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Subject:  SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

I. SCOPE 

Thi s speci f9 c a t i  on covers requ i  rements f o r  two types o f  a1 umi num-base 
f u e l  elements which together  w i l l  be used as the  fue l  assembly i n  the 
High F lux  Isotope Reactor (HFIR) a t  the  Oak Ridge Nat ional  Laboratory 
(ORNL). Requirements a re  inc luded f o r  ma te r ia l s  o f  cons t ruc t ion ,  
f a b r i c a t i o n ,  assembly, inspect ion,  and q u a l i t y  con t ro l  t o  produce fue l  
e l  ements i n  accordance w i  t h  Company drawings . 

11. DEFINITION OF TERMS 

Q u a l i f i c a t i o n .  
f u l l y  conduct an opera t ion  o r  t e s t  t o  the s a t i s f a c t i o n  o f  the Company. 

A demonstrat ion o f  the S e l l e r ' s  a b i l i t y  t o  success- 

C e r t i f i c a t i o n .  A w r i t t e n  statement o f  compl iance w i t h  an i n d i v i d u a l  
requirement o f  t h i s  spec i f i ca t i on .  

- Lot. 
ma te r ia l  ( f o r  example, a s i n g l e  group o f  f ue l  cores),  f a b r i c a t e d  
successively t o  a given s i ze  by i d e n t i c a l  procedures. 

Mater ia l  from a s i n g l e  ingot,  o r  from o ther  comparable s t a r t i n g  

Batch. The amount o f  ma te r ia l  ( i n  the  form used by the S e l l e r )  repre-  
sented  by a s i n g l e  sample, usua l l y  the  amount of ma te r 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  product ion opera t ion  o r  the sh ipp ing 
conta iner .  

Reactor. 
Nat ional  Laboratory.  

The High F lux  Isotope Reactor (HFIR) a t  the Oak Ridge 

Fuel Assembly. 
t n e  i nne r  and ou ter  f u e l  elements. 

The complete fue l  l oad ing  f o r  HFIR, c o n s i s t i n g  o f  both 

Fuel Element. E i t h e r  the i nne r  annular o r  ou ter  annular arrangement 
o f  f ue l  p la tes .  

Fuel P late.  The i n d i v i d u a l  uranium-bearing p l a t e s  used t o  make up 
e i t h e r  the inner  o r  ou ter  f u e l  elements. 

Side Plates.  C y l i n d r i c a l  tube i n  which the fue l  p la tes  are assembled. 

Fuel Core. 
cen ter  of  the f u e l  p la te .  It cons is t s  o f  a contoured fue l  sec t ion  
and a complementary aluminum f i l l e r  sect ion.  

The dupl ex rec tangul  a r  para1 1 e l  ep i  ped sec t ion  i n the  



OPERAT IONS 0 I V I S I O N  
OAK RIDGE NATIONAL LABORATORY 

M a r t i n  M a r i e t t a  Energy Systems, Inc. 
Oak Ridge, Tennessee 37831 

Seec. No. HFIR-FE-3 
Date: J u l y  1984 
Paqe: 2 o f  42 

~~ - 

Subject :  SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

11. DEFINITION OF TERMS (cont inued)  

Fuel Sect ion.  The shaped p o r t i o n  o f  the fue l  core con ta in ing  the  
u3"8 

F i l l e r  Sect ion.  
t o  complement the shaped fuel sec t ion  o f  the  core t o  p rov ide  a 
rec tangu lar  pa ra l l e lep iped  core cross sect ion;  f o r  the i nne r  element 
i t  conta ins  the burnable poison. 

The aluminum p o r t i o n  o f  the  f u e l  core which i s  added 

B i l l e t .  The assembly of fuel  core, frame, and cover p l a t e s  prepared 
f o r t  r o l l i n g .  

Cover P la te .  The aluminum p l a t e s  making up the  c ladd ing  or  p r o t e c t i v e  
p o r t i o n  o f  the fue l  p la tes.  

Frame. 
t h e d g e  seal i ng . The area o f  aluminum surrounding the  fue l  core which prov ides 

\ \ Core Hump. The t h i c k e s t  p o r t i o n  of t he  fue l  sec t ion  as l oca ted  on the  
\ s ide  o f  the p l a t e  con ta in ing  the f i l l e r  sect ion.  

\ Core Out1 ine.  
connect ing the outermost p a r t i c l e s  o f  u308 as revealed by an x-ray 
examination o f  the  plane of a f l a t  f ue l  p la te .  

The c losed f i g u r e  resu l  t i n g  from drawing a 1 i n e  
c 

Surface Densi ty.  
a volume descr ibed by the  product of the  p l a t e  th ickness and a u n i t  
area p a r a l l e l  t o  the surface of the fuel  p la te .  

The t o t a l  q u a n t i t y  of uranium or  boron conta ined i n  

Grooves. The c i r cumfe ren t ia l  channels c u t  i n t o  the s ide  p l a t e s  i n  
w h i c l l e l d  metal i s  deposi ted t o  j o i n  f u e l  p l a t e s  t o  s ide  p la tes .  

S1 o t .  The 1 ongi t u d i  na l  channel s c u t  para1 1 e l  and un i fo rm ly  spaced 
the sur face o f  the s ide  p la tes  t o  rece ive  the fue l  p la tes ,  

>,> End Adapters. C y l i n d r i c a l  sect ions welded on the s ide  p l a t e  ends t o  
*- \ I  prov ide  a bear ing surface fo r  the fue l  element i n  the reac tor .  

Wall Assurance Groove. Annular r i n g s  c u t  i n  the s ide  p l a t e  t o  assure 
.,i' the f i n a l  s ide  p l a t e  wa l l  th ickness. 

Coolant Channel. The reg ion  between two adjacent  f ue l  p l a t e s  i n  which 
the  c o o l i n g  water f lows. 
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11. DEFINITION OF TERMS (continued) 

Average Coolant Channel Thickness. The average normal distance 
between two adjacent fuel plates,  measured in a plane perpendicular 
t o  the l o n g i t u d i n a l  axis of the element. 

Company. Oak Ridge National Laboratory, Martin Marietta Energy 
'' Systems, Inc. 

I ,  ' . Seller. The successful bidder for manufacture of these fuel elements. 

111. GENERAL DESCRIPTION 

A.  

b"cr I 

B. 

Reactor. The High F l u x  Isotope Reactor i s  being operated by the 
Oak Ridge National Laboratory t o  provide research quanti  t i e s  of 
several of the transpl u tonium el ements. The maximum unperturbed 
thermal neutron f l u x  i n  the HFIR i s  approximately 5 x 1015 
neutrons/(cm2.s) a t  a t o t a l  power level of 100,000 kW and an 
average power density of approximately 2,000 kW/1 i t e r .  
performance character is t ics  represent a significant extrapol a t ion  
beyond the performance of present generation research reactors, 
t h u s  requiring careful design and close control of the fabrica- 
t i o n  procedures. The reactor consists of a cylindrical fuel 
region surrounded by an annular control region and a beryllium 
ref lector ,  a l l  of which are water cooled. These components are 
contained w i  thi n a stain1 ess steel -cl ad carbon steel pressure 
vessel. 

These 

Fuel Assembly. 
up o f  two fuel 
array o f  fuel 

I The ent i re  fuel assembly of this  reactor is nade 
el ements, each el ement consi sting of an a n n u l  ar 

plates. The a n n u l  i are identified as the inner and 
outer fuel elements. The inner element contains 171 identical  
fuel plates and the outer element contains 369 identical plates 
differing s l ight ly  from those i n  the inner element. 

The fuel plates are formed i n t o  an involute configuration t o  
provide maximum fuel volume w i t h  a graded fuel distribution, a 
uniform metal-to-water ra t io ,  and a high heat transfer surface- 
to-core volume rat io ,  while maintaining a constant channel 
spac i ng . 
The fuel elements are assembled by inserting formed fuel plates 
i n t o  s lots  i n  two concentric cylindrical side plates. The fuel 
plates are attached t o  the side plates by welds deposited i n  
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111. GENERAL DESCRIPTION (continued) 

I circumferential grooves. End adapters are  welded t o  each end of 
i r  . the fuel assembly to  provide location and support of the fuel 

C.  Fuel Plates. Each fuel core, which const i tutes  a rectangular 

6 assembly w i t h i n  the reactor. 

parallelepiped, consis ts  of two mating sections: 
section, varying i n  thickness across the w i d t h ;  and ( 2 )  an alum- 
i n u m  f i l l e r  section which in the inner fuel element contains a 
burnable poison i n  the form of B4C. 
surface densities are  varied across the wid th  of each plate  t o  
help control the power dis t r ibut ion.  To achieve sat isfactory 
heat removal, the fuel and burnable poison d is t r ibu t ions  are 
closely controlled. In addition to contributing t o  power dis- 
t r ibut ion control,  the B4C located i n  the f i l l e r  section of the 
inner fuel element fuel cores supplements the reac t iv i ty  worth 
of the reactor control  system. 

(1) a fuel 

The fuel and burnable poison 

c / ’  

IV. APPLICABLE DOCUMENTS 

A. Fuel Element Drawings. The HFIR fuel elements are described in 
the following drawings w h i c h  are a par t  of t h i s  specification. 

1. Reference Drawings 

1 42112 HFIR Inner Fuel Element - Inner Side Plate  
y-42113 HFIR Inner Fuel Element - Fuel Plate True Involute 

9-42114 HFIR Inner Fuel Element - Fuel Plate  Loading 
Curvature Design Details 

io Details 
34 \ 42117 HFIR Inner Fuel Element - Outer S i d e  Plate 

J -./ -42120 HFIR Outer Fuel Element - Inner Side Plate 
\ ‘  2; I .  . 9-42121 HFIR Outer Fuel Element - Fuel Plate True Involute 

Curvature Desi gn Detai 1 s 
HFIR Outer Fuel Element - Fuel ? l a t e  Loading 
Detail s 

3 .  

\ ‘  

.A’ , ~“42125 HFIR Outer Fuel Element - Outer S i d e  Plate 
\ I  49451 HFIK Inner and Outer Fuel Element Adaptor 

i ’  Prel iminary Machirling 
5 4 

:J- 2. Assembly Drawings 
,I 1 -. 

1 .  

,I, 

I 

1 -  

\,e 42118 
y 42126 

HFIR Inner Fuel Element - Assembly 
HFIR Outer Fuel Element - Assembly 

.4 
,\ 
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I V .  APPLICABLE DOCUMENTS (cont inued) 

B. Reference Documents 

ASTM-B209 
AWS-A5 10-69 

ASTM-E142 

FEDERAL WW-T-700/6~ 

FEDERAL QQ-A-Z00/8b 

MIL-STD-271-E (Ships) 

T 10-701 5 

ORNL-4242 

ASME 

Aluminum A l l o y  P l a t e  and Sheet 
A1 umi num and A1 umi num-A1 1 oy We1 d ing  Rods 
and Bare Elect rodes 
A Standard Method f o r  Control  1 i n g  
Qual i ty o f  Radiographic Tes t ing  
Tube A1 umi num A1 1 oy , Drawn Seam1 ess 
6061 and 6062 
A1 uminum A1 1 oy Bar, Rod , Shapes, and 
Tube Extruded, 6061 and 6062 
October 1980, Nondestruct ive Tes t ing  
Requirements f o r  Metals 
Supplement 5, ORNL Master A n a l y t i c a l  
Manual, September 1963, J .  L. Bot ts  
F a b r i c a t i o n  Procedures f o r  Manufacturing 
High F lux Isotope Reactor Fuel Elements, 
J .  Binns, G. M. Adamson, Jr., and 
R. W .  Knight  
B o i l e r  and Pressure Vessel Code, 
Sect ion I X ,  P a r t  QW 

V. MATEKIALS 

A. Aluminum 

1. General 

a. A l l  aluminum w i l l  be furn ished by the S e l l e r .  

b. C e r t i f i c a t i o n  o f  chemical ana lys is  and mechanical 
p roper t ies ,  i n c l u d i n g  y i e l d  strength,  s h a l l  be 
obta ined w i t h  each l o t  o f  mater ia l  from the aluminum 
manufacturer 

c. Each p la te ,  sheet, o r  tube s h a l l  be marked as near 
both ends as poss ib le  wi th :  

( 1 )  type o f  mater ia l  , 
( 2 )  l o t  number, and 
( 3 )  manufacturer 's name and/or i d e n t i f i c a t i o n  symbol. 
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V. MATERIALS (cont inued)  

d. Representat ive samples o f  each l o t  of p la te ,  sheet, 
tub ing,  and weld w i r e  s h a l l  be kept  by the  S e l l e r  and 
fu rn ished t o  the Company on request. 

e. These samples s h a l l  be a minimum o f  4 i n .  x 4 i n .  f o r  
p l a t e  and sheet, 1 i n .  f o r  tub ing,  10 i n .  f o r  weld 
wi re,  and 100 g f o r  p o d e r .  

No welding o r  weld r e p a i r  on the f i n i s h e d  aluminum 
s h a l l  be permi t t ed .  

f. 

2. Aluminum P l a t e  and Sheet 

a. Unless mod i f ied  i n  t h i s  s p e c i f i c a t i o n ,  a l l  p l a t e  and 
sheet sha l l  conform t o  ASTM-B209, "A1 umi num A1 1 oy 
P l a t e  and Sheet." 

b. The p l a t e  t o  be used f o r  the fue l  p l a t e  frames s h a l l  
be type 6061-0 aluminum. 

c. The cover p la tes  s h a l l  be type 6061-0 aluminum sheet. 

d. Mater ia l  f o r  dummy fue l  p l a t e s  s h a l l  be 6061-0 aluminum 
0.050 i n .  + 0.001 in .  t h i c k  as suppl ied by an aluminum 
manuf ac t u r z r  . 

3.  Aluminum Tubing 

a. Unless mod i f ied  by t h i s  s p e c i f i c a t i o n ,  a l l  tub ing  sha l l  
conform t o  one o f  the f o l l o w i n g  Federal s p e c i f i c a t i o n s :  

( 1) WW-T-700/6c Tube, A1 urn1 num A1 1 oy , Drawn 
Seamless 6061 and 6062 

( 2)  QQ-A-200/8b A1 umi num A1 1 oy Bar, Rod, Shapes, 
and Tube Extruded, 6061 and 6062 

b. A l l  tub ing  sha l l  be 6061 a l l o y  i n  the  T6511 temper as 
descr ibed i n  QQ-A-ZOOIEIb. 
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V. MATERIALS (cont inued) 

4. Chemical ComPosi t i o n  

a. 

b. 

C. 

The chemical composition o f  the  p l a t e  for  the frames, 
the  sheet fo r  the cover p la tes ,  and the tub ing  f o r  the 
s ide  p la tes  and t h e i r  end adaptors sha l l  be w i t h i n  the 
1 i m i  t s  1 i s t e d  bel ow: 

Concentrat ion,  w t  % 
Minimum Maximum E l  emen t 

Si1 i con  0.40 0.80 
Copper 0.15 0.40 
Magnesi urn 0.80 1.20 
Chromi urn 0.15 0.35 
I r o n  None 0.40 
Zinc None 0.04 
T i  t a n i  urn None 0.04 
Manganese None 0.04 
Gal l ium None 0.04 
L i  t h i  urn None 0.008 
Cadmi um None 0.003 
Boron None 0.001 
Cobal t  None 0.001 
Others: 

Each 0.02 
Tota l  0.15 

The chemical composition o f  a l l  o ther  components sha l l  
be as s p e c i f i e d  i n  the app l i cab le  ASTM or Federal 
speci  f i c a t i o n  . 
The chemical s p e c i f i c a t i o n  s h a l l  be based on the 
chemist ry  o f  the melt .  Actual analyses o f  the 
chemical elements 1 i s t e d  sha l l  be made. The res i i l  t s  
s h a l l  be c e r t i f i e d  t h a t  they meet the requirements o f  
t h i s  s p e c i f i c a t i o n .  

5. Aluminum Powder 

a. A l l  aluminum powder sha l l  be atomized spheroidal  
p a r t i c l e s .  
pass through a 100 mesh U.S. standard screen w i t h  80% 
passing through a 325 mesh U.S. standard screen. 

One hundred percent  o f  the powder sha l l  
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V .  MATERIALS (cont inued)  

b. The chemical composition of the a1 uminum powder shall 
be w i t h i n  the limits l i s t e d  below: 

El emen t Concentration, w t  % 
Cadmi urn 0.002 maximum 

0.008 maximum L i  t h i  urn 
Boron 0.001 maximum 
Silicon and i ron  0.25 maxiinum 
A1 umi nuci 39.75 m i n i m u m  

- NOTE: The aluminum powder discussed i s  equivalent to 
the fol 1 owing vendors' products. 

(1) Alcoa 101 - A l u m i n u m  Company of America, Alcoa 
B u i  1 d i n g  , P i t t s b u r g h ,  Pennsylvania 15219 

( 2 )  MD 101 - Alcan Metals Powders, Inc., P.O. Box 290, 
E l  i zabe th  , New Jersey 02707 

( 3 )  Grade 120 - Reynolds Metals Company, General Sales 
D i v i s i o n ,  6601 West Broad S t r ee t ,  Richmond, 
V i  rgi n i  a 23218 

( 4 )  Before use, a l l  aluminum powder shall be annealed 
a t  500°C - + 10°C fo r  4 h a t  7 x 10-4 t o r r  or lower. 

6. Welding Rods and Bare Electrodes 

a .  All welding rods and welding electrodes sha l l  be 
o f  type 4043 a1 urn1 num. 

b .  All welding electrodes shall conform to 
AWS A5.1O-69, "A1 uminum and A1 uminum A1 1 oy We1 d i n g  
Rods and Bare Electrodes . I '  

c. All electrodes shall be packed individually w i t h  a 
desiccant i n  hervetically sealed containers before 
shi pp i  ng. 
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V .  MATERIALS (continued) 

B. Uranium Oxide 

1. Enriched uranium i n  the form of U308, w i t h  the isotopic 
analysis,  will be suppl ied  w i t h o u t  charge to the Se l le r  
by the Company. 

2. Natural or depleted u308 used d u r i n g  development stages 
of this contract  will be suppl i ed  without charge to the 
Se l le r  by the Company. 

C.  Boron Carbide 

1. 

2. 

3. 

4. 

Natural boron carbide (B4C) equivalent t o  the h igh -pur i  ty  
grade as supplied by Norton Company shall be used and shall 
be provided by the Sel ler .  

A c e r t i f i e d  isotopic analysis for  1oB and a ce r t i f i ed  
chemical analysis of the B4C shall be provided by the 
Se l le r  for each batch of material. 

The B4C par t ic le  s ize  shall be 100% -325 U.S. standard mesh. 

The chemical composition of the B4C shall be within the 
l imi t s  l i s t e d  below: 

Concentration, w t  % 
El emen t M i n i m u m  Maximum 
Boron 76.5 --- 
Carbon 20 22 
Boron plus carbon 98 100 

--- 0.2 --- 0.5 
B203 
Iron 
A1 uminum 0.2 
Cal c i  um --- 0.1 
Magnesi urn --- 0.05 
Moisture content 220 ppm 
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VI. FUEL PLATE REOUIREMENTS 

A. General Fuel P1 a te  Requirements 

1. The thickness variation w i t h i n  any individual fuel plate 

2. Fuel plate surfaces containing pits or scratches greater 

shall not exceed +0.001 i n .  

i n  depth than shown i n  Table 1 o r  dents larger than 0.5 i n .  
i n  diameter shall be cause for rejection. 

- 

Table 1. Fuel plate surface requirements 

Maximum detect depth, i n .  
Location b i l l e r  side Fuel side 

W i t h i n  maximum fuel core 0.004 0.003 
outline plus 1/4 i n .  each 
direction 

Outside maximum fuel core 0.005 0.005 
outline p l u s  1/4 i n .  i n  
each direction 

3 .  The cover plates shall be bonded t o  the frame surfaces and 
to  the a1 uminum i n  the core. 

NOTE: Acceptable bonding is  defined as no vis ible  separa- 
tion between the layers when viewed a t  low magnifi- 
cation and w i t h  g ra in  growth evenly distributed 
across a minimum of 50% of the a1 uminum-to-aluminum 
portion of the interface length. A procedure qual- 
i f ied  as specified i n  Section X1.B coupled w i t h  
quality control as specified i n  Section XI1.D shall  
be considered as meeting the requirements of t h i s  
paragraph for the production of plates. 

- 

4. A number shall  be assigned t o  each fuel core. This number 
shall be maintained and used for plate identification i n  
a l l  operations thereafter.  
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VI. FUEL PLATE REQUIREMENTS (continued) 

A. General Fuel P1 a t e  Requirements (continued) 

5. Fuel plate  cores shall be vacuum annealed a t  590 + 10°C for  
3 h w i t h  a maximum pressure of 1 x 10-4 torr during 70% of 
the anneal.  

6. The fuel plate b i l l e t s  shall be preheated for  60 m i n  a t  
500°C (+5/-10"C) prior t o  the f i r s t  ro l l i ng  pass. Reheats 
a f t e r  the f i r s t  and second passes shall be not  l e s s  t h a n  
10 m i n .  All other reheats shall be n o t  l e s s  than 5 m i n  
except a f t e r  the seventh pass, where the reheat time shall 
be not l e s s  t h a n  10 m i n  a f t e r  the l a s t  tandem plate  has 
been sheared and inserted into the furnace. The thickness 
of the hot-rolled plate  shall be uniform w i t h i n  +0.001 i n .  
(nominal finished size, 0.063 i n . ) .  

- 

7. All fuel plates  shall be cold rolled a t  room temperature 
t o  a f inal  thickness of 0.050 + 0.001 i n .  
NOTE: W i t h i n  the tolerance raTge of +0.001, fuel plate  
uniformity of +0.0002 will need t o  be-maintained ti> f a c i l i -  
t a t e  plate  forzing. Fuel plates as assembled into side- 
plates  shall be 0.050 i n .  (+0.0002/-0.0006 i n . ) .  

8. The minimun total  cold reduction shall be 20%. 

9. The operation preceding final machining or blanking for  
every f l a t  fuel plate  shall be the following anneal. 

a .  Heat to 500°C (+5/-10"C) f o r  120 m i n  and furnace cool 
between platens a t  a rate of 10"C/h to  200°C or  less. 

b.  After removal from the furnace, the stack shall then be 

NOTE: The purpose of this anneal i s  t o  provide c loser  
m r o l  of the formed plates and to  increase the re1 iabi l  i t y  
of the nonbond test  (Section V1.F). 

cooled t o  60°C or less before the platens are  removed. 

10. After forming and prior t o  assembly, t o  remove heavy oxides 
formed d u r i n  fabrication, every fuel plate  shall be de- 
greased and qightly etched i n  a cold HN03-HF (15 vol % -1 t o  
+2 vol % )  so lu t ion  followed by careful rinsing i n  potable 
water (Section XIII.A.2). 
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VI. FUEL PLATE REQUIREMENTS (continued) 

B. Uranium Loading and Di s t r ibu t ion  

1. 

2. 

3. 

4. 

5. 

6. 

h inner-element p l a t e  sha l l  contain 15.18 g + 1.0% o f  596 and each outer-element plate  sha l l  c o n t a i n l 8 . 4 4  g - + 
1.0% of 235u. 

The uraniujn f o r  each core  shall  be ind iv idua l ly  weighed and 
the weight recorded. 

Uranium sha l l  not  extend beyond the maximum core  outl ines a s  
shown on drawings 42114 and 42122. 

The uraniuin i n  the inner-annulus fuel plates sha l l  be d i s -  
t r i b u t e d  i n  such a manner t h a t  the sur face  dens i ty  i n  grams 
per square centimeter a t  any pos i t i on  X on the p l a t e  sur face  
sha l l  be equal t o  0.0459 times the Y value corresponding t o  
the pos i t ion  X as tabula ted  on drawing 42114. 
outer-annul us fuel pl a t e s  , the uranium sur face  dens i ty  sha l l  
be 0.0683 times the Y value as tabula ted  on drawing 42122. 
S t ra ight -1  ine in te rpol  a t ion  between tabu1 a t ed  poin ts  shal l  
be used f o r  additional values of Y. I f  the uranium loading 
i s  changed, the Company sha l l  provide new cons tan t s  f o r  the 
loading  d i s t r i b u t i o n .  

For the 

The to le rance  on the sur face  dens i ty  i n  grams per square 
centimeter o f  23% w i t h i n  the maximum fuel core o u t l i n e  
sha l l  be +27% t o  -100% of  the spec i f i ed  value of t h a t  spot  
as measured f o r  any 5/64-in.-diarn spot  ( a r e a  of 0.0048 in .2) .  

The t o l e rance  on the average 23% su r face  dens i ty  w i t h i n  the 
m i n i m u m  core o u t l i n e  sha l l  be - +12% of the spec i f i ed  value. 

In the area between the rnaxiinuni and m i n i m u m  core o u t l i n e s ,  
the va r i a t ion  of the average sha l l  be w i t h i n  t 1 2  t o  -100% of  
a surface area  5/64 i n .  wide and varying i n  length from 
approximately 1 / 2  i n .  t o  approximately 1 1/2 i n . ,  depending 
upon the uranium concentration preceding any change i n  con- 
c e n t r a t i o n  and the magnitude of t h a t  change. They sha l l  be 
obtained by continuously averaging the sur face  dens i ty  
w i t h i n  a 5/64-in. band along the p l a t e  l e n g t h .  
of a m i n i m u m  of 1/64 i n .  sha l l  be maintained between scans. 

An overlap 
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VI. FUEL PLATE REQUIREMENTS (continued) 

B. Uranium Loading and Dis t r ibu t ion  (continued) 

Oak Ridge National Laboratory will furnish two instruments 
capable of inspecting the plates w i t h  the accuracy required 
to  demonstrate whether the above requirements have been met. 
These instruments will be furnished free of charge, f.o.h., 
Sell er '  s p l a n t .  These instruments measure the intensity of 
an x-ray beam transmitted through the plate and, by com- 
par ing  the attenuation w i t h  t h a t  obtained with standards t o  
be furnished by the Company, determine the uranium concen- 
t ra t ion .  The concentrations are averaged electronically 
us ing  an RC time constant and a travel speed which  shall be 
specified by the Company. This constant shall be such that  
an instantaneous change of 15% from nominal will reach an 
average value of +lo% i n  approximately 1 /2  i n .  of travel.  
The instruments will be capable of automatically completely 
scanning the plates and recording the data .  

C. Boron Loadina and Homoaeneitv 

1. Each f i l l e r  region for the inner annulus fuel plates shall 
contain 1oB i n  the form of natural boron carbide. The 
amount of 106 t o  be added shall be specified by the Company 
and may be changed d u r i n g  the l i f e  of the contract;  i t  
sha l l ,  however, 1 i e  i n  the range of 0.91 t o  0.025 g of 1oB 
per plate .  The i n i t i a l  value, and one t o  be used unless 
otherwise notified i n  w r i t i n g ,  shall be 0.0164 g 1oB per 
fuel plate. 

2. The amount of 106 per plate shall be maintained within +lo% 
of the specified value. - NOTE: I t  i s  necessary t h a t  the amount of boron carbide added 

shall be corrected t o  a constant l 0 B  value t o  cover 
varying 108 enrichments and boron concentrations i n  
the as-received boron carbide. 

3. The boron carbide for  each f i l l e r  piece shall be weighed and 
recorded individually. 

4. Boron carbide shall n o t  extend beyond the maximum fuel core 
out1 i ne. 
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V I .  FUEL PLATE REQUIREMENTS (cont inued)  

C. Boron Loading and Homogeneity (cont inued)  

5. 

6. 

The 1QB s h a l l  be d i s t r i b u t e d  i n  such a manner t h a t  the 
surface dens i ty  a t  any p o i n t  on the surface X s h a l l  be 
2.27 x l o 4  t imes the corresponding Z va lue from the t a b l e  
on drawing 42114. S t ra igh t -1  i n e  i n t e r p o l a t i o n  s h a l l  be 
used f o r  in termediate values o f  Z. I f  the  boron load ing  i s  
changed, a new constant  f o r  c a l c u l a t i n g  the boron d i s t r i b u -  
t i o n  w i l l  be provided by the Company. 

The surface dens i ty  of l 0 B  w i t h i n  any 0.20 in.2 area w i t h i n  
the  minimum core area o f  the inner  annulus s h a l l  be w i t h i n  
+35% of the t h e o r e t i c a l  densi ty .  I n  the  reg ion  between the  
Two core out1 ines,  the  to le rance sha l l  be +35 t o  -100% o f  
t h e o r e t i c a l  . 
a. Conformance w i t h  Sect ions X1.B and X I1 .B  s h a l l  be con- 

s idered as s a t i s f y i n g  the requirements o f  t h i s  sect ion.  

D. Fuel ? l a t e  Dimensions 

1. The fue l  p la tes  sha l l  be r o l l e d  t o  the dimensions shown on 
drawing 42114 f o r  the inner  annulus and drawing 42122 f o r  
t he  ou ter  annulus (Sec t ion  VI.A.7). 

a. To permi t  v a r i a t i o n s  i n  the width o f  the fue l  p la tes  
necessary t o  compensate f o r  v a r i a t i o n s  i n  the assembly 
o r  welding techniques, on l y  the w id th  o f  the fue l  core 
i s  spec i f ied .  
the  width o f  the aluminum edge c ladd ing  (Sec t ion  
VII.B.10). 

The p l a t e  width may be va r ied  by vary ing  

b. Drawings showing the se lected s izes  and the to le rance 
l i m i t s  f o r  the width o f  the f l a t  p la tes  s h a l l  be 
fu rn ished by the S e l l e r  t o  the Company f o r  w r i t t e n  
approval p r i o r  t o  s t a r t  o f  product ion.  

2. A f t e r  b lank ing  o r  f i n a l  machining, each fue l  p l a t e  s h a l l  be 

A f luoroscopic  examination whose qual i f i c a t i o n s  have 
been approved by the Company s h a l l  be considered as 
being acceptabl e. 

checked t o  assure conformance w i t h  the s p e c i f i e d  core and 
frame dimensions. 
NOTE: 
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V I .  FUEL PLATE REQUIREMENTS (conti nued) 

0. Fuel Plate Dimensions (continued) 

3.  Each fuel plate shall have an average cladding thickness on 
each surface greater t h a n  0.010 i n .  w i t h  a m i n i m u m  thickness 
of 0.008 i n .  (Section XII.0). 

E. Core Hump Location 

The Seller shall  es tabl ish a procedure by which the core hump 
locat ion of every fuel plate may be determined and i t s  location 
indicated. T h i s  procedure shall be submitted to the Company i n  
w r i t i n g  before i t  is used i n  the production of fuel plates.  

1. The hump location shall be establ ished bo th  as t o  where i t  
i s  located across the plate width  and toward w h i c h  plate 
face i t  i s  p o i n t i n g .  

2. The hump locat ion markings shall be recognizable a f t e r  the 
plates  have been machined to final size and assembled 
between the side plates (Section VII.A.2). 

F. Unbonded Reqions 

1. Blis ters  

a. Any v i s ib l e  bl is ter  which  will remain a f t e r  blanking or 
machining t o  size shall be cause for  rejection. 

b.  In  the l a s t  anneal preceding the cold reduction, each 
plate  sha l l  be held a t  500°C (+5/-10"C) f o r  a m i n i m u m  
of one hour. 
shall  be visually examined for  b l i s t e r s .  Any v is ib le  
b l i s t e r  w h i c h  will remain a f t e r  blanking or machining 
t o  size shall be cause for  rejection. A similar 
b l  ister inspection shall be performed a f t e r  the anneal 
out1 ined i n  Section VI.A.9. 

After cool ing,  both  sides o f  every plate  

2. Nonbonds 

a. After the completion of the f l a t  plate fabrication and 
while the plate  i s  i n  the annealed condition, the en- 
t i r e  surface of each plate  shall  receive an ultrasonic 
exami nati on for  nonbond. 
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VI. FUEL PLATE REQUIREMENTS (cont inued)  

F. Unbonded Regions (continued) 

b. The ultrasonic tes t  shall be conducted w i t h  suf f ic ien t  
sens i t iv i ty  to  detect  any 0.063-in.-diam + 0.005 i n .  
nonbond or b l i s t e r  located i n  e i ther  the 'fuel core or 
cover plates  and the fuel -to-cover-plate interface 
within the fuel core out l ine and 0.125-in.-diam + 0.005 
i n .  nonbond located e i ther  i n  the frame or cover-plate 
stock and frame-to-cover-pl a t e  interfaces  outside the 
fuel core outline.  Any response which exceeds these 
limits i n  the i r  respective areas is cause for  rejection 
of the fuel plate.  
NOTE: An acceptable technique for fabrication of 

reference discont inui t ies  consi s t s  of c u t t i n g  
0.063-in.-diam + 0.005 i n .  and 0.125-in.-diam 
+ 0.005 i n .  flay-bottom holes i n  the cal ibrat ion 
g a t e .  The f l a t  bottoms shall be parallel  to  
the plate  surface. The hole shall  be plugged 
t o  provide an acoustic m i  smatch approximately 
t h a t  of a nonbond. A su f f i c i en t  number of such 
discont inui t ies  shall be placed w i t h i n  the plate  
to  assure adequate scanning a t  a l l  in terfaces  
and a t  a l l  locations. 

- 

VII. FUEL ELEMENT REQUIREMENTS 

A. General Requirements 

1. 

2. 

3 .  

4. 

The elements shall be assembled w i t h  the plates curved i n  
the directions shown on drawings 42118 and 42126. 

The markings showing hump orientation (Section V1.E) shall  
be used t o  demonstrate tha t  the fuel cores are  oriented as 
ca l led  for  i n  the drawings. 

All side plate tubes shall be i n  the T-6511 condition. 

Fuel elements shall be clean and f ree  from foreign matter 
(Section X I I I ) .  

a. Once the curved plates have been cleaned, pickled, and 
rinsed (Section VI.A.10), a l l  future h a n d l i n g  of the 
plate  or the assembled element shall be w i t h  clean 
whi  t e  co t ton  gl oves. 



OPERATIONS DIVISION 
OAK RIDGE NATIONAL LABORATORY 

Martin Marietta Energy Systems, Inc. 
Oak Ridge, Tennessee 37831 

Spec. No. HFIR-FE-3 
Date: July 1984 

o f  42 Page: 11 - 

Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

VII. FUEL ELEMENT REQUIREMENTS (continued) 

A. General Requirements (continued) 

b. After the fuel element has been assembled, a l l  
machining shall be done dry or,  where finer finishes 
are  required, w i t h  small amounts of clean isopropyl or 
ethly alcohol as a cutting lubricant. 

c. In assembling the fuel plates into the side plates,  
clean isopropyl o r  ethyl alcohol may be used as a 
lubricant (other lubricants may be used only w i t h  the 
approval of the Company). Prior to  welding the assembled 
element, i t  shall be dried four hours a t  a temperature 
above the boiling point o f  the lubricant used. 

d. No l i q u i d s  other than potable-grade water and alcohol 
sha l l  be permitted on or i n  any assembled fuel element 
w i t h o u t  written Company approval 

e .  During handling and storage, the elements shall be 
protected from d u s t ,  d i r t ,  shop grease, moisture, and 
simi 1 a r  contamination, and sha l l  be stored a t  room 
temperature. 

5. All components for and a l l  techniques used i n  the manufac- 
ture  of the fuel elements shall  be done as outlined i n  the 
procedures. Other techniques may be used b u t  only i f  pro- 
posed to the Company i n  wr i t ing  and approved by the Company 
i n  w r i t i n g .  Such a request shall include quality assurance 
and inspection equivalent t o  the quality specified and shall 
demonstrate that  they are capable of assuring quality 
comparable to that  called for i n  this specification. 

B. Dimensions 

1. Each coolant channel thickness shall be 0.050 i n .  - + 0.010 i n .  

2. The average coolant channel thickness for any individual 
cross section shall be 0.050 i n .  + 0.006 i n .  Measured 
values a t  the f ive (5) p o i n t s  speFified i n  Section VII.B.3 
shall be averaged for any one cross section. 
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VII. FUEL ELEMENT REQUIREMENTS 

B. Dimensions (continued) 

3. 

4. 

5. 

6. 

7. 

(continued) 

The cool a n t  channel thickness measurements may be made 
before  f ina l  machining and before i n s t a l l a t i o n  of end 
f i t t i n g s .  The cool a n t  channel thickness shall  be measured 
a t  a m i n i m u m  of the following radial  loca t ions  continuously 
along the length of each coolant  channel. 

Radial loca t ion ,  i n .  
Po in t  No. 

1 2 3 4 5 
Inner fuel element 3.10 3.56 4.05 4.40 4.80 
Outer fuel element 6.20 6.64 7.22 7.61 7.90 

The permissible tolerance on these radial  loca t ions  i s  
+0.030 i n .  

An apparatus  capable of making such measurements will be 
furnished by the Company. 

- 

I t  shal l  be the r e spons ib i l i t y  of the S e l l e r  to demonstrate 
t o  the s a t i s f a c t i o n  of the Company t h a t  the cool a n t  channel s 
are not measurably a1 tered d u r i n g  subsequent f ab r i ca t ion  
operat ions.  Written evidence sha l l  be supplied to the 
Company t o  comply w i t h  t h i s  sec t ion .  

As assembled, the fuel p l a t e s  sha l l  protrude a m i n i m u m  of 
0.015 i n .  i n to  the weld grooves o f  the inner s ide  p l a t e  and 
0.035 i n .  m i n i m u m  i n t o  the weld grooves of the outer s ide  
pl a t e .  

During the entire welding operation, the fuel p l a t e  protru- 
sion shal l  be a m i n i m u m  of 0.025 i n .  f o r  the outer side 
p l a t e s  and 0.010 i n .  f o r  the inner s ide  plate .  

All fuel p l a t e s  shal l  be oriented such t h a t  their respective 
ends a re  w i t h i n  +0.015 i n .  of para l le l  planes w h i c h  a r e  
24 i n .  a p a r t  and-normal t o  the fuel element longi tudinal  
axis.  
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VI1 . FUEL ELEMENT REQUIREMENTS (continued) 

6. Dimensions (continued) 

8. The Sel ler  shall develop a technique which shall be submit- 
ted to the Company i n  writing and approved by the Company i n  
writing t o  show that  a f te r  final machining the side plate 
m i n i m u m  thicknesses as specified on the drawings have been 
met. - NOTE: An acceptable technique would be to machine three 

additional shallow grooves into the t u b u l a r  side 
plates when the welding grooves are cut. 
grooves are on the same surface as the weld ing  
grooves and are located approximately a t  the midplane 
and 10 i n .  toward each end. The grooves would be cut 
a f t e r  the tube has been rough machined. The grooves 
would be cut through the excess metal and extend a 
maximum of 0.015 i n .  into the final sideplate 
thickness; a m i n i m u m  rad ius  of 0.005 i n .  i s  required 
a t  the bottom corners. After f i n a l  machining of the 
element, the wall shall be examined and the depth of 
the grooves measured and a m i n i m u m  wall thickness 
cal cul ated. 

These 

9. Dimensional inspections shall e i ther  be performed w i t h  the 
parts a t  68 - + 1"F, or shall be compensated for temperature 
correction. 

10. The tolerances on the w i d t h  of the fuel plates and the s lo t  
depth of the side plate m u s t  be such t h a t  under the worst 
conditions the m i n i m u m  distance of the fuel material from 
e i ther  side plate shall be 0.045 i n .  as measured radially 
f rot11 the fuel el emen t cen te r l  i ne. 

11. To assure control of fuel element coolant channel thickness, 
a coolant channel spacer may be used dur ing  welding. Teflon 
i s  approved for this use. 

C.  Records 

The measured value of the twelve dimensions identified by Roman 
numerals on drawings 42118 and 42126 shall be recorded and iden- 
t i f i e d  by number. The record of these dimensions shal l  be 
transmi t ted to the Company. 
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VII. FUEL ELEMENT REQUIREMENTS (continued) 

D. Marking 

Every fuel element shall be ident i f ied by a code marking engraved 
on the surface w i t h  symbol s 2 1/2 t o  3 i n .  h i g h  and 1 1/2 t o  2 i n .  
wide. The symbol image shall be 1/4 in. wide and 0.010 to  0.015 
i n .  deep. The surface between shall be vibratooled t o  increase 
the l e g i b i l i t y  o f  the symbols. 

1. One marking shall be located on each element as shown on 
drawings 42118 and 42126. 

2. In  areas where code markings cross wall-assurance grooves 
( i f  used) , the wall-assurance groove shall not  be cut. 

3. The marking code shall be submitted t o  the Company i n  
w r i t i n g  and approved by the Company i n  w r i t i n g  before i t  i s  
used on the fuel eleinents. 

4. An engraved index mark, 1/4 in. long and 0.020 i n .  deep, 
shall  be made on the bottom end adapter  opposite the number 
one coolant  channel on each fuel element. T h i s  engraved 
mark shall be used for  purposes o f  channel ident i f icat ion 
and assembly and inspection records. An arrow, 3/8 i n .  
long, shall be engraved perpendicular t o  the index mark t o  
indicate the direction o f  channel numbering sequence. 

VIII. WELDING REOUIREMENTS 

A. General We1 d i n g  Requirements 

1. Two types of welded joints are used i n  each fuel element: 
type A (fuel plate attachment welds) and type B (end adapter 
attachment we1 d s )  . 

2. Weld types A and B shall be made by machine welding, using 
the gas-metal -arc process. 

3.  All welds shall be made only by qualified welders or welding 
operators and w i t h  procedures qualified i n  accordance with 
Section X. 
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VIII. WELDING REQUIREMENTS (continued) 

A. General Welding Requirements (continued) 

4. 

5. 

6. 

7. 

If a welder has not  made a type-A or  t y p e 4  weld over a 
three-month period, he must requal i fy  for those we1 d s  not 
made except those portions of the prel imi nary qual i f i ca t i  on 
pertaining t o  the ASME Code. 

Quality control during welding shall be as specified in 
Section XII.E, and a l l  welds shall be inspected as specified 
in Section IX. 

The Sel ler  shall submit,  for Company approval prior to the 
s t a r t  of fabrication, detailed welding procedures t h a t  con- 
form t o  requirements of this specification. 

The type-A welds are described herein as a process. T h i s  
i s  done because no suitable inspection technique presently 
exists for t h i s  weld; t h u s ,  the only assurances of a h i g h  
qual i ty  we1 d are the qual i f icat ion of the we1 der, proper 
control of the welding machine, and adequate quality control 
specimens. 

B. Requirements for Fuel Plate Attachment Welds (Type A Welds) 

1. 

2. 

3. 

Each fuel   late shall be welded t o  bo th  the inner side p la te  
and the outer si  de pl a te  a t  the 24 axial locations as shown 
on drawings 42118 and 42126. 
NOTE: Attachment of fuel plates t o  side plates shall be 

fuel plate XEF rotation of the fuel element against the 
curvature. 

Each type-A weld shall have a minimum pullout 
100 lb  when tested in tension, w i t h  the force 
t o  the bottom surface of the fuel plate s lo t  

strength of 
appl  i e d  norma 
Section X.C.2  

The penetration of the weld sha l l  no t  extend i n t o  the water 
channel more t h a n  0.010 i n .  I t  i s  not  necessary or desirable 
t o  achieve 100% penetration of the side p la te  slots. 
m i n i m u m  o f  10% penetration into the bottom of the weld groove 
i s  required except a t  the f i r s t  1 /2  i n .  of the weld start 
where less  penetration will be acceptable. 

A 



Spec. No. HFIR-FE-3 
Date: July 1984 

OPERATIONS DIVISION 
OAK RIDGE NATIONAL LABORATORY " 

Page: 22 of 42 - Martin Marietta Energy Systems, Inc. 
Oak Ridge, Tennessee 37831 

Subject: SPECIFICATIONS FOR HIGH FLUX ISOTOPE REACTOR FUEL ELEMENTS 

VI1 I .  WELDING REQUIREMENTS (continued) 

Requirements for  Fuel P1 a te  Attachment Welds (Type-A We1 ds) 
( conti nuedl 

B. 

4. 

5. 

6. 

7. 

8. 

9. 

The face side of each weld shall be free of defects such as 
cracks, incomplete fusion, and incomplete penetration; i n  
addition, they sha l l  be free from irregul a r  bead contour, 
oxidation, and terminal craters  i n  excess of that  present 
on the approved quality standard. The quality standard used 
shall be a selected representative part  of a procedure 
qualification t e s t  weld identified as such and approved by 
the Company. 

The root side of the welds shall be free of gross oxidation, 
sagging, or warpage (Section 1X.B.l.a). 

The weld grooves shall be f i l l e d  suff ic ient ly  so that  a f t e r  
f inal  machining, surface depressions are not present on any 
of the welds. 
porosi ty are acceptabl e. 

Holes that  appear d u r i n g  machining due t o  

The porosity or voids  on any exposed surface or cross 
section shall not exceed the s ize  o r  quantity shown on a 
s t a n d a r d  section agreed upon by the Company and the Sel ler .  
T h i s  standard will be comparable to  the ASME Boiler and 
Pressure Vessel Code, Section VI I I ,  Appendix IV, "Porosi ty 
Charts for Plate 1/4 in. o r  Less and Size 'Assorted' .'I The 
amount of large pores will be res t r ic ted to  one h a l f  the 
amount shown on this figure. 

I t  will be permissible to machine, g r i n d ,  or f i l e  the weld 
( u s i n g  carbon steel  too ls ) ,  below the surface level of the 
rough-machi ned tube wi t h o u t  maki ng a we1 d repair ,  provided 
the as-finished side plate surface is  not penetrated. 

Any defects extending i n t o  the final side plate thickness, 
other than those arising from the permissible minor porosity, 
shall be called to the attention of the Company representa- 
t ive  who will make a decision i n  wr i t i ng  as to whether a 
weld repair shall be made. 
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VIII. WELDING REQUIREMENTS (continued) 

B. Requirements for Fuel P1 ate Attachment We1 d s  ( Type-A We1 d s )  
(cont i  nued) 

10. The fuel plate protrusion into the weld grooves shall be 
checked continuously d u r i n g  welding to make sure t h a t  the 
fuel plate pullout does n o t  exceed that  specified i n  
Section VII.B.6. 

C .  

11. 

Reaui rements for  End-AdaDter Attachment We1 d s  ( TvDe-9 We1 d s )  

Successive weld s t a r t s  shall be staggered a minimum of 30'. 

1. Each type-B weld shall be free from defects such as cracks, 
oxidation from inadequate shielding, incomplete or discon- 
t i n u o u s  fusion, surface porosity, and irregular bead con- 
tours. The quality control standard weld selected for  type 
A welds (Sec t ion  VIII.B.4) shall be used also for j u d g i n g  
qual i t y  of the t y p e 4  welds. 

2. Porosity, slag inclusions, or lack of fusion as shown by a 
radiograph (Section XIV) shall not  exceed that  shown on 
standard radiographs submi t ted  by the Sel ler  and approved 
i n  writing by the Company. Any porosity, slag inclusion, or 
lack of fusion i n  excess of the above shall be immediately 
cal l  ed to  the dttenti on of the Company representative who 
shall make a decision i n  w r i t i n g  i f  a weld repair i s  to  be 
attempted. 

3. The weld shall penetrate the ful l  thickness of the side 
pl a te .  

4. Any defects, other than those arising from the permissible 
minor porosity or terminal craters  or from defects which 
occur i n  the area of excess side plate material, shall be 
called t o  the attention of the Company representative who 
shall make a decision i n  w r i t i n g  i f  a weld repair i s  to  be 
attempted. 

5. The weld grooves shall be suff ic ient ly  f i l l e d  so t h a t ,  a f t e r  
f inal  machining, surface depressions are not present on any 
of the welds deposited. 
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I X .  WELD INSPECTION 

A. Prewel d Inspec ti on 

1. Before weldjng, 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  
al ignment of par ts ,  proper j o i n t  geometry, excessive oxida- 
t i o n  o f  components, and clean1 iness. 

2. For each type-A weld, t h e  p r o t r u s i o n  o f  f u e l  p l a t e s  i n t o  the 
we1 d grooves s h a l l  be determined by maki ng compl e t e  measure- 
ments i n  a minimum of th ree  weld grooves f o r  each s ide  
p la te ,  these being one on each end and one i n  the  center  o f  
each tube (Sec t ion  VIII .B.lO). 

a. A l l  p ro t rus ions  s h a l l  meet the requirements o f  Sect ion 
V I 1  . B . 5 .  

3. A c h e c k l i s t  s h a l l  be maintained f o r  the welding machine. 
P r i o r  t o  welding any fuel element, a l l  func t ions  of t h e  
welding machine s h a l l  be checked t o  determine t h a t  the 
machine i s  working proper ly .  Th is  c h e c k l i s t  s h a l l  be sub- 
m i t t e d  t o  the Company i n  w r i t i n g  and approved by the  Company 
i n  w r i t i n g  before product ion welding i s  s ta r ted .  

B. Postweld Inspec t ion  

1. Welds s h a l l  be v i s u a l l y  inspected f o r  compliance w i t h  t h e i r  
respec t ive  p o r t i o n s  of Sections V I 1 I . B  and VII1.C. 

a. The i n s i d e  surfaces o f  type-A welds s h a l l  be inspected 
v i s u a l l y ,  w i t h  a l i g h t  a t  t h e  opposi te end from the 
p o i n t  o f  inspec t ion  f o r  coinpl iance w i t h  Sect ion 
V I I I . B . 5 .  

2. Each type-B weld s h a l l  be inspected r a d i o g r a p h i c a l l y  i n  
accordance w i t h  the techniques i n  Sect ion X I V .  

a. Each weld s h a l l  meet the requirements o f  Sect ion VII1.C. 
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X .  QUALIFICATION OF WELDING PROCEDURES, WELDERS, WELDING MACHINE 
'DPLRAmS, AND tQUmtNT 

A. General Reauirements 

1. Before any welding work i s  done on the prototype element or 
on the production elements, the Sel ler  shall qualify welding 
procedures, welders, welding machine operators, and welding 
equipment by applying the rules for Procedure Qualification 
i n  ASME Boiler and Pressure Vessel Code, Section IX, P a r t  
QW, and i n  accordance w i t h  additional requirements of this 
specification. 

2. Welding procedures and cer t i f ied  qualification t e s t  resul ts  
shall be submitted t o  the Company for written approval prior 
t o  any production welding. 

a.  Welding procedures must be described in detail i n  
writing and shall include, b u t  are n o t  limited to, 
values and l imits  for such variables as voltage, 
amperage, gas type and flow rate ,  travel speed, wire 
feed rate ,  welding sequence, and type and model of 
welding machines. 

b.  A statement shall be included as t o  what methods will 
be used to control the variables and w h a t  accuracy and 
reproducibility are obtained. 

3.  The various welding procedures shall be considered as being 
qualified when the f i r s t  welder or welding machine operator 
using them is  successfully qualified. 

A welder or welding machine operator qualified for a given 
weld for one element shall be considered as being qualified 
for  the same type of weld for the other element. 

4. 

B. Preliminary Qualification of Welders and Welding Machine Operators 

1. Before qualifying for  specific welds, a l l  welders and 
welding machine operators shall be generally qualified by 
passing a preliminary qualification t e s t  applying the rules 
f o r  the Performance Qualification t e s t s  outlined i n  the ASME 
Boiler and Pressure Vessel Code, Section IX, Part QW. 
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X.  QUALIFICATION OF WELDING PROCEDURES, WELDERS, WELDING MACHINE 
OPERATORS . AND EOUIPMENT (cont inued) 

B . Pre l  i m i  nary Qual i f i  c a t i  on o f  We1 ders and We1 d i n g  Mac h i  ne 
Operators (cont inued) 

b. Welding machine operators who w i l l  be making type-A o r  
type-B welds s h a l l  q u a l i f y  by making machine welds i n  
the  1 G  p o s i t i o n  us ing p ipe  o r  tube. 

c . Prel  i m i  nary qual i f i c a t i  on sampl es prepared by the 
welding machine operators s h a l l  be requ i red  t o  pass the  
bend t e s t s  requ i red  o f  welders making s i m i l a r  welds. 

C. O u a l i f i c a t i o n  o f  TvDe-A Weldina Machine ODerators 

1. Q u a l i f i c a t i o n  s h a l l  be on c i r c u l a r  welds; one t e s t  sample 
s h a l l  be welded by each operator t o  demonstrate t h a t  he can 
success fu l l y  j o i n  f u e l  p l a t e s  p r o t r u d i n g  var ious distances 
i n t o  the weld groove. 

a. Each weld o f  these q u a l i f i c a t i o n  samples s h a l l  con ta in  
a sec t ion  showing the s t a r t  o f  the  weld, the  area where 
the  f i n i s h  o f  a weld overruns the  s t a r t ,  and the p o i n t  
a t  which the  arc was ext inguished a t  the f i n i s h .  

b .  Each weld s h a l l  be inspected as s p e c i f i e d  i n  Sect ion I X  
and s h a l l  conform w i t h  the  general s p e c i f i c a t i o n s  f o r  
type A welds (Sec t ion  VII1.B) as wel l  as the  specia l  
requirements discussed below. 

c. Each weld s h a l l  be sect ioned l o n g i t u d i n a l l y  a t  the 
center1 ine,  mounted, pol ished, 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  th ickness o f  the fue l  
p l a t e ;  the  other  5% s h a l l  be j o i n e d  over a t  l e a s t  75% 
o f  the  th ickness o f  the  fue l  p la te .  

e. The weld metal s h a l l  f i l l  each groove t o  prov ide s u f f i -  
c i e n t  mater ia l  f o r  weld cleanup a t  f i n a l  machining as 
determined from the  assembly drawings. 
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X .  QUALIFICATION OF WELDING PROCEDURES, WELDERS, WELDING MACHINE 
RS, AND tQUIPMtNT (cont inued)  

C.  Qualification of Type-! Welding Machine Operators (continued) 

2. 

3. 

Strength requirements of the fuel plate-to-side plate joints 
(Section VIII.B.2) shall be demonstrated using the same tes t  
sample welded t o  sat isfy Section X . C . l .  
be eliminated for th i s  t e s t  provided i t  i s  replaced with a 
sui tab1 e heat  sink . 

One side plate may 

The final stage of the type-A qualification shall consist o f  
the welding of a full-size t e s t  element. 

a.  The element shall be assembled u s i n g  plates prepared by 
the approved fabrication procedures, except t h a t  the 
plate material shall be 0.050 - + 0.001 in.  type 6061-0 
stock. 

b. A minimum of four complete circumferential welds shall 
be made by each operator on b o t h  the inside and outside 
pl ates.  

c. As welded, the element diameter and plate spacing shall 
meet the requirements of Section VII. 

d .  All welds shall be inspected in accordance w i t h  Section 
I X  and shall meet the requirements of Section VIII.6.  

e. One inner weld and one outer weld shall be mounted, 
sectioned through the center of the welds, and suitably 
prepared for examination of the weld cross section. 

f .  These welds shall sat isfy the requirements of Sections 
VII1.B and X . C . l .  

D. Oual i f ica t ion  o f  TvDe-B Weldinq Machine ODerators 

1. Each type-B welding machine operator shall qualify by 
we1 d i n g  one full  -size internal and one full  -size external 
type-I3 j oi n t .  

a .  Each weld shall be inspected as specified i n  Section IX 
and shall meet the requirements o f  Section VII1.C. 
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X .  QUALIFICATION OF WELDING PROCEDURES, WELDERS, MELDING MACHINE 
OPERATORS, AND EQUIPMENT (continued) 

D. Qual i f i  cat i  on of Type-B We1 d i n g  Machi ne Operators (continued) 

b .  Each weld shall be sectioned a t  two cross sections. Each 
cross section shall meet the requirements of Section VII1.C. 

E. Reaualification 

1. I f  any specimen f a i l s  t o  meet any required specifications,  
a complete requalification for  t h a t  type of weld shall be 
performed. 

2. For such a requal i f ica t ion ,  twice the o r ig ina l  number of 
specimens shall be welded, and each specimen shall meet a l l  
the requirements and specifications. 

the same number of samples sha l l  be required as were required 
fo r  the f i r s t  requalification. 

3.  I f  add i t iona l  attempts a t  qualification shall be required, 

4 .  If a welder or welding machine operator has not made a 
type-A or type-B weld over a three-month period, he m u s t  
requalify for those welds not  made except those portions of 
the preliminary qualification pertaining t o  the ASME Code. 

XI. PROCEDURE OUALIFICATION 

A. Procedure and Drawinas 

1. Before the s t a r t  of any production operations, the Sel ler  
shall prepare detailed shop drawings and fabrication inspec- 
tion procedures. These shall include, b u t  are not limited 
t o ,  such items as core preparation, fuel plate fabrication, 
fuel el ement assembly, cl eaning procedures, we1 d i n g  and 
inspection de ta i l s ,  qualification and qua l i t y  control t e s t s ,  
and  storage and shipping procedures. 

c 

2 .  Both  the shop drawings and procedures shall be submitted t o  
the Company fo r  w i t t e n  approval before being used for pro- 
duction operations. 
approval shall be similarly approved before being used in 
the production operati ons . 

Any changes made a f t e r  the or ig ina l  
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XI. PROCEDURE QUALIFICATION (continued) 

A. Procedure and Drawings (continued) 

3. A period of four weeks sha l l  be allowed f o r  the Company t o  
approve the drawings and procedures. 

4.  Drawings and procedures returned "Unapproved" shall be 
revised by the Sel ler  and be resubmitted for approval. 
Drawings and procedures returned "Approved Except as  Noted" 
need not be resubmitted for further approval unless i t  is  
so requested, provided corrections are made t o  sat isfy the 
exceptions. 

B. Fuel P1 a te  Oual i f  i ca t i  on 

1. Before s tar t ing production operations, the Sell e r  shall  
demonstrate t h a t  the fabrication and inspection techniques 
t o  be used for both the inner-annulus and outer-annulus fuel 
plates are capable of conforming to this specification. The 
fuel plate procedures shal l  be qualified by sa t i s fac tor i ly  
producing, i n  accordance w i t h  this specification, a minimum 
of 24 plates for each annulus. The plates for  each annulus  
shall be produced consecutively d u r i n g  a sing1 e operation. 
They shall be identical to  the expected production plates. 
All inspection procedures shall be identical t o  those to be 
used d u r i n g  production. 

a .  A m i n i m u m  of 80% of the f l a t  plates fabricated d u r i n g  
each of the qualification runs sha l l  conform to the 
production portions of this specification. 

2. After f i n a l  machining or blanking and inspection (Section VI) 
and before forming, every qualification plate shal l  be 
remeasured and shall be radiographed to  show tha t  the core 
out1 ine and m i n i m u m  edge conform to drawing requirements. 

3.  Three curved plates from the qualification batch for each 
element, which have passed the normal inspection b u t  which 
are  otherwise selected a t  random, shall  be destructively 
exami ned. 

a. Each pl a te  shall be completely sectioned transversely 
a t  three equidistant locations covering the length, and 
longitudinally a t  both ends i n  the center of the plate. 
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XI. PROCEDURE QUALIFICATION (continued) 

SPECIFICATIONS FOR H I G H  FLUX ISOTOPE REACTOR FUEL ELEMENTS 

B. Fuel Plate Qualification (continued) 

The end cuts shall s t a r t  approximately 1/2 i n .  beyond 
the core and shall extend into i t  for  approximately 
1 1/2 i n .  

b.  Each section shall be examined for core dimensions, 
soundness of bond (Section VI.A.3), and m i n i m u m  cladding 
thickness (Section VI .D.3). 

4. 

5. 

6. 

The abi 1 i t y  to  control boron 1 osses during processi ng sha l l  
be demonstrated by dissolving three complete inner-annul us 
plates and determining the total  boron content of each. 

a. The total  boron content of each plate shall meet the 
requirements of Section VI.C.l. 

Adequacy o f  boron distribution shall be demonstrated by 
punching 15, l/Z-in.-diarn samples from each of three ran- 
domly sel ected inner-annul us pl ates.  

a. For each plate,  t h e  samples shall be located along 
three randomly selected rows of constant boron content, 
except t ha t  one row shall be on or near the core hump. 
The f ive punchings i n  each o f  these three rows shall be 
i n  l ine  w i t h  the punchings taken i n  an adjacent row. 

b.  Each sample shall be analyzed for boron u s i n g  proce- 
dures and standards approved by the Company. 

c .  The boron content of each sample shall comply w i t h  the 
specification of Section V1.C. 

If any qualification test  plate i s  found which has passed 
the nornal production inspection (Section VI) b u t  from which 
any sample has fa i led to pass the additional tests required 
for  the qualification samples, a second batch o f  24 plates 
shall be produced and tested. 

. 

a. Double the original number of plates shall be examined 
for  the requirement which was not sa t i s f ied ,  and a l l  
shall be acceptable. For the other requirements, the 
original number o f  samples shall be examined. 
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XI. PROCEDURE QUALIFICATION (continued) 

B. Fuel Plate Qualification (continued) 

7. Before the production of any reactor-grade fuel plates is  
started,  the results of the fuel plate qualification t e s t s  
shall be approved i n  w r i t i n g  by the Company. 

C. Qualification o f  Fuel Homogeneity Inspection 

shal 
furn 
NOTE 

1. 

- 

Adequacy of the nondestructive inspection for  fuel homogeneity 
be demonstrated by use of a special t e s t  plate to be 

shed by the Company. 
T h i s  plate will contain defects of known magnitude. 

The plate  shall be examined three times during the qual i -  
f ication run, and the resul ts  shall check w i t h i n  the 
agreed-upon accuracy of the equipment. 

D. We1 d i  nq 

The qualification t e s t s  required for welding are covered i n  
Section X.  

E .  Qualification Elements 

1. 

2. 

3. 

4. 

5. 

To qualify the fuel assembly, welding, machining, and 
inspection techniques, a minimum of one inner and one outer 
fu l l - s ize  prototype element shall be fabricated, inspected, 
and shipped t o  the Company. 

These fuel el ements shall be fabricated w i t h  procedures 
identical w i t h  (except as noted in Section XI.E.3) and 
inspected by identical techniques t o  those to be used for 
the production fuel el ements. 

The fuel plates for the qualification elements shall be 
dummy fuel plates prepared from 0.050 - + 0.001 in. type 
6061-0 stock. 

Elements shall be si zed t o  final dimensions using identical 
practices and equipment t o  those used i n  production opera- 
t ions.  

Elements shall be cer t i f ied  as complying w i t h  a l l  the 
requirements of t h i s  specification. 
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X I .  PROCEDURE QUALIFICATION (cont inued)  

F. Q u a l i f i c a t i o n  Test  Resu l t  Approval 

1. The r e s u l t s  o f  the welding q u a l i f i c a t i o n  t e s t  (Sec t ion  X) 
and the q u a l i f i c a t i o n  element (Sec t i on  X1.E) must be 
approved i n  w r i t i n g  by the Company be fore  produc t ion  opera- 
t i o n s  i n v o l v i n g  welding, assembly, o r  machining are s ta r ted .  

X I I .  OUALITY CONTROL 

A. IJranium 

1. A cont inuous and complete inventory  of enr iched u308 s h a l l  
be maintained a t  a l l  t imes f o r  a l l  steps i n  the  produc t ion  
o p e r a t i  on. 

B. Boron 

1. Cont inu ing con t ro l  o f  boron homogeneity s h a l l  be demon- 
s t r a t e d  by sampl i n g  one randomly se lec ted  inner-annul us 
f u e l  p l a t e  from the group f o r  each inne r  element manu- 
fac tu red  (Sect ion XII .D. l ) .  

2. The p l a t e  sha 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 no t  meet spec i f i ca t i ons ,  th ree  add i t i ona l  
p l a t e s  sha l l  be sampled, a l l  samples o f  which sha l l  meet the 
spec i f i ca t i ons ;  otherwise, the  e n t i r e  batch o f  p l a t e s  sha l l  
be re jec ted .  

C. Scanning Device 

1. The opera t ion  o f  the homogeneity scanning device s h a l l  be 
checked by re inspec t i ng  the c o n t r o l  p l a t e  (Sec t ion  X I  .C) 
a f t e r  every l o t  o f  p la tes ,  through one scanner. The stan- 
dard t race  must be obta ined w i t h i n  the s p e c i f i e d  accuracy 
o f  the  i nspec t i on  device. 

a. I f  a standard t race  i s  n o t  obtained, a11 produc t ion  
i nspec t i on  on t h a t  scanner sha l l  stop u n t i l  the 
t r o u b l e  i s  r e c t i f i e d .  A l l  p l a t e s  inspected s ince the 
prev ious check sha l l  be reinspected. 
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XII. QUALITY CONTROL (continued) 

C .  Scanning Device (continued) 

2. After a scanner has n o t  been i n  use for periods of four 
hours or more, the standard plate shall be the f i r s t  plate 
i nspected. 

0. C1 addinq Thickness and Bond Oual i t v  

1. A randomly selected fuel plate from the group for each 
element shall be destructively examined as described i n  
Section XI.B.3 to  show that  m i n i m u m  cladding thickness on 
each side (Section VI.A.3) i s  being maintained. 

a .  The same inner plate used for sampling i n  Section 
XII.B.l may be used for  the inner element samples. 

2. If a blistered plate is  found d u r i n g  the nonbond examina- 
tion i n  processing the given l o t  of plates,  i t  may be used 
for this t e s t .  

3. If any area i n  the samples from the selected plate does n o t  
meet the m i n i m u m  cladding thickness or bond quality, three 
more randomly selected plates shall be examined. Unless a l l  
three plates meet specification, the group shall  be rejected. 

E. We1 d i  ng Qual i ty Control 

1. Immediately prior t o  and af te r  welding the type-A welds on 
each fuel element, a c i rcular  weld t e s t  assembly shall be 
prepared as shown i n  the procedures. These samples sha l l  be 
prepared using procedures and operators identical t o  those 
used on the element. They shall be examined i n  a manner 
identical t o  that  i n  Section X . C . l  and shall meet these 
same specifications. Results of the examination of these 
samples shall be used t o  evaluate the soundness of the fuel 
el ement type-A we1 ds .  
NOTE: For two consecutive inner or two consecutive outer 

fuel elements, the a f te r  c i rcular  weld t e s t  assernbly 
for the f i r s t  fuel element may be the before sample 
for  the next element. T h i s  applies t o  2 consecutive 
el emen t s  on1 y . 
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XII. QUALITY CONTROL (continued) 

E. We1 d i n g  Qual i ty Control (continued) 

2. If e i ther  specimen does not meet a l l  requirements of the 
specifications,  a1 1 production we1 d i n g  shall s t o p ,  and two 
addi t i  onal sampl es shall be assembl ed , we1 ded, and exami ned. 

a. Before welding is  resumed, two consecutive samples must 
meet a1 1 speci f i ed to1 erances . 

3. If the postweld sample does n o t  conform to the specifica- 
t ions,  the Company representative will make a written 
decision as t o  the disposition of the fuel element. 

F. Material 

1. The fabricator shall s e t  up quality control procedures 
capable of determining, a t  any stage of manufacture, the l o t  
ident i ty  of a l l  material, including welding f i l l e r  metal. 
The identity must include a correlation w i t h  the required 
material reports and the serial  lumber of the fuel element 
being fabricated. 

materials i n  the Se l l e r ' s  plant cannot be substituted for 
the approved material. 

2. The qual i t y  control procedure shall be se t  up so other 

XIII .  CLEANLINESS 

A. General 

1. The inter ior  and exterior surfaces of the fuel elements 
shall be free from weld spat ter ,  slag,  moisture, d i r t ,  o i l ,  
scale,  p a i n t ,  marking i n k ,  pencil markings, or similar 
forei gn matter. 
elements shall  not be used i n  contact w i t h  the assembly 
except by written approval of the Company: chlorine, cooper, 
f luorine,  g r a p h i t e ,  lead, mercury, s i lver ,  and thorium. - NOTE: 

A1 so, material s containing the fol 1 owing 

Portions of the reactor system, i n  contact w i t h  
cooling water, are constructed from type 304 s ta in-  
1 ess steel ; therefore, the presence of any chloride- 
containing deposit on the elements i s  extremely 
deleterious. The above products and other products 
which accelerate the corrosion of a l u m i n u m  must n o t  
be used. 
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X I 1  I. CLEANLINESS (cont inued) 

A. General (cont inued)  

2. It sha l l  be the r e s p o n s i b i l i t y  o f  the S e l l e r  t o  e s t a b l i s h  
c lean ing  and inspec t ion  techniques both f o r  the p a r t s  used 
i n  the assembly and f o r  the complete elements commensurate 
w i t h  these requirements. A l l  such procedures s h a l l  be 
approved by the Company i n  w r i t i n g ,  and once agreed upon, 
s h a l l  be changed only  wi th  Company approval . 
NOTE: As an i n d i c a t i o n  o f  the q u a l i t y  expected once the 

fuel  element components are degreased and p ick1 ed, 
a l l  subsequent handl ing sha l l  be by personnel wearing 
whi t e  co t ton  g l  oves. 

3. The use o f  abrasives o r  any procedure which removes more 
than 0.001 i n .  o f  aluminum from the surface i s  p r o h i b i t e d  
as a c lean ing  technique. 
t he  surfaces o r  t o  remove scratch bu r rs  from the fue l  p la tes,  
aluminum wool, f i n e  grade, may be used provided l e s s  than 
0.001 i n .  o f  ma te r ia l  i s  removed from the fue l  p l a t e  surface. 

I f  i t  becomes necessary t o  c lean 

4. No p i c k l i n g  o r  s i m i l a r  c lean ing  of an assembled fue l  element 
s h a l l  be permit ted.  

B. Contamination 

1. The sur face contaminat ion o f  a f i n i s h e d  p l a t e  sha l l  be l e s s  
than the  e u i v a l e n t  o f  t h a t  which would be obtained from 
5 pg o f  23& per  square f o o t  o f  surface area. 
NOTE: W i  t h  an approved qual i ty  con t ro l  procedure, i t  sha l l  

be s u f f i c i e n t  t o  i nspec t  on ly  the f i r s t  two p la tes  o f  
a f a b r i c a t i o n  l o t ;  such a procedure must prov ide 
separate f a c i l i t i e s  f o r  r o l l i n g  bare fue l  cores o r  
uranium a l l o y  and the c l a d  p l a t e s  f o r  t h i s  cont rac t .  

X I V .  INSPECTION PROCEDURES 

A. Radiographic Techniques - General 

1. Radiographic i nspec t i on  sha l l  be performed i n  accordance 
w i t h  ASTM-142, "Contro l1  i n g  Q u a l i t y  o f  Radiographic Testing," 
as modi f i ed bel  ow. 
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XIV. INSPECTION PROCEDURES (continued) 

A. RadioaraDhic Techniques - General (continued) 

2. 

3. 

4. 

5. 

6. 

7 .  

a .  A very fine g ra in  type film such as Eastrnan Kodak type 
M shall be used. 

Non-film techniques shall not be used. 

Double-film techniques shall be permitted only w i t h  special 
written approval by the Company. 

A system of identification of the film shall be provided by 
the Sel ler .  

The fol 1 ow! ng i n  formati on sha l l  be provided by the Sell e r  : 

a. Name of inspecting laboratory, 
b .  Date, 
c .  
d. View, and 
e. Whether original or subsequent exposure. 

Part number and/or  weld number, 

To aid i n  proper interpretation of radiographs, a written 
procedure or equivalent record shal l  be prepared by the 
Sel ler  t o  show the setup used t o  make each radiograph. 
T h i s  information sha l l  accompany each radiograph and shall 
i ncl ude: 

a .  F i l m  number, 
b .  
c. Orientation of location markers, 
d. Location of radiation source, including source t o  film 

e.  Kilovol tage, current, and focal spot size. 

Location of each film on the radiographed item, 

distance, and 

I t  shall be acceptable for the Sel ler  to furnish one 
standard procedure i n  accordance w i t h  Section XIV.A.6 and 
t o  cer t i fy  t h a t  an individual radiograph was made by use of 
the standard procedure. 
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XIV. INSPECTION PROCEDURES (continued) 

B. Radiographic Techniques - Welds 

1. The x-ray source shall be located direct ly  over the weld 
w i t h  the beam making a 90" angle w i t h  the side plate and 
w i t h  the film held against the weld on the inside of the 
side plate. 

2. The density of individual films shall be between two and 
three i n  the area be ing  examined. 

C.  Radiographic Techniques - Fuel Plates 

1. The image outline shall be clear  and sharp; the film shall 
be free of runs, streaks, scratches, and blurs tha t  will ad- 
versely a f fec t  the f i lm's  inspection for fuel core loca t ion .  

2. The fuel plates t o  be radiographed shall be so located under 
the source t h a t  a l l  edge biases are equal and a l l  end biases 
are equal. 

3. Edge biases and end biases shall be determined and reported 
as par t  of the fuel plate  inspection data. 

4. The density of individual films shall be between two and 
three i n  the edge-clad and end-clad areas and shall be 
between one and two i n  the area of the fuel core hump. 

5. The en t i re  fuel plate shall be presented on a single 
radiograph.  

6. Penetrameters for  the fuel plates shall be identification 
No. 25 for  aluminum i n  accordance w i t h  MIL-STD-271E ( S h i p s )  
October 1980. 

X V .  PACKAGING AND SHIPMENT 

A. The Sel ler  shall load the fuel elements into suitable containers 
t h a t  will adequately protect the elements during shipment. Such 
containers shall be furni shed by the Company. 

B. Each element shall be shipped i n  an individual container. 
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X V .  PACKAGING AND SHIPMENT (continued) 

C. Before being placed in the shipping container, each element shall 
be sealed in a plastic bag or similarly protected from moisture 
and dus t .  

D.  Each shipping container shall be provided with a distinctive seal 
applied prior t o  leaving the Seller's premises. 

XVI. ACCESS OF INSPECTOR 

A. The Company's representative or inspector sha l l  be pernitted t o  
witness any or all operations during qualification, production, 
or testing. The Seller shall afford the inspector a l l  reasonable 
faci l i t ies  for his work. 

6. The Seller shall provide the Company with a schedule of expected 
operations so t h a t  he can schedule visits by his inspectors. 
This schedule shall be received by the Company a minimum of one 
week in advance of the operation. He shall be notified of sche- 
dule changes by telephone or telegram a t  least 24 hours before 
the rescheduled operation i s  t o  begin. 

XVII. RADIATION SAFETY 

The Sell  er shall be responsi bl e for establ i shi ng safe practices for  
the radiation safety problems arising from the production and shipping 
of these elements. 
NOTE: Pertinent information obtained by ORNL in critical experiments 

will be made available if desired. 

The  Seller shall not  combine two elements into a fuel assembly nor 
colnpl etely submerge the outer fuel el ement without permission from 
his Radiation Safety Advisor. 

XVIII. RECORDS. SAMPLES. AND INFORMATION TO BE FURNISHED 

A. Drawings 

Five copies of a l l  drawings shall be submitted t o  the Company fo r  
approval . Thi s shall incl ude assembly drawings, subassembly 
drawings, and shop drawings. 
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XVI I I. RECORDS, SAMPLES, AND INFORMATION TO BE FURNISHED (continued) 

A. Drawings (continued) 

1. W i t h i n  two weeks of Company approval of any drawings, the 
Sel ler  shall submit  t o  the Company one cer t i f ied  reproduc- 
t i o n  ( su i t ab le  for the dry Diazo process) of tha t  drawing. 

2. Five copies of any changes made t o  approved drawings shall 
be submitted for approval. 

B. Procedures 

Five cer t i f ied  copies of a l l  procedures shall be submitted for  
Company approval. These shall include ( b u t  i s  not  limited to) 
procedures for plate fabrication fuel element assembly, inspec- 
t i o n  techniques ( i n c l u d i n g  radiographic ,  hump location, and 
nonbond) , we1 d i n g  , cl eanl i ness, packaging and shi ppi  ng , qual i ty 
control, and qualification tests. 

1. One copy of each procedure shall have suff ic ient  contrast  t o  
be reproducible on a Xerox or similar machine. 

C. Material SamDles 

One properly identified sample shall be submitted on each l o t  
of: ( 1 )  uranium oxide, (2) boron carbide, ( 3 )  aluminum powder, 
( 4 )  aluminum weld rod or wire, ( 5 )  aluminum plate and sheet, and 
( 6 )  a1 umi num t u b i n g  . 

D. Material Analyses 

For each l o t  of material, f ive  cer t i f ied  copies of the following 
analyses shall be furnished along w i t h  a cer t i f ica t ion  t h a t  they 
comply w i t h  the requirements of this specification: 

1. Chemical analysis of U3O8 

2. Density, surface area, and size d i s t r i b u t i o n  of U308 

3.  Isotopic analysis of boron carbide, and 

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

E. Procedure Qual i f i c a t i  on Resul t s  

Five cer t i f ied  copies of a l l  qualification t e s t  resul ts  shall be 
furnished to the Company. 

1. I t  shall be cer t i f ied  that  the resul ts  of each tes t  meet the 
requirements of this specification. 

2. Results from the following qualification t e s t s  shall be 
i ncl uded. 

a. !delding 

(1) Preliminary code qualification t e s t s  
(2) 
( 3 )  
( 4 )  Type-B internal test  sample 
( 5 )  Type-B external test sample 

Weld quality samples for  type-A welds 
Pullout strength samples for type-A welds 

b. Fuel plates 

Qual i f  i cat i  on t e s t  data shall be furni shed for both 
inner and outer type fuel plates. 

3. Qualification t e s t  reports shall include, b u t  are n o t  
1 imi ted t o ,  the following data and results.  

a. We1 d qual i f i ca t i  on 

Visual examination, radiographic examination, metal lo- 
graphic  resul t s ,  p u l l  -test resul t s  , and bend-test 
resul ts. 

b.  Fuel plate qualification 

V i  sua1 , dimensional, radiographic ,  metal 1 ographic , 
nondestructivp, and chemical resul ts  for uranium and 
boron homogeneity and for boron control. 
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X V I I I .  RECORDS, SAMPLES, AND INFORMATION TO BE FURNISHED (cont inued) 

F. Q u a l i f i c a t i o n  Elements 

1. One complete, f u l l - s i z e ,  i n n e r  element and one ou ter  element 
c e r t i f i e d  t o  meet the  requirements o f  Sect ion X1.E s h a l l  be 
fu rn ished the Company before any product ion operat ions are 
s ta r ted .  

G. Data Furnished w i t h  Each Element 

F i v e  copies o f  the  f o l l o w i n g  c e r t i f i e d  in fo rmat ion  s h a l l  be 
furnished w i t h  each fue l  element: 

1. A c e r t i f i c a t i o n  t h a t  the f u e l  element complies w i t h  the 
requirements o f  t h i s  s p e c i f i c a t i o n ,  

2. I d e n t i f i c a t i o n  number o f  the  f u e l  element, 

3. L o t  number and weight of uranium and U235 i n  each element, 

4. L o t  number and weight o f  boron carb ide i n  each inner  element, 

5. L o t  numbers o f  a l l  aluminum components w i t h  adequate i d e n t i -  

6. Measured values of the twelve dimensions i n d i c a t e d  on 

f i c a t i o n  as t o  the par ts ,  

drawings i n  Roman numeral s , 
7. Radiographs o f  type-B welds ( o n l y  o r i g i n a l  i s  requ i red) ,  

8. Inspec t ion  and meta l lographic  examination repor ts  on weld 
q u a l i t y  c o n t r o l  sample, w i t h  a c e r t i f i c a t i o n  t h a t  i t  con- 
forms w i t h  the  s p e c i f i c a t i o n s ,  

9. Resul t s  froin cover p l  a te  qual i ty c o n t r o l  specimens ( c l  adding 
th ickness)  , 

10. A n a l y t i c a l  r e s u l t s  from boron qual i ty c o n t r o l  samples, and 

11. I d e n t i f i c a t i o n  o f  a1 1 we1 d ing  machine operators and we1 ders. 
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X V I I I .  RECORDS, SAMPLES, AND INFORMATION TO BE FURNISHED (cont inued)  

H. Tes t  I n fo rma t ion  w i t h  Each Element 

F i v e  copies o f  i n fo rma t ion  s h a l l  be furnished, i n d i c a t i n g  t h a t  
the f o l l o w i n g  inspec t ions  have been made, by whom, and summa- 
r i z i n g  the r e s u l t s :  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

V i  sual check o f  "as received" a1 uminum f o r  b l  i s t e r s  and 
e l i m i n a t i o n  o f  a l l  areas con ta in ing  b l i s t e r s ,  

v i  sual examination o f  f ue l  p l  a t e  surfaces a f t e r  forming, 

Fuel p l  a te  dimensions, 

Core out1 i n e  and minimum frame widths, 

Visual  check o f  r o l l e d  p l a t e  f o r  b l i s t e r s ,  

Fuel hoinogenei t y  inspec t ion ,  

U1 t rason i  c inspec ti on f o r  nonbond, 

Preweld v i sua l  inspect ion,  

Fuel p l a t e  p r o t r u s i o n  i n t o  weld grooves, 

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

11. S i  de p l  a te  thicknesses, 

12. Fuel core hump l o c a t i o n s  i n  completed element, 

13. Postweld inspec t ion  i n c l u d i n g  v i sua l  and x-ray phases, 

14. Surface contaminat ion o f  fue l  p la tes ,  and 

15. Check f o r  c lean l i ness  and sur face cond i t i ons  o f  f i n a l  f ue l  
e l  emen t s  . 

.. 
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