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!he SNAP'IRAN 2/lOA-j reac tor ,  a F l igh t ly  modified version of t h e  

SNAP 2/10A reac tor ,  has been designed f o r  invest igat ing t h e  nuclear 
s a fe ty  aspects associated w i t h  immersicn of t he  reac tor  core i n  water 

which I s  expected t o  result i n  a des t ruc t ive  power excursion. 

repor t  describes t h e  pos t - tes t  exomination program t o  be car r ied  out  

on t h e  r eac to r  f u e l  and components and t h e  t e s t  =ea cleanup procedures 

t o  be employed following the  des t ruc t ive  test. 

s a fe ty  considerations are a l s o  presented f o r  a l l  phases of t h e  recovery 

operation, t ranspor ta t ion  t o  t h e  exan;ination area, and during examina- 
t i o n  of f u e l  materials i n  the hot c e l l s  and labora tor ies .  

This 

I n  addi t ion,  t h e  nuclear 

The pos t - t e s t  examination i s  intended t o  supply information which 

w i l l  a id  i n  understanding t h e  nature  of t h e  r eac to r  disassembly process, 
provides supplemental data on t h e  magnitude of t h e  nuclear and mechan!cal 
energy released, and def ines  t h e  physical condition and rad ia t ion  levels 
of the  r eac to r  and i ts  environs following a des t ruc t ive  power excursion. 

Procedures are a l s o  presented f o r  the safe tes t  s i t e  cleanup i n -  
cluding loca t ion  and removal of a l l  i n t a c t  f u e l  elements and f u e l  frag- 

ments, recovery of s t r u c t u r a l  parts of the  reac tor ,  and decontamination 
of the test area. 



I. ZfITRCIDUCTION 

This repor t  describes t t e  examination and clranu? program which 
The w i l l  fo l low des t ruc t ive  t e s t i n g  of t h e  SNAHRAN 2/lOA-3 reactor .  

SNAPTRAN 2/lOA-3 reac tor  i s  a modified SNAP 2, ' lOA f l i g h t  machine and 

has beel? designed and b u i l t  f o r  the purpose of invest igat ing the  con- 
sequences of a nuclear accident r e su l t i ng  f r c x  immersion of t h e  s?JAP 2/10A 

r eac to r  core i n  water. A descr i2t ion of t h e  reac tor  package is presented 
i n  Gection 11 "Reac+,or Description". 
t h e  destructive excursion w i l l  include t h e  following: (1) mechanical, 

electrical ,  and hydraulic checkout, (2) f u e l  loading, (3) s t a t i c  >hysicF 
measurements, and ( 4 )  long period t r ans i en t  tests,  

'he experimental program p r i o r  t o  

Following t h e  des t ruc t ive  test a r ad ia t jon  survey of t h e  tes t  area 
w i l l  be made and spec ia l  mofiitoring aquipment er-d samples w i l l  be removed. 
The f i r s t  e n t r y  w i l l  be made by the  Mobot, a remotely controlled e l ec t ro -  
mechanical t r azk  vehicle  containing manipulators, Tv cameras, a j i b  crane, 
and a f o r k  lift. 
an operator  located i n  t h e  U T  control  room. 
l e v e l s  are extremely high, t h e  Mobot w i l l  be used f o r  much of t h e  i n i t i a l  

r ad ia t ion  monitoring, r eac to r  component recovery, and general s i t e  clean- 

up. A l l  i d e n t i f i a b l e  f u e i  and grossly contaninated s t r u c t u r a l  material 
w i l l  be removed t o  reduce t h e  r ad ia t ion  background t o  a to l e rab le  level 
fur  personnel e n t r y .  Prior t o  personnel e n t r j ,  however, en extensive 
survey w i l l  be &e t o  insure t ha t  t he  reac tor  is sdeljr shutdown and 
tha t  no foreseeable event w i l l  lead t o  c r i t i c a l i t y .  

This unit which i s  shown i n  Figure 1-1 is  control led by 

If the pos t - tes t  radiation 

r 

All operations involving recovery of t h e  reac tor  f u e l ,  i n t a c t  o r  
fragmente5,will be performed with the utmost care i n  order t o  prevent 
tI.2 occurrence of a nuclear incident.  These operations include co l l ec t -  
Lon of t h e  reactor debris on a d  outside the tes t  pad, m0vemer.t of t he  
debris  t o  t h e  examination area, and a l l  phases of t t e  post- tes t  examination 

In t n e  hot shop and l abora tor ies .  
lids w i l l  \e provided f o r  saf'e f u e l  co l lec t ion  and t ransport .  
containers  are sized t o  contain R ~ . j ~ i m u r n  of f i v e  fue l  rods o r  t h e  equiv- 

alent amount of fuel and are arranged on pallets t o  provide an i n f i n i t e l y  

C a d m i 4  plated containers with sealed 

These 
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Fig.  1-1 Mot 0 t 



The post-test examination of t h e  reactor  fuel and components w i l l  

be performed Cy t h e  Metallurgy and Hot Cell Branch i n  t h e  TAN Service 
F a c i l i t i e s  (TSF) area and t h e  C P P  AnalyticRl Branch a t  t h e  Chemical 
Processing Plant (CPP). 
w i l l  weigh and dimensionally check each f u e l  piece upon a r r i v a l  a t  t he  

TSF and examine each f o r  marks, scratches,  
hydride f r ac tu res .  
piece f o r  subsequent hydrogen and f i s s ion  product analysis .  Photomicro- 
graphs w i l l  be made of t h e  f u e l  matrix t o  determine grain s ize  and phase 

changes. 

and gr id  p l a t e s  t o  ascer ta in  changes i n  physical propert ies  such as  hard- 
ness, yield a d  tensile strengths.  

The TAN Metallurgy and Hot Cell Branch personnel 

melted areas, and zircorium 
A section w i l l  3e made of each i d e n t i f i a b l e  f u e l  

Tests w i l l  be made on the  cladding, f u e l  matrix, reac tor  vessel ,  

The CPP Analytical Branch personnel w i l l  analyze the  sectioned f u e l  
f o r  hydrogen content and f i s s i o n  product d i s t r ibu t ion .  Water samples 

from the  environmental tank w i l l  be malyzed f o r  f i s s i o n  products, beryl- 

l i um,  and zirconium 

CPP Analytical Branch and t h e  TAN Metallurqy and Hot Cell Eranch is  

contained i n  Eection ?I. 

A description of t h e  ana ly t ica l  p r o p m  f o r  t he  

The general program ou t l ine ,  nuclear sa fe ty  considerations, and 

metallurgical examination requirements presented i n  t h i s  repor t  are 

in tended  t o  provide su f f i c i en t  background infom.ation for  the  Metallurgy 
and Hot Cell Branch t o  prepare detai led procedures f o r  review by t h e  

Reactor Physics and Engineering Branch and by the  SPERT-STEP Safeguard 

comittee. 

4 



A. Description of Test P o c k q y  

The wrangeaent of t he  S I J W J  2,'11;\A-3 rezc tc r  t es t  packsce p r io r  

t o  t h e  des t ruc t ive  tes t  i s  g i fen  i n  Figure II-1. It cons is t s  of t he  

r eac to r  core mounted on a pedestal  i n  t h e  center  of t h e  environlnenzal 
tank ami surrounded by a Binal poison sleeve. The environmental t ank  

i s  14  feet ins ide  diameter, 113 feet high, a n d  w i l l  be f i l l e d  w i t h  water 
t o  3.5 feet above the  top  of t h e  reec tor  core. The tank I s  fabrl.cetrtd 
of steel  and I s  backed by one foo t  3f concrete a t  t h e  top and two feet  

of concrete a t  t he  bottom t o  m a i n t a i n  t h e  tank i n t e c r i t y  "u r in r ;  t h e  

des t ruc t ive  disassembly of t h e  reactor .  The superstrzcture  shown in 
Figure 11-1. supports t he  poison s laeve dr ive  mechanism. 

r eac to r  assembly is  mounted on a h-rsil dol ly  t o  f a c i l j t a t e  movement, 
Of t h e  t e s t  package t o  t h e  f i a m i n a t i m  Area (TAN 60-r') following t h e  

des t ruc t ive  test. 

The e n t i r e  

The r eac to r  f u e l  rods are a n  a l l o y  of zircoriilim-hydride and 10 w t $  

of 93% enriched uranium. The rods are clad with 9.015 iiich th!.ck Hastelloy- 
N and have an outs ide diameter of 1.250 inches and a length of 12.25 inches. 

A typical  f u e l  rod i s  shown i n  Figure 11-2. 

rzds  i n  t he  form of a hexagon. 
t h e  s ides  of t h e  core t o  t h e  cy l ind r i ca l  reac tor  vessel .  Figure 11-3 
shows a cross  sec t ion  of tr?e reac tor  f u e l  rod arrangement, t h e  loca t ion  

of t h e  s i x  beryllium f i l l e r  pieces,  t h e  reac tor  vessel ,  &id t h e  b i n d  

cont ro l  sleeve. 

The core cons is t s  of 37 f u e l  
Beryllium f i l l e r  pieces are used t o  adapt 

The r eac to r  vessel  i s  fabr ica ted  front 0.032 inch t h i c k  type 316 
stainless steel and has an outside diameter of 8.94 inches. Precise 

positzoning of t h e  f u e l  rods with respect t o  each other  and t o  t h e  vessel 

is provided by upper and lower grid p l ~ t - . ,  within t h e  vessel. These 

plateF are fabr ica ted  of Haste11 oy-C . The cap and gr id  plate indexing 

pins shown at opposite ends of the fuel rod i n  Figure 11-2 engage t h e  
grid plates for the ?recision posit ioning. 

5 



~ G - S L E E V E  DRIVE MECHANISM 

I I  

r- 

NaK RESERVOIR 

ENVIRONMENTAL TANK 
BlNAL SLEEVE 
REACTOR VESSEL 

I 
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J MILITY PLUG 

VACUUM PUMP 81 TAW C M  i a ~ ~ ~ ~ ~ '  DUMP VALVE 

Fig .  Ix-1 SHApazAN 2/10A-3 Test Package 
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Fig. a - 2  SHAPlRAN 2/lOA-3 Fuel Rod 
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INTERNAL REFLECTOR 

REACTOR VESSEL f 

CONTROL SLEEVE 
FU€L ELEMENT 

?&. CI-3 StUP lMN 2/lOA-3 Reactor Cross Section 
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B. Nuclear Characteristirs Prior to Destructive Test 

The excess reactivity of the water-reflected SNAPTRAN 2/lOA-3 core 

is about $3.6 and the poison sleeve w i l l  maintain the water-reflected 
core at least $5 subcritical. C r i t i c a l  loading with full water reflection 
and the poison sleeve removed has been determined by Atomics International 
to be 32.7 - + 0.2 fuel elements. 
characteristics of the core prior to the destructive excursion is contain- 

A detailed description of the nuclear  

ed in IDO-16929, “Safety Analysis Report - SNAPTRAN 2/lOA-3 Water Immersion 
%ots”(l 1. 
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=I. SAFETY CONSIDERATIONS 

A. General 

The ,5XWTUN 2/lOA-3 destruct ive t e s t  i s  expected t o  result i n  the 

v io len t  disassembly of t h e  reactor  core and d ispersa l  of the  f u e l  over 

a large area. 
ing t h e  test is therefore  considered unlikely. 
personnel en t ry  i n t o  the test area, a survey w i l l  be m a d e  w i t h  neutron ard 

gemma detec tors  and with remotely controlled te lev is ion  cameras mounted 
i n  t h e  reac tor  area t o  ascer ta in  t h a t  t he  reac tor  i s  shutdown and t h a t  

no foreseeable event w i l l  lead t o  c r i t i c a l i t y .  
as described i n  ID-16929 "Safety Analysis Report - SMAPTRNI 2/lOA-3 Water 
Immersion Tests" Section V, w i l l  also be obeerved p r i o r  t o  the  start of 
sample recovery and cleanup operat ions. 

The p o s s i b i l i t y  of a c r i t i c a l  configuration of f u e l  follow- 
However, p r i o r  t o  any 

Health physics coverage, 

These procedures for safely completing t h e  post destructive test  c1e.n- 
up and ana ly t i ca l  propem are prepared t o  reduce t h e  chemical, radiolog- 
i c a l ,  and c r i t i ca l i t y  hazards sssociated w i t h  these programs. 
probable chemical hazards and the  possible core configurations following 
t h e  des t ruc t ive  test are presented below along w i t h  some recomended safe ty  
precautions t o  be taken. 
covered in Section V I I I  of IDO-16929. 

The most 

Radiation fields which may be encountered are 

B. Fuel Handling Safety 

The SNAPpiAN 2/lOA-3 reac tor  has an under moderated, high leakage 

core and as such is extremely sens i t ive  t o  the  presence of moderating 
(hydmgerrous) materials w i t h i n  the core and t h e  proximity of any materialr 
which a c t  8s neutron r e f l ec to r s ,  around the  outside of t h e  core. Because 
of th i s  s e n s i t i v i t y  t o  the presence of foreign materials, the  following 
general  safety ru les  should be observed w h i l e  handling t h e  fuel :  (1) ex- 

clusion of all water o r  other hydrogenous material from the  area i n  which 

SI assembly of f u e l  i s  located, (2) prevention of any material from being 
placed around the outer  perifery of an assembly of f u e l ,  and (3) storage 
of t h e  f u e l  In  cr i t ical ly  safe containers except during examination a t  
which tiPc only O Q I ~  element should be worked on a t  a time. 



The cr i t ica l  mass of t h e  +'loaded and immersed reac tor  (water in t h e  

core and surrounding reac tor  vessel)  i s  about 3.1 Kg of 
rods) and f o r  t he  immersed reac tor  (water outside t h e  reac tor  vessel only) 
about 4.35 Kg of U235 (-34 f u e l  rods) .  

absence of WJ external r e f l e c t o r ,  w i l l  not go c r i t i c a l .  

containers, Figure V-1, are modeled after t h e  f u e l  shipping containers . 

designed by Atomics In te rna t iona l .  Calculations have been made f o r  these  

shipping containers which ind ica te  t h a t  when loaded with f i v e  f u e l  rods 

each and placed i n  a slab geometry on 3D in .  centers they me i n  an 
i n f i n i t e l y  saf'e geometry even when imqersed and flooded with water. 

During cleanup and examination operations,  f u e l  outs ide t h e  r eac to r  vessel 

should be kept i n  t h e  w h i u m  plated f u e l  recovery containers which we 
i n  two s i zes ,  one of which w i l l  hold f i v e  i n t a c t  f u e l  rods and t h e  other  
w'lich w i l l  hold t h e  equivalent of f i v e  f u e l  rods i n  t h e  form of s m a l l  

p a r t i c l e s .  These containers must be kept on a 3'3 inch center-to-center 
spacing . 

(-24 f u e l  

The flooded reac tor ,  i n  t h e  

The f u e l  recovery 

Although t h e  ccmplete disassembly 01 t h e  reac tor  and t h e  dispersal 

of t h e  f u e l  over a large area is the  an t ic ipa ted  consequence of t h e  

des t ruc t ive  tes t ,  t h e  degree of disassenbly may be somewhat less and t h e  
safety problems associated w i t h  t n e  various core configurations must be 

considered. The postulated core configurations are as follows: 

(1) 

(2) 

( 3 )  

core e s s e n t i a l l y  i n t a c t  w i t h  the r eac to r  vesse l  not ruptured, 

core e s s e n t i a l l y  i n t a c t  with the  vesse l  ruptured, 

vessel ruptured with p a r t  of t h e  core i n  t h e  r eac to r  vesee!. 

and part i n  the environmental tank,  and 

v io len t  disassembly of t he  core w i t h  t h e  f u e l  widely dispersed. -"~ 

ci-h a l l  four  cases the  f u e l  could be fragmented wi th  f u e l  p m t i c l e  s i z e  
R ,ranging from the micron region t o  whole f u e l  rods. 

-." 

(4)  
r-4 

at*-. 

C' ., 

It is poss ib le  t h a t  in t h e  case of a minor nuclear excursion, 
r e su l t i ng  in  core configurations 1 or 2 atmve, some NaK w i l l  remain i n  
t he  reac tor  vessel and must be removed p r i o r  t o  other  disassembly operat- 
ions. 
from t h e  reac tor  vesse$, control l ing NeK f i res ,  cleaning res idua l  NaK 

Consequently, equipment should be provided f o r  remving the  I?& 

frWp thp $WE ~ Q P Q ,  d d18pO6bg of ti.*c 'bL.2. i ; i L  ;.JY a p p e ~ e d  m e t t i ~ i ? l ~ .  
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Based on both nqiclear and chemical cha rac t e r i s t i c s ,  M e t a l - X  dry 
powder m a y  be uoed f o r  control l ing a NaK f i re  in t h e  v i c i n i t y  of the 

reac tor  core. However, it should be applied in small quan t i t i e s  and 

not d l r e c t l y  t o  the reaCtor core. 

In t h e  event t h a t  t h e  vessel  i s  l e f t  e s sen t i a l ly  In t ac t  after the 

nuclear excursion, t he  core disassembly s t eps  must be carefu l ly  planned 
t o  avoid movement of t h e  fuel when t h e  vesse l  head is removed. This 
Kill cecess i t a t e  freeing t h e  instrument leads through the vessel head 

p r i o r  t o  head removal. 

or both and should be removed from the  reac tor  vessel i n  groups not t o  
exce%d f i v e  rods at a time and placed i n  the c r i t i c a l l y  safe post-destruct 

f u e l  containers for fur ther  handling. 

!he f u e l  rods may be melted together,  fragmented, 

Should t h e  destruct ive test r e s u l t  In part  of t h e  core remaining in 
the reactor vessel and part In t h e  environmental tank, the fuel rods in 

the environmental tank should be removed f irst  and p laced , in  t h e  fuel 
recovery cmta ine r s .  The f u e l  i n  t h e  reac tor  vessel  should then be removed 

us- t h e  sa fe ty  procedures oil t l lne3 above. 
vessel or on the f u e l  i8 nct  an t ic ipa ted  following a nuclear excursion 
of t h i s  extent .  HOwever, the equipment should be provided f o r  control-  

ling lo& fires, cleaning the fuel rods, and disposing of the NaK If any 
i s  present.  

Residual NeI; i n  the r eac to r  

c. chemica lmzards  

It is ant ic ipa ted  that t h e  NeK coolant w i l l  r eac t  completely with 

the envlranmental tank water and the  oxygen i n  the  air during t h e  destruc- 
tive test t o  form widely dispersed d i l u t e  hydroxides, however, the  possi-  
b i l i t y  of small quan t i t i e s  of 2QaK remaining In t h e  rcac tor  vesse l  or 
elswhere should not be overlooked. 
the presence of potassium superoxide (KO2) on or near any res idua l  

NeK. 
pressure and temperature reacting with the  potassium in the NaK. 
hydrocarbons are used In  the cleanup operations and come In contact wi th  

the potassium superoxide a v io len t  explosion may r e s u l t .  
of the conditions required t o  bring this about but i n  several  past instances 

Another hazard which may e x i s t  i s  

This compound I s  formed by the oxygen i n  t h e  air  a t  atmospheric 

If 

L i t t l e  i s  known 



where exploRions have occurred in NeX s3-sterns the possible presence of 
both potassium super oxide and hydrocmbons have existed. 

!he presence of beryllium must be considered during the post-test 
examination and area cleanup. 
svfflcient, the beryllium filler pieces in the core may be fragmented 

into micron or submicron size particles increasing the possibility of 
.tnhllr+.m. 

If the force of the nuclear excursion is 



A. P r i o r i t y  Monitor6 and Samples 

Since t h e  iden t i f i ca t ion  of a many short-l ived isotopes as possible  

l e  of primsry importance in the ana ly t i ca l  progrm severa l  radiation 
monitors and samples have been given a high p r i o r i t y  f o r  recovery from 
the test area imnediately following the des t ruc t ive  excursion, 

are l i s t e d  in 'Pable N - A  under t h e  heading "Pr ior i ty  Monitors and Samples" 
and include fission f o i l s ,  ac t iva t ion  f o i l s ,  and other  neutron dose 
mecrsurement devices as well as air samplers, f a l l o u t  p l a t e s ,  and f i lm 

badges. me loca t ion  of smnples and monitors on the  sampling grid i n  
the test cell area is shown i n  Figure IV-1. 

These 

The ant ic ipa ted  hQh rad ia t ion  f i e l d  i n  the tes t  area following the 

des t ruc t ive  test w i l l  preclude t he  use of personnel i n  the  p r i o r i t y  

recovery operation. 
various times and dMxtnces following the test. The table is  based on 
the conservative assumption that all the f i s s i o n  products released are 
re ta ined  on the test pad and form a line source j u s t  ins ide  the  building. 

The ca lcu la t ions  f u r t h e r  a6sume t he  source t o  have no self-shielding or 
ex terna l  shielding except air. 
of the high p r i o r i t y  samples must be car r ied  out by remote techniques. 

B e  three methods t o  be used are: (1) t h e  Mobot (previously described), 
(2) a c lo thes l ine ,  and (3)  a pickup arm on the Egerton, Genneshausen, 
and C r i e r ,  Inc. ( W G )  do l ly  shown i n  Figure N-1. 
are indicated i n  Table IV-A. 

Table IV-C ind ica tes  the  dose ratcs expected at  

On t h e  basis of these figures the  recovery 

The recovery methods 

The monitors and samples recovered by the Mobot wi l l  be placed on a 
The pal le t  w i l l  be t ransferred s p e c i a l  p a l l e t  car r ied  on t h e  fork  l i f t .  

t o  the  shielded locamotive at the south er - l  of the test c e l l  fer  t ransport  
t o  the Ekemination Area. 
nylon rope on pulleys runniw frun the superstructure above the environ- 
mental tank t o  the pedestrian access door at t h e  east end of the  IET 
Control and Zquipncnt Building. 

by personnel at the access door. 

The c lo thes l ine  technique w i l l  consis t  of a 

The monitor removal w i l l  be done manually 

The pickup arm on t h e  EGG dol ly  is 

t 1  i 
, 7  , {  
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designed t o  automatically ergage t h e  ?ick.up loops on t h e  monitors located 

along the l i - ra i l  t rack  when it is moved O L i t  of the ET. area by &.inch 

immediately following t h e  dcs t ruc t ive  test .  Should any d i f f i c u l t i e s  be 

encountered + n  e i t h e r  t h e  c lo thes l ine  rncovery method o r  t h e  pickup arm, 

t h e  Mobot will be avai lab le  f o r  ass is tance.  

I n  conjunction w i t h  t he  r e t r i e v a l  of t he  high p r i o r i t y  items, a 

b r i e f  r ad ia t ion  survey of t h e  t e s t  c e l l  area w i l l  be m a d e  by t h e  Mobot. 
This w i l l  be a preliminary survey t o  supplement t h e  i n i t i a l  r ad ia t ion  

reacitngs of t h e  fixed locat ion de tec tors  i n  t h e  t e s t  c e l l .  A complete 
systematic survey w i l l  be made by the Mobot immediately following t h e  

p r i o r i t y  recovery t o  pinpoint rad ia t ion  hot spots  f o r  t h e  i n i t i a l  eval-  

uation of r een t ry  and cleanup procedures. 
w i l l  be mapped i n  t he  IET control  room as it i s  being made. 

The r e s u l t s  of t h e  survey 

B. Other Monitors and Samples 

The analysis of the remaining monitors and samples do not involve 
short- l ived isotopes and consequently the  samples may not be recovered 

u n t i l  24 hours after t k e  des t ruc t ive  t e s t .  These samples are l i s t e d  

i n  Table IV-B and t h e  loca t ions  are shown i n  Figures IV-1 and IV-2. 

Recovery of t h e  p a r t i c l e  cans and Los Almos S c i e n t i f i c  Laboratory 
capsule w i l l  be made by STEF’ personnel under t h e  survei l lance of a 

TAN Health Physicis t .  
from t h e  reactor dol ly  after it a r r i v e s  a t  t h e  E F  area. 

samples and monitors w i l l  be recovered by t h e  reent ry  teams. 

The four water co l lec t ion  t r ays  will b e  removed 

All other  

17 



SAWTE AXD M3TK)RS n3 100 METER ARC 

PRIORITY Mo14IToRs AND S A ! !  (€?.ECOVERY T + 1 HOUR) 

C m p k  o r  Monitor @ant. Location Recovery Method 

Nuclear Accident Dosimeter 1 

Nuclear Accident Dosimeter 2 

Nucleas Accident Dosimeter 3 

Hi-Vol A i r  Sampler 

Hi-Vol A i r  Sampler 

Hi-Vol A i r  Sampler 

Fa l lou t  P l a t e  

Fallout Pla t e  

Activation Foil Box 

Nuclear Energy Capsule 

Nuclear Energy Capsule 

Hair Samples 

Glass Dosimeters 

Glass Dos lmeters 

Blood Sairrgle 

Copper Wire 

10 

3 

1 

15 

3 

2 

2 

1 

On EG&G dol ly  Remove with dol ly  

Above reac tor  Clothesline 

Along t rack  a t  
25, 50, 100 dol ly  
meterL, 

Pickup arm - EG8d3 

Radiological Mobot 
tower 

One each on 25, Mobot 
50, 100 meter a r c s  

EG&G do l ly  Remove with do l ly  

Rad iolog i c a1 
tower 

Mobot 

One each on 25, Mobot 
50, 100 meter arcs  

Above reac tor  Mobot 

I n  environment Mobot 
tank 

Bottom f l i g h t  Remove w i t h  EG&G 
tube dol ly  by rope or 

, Mobot 

Above reactor  Clothesline w i t h  NAD's 

Above reactor  Sivtnesl ine w i t h  NAD's 

On EG8d3 dol ly  Remove w i t h  dol ly  

Above reactor  Mobot 

On clothesl ine Clothesline 



PRIORITY MONITDRS AND SAMPLES (RECOVERY T + 1 HOUR) 

Sample o r  Monitor Quant . Locat ion Recovery Method 

Pa r t i c l e  cans 

Water Sample 

Fiss ion Gas Detectors 

Film Badges 

Film Badges 

Chemical Dosimeters 

Film Badges 

P a r t i c l e  Size Samplers 

Cyclone Samplers 

L( 

1 

3 

2 

2 

1 

15 

3 

3 

2 at 2-1/2 meters, Mobot 
one a t  20 & 25 
meters 

Environment a 1  
tank 

O n e  each from 25, 
50, 100 meters 

Above reac tor  

Abcr-"-c reactor  

On EG&G dolly 

Radiological 
tower 

One each on 25, 
50, 100 meter a r c s  

One each on 25, 
50, 100 meter a rcs  

Mobot 

Mobot 

Remove w i t h  2 
NAD's - c lo thes l ine  

Remove wi th  2 
blood samples - 
Mobot 

Remove w i t h  do l ly  

Mobot 

Mobot 

Mobot 

The following Lbriority samples and monitors contain f i ss ionable  materials 

i n  the  concentrations indicated. 
completely independent of the  f u e l  recovery and examination they w i l l  not 

cons t i t u t e  a c r i t i c a l i t y  hazard. 

Since they w i l l  be recovered and examined 

1 g m  XVuclear Accident Dosimeters (per NAD) ,239 

Np237 0.1 @I 

$38 5 gms 



Nuclear Energy Capsules (4" long) (per pair) $35 0.04 gms 

Nuclear Energy Capsules (3" long) (per pair) $35 0.03 gms 

0.02 gms N U C ~ C G . ~  Energy Capsules (2" long) (per Pa*) $35 
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A. Fuel Recovery 

Photographs of the tes t  area taken prior t o  and immediately following 
the des t ruc t ive  tes t  w i l l  be ava i lab le  t o  a i d  i n  t h e  recovery and cleanup 

operation. 
around t h e  test area. 
current  w i t h  t h e  detai led radiatian survey and immec'.iately following 

removal of t h e  p r i o r i t y  monitors and samples. Fuel outside t h e  tes t  

cell w i l l  be recovered as  soon as possible  after t h e  test, probably 
within 24 hours. 
use of the  TV cameras and t h e  r ad ia t ion  de tec t ion  meter mounted on t h e  

Mobot. 
fragment w i l l  be recorded i n  t he  IGT cont ro l  room i n  accordance with 

t h e  g r ids  shown i n  Figure I V - 1  and N-2. 

pkotographed through the  TV system t o  assist i n  la ter  iden t i f i ca t ion  
during examinat ion. 

The Mobot w i l l  be used t o  recover reac tor  f u e l  sca t te red  
Fuel recovery i n  t h e  test c e l l  w i l l  be made con- 

The i n t a c t  f u e l  and f u e l  f r m e n t s  w i l l  be located hy 

The exact loca t ion  and descr ip t ion  of each ftiel element o r  

Each piece w i l l  a l s o  be 

As each f u e l  piece is located it w i l l  be placed i n  a c r i t i c a l l y  
safe container.  
which are 3-3/4 inch ins ide  diameter and p la ted  w i t h  cadmium on the 

outs ide surfaces. A container with i t s  snap-on cover i s  shown i n  

Figure V-1. 
respect ively.  

i n t a c t  f u e l  rods and t h e  6 inch high u n i t s  w i l l  hold a volume i n  dust  
and small fragments equivalent t o  5 fuel elements. 
vi11 be covered as s o m  as it i s  f i l l e d  t o  prevent possible  e n t r y  of 

water o r  spread of conyamination during t ransportat ion.  

t a i n e r s  w i l l  be carried an t h e  Mobot fo rk  l i f t  i n  a f u e l  container holder 
shown i n  Figure V-2. 
a 30 i r c h  center  t o  center  spacing between f u e l  containers.  As soon as 
t h e  f u e l  containers are f i l l e d  the holders w i l l  be placed on a two t r a c k  
f l a t  car f o r  t ranspor t  t o  the TSF area. 

Two s i z e s  of' containers w i l l  be provided, both of 

The two container s i z e s  are 6 inches and 13 inches high 
The 1 3  ir-ch high containers w i l l  nold a maximum of 5 

Each f u e l  container 

The f u e l  con- 

The f u e l  container holders axe designed t o  provide 



A distance of 500 f t  on each side of t h e  four ra i l  track w i l l  be 
an exclusion area while  the reac tor  and f u e l  are being transported t o  the 

examination area and w i l l  remain such until it has been surveyed and 

decontaminated. The t r ans fe r  of the reactor  and f u l  will not be m a d e  
during adverse weather. 

B. Area CleanuE 

It i s  an t ic ipa ted  tha t  t h e  recovery and removal of the  i n t a c t  and 
iden t i f i ab le  f u e l  fragments from t k  test c e l l  area w i l l  s u f f i c i e n t l y  

reduce t h e  rad ia t ion  background t o  allow personnel entry t o  start the  

tes t  c e l l  cleanup. 
removal t o  t h e  examination area of t h e  four  r a i l  t e s t  do l ly  including 
any f u e l  remaining i n  the  environmental tank. A l l  cleanup operations 
ins ide  t h e  I%T secu r i ty  fence w i l l  be under t h e  constant survei l lance 
of Heal th  Physics personnel. 

Test c e l l  cleanup w i l l  a l s o  be preceded by t h e  

The dry cleanup of the test  c e l l  w i l l  consis t  of vacuuming a l l  
p a r t i c u l a t e  material and placing It i n  the  6 inch high pos t - tes t  f u e l  
containers previously described. The containers w i l l  be shielded with 

lead bricks as required and placed on a two track f l a t  ca r  f o r  t ranspor t  
t o  the Examination Arsa. 

!be wet cleanup of the test c e l l  w i l l  be accomplished by washing any 

remaining fine p a r t i c u l a t e  i n t o  the  hot drain system. Possible c r i t i c a l i t y  

in the  drain system during th i s  operation has been discussed I n  the "Safety 
Analysis Report - SNAPlRAN 2/lOA-3 Water Immersion Tests "('  ) 9 and w i l l  

be prevented by the  cadmium l i n i n g  of t h e  drain trench and pipe and plat ing 

of the particulate f i l t e r  basket. 

surfaces In the test c e l l  t o  determine vhen decontamination has been 

Smear Eamples w i l l  be taken  on all 

completed. 

Recovery of the p a r t i c u l a t e  f i l t e r  basket located i n  t h e  hot dra in  

system w i l l  necess i ta te  the  removal by crane of the  7-1/2 ton concrete 

cover. When t h e  cover has been reuoved, the f i l t e r  basket w i l l  be wrapped 

in p l a s t i c  t o  prevent the spread of 
track flat car for trensport t o  the 

contamination and placed on 8 two 
Examination Area. 



The area surrounding the  test c e l l  bu t  i n s i d e  t h e  IET secur i ty  
Yence w i l l  be completely surveyed for radioactive and beryll ium contamin- 
ation. 
f la t  roofed buildings for contamination protection will be removed f o r  
disposal a t  the b u r i a l  ground, 
plastic sheets w i l l  be recovered and placed i n  t k  previously described 

post-test fuel containers for t ransport  t o  the  TSF aree. 

Contanbated soil and the sheet plastic previously placed over the 

Any fuel or  fragments t h a t  landed on the  

The area outside the IBT secur i ty  fence w i l l  also be surveyed f o r  
radioact ive and beryllium contamination. 

fenced and marked w i t h  apprqriate signs giving the  type and levels of 

contamination. 
require soil removal or coverage with fresh ooil. 

Contaminated areas w i l l  be 

Hlgh concentrations of beryllium contamination w i l l  



V I .  A N A L Y T I C A L ~ A ! t ' I O N  

A. Ckneral 

Detai led examinations of the fuel and reac tor  components W i l l  be 

performed by the 'pcuo Metdurgy and Hot C e l l  Branch and the CPP Analytical  

Rraach. 
i u e l p i e c e  upon arrival at the TSF and examine each f o r  marks, scratches,  
meltad m a s ,  and zirconium hydride fractures. 
will be sectioned f o r  both hydrogen and f i s s i o n  product analysis.  

details of t h e  metal lurgical  examinations we covered in the follaring 
parts  of this section. 

Ihe Hot Cell Branch Kill weigh and dimensionally check each 

Each i d e n t i f i a b i e  piece 
Further 

Ihe CPP Analytical  Branch w i l l  analyze the  sectioned f u e l  f o r  hydF0- 

Ben and f i s s i o n  products and Bnalyze the  water from the envlmnmental 
tank for fission products, beryllium, zirconium, and p a r t i c l e  s i z e  and 

d i s t r ibu t ion .  Details of the chemical examinations are also described 

in the following paragraphs of t h i s  section. 
examinations an t ic ipa ted  for both branches is presented in t h e  

Appendix. 

A detailed listing of the  

B. Campane n t  Dis t r ibu t ion  and Visual Inspection 

Ime d i s t r i b u t i o n  of l a rge  pieces  of the r eac to r  core and s t r u c t u r a i  
members in the v i c i n i t y  of the reac tor  w i l l  provide information on t h e  

b l a s t  force  88 well as the extent  of contamlnation of t h e  immediate area. 
Later evaluation of the results of the examination w i l l  be greatly aided 

by the v i s u a l  inspection and i den t i f i ca t ion  of these pieces when they 

are first located. Aerial photographs of t he  azea w i l l  be taken immed1s;te- 
l y  before and after the test t o  aid in component d i s t r ibu t ion  studies.  

Tro assure accurate loca t ion  of the pieces w i t h  respect t o  the  3rlg- 

inal r eac to r  package a gr id  w i l l  be i a i d  aut  t o  the  50 meter radius  as 

shown In Figure IV-2. 
t o  reduce disturbance by the &bot and weather. 

llze grid lines are sprw painted on t h e  grourd 



As soon as feasible following the  destruct ive test the  Mobot w i l l  

be sent  i n t o  the  t e s t  area t o  locate t h e  par t s  of the reactor  core and 
s t r u c t u r a l  members. Tne d i s t r ibu t ion  of any reactor  f u e l  i n  t h e  water 
tank i s  of prime importance from the  c r i t i c a l l i t y  standpoint and w i l l  be 

determined first  by either the  boom mounted TV cameras i n  the  test  cel l  
o r  by use of the  &bot if t he  boom mounted cameras are inoperative. 
Reactor f u e l  and s t ruc tu ra l  members t h a t  axe d is t r ibu ted  outs ide t h e  

environmental tank will be located by a systematic search of each gr id  

section. 
photographed f o r  i den t i f i ca t ion  purposes. 
numbered c r i t i c a l l y  safe containers and t ransfer red  t o  t he  f l a t c a r  by 
the  Mabot. The exact loca t ion  of each piece on the  grid and i n  t h e  

environmental tank w i l l  be noted on a master g r id  plan a t  t h e  Mobot 
control  console. 

These pieces will be examined by the  Mobot TV cameras and 
They w i l l  then be placed i n  

When the  f latcar containing t h e  reactor  pieces arrives at the TAt? 
hot shop, t h e  pieces w i l l  be weighed and dimensionally checked. The 

weights w i l l  serve two functions: t he  calculat ion of t h e  approximate 
b l a s t  force and determining the uranium inventory (Section VI-C)  of t he  

core material. As each piece i s  weigheci the  following pertinent m o r -  
mation w i l l  also be recorded: core material o r  s t r u c t u r a l  ( spec i f i c  
i den t i f i ca t ion  if possible) ,  unusual marks or  scratches,  extent  and 
loca t ion  of apparent m e l t e d  areas, and fractured zirconium hydride. 
A l l  phases of the hot shop and laboratory examination and t e s t i n g  w i l l  

be documented photographically. 

C. Uranium Inventory 

An inventory of the recovered f u e l  w i l l  require  t he  determination 
of the  uranium content of any i n t a c t  f u e l  rods, f u e l  rod fragments, and 
fine material. In-;act f u e l  rods and some f u e l  rod fragments w i l l  s t i l l  

have inac t ive  mateA*ia.l ( i .e .  cladding and end caps) attached which must 
be subtracted from the t o t a l  weights. A l i s t  of t h e  weights of the 

inactive materid for each f u e l  rod w-111 be 

I n  eddition, the t o t a l Z r H x - U ,  t o t a l  U, and 
@Ex-U for each fuel rod will be provided. 

avai lable  f o r  t h i s  calculation. 

t o t a l  $35 f o r  the  core and 



It ie poeeible that ruptured f u e l  rods w i l l  have l o s t  some weight by 

The weight of the  i n t a c t  f u e l  
hydrogen diffusion p r i o r  t o  the recovery. 
content remaining is covered i n  Section E. 
rods and f u e l  rod fragments will be calculated on t h e  basis of zero per- 
cent burnup and f i s s i o n  gas loss. 
burnup of zero percent. Although it i s  presumed t h a t  t h i s  f i n e  material 
will come from the  center  of the core, burnup and consequent f i e s l o n  gae 
lcss w i l l  probably not be measurable. 

Determination of t h e  hydrogen 

Fine material w i l l  a l s o  have an assumed 

D. Beryllium Frwqnentation 

Although extensive fragmentation of the  unclad beryllium r e f l e c t o r  
pieces  is not ant ic ipated,  t he  health hazards associated w i t h  the  metal 
and Its oxide requi re  that the degree of sha t te r ing  be determined. A l l  

i d e n t i f i a b l e  r e f l e c t o r  pieces will be col lected and assembled t o  determine 
from t h e  o r ig ina l  dimensions the percentage missing. 

that 1$ may be broken In to  grain-s ize  pieces (approximately 35 microns). 
Should t h i s  occur, some of these p a r t i c l e s  wil l  be found i n  the p a r t i c l e  
c a s  described In Section VI-G, "Determination of Hydrid Fracture". 
Further information will also be gathered from the Cascade Impactors 
and f i l ter  analysis described In "Proposed S i t e  Monitoring Program, 
SHAPTRAm Destruct ive  Test, Section B-1-q, Measurement of Beryllium Release, 

It has been estimated 

t1(2)* Summation of the information from these sources w i l l  determine 
t h e  degree of shattering of the beryllium. 

E. Hydrocen Analysis 

All i d e n t i f i a b l e  f u e l  and fuel fragments w i l l  be analyzed f o r  hydrogen 
content and hydrogen d i s t r ibu t ion  by the  C P P  Spectroscopy Section. 
moval of the  cladding and sectioning of the  f u e l  w i l l  be perfoxmed by the  

M Metallurgy and Hot C e l l  Branch p r io r  t o  sending the samples t o  the  

Spectroscopy Section. 

the t o t a l  free hydrogen around the f u e l  by the  Hot C e l l  Branch p r i o r  t o  
sectioning. 

Re- 

Any f u e l  with i n t a c t  cladding w i l l  be analyzed f o r  

The to ta l  remaining hydrogen in all the  recovered f u e l  fragments 
will provide an estimate of the t o t a l  hydrogen released during the  destruc- 
t i v e  excursion but will not provide the  contribution of the hydrogen-air 

reaction t o  %@+total  force  of the e ~ C ~ r 6 1 0 n .  The hydrogen-air mixture 
t ' *  I 

1 L 2;J 9 j; 
30 



must f a l l  i n  t h e  range of' 19-57 v o l m e  percent t o  produce a detonation. 
Above and below these limits it i s  fimmable. S ince  there is no provision 
f o r  measuring the  concentrations of t h e  hydrogen-air mixtures during the 

destruct ive test ,  only a very rough c s t h w t e  of the resu l t ing  explosive 

contribution w i l l  be possible.  

F. Fission Product Inventory 

All i d e n t i f i a b l e  f u e l  pieces w i l l  be analyzed quant i ta t ive ly  f o r  t he  
remaining f i s s i o n  products and U235 by the  CPP Special  Analysis Group from 

sect ions cut f o r  t h e  hydrogen analysis.  
ducts, conhi ed with  t h e  fission product analyses from the  f a l l o u t  p l a t e s ,  
t h e  high v o l h e  air samplers, the environmental tank water and the  p a r t i c l e  
cans (water and f i l t e r  papers) will give a reasonable check against  t h e  
total  t h e c r e t i c a l  f i s s i o n  products produced by t h e  excursion. 

products t o  be determined quant i ta l ive ly  i n  t he  f u e l  pieces are I 

The t o t a l  of these f i s s i o n  pro- 

The f i s s i o n  

, 131 

k - k l 4 0  zr-Nb95* Ce141 Ru103 ,,89-90 
Y 3 9 

G. Determination of t he  Hyd ride Fracture and Reactions 

It is  conceivable t h a t  the sudden pressure buildup of t he  in t e rna l  
hydrogen i n  the zirconium-hydride f u e l  during the  des t ruc t ive  test w i l l  

cause f r ac tu r ing  and a reduction of the hydride t o  approximately gra in  
s i ze  (10-50 micron). 

exceed t h e  s t rength of the f u e l  cladding which would r e s u l t  i n  the release 
of the  p a r t i c l e s  t o  the  surrounding water. 

Should t h i s  occur, t h e  i n t e r n a l  pressure could far 

A sampling gr id  w i l l  be  provided f o r  col lect ing water-particle samples. 
The gr id  is shown i n  Figure IV-1 ( the  immediate area cf t he  test ce l l )  and 

Figure IV-2 ( the overa l l  gr id  and i t s  r e l a t ion  t o  the  IET S i t e  Monitoring 
Grid). 
figures and the  d e t a i l s  of a p a r t i c l e  can shown i n  Figure VI-1. The 12 

cans located on the  2 4 2  meter a rc  are attached t o  the  top  edge of t he  
enviro.mental tank and m a y  be removed by the  Mobot. 

The locat ion of the  44 p a r t i c l e  cans are designated on these t w o  

The t o t a l  volume of water in each can w i l l  be determined and t h e  
entrained p a r t i c l e s  w i l l  be collected on the  p a r t i c l e  can f i l t e r  papers. 
Microscopic examination of t h e  f i l t e r  papers w i l l  be m a d e  by the  CPP 
Spectroscopy Section tordetermine the  zirconium and beryllium p a r t i c l e  

1 2 J :v 
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Fig .  VI-2 In-Core Flux Wire Locations 



Size8 and dis t r ibut ion.  
s i z e  (10-50 micron) the  state of the zirconium will be iietermined. 

representative one inch diameter c i r c l e  from ten  of the filters w i l l  be 

scanned for  pa r t i c l e  dls t r ibut icn.  
be punched out of each f i l t e r  paper by the  CPP Spectroscopy Section fo r  
beryllium and zirconium analysid. 
by the CPP Special Analysis Group In  terms of t o t a l  iodine, free iodine, 
iodide plus free iodine, and iodine with a valence greater than zero. 
A sample of water from each p a r t i c l e  can w i l l  also be analyzed for 
beryllium by t he  Spectroscopy Section. 
and the remaining water from each can w i l l  be analyzed by the  CPP Specid. 
Analysis Group f o r  t o t a l  radioactive strontium. 

If the  zirconium par t ic les  are larger  than grab 

A 

A one inch diameter disc  w i l l  also 

Iodine i n  the water K i l l  be detennlned 

The remainder of the  f i l ters 

Exernination of each ident i f iable  f u e l  piece f o r  t he  extent of melting 
will Indicate the i n i t i a l  pa r t i c l e  temperature. 
examined for in te rna l  cracks and voids by the TAlQ Metallurgy and Hot C e l l  

Branch and also f o r  grain s ize  of the hydride as a function of location. 
!Fhe photomicrograph exeminations for grain s ize  will also indicate t h e  

extent of fra@nentation. 
"Physical Property Changes. " 

Each piece w i l l  also be 

nese  studies are covered i n  Section VI-H 

E. Physical Property Changes 

It is anticipated that the  destructive test w i l l  produce changes i n  
the physical properties of the reactcr  f u e l  and the s t ruc tura l  materials 
by heating or cold working. !be mm Metallurgy and Hot C e l l  Branch w i l l  

investigate these c w e s  by t e n s i l e  strength, hardness, and other tests 
t o  determine, if possible, the temperatwe gradient across the core, 
phase changes, changes In grain s ize  I n  the  zirconium hydride, indications 
of f'regrnentation of the zirconium hydride by internal  hydrogen pressure, 
and sintering, voids, and melted areas or zones caused by high r;emperature. 

The ident i f iab le  fuel pieces, cladding, upper and lower gr id  plates,  and 
the reactor  vesscl will be included in t h i s  study. I n  addition t o  the  

tests mentioned abo-te, photomicrographs w i l l  be us5d t o  study grain s ize ,  
sintering, etc.  
exeminationo. 

suppleeented by x-ray diffract ion and electron microscope 



I. In-Core Flux Wires ar:c! Activati.):. b,zlysr:r 

Flux w i r e s  will be located at L’ow p o s i t i m s  in +,he reactcr core 

as shown on Figure VI-2. 

OD aluminum t u b e  and w i l l  have t h 6  following w i r e  d i s t r ibu t ion  and tuhc 
lengths. 

The wires *-ill lie sLaled wi;hin 8 j’L6 in. 

- 
1. One each Au-Cu, Co-Al ,  U-A1 a l loys  14-1/4 i nches  

2. One each Au-Cu, CO-Al, U-A1 alloys 1 5  inches 

3. One each Au-Cu, Co-Al, U-A1 a l loys  15s-1,’4 i nches  

4. One cedmium covered A1-Cu alloy 1 5  inches 

Each w i r e  and alwninun! tube i n  the :ore w i l l  b e  adequately marked 
t o  i d e n t i f y  i t s  pos i t ion  p r i o r  GO t h e  des t ruc t ive  test .  

recovery, the tubes and wires w i l l  be cleaned of any r e s idua l  NaK an6 

counted by t h e  MTR Radiation Measurements Sect ion. 

Following 

Activation ana,lyses w i l l  also be made by the  C?P Analjjica‘! Branch 

on t h e  fuel  cladding of i d e n t i f i a b l e  fuel pieces. 
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Provisions have been made t o  s&.fely recover a l l  types of samples 

ress1ti.w frm the destructive excureion. 
s ively f o r  reactor f u e l  recovery outside t h e  environmental tank and f o r  
p r io r i ty  sample recovery in t h e  test  c e l l  area. A l l  other samples will 
be recovered by personnel under health physics surveillance. 

The Mobot w i l l  be used exten- 

It is anticipated tha t  recovery of the reactor  fuel by the  Mobot w i l l  
reduce t.he radiatiou background suf f ic ien t ly  t o  a l l o w  radioactive and 
beryllium contamination surveys of the test area t o  be made and area 

cleanup t o  proceed. 
par t iculate  from the test  pad in c r i t i c a l l y  safe  containers followed by 

a water washdown of the pad and s o i l  remcval from contaminated areas 
insi6.e and outside tfie IET securi ty  fence. 

Area cleanup w i l l  consist of collection of t he  coarse 

'he metallurgical and chemical examinations of the  reactor  fue l ,  
f u e l  fragments, environmental tsnk water, reactor vessel, and g r id  plates 

following the destructive test w i l l  provide infomatioil on changes i n  
f u e l  composition and st ructure ,  t he  extent of melting i n  t h e  core, t h e  

isotopic and hydrogelr d is t r ibu t ion  in the fue l ,  and metal-water reactions. 

Cr i t i ca l ly  safe containers are provided f o r  use in the  recovery of 
reactor  fue l ,  fie1 fregments, ezpd coarse par t iculate .  
been outlined for safe handling of the core in the  event t he  nuclear 
excursion is of very minor consequence a& falls t o  result in complete 

Methods have also 

core disrsssrably. 



VIII. APPENDIX 

b@Z&WFGY ANXI HOT CFIT,Ts BRANCH MAMINATIONS 

I. he1 Examinat ion 

A. All Fuel 

1. Dimensional checks where appropriate 

2. Gross weight and percent cladding and end caps remaining 

f o r  uranium inventory. 

E. I n t a c t  F u e l  

1. Determine t o t a l  free hydrogen i n  each f u e l  element at  
r o o m  temperature. 

2. Section f u e l  (5-1/8" t h i ck  sect ions cu t  with diamond wheel) 

2. 

b. 

Five sec t ions  f o r  CPP AnalS-tical Branch examinations 
Remainder f o r  f u e l  matrix examination for 

(1) Temperature gradients  
(2) Phase changes 

( 3 )  Grain s i z e  changes 

(4) 
( 5 )  Sinter ing,  voids, melted zones 

Fragmentation by i n t e r n a l  hydrogen pressure 

3. C l a d d i n g  - determine hardness f o r  indicat ion of phase 
chaqges . 

C. Identifiable h e 1  Fragments 

1. Section fuel (1/8" t h i ck  sect ions,  cu t  with diamond wheel 
same d i s t r i b u t i o n  as B2). 

a. 1/8" t h i c k  sect ions f o r  C P P  Analytical  Branch 
exaaainat ions 
Weaaainder for fuel matrix examination for 
(1) 'Iremperature gradients  

(2) changes 

b. 
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(3 )  Grain s ize  changes 

(4) 
( 5 )  Shitering, voids, melted zones 

F r w n t a t i o n  by internal hydrogen pressure 

2. C l a i a g  - determine hardness t o  indicate phase changes. 

I). Unidentifiable Fuel Ragments. Chips. and Dust 

1. Gross weight. 

3. Chemical composition analysis for  uranium and zirconium for  

uranium inventory. 

II. Structural Material Examination 

A, &actor Vessel 

1. Determine i n  t ens i l e  strength and hardness f o r  
iadicaticras of cold work. 

B. Upp?r  am3 Lower &id Plates 

1. DetenJnc hardness far Indication of phase changes. 
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L E G A L  N O T I C E  

This report  was P r e g r e d  as an account of Government sponsored work. Neither the United 
States, nor the Commission, nor MY person acting on behaif of the Commiosion: 

A. Makes MY warranty or represenlptlon. expresurd or Implied. with respect to the accu- 
r & Y .  COmpheneM. or usefulness of the Information conteined in this report, or that the use 
Of m). lnfor.UUon. apparatus, m e w .  or process d l s c l o ~ e d  in thls report  may not infringe 
privately owned right.; or 

8- *Mum@ mj IlPbllitles wlth respecl to the uoe of, or for damages resulting from the 
w e  of MY ~ n f o r ~ U ~ ,  amratus, me-, or process  c i ~ s c i o ~  in this report .  

A. U n d  h h e  above. “pernon actkg on behalf of the Commission’’ Includes m y  em-  
PIOY- or contractor of tbe Commlulon,  or e m p l o y e  of such contractor, to the ex(ent that 
such CrpPloycle or cootractor of the Commission, or employee of such contractor prepares,  
dl.wmkunr. or provide. access to, MY lnformatioa pursuant t~ his emplovment or contract  
wla O r  emPloYment 4 t h  such contractor. 
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