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SUMMARY

1. TASK JA - HIGH POWER DENSITY FUEL DEVELOPMENT

Failure of fuel rods  in assem blies 1A. 2A. and IF was verified in visual <»bs< n a t io n  in the 
VBWR spent fuel s to rage  pool.

The post- irrad ia tion  examinations and te s ts  to be performed on Task 1A fuel a sse m b lie s  
were outlined in de ta il .

2 . TASK IB - FUEL FABRICATION DEV FLO PM ENT

The post-irrad iation  examination and te s ts  to be performed on T ask  IB tael a ssem b lies  were 
outlined in detail.

Irradiation of eight Phase  I developmental fuel assem blies continued in the Consum ers Big 
Rock Point reac to r  with the lead assembly reaching an average bundle exposure of 
2,660 MWD.'t of u ran ium  as of March 30. 1964.

# o

Ten Phase II development tuei assem blies containing fuel rods c lad  with alternate  m a te r ia ls .  
Z ircaloy-2, Incoloy-800. and Inconel 600. were fabricated and shipped to the Big Rock Point 
reac to r  for insertion in Mav.

Poison rods coi taming B^C powd* r in Ir.coloy-800 tubes were fabrica ted . These rods will be 
inserted  into several Phase I and Phase li developmental fuel bundles to demonstrate axial 
|K»wer flattening.

A se r ie s  of tes ts  is being performed in the T ra i l  Cable facility at GETR to verify the 
dimensional stability of thin clad, low density swaged powder fuel rods , when subjected to 
a 1500-psi boiling wa*or environment. To da te , two specimen fa i lu re s  have occurred 
which are  believed caused  by loop and specim en design.

All shop work and tes ting  has been completed on the modified Instrum ented Assembly for 
Big Rock Point. Two flow m eters have been modified with graphite bearings, and loop 
te s te d .  Probe number th re e  has been rep a ired  and nnxlified for use  with the modified flow
m e te rs .  Probe, flow m eters , cabling, and re c o rd e rs  have been de livered  to the site.

3. VASK II - STABILITY HEAT TRANSFER AND FLUID FLOW

A s e r ie s  of twelve contro l rod oscillation te s ts  was run at various re a c to r  conditions 
d iring  the Phase I R and D tes ts  at Big Rock Point.

- 1 -
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A data  reduc t ion  a n d  a n a ly s i s  p r o c e d u r e  h a s  ueen developed w h ich  p rov ides  e m p e r i c a l  r e a c t o r  
sy s te m  s tab i l i ty  d a t a  f ro m  the r e s u l t s  of t h e se  te s t s ;  a c o m p l e t e  reduc t ion  and a n a l y s i s  has  
been made fo r  one  of the t e s t s .

4. TASK III - PHYSICS DEVELOPM ENT

The fuel bundle p l a c e m e n t  for the 8 4 - b und le  75 MWe ( o r e  has  b e e n  spec if ied ,  in c lud ing  those 
bundles  which wi l l  con ta in  the power f l a t t en in g  B^C ro d s .

C a lcu la t ions  a r e  unde rw ay  to f ina l ize  the  rod  withdrawal  p a t t e r n  f r o m  cold shutdown to  o p e r 
ating condi t ions  f o r  th i s  c o re .  C a l c u l a t i o n s  a r e  a lso  in p r o g r e s s  to p red ic t  s t a r t u p  c h a m b e r  
res|K>nse dur ing  th e  app ro ach  to c r i t i c a l .  l o r  the se lec ted  w i th d ra w a l  sequence .

A method is being d e v i s e d  to allow a nodal burnout ra t io  c a lc u l a t i o n  to be coupled to th e  
p r e s e  it o p e ra t in g  p h y s i c s  local  peak p o w e r  code.  Th is  will a l lo w  m o re  rap id  e v a lu a t io n  of 
v a r io u s  power d i s t r i b u t i o n s  p r io r  to the d e ta i l ed  t n e r m a l - h y d r a u l i c s  ana lys is .

P h y s ic s  a n a ly s i s  h a s  been com ple ted  on the  Phase  II d e v e lo p m e n ta l  fuel a s s e m b l i e s ,  a n d  is  
continuing on the  r e l o a d  fuel design .

P r e p a r a t io n s  a r e  u n d e r  way to im p le m e n t  the  on- l ine  c o m p u te r  p r o g r a m  for the 8 4 -b u n d le  
c o r e ,  and the P h a s e  II R arid D t e s t s .  In addit ion ,  a n u m b e r  of p r o g r a m s  l a v e  been  m odif ied  
a s  a r e s u l t  ol the  e x p e r i e n c e  ga ined  d u r in g  the p rev ious  p e r io d  of opera t ion ,  and will  b e  
checked out p r i o r  to the  May s ta r tu p .

d . TASK IV - TEST P L A N NING AND COORDINATION

Support  was  given to  C o n s u m e r s  P o w e r  C om pany  in l ic ens ing  a c t i v i t i e s  with the AEC to  
a s s u r e  co m p a t ib i l i ty  with the P h a s e  II t e s t i n g  under  the R and D p r o g r a m .

D iscu s s io n s  w e re  h e ld  with the AEC to d e s c r i b e  the in tended a p p l ica t io n  of i n s t r u m e n t e d  fuel 
a s s e m b l i e s  to P h a s e  II te s t ing  a t  Big R o ck  Po in t .

Big Rock Point shu t  down at  the end of th e  p e r io d  to conduct  a n n u a l  inspec t ions ,  s p e c i a l  
r e p a i r s ,  and to i n c r e a s e  the c o re  s i z e  f o r  75 MWe ope ra t ion .

The re lo ad  fuel d e s i g n  recen t ly  in i t ia ted  i s  being coo rd ina ted  with  development fuel  d e s ig n  
p lans  for in s e r t io n  a t  Big Rock Point e a r l y  next y ea r .

Fue l  pool eq u ip m en t  a t  Big Rock Poin t h a s  been  modif ied to im p r o v e  p e r fo r m a n c e  d u r i n g  
R and D tes t ing .

- 2 -



t ih  A P-4609

Phase  II t e s t s  h a v e  been de ta i led  and D a ta  P a c k ag e s  have b e e n  p r e p a r e d  and s u b m i t t e d  to the 
Big Rock Poin t R and D Review C o m m i t t e e  a s  r e q u i r e d  by l i c e n s e .

C o re  loading with deve lopm ent  fuel in s e l e c t e d  locat ions  has  b e en  defined and a n a ly z e d  with 
r e s p e c t  to e x p e c t e d  phys ics  and t h e r m a l  hydrau l ic  beh av io r .

- 3 -
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TASK 1A - HIGH POWER DENSITY FUEL DEVET OTMENT

1. FUEL ROD FAILURES

The linal i rradiat ion status and tabulation of failures for the Task LA fuel a ssem bl ies  are  
given in the 15th High Power Density Development P ro jec t  Quarterly Report,  GEAP-4488.

Failure of fuel assemblies 1A, 2A, and IF was visually verif ied by observation in the VBWR 
spent fuel pool.

Assembly 1A - One peripheral fuel rod has multiple c i rcumferen t ia l  c racks  with a section of 
the fuel rod completely detached. F igure  1 is a photograph of fuel assembly 1A taken in the 
VBWR pool.

Assembly 2A - One corner and one peripheral  fuel rod have predominantly c ircumferential  
cracks.  F ig u re  2 is a photograph of the failed corner  fuel rod.

A ssembly IF  - Longitudinal c racks  a r e  apparent in a c o rn e r  fuel rod. Figure 3 is a photo
graph of the fai led corner  fuel rod.

The appearance of the cracks in the annealed fuel rods of assem blies  1A and IB is s imilar  to 
those observed in prior fai lures of annealed Type 304 s ta in le s s  steel cladding. The failure 
of annealed s ta in less  steel cladding in a boiling water r e a c to r  env ironment is charac ter ized  
by in te rgranular  circumferent ial c r a c k s  ra ther  than the in te rgranular  longitudinal cracks 
whicn occur in cold worked s ta in less  steel clad fuel rods.

The c ircumferen t ia l  cracking made may be related to high local clad deformation at UC^ 
pellet in terfaces which have been m easu red  previously on an annealed fuel rod f ro m  assembly 
2E (GEAP-4488).

The longitudinal c racks  observed in the IF assembly failed fuel rod appear typical of the 
many fai lures experienced in cold worked Type 304 cladding.

Verification that the failure of the 1A, 2A, and IF fuel cladding was in tergranular  will be 
obtained when the planned post- i r rad ia t ion  metallographic examinations a re  performed.

2. POST-IRRADIATION EXAMINATION

No pos t- i r rad ia t ion  examinations other  than the VBWR spent fuel pool observations were 
performed on T ask  IA fuel assem blies .

- 4 -
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A ssem bly  1-A (Fue l  Follower)

16 Fuel R ods :  I J09 Pelle t  Fue l  Chid  with Type 304 S t a in l e s s  Steel
A n n ea led

Cladding: In i t ia l  Room T e m p e r a t u r e  Yield S trength  -  40. 000 psi

0. 420-inch OD
0. 0 2 0 - inch nom inal  w a l l
0. 005-inch  initial  co ld  d ia m e t r a l  p e l l e t - t o - c l a d  gap

Burnup. 8 . 0 3 0  MW D/T of U r a n iu m  Bundle A v e rag e  
1 2 .4 5 0  MW D/T of U r a n iu m  Fuel Rod Peak

Heat Flux: 3 6 1 .0 0 0  B tu /h - f t “ M a x im u m

F i_gu re  1. Fuel A s  s  e m b 1 v 1 - A

- 5 -
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Assembly 2 -A (Fuel Follower)

lfi Fuel Rods: UO<> Pellet Fuel  Clad with Type 304 Stainless Steel
Annealed

Cladu.ng: Initial Room T em p e ra tu re  Yield Strength - 40, 000 psi

0. 420-inch OD 
0. 020-inch nominal wall
0. 005-inch init ial  cold diametral pe l le t - to -c lad  gap

Burnup: 8,030 MWD/T of Uranium Bundle Average
12,450 MWD/T of Uranium Fuel Rod Peak

Heat Flux: 358,000 Btu/h-fU  Maximum

Figure 2 . Fuel Assembly 2-A
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A sse m b ly  IF

25 F uel Rods: U00 Pellet Fuel Clad with Type 304 Stainless Steel
Cold Worked

Cladding: Initial Room T em p e ra tu re  Yield Strength - 90,000 psi

0.3G0-inch CD 
0.014-inch nominal wall
0. 005-inch init ial cold d iam etra '  pel let- to-clad gap

Burnup: 10.000 MWD/T of Uranium Bundle Average
15.000 MWD/T of Uranium Fuel Rod Peak

Heat Flux: 480,000 Btu/h-f t^  Maximum

Figure 3. Fuel Assembly 1-F

- 7 -
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Previously obtained pos t - i r rad ia t ion  examination and tes t  data for the en t i re  program are  
reported in topical reports  is sued  during the period: "Fuel  Failure Examinations and Analysis 
in the High Power Density P r o g r a m .  ' by W. H. Arlt and S. R. Vandenberg, GEAP-4360 
(September 16. 1963); and Analysis  of Failure of Type  304 Stainless Steel Clad Swaged Powder 
Fuel A ssem b ly ,"  by E. A. L ees .  GEAP-4400 O c t o b e r  3. 1963).

Recent post- i r rad iat ion  test r e s u l t s  a re  also given in the Fourteenth and Fif teenth  Quarterly 
P r o g r e s s  Reports , GEAP-4391 and GEAP-4488, respect ively.

Pos t - i r rad ia t ion  examinations and tests  to be perfo rm ed  on recently d ischarged  Task IA luel 
a ssem bl ies  were outlined in deta il  and prepared for submittal  to the AEC.

- 8-
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TASK IB - FUEL FABRICATION DEVELOPMENT

1. F V EL HOD FAILURES

The final irradiation s ta tus  and tabulation of fa i lu res  tor the Task  IB fuel assemblies  a r e  
given in the Fifteenth Quarter ly  P rogress  Report .  GEAP- 4488.

2. POST-IRRADIATION EXAMINATION

No post-irradiat ion examinations were perfo rm ed  on Task IB fuel assem blies .

Post- i r rad ia t ion  examinations and tests  to be performed on recently  discharged Task IB fuel 
a ssem blies  were outlined in deta.l. and p repa red  for submittal to the AEC.

3 PHASE I DEV E LO PM ENT FUEL

Eight Phase I development fuel assemblies continued to operate in the Consumers Big Rock 
Point reactor during the period. The Phase  I assemblies  each contain 121 fuel rods. F o u r  
assem blies  designated PO-1, 2. 3, and 4 contain UOg powder fuel clad with 0 .0 1 0 - inch 
nominal wall Type 304L sta inless steel .  T h ese  assemblies  were fabr icated by swage c o m 
paction.

The other four a s se m b l ie s  designated PE-1 .  2, 3. and 4 contain UOg pellet fuel and were  
fabricated by swaging the 0 .0 1 0 - inch wall cladding over UO2 pe l le ts .  PE-1 and 2 a re  c lad  
with Type 304 s ta in less  steel  and P E - 3 and 4 with Type 304L s ta in le s s  steel.

The accumu'aied average  burnup of the lead assembly  (PO-4) is approximately 2,600 MWD/t 
of uranium.

At least  six of the Phase  I assemblies will be examined visually in the Consumers Big Rock 
Point  reactor spent fuel s torage pool during May, 1964.

4. PHASE II DEVELOPMENT FUEL
»

The basic fuel assembly  design c ri te r ia  for the  Phase II (Group II) fuel assemblies  are  
sum m arized  in Table I.  The Phase I fuel a sse m b l ie s  and the tentat ive design of the next 
group of developmental fuel assemblies  for the  Consumers Big Rock Point Reactor are  a lso  
given in Table I.

*

Ten Phase II developmental fuel assemblies  were  fabricated and shipped to the Big Rock 
Point  reactor.

_  Q -
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T A B LE I

BIG ROCK POINT D E V E L O P M E N T A L  FU E L DESIGN CRITERIA

Fuel A ssem bly

U 0 2 F u e l C 1 adding
F a b r i c a t i o n P r o c e s s Design 

Life t im e 
Average  

Bundle  Burnup 
MWD t Uranium

C u r re n t  Sta tus
T / p e

Nominal
Density
Pe rcen t

T h e o re t i c a l

Nominal 
Enr ichm ent  

Pe rcen t  
U 235

M a t e r i a l Nominal
Wall
(inch) Condit ion U 0 2 F u e l Fuel Rod

Gr<>up I P E -  1 Pelle t 94 2. 7 304 0. 010 Annealed Cold P r e s s Swage over 10,. 000 In R e a c to r  Since Ju ly  1963
P E -2 304 1 1 and S in t e r Sin tered  P e l le t s 1 1
P E -3 304L 1 1 1 1
P E - 4 1\ ♦ 304L t T T t F
PO- 1 Powder 91 2. 7 304 L 0. 010 C old  Worked Arc  F u s e Swage compaction 10. 000 In R e a c to r  Since Ju ly  1963
PO-2 304L 1 1 1 1
PO- 3 304L
PO- 4 304L 1 \ \

Group II D- 1 Pelle t 94 2 .8 Z r - 2 0. 030 C old  W orked Cold P r e s s Standard 15, 000 C o m p le t e  for in se r t io n  M av  1964
D-2 1 [ - 1 Z r - 2 1 1 and S in t e r \ I
D-3 1\ \ Z r - 2 T + f T t
D-4 Pelle t 94 4. 1 I n c o lo v - 800 0. 019 Annealed Cold P r e s s Standard 15,000 F a b r i c a t i o n  in P r o c e s s .  C o m -
D-5 1 I n c o l o v  800 1 I and S in te r 1 p l e t e  for in ser t ion  May 1964
D-6 1f T I n c o lo v - 800 T T 1 1 ? 1
D-7 Pel let 94 4 5 I n c o n e l - 600 0. 019 Annealed Cold P r e s s Standard 15, 000 F a b r i c a t i o n  in P r o c e s s .  C o m -
D- 8 I I n c o n e l - 600 I 1 and S in te r i1 1 p le t e  for in ser t ion  May 1964
D- 9 \ In c o n e l - 600 ? ♦ 1

D- 10 Powder 91 3. o Incolov* 800 0. 011 C old  Worked Arc  F u s e Swage con.paction 15,000 C o m p l e t e  for in se r t io n  M av  1964
D- 11 1 Incolov-  800 1 1 1
D- 12 \ 1 Inco lov- 800 ? ▼ * ▼ 1
D - 13 Powder 88 3 .3 Inco lov*800 0. Oil Annealed Arc  F u s e Swage com pact  ion 15,000 D e s i g n  Verif ica tion  and F a b r i c a -
D- 14 1 Incolov* 800 1 1 and Final Anneal 1 l ion  E x p e r im e n t s  in P r o c e s s
D- 15 \ Incoloy* 800 * ♦ t ♦ I

Group III D- 16 P e let 94 3 .3 In c o lo y - 800 0. 011 Annealed Cold P r e s s Swage over  P e l l e t s 15,000 P r e l i m i n a r y  Design
D- 17 1 I n c o lo y - 800 1 1 and S in te r 1 1
D- 18 * t I n c o l o y  800 ▼ ▼ t 1 ♦ 1
D- 19 Powder 85 3. 0 Z r - 2 0. 030 Annealed Arc F u s e Vibra to ry 15,000 P r e l i m  inary  Design
D-20 ♦ ♦ ♦ Z r - 2 ♦ ♦ 1 Compaction ♦ 1

Each A s s e m b ly  con ta ins  121 fue l  rods .  109 Fuel R o d s  a r e  0 .425 inch in d i a m e t e r  by 6 feet  long •

12 C o r n e r  F u e l  Rods a r e  0. 320 inch  in d iam e te r  by 6 fee t  long

- 10 -
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The ten a ssem b l ie s  included:

Three Z irca loy-2  clad pellet fuel a ssem b l ie s  (D-1,2,3),

Two Incoloy-800 clad pellet fuel a sse m b l ie s  (D-5,6),

Two Inconel-600 clad pellet fuel a sse m b l ie s  (D-6, S), and

Three Incoloy-800 clad swaged powder fuel assemblies (D-10, 11, 12).

Shown m Figure 4 is  one ol the fuel e lem ents  during final a ssem bly  of Zircaloy-2 clad fuel 
rods into an Incolov-800 support s t ruc tu re .

The removable rod feature of the developmental  fuel a ssem blies  enables all fuel rods to be 
inserted into the s t ru c tu re  from the top, simplifying the assem bly  operation.

The upper end of a fuel assembly with and without the upper handle and fuel rod re ta in e r  grid 
is shown in Figure 5. The handle is capable  of being removed in a spent fuel pool to allow 
individual i r rad ia ted  fuel rods to be removed and replaced by using simple long handled tools.

The ten Phase II fuel assemblies  will be inser ted  in the C onsum ers  Big Rock Point r e a c to r  
in May, 1964. The remaining Incoloy-800 and Inconei-SO0 clad fuel assemblies will be com
pleted during the next pei iod (D-4 and D-7).

The fuel rod fabricat ion for three Incoloy-800 clad swage compacted fuel assem blies  with the 
fuel rods annealed a f te r  swaging has been deferred pending r e s u l t s  of design verification 
tes ts  currently  being performed in the GETR Trai l Cable facility (D-13, 14. 151.

5. POISON ROD DEVELOPMENT

Poison rods will be inserted into several  Ph ase  I and Phase II developmental fuel a ssem b l ie s  
to demonstrate axial power flattening in the  Consumers Big Rock Point reactor.

The poison rods contain B^C powder in Incoloy-800 tubes.

The over-all  length of the 0 .423- inch d iam ete r  poison rods is 6 feet; however, the length of 
the B^C poison region is 36 inches. The B^C portion of the fuel rod is located in the peak 
axial power region of the reactor  by means of a 1-foot-long solid Type 304 stainless s teel  
rod attached to the lower end of the B^C section;.and a 2-foot rod attached to the upper end 
of the B^C section.

Two types of poison rods  were fabricated to simulate possible future  control rod e lements .  
The B^C poison rod design param eters  a r e  summarized in Table II.  Four poison rods, two 
of each type, will be inserted  into each of six  Phase II fuel a s se m b l ie s  prior to insertion into

- 11 -
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F igu re  4. P h a s e  II Fuel Element D ur ing  Assembly
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TABLE II

CONSUMERS DEVELOPMENTAL B4C POISON ROD DESIGN PARAMETERS

Poison
Rod

Poison Poison Section Cladding
Compartments 

in Poison 
Sei tion Poison Rod 

Fabrication Method

Material

Density
P ercen t

Theore t ica l Material
Wall 

(inc h) Condition Number
Length

(inches)

Type I b 4c 85 Incoloy-800 0.020 Cold Worked 1 36 Swage Compaction
Powder

Type II b 4c 70 Incoloy-800 0 .0J9 Annealed 3 12 Vibratory Com pat tion
Powder Swage over compartment

spacers

All poison rods are  0.423 inch in diameter and 6 feet  over-a l l  length. Poison section is 36 inches long attached to a 
1-foot solid Type 304 s ta in less  steel rod at lower end and a 2-foot solid Type 304 stainless steel  rod at upper end.

I
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the Bin Rock Point reacto i  in May 1964. In addition, an attempt will !>e made to remove lour  
fuel rods from each ol six irradiated Phase I fuel assemblies and t e p la c e  them with poison 
ro d s .  The removal of fuel rods Irum the Phase I assemblies and replacement with poison 
ro d s  will be the first significant test of the removable  tuel rod design feature of the develop
mental  fuel assemblies .

6. TRAIL CABLE EXPERIMENTS

A s e r i e s  of tests is in p r o g r e s s  to verify the dimensional  stability ol swaged powder annealed 
lncoloy-800 clad fuel rods  when subjected to a 1500-psi boiling water  environment. The 
r e s u l t s  of these tests  will be used to establish the fuel powder density and cladding yield 
s t reng th  required for th ree  Phase II developmental fuel assemblies (D-13. 14, and 15).

T h ese  tes ts  were performed in a water-filled, convection-cooled p r e s su r i z e d  capsule in the 
GETR Trai l  Cable facility. The same capsule was used to i rradiate  s im i la r  thin stainless 
s teel  clad fuels (Ref. GEAP-4069) at 1000 psi.  The  present  s e r ie s  of t e s t s  was the f i rs t  
a t tempt  to use this capsule design to 1500 psi.

The f i r s t  specimen to be i r rad ia ted  operated sa t is fac tor i ly  for 1-1/2 hours  at an average heat 
flux of 468,000 Btu h-f t  before  evidence of hydraulic oscillation of the natural circulating 
1500 psi boiling water loop was observed. Simultaneously with the onset  of hydraulic osc i l 
lat ions the radiation level on the capsule leads increased ,  indicating that the fuel had failed. 
The capsule was withdrawn from the Trail Cable facility and shipped to the RML. The fuel 
specimen was removed f rom  the capsule in two sect ions.  These sec t ions  were placed 
together  and are  shown in F igure  6. It appears that one-third to one-half  of the cladding had 
melted because of the s team  blanketing caused by the hydraulic osc i l la t ions.

The appearance of the UOg at the break is also shown in Figure 6. It a p p e a rs  that almost 
all of the fuel sintered, and a s  a result little fuel was lost from the fuel specimen. A small 
cen t ra l  void is also evident. If it is assumed that  the edge of the void is  the edge of the 
molten UC>2 (~2800°C), and that the thermal conductivity of powder fuel is equivalent to the 
conductivity of pellet fuel*, the surface t em pera tu re  of the fuel at this sect ion is about 1300 C. 
It is quite  probable that the edge of the void is not the limit of the molten region and that the 
th e rm al  conductivity of compacted powder is somewhat lower than pellet fuel which would 
mean that the fuel surface tem p era tu re  was somewhat higher than 1300 C .  A fuel surface 
t em p era tu re  _  1300 C is consistent  with the damage to the clad after s te am  blanketing had 
o ccu r red .

* T ransac t ions  American Nuclear  Society, Vol. 6, No. 1, June, 1963, page 152.
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Fuel S p e c im e n  C-b

0. 425 - inch OD 
0 011 - inch Wall  

Clad - Annealed Incoloy-800 
UC>2 - Swage C o m p a c te d  to 87. 5 p e r c e n t

2F a i led  a f t e r  opera ting at a heat f lux of 468. 000 Rtu h - f t  av e rag e  
for  1- 1 2 h o u rs  in a Wate r co o led  capsu le  in the G E T R  T r a i l  Cable 
F a c i l i ty .  T h e  fuel rod was coo led  by na tura l  c i r c u l a t i n g  1500-boil
ing w a te r .

F ig u r e  6. GETR T r a i l  Cable  E x p e r im e n t  - 
Fuel Rod Burnout Fa i lu re
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Fur the second fuel spec imen irradiated, a different capsule design was used to help reduce
the possibility of hydraulic oscillations. This fuel specimen operated satisfactorily lor about

21 hour at an average surface heat flux of 530.000 Btu/h-ft , when a step increase in power of 
about 5 perc ent was observed which was followed by an increase in radiation level on the 
capsule leads terminating the test. A post-irradiation photograph of this fuel sample is 
shown in Figure 7.

Excessive internal gas pressure in conjunction with possible local or general overheating of 
the cladding is believed to be the mechanism for the burst. High apparent UO2 fuel temp
eratures are evidenced by the UĈ  visible in the burst region which appears to have been 
molten.

Further analysis of post-irradiation data will be performed to establish a method of performing 
these tests successfully.

7. CONSUMERS INSTRUMENTED ASSEMBLIES

All equipment required for reactor installation of one probe with flowmeters, and one probe 
without flowmeters has been shipped to Big Rock Point.

Two flowmeters were modified to reduce crud access to the bearings and chances of locked 
rotor failure. The modifications include:

a. Replacing the cantilever shaft with a more conventional double ended shaft to in
crease bearing length and reduce side loading.

b. Replacing the stellite bushings with high density graphite to obtain nonseizing charac
teristics.

c. Shortening the probe by 1 inch to allow for the new shaft.

d. Adding an extension to the armature pickup assembly to allow the pickup coil to be 
moved.

e. Adding a fixed upper thrust pad to eliminate the necessity of the pickup coil to serve 
as a thrust bearing.

f. Elimination of coolant flow through the bearings to minimize crud access.

Both flowmeters were tested in the Heat Transfer Test Facility at San Jose, and the cold and 
hot single-phase measurements show no measurable change from previous calibrations of the 
same meters. Hot two-phase measurements showed slightly lower flowmeter readings for 
the same calculated steam rate conditions, amounting to about 1/2 percent in quality meas
urement (i.e . , flowmeter indication of 5-1/2 percent versus calculated of 6 percent). This 
deviation could be either due to errors in calculating the quality, or significant meter bearing 
friction. Readings at hot single-phase and low quality two-phase do not bear out the likelihood
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i

Test Specimen C -6

0. 425 - inch OD
0 .0 U  - inch Wall

C 'ad - Annealed Incoloy-800
UOj - Swage Compacted to 87. 5 percent 

of theoretical density

2
Failed a lter opera ting  at a heat flux of 530,000 Btu h-fi for 1 hour 
in a water cooled capsu le  in the GETR T ra i l  Cable Facility The 
fuel rod was cooled by natural c ircu la tion  1500 psi boiling w ater

F igure 7. GETR T ra il Cable E xperim ent - 
Fuel Rod B urst F a ilu re
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of bearing cl ran . however, and bcacing wear was within ih< expected lim it* lo r  new graphite 
bushings. D iam etral wear was a lm ost identical for both flow m eters: 0.0001 inch on the up
stream  bushings, and 0.0004 Inch on the downstream  bushings. Nominal in itia l clearance 
was 0.001 Inch, with maximum possib le  d iam etral w ear (tor satisfactory  flow m eter per 
(orm anee) in excess of 0.020 inch.

On" of the existing probes (num ber three) was rep a ired  and modified foi use  w ith the modified 
flow m eters. This probe was p rev iously  damaged at the re a c to r  silt and was re tu rned  to 
San Jose  lo r  rep a ir . The leads to one of the pickup coil*, were reweldcd. and one therm ocouple
was re p a ire d .

In addition, several probe modifn a tions were perform ed which were n ecess ita ted  by the 
modifier', flow m eter design.

Im provem ents in the pickup coil coupling fingers and a rm a tu re  design hav»« m o re  than doubled 
thr flow m eter output signal from  that obtained in prototype te s ts . Previous te s t*  showed the 
modified pickup would lie a fac to r of 7 lower than the unm odified pickup. T es ts  on the flow
m eter as bu ilt show this factor to be now 3 instead of 7. T h is means that the output voltage 
at rated flow will be at least 0 .7  volt, or about 30 tim es the threshold sensitiv ity  of the 
frequency to  analog converter.

Two of the p robe connectors w ere rew ired  with f ib e rg la ss  insulated, s ta in less  steel sheatheu 
cable ra ted  at 950 F. This type of cable has been used a s  therm ocouple wi'-e under 3 MeV 
irrad iation  approaching 10^ rad s . A sta in less steel flex ib le  conduit was in sta lled  over the 
cable and w elded to the connector fo r added physical p ro tec tion

Ar attem pt w as made to stra igh ten  som e of the kinks in the flux wire tube, but it is  doubtful 
that sa tis fa c to ry  w ire insertion will be possible. The flex ib le  34-foot-long assem b ly  makes 
it p rac tica lly  im possible to m aintain the straight lengths o r  smooth bends re q u ire d  for easy 
wire in se rtio n . A spring tem per 1 /1 6 - inch OD thin-w all tube has been o rd e re d . A.i attempt 
will be m ade to  in se rt th is sm a lle r  tube inside the 3 /1 6 - inch tube. It Is felt the sm alle r tube 
will p resen t sm oother bends and allow  a better fit of the w ire  to the tube ID. Installation  of 
this sm a lle r  tube will take place at the reac to r site as soon as it is available.

P a rts  for two new flow m eters have been ordered  for standby use in the event of fa ilu re  of the 
two existing m e te rs . Sets of s te llite  ball bearings a re  a lso  on order should the graphite 
prove totally  unsatisfac tory . A fter loop test evaluation of the ball bearings, a decision will 
be made w hether to use ball b ea rin g s  o r  graphite bearings for the two new m e te rs .
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TASK I! - STABILITY. HEAT TKANSFEK AND FLUID FLOW

1. PHASE 1 ROD OSCILLATION TEST DATA HE AUCTION

D uring tne Phase I te s ts  tw elve rod oscillation te s ts  were run at v a rio u s  conditions of re a c to r  
pow er, recirculation flow, reac to r p ressu re , and imel sulirooling. D uring these tests the 
following variables w ere recorded:

a. In -core  neutron flux a t five locations.

b. O ut-o l-co re  neutron flux at two locations.

c. Steam llow and re a c to r  p. essu.'e. and

d. Control rod position.

The en tire  process of reco rd ing , reproducing, and analyzing the rod osc illa tion  data it. 
p ic tu red  in Figure 8. The p rocess if described  below.

Station 1 - The signal fro m  the prini»ry sensor is  introduced to tiie reco rd ing  system . A lte r 
the signal is p roperly  adjusted for reco rd ing , the record ing  channel is ca lib ra ted  
by means of a voltage introduced during  interruption of the input signal.

S.ation 2 - The a-c com ponent of ‘he I learning signal i* suppressed.

Station 3 - The suppressed  signal is  am plified.

Station 4 - The am plified signal is put through a noise filter to f ilte r the  e lec trica l noise.

Station 5 - The conditioned signal is introduced to the tape reco rd e r. 

Station 6 - The Kiwi sign.a, is recorded on the tape .

Station 7 - L ater, the tape reco rd  is  reproduced through the reproduce am plifier at a tape 
speed eight t im e s  that of the orig inal data  recording, and played into a Frequency 
Response A n a ly ze r.*  P rio r  to reproduction , the tape is fo rm ed  into a closed 
loop, with the tape  splice form ed a s  accu ra te ly  as possible to provide amplitude 
and phase continuity  of the rod position signal. The tape loop enables the reco rd  
of rod o sc illa tion  to be replayed as an apparen iy endless experim en t.

Station 8 - At the input to Frequency Analyzer, any rem aining d-c com ponent is again nulled.

* B oonshaft-Fuchs Model 711A.
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DATA REPRODUCTION AND ANALYSIS

Figure 8. Data Recording and Analysis
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Station 9 - The su p p ressed  oscillation s igna l is multiplied by sin  u>t.

Station 10 - The resu ltin g  signal is in teg ra ted  over an accu ra te ly  specified tim e.

Station 11 - The signal is  read  out as a voltage, having m agnitude and polarity .
. r  I

No changes a re  m ade in any settings during  the recording or reproducing  process, once they 
have been set up. T hus, aside from any d -c  d rift o r gain in stab ility  in the equipment, the  
signals a re  considered  to have the sam e sc a le  factor for all freq u en c ies .

.

A recording channel s im ila r  to that shown in F igure  8 exists fo r v a rio u s signals, including 
in -co re  and o u t-o f-c o re  ion cham bers and the oscillated  control rod  position. Only two 
signals at one tim e a re  analyzed on the F requency  Analyzer, the rod  position and one neutron  
flux signal. Each signal introduced into the A nalyzer is m ultip lied  by both sin u>t and co s u>t.
The products a re  then in tegrated  as shown in F igure 8, and read  out as the in-phase and 
quadrature com ponents ( i .e . ,  real and im ag inary  components) of the input signal.

T he magnitude and phase  response of the sy stem  a re  then obtained from  these com ponents, 
a f te r  which the effect of the transient resp o n se  of the recording sy stem  is subtracted, to give 
the em pirical value of the reacto r system  closed-loop tran sfe r function.

A polynomial curve fit of the closed-loop gain and phase is m ade on the digital com puter.
T h is provides the ab ility  to determ ine the open-loop reacto r t r a n s fe r  function; the gain o r  
phase margins; the em perica l pow er-to -reac tiv ity  feedback function from  the reac to r s tab ility  
m.»del as shown in F ig u re  9. It is assum ed that the Reactor K in e tics , Doppler R eactiv ity , 
and Fuel Heat T ra n s fe r  models are  well e stab lish ed  m odels. The effect of these known 
m odels is "sub trac ted  out" of the polynomial fit of the closed-loop re a c to r  system  t ra n s fe r  
function to give the unknown portion of the stab ility  model. O ther item s of in terest a re  then 
computed, such as the  open-loop tran sfe r function and gain or phase m argins.

An extensive e r ro r  a n a ly sis  of the data reduction  p rocess has been m ade, and it has been 
determ ined that when reasonable  care  is taken  during the reco rd ing  and data analysis p ro c e ss , 
the e r ro r  in the m easu rem en t of the re a c to r  closed-loop tra n s fe r  function may be held to le s s  
than 0 .4  db (magnitude ratio) and 2 deg rees (phase) with 95 percen t confidence.

T he data reduction and analysis p rocess w as applied to Rod O scilla tion  T est 45 with the 
following resu lts:

a . F igure 10 p re se n ts  the closed loop reac tiv ity -to -flu x  tra n s fe r  function, and contains both 
the em perical r e s u l ts  and the p re - te s t  p red ic tions.
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I). The em perical re su l ts  in Figure 10 w ere  given a polynomial curve  fit as shown in 
Figure 11. The Reactor Kinetics and Doppler Reactivity M odels shown iii F igure 12. 
and the Fuel Heat T ransfer Model in F igu re  13 were then subtracted" from the poly
nomial curve fit. The resu lts  a re  shown in F igures 14 and i5 a s  the em pirical opet.- 
loop transfe r  function and the em p ir ica l  pow er-to -reac tiv ity -in -vo ids feedback t r a n s fe r  
function. F rom  Figure  14 the e m p ir ica l  phase margin of 104 degrees is obtained

- 25 -

iiv •



4

0

-4

f cps

40

0

-40

-80

on
LU
L.J
cl
CD
LU
Q

LUon
<nz
CL

I
IO
O )

I Figure 11. T es t 45 - Ciosed Loop T ransfe r Function - Curve Fit

G
EA

P-4609



I
to
<1
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MAGNI T UDE .  F U E L  HEAT T R A N S F E R  F UN C T I O N

P H A S E .  F U E L  HEAT T R A N S F E R  F U N C T I O N

Figure 13. Test 45 - Calculated Fuel Heat Transfer Model
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TASK III - PHYSICS DEVELOPMENT

1. 75 MWe OPERATIONS

The 84-bundle core bundle placem ent has been specified  as shown in F ig u re  16. An attem pt 
has been made to make the transition  from  the 74-bundle core to the 84-bundle core, followed 
by the reduction in core  s iz e  for the 60 kW/1 te s tin g  to involve as few fuel bundle moves and 
channel changes as possib le .

2. POWER SHAPING B^C RODS

D uring Phase II of the R and D P rogram s se lec ted  R and D fuel a sse m b lie s  will be loaded 
with ro d s  containing d is trib u ted  poison. Those bundles selected (six P h ase  I and six Phase II 
a ssem b lies),w ill each contain four poison rods which replace the firs t la rg e  fuel rods diago
nally in from the co rner of each  assem bly.

The design  ch a rac te ris tic s  of these rods a re  describ ed  under Task IB. T he effect of in serting  
these  ro d s  is to reduce bundle kx of the contro lled  region by approxim ately  14 percent at op
e ra tin g  conditions.

T h is d istribu ted  poison has yielded reductions of c o re  average axial pow er peaking of approxi
m ately  10 percent, providing a  significant in c rease  of core  operating flex ib ility .

3. SOURCE PLACEMENT AND ROD WITHDRAWAL SEQUENCES

C alcu lations a re  now being perfo rm ed  which will provide recom m ended ro d  withdrawal 
p ro ced u res  and approach-to -fu ll-pow er rod p a tte rn s . These calcu lations a re  necessary  to 
provide a  pattern with rod w orths less than the p e rm itted  maximum of 2. 5 percent Ak/k.

A dditional calculations a re  being perform ed with a one-group, few-node, two-dim ensional 
calcu lation  which is  yielding the distribution and m agnitude of startup  so u rc e  neutrons in the 
co re  during  the approach to c r i t ic a l .  The attenuation of these neutrons from  the core edge 
to the s ta rtu p  instrum entation may be determ ined fro m  this calculation, thus providing an 
indication of control rod w ithdraw al visibility as a function of rod pattern  and source place
m ent. E ffort on th is p ro jec t is  continuing.

4 . NODAL BURNOUT RATIO EVALUATIONS

An addition  is being made to the present operating physics th ree-d im ensional power peaking 
fac to r p rog ram  used for the B ig Rock Point re a c to r . This addition will allow  the calculation 
of the local burnout ratio  at each  th ree-d im ensional node in the co re . The resulting burnout 
ra tio s  w ill then be used as a  guide in selecting opera ting  power d is trib u tio n s . Once the power 
d istribu tion  is obtained, the standard  th erm al-h y d rau lics  analysis will be applied for purposes 
of obtaining such item s as opera ting  lim its .
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I = P HASE I 'R&D B U N D L E
IR = P HASE I R&D WITH B 4 C RODS
II = P HA S E  II R&D B U N D L E
HR = PHASE II R&D B U N D L E  WITH B 4C RODS

INS = I N S T R U M E N T E D  INITIAL F U E L  
B U ND L E

Zr,  SS D E N O T E S  Z I R C O N I U M  OR S T E E L  
C H A N N E L

VACANT S P A C E S  A R E  INITIAL FUEL 
WITH Zr C H A N N E L S .

Figure 16. 64 Bundle 75 MWe Core
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5. PHASE II FUEL DESIGN

P h y s ics  analysis for the Phase  II fuels has been con pfeted and is sum m arized  in Table III, 
which com pares all of the fuel types presently specified for. Big Rock Point.

6. RELOAD FUEL DESIGN

Reload fuel is being specified  for the Consum ers Power Company at the present time. The 
fuel is  expected to include the following features:

a. Development fuel design features, including the removable fuel rod feature;

b. Zirconium clad; and

c. An average enrichm ent of about 3. 1 p e rc en t  with 37 large ro d s  enriched to
approximately 4. 2 percent and the rem ain ing  large and sm all  ro d s  enriched to 2. 6 
percent.

By placing the 37 higher enriched rods in the c en te r  of the 11 by 11 fuel rod bundle, as 
shown in Figure 17, a significant decrease  in local power peaking r e s u l t s ,  as shown in 
T able  IV which contains the re su l ts  of some p re l im in a ry  calculations.

TABLE IV

LOCAL POWER PEAKING OF BIG ROCK POINT 
FUEL ASSEMBLIES

Standard Fuel 
3. 2 percent 
enrichm ent

Phase  II 
2. 8 pe rcen t 
enrichm ent

Phase II 
3. 3 percent 
enrichment

Steel channel 1.27 1 .24 1.28
Zirconium  channel 1.32 1.29 1.33

Reload

1.25
1.21

Exact specification of the reload  enrichments is  continuing.

f

7. SCHEDULING COMPUTER

The new set of library s to red  power shapes fo r the GE-312 scheduling computer is being 
developed, including the rev ised  core layout and the different rod w ithdrawal pattern.

The axial power shape p e r  bundle fits a re  being recalculated  using a one-dim ensional 
technique. The resu lt of th ese  calculations will be fi ts  of axial power shape as a function 
of bundle power, bundle fuel type, and adjacent contro l rod position for a ll  the significant 
fuel types inf the reac to r .

Peaking factors for each bundle are  being included for the additional types  of fuel in the 
co re .
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TABLE III

BIG ROCK POINT FUEL ASSEMBLIES

kx at 20 C, 0 MWD t kx 1250 psi,  20 percent channel void, 0 MWD/t
Steel channel Zircaloy channel Steel channel Zircaloy channel

with P h a se  II 
B^C ro d s

with Phase II 
B^C rods

with Phase II 
Zj 4 C rods

with Ph ase  II 
B^C ro d s

Initial Fuel Bundle 1. 105 ♦ 1.219 * 1. 100 0 1.208 0

Instrumented Fuel 
Bundle

1.092 ♦ 1.206 0 1.087 0 1. 195 0

Phase  I R and D Bundle 1. 132 1.072 1.243 1. 177 1. 135 1. 044 1.239 1. 140

Ph ase  II, 2. H Percent En
r iched  R and D Bundle

1. 149 * 1.268 * 1. 150 0 1.268 0

Phase  II. 4.1 Percent En
r iched  R and D Bundle

I. 181 1. 118 1.303 1.234 1. 171' 1.079 1.294 i. n o

Phase  II. 4. 5 Percent En
riched R and D Bundle

1. 181 1. 118
i

1.303 1.234 1. 174 1.080 1.295 1. 191

Phase  II, 3. 3 Percent En
r iched R and D Bundle

1. 167 1. 105 1.288 1.220 1. 160 1.067 1.279 1. 177

* B^C rods are not planned for these bundles.
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A numlx’r  of modifications have been, or are  being made in the computer sy s tem . These 
are  due p r im a r i ly  to the experience  gained in the last 6 months of operation.

The Core T h e rm a l Power module has been modified to allow a special r e a c to r  heat balance 
to be perfo rm ed  on demand at any tim e during the hour cycle . This heat balance makes use 
of a s e p a ra te  sensor scan, and in no way d isturbs the norm al calculations. In addition, an 
on-demand log to be used in conjunction w«th this heat balance has been p rep a red .  The 
program  and log are  currently  checked out and operating at the site.

As d iscussed  in previous re p o r ts ,  a method has been devised  to allow calculation of the core 
minimum burnout ratios under conditions of overpower. T his  is of more in te re s t  in the 
operation of the reactor than the ra ted  power burnout r a t io  since the license lim it is based 
on the overpow er condition. A specia l  calculation is req u ire d  by the com puter, however, 
since all computed variables a re  based on actual m easu red  values. Modifications to the 
channel flow ra te ,  and heat flux and burnout ratio m odules required by this m ethod have 
been program m ed. These modules have been reassem b led  but have not as  yet been checked 
out.

An auxiliary program  to allow fuel exposure data to be moved about in the com puter  memory 
as fuel is moved about the core has  been written and assem bled . The ope ra to r  must p re 
pare a con tro l  tape defining each fuel bundle movement, which is then read into the computer. 
Each piece of data associated with a particu lar fuel bundle is then moved to a new location 
in the m em ory  corresponding to the new core location. Provision is also made to move fuel 
to and from  the storage pool, and to insert fresh fuel. T h is  program will be checked out 
prior to the May startup, and w ill, in fact, be used to se t up the computer for the 84- bundle 
core.

A revised peak  power calculation is  presently being p rep a red  which is more consis ten t with 
the methods used for operational physics. This method ca lcu la tes  the local peak power as 
a function of the fuel type, the num ber of control rods adjacent to the axial position in 
question, and the direction of the con tro l rod with re sp ec t  to the fuel bundle. T h is  method 
will allow the future specification of a program which will norm alize the in -co re  monitors 
to the local heat flux. •

In addition to the changes listed above, improved vers ions  of the channel pow er, exposure, 
and plant perfo rm ance  modules have been assembled. All the program s mentioned will be 
checked out p r io r  to the May sta r tup .
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TASK IV - COORDINATION AND TEST PLANNING

1. COORDINATION

In p repara tion  for Phase II of the R and D program , which is  re la ted  to the in c re a se  of Big 
Rock Point P lan t output to 240 MWt, sev era l m eetings with AEC and C onsum ers have been 
required. A fo rm al presentation w as m ade to ACRS in e a r ly  January to d e sc rib e  and justify 
the Phase II development effort. No significant safeguards questions were ra is e d  o r left 
unresolved with the Committee a s  a re su lt of that m eeting. Subsequent m eetings with the 
Division of L icensing and Regulation w ere also held to re so lv e  rem aining d e ta ils  of the 
Technical Specification and other licen se  considerations a s  re la ted  to the R and D Program .

D iscussions w ere  held with AEC-SAN with regard  to the planned application of instrum ented 
assem blies to  the  Phase II testing  at Big Rock Point. E m phasis is being placed on increasing 
the probability  of obtaining detailed  d a ta  sufficient to evaluate  the individual channel p e rfo r
mance. To do th is , one instrum ented  probe will be u tilized  in each of the test sequences, 75 
MWe operation  at 45 kW/1 and la te r at 60 kW/1 and reduced power output. Two bearing  types 
a re  being developed and replacem ent flowm eter a ssem b lie s  will be available fo r the second 
sequence of te s tin g  should fa ilu re  o ccu r during the f irs t.

Also p resen ted  to AEC-SAN was the proposed hot labora to ry  (RML) program  intended to 
evaluate thoroughly the perform ance of the HPD fuel ir ra d ia te d  in the VBWR. T h is  examin
ation sequence will cover all fab rica tion  p rocess types and designs and will consider the 
impact of neu tron  exposure and th e rm a l history on the dem onstra ted  perfo rm ance of the fuel.

Development fuel has been operating  in the Big Rock Point P lant as part of a 74-bundle core 
configuration at full power throughout the  repo rt period. The lead development fuel bundle 
has accum ulated m ore than 2600 MW D/T exposure through th is  period.

The Big Rock Point reac to r was shut down at the end of the period  to ca rry  out the  annual 
turbine inspection , conduct containm ent te s ts , make r e p a ir s  to tu rb ine-genera to r equipment, 
and to rec o n s titu te  the core for 75 MWe operation. P a rt of the 15 new developm ent fuel 
bundles fab rica ted  for Phase II o p era tio n  will be installed  in the core  during th is  outage, as 
will two in strum ented  assem blies of which one will include inlet and outlet flow m eters. 
Development fuel bundles will a lso  inco rpo ra te  B^C poison ro d s  to replace four fuel rods in 
each selected assem bly .

Procurem ent of fuel by C onsum ers Pow er Company for re lo ad  use at Big Rock Point was 
initiated and the  needs of the R and D program  have been fac to red  into th is planning. In 
addition to the  fifteen development a sse m b lie s  now being de livered , it is  expected that

- 37-



CFAP-4609

I

approxim ately five more development assem blies will be built for delivery n e a r  the end of 
this y ea r .  The swaged pellet fabrication  process is  cu rren tly  anticipated to be the choice 
for all o r  p a rt  of these a ssem b lies .

Modifications have been p repa red  for the fuel pool equipment at Big Rock Point to improve 
the utility  and accuracy in perfo rm ing  the gamma sc a n s  and in inspecting the  fuel. These 
changes will be implemented e a r ly  next month.

2. TEST P L ANNING

P rep ara tio n s  have been made fo r  the Phase II testing which is planned to begin early next 
quarter. The test program will involve the following m ajo r  activities:

a. I r rad ia tion  of development fuel bundles with cladding of Zircaloy, Incoloy, and 
Inconel designed for 15,000 MWD/T burnup and for operation in a c o re  up to an 
av erag e  of 60 kW/1.

b. In c re a se  reactor th e rm al power output to 240 MWt while conducting a  sequence of 
t e s t s  at selected operating points with an 84-bundle core configuration.

(1) Steady state evaluation of thermal hydraulic  perform ance u tiliz ing  data 
from instrum ented fuel bundles.

(2) Transient pe rfo rm ance  evaluation by p r e s s u r e  set point pe rtu rba tion , 
neutron flux noise, and recirculation pump tr ip  tests.

(3) Stability and tra n s ie n t  behavior studies by control rod o sc illa to r  tes ts .

c. E valuate  the power flattening accomplished by the use of local poison rods in 
se lec ted  fuel bundles. W ire  irradiation and gam m a scanning of the fuel will ass is t  
in th is  study.

d. In c re a se  the reacto r  a v e rag e  power density to 60 kW /1 of core while conducting a 
sequence of tes ts  at se lec ted  operating points with a reduced size co re .  These tes ts  
will be of the type enum erated  above in item b.

Coordination of these te s ts  with Big Rock Point supervision  is being m aintained to assu re  
their compatibility with the plant operating and m aintenance schedule.

In support of the planned Phase II activities, four Data Packages, numbered six through nine, 
have been prepared  and subm itted to the Big Rock Point R and D Review Com m ittee as r e 
quired. T h ese  Data Packages a r e  a s  follows:

Data Package  No. 6 - D escrib ing the Development Fuel Assemblies for P hase  II Research
and Development Program,

Data Package No. 7 - D escrib ing  the Physics P o rtions  of the Phase II R esearch  and Develop
ment T e s ts ,
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Data Package No. 8 - D escribing the Instrum ented  A ssem blies P h ase  II R esearch and
Development T es ts , and

Data Package No. 9 - D escribing Phase II of the Steady State C ore  Perform ance and
Stability T ests  on the  Consum ers Big Rock Point Reactor.

P rev ious Data Packages (No. 1 through 5) w ere  those associated w ith Phase I R and D 
testing .

A ppropriate fuel loading patterns incorpora ting  development fuel assem b lies  have been d e 
fined both for high pow er testing (up to approxim ately  240 MWt) and for high power density  
testing  (up to approxim ately  60 kW/1). The te s t  planning has included the definitions of the  
associated  co re  pow er d istribu tions and the  evaluation of co re  th e rm a l hydraulic conditions 
at various planned opera ting  modes to a s s u re  feasibility  and safety of the te s ts .

i
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