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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

I. SCOPE: 

METALS AND CERAMICS DIVISION Spec. No. HFIR-F'E-1 
OAK RIDGE NATIONAL LABORATORY 

Union Carbide Nuclear Company 

Oak Ridge, Tennessee 

Date: J u l y  1, 1964 
Page: 1 of 43 

A Division of Union Carbide Corporation 

This spec i f ica t ion  covers requirements f o r  two types of aluminum- 
base f u e l  elements which together w i l l  be used as the f u e l  assembly 
i n  the  High Flux Isotope Reactor (HFIR) a t  t h e  Oak Ridge National 
Laboratory (ORNL). Requirements a r e  included f o r  mater ia ls  of con- 
s t ruc t ion ,  fabr ica t ion ,  assembly, inspection, and q u a l i t y  control  t o  
produce f u e l  elements i n  accordance with Company drawings. 

11. DEFINITION OF TERMS: 

Qualification: 
f u l l y  conduct an operation or t e s t  t o  the s a t i s f a c t i o n  of the 
company. 

A demonstration of the  S e l l e r ' s  a b i l i t y  t o  success- 

Cer t i f ica t ion :  
u a l  requirement of t h i s  spec i f ica t ion .  

A wri t ten statement of compliance with an individ- 

Lot: - 
s t a r t i n g  mater ia l  ( f o r  example, a s ingle  group of f u e l  cores) ,  
fabr icated successively t o  a given s i z e  by i d e n t i c a l  procedures. 

Material  from a s ingle  ingot,  or from other  comparable 

Batch: 
represented by a s ingle  sample, usual ly  the amount of mater ia l  i n  
e i t h e r  the o r i g i n a l  vendor's f i n a l  production operation o r  the 
shipping container.  

Reactor: 
National Laboratory. 

The amount of mater ia l  ( i n  the form used by the S e l l e r )  

The High Flux Isotope Reactor (HFIR) a t  t h e  Oak Ridge 

Fuel Assembly: The complete f u e l  loading for HFIR, consis t ing of 
both the inner and outer  f u e l  elements. 

Fuel Element: E i t h e r  the inner-annular or outer  -annular arrange - 
ment o f  f u e l  p l a t e s .  

Fuel Plate:  The individual  uranium-bearing p l a t e s  used t o  make up 
e i t h e r  the inner-annular or outer-annular f u e l  elements. 
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOF'E REACTOR FUEL ELEMENTS 

11. DEFINITION OF TERMS (continued): 

Fuel Core: The duplex rectangular paral le lepiped sec t ion  i n  the 
center of the f u e l  p l a t e .  It cons is t s  of a contoured f u e l  sect ion 
and a complementary aluminum f i l l e r  sect ion.  

Fuel Section: The shaped port ion of the  f u e l  core containing the 
u3°8 

F i l l e r  Section: The i n e r t  port ion of the f u e l  core which i s  added 
t o  complement the shaped f u e l  sect ion of the core t o  provide a 
rectangular paral le lepiped core cross  section; f o r  the inner e l e -  
ment it contains the burnable poison. 

B i l l e t :  The assembly of f u e l  core, frame, and cover p l a t e s  pre-  
pared f o r  hot r o l l i n g .  

Cover Plate:  The aluminum p l a t e s  making up the  cladding o r  
protect ive port ion of the f u e l  p l a t e s .  

Frame: The area of aluminum surrounding the  f u e l  core which 
provides the  edge sealing. 

Core Hump: The th ickes t  port ion of the f u e l  sect ion as located 
on the s ide of the p l a t e  containing the f i l l e r  sect ion.  

Combs: The t h i n  supports which fit between the  ends of the  f u e l  
p l a t e s  . 
Core Outline: The closed f igure  r e s u l t i n g  from drawing a l i n e  
connecting the outermost p a r t i c l e s  of U308 as seen by an x-ray 
examination of the plane of a f l a t  f u e l  p l a t e .  

Surface Density: 
i n  a volume described by the product of the p l a t e  thickness and a 
u n i t  area p a r a l l e l  t o  the  surface of the  f u e l  p l a t e .  

The t o t a l  quant i ty  of uranium or boron contained 

Grooves: The circumferential  channels cu t  i n t o  the s ide p l a t e s  i n  
which weld metal i s  deposited t o  j o i n  f u e l  p l a t e s  t o  s i d e  p l a t e s .  

t 

Slot:  The longi tudinal  channels cu t  i n t o  the surfaces  of the s ide 
p l a t e s  t o  receive the f u e l  p l a t e s .  
- 
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

11. DEFINITION OF TERMS (continued): 

Coolant Channel: The region between two adjncent f u e l  p l a t e s  i n  
which the cooling water flows. 

Average Coolant Channel Thickness: The average normal distance 
between two adjacent f u e l  p l a t e s ,  measured i n  a plane a t  r i g h t  
angles t o  the longi tudinal  a x i s  of the element. 

111. GENEWL DESC'RIFTION: 

A .  Reactor - The High Flux Isotope Reactor i s  being b u i l t  by the 
Oak Ridge National Laboratory t o  provide research quant i t ies  of 
several  of t h e  transplutonium elements. 
turbed thermal neutron f l u x  i n  the HFIR i s  t o  be approximately 
5 x 1015 neutrons/cm2.sec a t  a t o t a l  power l e v e l  of 100,000 kw 
and an average power densi ty  of approximately 2,000 kw/l i ter .  
These performance c h a r a c t e r i s t i c s  represent a s i g n i f i c a n t  
extrapolat ion beyond the performance of present generation 
research reac tors ,  thus requir ing c a r e f u l  design and close con- 
t r o l  of the  fabr ica t ion  procedures. The reactor  w i l l  cons is t  
of a c y l i n d r i c a l  f u e l  region surrounded by an annular control  
region and a beryllium r e f l e c t o r ,  a l l  of which a r e  water cooled. 
These components a r e  contained within a s t a i n l e s s  s teel-clad 
carbon s t e e l  pressure vessel .  

The maximum unper- 

B. Fuel Assembly - The e n t i r e  f u e l  assembly of t h i s  reac tor  i s  
made up of two f u e l  elements, each element consis t ing of an 
annular a r r a y  of f u e l  p l a t e s  (Fig,  1). 
f ied  as the  inner and outer f u e l  elements. The inner element 
cons is t s  of 171 i d e n t i c a l  f u e l  p l a t e s  and the  outer  element 
cons is t s  of 369 i d e n t i c a l  p l a t e s  d i f f e r i n g  s l i g h t l y  from those 
i n  the inner element. 

The annul i  a r e  i d e n t i -  

The f u e l  p l a t e s  a r e  shaped i n t o  an involute configuration t o  
provide maximum f u e l  volume with a graded f u e l  d i s t r ibu t ion ,  
a uniform metal-to-water r a t i o ,  and a high heat  t r a n s f e r  
surface-to-core volume r a t io ,  while maintaining a constant 
channel spacing. 

The f u e l  elements a r e  t o  be assembled by inser t ing  formed f u e l  
p l a t e s  i n t o  s l o t s  i n  c y l i n d r i c a l  s ide p l a t e s .  The f u e l  p l a t e s  
a r e  t o  be attached t o  the s ide p l a t e s  by welds deposited i n  
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' 

Fig. 1 Complete HFIR Fuel Element. 

. 
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL EL;EMENTS 

III. GENERAL DESCRIPTION (continued): 

B. circumferential  grooves. To provide end s t i f f e n i n g  f o r  the  
f u e l  p l a t e s ,  combs a r e  attached t o  the  p l a t e s  a t  both ends. 
End adapters a r e  required on each end of the f u e l  assembly t o  
provide locat ion and support of the f u e l  assembly within the 
reac tor .  

C .  Fuel P la tes  - Each f u e l  core, which cons t i tu tes  a rectangular 
paral le lepiped,  consis ts  of two mating sections:  (1) a f u e l  
section, varying i n  thickness across the width, and ( 2 )  an 
aluminum f i l l e r  sect ion which i n  the inner f u e l  element con- 
t a i n s  a burnable poison i n  the form of B4C. The f u e l  and burn- 
able poison surface dens i t ies  a r e  varied across the width of 
each p l a t e  t o  help control  the power d is t r ibu t ion .  
achieve s a t i s f a c t m y  heat  removal c h a r a c t e r i s t i c s ,  it i s  
necessary t h a t  the f u e l  and burnable poison d i s t r i b u t i o n s  be 
c lose ly  controlled and t h a t  a sound bond e x i s t  a t  a l l  i n t e r -  
faces  within the p l a t e s .  I n  addi t ion  t o  contr ibut ing t o  power 
d i s t r i b u t i o n  control ,  the  B4C located i n  the f i l l e r  sect ion of 
the inner f u e l  element f u e l  cores supplements the r e a c t i v i t y  
worth of the reactor  control  system. 

To help 

IV. APPLICABLE DOCUMENTS 

A .  Fuel Element Drawings - The HFIR f u e l  elements a r e  described i n  
the following drawings which a r e  a p a r t  of t h i s  spec i f ica t ion .  

D -42114 
D-42115 
D -42116 
D -42118 
D-42122 
D -42123 
D-42124 
D -42126 
D -42119 

HFIR Inner Fuel Element - Fuel P l a t e  Loading Detai ls  
HFIR Inner Fuel Element*- Top Combs 
HFIR Inner Fuel Element - Bottom Combs 
HFIR Inner Fuel Element - Assembly 
HFIR Outer Fuel Element - Fuel P l a t e  Loading Deta i l s  
HFIR Outer Fuel Element - Top Combs 
S I R  Outer Fuel Element - Bottom Combs 
HFIR Outer Fuel Element - Assembly 
HFIR Fuel Elements - General Notes 

D-42113 HFIR Inner Fuel Element - 
Involute Curvature Design 

D-42121 HFIR Outer Fuel Element - 
Involute Curvature Design 

D-42112 HFIR Inner Fuel Element - 
D-42117 HFIR Inner Fuel Element - 
D-42120 HFIR Outer Fuel Element - 
D-42125 HFIR Outer Fuel Element - 

Fuel P la te  True 
Details 
Fuel P l a t e  True 
Deta i l s  
Inner Side P l a t e  
Outer Side P l a t e  
Inner Side P l a t e  
Outer Side P l a t e  
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

IV . APPLICABIE DOCUMENTS: continued) : 

B. 

C. 

Test Sample Drawings - Test samples which are required by this 
specification are described on the following drawings: 

D-42142 

D-42143 Comb Welder Qualification Specimens 
MC-215 Specimens for Evaluating Attachment of Fuel 

Specimens and Holder for Welded Joint Strength 
Determinations 

Plates to Side Plates 

Reference Documents 

ASME Boiler and Pressure Vessel Code, Section VIII, 

ASME Boiler and Pressure Vessel Code, Section IX, Part B 
ASTM-E 142-59T Tentative Methods for Controlling Quality 

ASTM-E 165-607 Tentative Methods for Liquid Penetrant 

Special Nuclear Materials Article, SNM 6-62 

Appendix IV 

of Radiographic Testing 

Inspection 

V. MATERIALS: 

A. Aluminum 

1. General 

a. All aluminum, with the exception of welding electrodes, 
welding rods, and aluminum powder, will be furnished by 
the Company. 

b. This material will conform to one of the following 
specifications: 

ASTM-B209-61, "Aluminum Alloy Sheet and Plate" 
B-210-61, "Aluminum Alloy Drawn Seamless Tubes" 
B-235-61, "Aluminum Alloy Extruded Tubes" 

e. While this material meets the specified ASTM specifi- 
cations, it is nevertheless special material in that 
the composition is controlled within narrower limits 
than is required by the ASTM specifications, such con- 
trol being required for nuclear consideration. 
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

V . MATERIALS ( continued): 

A. 2. Aluminum P la t e  

a .  

b. 

C .  

d.  

The p l a t e  t o  be used f o r  the f u e l  p l a t e  frames w i l l  be 
type 6061 aluminum and w i l l  be clad on both s ides  with 
type 1100 aluminum. 
aluminum cladding on each s ide  w i l l  not  exceed 5.5% of 
the  t o t a l  thickness .  P l a t e s  w i l l  be ava i lab le  a s  
36-in. x 96-in. p l a t e s  0.350 i n .  t h i ck  minimum. 

The thickness of the  type 1100 

The cover p l a t e s  w i l l  be type 6061 aluminum, clad on 
one s ide  with type 1100 aluminum, with the  cladding 
being l e s s  than 5.5% of t h e  t o t a l  thickness .  P l a t e s  
w i l l  be ava i lab le  as 36-in. x 96-in. p l a t e s  0.142 i n .  
t h i ck  minimum. 

Mater ia l  t o  f ab r i ca t e  the combs s h a l l  be prepared by 
the  vendor from scrap cover p l a t e  mater ia l .  

A l l  p l a t e s  w i l l  be furnished i n  the "0" condition t o  
ASTM tolerances f o r  s i z e  and surface.  It s h a l l  be the  
r e spons ib i l i t y  of the S e l l e r  t o  achieve the a c t u a l  
thickness and temper condition required f o r  f u e l  p l a t e  
f ab r i ca t ion  and t o  do any conditioning necessary t o  
give c loser  tolerances,  spec ia l  surfaces ,  or any other  
fea ture  required by the  p l a t e  f ab r i ca t ion  process.  
Fuel p l a t e  frames and cover Dlates s h a l l  be annealed by 
hea t ing  t o  500°C ?looC f o r  120 min and cooling i n  
a i r  as  a check f o r  b l i s t e r s .  A l l  b l i s t e r e d  p l a t e s  
s h a l l  be re jec ted .  ?y@$ ,<fl './ 

a.  Aluminum as tubing f o r  use as c i r c u l a r  s ide  p l a t e s  and 
end f i t t i n g s  w i l l  be ava i l ab le  i n  the  following sizes: 

Outside Diameter ( i n . )  

5 562 
6.375 

11.250 
12.250 
12.250 
17.875 
17 875 

Wall ( i n . )  

0.500 

0 938 
0 875 
1.500 

1.312 

1.000 

1.000 
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL EL;EMENTS 

V . MATERIALS continued) : 

A .  3. b. A l l  tubing w i l l  be purchased i n  the  T-6 condition. 

4. Aluminum Powder 

a .  All aluminum powder w i l l  be Alcoa Type 101Aluminum 
Paste ,  and Powder, Product Powder (Alcoa Pigments, 

Data Book, 6/20/60) o r  the  equivalent,  and w i l l  be 
furnished by the S e l l e r .  

k~ 
b. A l l  aluminum powder s h a l l  be annealed a t  590°C C 10°C 

f o r  4 h r  a t  7 x t o r r .  1 a 7 L  
b , 7 A  

e. A 100-g sample of as-received powder from each batch 
s h a l l  be furnished the Company by the  S e l l e r  before the 
batch i s  used i n  a production element. 

5. Welding Rods and Bare Electrodes 

a .  A l l  welding rods and welding electrodes s h a l l  be of 
type 4043 aluminum and s h a l l  be furnished by the  S e l l e r .  

b. All welding electrodes s h a l l  conform t o  Mil-E-l6053K, 
"Electrodes, Welding Bare, Aluminum Alloys I t  

e .  A l l  e lec t rodes  s h a l l  be packed ind iv idua l ly  with a 
desiccant  i n  hermetical ly  sealed containers  before 
shipping. 

d.  A l l  welding rods s h a l l  conform t o  ASTM B 285-61~, 
"Aluminum and Aluminum-Alloy Welding Rods and Bare 
Electrodes.  I '  

e.  A 60-in. representa t ive  sample of each l o t  of welding 
rod o r  welding electrode s h a l l  be submitted t o  the 
Company a minimum of two weeks before the l o t  i s  used 
i n  a production element. 

B. Uranium Oxide 

. 

1. Enriched uranium i n  the  form of  UF6, with the  i so top ic  
ana lys i s ,  w i l l  be supplied without charge t o  t h e  S e l l e r  
by the  Company. 
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Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL EI;EMENTS 

V.  MATIERIALS (continued): 

B. 2. Conversion of the UF6 t o  U 08 s h a l l  be the  r e spons ib i l i t y  
of the  S e l l e r .  3 

3. As furnished by the Company, the  uranium w i l l  be enriched 
t o  a minimum of 93% of U235. 
of the  mater ia l  w i l l  be permitted during conversion or 
element fabr ica t ion .  

No degradation (within 0.2%) 

4. The U308 used as the  f u e l  s h a l l  be a high-f i red or dead- 
burned oxide having a dens i ty  grea te r  than 8.2 g/cc, as 
determined by a toulene pycnometer, and a surface a rea  of 
l e s s  than 0.05 m2/g, as determined by a krypton BET de te r -  
mination. 

5. The t o t a l  uranium concentration s h a l l  exceed 84.5 w t  % 
with a maximum U02 content of 1.0%. 

6. An analys is  s h a l l  be required f o r  each batch of U308. 

a. The impuri t ies  i n  the  U308 s h a l l  not exceed the  l i m i t s  
spec i f ied  i n  Table 1. 

Table 1. Maximum Impurity Levels f o r  U308 (ppm) 

A1 10 co 3 Mg 100 
B 0.2 C r  1 5  Mn 5 
Ba 10 cu 20 N a  5 
Be 0.2 Fe 100 N i  20 
C a  50 K 23 P < 100 
Cd 0.5 F < 10 S i  50 

L i  1.0 v 2 

7. A s  used i n  the  core, the U308 s h a l l  be -170 +325 mesh and 
s h a l l  not contain more than 10% of -325 mesh p a r t i c l e s ,  as 
determined i n  a standard screening t e s t ,  ASTM B 214-56. 

8. A sample with a minimum weight of 25 g s h a l l  be furnished 
the  Company by the  S e l l e r  from each l o t  of U308 used. 

a. The sample must be packaged so  as t o  avoid contamina- 
t i o n  from moisture. 
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V .  MATERIALS (continued): 

B. 9 .  Handling of enriched uranium s h a l l  be i n  accordance with 
"Special Nuclear Materials Ar t i c l e ,  If SNM 6-62. 

10. Natural o r  depleted U308 used during development s tages  of 
t h i s  cont rac t  s h a l l  be obtained by the  S e l l e r .  It should 
be obtained f r o m t h e  same manufacturer as the  enriched 
mater ia l  and should have been processed i n  a manner a s  
near ly  i d e n t i c a l  as possible .  

C .  Boron Carbide 

1. Natural boron carbide (B4C) equivalent t o  the  High Pur i ty  
Grade as supplied by Norton Chemical Company s h a l l  be used, 
and s h a l l  be furnished by the  S e l l e r .  

A c e r t i f i e d  i so topic  ana lys i s  f o r  BIO s h a l l  be provided by 
the S e l l e r  f o r  each batch of mater ia l .  

2. 

3. A sample representat ive of t h e  batch and with a minimum 
s i z e  of 50 g s h a l l  be furnished the Company by the  
S e l l e r  from each batch of B4C used. 

V I .  FUEL PLATE REQUIREMENTS 

A .  Materials 

1. All aluminum used i n  assembling the  f L  1 p l a t e  b i l l e t s  
s h a l l  be from l o t s  furnished by or  approved by the  Company 
for such use. 

2. All aluminum used i n  assembling the  f u e l  p l a t e  b i l l e t s  
s h a l l  be f r ee  from b l i s t e r s  a s  shown by v i s u a l  examination 
while i n  the annealed condition. 

3 .  A l l  surfaces  s h a l l  be clean and f r e e  from d i r t ,  grease, 
lubr icants ,  marking ink, penc i l  lead,  and heavy oxides 
( sec t ion  XIII). 

4. A l l  frames s h a l l  be of a one-piece construction. 
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V I .  FUEL PLATE REQUIREMENTS (continued): 

B. General Fuel P l a t e  Reauirements 

1. Fuel p l a t e  surfaces  containing any p i t s  or scratches 
g r e a t e r  than 0.001 in .  deep or dents l a r g e r  than 0.25 in .  
i n  diameter s h a l l  be cause f o r  re jec t ion .  With the approv- 
a l  of the Company, a mark located over the frame area may 
be used f o r  purposes of core hump loca t ion  ( sec t ion  VI-F). 

2. The cover p l a t e s  s h a l l  be bonded t o  both the core and 
frame surfaces.  

Note: Acceptable bonding i s  defined as no v i s i b l e  separa- -- 
t i o n  between the layers  when viewed a t  low magnifica- 
t i o n  and with grain growth evenly d is t r ibu ted  across 
a minimum of 50% of the  aluminum-to-aluminum port ion 
of the in te r face  length.  A procedure qua l i f ied  as 
specif ied i n  sect ion XI -B  coupled with q u a l i t y  con- 
t r o l  as specif ied i n  sect ion X I I - D  s h a l l  be consid- 
ered as meeting the requirements of t h i s  paragraph 
f o r  the production of p l a t e s .  

3. The operation preceding f i n a l  machining f o r  every f l a t  f u e l  
p l a t e  s h a l l  be the following anneal. Heat t o  500°C '70 - "C <T 
f o r  120 min and furnace cool a t  a r a t e  of 27°C t o  
100°C or l e s s .  
s h a l l  then be cooled t o  room temperature before removal of 
p la tens .  

After  removal from the furnace, the s tack , r , ~, 

Note: The purpose of t h i s  anneal i s  t o  y ie ld  c loser  con- - 
t r o l  of the  formed p l a t e s  and t o  increase the 
r e l i a b i l i t y  of the nonbond t e s t  ( sec t ion  VI-G-2). 

4. The f u e l  p l a t e s  s h a l l  be formed t o  within 0.015 in .  of the  
t r u e  involute curvature. The dupl icat ion of f u e l  p l a t e s  
s h a l l  be l imited t o  10.008 in .  a t  21 separate measuring 
points  f o r  the outer  annulus and a t  28 separate measuring 
points  f o r  the  inner annulus. Seven measurements s h a l l  be 
taken a t  each of the rad ia l  loca t ions  shown below. 
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V I .  FUEL PUTE REQUIREMENTS (continued): 

B. 4. 

The 

C .  

R a d i a l  Location ( i n . )  

Point No. 

1 2 3 4 
Inner f u e l  p l a t e  3.18 3.77 4.58 5.14 
Outer f u e l  p l a t e  6.35 6.78 7.99 

permissible tolerance on these rad ia l  locat ions i s  
kO.030 i n .  

5. A number s h a l l  be assigned t o  each f u e l  p l a t e  on completion 
of the hot-rol l ing operations.  This number s h a l l  be main- 
ta ined and used f o r  p l a t e  i d e n t i f i c a t i o n  i n  a l l  operations 
t h e r e a f t e r .  

6. After  forming and p r i o r  t o  assembly, t o  remove heavy oxides 
formed during fabricat ion,  every f u e l  p l a t e  s h a l l  be de- 
greased and l i g h t l y  etched i n  a cold HNO3-€IF (15 vol  ‘$ - 
1 t o  2 vol  ’$) solut ion followed by carefu l  r i n s i n g  i n  
potable water (XIII-A-2). 

7. The thickness var ia t ion  within any individual  f u e l  p l a t e  
s h a l l  not exceed fO.OOO5 in .  

Uranium Loading and Dis t r ibu t ion  

1. 

2. 

3. 

Each inner element p l a t e  s h a l l  contain 15.18 g f 1.0% of 
U235 and each outer  element p l a t e  s h a l l  contain 18.44 g f 
1.0% of $35. 

The uranium for each core s h a l l  be individual ly  weighed and 
the weight recorded. The weights need be i d e n t i f i a b l e  only 
by l o t ,  not by individual p l a t e .  

Fuel p l a t e  cores s h a l l  be made as s ingle  units containing 
f u e l  and f i l l e r .  A l l  edges of  the cores s h a l l  have a 
radius  no grea te r  than 0.010 i n .  Core thickness,  a f t e r  
outgassing, s h a l l  not vary more than 0.004 in .  i n  any core. 
A l l  cores s h a l l  have an interference f i t  with t h e i r  p ic ture  
frames of 0.005 k 0.003 in .  
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/ / I f i -  V I .  FUEL PLATE REQUIREMENTS (continued): - I  

c .  4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

I I/ '4 

Fuel p l a t e  cores s h a l l  be vacuum annealed a t  590°C C 10°C 
f o r  3 hr with a maximum pressure of 1 x loA t o r r  during 
the major port ion of  t he  anneal. i ,, 

After  t he  p i c tu re  frames and cover p l a t e s  have been de- 
greased and the  cores have been vacuum annealed, they s h a l l  
be handled with clean white gloves ( sec t ion  XIII-A-2). 

The f u e l  p l a t e  b i l l e t s  s h a l l  be preheated f o r  45 min a t  
500°C ??o"C p r i o r  t o  the f i rs t  r o l l i n g  pass.  
pass ,  a reheat  time of not l e s s  than 5 min s h a l l  be used 
except a f t e r  the  shearing pass where rehea t  time of not 
less than 10 min s h a l l  be used. The thickness of the hot -  
ro l l ed  p l a t e  s h a l l  be uniform within C 0.001 i n .  (nominally 
0.063 i n . ) .  

Between each 

All f u e l  p l a t e s  s h a l l  be ro l l ed  a t  room temperature t o  a 
f i n a l  thickness of 0.050 i n .  ? 0.001 in .  Thickness var ia -  
t i ons  within any s ingle  p l a t e  s h a l l  not exceed CO.OOO5 i n .  
The average cold reduction s h a l l  be 20%. 

Uranium s h a l l  not extend beyond the  maximum core ou t l ines  
as shown on drawings D-42114 and D-42122. 

The uranium i n  the inner element p l a t e s  s h a l l  be d i s t r i -  
buted i n  such a manner t h a t  the  surface dens i ty  i n  grams 
per square cent;imeter a t  any pos i t ion  X on the  p l a t e  sur- 
face s h a l l  be equal t o  0.0458 times the Y value corres-  
ponding t o  the  pos i t ion  X as tabulated on drawing D-42114. 
For the  outer-annulus p l a t e s ,  t he  uranium surface dens i ty  
s h a l l  be 0.0680 times the  Y value as tabulated on drawing 
D-42122. S t ra ight - l ine  in te rpola t ion  between tabulated 
poin ts  s h a l l  be used f o r  addi t iona l  values of Y.  

The tolerance on t h e  surface dens i ty  i n  g/cm of ?)35 
within the  maximum f u e l  core ou t l ine  s h a l l  be +3O% -100% 
of the  specif ied value of t h a t  spot  as measured for any 
5/64-in. -diam spot  ( a rea  of 0.0048 i n . 2 ) .  

The tolerance on an average U235 surface dens i ty  within the  
minimum core ou t l ine  s h a l l  be C10$ of the  specif ied value.  

2 
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V I .  FUEL PLATE REQUIREMENTS (continued): 

C .  11. I n  the  area between the  maximum and minimum core out l ines ,  
the var ia t ion  of the  average s h a l l  be within +10 -100% of 
the  specif ied value. These averages s h a l l  be measured f o r  
a surface area 5/64 in .  wide and varying i n  length from 
approximately 1/2 i n .  t o  approximately 1-L/2 i n . ,  depend- 
ing upon the  uranium concentration preceding any change i n  
concentration and the  magnitude of t h a t  change. They s h a l l  
be obtained by continuously averaging the  surface dens i ty  
within a 5/64-in. band along t h e  p l a t e  length.  
of a minimum of 1/64 i n .  s h a l l  be maintained between scans. 

An overlap 

Oak Ridge National Laboratory w i l l  fu rn ish  two instruments 
capable of inspecting the p l a t e s  with the.accuracy r e -  
quired t o  demonstrate whether the above requirements have 
been met. These instruments w i l l  be furnished f r e e  of 
charge, f .o.b,  Vendor's p l a n t .  These instruments measure 
the i n t e n s i t y  of an x-ray beam transmitted through the 
p l a t e  and,by comparing the a t tenuat ion  with t h a t  obtained 
with known standards, determine t h e  uranium concentration. 
The concentrations a r e  averaged e l e c t r o n i c a l l y  using an RC 
time constant and a t r a v e l  speed which w i l l  be specif ied 
by the Company. This constant w i l l  be such t h a t  an instan-  
taneous change of 15% from nominal w i l l  reach an average 
value of +lo$ i n  approximately 1/2 i n .  of t r a v e l .  
instruments w i l l  be capable of automatically completely 
scanning the p l a t e s  and recording the data.  

The 

D. Boron Loading and Homogeneity 

1. Each f i l l e r  region f o r  the inner element f u e l  p l a t e s  s h a l l  
contain BIO i n  the form of boron carbide. The amount of 
B10 t o  be added w i l l  be specif ied by the Company and may 
be changed during the l i f e  of the contract;  it w i l l ,  how- 
ever, l i e  i n  the range of 0.01 t o  0.025 g of BIO per p l a t e .  
The i n i t i a l  value, and one t o  be used unless otherwise 
n o t i f i e d  i n  writ ing,  s h a l l  be 0.0124 g. 

2 .  The amount of BIO per p l a t e  s h a l l  be maintained within 
?lo$ of the specif ied value. 
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V I .  FUEL PLATE REQUIREMENTS (continued): 

D.  2. Note: It i s  expected t h a t  the amount of boron carbide 
added s h a l l  be corrected t o  a constant B10 value 
t o  cover varying BIO enrichments and boron concen- 
t r a t i o n s  within the as-received boron carbide. 

3. The boron carbide f o r  each f i l l e r  piece s h a l l  be weighed 
individual ly .  

4. Boron carbide s h a l l  not extend beyond the  maximum f u e l  
core out l ine .  

5. The BIO s h a l l  be d is t r ibu ted  i n  such a manner t h a t  the 
surface densi ty  a t  any point  on the surface X s h a l l  be 
1.72 x 10-5 times the corresponding Z value from the t a b l e  
on drawing D-42114. S t ra ight - l ine  in te rpola t ion  s h a l l  be 
used f o r  intermediate values of Z .  

The surface densi ty  o f  BIO within any 0.20 in .2  area 
within the minimum core area of the inner annulus s h a l l  be 
within +35% of the t h e o r e t i c a l  density.  I n  the region 
between the two core out l ines ,  the tolerance s h a l l  be +35$ 
-100% o f  t h e o r e t i c a l .  

6. 

a.  Conformance with sect ions XI-B&F and X I I - B  s h a l l  be 
considered as s a t i s f y i n g  the requirements of t h i s  
se et ion. 

E .  Fuel P l a t e  Dimensions 

1. The f u e l  p l a t e s  s h a l l  be r o l l e d  t o  the dimensions shown on 
drawings D-42114 f o r  the inner annulus and D-42122 f o r  the 
outer  annulus. 

a. To permit var ia t ions  i n  the  width of the f u e l  p l a t e s  
necessary t o  compensate f o r  var ia t ions  i n  the assembly 
or  welding techniques, only the width of the f u e l  core 
i s  specif ied.  The p l a t e  width may be varied by vary- 
ing the width of the aluminum edge cladding. 

L 
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V I .  FUEL PLATE REQUIREMENTS (continued): 

E. 1. b. Drawings showing the selected sizes and the tolerance 
l i m i t s  f o r  the width of the  f l a t  p l a t e s  must be f u r -  
nished by the S e l l e r  t o  the Company f o r  approval p r i o r  
t o  start  of production. 

2 .  After  f i n a l  machining, every f u e l  p l a t e  s h a l l  be checked 
t o  assure conformance with the  specif ied core and frame 
dimensions. 

Note: - A qual i f ied fluoroscopic examination s h a l l  be con- 
sidered as being acceptable. 

3. All f u e l  p l a t e s  s h a l l  have an average cladding thickness 
on each surface grea te r  than 0.010 i n .  with a minimum 
cladding thickness of 0.007 i n .  ( sec t ion  X I I - D ) .  

F. Core Hump Location - The S e l l e r  s h a l l  e s t a b l i s h  a procedure by 
which t h e  core hump locat ion of every f u e l  p l a t e  may be de te r -  
mined and i t s  locat ion indicated.  

1. The hump locat ion s h a l l  be establ ished both as t o  where it 
i s  located across the p l a t e  width and toward which p l a t e  
face it i s  pointing. 

2. The hump locat ion markings s h a l l  be recognizable a f t e r  the 
p l a t e s  have been machined t o  f i n a l  s i z e  and assembled 
between the s ide p l a t e s  ( sec t ion  VII-A-2). 

G. Unbonded Regions 

1. B l i s t e r s  

a.  If a t  any stage of p l a t e  fabr ica t ion  a b l i s t e r  grea te r  
than 1/16 i n .  i n  diameter i s  observed, the p l a t e  s h a l l  
be rejected immediately. 

b.  I n  the  las t  anneal preceding t h e  cold reduction, each 
p l a t e  s h a l l  be held a t  500°C z 0 " C  f o r  a minimum of 
one hour. After cooling, both s ides  of every p l a t e  
s h a l l  be v isua l ly  examined f o r  b l i s t e r s .  
l a rger  than 1/16 in .  i n  any dimension and which w i l l  
remain a f t e r  machining t o  s i z e  s h a l l  be cause f o r  
re jec t ion .  

Any b l i s t e r  
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V I .  FUEL PLATE REQUIREMENTS (continued): 

G. 2. Nonbonds 

a. After  the completion of the  f l a t  p l a t e  f ab r i ca t ion  and 
while the p l a t e  i s  i n  the  annealed condition, the  
e n t i r e  surface of each p l a t e  s h a l l  receive an u l t r a -  
sonic examination f o r  nonbond. 

b. The u l t rasonic  t e s t  s h a l l  be conducted with s u f f i c i e n t  
s e n s i t i v i t y  t o  de tec t  any 1/16-in. -diam (0.00307 in .2  
a rea )  nonbond or b l i s t e r  located e i t h e r  within the  f u e l  
core,  the  cover p l a t e s ,  or a t  the core-cover, cover- 
frame, o r  insert-cover in te r faces .  The s e n s i t i v i t y  and 
reproducib i l i ty  of the  technique s h a l l  be establ ished 
with ca l ib ra t ion  p l a t e s  containing fueled cores and 
reference d i scon t inu i t i e s .  

e. Any response l a rge r  than t h a t  which i s  received from 
a 1/16-in. -diam (0.00307 in .2)  reference d iscont inui ty  
s h a l l  be cause fo r  r e j e c t i o n  of the  p l a t e .  

- Note: An acceptable technique f o r  the f ab r i ca t ion  of 
reference d i scon t inu i t i e s  cons is t s  of cu t t i ng  
1/16-in. -diam (0.00307 in .2  a rea)  flat-bottom 
holes i n  the  ca l ib ra t ion  p l a t e .  The f l a t  bo t -  
toms s h a l l  be p a r a l l e l  t o  the  p l a t e  surface.  
The hole may be plugged t o  provide an acoust ic  
mismatch approximating t h a t  of a nonbond. A 
s u f f i c i e n t  number of such d i scon t inu i t i e s  shall  
be placed within the p l a t e  t o  assure  adequate 
scanning a t  a l l  in te r faces  and a t  a l l  loca t ions .  

V I I .  FUEL ELEMENT REQUIREMENTS: 

A.  General Requirements 

1. The e lements -sha l l  be assembled with the  p l a t e s  curved i n  
t he  d i r ec t ions  shown on the  drawings. 

2. The markings showing hump o r i en ta t ion  ( sec t ion  VI-F) s h a l l  
be used t o  demonstrate t h a t  the f u e l  cores a re  or iented as 
ca l led  f o r  i n  the  drawings. 
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V I I .  FUEL ELEMENT REQUIREMENTS (continued): 

A .  3. A l l  s ide  p l a t e  tubes s h a l l  be i n  the  T-6 condition. 

4. Elements s h a l l  be clean and f r e e  from foreign matter 
( sec t ion  XIII) . 
a. Once the curved p l a t e s  have been etched and rinsed 

( sec t ion  VI-B-4) ,  a l l  fu ture  handling o f  the  p l a t e  or 
the assembled element s h a l l  be with clean white gloves. 

b. After  the f u e l  element has been assembled, a l l  machin- 
ing s h a l l  be done dry t o  prevent foreign materials 
from becoming trapped i n  the s ide p l a t e  s l o t s .  

e.  I n  assembling the f u e l  p l a t e s  i n t o  the s ide  p l a t e s ,  
alcohol may be used as a lubr icant  (o ther  lubr icants  
may be used with the approval of the company); however, 
p r i o r  t o  welding the assembled element, it must be 
dried four hours a t  a temperature above the  boi l ing  
point  of any lubr icant .  

d.  Potable-grade water and the necessary penetrant 
t e s t i n g  l i q u i d s  (sect ion XIV-B) may be used; no other  
l i q u i d s  s h a l l  be permitted on or i n  any f u e l  element. 

e .  During handling and storage,  the  elements s h a l l  be 
protected from dust,  d i r t ,  shop grease, and similar 
contamination. 

B. Dimens ions 

1. To assure control  of f u e l  element coolant-channel thick-  
ness, three Teflon spacers 0.045 t o  0.048 in .  th ick  by 
3/4 i n .  wide and 24 i n .  long s h a l l  be i n s t a l l e d  i n  each 
coolant channel before welding. 
approximately 1/2 in .  from each edge of the  f u e l  p l a t e  
and the t h i r d  approximately a t  the  center  of the f u e l  
p l a t e .  

One s t r i p  s h a l l  be 

2. Every coolant channel thickness s h a l l  be 0.050 5 0.010 in .  
when measured a t  any point .  
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V I 1  . FUEL EL;EMENT REQUIREMENTS (continued): 

B. 3. The average coolant channel thickness f o r  any individual  
cross  sec t ion  s h a l l  be 0.050 f. 0.006 i n .  
a t  the  f i v e  ( 5 )  po in ts  specif ied i n  V I I - B - 4  s h a l l  be 
averaged for  any one cross  sec t ion .  

Measured values 

4. The coolant channel thickness s h a l l  be measured continuous- 
l y  along the  length of each coolant channel (except f o r  
t he  1/2 i n .  a t  e i t h e r  end of the  f u e l  p l a t e s  where the 
combs a re  i n s t a l l e d )  a t  the  following r a d i a l  locat ions:  

Radial  Location ( i n .  ) 
Point  No. 

1 2 3 4 5 
Inner f u e l  element 3.10 3.56 4.05 4.40 4.80 
Outer f u e l  element 6.20 6.64 7.22 7.61 7.90 

The permissible tolerance on these radial loca t ions  i s  
20.10 i n .  Radial  separat ion dis tance between adjacent 
measurement loca t ions  s h a l l  be within 50.10 i n .  of dimen- 
s ions spec i f ied  i n  the  above t ab le .  These measurements 
should be made before f i n a l  machining and before i n s t a l -  
l a t i o n  of  the  end adaptors.  

It w i l l  be the  r e spons ib i l i t y  of the  S e l l e r  t o  demonstrate 
t o  the  s a t i s f a c t i o n  of t he  Company t h a t  the  coolant chan- 
ne l s  a r e  not measurably a l t e r ed  during subsequent f a b r i -  
ca t ion  operations.  

5. The tolerances on the  width of the f u e l  p l a t e s  and the 
s l o t  depth of the  s ide  p l a t e  must be such t h a t  under the  
worst conditions the  nearest  approach of the  f u e l  mater ia l  
s h a l l  be a minimum of 0.045 i n ,  from e i t h e r  s ide  p l a t e ,  a s  
measured r a d i a l l y  from the  f u e l  element center l i n e .  

6. A s  assembled, the  f u e l  p l a t e s  s h a l l  protrude a minimum of 
0.015 i n .  i n t o  the  weld grooves of the  inner s ide  p l a t e  
and 0.035 i n .  minimum i n t o  the  weld groove of the  outer  
s ide  p l a t e .  
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V I 1  . FUEL ELEMENT REQUIREMENTS ( continued): 

B. 7. The S e l l e r  s h a l l  develop a technique which w i l l  show t h a t  
a f t e r  f i n a l  machining, the  s ide  p l a t e  minimum thicknesses 
as specif ied on the drawings have been m e t .  

Note: An acceptable technique w i l l  be t o  machine three 
addi t iona l  shallow grooves i n t o  the tubular  s ide  
p l a t e s  when the welding grooves a r e  cut .  These 
grooves a r e  t o  be on the same surface as the welding 
grooves and a r e  t o  be located approximately a t  the 
midplane and 10 i n .  toward each end. The grooves 
should be cut  a f t e r  the tube has been rough machined. 
The grooves should be cut  through the excess metal 
and extend a maximum of 0.015 i n .  i n t o  the f i n a l  
s ide-plate  thickness; a minimum radius  of 0.005 i n .  
i s  required a t  the  bottom corners. After  f i n a l  
machining of the  element, the w a l l  s h a l l  be examined 
and the depth of the grooves measured and a minimum 
w a l l  thickness calculated.  

- 

8. Dimensional inspections s h a l l  e i t h e r  be performed with the 
p a r t s  a t  68°F k 1°F, or s h a l l  be compensated for tempera- 
t u r e  correction. 

C .  Records - The measured value of the twelve dimensions i d e n t i -  
f i e d  by Roman numerals on drawings D-42118 and D-42126 s h a l l  
be recorded and i d e n t i f i e d  by number. The record of these 
dimensions s h a l l  be transmitted t o  the Company. 

D.  Marking - Every f u e l  element s h a l l  be i d e n t i f i e d  by a code 
marking engraved on the surface with symbols 3/4 in .  high. 
The marking s h a l l  be located on the outer  s i d e  p l a t e  surfaces 
as shown on drawings D-42118 and D-42'126. 

1. Two markings approximately 180" a p a r t  s h a l l  be engraved 
on each element. 

2 .  The depth of the  markings s h a l l  not exceed 0.020 in .  

3 .  The marking code s h a l l  be agreed upon by the S e l l e r  and 
the  Company. 
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Subject: SFECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

V I 1  . FUEL - ELEMENT REQUIREMENTS ( continued) : 

D .  4. An engraved index mark, 1/4 i n .  long and 0.020 in .  deep, 
s h a l l  be made on the bottom end adapter opposite any one 
coolant channel on each f u e l  element. This engraved mark 
s h a l l  be used f o r  purposes of channel i d e n t i f i c a t i o n  and 
assembly and inspection records. An arrow, 3/8 i n .  long, 
s h a l l  be engraved perpendicular t o  the index mark t o  ind i -  
ca te  the d i rec t ion  of channel numbering sequence. 

V I I I .  WELDING REQUIREMENTS: 

A.  General Welding Requirements 

1. 

2. 

3. 

4. 

5. 

Three types of welded j o i n t s  a r e  used i n  each f u e l  element: 
type A ( f u e l  p l a t e  attachment welds), type B (end adapter 
attachment welds), and type C (comb-to-fuel-plate welds). 

Weld types A and B s h a l l  be made by machine welding, using 
the gas-metal-arc process. Weld type C s h a l l  be made manu- 
a l l y  using the gas-tungsten-arc process. 

A l l  welds s h a l l  be made only by qua l i f ied  welders or weld- 
ing operators and with procedures qual i f ied i n  accordance 
with sect ion X. 

Quality control  during welding s h a l l  be as specif ied i n  
sect ion XII-E and a l l  welds sha l l  be inspected as specif ied 
i n  sect ion I X .  

The S e l l e r  s h a l l  submit f o r  Company approval p r i o r  t o  the 
s tar t  of fabr ica t ion  de ta i led  welding procedures t h a t  con- 
form t o  requirements of t h i s  spec i f ica t ion .  

B. Requirements f o r  Fuel P l a t e  Attachment Welds (Type A Welds) 

1. Each f u e l  p l a t e  s h a l l  be welded t o  both the  inner side 
p l a t e  and the outer  s ide  p l a t e  a t  the 24 ax ia l  locat ions 
as shown on drawings D-42118 and D-42126. 

2. Each type A weld s h a l l  have a minimum pul lout  s t rength of 
100 l b  
m a l  t o  the bottom surface of the  f u e l  p l a t e  s l o t  ( sec t ion  

when t e s t e d  i n  tension, with the force applied nor 

x-c-2). 
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SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELXMENTS 

B. 3. 

4. 

5. 

6. 

7. 

8 .  

9 .  

The weld penetrat ion s h a l l  not extend more than 0.010 i n .  
i n t o  the p l a t e  width as measured from the s ide  p l a t e  surface 
( top  of the s l o t s )  ( sec t ion  X-C). 

The face s ide of each weld s h a l l  be f r e e  of defects  such as 
cracks, incomplete fusion, and incomplete penetration; i n  
addition, they s h a l l  be f r e e  from i r r e g u l a r  bead contour, 
oxidation, and terminal c r a t e r s  i n  excess of t h a t  present  
on the approved q u a l i t y  standard. The q u a l i t y  standard used 
s h a l l  be a selected representat ive p a r t  of a procedure qua l i -  
f i c a t i o n  t e s t  weld i d e n t i f i e d  as such and approved by the 
Company. 

The r o o t  s ide of the welds s h a l l  be f r e e  of gross oxidation, 
sagging , or  warpage (IX-B-1-a) . 
The weld grooves s h a l l  be f i l l e d  s u f f i c i e n t l y  so t h a t  a f t e r  
f i n a l  machining, surface depressions a r e  not  present on the 
inner surface of the inner s i d e  p l a t e  of the inner element 
nor on the  outer surface of the  outer  s ide  p l a t e  of the 
outer  element. 

The poros i ty  o r  voids on any exposed surface or cross sect ion 
shall not exceed the s i z e  shown on the ASME Boiler and 
Pressure Vessel Code, Section V I I I ,  Appendix IV Porosi ty  
Charts f o r  p l a t e  1/4 i n .  or  l e s s  and s i z e  "assorted." 
amount of both la rge  and small pores s h a l l  be r e s t r i c t e d  t o  
half  the amounts shown on t h i s  f igure.  

The 

It w i l l  be permissible t o  machine, grind, o r  f i l e  the weld 
(using carbon s t e e l  t o o l s ) ,  below the surface l e v e l  of the 
rough-machined tube without making a weld r e p a i r ,  provided 
the as-finished s ide  p l a t e  surface i s  not penetrated.  

Any defects  extending i n t o  the f i n a l  thickness,other than 
those a r i s i n g  from the permissible minor porosi ty ,  s h a l l  be 
ca l led  t o  the a t t e n t i o n  of the Company representat ive who 
w i l l  make a decision as t o  whether a weld r e p a i r  s h a l l  be 
made. 

. 
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V I I I .  WELDING REQUIREMENTS (continued): 

SPECIFICATION FOR HIGH FLUX ISOTOPE REACTOR FUEL EIEMENTS 

C .  Requirements f o r  End-Adapter Attachment Welds (Type B Welds) 

. 

D. 

1. 

2 .  

3 .  

4. 

5. 

Each type B weld s h a l l  be f r e e  from defects  such as cracks, 
oxidation from inadequate shielding, incomplete or discon- 
tinuous fusion, surface porosi ty ,  overlap, and i r r e g u l a r  
bead contours. The q u a l i t y  control  standard weld selected 
f o r  type A welds ( sec t ion  V I I I - B - 4 )  s h a l l  a l s o  be used f o r  
judging q u a l i t y  of the type B welds. 

Porosi ty  and s lag  inclusion, as shown by a radiograph 
(sec t ion  XIV-A) s h a l l  not exceed the s i z e  or d i s t r i b u t i o n  
shown f o r  "medium" f o r  p l a t e  1 /4  i n .  or l e s s ,  with a s ingle  
indicat ion of s i z e  ' ' large" as shown on the Porosi ty  Charts, 
Appendix IV, ASME Boiler and Pressure Vessel Code, Section 
V I I I .  

The weld s h a l l  penetrate the f u l l  thickness of the s ide  
plate;  no area of incomplete fusion s h a l l  be permitted. 

Any defects ,  other  than those a r i s i n g  from the permissible 
minor porosi ty  o r  terminal c r a t e r s  o r  from defects  which 
occur i n  the  area of excess s ide p l a t e  mater ia l ,  s h a l l  be 
ca l led  t o  the a t t e n t i o n  of the Company representat ive who 
w i l l  decide i f  a weld r e p a i r  i s  t o  be attempted. 

The weld grooves shall be s u f f i c i e n t l y  f i l l e d  so  t h a t  a f t e r  
f i n a l  machining, surface depressions a r e  not  present on the 
inner surface of the inner element nor on the outer  surface 
of the outer  element. 

Requirements f o r  Comb-to-Fuel P l a t e  Welds (Type C Welds) 

1. Each end of each f u e l  p l a t e  s h a l l  be welded t o  the combs. 

2 .  A l l  welds s h a l l  have smooth, rounded surfaces and be f r e e  
from overlaps, incomplete fusion, excessive oxidation, and 
cracks or "crack l i k e "  indicat ions.  

Weld width a t  any locat ion s h a l l  not be greater  than 1 .3  
times the comb width. 

Melting of comb t e e t h  s h a l l  not extend t o  a depth grea te r  
than 1/8 i n .  below the end of the  f u e l  p l a t e .  

3. 

4. 
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IX. WELD INSPECTION: 

A .  Preweld Inspection 

1. Before welding, a l l  j o i n t s  s h a l l  be v i s u a l l y  inspected f o r  
alignment of p a r t s ,  proper j o i n t  geometry, and cleanl iness .  

2. For each type A weld, the protrusion of f u e l  p l a t e s  i n t o  the 
weld grooves s h a l l  be determined by making complete measure- 
ments i n  a minimum of three weld grooves for each s ide p l a t e ,  
these being one on each end and one i n  the center  of each 
tube. 

a.  A l l  protrusions s h a l l  m e e t  the  requirements of section 
VII-13-5. 

B. Postweld Inspection 

1. Welds s h a l l  be v i s u a l l y  inspected for compliance with t h e i r  
respect ive port ions of sect ions V I I I - B ,  V I I I - C ,  or V I I I - D .  

a. The inside surfaces of type A welds s h a l l  be inspected 
visual ly ,  with a l i g h t  a t  the f a r  end, for compliance 
with sect ion VII I -B-5 .  

2. The face o f  each type A or type B weld s h a l l  be penetrant 
inspected using the technique i n  sect ion XIV-B. 

3. Each type B weld s h a l l  be inspected radiographically i n  
accordance with the techniques i n  sect ion XIV-A. 

a. Each weld s h a l l  m e e t  the  requirements of sec t ion  V I I I - C .  

4. Each type C weld s h a l l  be v i s u a l l y  inspected using a low- 
power (approximately %) reading g lass  or comparable o p t i c a l  
l ens .  

a. A l l  welds must conform with sect ion V I I I - D .  

5. A minimum of three measurements of weld width a t  the  th ick-  
e s t  portions of each welded comb s h a l l  be made; a l l  s h a l l  
comply with sect ion V I I I - D - 3 .  
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X. QUALIFICATION OF WELDING PR0CEDURES.j WELDERS, AND WELDING 
OPERATORS AND EQUIPMENT 

A .  General Requirements 

1. 

2 .  

3. 

4. 

5. 

The S e l l e r  s h a l l  qual i fy  welding procedures, welders, 
welding machine operators,  and welding equipment by applying 
the r u l e s  f o r  Procedure Q u a l i f i c a t i o n  i n  ASME Boiler and 
Pressure Vessel Code, Section M, P a r t  B, and i n  accordance 
with addi t iona l  requirements of t h i s  spec i f ica t ion  before 
any welding work i s  done on the prototype element or on the  
production elements. 

Before r e p a i r  welding on a production element, the r e p a i r  
welding procedures s h a l l  be qua l i f ied .  

Welding procedures and c e r t i f i e d  qua l i f ica t ion  t e s t  r e s u l t s  
s h a l l  be submitted t o  the Company f o r  approval p r i o r  t o  any 
production welding. 

a. Welding procedures must be c l e a r l y  described i n  d e t a i l  
and s h a l l  include, but a r e  not l imited t o ,  values and 
l i m i t s  f o r  such var iables  as voltage, amperage, gas type 
and flow r a t e ,  t r a v e l  speed, wire feed r a t e ,  welding 
sequence, and type and model of welding machines. 

b. A statement s h a l l  be included as t o  what methods w i l l  be 
used t o  control  the var iables  and what accuracy and 
reproducib i l i ty  i s  obtained. 

The various welding procedures s h a l l  be considered as being 
qual i f ied when the f i r s t  welder or welding operator using 
them i s  successful ly  qual i f ied.  

A welder o r  welding operator qual i f ied f o r  a given weld f o r  
one element s h a l l  be considered as being qual i f ied for the 
same type of weld f o r  the  other element. 

B. Preliminary Qual i f ica t ion  of Welders and Welding Operators 

1. Before qualifying f o r  s p e c i f i c  welds, a l l  welders and weld- 
ing operators s h a l l  be general ly  qua l i f ied  by applying 
the r u l e s  f o r  the Performance Qual i f ica t ion  t e s t s  out l ined 
i n  the ASME Boiler and Pressure Vessel Code, Section M, 
P a r t  B. 
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X. QUALIFICATION O F  WELDING PROCEDURF)S, WELDERS, AND WELDING 
OPERATORS AND EQUIPMENT (continued): 

B. 1. a. The qua l i f ica t ions  s h a l l  be made using type 6061 alumi- 
num base metal and type 4043 aluminum f i l l e r  metal. 

b. Welding operators who w i l l  be making type A or type B 
welds s h a l l  qua l i fy  by making machine w e l d s  i n  the  1 G  
pos i t ion  using pipe or tube. 
C welds w i l l  qua l i fy  manually with p l a t e  i n  the  1G 
posi t ion.  

Welders who w i l l  make type 

e. Samples prepared by the welding operators s h a l l  be r e -  
quired t o  pass the  bend tests required of welders making 
similar welds. 

C .  Q u a l i f i c a t i o n  of Type A Welding Operators 

1. One t e s t  sample of the type shown on drawing MC-215,  using 
type 6061-0 aluminum p l a t e s ,  s h a l l  be welded by each opera- 
t o r  t o  demonstrate t h a t  he can successful ly  j o i n  p l a t e s  pro- 
truding various distances i n t o  the weld groove. 

a. Each weld of these q u a l i f i c a t i o n  samples s h a l l  contain 
a sect ion showing the s tar t  of the weld, the area where 
the f i n i s h  of a weld overruns the s tar t ,  and the  point  
a t  which the a r c  w a s  extinguished a t  the  f i n i s h .  

b. Each weld s h a l l  be inspected as specif ied i n  sect ion IX 
and s h a l l  conform with the general  spec i f ica t ions  for 
type A welds ( sec t ion  V I I I - B )  as well  as the spec ia l  
requirements discussed below. 

e. Each weld s h a l l  be sectioned longi tudina l ly  a t  the 
center l i n e ,  polished, and etched. 

d .  A minimum of 95% of the  p l a t e s  s h a l l  be welded t o  the 
s ide  p l a t e  across the e n t i r e  thickness of the  f u e l  
p la te ;  the other 5% s h a l l  be joined over a t  l e a s t  75% 
of the thickness of the f u e l  p l a t e .  

e .  The weld metal s h a l l  penetrate  below the  f u e l  p l a t e  s ide  
of the s ide p l a t e  surface a maximum of 0.010 in .  
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X.  QUALIFICATION OF WELDING PROCEDURES, WELDERS, AND WELTIING 
OPERATORS AND EQUIPMENT (continued): 

C .  1. f .  The weld metal s h a l l  f i l l  each groove a minimum 
dis tance of 0.20 i n . ,  as measured f r o m t h e  f u e l  p l a t e  
s ide of the  s ide p l a t e .  

2. Strength requirements of the  fuel-plate- to-s ide-plate  j o i n t s  
( s e c t i o n  VIII-B-2) s h a l l  be demonstrated by the welding of 
samples shown on drawing D-42142, using type 6061-r6 alumi- 
num side p l a t e s  and type 6061-0 aluminum p l a t e s .  

a. Joint  breaking s t rength s h a l l  exceed 100 l b .  

3. The f i n a l  s tage of the type A qua l i f ica t ion  s h a l l  consis t  
of the welding of a f u l l - s i z e  t e s t  element. 

a. The element s h a l l  be assembled using p l a t e s  prepared by 
the  approved fabr ica t ion  procedures, except the cores 
may be omitted. The f u e l  p l a t e  b i l l e t s  would be assem- 
bled i n  a normal manner except the frame mater ia l  w i l l  
not contain a hole f o r  the f u e l  core ( s o l i d  frame). 

b. A minimum of four complete circumferential  welds s h a l l  
be made by each operator on both the inside and out- 
s ide p la tes .  

e. A s  welded, the element diameter and p l a t e  spacing s h a l l  
meet the requirements of sect ion V I I .  

d .  A l l  welds s h a l l  be inspected i n  accordance with sect ion 
IX and s h a l l  meet the  requirements of sect ion V I I I - B .  

e .  One inner we ld  and one outer weld s h a l l  be mounted, 
sectioned through the center of the welds, and su i tab ly  
prepared f o r  examination of the weld cross sect ion.  

f .  These welds s h a l l  s a t i s f y  the requirements of sect ions 
V I I I - B  and X-C-1. 

. 
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X.  QUALIFICATION OF WELDING PROCEDIJIGS, WELDERS, AND WELDING 
OPERATORS AND EQUIPMENT (continued): 

D. Qual i f icat ion of Type B Welding Operators 

1. Each type B welding operator s h a l l  qua l i fy  by welding one 
f u l l - s i z e  i n t e r n a l  and one f u l l - s i z e  ex terna l  type B j o i n t .  

a. Each weld s h a l l  be inspected as specif ied i n  sec t ion  M 
and s h a l l  meet the requirements of sect ion V I I I - C .  

b. Each weld s h a l l  be sectioned a t  two cross sec t ions .  
Each cross sect ion s h a l l  meet the requirements of 
sect ion V I I I - C .  

E .  Qual i f ica t ion  of Type C Welders 

1. Each welder qualifying t o  make type C welds s h a l l  weld a 
minimum of one subsize, f l a t  p l a t e  assembly as shown on 
drawing D-42143 and one t e s t  element o r  cross sect ion 
thereof ,  360" around element. 

a.  The comb i n  the t e s t  s h a l l  be placed t o  represent  an 
equivalent diameter of any one of t h e  combs i n  a f u e l  
element. 

b. Both welds s h a l l  be v i s u a l l y  examined i n  accordance 
with sect ion IX and s h a l l  meet the requirements of 
sect ion V I I I - D .  

c .  Each weld s h a l l  be sectioned longi tudinal ly .  The weld 
cross sect ion s h a l l  meet the requirements of sect ion 
V I 1 1  -D . 

F. Requalification 

1. If any specimen fa i l s  t o  meet any required spec i f ica t ions ,  
a complete requal i f ica t ion  f o r  t h a t  type of weld s h a l l  be 
performed. 

2. For such a requal i f ica t ion ,  twice the o r i g i n a l  number of 
specimens s h a l l  be welded and each specimen s h a l l  meet a l l  
the requirements and spec i f ica t ions .  
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X. QUALIFICATION OF WELDING PROCEDURES, WELDERS, AND WELDING 
OPERATORS AND EQUIPMENT (continued): 

F. 3. I f  addi t iona l  attempts a t  qua l i f ica t ion  s h a l l  be required,  
the  same number of samples s h a l l  be required a s  were r e -  
quired f o r  the second attempt. 

X I .  PROCEDURF: QUALIFICATION 

A .  Procedures and Drawings 

1. 

2 .  

3.  

4. 

Before the s tar t  of any production operations,  the S e l l e r  
s h a l l  prepare de ta i led  shop drawings and fabr ica t ion  and 
inspection procedures. These must include, but a r e  not 
l imited to ,  such items as core preparation, f u e l  p l a t e  
fabr ica t ion ,  f u e l  element assembly, cleaning procedures, 
welding and inspection d e t a i l s ,  qua l i f ica t ion  and q u a l i t y  
control  t e s t s ,  and storage and shipping procedures. 

Both the shop drawings and procedures s h a l l  be submitted t o  
the Company f o r  wr i t ten  approval before being used f o r  pro- 
duction operations.  Any changes made a f t e r  the  o r i g i n a l  
approval must be s imi la r ly  approved before being used i n  
the production operations.  

A period of four weeks s h a l l  be allowed f o r  the  Company t o  
approve the drawings and procedures. 

Drawings and procedures returned "Unapproved7' s h a l l  be r e -  
vised by the S e l l e r  and be resubmitted f o r  approval. 
ings and procedures returned "Approved Except as Noted" need 
not be resubmitted f o r  fur ther  approval unless it i s  so 
requested. 

D r a w -  

B. Fuel P l a t e  Q u a l i f i c a t i o n  

1. Before s t a r t i n g  h i s  production operations,  the S e l l e r  s h a l l  
demonstrate t h a t  the fabr ica t ion  and inspection techniques 
t o  be used f o r  both the inner element and outer  element f u e l  
p l a t e s  a r e  capable of conforming t o  t h i s  specif icat ion.  The 
f u e l  p l a t e  procedures s h a l l  be qua l i f ied  by s a t i s f a c t o r i l y  
producing, i n  accordance with t h i s  spec i f ica t ion ,  a minimum 
of twenty-five p l a t e s  f o r  each element. The p l a t e s  f o r  each 
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X I .  PROCEDURE QUALIFICATION (continued) 

B. 1. 

2. 

3. 

4. 

5. 

element s h a l l  be produced consecutively during a s ing le  
operation. They s h a l l  be iden t i ca l ,  including being machined 
t o  s i z e ,  t o  the expected production p l a t e s .  A l l  inspect ion 
procedures s h a l l  be i d e n t i c a l  t o  those t o  be used during pro- 
duction. 

a .  A minimum of three-fourths  of the  f l a t  p l a t e s  f a b r i -  
cated during each of the qua l i f i ca t ion  runs s h a l l  con- 
form t o  the  production port ions of these spec i f ica t ions .  

A f t e r  f i n a l  machining and inspect ion ( sec t ion  V I )  and before 
forming, every qua l i f i ca t ion  p l a t e  s h a l l  be remeasured and 
s h a l l  be radiographed t o  show the core ou t l ine  and minimum 
edges. 

Three curved p l a t e s  from the  qua l i f i ca t ion  batch for each 
element, which have passed the  normal inspect ion but  which 
a r e  otherwise selected a t  random, s h a l l  be des t ruc t ive ly  
examined . 
a. Each p l a t e  s h a l l  be completely sectioned t ransverse ly  a t  

th ree  equid is tan t  loca t ions  covering the  length,  and 
longi tudina l ly  a t  both ends i n  the  center  of the  p l a t e .  
The end cu ts  s h a l l  s tar t  approximately 1/2 in .  beyond 
the  core and s h a l l  extend i n t o  it f o r  approximately 
1-1/2 i n .  

b. Each sec t ion  s h a l l  be examined f o r  core dimensions, 
soundness of bond ( sec t ion  VI-B-2)  and minimum cladding 
thickness ( sec t ion  VI -E-3 ) .  

The a b i l i t y  t o  control  boron losses  during processing s h a l l  
be demonstrated by dissolving three  complete inner-annulus 
p l a t e s  and determining the t o t a l  boron content of each. 

a. The t o t a l  boron content of each p l a t e  s h a l l  meet the  
requirements of sec t ion  V I - D - 1 .  

Adequacy of boron d i s t r i b u t i o n  s h a l l  be demonstrated by 
punching f i f t e e n  1/2-in. -diam (0.20 in .2  a rea )  samples from 
each of th ree  randomly se lec ted  inner-annulus p l a t e s .  
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X I .  PROCEDURE QUALIFICATION (continued): 

B. 

C. 

D. 

5. a. For each p l a t e ,  the samples s h a l l  be randomly located 
along three randomly selected rows of constant boron 
content, except t h a t  one row s h a l l  be on or near the 
core hump. 

b. Each sample s h a l l  be analyzed f o r  boron using procedures 
and standards approved by the Company. 

e. The boron content of each sample s h a l l  comply with the 
spec i f ica t ion  of  sect ion V I - D .  

6. If any qua l i f ica t ion  t e s t  p l a t e  i s  found which has passed 
the normal production inspection ( sec t ion  V I )  but from which 
any sample has f a i l e d  t o  pass the addi t iona l  t e s t s  required 
f o r  the qua l i f ica t ion  samples, a second batch of 25 p l a t e s  
s h a l l  be produced and t e s t e d .  

a. Double the o r i g i n a l  number of p l a t e s  s h a l l  be examined 
f o r  the requirement which w a s  not s a t i s f i e d  and a l l  must 
be acceptable. For the other requirements, the  o r i g i n a l  
number of samples s h a l l  be examined. 

7. Before the production of any reac tor  f u e l  p l a t e s  i s  s t a r t e d ,  
the r e s u l t s  of the f u e l  p l a t e  qua l i f ica t ion  tests must be 
approved i n  writ ing by the Company. 

Qual i f icat ion of Fuel Homogeneity Inspection - Adequacy of the 
nondestructive inspection f o r  f u e l  homogeneity s h a l l  be demon- 
s t r a t e d  by use of a spec ia l  t e s t  p l a t e  t o  be furnished by the 
Company . 
Note: This p l a t e  w i l l  contain defects  of known magnitude. - 
1. The p l a t e  s h a l l  be examined three times during any q u a l i f i -  

cat ion run, and the r e s u l t s  s h a l l  check within t h e  agreed- 
upon accuracy of the equipment. 

Welding - The qual i f ica t ion  t e s t s  required f o r  welding a r e  
covered i n  sect ion X .  
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X I .  PROCEDURE QUALIFICATION (continued): 

E. Q,ual i f icat ion Elements 

X I I .  

1. To qual i fy  the assembly, welding, machining, and inspection 
techniques, a minimum of one inner and one outer  f u l l - s i z e  
prototype element s h a l l  be assembled, inspected, and shipped 
t o  the Company. 

2. These f u e l  elements s h a l l  be fabricated with procedures 
i d e n t i c a l  with (except as noted i n  sect ion XI-E-3) and i n -  
spected by i d e n t i c a l  techniques t o  those t o  be used f o r  the  
production f u e l  elements. 

3. The f u e l  p l a t e s  f o r  the qua l i f ica t ion  elements s h a l l  not 
contain cores fabr icated from enriched uranium. The cores 
s h a l l  contain depleted o r  n a t u r a l  uranium or may be omitted 
and the  p l a t e  b i l l e t s  assembled using the normal frame 
material ,  but without the hole f o r  the f u e l  core ( s o l i d  
frame ) . 

4. Elements s h a l l  be machined t o  f i n a l  dimensions using i d e n t i -  
c a l  machining prac t ices  and equipment comparable t o  those 
used i n  production operations.  

5. Elements s h a l l  be c e r t i f i e d  as complying with a l l  t h e  r e -  
quirements of t h i s  specif icat ion.  

F. Qual i f ica t ion  Test Result  Approval 

1. Before any production operations involving welding, assembly, 
or machining a r e  s ta r ted ,  the  r e s u l t s  of the  welding q u a l i f i -  
ca t ion  t e s t  ( sec t ion  X )  and the qua l i f ica t ion  element ( sec-  
t i o n  XI -E)  must be approved, i n  writ ing,  by the  Company. 

QUALITY CONTROL 

A. Uranium 

1. A continuous and complete inventory of enriched U308 s h a l l  
be maintained a t  a l l  times f o r  a l l  s teps  i n  the production 
operation. 

. 
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X I I .  QUALITY CONTROL (continued): 

B. Boron 

1. Continuing control  of boron homogeneity s h a l l  be demonstrated 
by sampling one randomly selected inner-annulus f u e l  p l a t e  
from the group f o r  each inner element manufactured. 

2 ,  The p l a t e  s h a l l  be examined as discussed i n  sect ion XI-B-5. 

3. I f  t h i s  p l a t e  does not meet spec i f ica t ions ,  th ree  addi t iona l  
p l a t e s  s h a l l  be sampled, a l l  samples of which s h a l l  meet the  
specif icat ions;  otherwise, the e n t i r e  group of p l a t e s  s h a l l  
be re jec ted .  

C .  Scanning Device 

1. That s a t i s f a c t o r y  operation of the  homogeneity scanning de- 
vice i s  being maintained s h a l l  be shown by re-inspecting the 
control  p l a t e  ( sec t ion  XI-C) a f t e r  every f i f t e e n  p l a t e s ,  
through one scanner. Within the agreed-upon accuracy of the 
inspection device, the standard t r a c e  must be obtained. 

a. If a standard t r a c e  i s  not obtained, a l l  production 
inspection on t h a t  scanner s h a l l  stop u n t i l  the  t rouble  
i s  r e c t i f i e d .  All p l a t e s  inspected since the previous 
check s h a l l  be re-inspected. 

2. The standard p l a t e  s h a l l  be the  f i r s t  p l a t e  inspected a f t e r  
any scanner has not  been i n  use f o r  periods of four hours or 
more. 

D. Cladding Thickness and Bond Quality 

1. A randomly selected p l a t e  from the group f o r  each element 
s h a l l  be des t ruc t ive ly  examined as described i n  sect ion X I -  
B-3 t o  show t h a t  minimum cladding thickness ( sec t ion  VI-E-3) 
and adequate bond q u a l i t y  ( sec t ion  VI-B-2) a r e  being main- 
ta ined.  

a. The same p l a t e  used f o r  sampling i n  X I I - B - 1  may be used 
f o r  these samples . 
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X I I .  QUALITY CONTROL ( continued): 

D. 2. I f  a b l i s t e r e d  p l a t e  is  found during the nonbond examination 
i n  processing the given l o t  of p l a t e s ,  it may be used f o r  
t h i s  t e s t .  

3. I f  any area i n  the samples from the selected p l a t e  does not 
meet the minimum cladding thickness or bond qual i ty ,  th ree  
more randomly selected p l a t e s  s h a l l  be examined. Unless a l l  
areas  meet specif icat ion,  the group s h a l l  be rejected.  

E.  Welding Q u a l i t y  Control 

1. Immediately p r i o r  t o  welding the type A welds on each f u e l  
element, one f l a t  s ide p l a t e  assembly (drawing MC-215) s h a l l  
be prepared. These samples s h a l l  be prepared using proced- 
dures and operators i d e n t i c a l  t o  those used on the element. 
They s h a l l  be examined i n  a manner i d e n t i c a l  t o  t h a t  i n  
sect ion X-C-1 and s h a l l  meet the  same spec i f ica t ions .  
Results of the examination of these samples s h a l l  be used t o  
evaluate the soundness of the  f u e l  element type A welds. 

2. I f  the specimen does not meet a l l  requirements of the speci-  
f i c a t i o n s ,  a l l  production welding s h a l l  s top  and two a d d i -  
t i o n a l  samples s h a l l  be assembled, welded, and examined. 

a. Before welding i s  resumed, two consecutive samples must 
meet a l l  specif ied tolerances.  

3. The Company representat ive w i l l  make the decis ion as t o  the  
disposi t ion of the f u e l  element. 

F. Material  

1. The fabr ica tor  s h a l l  s e t  up q u a l i t y  cont ro l  procedures 
capable of determining a t  any s tage of manufacture the l o t  
i d e n t i t y  of a l l  material ,  including welding f i l l e r  metal. 
The i d e n t i t y  must include a cor re la t ion  with the  required 
mater ia l  repor t s  and the s e r i a l  number of the f u e l  element 
being fabricated.  
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X I I .  QUALITY CONTROL (continued) : 

F. 2. The q u a l i t y  control  procedure s h a l l  be s e t  up so other 
mater ia ls  i n  the S e l l e r ' s  p lan t  cannot be subs t i tu ted  f o r  
the approved mater ia l .  

X I 1 1  . CLEANLINESS 

A .  General 

1. The i n t e r i o r  and ex ter ior  surfaces of the f u e l  elements 
s h a l l  be f r e e  from weld s p a t t e r ,  s lag,  moisture, d i r t ,  o i l ,  
sca le ,  pa in t ,  marking ink, penc i l  markings, or similar 
foreign matter. Also, mater ia ls  containing the following 
elements s h a l l  not be used i n  the assembly except by wr i t ten  
approval of the Company: chlorine,  copper, f luorine,  
graphi te ,  lead, mercury, s i l v e r ,  thorium. 

Note: The portions of the reactor  system, i n  contact with 
cooling water, a r e  constructed from type 304 s t a i n -  
l e s s  s t e e l ;  therefore ,  the presence of  any chloride- 
containing deposit  on the  elements i s  extremely 
deleter ious.  

- 

2 .  It s h a l l  be the r e s p o n s i b i l i t y  of the S e l l e r  t o  e s t a b l i s h  
cleaning and inspection techniques for both the p a r t s  used 
i n  the assembly and f o r  the  complete elements commensurate 
with these requirements. All such procedures s h a l l  be 
approved by the Company, and once agreed upon, s h a l l  be 
changed only with i t s  wri t ten approval. 

Note: A s  an indicat ion of the  q u a l i t y  expected once the 
p l a t e s  a r e  degreased and pickled, a l l  fu ture  hand- 
l i n g  s h a l l  be by personnel wearing white gloves. 

3. The use of abrasives or any procedure which removes more 
than 0.001 i n .  of aluminum from the  surface i s  prohibited 
as a cleaning technique. 
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X I I I .  CLEANLINESS ( continued) : 

B. Contamination 

XIV. 

1. The surface contamination of a f inished p l a t e  s h a l l  be l e s s  
than the equivalent of t h a t  which would be obtained from 
5 pg of $35 per square f o o t  of surface area.  

Note: With an approved q u a l i t y  control  procedure, it s h a l l  
be s u f f i c i e n t  t o  inspect  only the f i rs t  two p l a t e s  
of a fabr ica t ion  l o t ;  such a procedure must provide 
separate f a c i l i t i e s  f o r  r o l l i n g  bare f u e l  cores o r  
uranium a l l o y  and clad p l a t e s .  

INSPECTION PROCEDURES 

A.  RadioaraDhic Techniaues - Welds 

1. Radiographic inspection of weldments s h a l l  be performed i n  
accordance with ASTM E 142-59T, "Tentative Methods f o r  
Controll ing Q u a l i t y  of Radiographic Testing," as modified 
below. 

a.  The x-ray source s h a l l  be located d i r e c t l y  over the 
weld, with the beam making a 90" angle with the s ide 
p l a t e  and with the f i l m  held aga ins t  the  weld on t h e  
inside of the s ide p l a t e .  

b. The q u a l i t y  l e v e l  required f o r  radiography s h a l l  be 2% 
(2-2T) . 

e. Penetrameters s h a l l  be placed on the source s ide of the 
sect ion being examined and s h a l l  be a t  both outer l i m i t s  
of the area of i n t e r e s t .  They s h a l l  be held on the s ide 
of the tube a t  the l i m i t  of the a r c  t o  be included i n  
the examination. 

d .  The densi ty  of individual  f i lms s h a l l  be between 2 and 
3 i n  the area being examined. 

e .  A very f i n e  grain type of f i l m  such as Eastman Kodak 
type M s h a l l  be used. 
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XIV. INSPECTION PROCEDURGS (continued): 

A.  1. f .  Non-film techniques s h a l l  not be used. 

g. Double-film techniques w i l l  not be permitted without 
spec ia l  approval. 

2. A system of i d e n t i f i c a t i o n  of the  fi lm s h a l l  be provided. 

The following information s h a l l  be provided. 

(1) Name of inspect ing laboratory 
(2 )  Date 
(3)  
(4)  View 
( 5 )  

P a r t  number and/or weld number 

Whether o r i g i n a l  or subsequent exposure 

3. To a i d  i n  proper in t e rp re t a t ion  of radiographs, a wr i t ten  
procedure or equivalent record s h a l l  be prepared t o  show 
the setup used t o  make each radiograph. This information 
s h a l l  accompany each radiograph and s h a l l  include: 

(1) Number of f i lm  
( 2 )  
(3)  Orientat ion of loca t ion  markers 
(4 )  L x a t i o n  of r ad ia t ion  source, including source t o  

( 5) 

Location of each f i lm  on the  radiographed i tem 

f i lm  dis tance 
Kilovoltage,  cur ren t ,  and foca l  spot s i z e  

4. It s h a l l  be acceptable f o r  t he  S e l l e r  t o  furnish one 
standard procedure as per  XIV-A-3 and t o  c e r t i f y  t h a t  an 
individual  radiograph was made by use of t he  standard 
procedure. 

5. The S e l l e r  s h a l l  c e r t i f y  t h a t  each radiograph was made i n  
accordance with the  requirements of t h i s  spec i f ica t ion  and 
t h a t  the  r e s u l t s  conform with the  spec i f ied  requirements. 
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XIV. INSPECTION PROCEDURES (continued): 

B. Penetrant Inmeet ion  

1. 

2. 

3 .  

4. 

Liquid-penetrant examinations s h a l l  be conducted as speci-  
f i e d  i n  ASTM E 165-60~, "Tentative Methods f o r  Liquid 
Penetrant Inspection, ' '  as modified below. 

a. Only methods A-2, "Fluorescent Post Emulsified 
Penetrant,  " or  B-3, "Visible Solvent Removable, I' s h a l l  
be permitted. 

b .  No cleaning other  than hand wire brushing (copper or 
brass  b r i s t l e s  not permitted),  hand wiping with s o l -  
vents, and water washing s h a l l  be permitted. 

e. All solut ions s h a l l  be applied by brushing, spraying, 
o r  wiping; no dipping s h a l l  be permitted. 

d .  Only dry developers s h a l l  be used with the A-2 proce- 
dure. 

e .  Drying temperatures s h a l l  be l imited t o  1 6 0 " ~ .  

f .  When procedure B-3 i s  used, penetrant s h a l l  be removed 
by wiping with a clean c lo th  dampened with solvent,  
followed by wiping with a clean, dry c lo th .  Use of 
solvent-saturated cloths  or  flushing with solvents f o r  
penetrant removal i s  prohibited.  

The weld area inspected s h a l l  include the  face surface,  any 
remaining weld groove, and the support tube surface t o  the  
next weld groove or f o r  1 i n .  on the ends. 

After  defect  removal ( sec t ion  VIII-~-8), the repaired areas  
s h a l l  be completely reprocessed through the e n t i r e  l i q u i d -  
penetrant inspection t o  assure t h a t  a l l  t h e  defect  has been 
removed. 

During penetrant inspection, a means s h a l l  be provided t o  
assure t h a t  the various penetrant materials a r e  excluded 
from the area between the f u e l  p l a t e s .  
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XV.  PACKAGING AND SHIPMENT 

A .  The S e l l e r  s h a l l  furnish and load the  f u e l  elements i n t o  s u i t -  
able containers t h a t  w i l l  adequately pro tec t  the elements 
during shipment by common c a r r i e r ,  including provisions f o r  
rad ia t ion  safety.  

B. Each element s h a l l  be shipped i n  an individual  container.  

C .  Before being placed i n  the shipping container,  each element 
s h a l l  be sealed i n  a p l a s t i c  bag o r  s imi la r ly  protected from 
moisture and dust .  

D.  Each shipping container s h a l l  be provided with a d i s t i n c t i v e  
s e a l  applied p r i o r  t o  leaving the S e l l e r ' s  premises. 

XVI. ACCESS OF INSPECTOR 

A .  A Company's representat ive or inspector s h a l l  be permitted t o  
witness any o r  a l l  operations during qua l i f ica t ion ,  production, 
o r  t e s t i n g .  The S e l l e r  s h a l l  afford the inspector a l l  reason- 
able  f a c i l i t i e s  for h i s  work. A l l  t e s t s  and inspections s h a l l  
be conducted so as not  t o  i n t e r f e r e  unnecessarily with the 
operation of the  S e l l e r .  

B. The S e l l e r  s h a l l  provide the Company with a schedule of expected 
operations so t h a t  he can schedule v i s i t s  by h i s  inspectors .  
This  schedule shall be received by the Company a minimum of one 
week i n  advance of the operation. He s h a l l  be n o t i f i e d  of 
schedule changes by telephone o r  telegram a t  l e a s t  twenty-four 
hours before the rescheduled operation i s  t o  begin. 

XVII. RADIATION SAFETY 

The S e l l e r  s h a l l  be responsible f o r  es tab l i sh ing  safe  prac t ices  f o r  
the rad ia t ion  s a f e t y  problems a r i s i n g  from the production and ship- 
ment of these elements. 

Note: Per t inent  information obtained by ORNL i n  c r i t i c a l  experi-  - 
ments w i l l  be made ava i lab le  i f  desired.  

The S e l l e r  should not combine two elements i n t o  a f u e l  
assembly nor completely submerge the outer f u e l  element 
without permission from h i s  Radiation Safety Advisor. 
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XVIII. RBCORDS, SAMPUS, IWORMATION TO BE FURNISHED: 

A .  Drawings - Five copies of a l l  drawings s h a l l  be submitted t o  
the Company for approval. This s h a l l  include assembly drawings, 
subassembly drawings, and shop drawings. 

1. Within two weeks of Company approval of any drawing, the 
S e l l e r  s h a l l  submit t o  the Company one c e r t i f i e d  reproduc- 
i b l e  ( s u i t a b l e  for the  dry Diazo process) of t h a t  drawing. 

2. Five copies of any changes made t o  approved drawings must 
be submitted f o r  approval. 

B. Procedures - Five c e r t i f i e d  copies of a l l  procedures s h a l l  be 
submitted f o r  Company approval. 
l imited t o )  procedures f o r  p l a t e  fabr icat ion,  f u e l  element 
assembly, inspection techniques ( including radiographic, hump 
locat ion,  and nonbond) , welding, c leanl iness  , packaging and 
shipping, q u a l i t y  control ,  and q u a l i f i c a t i o n  t e s t s .  

This s h a l l  include (but  i s  not  

1. One copy of each procedure s h a l l  have s u f f i c i e n t  contrast  
t o  be reproducible on a Xerox or similar machine. 

C .  Material Samples - One properly i d e n t i f i e d  sample s h a l l  be sub- 
mitted on each l o t  of: 

(1) Uranium oxide 
( 2 )  Boron carbide 
(3 )  Aluminum powder 
( 4 )  
( 5 )  Aluminum p l a t e  and sheet 
(6)  Aluminum tubing 

Aluminum weld rod or wire 

D. Material Analyses - For each batch or l o t  of material ,  f i v e  
c e r t i f i e d  copies of the following analyses s h a l l  be furnished 
along with a c e r t i f i c a t i o n  t h a t  they comply with the require-  
ments of t h i s  specif icat ion.  

1. Chemical analysis  of U308. 

2 .  Density, surface a rea ,  and s i z e  d i s t r i b u t i o n  of U 0 

3. Isotopic  analyses of boron carbide. 

4. 

3 8- 

Chemical analyses of welding rods and electrodes.  
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XVIII. RECORDS, SAMPLES, INFORMATION TO BE FURNISHED (continued): 

E. Procedure Qualification Results - Five certified copies of all 
qualification test results shall be furnished the Company. 

1. It shall be certified that the results of each test meet the 
requirements of this specification. 

2. Results from the following qualification tests shall be 
included. 

a. Welding 

i. Preliminary code qualification tests. 
ii. Weld quality samples for type A welds. 

iv. Four-groove, full-size, type A test samples. 
Type B internal test sample. 

vi. Type B external test sample. 
Type C weld quality sample. 

iii. Pullout strength samples for type A welds. 

v. 

vii. 
viii. Type C test sample. 

b. Fuel Plates - Qualification test data shall be furnished 
for both internal and external type fuel plates. 

3. Qualification test reports shall include, but are not 
limited to, the following data and results: 

a. Weld qualification - Visual examination, penetrant exam- 
ination, radiographic examination, metallographic 
results, pull-test results, and bend-test results. 

b. Plate qualification - Visual, dimensional, radiographic, 
metallographic, nondestructive, and chemical results for 
uranium and boron homogeneity and for boron control. 

F. Qualification Elements 

1. One complete, full-size, inner element and one outer element 
certified to meet the requirements of section XI-E shall be 
furnished the Company before any production operations are 
started. 
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XVIII. RFCORDS, SAMF'LES, INFORMATION TO BE FURNISHED (continued): 

G. Data Furnished with Each Element - Five copies of the following 
certified information shall be furnished with each fuel element. 

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

A certification that the fuel element complies with the 
requirements of this specification. 

Identification number of the fuel element. 

Lot number and weight of uranium oxide in each element. 

Lot number and weight of boron carbide in each inner 
element. 

Lot numbers of all aluminum components with adequate 
identification as to the parts. 

Measured values of the twelve dimensions indicated on 
drawings in Roman numerals. 

Radiographs of type B welds (only original is required). 

Inspection and metallographic examination reports on 
weld quality control sample, with a certification that it 
conforms with the specifications. 

Results from cover plate quality control specimens 
(cladding thickness). 

Analytical results from boron quality control samples. 

Identification of all welding operators and welders. 

H. Test Information with Each Element - Five copies of information 
must be furnished, indicating that the following inspections 
have been made, by whom, and summarizing the results. 

1. Visual check of "as received" aluminum f o r  blisters 
and elimination of all areas containing blisters. 

2. Visual examination of fuel plate surfaces after forming. 
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XVIII. RECORDS, SAMPLES, INFORM4TION TO BE FURNISHED (continued): 

H. 3. Fuel p l a t e  dimensions. 

4. Core out l ine and minimum frame widths. 

5. Visual check of  r o l l e d  p l a t e  for b l i s t e r s .  

6. Fuel homogeneity inspection. 

7. Ultrasonic inspection for nonbond. 

8. Preweld v isua l  inspection. 

9.  Fuel p l a t e  protrusion i n t o  weld grooves. 

10. Fuel p l a t e  spacing, spot and averages. 

11. Side p l a t e  thicknesses. 

1 2 .  Fuel core hwnp locat ions i n  completed element. 

13. Postweld inspection including visual ,  penetrant,  and 
x-ray phases. 

14. Surface contamination of f u e l  p l a t e s .  

15 .  Check f o r  c leanl iness  and surface conditions of f i n a l  
f u e l  elements. 
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