the length of 
the specimen. While the average thickness of the film was small 
( 4  or 5 pm), as indicated in the Figure, it also  exhibited 
numerous irregular areas - a f e w  were much thicker. Such 
features have been observed previously and are apparently common 
in the thinner films, or in the early stages of growth. 

CTEST No-15 exhibited a higher rate of film thickening. The 
rate curves drawn in Figure 2 are computer-smoothed curves and do 
not really include an apparent change in the rate behavior after 
about 108 hours. The cause of this inflection is not known, but 
the coolant pH was observed to increase from its initial 
operating range { 4 . 9  to 5.0) up to about 5.1 for about 12 hours 
during this time period. 

CTEST No.14 exhibited very little oxide build up, with no 

2 .  CTEST No.16 w a s  the third in the above series with the 
average heat flux set at an pverage heat flux of three times that 
of CTEST N0.14, or 18.6 MW/m. This was the highest power level 
(by almost 20 percent) that has been undertaken in our testing 
program. 
following loop parameters: 

The test was started on October 17, 1989 with the 
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Coolant pH = 5, 
Average Heat Flux 
Coolant velocity = 25.6 m / s  
Inlet coolant temp = 4 9 , O g :  
Mid-%pec coolant temp = 69.OC 

= 18.7 W/m2 

Inlet coolant pressure = 3,7 

About fou r  hours into the test, the computer control system 
aborted the run for an as-yet-undetermined reason. After 
checking the DAS f o r  potential causes, the loop was restarted 
(carefully!) the next morning without difficulty. The response 
of the system at this time implied t h a t  no profound change in the 
thickness OF properties of the oxidation product had taken place. 
The experiment was continued until October 2 6 ,  1989, where after 
58 hours of operation it was stopped with measured temperatures 
at the hot end of the specimen at about 48OoC. 

Figure 3 ,  showing rapid increase in the film thickness 
particularly at Position 6 on the specimen ( 2 5 m  from the coolant 
exit end). These preliminary results indicate $pat the heat flux 
in the hot  end of the specimen exceeded 21 MW/m near the end of 
the experiment. While not apparent from the rate curve, 
spallation had commenced at Position 6 .  Examination of this 
region at low magnification revealed the presence of several 
#Eeruptions9E of the type found in CTESTS No.7 and No.10. 

Calculations based on tear-sheet information are given in 

3 .  A letter report (REP ts BHM, h0/10/89) addressed the 
suProbabiPity and Consequences of Local Specimen Failure during 
Hot-Spot Test (presently set-up as CTEST No.17) in ANS Corrosion 

(1) with careful monitoring o f  the loop parameters, 
conditions are favorable f a r  a rou t ine ,  trouble-free experiment; 

( 2 )  if pressure-drop and resistance indicators are not 
sufficiently sensitive, then breaching of the specimen may occur 
if the experiment were inadvertently allowed to run for too long; 

( 3 )  catastrophic burning of the aluminum is extremely 
unlikely to occur, even in the event of partial or complete burn- 
through ; 

( 4 )  If the specimen were breached by a local melt-through, 
the safety system would quickly terminate the experiment without 
serious safety or environmental consepences; 

(5) If the breach ef the specimen w e r e  virtualby 
instantaneous, and resulted in a complete loss o f  electrical 
path, there would be a substantial arc, Rowever, we feel that it 
should be localized to the area of the failure and contained by 
the specimenls stainless steel back-up platas,  

Test LoQp'gB The eonclusisns of the i n q u i r y  w e r e  that: 

4 .  The Pool Boiling Corrosion Experiment was reassembled 
during the month of October, and the data acquisition program 
was completed. A watchdog timer was installed between the PC 
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and the power supply which monitors the PC to ensure that the 
data aequisition/safety software is operating at all times during 
the test. If the timer detects that the system is not 
operating, it automatically shuts off the power supply. 

An operating procedure is presently being prepared for the 
init ial ,  test. The shakedown test will use four thermocouples 
internal to the heater element and untreated demineralized water 
in the pod,. This test will be used to ensure that unattended 
operation of the experiment can be accomplished. Heat flux 
levels during the test are expected to be approximately 0.5 
Mw/m2* (GLY) 

w, r1)3b$ 
R,E.Pa e 4500-5, T-32, MS-6156, 4-5138 

ANS CTEST N0.14 
, ( p k 5 . 0  vc=75.6 rn/s Fmg=fi.2 M#/tn2) 

(TC;=4@C Tc,.t63*C) 

0 50 100 150 200 250 308 .J50 400 450 500 
TIME (HOURS) 

Figure 1. Calculated Film Growth for CTEST No.14 
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MARTIN MARIETTA ENERGY SYSTEMS, INC. 

October 4, 1989 

B. H. Montgomery, FED@, MS-$218 

A Still More Reductionist Slice of the Corrosion L ~ O D  Data 

Ttne corrosion loop data seem to establish that pH, inlet water temperature and bulk water 
temperature are major parameters influencing the oxide growth rate. Bulk temperature in 
particular may be only a surrogate for some underlying physical variable, such as. interface 
temperature or the increase in water temperature above the inlet temperature (which presumably 
could significantly affect the solubility of some species present in the inlet water). 

Other variables that may or  may not affect the growth rate, but which seem in any case to b e  less 
sensitive, are heat flux, oxide thickmess, and coolant velocity. 

W e  now have lots of plots bo help us to begin isolating the effects of different variables, and 1 wish 
to prepare yet anather. Near to the inlet end of the specimen, the bulk temperature and the inlet 
temperature are nearly equal, i.e., they are nab variables independent of each sther, Near to the 
beginning of the cycle, the oxide thickness is  nearly zero, Tnesefore a tabulation of the initial 
oxide growth rate measured at thermcuccauple 1 or 2 in each of the pM=5 - 0 runs would give us a 
data set in which some of the variables (specifically pH, oxide thickness, and the difference between 
bulk and inlet temperatures) do not in fact vary. If you agree, I should like to gather these data 
in the form of the attached table and perhaps as plots also. 

Y Director, A N S  Project 
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Test No. 

11 

10 

8 

14 

15 

9 

13 

5 

T 

Tia, "C 

Table: pH = 5.0 Growth Rates 

39 11.9 19.2 

39 15.7 .-- 255 

43 11.7 2x4 

49 6.2 . I  25.6 

49 12.4 

57 12.0 

67 10-6 

75 53 

80 11.6 

.- 

25.5 

27-8 

128 

24.2 

'Average 
%me zero slopccalculated from the fitted thickness vs time curve at thermocouple No. 2 
lnitiaf sbpe, where pH = 5, on@ 

plot 
Initial growth rate vs inlet temp for 10-12 Mw/m* mns (11, 8, 15, 9, 13, 7) 

CD W/lO-O4-87 



Results presented in response to the memo (West to Montgornery, 10-4-89) are very 
interesting. Figure 1 plots only those points (from CT 7, 8, 9, 12, 13) for which the heat 
flux is almost the same (10.4-11.6 MW/m2 - see table below). The points appear to lie on 
a good, straight line, shown in the figure, whish is a least-squares fit. Here, then, is a 
limited but useful start to the correlations we weed: for aluminum plates cooled by pH5 
water flowing at -20-30 n/s. the initial growth rate of oxide near the inlet is linearly 
dependent om inlet temperatures, in the range 4Q-80°C, with the numerical relationship 
given by rate of growth (mierometers/h) sz .0039 x Tinlet ("C) - 0.154. Inspection of the 
points suggests that an exponential. may be an even better fit, and this will be tried in the 
future. 

Moreover, the initial growth rates near the inlet do correlate with the interface 
temperature, CT 11 having almost the highest interface temperature but the lowest growth 
rate. 

Table 1. Conditions for pH 5, 10-12 MW/m2 tests 

Initial 

Tinlev flux: Vwolant  Tti"lk,ll Tinterfaas' rate, 
Heat m 

Run no. "C MW/m2 m/s .e "C P J d h  

11 39 11.6 19.2 44.2 14'7.0 .mu 
8 43 11.5 255 47.2 127-7 .om 
9 54 11.6 2 5 5  61.0 137.6 .CUl16 

13 6Mb 10,4 27.9 64.0 127-1 ,of564 
7 79 11.4 24.3 83.1 149.6 .I6440 

a 
At TC 2 location. 

At beginning of test - later raised to 67°C. 
b 

In Fig. 2, the results from three other tests (CT 5, CT 10, and CT 14), that were carried 
out under different conditions, are plotted. For @r 10, all the conditions were similar to 
those used in deriving the straight line correlation, except the heat flux7 which was higher. 
The oxide growth rate was also higher than the correlation. Similady, for @.%. 14, with a 
lower heat flux, the oxkk growth rate was also Iower. For C T  5, the heat flux was again 
lower, and so was the coolant velocity, and so was the growth rate. 

The results from CT 10 and CT 11 are also consistent with a sensitivity to heat flux and/or 
coolant velocity, or to some related variable such as metal temperature or oxide 
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temperature. These two tests had the same inlet temperature and very similar bulk 
temperature (at the TC 2 location). However, the growth rates - even near to the iniet 
and early in the cycle - were vehy different, as shown in Table 2. The factor four 
difference in growth rate is surprisingly large, and may reveal an undesirably high 
sensitivity to operating conditions. 

Table 2. Initial growth rates and conditions in cf 5, IO, 14, and 11 

Initial 

Tinlev flw" VoOolaaO TbUW0 T. mterfam, rate, 
Heat growth 

Run no. "C MW/m2 m/s "C "C SLd 

a 

5 75.5 5.2 12.9 78.8 136.7 .05453 
14 38.1 5.7 25.7 40.3 83.6 .O0803 
10 37.5 13.1 25.6 42.2 135.5 .02363 

11 38.7 11.6 3.9.2 44.2 147.0 .00527 

a 
At the TC 2 location. 

C. D. Westill-10-89 
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October Monthly Progress Report for Stnrcturaa Analysis Activities on A N S  

1. Flow Test of A Single Involute Euom Plate (R. L. Battiste, W. 3". Swinson, and 
G. T. Yahr) 

Preparation continued for a test to evaluate the structural response of an involute plate 
as water flows past on both sides through involute channels. The test plate is made from 
epoxy because the low modulus of elasticity of epoxy lowers the critical velocity. Data 
from these tests will pro%de important data for benchmarking the analytical methods that 
are used to design the involute fuel plates for ANS. 

A pressure regulator was received and installed to reduce the pressure variations in the 
demineralized water supply which was earlier observed to fluctuate between 0.97 MPa 
and 1.65 MPa. The pressure regulator has reduced the pressure fluctuations to less than 
t 0.1 MPa. This should be acceptable for the initial test. 

Strain gages and lead wires were mounted on the epoxy test plate. Final assembly of the 
epoxy plate and the aluminum involute side plates into the test housing will be done next 
month in preparation for the test. 

2. Studies to S u ~ p o r t  ConceDtual Core Desim Committee (G. T. Yahr and 
C. R. Luttrell) 

A series of analyses were done to examine the effect increasing the inner hole size af 
the PS-2 core has on the maximum allowable flow velocity. The fueled volume, including 
the flow gaps, was held constant at 67.4-L and the fueled length of the fuel elements was 
held constant at 474 rnm. The fueled annulus of the upper and lower elements and hence 
their cross-sectional areas were allowed to be different so that the collapse velocity was 
approximately the same. The involute plates were 1.27 mm thick and there was a 1.27 
rnm flow gap between plates. The involute generating radius was the inside radius of the 
fueled area. 

Calculations were done for six different inner hole sizes. The results of the calculations 
are given in Table 1. The Miller method was used to calculate the collapse velocity for 
each of the elements. The maximum velocity was determined by multiplying Miller velocity 
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by 0.8 to account for intermittent welding of the involute fuel. plates and dividing by a 
factor of safety of 1.5, The inside amd outside radii listed in Table 1 are to the inside and 
outside of the heled regions, Side plates are 7 mm thick thus, the inside core diameter 
of the first case in Table 1 is 19Q mm and the outside core diameter is 496 rnrn. As can 
be seen there are small differences in the velocities for the upper and lower fuel elements. 
The lower of the velocities for the upper and lower elements are plotted as a function of 
inside core diameter in Figure 1. The PS-2 design flow rate of 27.4 rn/s is shown as a 
heavy horizontal line. This figure indicates that increasing the inside core diameter to 312. 
mm would provide a core that i s  not subject to collapse. This is an increase of 64 percent 
compared with the PS-2 inside core diameter of 190 mm . The corresponding increase 
in the outside diameter of the core would be from 496 mrn for PS-2 to 562 mm; only a 
13 percent increase. 

3. Analytical Prediction of involute Plate Hvdraulie ImstabiliW (W. K. Sartory) 

Exploration of a dynamic extension of the Miller-type flat-plate model of the involute 
instability problem is continuing. This model incorporates realistic boundary conditions 
at the channel. entrance and exit to construct normal vibrational modes of the fluid-plate 
system. Numerical roundoff difficulties repc;r%ed in the previous report have been 
overcome, and results that are interesting in two respects have been abtained. 

First, the predicted instability threshold is around 1.8 to 2 times the Miller velocity. This 
is exacsuraghg because experimental results of swksaert seem to indicate stability above 
the Miller threshold, and because it might be helpful to the A N S  design if both ana%ytical 
and experimental evidence demonstrating stability well above the Miller velocity can be 
assembled. (As mentioned last month, investigators have reported analytical findings 
that dynamic stability models predict instability far below the Miller velocity for 
disturbances of long wavelength. It appears the application of boundary conditions at the 
fluid entrance and exit eliminate such predictions.) 

Second, the calculated mode shapes indicate that the deflection af the first marginally- 
stable mode is greatest at the plate inlet. It is know from experimental results that plate 
collapse occurs first at the inlet. Some investigators have proposed ad hoc models of lift 
at the plate inlet to account for this observation. It is encouraging that collapse at the 
inlet can be explained without such special-purpose mode%s, 

One approach to apply these flat plate results to involute plates is to artificially stiffen 
the flat plates based on finite-element involute deflection calculations, until the flat plates 
are as stiff as the involutes, and then to make the hydrodynamic stability calculations. 
Such stability calculations are planned. 
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Work is also beginning ora a full involute plate model of the type described above. 

U 
G. T. Yahr, 9204-1, MS-8051 (4-0746) 

GTY:tmp 

Enclosure 

cc: J. M. Corum 
D. L. Selby 
C. D. West 
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Table 1. Effect of increasing inside core diameter on the collapse velocity of AMs core. 

Case Number 
Lower Element 

Inside Radius (mm) 
Outside Radius (mm) 
Plate Span (mm) 
Miller Velocity ( d s )  
M e u r n  Velocity ( d s )  

Upper Element 
Inside Radium (mm) 
Outside Radius (mm) 
Plate Span (mm) 
Miller Velocity (m/s) 
Maximum Velocity (m/s) 

E 

102 
169 
89.01 
4131 
22.30 

176 
241 
97.00 
42.16 
22.49 

Inside Care 190 
Diameter (mm) 

Outside Core 496 
Diameter (mm) 

2 

130 
191 
75.31 
47.54 
25.36 

198 
255 
65.20 
46.99 
25.06 

246 

524 

3 

165 
219 
62.84 
51-92? 
27.69 

226 
275 
54.31 
5217 
27.82 

316 

564 

4 

179 
230 
58.27 
53.64 
23.61 

237 
284 
51.66 
52.94 
2824 

344 

582 

5 

187 
237 
56.69 
53.93 
28.76 

244 
289 
49.15 
54.49 
29.06 

360 

592 

6 

220 
264 
48.40 
57.45 
30.64 

271 
312.5 
44.68 
56.68 
30.23 

426 

639 
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ANS Cold Source Thermal-Hydraulics Progress ReDort, October, 1989 

Fabrication of the cryogenic viewport assemblies has been resumed, with installation in the 
bath dewar expected soon. 

New estimates of the liquid fraction are reported. The results are quite encouraging. 
Some unresolved and troublesome issues relating to the liquid fraction estimates are 
discussed. 

716 T. L. Ryan 

TLR : ldg 

Attachment 
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AN§ Msnthlv Promess Report, October, 1989 

Thermal-Hydraulic Experimental Facilities 

A visit was made to the Astronautics Group’s Engineering Propulsion Laboratory in 
Littleton, C6, where we toured the National Aerospace Plane Slush Hydrogen 
Ekperimental Facility. We learned some things which will help in the A N S  Cold Source 
R&D programg and are considering performing Hz/Dz experiments at the EPL facilityy, 

The fabrication and installation of the cryogenic Viewport assemblies for the 
Characterization Test Article bath dewar had been delayed because. of tolerance problems 
with tubing. Heavikr-walled material was procured so that the critical parts could be 
accurately machined. The materials were received and fabrication activities have resumed. 
The results to date are quite good. 

Thermal-Hydraulics Modelling 

Efforts to accurately predict the pool liquid fraction haye continued. The relevant figures 
were inadvertently deleted from the previous monthly report, sa portions of last month’s 
report are repeated herein. 

Figures 1 thru 3 show the latest estimates of the liquid fraction (by volume). Figures 1 
and 2 are calculations based on the model developed by Kazimi and Chen’ (hereafter 
denoted as the KC model), and Figure 3 i s  based on a model developed by Ginsberg, 
Jones, and Chen2 (hereafter called the GJC model). Each model assumes that heat is 
volumetrically deposited with spatially uniform heating density, that volumetric heating 
o;ccp~rs only in the liquid phase, that the pod has a constant cross-section with an open 
top7 and that the entire heat load is removed by vaporization. Some limitations of the KC 
model are discussed in last month’s report Many of them also apply to the GJC model, 
The GJC model, is based on a more rigorous application of the two-phase flow drift tiux 
model. Also, its authors compared it to a much larger body of data. I therefore believe 
it is the better model. 
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Referring to Figures 1 thru 3, some important points are evident. They include: 

I. 

2. 

3. 

4. 

The KC model predicts a liquid fraction for the ANS cold source of -62%. This 
is based on a 0.42 rn pool depth, hence a 0.26 m (0.42 x 0.62) collapsed liquid 
depth, at 0.15 MPa operating pressure. The GJC model predicts a -73% liquid 
fraction for the 0.42 m pool depth. 

The liquid fraction can be increased by elevating the operating pressure. For 
example, considering the 0.42 m deep pool at 0.30 MPa pressure, the KC model 
predicts a -68% liquid fraction. Raising the operating pressure would, however, 
require structural and operational modifications which may prove unacceptable. 

If the fluid properties and heating density are fured, the liquid fraction depends only 
on collapsed fiquid height, assuming that pool dimensions are large compared to 
bubble dimensions. Thus the p l ' s  cross section does not affect the mean liquid 
fraction if the pool has straight, vertical sides (Le., flow is one-dimensional). 

The KC model predicts a liquid fraction for ILL with 5 kW total heat load and 0.38 
rn pool depth of -71%. The measured value is -80%. This yields - 11% error 
on liquid fraction, -45% error on vapor fraction. The GJC model predicts -83% 
liquid fraction, giving -4% error on liquid fraction and - 15% error on vapor 
fraction. I think that any 
adjustment for ILL'S spherical geornetq would lower the predicted liquid fraction. 

Geometry effects certainly introduce some error. 

A major difficulty with both models arises with respect to the two-phase flow regime. The 
KC model simply assumes that flow is churn-turbulent (C-T). The GJC model can be 
fomdated for either bubbly or C-T flaw; my calculations are based on C-T flow. The 
experimental and theoretical results have generaliy been presented with vapor fraction 
expressed as a function of dimensionless velocity (see Figure 41, where the dimensionless 
velocity is usually chosen to be the ratio of superficial vapor velocity at the pool surface 
to terminal bubble velocity in the bubble flow regime where bubble velocity is independent 
of bubble size. 

Ginsberg, Jones, and Chen found that the transition from bubbly to C-T flow occurs when 
dimensionless velocity is in the range of 1 to 2. The A N S  cold source will probably 
operate with a dimensionless velocity range of 0.5 to 1. Hence the GJC criteria says the 
cold source will operate in the bubbly flow regime. A quick glance at Figure 4 would 
suggest that if this is so, we have big problems, as the predicted vapor fractions in bubble 
flow are quite high. Fortunately, there exist a couple of caveats which may rescue us. 
First, the authors found that the C-T model actually correlates better with the bubbly flow 
experimental vapor fractions than does the bubbly flow model. Second, all the 
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experiments were done with water and some type of additive to enhance heating and/or 
flow visualkatiaw. %w many cases, it was obsemed that as the impuriq %eve% increased, 

dimensionless velocities; the bubbly flaw seemed to get "locked" into a foamy regime which 
didn't trig to C-T flaw as expected. The good news here is that impurities tend to 
effectively increase surface tension. If the bubbly to C-T flow transition dimensionless 
velocity happens to increase with surface tension, the transition velocity for cryogens may 
be quite small, since they typically have very low surface tension (the surface tension of 
saturated H,O is about 20 times that of saturated Dz at 0-1 MPa). 

there was a tewdenq for the transition fpsm bubbly to c-T flow to occur at higher 

Another troublesome issue regards the experimental, results found by Kurtsman, Suvorov, 
and Erskle2. They obsewed a flaw regime which they named the hydrodynamic boiling 
layer (HBL). They found bubble nucleation and growth to have negligible effect on the 
pool dymamics. Rather, they obsemed that muck of the pool's lower section remained 
essentially single-phase liquid, and there was a layer of liquid-vapor mixture near the pool 
surface. At low power, the liquid superheat, the liquid velocity, and the two-phase mixture 
volume all exhibited periadic, or pulsed, behavior. At higher power, the periodic behavior 
gave way to steady state boiling, but still there was negligible effect by bubbles and the 
HBE apparently controlled the system dynamics. The natural convection (Le., liquid 
velocity) was dramaticaljy intensified by the presence of the two-phase layer. They 
reported that during pulsed boiling they observed the liquid velocity increasing from 0.01 
m/s to 0.50 m/s or more. Neither the KC model nor the GJC model recognizes this flow 
regime; in fact it is hardly mentioned in the U.S. references that we have found. We are 
trying the analytically reproduce the reported results and to determine whether this 
phenomenon will affect the cold sou~rce. 

In summary? the GJC model appears to yield good results, but there are several. legitimate 
questions which must be answered in order to establish an acceptable level of confidence 
in the results. Some questions may only be answered experimentally. 

Cliff Ebeale 
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4. Ma S. Kazhi  and J. C. Chea, Nucl. %. Engro9 Vol. 65, p. 17 (1978). 

2. T. Ginsberg, 0. C. Jones, Jr., and J. C. Chen, ASME paper 79-HT-102, 1979. 

3. E. D. Kustsman, L Ya. Suvorov, and B. V. Ershler, High Temp., Voll. 15, no. 5 ,  p. 
857 (1977). 
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Figure b. Calculated mean l iquid fraction vs.  collapsed 
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F igure  2.  Calculated liquid f rac t ion  vs. pool depth for a 
volume-heated, boiling LD2 pa01 at 0.15 MPa pressure and 
0.21 I c W / l i t e r  heating density (Ifst nominal conditions).  

Key: (1) Hean liquid f rac t ion  
(2) loca l  liquid f rac t ion  
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Design Calculations for the ANs cold source 

R. A. Wlie 

Calculations w e r e  also perfomed to axplete the verification of the 
versionl of MD ~ c i ~  alloweii fti~~. angps~ar rotation of one cylindrical 
gecapRtry relative to another since this version w i l l  be needed for the 
vertj.de cold sc.xnae beam tubes. (It wipl dlso be needed fairly soc~n for 
the analysis of the off axis m - l ~ f - s i g h t  theMndl rieutmn beam tubes). 
Brwicxlsly, this version of the cmde had s u a ~ ~ ~ f u l l y  compiled and 
=pnx?=d- angular fluxes forthe default case, i. e., the ocrupled 
geometries a m  a t  right q 1 s a  As a result of these, cz&xlatioIss, the 
ceds logic w a s  p t l y  simplified and the angles of rutation were 
redefined, The original two euler angles of ratation were replaced w i t h  a 
polar angle and az.izmztfial angle of mtation as these angles are much easier 
to visualize. Unfortunately, the mas% up to date saurce deck of the 
version of UllD allawing full angular mtation (along w i t h  a massive amount 
of binary dau) was destmyd on Cct.  27, 1989 when the account a t  LLL 
under wkich most of the cold source neutrom 'cs calculations w e r e  carried 
o u t w a s ~ e a s e d .  



1. R. A. Lillie, April 1989 AE%s Monthly progress Report, Attac3ment  14. 
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(I18 e 8 )  
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1. 45-4-16 
3.56-t-15 
2 e 72i-13 

8.86+14 
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1.244-16 
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1 5M-16 
3.684-15 
2 e 84-l-13 

8.98-l-14 
1 e 414-15 
f - 284-16 
Pa 9W16 
1 D 44t-16 
3 684-15 
2 0 814-13 

9.114-14 
1 e 436-15 
1.304-16 
2 OW16 
1.494-16 
3 6-15 
2 8fi-3.3 

3,14 
2.53 
2.21 
1.47 
1.47 
1.61 
1.87 

2.81 
2.32 
2.07 
1.39 
1.37 
1.48 
1-68 

2.50 
2.07 
1,88 
1.35 
1.32 
1.40 
1-59 

2.20 
1.%6 
1.71 
1.30 
1.26 
1-31 
1.45 

3.40 
2 , n  
2.40 
1.57 
1.55 
1.67 
1.93 

3.15 
2.51 
2.25 
1.46 
1.41 
1.52 
1.73 

2.87 
2.33 
2.08 
1.41 
1.37 
1.45 
1.68 

2.60 
2.35 
1.94 
1.39 
1.33 
1.41 
1.58 

3-48 
2.80 
2.46 
1,62 
1.56 
1.67 
1.93 

3.33 
2.68 
2.38 
1.52 
1. 43 
1.53 
1.74 

3.08 
2.48 
2.22 
1.46 
1.39 
1,48 
1.69 

2.90 
2-35 
2-32 
1- 44 
1.37 
1-44 
1.64 

3.48 
2.80 
2.43 
1.62 
1.53 
1. 62 
1.83 

3.38 
2.73 
2.42 
1.55 
1.44 
1.51 
1.71 

3.22 
2.60 
2.33 
1.52 
1.40 
1.48 
1,66 

3.05 
2.49 
2.22 
1.49 

1.44 
1.63 

1.38 

3.47 
2.80 
2.47 
1.62 
1.50 
1.55 
1.75 

3.38 
2.71 
2.42 
1.55 
1.40 
I.. 46 
1.63 

3.25 
2,63 
2,36 
1.54 
1.40 
1.44 
1.62 

3.17 
2.59 
2.33 
1.53 
1.38 
1.43 
1.60 

%. 65-2 read 1 a 65X1Om2. 
kJpper wavelength of group 21 is 9.05 nm. 
C ~ d w a s  ira parenthesis are cavity radii needed for full il~uminatim 
of neutron guide tube entrance w i t h  2 dag. maximum deflection angle. 
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WBS 1.1.9: Monthly Progress Report on Neutron Science Tasks for October, 1989 

1. Detector Shielding (J. F. Carew, BNL) 

The ANISN detector shielding calculations have been completed. The calculations were 
carried out in two steps: (1) the calculation of the neutron spectrum incident on the 
detector shield, and (2) the determination of the energy-dependent attenuation of the 
polyethylene/B4C shield. In the first step, a 69-group P-3 ANISN model of the HFBR, 
from the core out through the biological shield, was constructed and the neutron 
spectrum leaking from (1) the biological shielf, (2) a typical monochromator, and (3) 
the beam were calculated. A neutron spectrum measured at the H-9 beam port was also 
obtained. Using these input spectra, the energy-dependent attenuation of the detector 
shield was computed using a 69-group ANISN mode€. The detector neutron count rate is 
given in Fig. 1 for an assumed HF33R H-9 measured spectrum, The group-wise attenuation 
(detector absorptions per incident neutron) for the biological shield leakage 
spectrum (the hardest spectrum) and the H-9 measured spectrum (the softest spectrum) 
are given in Figs. 2 and 3, respectively. It is seen that the attenuation is relatively 
weak, at high energies (E > 1 MeV), and is strong at intermediate energies 
(1 eV < E < 1 MeV) due to the slowing down in the shield. The thermal peak is due to 
the buildup of slowed neutrons and may be further reduced by increasing the 10B 
loading. 

A substantial sensitivity of the detectar response was observed with respect to (1) 
the shield polyethylene thickness (a factor of about 25 decrease for a 50% increase 
in thickness), (2) the incident neutron spectrum (a factor of about 100 increase when 
the biological shieid leakage spectrum replaces the H-9 measured spectrum), and (3) 
the B4C region thickness (a factor of a b u t  10 increase for a 100% reduction in 
thickness). It is also noteworthy that about 80% of the incident neutrons which 
entered the shielding leaked out of the system before being absorbed by the shield or 
the detector. 

These results have been summarized in a BM, memorandum which will be issued shortly. 



M R McBee 
November 5, 11989 
Page 2 

2. Neutron Polarizer Develoument (M. k Mook, Solid State Division) 

The stacked silkan wafer s u p e r d ~ o r  polarizer being developed (see February, 1989 
Monthly Progress Report) has been selected for a 1989 R&B-188 award by Research and 

Development Magazine, which annually lists the top 100 R b B  innovations in the USA 

3. New Value Re~orted €or the Neutron Lifetime 

A new value for the neutron lifetime, which is the worst-known fundamental, physical 
constant, is reported in the August 7, 1989 issue of Physical Review Letters by a 
team from French, British. and hex ican  laboratories working at ILL, Grenoble. Walter 
Mampe ef adb measured the lifetime by ssunting the ultracold neutrons remaining in a 
fluid-walled bottle as a function of the duration of storage. Neutron losses caused 
by imperfect wall reflections were eliminated by varying the volume-to-surface ratio 
of the bottle, The result obtained for the neutron @-decay lifetime is 887.6 9 3 s. 
While this is the most accurate measurement to date, there i s  still substantial room 
far improvement, when eampared with the precision typically expected for undamental 
values. Such improvement largely depends on a higher flux source of ultracojid 
neutrons (such as the AN§). 

4. The seventh issue of TRans is appended 

WJohn E%. Hayter, FEDC, MS-8218 (6-9300) 
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AJW3 Reactor Assembly 

s?cl- Very Cold Neutron Guide , 



AJW Reactor Assembly 
The key elements of the reactor assembly are 
shown in the d r a d g  overleaf. The two-element 
split core (described in TWam no 2) is mounRed in 
the care pressure boundary tube (CPBT) which 

diameter heavy w m x  reflector tank, The entire 
assembly is mounted at the bottom of the light 
wafer reactor pool, as shown in the last TRane. 
The reactor care is cooled by a heavy water 

the CPBT'. The choicx of upflow slightly 
wmpiiabtes the eeflecaor tank mounting, but 
provides a very desirable added safety feature, 
since it ensures an immediate transition to 
natural convection m ~ l i n g  (without any time 
delay for flow reversal) in the unlikely event of 

forestab compensation by the independent 
backup circuit. (It should be noted that the 
nomally low probability of major pipe rupture is 
being further reduced by designing for leaf- 
before-beeak with continual leak monitorhg-) 
me reactor is antrolled by four hafnium contscal 
rods in the central core channel. %ch rod is 
provided with an independent scram mechanism, 
and any three of the four are able to shut dowu 
the reactor. A second, independent, shratdom 
rnah&snr is provided by eight shutdown rods 
placed outside the CPBTs Each rod is again 
provided with an hdependent scram mechanism, 
and any seven of the rods are sufficient for tobiaa 
shutdown. Thus the reactor may be shut down, 
even if there is total failure of one eomplete 
set of independent scram mechadm and partial 
failure a% the other. 
There are six major types of experimental hcilities 
in the reactor assembly. Inside the CPBT, 
materials irradiation takes place in either 
h.trumernt& or mimtmmented capsuks gL 

elements are produced in targets ju t  outside the 
lower he1 element. These positioas, which are 
chosen to provide appropriate fast and epithemzd 
neutron spectra, have minimal effect (42%) on 
the fluxes at the other experimental positions in 
the heavy water reflector tank 

p a =  venisauy through the center a% the 3.5 m 

primary coolant loop, with momt upflow through 

rupture of the primary circuit at a point which 

imide the upper fuel element, WMC: tramum~um 

Neutron beams are extracted from tbe reflector by 
beam tubes which penetrate either into the peak 
thermal flux position (about 40 rn from the 
mre cxaterhe), or terminate at the graphite hot 
s ~ u r m  at the reflector tank wall. The hot source 

are p h x d  in the refleetor to tailor beam 
energes for specific appkations; conversion to 
sub-them1 energies is as%omplishe8 by t w ~  
Uquid-D, cold sources. Cold neutrons are 
trampow&B, by horizontad neutroa guide into io 

neutrop~ guide hall adjawm do the containmeat 
building, or by slant guides ts the seaand floor 
beam room (see &sues 3-5 of TRinrs). 
The: large voime of high thermal flux available 
in the refleaas tank is we11 suited to isotope 

To awmmo&te these activities, various 
rimem holes and rabbit tubes penetrate the 

top sf the reflator dank Seven vertical and two 
skit Bola will provide thermal fluxes ranging 
fiwn $XIQ%* to 7.kiox9 ma-2.s-1 for isotope 
prQdu66ion; these holes. wiU be complemented by 
four hydraulic rabbit tubes in the flux range 

fat$Jitfes are completed by three pneumatic 
rabbit Pubes for thermal activation amlysh, 
thee  and the other analytical chemistry 
facilities will be described next month. 

L osle of two iypes 0% spmraR mnvener which 

production and analytical chemistry operatiom. 

2 to 8xXQl9 rn-2sI. me in-tank e q e d e n M  

0 0 0 
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MARTIN MARIETTA ENERGY SYSTEMS, IW. 

November 8, 1989 

R.G. Alsmiller, Jr. 

ANS Progress Report for the Month of October 1989 

Enerw and Aagu'far Dependent of Particle Huxes in a Radial Beam Tube 

The work reported here is a continuation of the work initiated by Dr. Take0 Nishigori, Osaka 
University. Using the particle fluxes throughout the reflector region generated by Dr. Nishigori for 
the intermediate reference core E3 at BOC, a DORT calculation has been carried out to determine 
the transport of particles in a cylindrical radial beam tube (see Fig. 1). The eode DTDMAX 
developed by R. A Lillie was used to obtain a boundary energy and angular source (see Fig. 1) 
that could be used in conjunction with DORT to obtain the energy and angular dependent fluxes 
of neutrons and gamma rays at various positions in the beam tube. To adequafely treat the particle 
streaming in the beam tube, a highly biased quadrature containing 315 directions was used in the 
DORT calculations. For comparative purposes, calculations were carried out with the beam tube 
both present and absent. 

In Fig. 2, the angular flux of thermal (energy < 3 ev) neutrons in the beam tube at a fined radius 
and various z coordinates is shown as a functi& of angle. The angular Rux becomes progressively 
more forward at position along the beam tube away from the reactor. In Fig. 3, the angular flux 
of thermal neutrons near the exit of the beam tube €or several radial values is shown as a function 
of angle, Results for the East neutron flux and the gamma ray Bux similar to those shown in Figs. 
2 and 3 are in preparation. 

In Table 1, the scalar flux of neutrons and gamma rays in various energy ranges is shown at the 
three positions: a, b, c, indicated in Fig. 1. Results are shown both with the beam tube present 
and absent. The thermal flu of neutrons at position 6 is very large when the beam tube is present 
compared to the case of no beam tube. This increase of the fluxes near the exit of the beam tube 
requires further consideration. The tRennal flux at position a without the beam tube is slightly 
higher than the flux at this position with the beam tube. The position of the beam tube with 
respect to the peak in the thermal flux has not as yet been optimized ?%e ratio at position by the 
exit of the beam tube, of the flux of neutrons with energy e 3 ev to the flux s f  neutrons with 
energies between 108 kev and 20 Mev is approximately 72 and the ratio of the flux of neutrons 
with energy < 3 ev to the flux of gamma rays with energies between 10 kev and 20 Mev is 0.8. 
Results similar to that shown in Table 1 but based on the angular fluxes in the vicinity of zero 
degrees is in preparation. 

As soon as the calculations for the radial beam tube are completed, calculation for a tangential 
beam tube will be initiated. 

&d&2S, MS-6363 (4-3174) 
Kyoto University 

cc: T. Nishigori 
R. A. Lillie 



Table 1. Scalar flux calculated by DORT boundary source (n/mz/sec) 

with without 
position" beam tube beam tube 

neutron (6.4 Mev - 20 Mev) 

neutron (100 kev - 20 MeV) 

neutron (3 ev - 20 Mev) 

neutron (1 x io5 ev - 3 ev) 

gamma ray (10 kew - 20 Mev) 

gamma ray (8 MeV - 20 Mev) 

gamma ray (300 kev - 400 kev) 

a 
b 
e 

a 
b 
6 

a 
b 
e 

a 
b 
b; 

a 
b 
c 

a 
b 
c 

2 

b 
e 

6.14 x 
1-80 x 10l2 
8.52 io7 
2 , ~  x, 1017 
425 1013 
9.72 io9 

3.35 x 10l8 
3-15 1014 
3.43 x 10'O 

3.07 iops 

3-21 1019 
3.99 
2.82 x 1Ol2 

1.75 1 0 ' ~  
4.91 x loll 
9.64 x lo9 

1.71 x 10l8 
2.72 x 10l4 
1.71 x lo1' 

5.76 x 10'' 

6.85 x 10" 

5x1 10lS 
731 x 10-1 
3.89 x 10-1 

2,86 1017 
8.93 
2.32 

3.96 x l0l8 
2.15 x 10' 

7.17 1019 

4.26 

1.13 x lo2 
1.14 x 10' 

354 iof9 
7.24 io7 

1.72 1015 
3.70 io5 
2.55 io5 

L70 x 10l8 

1.63 x 10' 

9.24 x lo6 
3.36 x lo6 

*z r = 0.562cm, z = 15.5crn 
b: r = 0 . 5 6 2 ~ ~ 4  z = 5 2 4 . 1 ~ ~  
C: r = 33.124cm, z = 524.1~111 



I 

R 6ui 
c--------- 

I 
I 

1 
i 

1 

9
 
0
 

c
 

d, 
ii 



E
 u
 

N
 

a
 

v! 
0
 

II h
 

x a 
6
 

i d 1 

/ t i J m
 



F 





ATACHMENT 14 

November 13, 1989 

TASK 1.1.12. INSTRUMW"ATI0N AND CONTROLS 

Principal investigators: M. Abu-ShchadeR 
J. L. Anderson 
B. Damiano 

M. Ibn-fllnayat 
J. March-hubs 
L. C. Oakes 

J. E. Har$y 

s to Date 

Work continues in the areas of control rod requirements, control and plant protection 
systems definition, and dynamic modeling. We continue ow efforts in the RS2 committee to 
define and document the conceptual configuration of the reactivity control systems. A draft 
frnal report. for the RS2 task has been issued for comments. The task should be finalized 
during November. W e  are also cooperating in Tasks BOP l a  and BOP lb  helping define 
the reactor cooling system under normal and abriomd conditions. As pan of these tasks, 
we have performed several dynamic model runs to study the behavior of the ANS reactor 
under transient conditions, including loss of main circulation pumps and small breaks leading 
to depressurization. 

Dynamic model calculations have also been performed to define expected power 
overshoots and their corresponding reduction in critical power ratio (CPR) following 
reactivity steps. The results are presented in Table 1 and Figs 1 and 2, and correspond to 
calculations using the old (43 L) split core reactivity coefficients (-43.3 cents/%yoid, in the 
core coolant region). Model used is IC/ANS/M/S9-1, with parameter set IC/ANS/PP@2. 
The steady state CPR has been calculated at the plant protection system limiting setpoints to 
show the effect on the core themohydraulics of slow transients that do not mp the reactor. 
The CPR is the ratio of critical heat flux to actual heat flux; as such, CPRs lower than 1.0 
indicate a condition where depahture from nuclear boiling (DNB) is likely. 

The effect of coolant inertia has been accounted for in the model with some degree 
of approximarion by localizing all the inertia of the coolant circuit at the pump location, 
The relative locations of the leak and the accumulator can be modelled approximately by 
changing the inertance (ratio of length to flow area, WA). Figures 3 through 6 SROW the 
relative effect of the coolant inertia on flow rate and core outlet pressure for a core inlet and 
core outlet 150 mtn (6 inch) break, It can be observed that the coolant inertia reduces the 
core flow for about 100 ms while the coolant between the accumulator and the break is 
accelerated. The larger the L/A ratio is, the larger the inertia and the larger the flow 
reduction through the core is. 



Figure 7 presents the effect of coolant inertia on a mnsition from full flow to pony 
motor flow in the presence of a 150 m break at the core inlet. The main effect of the 
inertia term is to increase &.e csalmt and fuel-surface temperatures for the initial 100 ms. 
Following the s~fm, the slow part. of the transient behaves similarly to the non-inertia 
EmSienb, 

A new heat transfer comelation has k e n  hchded in the model. This correlation 
takes into account the transition to laminar flow, where heat transfer is lower, The effect of 
this reduction in heat transfer coefficient is seen in Fig. 8 as an a h p t  increase in wall 
temperame 480 s into the msient .  

Table 1. Calculated response to reactivity steps. 

Reactivity Max-Neutron-Fhx Max-Hear -Power MiwCPR 
($1 (Relative) (rn 
0 1 .m 
0.5 1.255 
1 .o 1.458 
1.5 1.825 

326.5 1.278 
38 1.2 0.972 
429.6 0.770 
497.5 0.545 

Table 2, Steady state critical power ratios 

C0Kndition CPW" 

Nominal 1.278 
Power ~ 1 5 %  (402-5 MW-fission) 1,001 
Pressure -20% (2.96 MPa-inlet) 0.98 
MOW -20% (2196 K~J~s-@~uIII~) 1.049 
Inlet temp +lo% (53.7 "C) 1.224 

Nornind Powerr, E'ressure-2Q%, Flow-20% 
Inlet temp +lo% 0.8 1. 
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HEAT POWER vs FISSION POWER 
REACTIVITY STEP, 3Oms DELAY 

100 120 14Q 160 

Fission Power (%) 
288 

Fig. 1. Heat Power (Le., power deposited in channel coolant) versus fi’assion pwea  f~ l lhwhg 
reactivity steps of different magnitudes. Scram is assumed with a 30 ms delay. 
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150 mm Break @ Core Inlet 
Pony Motors Active. L/A = 50 m-1 

IC/ANS/FJ90- 16 
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Fig. 7. H~t-~pot-wdl temperature md hot-channel-coolant outlet temperame Mowing a 
158 mm (3 inch) break at the core inlet. Scram occurs on IQW flow and pumps are tripped 
to BOny mBQtOH flow. 
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ANS Project Safety Activities - October 1909 

The major activities of the month included transient and 
steady-state thermal-hydraulics analysis, severe accident 
analysis, and probabilistic risk assessment. 

of the ORNL Engineering Technology Division's Nuclear Operations 
Analysis Center CNOACI met with ANS Project personnel to present 
various activities that NOAC could pursue under AN5 FY 1990 
funding to further develop the documentation o f  ANS regulatory 
safety goals and criteria. The proposed activities include the 
development of an automated data base of all applicable 
regulations and guides, the review o f  the Electric Power Research 
Institute Advanced Light Water Reactor requirements document for 
possible applicability to the ANS, and the completion of the ANS 
Reference Documentation List (HDL), which is currently in draft 
form. At the meeting it was determined that funding limitations 
would most likely preclude any work on the first two items, but 
that some funding might be available to pursue the third item-- 
completion of  the ANS R D L  (the ANS FY 1990 budget is, at this 
writing, still tentative). Even if extensive funding were 
available, the development o f  an automated data base of 
standards, regulations and guides would have to be pletnned in 
coordination with the highly similar effort that has been 
initiated in the Engineering Technology Division by the New 
Production Reactor Project. The desirability of some provision 
for on-call assistance in the identification and interpretation 
of applicable reguletions was also discussed. 

Transient thermal-hydraulic accident analysis, WBS 1 . 2 . 3 . 2 ,  
activities (see G. L .  Yoder's report, attached] included further 
activities aimed toward successful execution on the ORNL G R A Y  
computer o f  the RELAPS model of the ANS reactor. Version 481 of 
HELAPS-MOD2.5 was successfully installed on the ORNL Cray last 
month, but the "ANS updates" (special code modifications For ANS 
geometry and flow conditions) were not compatible with this 
version. This difficulty has, with the support of INEL 
personnel, been fixed, and RELAP activities are presently 
concentrating on verifying that identical input produces the same 
output on both the ORNL and lNEL computers. 

development and analysis resumed in mid-October after a two week 
hiatus due the depletion of the FY89 funds. INEL personnel 
provided assistance to ORNL in getting the ANS RELAPS model 
running on the ORNL computers. In addition, INEL code 
development personnel have initiated corrective action to solve 
the post-departure-from-nucleate boiling Ci.e.,film boiling) heat 
transfer problem previously identified in the medium and large 
pipe break calculations. 

J .  R. Buchanan, W .  E. Kohn, M .  0. Muhlheim, and E .  G. Silver 

INEL activities in support of the AN5 RELAPS model 



PRA activities at BNL, WEJS 1.2.3.4 (report attached] 
included review and modification o f  the final reports o f  t h e  two 
major FY 1989 PRA activities: tne scoping study o f  dominant 
severe fuel damage risk initiators, and the large pipe break risk 
study. PRA activity at 8 N b  during early FY 199U will be at a low 
level until after completion of majcr design options studies that 
are currently under way at O R N L .  

The severe accident issues characterization task, Wfi 
1.2.3.5 activities included the continuation o f  the two scoping 
studies currently in progress: one on core melting, relocation 
and fission product release for ANS severe accident sequences and 
the other on hypothetical core-concrete interactions resulting 
from severe accidents. Dr. Taleyarkhan's report is attached. 

The paper "The Advanced Neutron Source Safety Approach and 
Plans", written by R .  M. Harrington, was presented on October 24, 
1989 at the International Symposium on Research Reactor Safety, 
Operations and Modifications by F. J .  Peretz. Dr. Taleyarkhan 
presented a paper "Large Break L o s s  o f  C ~ o l a n t  Accident Analysis 
for the High Flux isotope Reactor, " at a poster session on the 
same day. The conference provided a good forum for the exchange 
of useful information. Several very interesting papers were 
presented by Japanese and one interesting one b y  the French: 

( I )  "JRR-3 Cold Neutron Source Facility H2-02 Explosion 
Safety Proof Testing," by Takehiko Hibi et al., (Japan Atomic 
Research Institute (JAERI), Japan). 

M T R , "  by 44. Saito et al., (JAERI, Japan) 

Oimensionnement Des Reacteurs D e  Recherche," b y  H. Abou Yehia et 
a l .  ( I S P N ,  Centre d'Etudes Nucleaires de I-ontenay-Aux-Roses, 
France). 
T h e  French paper describes a study o f  reactivity eF.cursion 
initiated steam explosion for research reactors, and is being 
translated at ORNL. The Japanese work on accident testing o f  
silicide fuels could be of direct benefit to the ANS. O r .  
Taleyarkhan is pursuing a direct contact with M .  Saito to discuss 
cooperation and possible sharing of data. 

(2) "Further Data of Silicide Fuel for the LEU Conversion o f  

(: J:I P r i a s  En Compte O'Un Accident De Reactivite D a n 5  Le 

R .  M .  Harrington 
FEDC ( MS-82 18) , 574- IO62 ( F T S  624- 1062) 





R. M. Harrington 
J. A. Johnson 
Page 2 
November 13, 1989 

at larger times but not at time equal 420 seconds where decay heat exceeds q’’(ONVG), Aiss, 
%Re predicted exit c~olant temperatures were close to sateraation both at ONVG and CHF 
60sfditiOraS. 

G. b. YoAer, 9204-1 ,’MS-8045 (4-5282) 

Attachment 

cc: N. C. J. Chen 
W. 6. Craddick 
W. R. Gambill 
D. G. Morris 
A. E. Ruggles 
e. D. West 
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TABtE 1 

Time T = 120 seconds 
(turbulent flow; Petukhov correlation) 

Incipient Onset of Critical Decay 
B0ilir%g net vapor Heat Flux Heat 

generation 

g"(Nlw/m**%) Q.Q$7 0.1 5 8.1 7 

Time T = 3600 seconds 
(transition flow; best estimate) 

Incipient Onset of Critical Decay 
Boiling fie% Vapor Heat Flux Heat 

generation 

q"( Mw/m* *2) O.O!M O,% 1 . 0.062 

ve ("6) a6 119 

Pime T = 36000 seconds 
(laminar flow; Nu = 6) 

Incipient Onset of Critical Decay 
Boiling net vapor Heat Flux Heat 

generation 

g" (Mw/m**2) 8.029 0.068 0,185 0.021 

-re ("C) 79 1 20 124 
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MONTHLY HIGHLIGHTS FOR OCTOBER 1989 

Probabilistic Risk Assessment for AHS 

BNL Principal Investigator: R. Fullwood (FTS 666-2180) 

OEWL Project Manager: M. Harrington (FTS 624 1062) 

The report "Event Tree Analysis for the ANS Conceptual Designn8 has been 
The results are as completed but has been delayed by the BNL review process. 

reported in the September progress report. 

During this month the report, "Preliminary Large LOCA Assessments Based 
on the Preconceptual Design of the Advanced Neutron Source for Oak Ridge 
National Laboratory" was revised to address and include the O W L  review 
comments. In the process of this revision, two errors were discovered in 
estimating the threshold of leak detectability. The revisions indicate that 
the D,O inventory balance method can detect leaks greater than about 4 ltr/min 
wfth current primary coolant letdown rates. This suggests reconsideration of 
the need for 400 - 800 ltr/min letdown rates. If this rate was reduced, leak 
detection by this method which is effective for submerged leaks improves 
accordingly. If leaks are submerged, it: is estimated that a 4 ltr/min leak 
can be detected after 12 hours by measuring the tritium increase in the 
reactor pool, Tritium detection in air is by far the most sensitive method 
but is not believed to be effective f o r  submerged leaks, 

This report is now in BNL review to be published as a BNL technical 
report. 
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(October 1989) 

Program Manager: R. P .  Taleyarkhan 
Prbacipal Envestigators: C. R.  Hyman 

R. P. Taleyarkhan 

Seve ra l  areas i n  t h e  ANS Severe Accident Analysis  Program w e r e  addressed 

du r ing  October 1989. The r e s u l t s  of these i n v e s t i g a t i o n s  and e f f o r t s  a r e  

h ighl ighted  below. 

of Melt P r o m  and FlsSLpn Pro- Issues for the ANS 

(R. P. Tarleyarkhan) 

During October e f f o r t s  cont inued  t o  c h a r a c t e r i z e  seve re  acc iden t  issues i n  

r e l a t i o n  t o  c o r e  melt ing,  r e loca t ion ,  and f i s s i o n  product  release f o r  t h e  A N S .  

Various aspects of these phenomena are be ing  i n v e s t i g a t e d .  It should be noted 

t h a t  these i s s u e s  have widespread impl i ca t ions  on ANS s a f e t y  and design.  

Important areas such ‘as de termina t ion  of t h e  source  term, basemat pene t r a t ion ,  

gene ra t ion  of steam explos ions ,  formula t ion  of acc iden t  management/mitigation 

strategies, and t h e  magnitude and t iming  of r a d i o a c t i v i t y  release t o  the 

environment are d i r e c t l y  impacted. Due t o  t h e  scoping na tu re  of these 

eva lua t ions ,  conse rva t ive  approaches have o f t e n  been adopted. Conclusions 

de r ived  from such ana lyses  a r e  thus  not  to be cons idered  i n  a d e f i n i t i v e  

sense .  T h e  r e s u l t s  of these i n v e s t i g a t i o n s  w i l l  be documented as an i s s u e  

paper  i n  a format similar t o  t h a t  developed f o r  t h e  i s s u e  paper,  “Steam 

Explosion Related Sa fe ty  Concerns f o r  t h e  ANS.”  

Seaping e v a l u a t i o n s  i n i t i a t e d  du r ing  August f o r  ANS cond i t ions  w e r e  completed. 

T h e  mathematical  modeling approach developed f o r  e v a l u a t i o n  of rate-dependent 

v o l a t i l e  f i s s i o n  product  release from U A 1  f u e l s  w a s  reviewed by R.  Lorenz. 

1 



(October 1989) 

His comments have been implemented in the modeling approach. Additional 

information recently obtained specifically OW f i s s i o n  product release from 

U3SiZ/Al fuels will also be incorporated. 6 t h ~  efforts during Octobe~ 

concentrated on documentation aspects, with a draft pepopt slated for 

completion early in November. 

I C o u  In- for the ANS (C W. Hymam) 

During October work continued on the evaluation of the potential impact of 

molten csre/eonerete interaction3 (MCCI) for hypothesized severe accidents f o r  

the ANS. This study has a direct bearing on important Severe accident areas 

such as basemat penetration, release of noncondensable and combustible gases, 

deflagration and/or detonation of gases, and containment overpressurization. 

The results of this study are currently being documented. 

W technical paper describing the mathematical models f o r  rate dependent 

fission product release from U-Al fuels is under preparation far presentation 

at the next American Nuclear Society conference, 

The completed report on the ANS steam explosion issue paper is currently going 

through the final editing stage by the OEIWL editorial staff. The ANS Project 

Office will publish the edited report as an OWNL/TM report. 

R. P. Taleyarkhan presented a paper entitled "Large Break Loss-Of-Coolant- 

2 



(October 1989) 

Accident Analysis of t h e  High' F l u x  Isotope Reactorr 

A t o m i c  Energy Agency Meeting on Research Reactor Safety,  Design, and 

Operation. The meeting was held  a t  t h e  Chalk River Nuclear Laboratory, 

Canada, from 23 t o  2 7 ,  October 1989.  

a t  t h e  International 

3 
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October Monthly Progress Report for mL5 Project Quality Assurance 
Activities 

WBS-1.2.5.1 Program Development 

The ANS Quality Assurance Plan has been revised to address comments 
from DOE-ORO and to reflect recent ORNE organizational changes. 
The QA Plan revisions were mainly to include additional detail on 
the control elements and do not require any substantial changes in 
the ANS QA Program. 

ms-1 e 2 0 5.2 Program Monitoring 

The response to ANS Surveillance Report ANS-SURV-89-001 dated 
September 25, 1989, was reviewed and found to be acceptable. This 
surveillance was closed by letter from L. M. Jordan to C. D. West 
dated October 9, 1989. 

A Key Activity Review of the PS-2 Reference Core Development has 
been initiated. The review team consists of technical and quality 
experts who will review major assumptions, decisions, calculations 
and available documentation to confirm the conclusions reached by 
the PS-2 Committee. Any identified process deficiencies will be 
corrected in the ongoing Conceptual Core Design effort .  

ms-1.2 0 5.3 Project Support 

A presentation was made to E, J. Bjoro of DOE-ER on the status of 
implementing the ANS QA Program on October 12, 1989. H i s  trip 
report dated October 23 I 1989, indicated that the "Lessons learned" 
in the BRD were being applied directly to the ANS Project. Re 
further observed that the controls and methodologies of the quality 
program were being phased in at the appropriate project phases and 
that the recognition by line management of the quality 
responsibility was obvious. 

Training was conducted for 25 ANS Managers and Task Leaders on the 
recently implemented ANS Commitment and Action Tracking System. 
Training was conducted during scheduled bi-weakly meetings and 
covered using the system and the responsibilities of participating 
individuals. 
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M e  E. Gildner, FEBC, MS-8218 (4-54766) 

drnj2A 
a;. M. Jo dan, 9201-3, MS-8063 (6-3911) 

ee: R. E. Fenstarmaker 
P, E. Melroy 
c. B e  West 
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October Monthly Propress Report €or Desim Activities on the Advanced Neutron Source 

General 

Some budget uncertainties remain, as the impacts of Gramm-Rudman have yet to be defined, and 
the Laboratory does not yet have a complete financial plan. Questions on overhead rates at QRNL 
also complicate the allocation of manhours for a given amount. However, work orders have been 
revised based on a FY-90 funding level of $9 million, and assumed Laboratory and Engineering 
manhour rates. 

Two gapers were presented at the International Atomic Energy Agency Symposium on Research 
Reactor Safety, Operations and Modifications, at Chalk River, Ontario. The paper "Advanced 
Neutron Source - Designing to Meet the Needs of the User Communityn, by F. J. Peretz, was 
presented on October 26, and the paper "The Advanced Neutron Source Safety Approach and 
Plans", by R. M. Harrington, was also presented by Peretz on October 24, The Symposium was 
well attended by representatives from research institutes throughout the world. Particularly useful 
contacts were made with personnel from the Institute Laue-Igevin,  Grenoble, France; the PIK 
research reactor project, Leningrad, USSR; and the MapteX and Advanced Maple reactor projects 
at Chalk River and Whiteshell, Canada. Extended synopses of all papers and preprints of selected 
talks are available from E J, Peretz; a full publication of ail papers will be available soon. 

Final planning for the trip to the Institute Laue-Langevin, the OWHEE reactor in Saclay, and the 
Julich reactor is now undenvay. This trip will take place from November 7 through 16. 

WBS L2. Proiect SupDort 

Contingency plans are being generated in the event that the three year design-only line item is not 
supported in IT-91. Funding profiles are being developed for operating funds in FY-91, and a 
design-only line item following that year. Various profdes have been developed, ranging from 
providing an equivalent amount of operating funds in FY-91 as would be provided by the line item, 
to various reduced funding profiles with schedule slippage. Direction from ORNI, management is 
to generate contingency plans, while continuing to base the main project plan on pursuing support 
of the design-only line item for FY-91, 

No progress has been made on identifying a selection official for the architectengineer contract, 
because of the transition fiom Energy Research to Nuclear Energy, and the uncertainties of the 
design-only line item. 



WBS 1.3. Reactor Svstems 

A review of the mechanical, concept for the reflector tank has begun, with an initial focus on the 
structural integrity of the tank itself. In particular, attention is being given to whether a thick flat 
head is the best approach, or whether an ellipsoidal dished head is preferable. The flat head was 
hitially selected to simplify penetrations into the top of the reflector. Although penetrations in 
a dished head may be slightly more complicated, a dished head may be significantly thinner, and 
thus lighter and easier to ml. Loads for the reflector tank wemb%y, including the load created 
by the primary system pressure with a slip-joint attachment for the core pressure boundary tube, 
are being reviewed to estimate deflections in the tank structure. Attention is also being given to 
cooling of the beam tubes penetrating the side of the vessel, amd to the support structure for the 
vessel, which also serves as the support for the entire reactor assembly, These issues are discussed 
more fully in Charles Queen's report. 

A final draft of the design task RS-2 report, documenting the selection approach for the control 
drive configuration, has been circulated for comments. This report presents a flow chart showing 
options considered, and the selected options? and then provides text to more fully explain the 
rationale for selecting the approach taken. This report will be issued after comments are received; 
it is expected that the report will be reviewed and revised periodically as the project evolves. 

WBS 1.4. Experiment Svstems 

Twenty interface drawings have been prepared to define the location and space requirements for 
the irradiation facilities in the reflector tank. These facilities include two slant irradiation facilities, 
which correspond to the WB' positions in the KFIIQ, four hydraulic rabbit tubes for transplutonium 
production in a kigh-epithemal flux amd for irradiation of various targets near the peak thermal 
flux region, three pneumatic rabbit tubes further out in the reflector tank for activation analysis, 
and seven isotopes production facilities at the outer edge of the reflector tank. Most of these 
facilities are shown on the attached figure. The drawing package is now being prepared for 
comment issue under transmittal. Attention on the irradiation facilities will now shift to the impact 
on the flux profiles in the reflector tank, to establish whether this a m y  of facilities is acceptable. 
Design work wiU shift to definition of hot cell facilities and unloading stations needed to support 
the irradiatiom facilities. 

WBS 1.5 and WBS 1.6. Balance of Plant 

A major workshop on the requirements for site and facility development was held by the 
architectural team on October 18 and 19. This workshop culminated an effort to have: all project 
participants and interfacing OR= support functions establish their needs. Representatives from 
each experiment team, each design discipline, and the major ORNP, support functions made 
presentations at the workshop. The architectural team is mow correlating the input from the 
workshop, and will begin to develop the requiremen@ for reviewing the design of the site and 
facilities, 

Considerable progress has been made in establishing the basis for development of the revised 
reactor coolimg system. A series of meetings have been held to define the tinndameetal options for 
flowsheets, physical arrangements, heat sinks, approaches to pressurization, etc. which can be 
considered in developing a new design. Studies have also been initiated to establish reliability and 
availability associated with various numbers of parallel loops. At the same time, the validation of 



analytical tools for evaluation of cooling circuits is nearly complete, and lists of transient initiators 
and corresponding success criteria have been developed. Attention is now shifting to developing 
a few candidate circuit design concepts for more detailed evaluation. Qnce some preliminary 
analyses have been completed, a major workshop will be held to chew the possible options, and 
to define the characteristics of the cookg  system to be used as the basis for conceptual design. 

A meeting covering the containment design and operation at the Institute hue-Langevin reactor, 
and the security role of the containment structure, was held on November 2 This meeting is a 
continuation of the BOP-2 task on containment design. Progress on this task has been slow as a 
result of manpower constraints, but will pick up at the end of the calendar year. 

E J, Peretz, FEDC (6-5516) 

G: R. 0. Barnett 
R. M. Bakers 
H. C. Beeson 
R. k Brown 
D. D. Cannon 
R M. Canon 
W. W. Chance 
R. 0. Daugherty 
L. J. Degenhardt 
J. R. Dixon 
C. P. Frew 
R. W. Glass 
C. L. Hahs 
R. L Johnson 
G. E Kalb 
€3. S.  Maxon 
C. S. Meadors 
T. J. McManamy 
G. R, McNutf 
R Miller 
H. R. Payne 
W. M. Power 
C. C. Queen 
w* R. Reed 
T. L. Ryan 
9. P. Schubert 
J. L. Snyder 
P. B. Thompson 
B. D. Warnick 
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#W Reactor Svsteme D esinn W anthlr R C%XW$ 

Work has continued on special study task Rs la and 
con pressua% boundary tube (CBBT) seals and to explore alternate approaches to remote 
refueling. Four bask approaches were identiffed for sealing the CPBT and a number of 
possible e o a m t f o m  were generated for each approach. The different approaches 
are: 4 flange scalp, at both the top and the bottom of the CPBT. b) a flange seal at the top 
of the CPBT and a radral seal at the bottom d the CPBT [which will permit thermal 
expansion ct a flange sed at the top and a laby~%~th seal at the bottom the 
flow thm the kbyrinth seal to coo% the componcnls in the reflector vessel d) the CPE3T 
would become an integra.! part of the fuel elanent assemlblly amdl would employ one of 
the other three sealing arrangements. A prelimfmxy desfgn requirements document 
bas been generated and transmitted for comment. The diikent seal configurations 
were presented in task team status meetings. In tRe future there will be a workshop with 
independent participants to review the diaFesent approaches and .hopefully, to generate 
other conf'igurations. The requirements document wilt then be used to evaluate the 
different conflgplrations in an effort to establish a baseline configuration. 

Work has continued on evaluating the Merent sealing options. The leakage through 
labytntk seals for dtfferent number of lands was calculated wing the following 
relationship: 

Pb S d e n W  to focus on the 

I I 
AP= f pv* 0 [1+ I 2.b 

N P = pressure drop, - 
m2 

Irq 

rn' 
p = density of fluid, - 

m v = velocity, 
n =I number of lands 
b = radial clearance, rn 

f = friction factor ,=.31 6Re-.25 
b = width of land, m 

D, = 2(r + b) - 2r 
0, = 2b 

cp = kinimatic viscosity, 7 Ne 
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F.9. Peretz 

The results of l0okf.q at a number of cW&rent pressure drops and numbers of lands ape 
shorn  in the graph below. 
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F.J. Peretz 
A package of interface draw s shaving component placement and size have been 
Transmitted for coment. These drawings will be used to establish space availabfflty in 
the areas immediately in and around the reflector vessel. 

No significant changes have k e n  made in the control 1-08 W e s  (inner an8 outer) but 
additional work has beem done to r&e the conceptual d e w .  A methodj to operate the 
scram indicator sutltch for both m e r  and outer rods has been devised: upper 
stabilizing grnidts for the imer rods haw been added to the comeptud design drawings 
and the Pljgh pressure bellows will be rep1;aCecf with pipe and a low presure beltows. 

Fission and Ionization C m  wfll be located outside the rtdlectop tank andl near the 
c o x  midplane. A method c>pe%nanging the& radial psition with respect to the core, 
using ball screw meclmnwd drives, has been splown on the comeptual design b w f n g s ;  
but changes will be mde to provide a more compact drive unit. These can be either 
manual or motor drtven fhom a remote location. 
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CCQ 
9/26/09 

FUEL STORAGE POOL 

THIS REFUELING CONCEPT IS ONE IN WHICH THE FUEL ELEMENTS ARE 
MQVEQ THROUGH A HEAVY WATER STACK AN0 TUNNEL ARRANGEMENT. 
THE STACK AND TUNNEL ARE ATTACHED TO A TWBIMSFER CELL AND 
REMAINS 1M PLACE BURlNG NORMAL OPERATION { THE QNLY TIME IT IS 
REMOVED 1s WHEN MAINTANEMCE MAKE IT NECESSARY TO ACCESS I h E  
REFLECTOR VESSEL OR OTHER LARGE COMBQNENTS).TWE TOP OF THE 
STACK IS NORMALLY CLOSED. WHEN ACCESS TO THE REACTOR SYSTEM 
HARDWARE IS REQUIRED M E  UPPER HATCH IS OPENED, BUT A TEMPORARY 
SHLLD IS PUT IN PLACE AS PART OF THE HOIST/ROBOT ASSEMBLY. 

Fig. 2 Refueling Tunnel Concept 
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Advanced Neutron Source Monthly Progress Report for October 1989, "Site and Facility 
Planning - BOP-3" 

The Balance of Plant Task 3, "Site and Facility Planning" was formed in June 1989. 

The purpose of this task is to 1) provide an opportunity for dialogue between all the 
disciplines involved in the A N S  design; 2) identifj and review users (scientists) 
management, operation and maintenance criteria; 3) resolve conflicts; and 4) establish a 
framework for developing conceptual design. 

The planning and design of the A N S  facility involves a large number of experts from both 
the design end (Engineering, for example) and the client (users, operators, and 
management). The issues considered by each of the disciplines are numerous and have 
strong implications on decisions made by other disciplines which are likely to create 
conflicts or strongly affect the design process. These issues have to do with different 
systems to different system interactions, as well as systems-to-people, people-to-people, 
systems-to-experiments, etc., and ANS and its relationship to ORNL support systems. 

The site and facility effort will be carried out through both the conceptual and 
developmental design stage and will: 

w collect criteria from the different disciplines, review those criteria, and analyze their 
impact on the general building concept; 

identify conflicts among the criteria and/or questions concerning them; 

create a dialogue among all disciplines that will result in resolution of some of 
those conflicts; 

translate the information into a matrix of relationships and into space requirements; 

m prepare criteria for the A-E. 

A major milestone of conceptual design criteria identification was culminated in the ANS 
Site and Facility Planning Workshop, which was held in the Fusion Engineering Design 
Center on October 18-19, 1989. Over 30 presentations covering A N S  planning issues were 
presented and grouped into three major categories. 
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The Users/Cllients Session was moderated by J. B. Hagveer and included issues such as 
operation and maimtenance of the future facilities and aspects that C Q U ~ ~  contribute to a 
high degree of efficiency through the design process. This included discussions on delivery? 
service, climate control, cranes, monorails, elevatioms, noise levels, air pads, food, lodging 
and transportation. Pool facilities, reactor, and user requirements were presented by 
Chemistry, Physics, Materials Analysis, Materials Irradiation, Hot Cells, Technical Support, 
and Experiment Systems personnel. Types of spaces required, including but not limited 
to offices (for permanent staff and visitors), library, auditorium, document storage, 
mechanical-cryogenic and electronic shopsp sample prep labs, chem and biochem labs, clean 
storage at and away from instruments, active sample storage and monitoring, experiment 
staging areas at instruments, and instruments were also discussed. ALARA was mentioned 
as a primary consideration along with the need for user-friendly access. Safety issues 
including proper training, access control, alarms, and automation will no doubt affect the 
design Qf the m s .  

The General Support and Site Issues Session was moderated by W. W. Chance and 
focused on Industrial Hygiene and Safety monitoring and its integration with ORNL's 
overall plan. Security, fire protection, and emergency preparedness ~ ~ S C U S S ~ Q ~ S  were both 
general and site specific. Another issue discussed at this session was laboratory 
commitment to upgrade its support facilities in order to be able to accommodate the 
increasing load once A N S  is in operation - for example, maintenance shops and a user 
liaison office. 

The Systems Issues Session, chaired by I". J. Peretz, included presentations by engineers 
who design the piping, electrical, instmments and controls, process, reactor and cooling 
systems. Like all the other sessions, it provided a needed opportunity for information 
exchange, a dialogue that for many of us led to a better understanding of the scope of the 
designs as well as identifying those areas needing close casperatian between the different 
disciplines working on M S .  

Summaries of each of these sessions were prepared for presentation in a joint meeting 
between all categories. Those presentations were followed by open discussions. 

Many techmica1 issues were: discussed, but some technical chokes require uolicy decisions, 
and they include: 

Maintenance shops - is the lab going to support A N S  by upgradimg the existing 
facility? 

Guide hall - is it going to be located as laboratory or containment? 



J. k Johnson 
Page 3 
November 17, 1989 

.I On-site lodging and user-friendly access 

R Size of auditorium 

m Road access 

Helium recovery 

Toilets inside the primary containment 

.I Biochemical facilities depend on different classes of experiments 

Approximately 65 people attended the meeting, with each receiving a handout containing 
highlights of the presentations. Some of the summaries were received by our office too 
late to be included in the handout, and they will be mailed later. 

We are now in the process of sorting out the material and hope to include it in the f i s t  
draft of a conceptual design criteria document within the next few months. 

H. B. Shapka, FEDC, MS-8218 (4-2042) 

cc: C. D. West 
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