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S UMMARY 

Mater i a l  contro l and accountabi l i ty proc edures for nuc l ear reactors are 
regu l ated by 10CFR70 . 5 1 (Append i x  1 )  wh i ch prov i de s  for i tem accountabi l i ty 

of the  SNM enter i ng and l eav i ng the reactor . 
s u st a i ned by th e TMI -2  core and the pos s i bl e  

as s emb l i es ,  i t  w i l l  not be poss i bl e  to app l y  
to comp l ete  recovery of  t h e  core. 

B ec au se of the poten ti a l  damage 
l o3s of  i dent i ty of  some fue l 

the  requ i rements of 10CFR70 . 51 

A w i de pos s i bl e  range of  core damage (see Append i x  2) suggests  th at fue l can 

be grouped i n to a number of c ategor i es wh i ch are u sefu l  i n  eva l u at i ng 

accountabi l i ty tech n i ques . E st i mat ed uran i um fue l quant i t i es appear i n  

parenth es i s : 

• 

• 

• 

• 

• 

Breached Fue l rod s ( 5 .  9 x 104 kq U ). A broad category encom­
passing fuel rods w ith  breach�dd i ng to r ubbl e wh i ch h a s  
depos i ted o n  t he  bottom of t he  fue l as s embl y .  

Unbreached Fue l Rod s (1 . 9  x 104 kg U ) . Severe o x i dat i on may 
h ave been s u sta i ned by the c l add i ng ,  but no l os s  of fue l h ad 
occurred . 

D i s pers ed Fue l Mater i a l (Up to 5 . 0  x 103 kg U ) .  F ue l mater i a l 
wh i c h h as been trans ported by the coo l ant a�� depos i ted at l oca­
t i ons i n  th e reactor coo l ant system or f a l l en on  th e bottom of the  
p ress ure vee; se l .  

W aste  (up to 500 kg �· Contami nat i on on tools and reactor com­
ponents wh i ch w i l l  be packaged  and treated as waste . W i l l  d1:0 
inc l ude  uran i um d i s so l ved and s u s pended i n  th e coo l ant . 

U nrecoverabl e (?). Materi a l  and contam i n at i on i n  the  reactor 
coo l ant  system that has been detected , but cannot be i mmed i at e l y  
removed . S evere corros i o r or d i ffus i on react i o ns between t h e  f u e l  
mat er i a l and stee l i n  the coo l ant  s yst em components  may be res pon ­
s i bl e  for th i s .  At certa i n  l oc at i o ns i n  t he  coo l ant syste� the 
sma l l quant i ty of f ue l mat er i a l may not warrant  the extraord i nary 
effort requ i red to remove i t .  

T he  ac tua l core  damage w i l l  not be known unt i l recovery operat i on s  beg i n .  

T herefore , accountabi l ity p l ann i ng m u st be qu i te broad to cover a mult i tude  

of  pos s i bl e  damage cond i t i ons . 

i v  
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Bas i c re l at i o nsh i ps i n  TMI -2  accountabi l i ty are: core recovery tota l f ue l  
we i ght i nventory d i fference (I D ) ,  tota l  uran i um I D , U-235 I D ,  p l uton i um ba l ­

ance , and corres pond i ng l i m i ts of error. T he  I D  expres s es the  d i fference 

between the i n i t i a l  core l oad i ng and the post acc i dent meas ured va l ues . The 

l i m i t  of error (LE I D )  est imates the uncerta i nty range of the I D .  S i nce p l u ­

ton i um was not present  i n  the i n i t i a l  core l oad i ng , a p l uton i um balance and 

an as soc i ated l im i t  of error are i dent i f i ed .  

W e i gh i ng i s  recommended as a bu l k  mea surement tech n i que since a compar i son  

of i n i ti a l vs  post acc i d ent core wei g ht i nc l ud i ng s tructural  components w i l l  

be t he  f i rs t  i nd i cat i on of  recovered fue l ba l ance . Wei gh i �g can a l so serve 

as a pr imary meas urement method i n  conjunct i on w i th nondestruct i ve as s ay 

(NDA ) and chemi ca l ana lys i s  to i nd i cate s pec i f i c SNM ba l ances .  

Act i ve and  pas s i ve NDA may a l so s er ve as  bu l k  meas urement techn i ques . The  

pr i nc i pa l  app l i cat i on w i l l  be meas urement of SNM content d i rect l y  i n  

i rreg u l ar or breached f u e l  a s sembl i es . 

L E I D  eva l uat i ons  based on est i mat ed uncert a i nt i es were det erm i ned as fo l l ows : 

(L i s ted techn i q ues are the bas i c met hods assumed to be app l i ed to breached 

f ue l ) : 

M eas urement T echn i que 

We i gh i ng 
P as s i ve NDA 
Act i ve NDA 

kg 0 
632 

1 1 1 9  
1 1 1 9  

LE I D  
% I n i t i al I nventory 

0 . 8  
1 . 3  
1 . 3  

I tem accountabi l ity , as prov i ded un der 10CFR70 . 5 1 ,  for i n tact f u el a s sembl i es 

removed from a reactor , w i l l  great l y  s im p l i fy accountabi l i ty and reduce the  

range of  u ncerta i nty to  the extent t h at i t  c an be app l i ed to  undamaged fue l 

as s em bl i es .  

v 



Chemical verification of PWR reactor code predictions based on a reasonable 

number of selected samples is recommended to support predicted SNM values for 

accountability purposes . Statistical sampling and analys;s to establish core 

average SNM values may not be feasible due to the range of burnup levels and 

variations i� initial U -235 abundance . Other disadvantages are core recovery 

impact and laboratory costs . 

Dispersed fuel and waste assay will be concerned with particulate collected 

from the pressure vessel and cooling system, and solution or suspension type 

fuel content of the cooling water . Chemical sampling and assay along with 

NDA are proposed . Certain fuel forms such as particulate in difficultly 

accessible areas or plated fuel not recovered in a general cleanout and 

involving possible long-term cleanout can be estimated with the aid of pro­

cess holdup type NDA instrumentation. 

SNM tracking will be an ��sential component in TMI-2 accountability . Antic­

ipated irregular fuel assembly sections , possible eutectic bonded debris , 

collected fuel rubble, and the large number of fuel samples expected to be 

shipped to various laboratories throughout the country require SNM certifi­

cation which must accompany all fuel components in t�eir destination follow­

ing remova·l from the irrmedi ate reactor area . 

General methods for inventory of TMI-2 fuel are indicated by Figure Dl on 

the following page . 

vi 
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RECOMM E NDATIONS  

Assign an accountability engineer to the core recovery planning 
group as soon as possible to establish mutual equipment design and 
procedural reauirements. 

In consideration of the number of techniques which might be uti­
lized in TMI-2 accountability, and also the problems which might 
be encountered; this study �ecommends the following general 
approach to TMI-2 accountability: 

1 .  Bulk Measurement 

• 

• 

• 

Weigh each damaged fuel assembly , and to the extent 
possible , the associated loose pellets , fragments , and 
rubble. Store all components associated with a damaged 
fuel assembly in an inrlividual storage container. 

Rely on item accountability for any undamaged fuel 
assemblies (or minimal damaged ). 

Weigh all pellets , fragments, or rubble not ident�fiable 
with specific fuel assemblies as removed from the pres­
sure vessel or cooling system. Store in a minimum number 
of containers. 

2. �ecific Measurement 

• Obtain an opt��um number of fuel pellet samples from 
selected fuel assemblies covering the burnup range. 
Analyze these samples chemically for burnup , total U and 
Pu , and isotopic U and Pu. Compare results with PWR code 
predicted values for verification or calibration if nec­
essary. Apply predicted values to item accountability , 
and to loose SNM associated with specific fuel assem­
blies. Utilize Triple-Spike Isotope Dilution Analysis. 

3 .  Solution, Plated, Long-Term Recoverable SNM Throughout 
Cooling System 

• SNM in these categories may represent a very small frac­
tion of the total SNM and may not justify extensive 
recovery and accountability efforts. Reasonable esti­
mates can be �ade by means of process holdup NDA 
instrumentation. 

( See Section D ,  page D-1 for discussion on Bulk and Specific Measurements ). 

viii 
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SE CTION A 

I NT RODUCTION 

The TMI-2 accountability study considers problems of identifying, measuring , 

and accounting for TMI-2 fuel in the resident condition , as it is removed 

from the reactor , during subsequent cleanup , and dur1ng post-removal exami­

nations . The goal is to identify methods and pt·ocedurrs �:hich will provide 

a verifiable material balance equating to the pre-accident bala;1ce . 

TMI-2 operated for 9 4 . 6  effective full power days ( EFP D ) at the time of the 

accident . The average burnup has been estimated at 3176  megawatt days per 

metric ton heavy metal (MWD/MTHM ) corresponding to appro�imately 0. 321% of 

the total uranium or approximately 13 .9% of the U-235 in the initial core 

loading . Burnup also represents fission of Pu-239 and Pu-24 1  produced 

during reactor operation . 

TMI-2 accountability will be concerned with the following SNM quantities: 

Initial Core Inventory: 82 ,9 00 kg Total U 

2. 63 w/o U-235 , core average 

2 , 18 0  kg U-235 

Predicted Final Core Inventory: 82 , 424 kg Total U 

( Based on ORIGEN-II calcu- 2.21 w/o U-235 , core average 

lations , see Table C3 ) 1 ,9 14 kg U-235 

1 59 kg Pu 

Figures A1 and A2 indicate the estimated maximum and minimum damage to the 

TMI-2 core . The cross sectional areas of Figures A1  and A2 represent a ver­

tical array of 1 7 7  fuel assemblies . Horizontal l .nes indicate elevations in 

feet. ( See Figure C 1  for fuel assembly positioning. ) 

A discussion on damage levels appears 1n Appendix 2 in plans for core 

d ism ant ling. 

A-1 
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F i gure A3 s hows a TM I - 2  f ue l  assemb ly . The  f ue l  sec t i on of the as semb ly  is 
12 f eet i n  l ength and cons i sts  of  208 fuel rod s , 16  contro l rod s , and an 
i nstrumentati on tube as i nd i c ated . E ach asselilb ly  co11tai ns appro x i m ate ly  
468 kg uran i um d i s tr i buted throughout 208 f ue l  rods  eac h conta i n i ng appro x i ­
mate ly  2 - 1/4 k g  uran i um .  Under fortu i tous  c i rcumstances whereby most of the  
as s emb l i es are  s hown to be  i nt act , and i t em accountab i l i ty is  app l i cab l e ,  the 
overa l l  ac countab i l ity program wi l l  be s imp l i f i ed and the  uncertai nty in  the  
post acc i dent i nventory reduced accord i ng l y .  

Under max imum damage cond i t i o ns , the Z i rca l oy c l add i ng of the f ue l  rods i n  
h i gh burnup reg i ons  was ox i d i zed to br i tt l eness  and fragmented caus i ng open­
i ngs in rods wh i ch enab l ed fuel  pe l l ets to f a l l  out . I t  is  a l so be l i eved 
that a Zr-U - 0  eu tect i c form ed i n  some f ue l as�e�b l i es and th i s  mat er i a l  l i es 
cts part of the rubb l e on the bottom of ass�b l i es .  

F i gures A4 and A5 i nd i cate the reactor  coo l i ng syst em . Est i mntes of up to 
6% of the f ue l  may ex i st as f i n es throug hout the coo l i ng system . F urth er 
defi n i t i on of the  coo l i ng syst em i s  g i ven by F i gure 06 . 

TMI- 2 ac coun tab i l ity wi l l  be concerned w i th eva l u at i ng SNM remain i ng i n  
i ntact fue l as s emb l i es ,  damaged f ue l  as semb l i es ,  rubb l e  throughout the  core , 
f i n es i n  the coo l i ng sys tem ,  so l u t i on forms of f ue l , p l ated f ue l  t hroug hout 
the coo l i ng syst em , and waste . 

A - 2  
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SE CTION B 

ACC OUNTAB I L ITY I N  PREV I OUS  REACTOR ACC I DENTS 

A rev i ew  of cert a i n  reactor acc i dents  was  carr i ed ou t to  as s i s t i n  form­

u l ati ng an accountab i l i ty appr oach i n  d i s as sembly and removal of the TM I -2 

core . Reactor acc i dents  rev i etJed appear i n  T ab l e B l . Al t hough th i s  rev i ew 

was by no  means ex tens i ve , i t  was f ound t h at f uel acc ountab i l i ty of the  

damaged core was con s i dered on ly  i n  the  Stat i onary L ow Power Pl ant ( SL - 1 ) 
acc i dent at the  N at i onal R eact or T est i ng S t at i on i n  I daho ,  Janu ary 3 ,  1961 . 

A genera l  descr i pt i on of the SL - 1  react or and deta i l s  of the acc i dent appear 

i n  Ref erence ( 1 ) . 

The phys i ca l  operat i on s  i n  mak i ng an i nventory of the damaged fuel from the 

SL - 1  c ore c ons i s ted of we i gh i ng each f uel el ement , f uel pl ate or pl ate frag­

ment remote ly  i n  the Rad i oact i ve Mater i al s  L ab oratory . A T ol ed o scal e w i t h  

a 2 0  k g  capac ity was u s ed and a l l  wei ghts  were c ons i dered accurate t o  �1% .  

The uran i um we i ghts  were referenced to  t h e  or i g i na l  l oad i ng and d i d  not 

acc ou nt f or burnup . They were obta i ned by mul t i pl y i ng the  wei ght of each 

pl ate by th e f ac t or . 0744 to obta i n  th e we i gh t  of U -235 per pl ate . F or 100% 

recovery , the  cal cul ated r ecovered wei ght of U-235 w oul d equal the i ni t i al 

l oad i ng . 

T ot a l  we i gh t  of U - 235 rec overed i n  SL - 1  acc i dent : 

F uel  M ateri al C ategory Grams U-235 

Fuel  mat er i al i dent i f i ab l e  as to 1 1 , 534 . 9  
f uel pl ate number 

M i s ce l l aneou s f ue l  mat er i al n ot 369 . 0  
i dent i fi abl e as t o  f uel  pl ate number 

Reactor vesse l  debri s  1 , 1 24 . 6  ± 5 10 . 0  

T otal U-235  accounted f or 1 3, 028 . 5  ± 548 .0 

T ot a l  I n i t i al U - 235 l oad i ng 14 , 007 . 5  

Percent U-235 acc ounted f or 93 . 0  ± 3 . 9  

�-------� � 
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SE CTION C 

RE GULATOR Y REQU I REMENTS , MATER IAL CATEGOR I E S  

1 0CFR70 . 51 prov i des  f or i t em acc ountab i l i ty of S NM  ent er i ng or l eav i ng a 
reac t or under n orma l  react or oper ati ons (see Append i x  1 ) .  Th i s  regu l at i on 

i s  ass umed to be  a pp l icab l e  to  Tt�I -2 i nt act  fuel a �semb l i es exh i b i t i ng 
i ns i gn i fi c ant to no  d etectab l e fragment at i on or d amage otherwi se .  The means 

f or ver i fy i ng s uch  cond i t i on s , of course ,  may be  s omewhat d i ff i cu l t  due to 

rad i at i on l evel s .  H owever , remote CCTV , opt i ca l  v i ewi ng ,  u l tras on i c  t es t i ng, 

et c , s hou l d  great l y  ass i s t w i th phys i ca l  i ns pect i on of each removed fue l 

a s semb l y .  

The on l y  p l ace  i n  the  fue l cyc l e  that transmutat i on occurs  i s  the power 

p l ant . H ere , the e l ements and i s otopes of one type are con verted to another 

type , hence , an e l ement by e l ement acc oun t i ng  i s  not pos s i bl e . I n  recogn i -

t i on of th i s  f act , p i ece by p i ece ac countab i l i ty based on the fue l  ser i al 

numbers i s  u sed w i th  the  f ue l  f abr i cator's as s ay of the c ontents  be i ng 

accepted . I n  the  case  of phys i cal f uel damage , s uch as at TMI -2, s uch an 

ac c ount i ng met h od break s down . I n  other p ort i on s  of the fue l  cyc l e , no  

transmutat i on tak es pl ace , but  the  SNM  i s  n o  l on ger i n  d i s crete un i ts s u s ­

cepti bl e to  i t em acc ountab i l i ty; theref ore , mater i a l  ba l ance  acc ountab i l i ty 

i s  u s ed. I t  i s  c l ear t h at the  s i t u at i on at TMI -2 i nvol ves as pects of both 
proces s es ,  i . e . , tr ansmutat i on and mat er i a l  ba l ance  acc ountab i l i ty ,  a s i t u -

at i on wh i ch regu l at i ons h ave n ot s pec i f i ca l l y  addres sed . Th i s  s ect i on 
des cr i bes regu l at i on s  and gu i des  wh i ch appear t o  have the most  re l evance to  

m ater i a l  ac countab i l i ty at TMI -2. 
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MATE R IAL CONTROL AND ACCOU NTAB IL ITY  AT COMMERC IAL POWER PLANTS 

10C FR 7 0 . 5ll b ( wh i ch i s  repr oduced i n  Appendi x 1 ) requ i r es t h at a l i c en see 

s h a l l  k eep rec or ds of rec e i pt ,  i nventory, di s pos a l ,  an d transfer of a l l 

s p ec i a l  n uc l ear materi a l  i n  h i s pos sess i on regardl ess  of i ts or i g i n  or 
met h od of acqu i s i t i on .  Commen t :  Th i s  requ i remen t  p l ac es t he  acc ountab i l i ty 

res p ons i b i l i ty on the  l i censee n ot on l y  f or the  ori g i na l  mater i a l ,  but a l s o  
t he  fi s s i on products  an d the capture products , s uc h  a s  p l uton i um .  These  

rec ords s ha l l  be k ept f or as  l ong as  the  materi a l  i s  in  t he  l i censee's 

possession, plus five years. When t�e retention period is unspecified, then 

d i s p osa l mu st be aut h ori zed. 

10CFR 70 . 5le s ay s  that each l i cen s�e posses s i ng SN M i n  a qu ant i ty exceedi ng  

1 k g  i n  act i v i ti es oth er t han a nucl ear reactor l i c ensed  p urs u ant to  P art 50  

or waste  d i s pos a l  operat i ons  as  sea l ed s ources or as reactor i rradi ated  fue l s  

i n  research s ha l l  s ati sfy a number of requ i rements . C omment: I t  appears 

that sect i on ( e ) a ims at the prob l em  of mater i a l acc ountab i l i ty i n  proces ses  

n ot s u s cept i b l e  to i tem acc ountab i l i ty .  

S hou l d  i t  b e  agreed that bec au se of the  acc i dent ,  the nuc l ear p ower p l ant 

was n ot operated i n  ac cordance w i th 10CFR50 and t hat 10C FR7 0 . 5 1 e  s h ou l d  

app l y, then 10CFR 70 . Sle a l l ows  a 1% err or i n  th e LE I D  i n  a c hem i ca l repro-

c es s i ng p l ant , or 0 . 5% err or i n  oth er types of p l ants . Th i s  s ame sect i on 
s ay s  t h at the  I D  s hou l d  n ot. exceed 200 grams of p l uton i um or 9 kg  of l ow 

enri c hed uran i um .  These  di ff erenc es w i l l  be very di ffi c u l t  t o  att a i n  at 

T MI -2. 

1 0CFR70 . 52 requ ires immedi at e  report i ng of cr i t i ca l i ty acc i dents  bu t i s  n ot 

exp l i c it on requ i r i ng the rep ort i ng of mater i a l  b a l ances b ef ore and  after 

the  ace i dent . 

1 0 CFR 70 . 5 7 prov i des  the requ i rement f or estab l i s h i ng a meas urement c ontro l  

program f or SN M c ontrol and acc ount i ng , i nc l u di ng ca l i brat i on trac eab i l i ty . 
Pres umab l y, the meas uremen t an d s tat i st i ca l  proc e dures  emp l oyed i n  t he  T MI -2 

c l eanup m u st c omp ly  w i th these requ i rements  where appropri ate . 
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A rev iew of the  Nuc l ear R egu l atory G L.;des prov ides no inf urmation of direct 

re l evance  unt il D iv is ion 5 .  

R eg u l atory Gu ide 5 . 1  s pec if ies the acc eptab l e  fue l as s emb ly  number marking 

requ irements and proc e du res . R egu l atory Gu ide 5 . 1  s pec ifies acceptab l e  
procedures  an d methods for the non destruct ive ass ay o f  s crap . The pas s ive 

m ethods are b ased  on : a l pha , gamma-ray ,  &nd s pontaneous radiat ion .  

R eg u l atory Gu ide 5 . 16 app l ies to  st an dar d methods for c hemica l ,  mas s  s p ec ­
trometric ,  s pectrochemica l , nuc l ear , and radiochemic a l  analys is of p l utonium 

n itrate an d p l uton ium met a l . Th is gu ide cou l d  be app l icab l e  to determin in g 

the  q u an tity of SNM in the  coo l ing water . I t  wou l d ,  of cour s e ,  be nec es sary 

to concentrate the mater ia l  ( e . g . ,  by dis t il l at ion ) . The res idu al cou l d  then 

be ana l yzed directly or dis so l ved in n itric ac id and analyzed u s ing methods 

deve l oped for f ue l s  reprocess ing an d accountab il ity .  

Regu l c:tory Gu ide 5 . 1 8 a ddres s es t•.: .,.:aptab l e l imits of error a n d  ger.era l 'ly 

acLepts t he s tan dard A NSI N15 . 16. -:·�: c:,ide men t ions 95% confidence inter ­

va l meas urem ents . 

Regu l cttory Gu ide 5 . 1 9 dis cu s s es methods for p l ut on ium n itrate so l ut ion 
accountab il ity . Th is cou l d be rel evant to as s ay of the p l ant  cooling water 

as we l l  as c l eanup  so l u tion s . 

R egu l atory Gu ide 5 . 2 9 addres ses Nuc l ear Mat er ia l  Con tro l Systems for N u cl ear 

P ower P l ants , c l ar if ies 10CFR70 . 5 1 ( c ) , a tld recommen ds the u se of ANS I N1 5 . 8  

for nuc l ear mat er ia l c ontro l at nuc l ear power p l ants . 

Regu l atory Gu ide 5 . 33 addres ses s tat is tica l  eva l u at ion of 10. Gu ide 5 . 3 4  

dis cu s ses  non destru c t ive a s say  of  p luton ium in s crap mat er-ia l by s oontan eo u s  

f is s icn detect ion u s in g :  mo derated therma l n eu tron detectors a n d  neutron 

wel l co inc idence counters . Su it abl e detec tors are 3 He0 ( therma l  neutrons ) 
an d 4 He an d ZnS ( for f as t  neutrons ) . Regu l atory G u ide 5 . 37 dis cu ss es in 

s it u  ass ay of enr i ched  uran ium r es ;dual  ho l dup by det ecting the 185 . 7 keV 

ganma ray . 
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Regu latory Gu ide 5 . 4 7  is concerned w ith the  contro l and  ac countab il ity of 
p l uto n ium in waste mat er ia l . Th is on l y  seems to re l ate  to a portion of the  

TMI - 2  c l eanup , e . g . ,  the  dru mmed waste ,  but  is of  l itt l e  direct rel evance to 

mat er ia l on the coo l ing syst em wa l l s ,  in the damaged  fue l e l ement s , or on 

the  bot tom of the reactor ves se l . 

Regu l atory Gu ide 5 . 4 8 addres s es t he mass meas urements  of l iqu ids an d co u l d  

direct ly  re l ate to as 3aying m ateria l  contained  in the  coo l ing wat er and 

other so l ut ion s at  TMI -2 . 

Regu l atory Gu ide 5 . 51 dis cu ss es the management rev iew of nuc l ear mater ia l  
contro l a n d  accounting sys tem � - -th is cou l d b e  rel evant t o  the  con du ct of t h e  

c 1 eanup . 

The remain ing Regu l atory Gu ides seem to h ave  l i tt l e  re l evance  to mat er ia l  

accounting at TMI -2 .  

Tab l e  C l , based  on DOE 56 30.2 "C ontro l an d Accountab il ity of Nuc l ear Mater­

ia l s ,  B as ic Pr inc i p l es , "  ranks S NM according to  pos s ib l e attractiveness  for 

divers ion . ( See APPE ND I X 1 for comp l et e  DOE 5 630 . 2 ) . 

I ndiv idu a l  f ue l  a s semb l ies in TM I -2 s hou l d probab ly  be c l as sed  as Category 

I B  mat er ia l  s ince U-235 is in combinat ion w ith  p l uton ium an d the  tota l  S NM 

is 5000 grams or more . On the  average , each assembly  contains approx im ate l y  

9 . 2  k g  U - 235 an d appro xim at e l y  .90 kg p l uton ium accor ding to c a l cu l at ion s 

m a de from Tab l e C3. 
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TABLE C 1  

RAN K I N G  O F  S NM ACCORD I N G  TO  P OSS I BLE ATTRACTI VENESS  FOR D I VERS ION 

C ategor y 1A Materia l  

1 .  Ass emb l ed P l uton ium ( Pu* or U-23 3 )  Weapons Components 
2 .  A s semb l ed  U-235  Weapons Components 
3 .  Pu* or U- 233  Mac h ine d Weapon s P arts  
4 .  U- 235 Mach ined  W eapons P arts 
5 .  Pu* Met a l  ( bu ttons , ro ds , p ieces ) 
6 .  U-233  M etal  
7 .  U- 235 Met a  1 
8 .  Pu* Oxides 
9 .  U-233  Ox ides  

10 .  U - 235 Ox ides 
1 1 . U- 235 Carb ides 

C at e gor y 18  Mater ia l  

1 2 .  Pu- 238 Oxide or Meta l 
13 . N itrate Cryst a l s  an d N itrate So l ut ions of Pu , U- 233 , an d U- 235 
14.  Pu , U -233, and U- 235 So l u tions other than N itrate 
15 . C ompoun ds of P u , U -233 , an d U- 235 other than thos e  l isted  i n  i tems 

8 - 12 above . 
16 . Pu A l l oys or o x ide ,  C ar b ide or N itr ide M ixtures 
1 7 .  U- 233 A l l oys or Oxide ,  Carbide or N itride Mixtures 
1 8 .  U- 235 A l l oys or Ox ide , Car b ide or N itr ide M ixtures 
1 9 .  P u  F ue l  E lements an d As semb l ies 
20 . U- 233 Fue 1 E 1 ement s  an d Assemb 1 i es 
2 1 .  U- 235 F ue l  E l ements an d As semb l ies 
22 . Pu , U -233 , an d U - 235 High -Grade Recoverab l e  Scrap 
2 3 .  Pu , U - 233 ,  and U-235  in I rradiate d  F orms 
24 . Pu , U- 233 , an d U -235 Low -Grade R Pcoverab l e  Scrap 

( Process R es idues ) 

*Exc l uding Pu-238  an d Pu - 242  
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MATE RIAL CATEGORI ES AND ESTI MATES 

F or p ur pos es of eva l uation of accounta���ity techniques  for TMI - 2  f ue l , th e 

f ue l  damage c an be p l ac ed into s evera l c ategories which are des cribed  be l ow .  

Different weigh ing methods may b e  required for each of the  categories bec a u s e  

o f  t h e  con dition of t h e  f ue l  and  t h e  mass  o f  materia l  being meas ured.  A 

s ummary of the  quantities of mat eria l  in the  different fue l mat eria l  cate­
gories is given in Tab l e  C 2 .  

The l ar gest  quantity of  fue l  is mos t  l ike l y  11breached11 wh ich means that the  

c l a dding has rupt ured, exposing the  uranium dioxide f ue l  to the  atmos ph ere  

in the  reactor pres s ure ves s e l  ( RPV) an d l itt l e  to  no  struc t ura l int egrity 

remains in the  f ue l  rods and assemb�ies . This con dition probab ly app l ies to 

th e inn er 13 7 f ue l ro ds wh ich were th e hottest at th e tim e  of the  accident . 

The f ue l  as semb l ies nearest the c en ter of the core may h ave become so hot 

tha t  th e m e l ting range  of Zirca l oy ( c l os e  to th e mel ting point of zirconium 

wh ich is 1852 °C )  was exceeded and the fue l is l aying as rubb l e  on stubs  of 

fue l  rods ex tending up from the bottom no zzl e .  -he estimated quantity of 

f ue l in th is breached  con dition corres pon ding  to th e inn er 137  fue l as sem­

b l ies minu s t he  dis persed  fue l is 5 . 9  x 1 04 kg uranium . 

Any un breached f ue l  rods are probab ly in the  40 periphera l fue l  as semb l ies . 
S evere  oxidation of the c l adding in th e periphera l  as s e mblies most  l ike l y  

occurred, but s truct ura l  in tegrity of t h e  c l a dding a n d  f u e l  a s semb l ies is 
probab l y  goo d .  Weigh ing these  assemb l ies for accountabil ity may  be  re l a-

tive ly  easy . The estim ated qu antity of f ue l  in the  unbreached con dition 

corres pon ding to the  periph era l fue l  as s emb lies is 1 . 9 x 104 kg uranium . 

A sma l l  q u antity of the high ly damaged f ue l  may exist  in the  form of fine  

partic l es .  Since the  reactor coo l an t  pumps were operated for a perio d  of  
time after damage to  the core occ urred, some of t he  partic u l ate materia l  

cou l d  h ave b een carried in s u spen sion by t h e  f l ow o f  coo l ant  and deposited  

in the  coo l ant piping sys tem .  I t  is estim ated  t h at 1% of  the  core inventory 
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TABLE C2 

E STI MATE D TOTAL URANI UM QUANT IT I E S  I N  TMI -2 F UEL CATE GOR IES  

Breached  F ue l  Rods 

Unbreached  F ue l  Rods 

D i s pers e d  F ue l  M at er i a l 

W aste  

U nrecoverab l e  or l ong­
term recoverab l e  

( a ) F ue l  from 137 i nter i or as semb l i es 

( b ) F ue l  from 40 per i ph era l f ue l  as s emb l i es 

5 . 9  x 1 04 kg u( a ) 

1 . 9  x 104 kg u ( b )  

5 . 0  x 1 03 kg u( c )  

4 . 8  x 1 02 kg u( d) 
( 3  to 4 kg U )  

� 0 

( c ) Quant i ty of  part i cu l at e  f ue l mat er i a l les s  than . 06 em i n  di amet er 

( d) Quan t i ty ca l cu l at ed for uran i um i n  a s at urat e d  so l ut i on of borat ed water 
i n  s us pens i on .  Number i n  parentheses i s  an es t i m ate based  on eng i neeri ng 
judgment . Recent commun i cat i on s  w i th S an di a L aborator i es (2 J where coo l ­
a nt s amp l i ng and ana lys i s  h as been performed i n di c ate th at even the l ower 
number may be too h i gh .  
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(AppendiA I I . 7 of R eference 3 )  has an average diamet er of 0 . 24  em . However , 

Pawers (3 ) has ca l cu l at ed t hat f ue l  partic l es smal l er t han 0 . 6 em diamet er 

cou l d have been c arried by t he flowing coo l ant dur ing t he period  that t he 

reactor coo lant pump was operat ing . 

A wor st  case  est im ate  of the vol umetr ic fract ion of fine fragments  has been 

made by D .  A. P owers ( Appendix I I . ?  of Ref erence 3 )  in which it was f oun d 
that 6% of the tot a l  core inventory may exist  as fines l es s  t han  . 06 em in 

diameter . Therefore , t he quantity of dis persed m ateria l  cou l d be . 06 x 82 . 9  

x 103 kg ( in it ia l  cor e inventory of ur an iu m ) � 5000 kg uran iu m  disper sed 

in t he cool ant sys tem .  

The unrecoverable f ue l  is mat eria l  which may res ide in t he reactor at loca­

tio ns which are inacces s ibl e and  are not removed even after decontam in ation . 

Sourc es of t h is mat er ia l could be fue l mat er ia l  which has reacted  wit h t he 

s urf aces it has depos ited on and  was removed by decontamin at ion , and  fuel  

mat er ial which has lodged in coolant syst em components  an d cannot be  remove d .  

I t  is diffic u l t  to es t imate t he qu ant ity of this c ategory of f uel  materia l , 

bu t it is expected  to be  very sm a l l  an d to cJntribute  l itt l e  if anything to  

t he m ateria ls balance . 

T he inventory of uran ium is otopes , p l uton ium is otopes , an d f is s ion products  

has been ca l cu l ated  f or t he TM I - 2  f ue l  on an  as sembly by  as sembly  bas is 

( as s uming 1 /4 core s ymmetry) ( 4 )  u s ing P DQ diff us ion code an d on a core 

average b as is u s ing OR I GI N - I I code . ( S) T he P DQ c ompu t er code out pu t  f or 

t he is otopic and  f is s ion product concentr ations on a fue l  as sembly  bas is is 

g iven in Appen dix 3 .  

A s ummary o f  t he OR I GI N - I I  inputs  an d out pu t s  for t he is otop ic concentra­

tio ns on a core average b as is is g iven in Tab l e C3 . T he isotopic concen­

trat ions ( es pec ia l l y  on a f ue l  as s emb l y  bas is )  wil l be importan t  in 

ca l ibrating  NDA tec hn iques for ana l y zing t he s pent f ue l , a nd  in confirming 

t he res u l ts obta ine d from bu l k  meas uremen t s  an d ana l yt ica l c hemis try 

tec hn iques . 
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TABLE  C3  

REACTOR DEPENDENT I NPUT AND OUTPUT FOR TMI -2 O RI GEN CALCULAT I ONS
(S) 

1 so  tope 

U-238 

U-235 

U - 234 

Pu -239 

Pu-240  

Pu-241  

Pu -238 

Pu -242 

Total 

ORI GEN I np�ts 

Therma l Po wer (Gross ) 
Average  Fuel  Burnup a t  T i me of  Acc i dent 
I n i t i a l  Core Load i ng  
Average  F ue l  E n r i c hment  

I n i t i a l  Core I nve ntor�,  gr�ms 

8.070 X 1 o7 

2 . 1 8 0 X 1 o6 (2.63 w/o ) (d ) 

2.073 X 1 04 

0.0 

0. 0 

0. 0 

0.0 

0.0 

8.290 X 1 07 

2 772 ��\·it 
3 1 76 M\�D /�1THM 
82.9 MTU 
2.63 w/o U-23s(a ) 

F i na l  Co re I nvento r_y_� 

8 .08 66 x 1 07(c ) 

1 .8252 X 1 06 ( 2. 21 

1 . 974 X 1 04 

1 . 403 9  X 1 05 

1 . 096 X 1 04 

2.:l23 X 1 0  3 

8.4 X 1 01 

8 . 26 X 1 07 

grams(b ) 

w/o ) 

(a )  The d i s tr i but i o n  of e nr i chments  i n  the o r i gi na l core i s  5 6  fuel  a s s embl i es wi th 1 .98 w/o U-235 , 
61 fuel a s sembl i es wi th 2 . 64 w/o U-235 , and 60 fuel as sembl i es wi th 2.96 w/o U-235. 

(b )  I nventory at shutdown .  Da ta obta i ned from Reference 34 . 
(c )  D i fference between i n i t i a l  core i n ventory of  U-238 and  s u m o f  fi na l core i nventory o f  ac t i n i des . 
(d )  2. 56 vl/o U-235 i s  the i n i t i a l  a vera ge enr i c hment  i de n t i f i ed i n ,  "T hree fv1i l e  I s l a nd - Unit 2, 

Fi na 1 Sa fety Ana 1 ys i s  Report." 



Figure C l  shows distr ibu t ion of  fuel as s emblies at the U-235  enr ichment 

l eve l s  an d the l ocat ion of B4c l umped burn ab l e  po i s on at three enr ichment 

l e ve l s .  
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SE CT I ON D 

T MI -2 F UEL ACCOUNTAB I L ITY 

The act ua l core  damage wi l l  not be known unt i l recovery operat i ons beg i n .  

T h erefore, accountab i l ity pl ann i n g  m u st be qu i te broad to cover a mu l t i t ude 

of pos s i b l e  damage cond i t i ons . 

T MI -2 account ab i l i ty i s  des cr i bed accord i ng to  the fo l l ow i ng cat egor i es : 

I n ventory d i ff erence and l i m i ts of error . 

W ei gh i ng of removed core components .  

Acti ve and pas si ve nondestructi ve as s ay ( NDA ) of breached or 
i rregu l ar  f ue l  as s emb l i es .  

C hemi ca l ver i fi c ati on of PWR code . 

D i s per s ed f ue l  and was t e  as s ay .  

SN M track i ng system.  

F i gure  0 1  i nd i cat es met hods  for i nventory of T MI -2 f ue l . 

An acco untab i l ity t as k  can be r eso l ved i nto 2 components :  

1 .  Bu l k  Meas urement  Acco un t i ng for the tot a l  SNM  we i gh t . 

2 .  Spec i fi c  Meas urement Accounti ng  for s pec i fi c  i soto pes i n  
expected proport i ons . 

N e i t her of thes e meas urements s uff i ce a ·l one .  Bu l k  meas urement may not i nd i ­

c ate pres ence of s pec i fi c f i s s i l e i s oto pes ,  and , converse ly,  s pec i f i c 

meas urement m ay not account for the bu l k  SN M quan t i ty .  Bu l k  meas urement i s  
a 100% category re qu i ri ng a wei ght or s ome ver i fi c at i on of every i t em .  

Spec if i c  meas urement i s  somet i mes carr i ed out based o n  a s t at i s t i ca l s am­

p l i ng p l an i n  coord i n at i on w i th bu l k  meas uremen ts .  

D-1 



Acco u ntab i l i ty i s  essenti a l l y a b i -meas urement t as k  re qu i r i ng ver i f i c at i on 

by both  s h i pper and rece i ver i n  any mat er i a l  tran sfer . Accord i ng l y ,  d i ver­

s i on ,  or l oss of m ateri a l  oth erw i se ,  c an be sensed s hou l d  a s i gn i fi c ant 

s h i pper -rece i ver d i fference be noted . 

S i nce  co n siderab l e  f ue l  i s  expected to be recovered as i rr egu l ar as s embl i es ,  

and d i s persed f ue l  forms , SN M cert i fi c at i on of each r ecovered u n i t  ( frac­

t i ona l  as sem b l y ,  rubb l e co nt a i ner , et c )  s ho u l d  be carr i ed out for i nventory 

ver i f i c at i on and track i ng .  I n  t he  l atter regard , a great number of s amp l es 

w i l l  pro bab l y  be s ent to vari ou s l aborator i es , and S N M  cert i f i cat i on i s  

ess enti a l  to pro per m ateri a l  contro l . 

We i gh i ng and ND A are des cr i bed as bu l k  meas ur ement tech n i ques i nd i cat i ng t h e  

extent of core reco very , and t h erefore refl ecti ng t he  aggregate of S NM  

r emoved from the  core at any g i ven t i me dur i ng recovery operat i ons . 

C hemi ca l  ass ay i s  des cri bed as a s pec i fi c meas urement techr.1que s erv i ng 

pr i m ar i l y  to s ub stanti at e ( or c a l i brat e  i f  neces s ary) PWR computer code  

pred i ctab i l ity. Thus , predi cted quant i ti es of  uran i um and  p l uton i um i so­

topes can be  r e l i ed upon for accountab i l i ty pur pos es wi t h  a d i rect re l at i on 

to c h emi cal  ana l y s i s  based on a f easi b l e s amp l i ng p l an wi t h  r es pect to cost 

and core  reco very eff i c i ency . 

I tem accountab i l i ty ,  prov i ded for by 10CFR70 . 51 i n  norm a l  reactor operat i on s  

( s ee Append i x  1 )  f or i ntact f ue l  a s semb l i es enteri ng  o r  l eav i ng a reactor , i s  
cons i dered a bu l k  meas uremen t techn i que  a l on g  w i t h  we i gh i ng and N D A  for 

T MI - 2  acco u ntab i l i ty . I tem accountab i l ity may be qu i te l i m i ted for T MI - 2 ,  

bu t s ho u l d  b e  app l i ed to the  extent that un damaged i nt act  f ue l  as s emb l i es 

are removed . 
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I NVE NTORY D I F FE RENCE AND L I M I TS OF E RROR 

TMI -2 operat ed for 94 . 6  eff ect i ve f u l l power d ays ( EFP D )  at the t i m e  of the 

acc i dent . T he average burnup h as been es t im ated at 3 1 7 6  megaw att d ays per 

metr i c ton heavy met a l  ( MWD/MTHM )  corres pond i ng t o  approx i m at e l y  0 . 321%  of 

t he total uran i um or appro x im ately 1 3 . 9% of the U-235  i n  t he  i n i ti a l core 

l oad i ng . Burnup  a l so i nc l udes f i s s i on re l at ed to producti on of Pu -239  and 

P u- 24 1 . 

Accountab l e S NM quant i t i es are s ummar i zed as fo l l ows from va l ues i n  Tab l e C3. 

U- 235 

U- 238 

Tota l Urani um 

I n i ti a l 
Core  L o ad i ng 

2 , 1 80 kg 

80 , 700 kg 

82, 900 kg 

P ost-Acci dent 
( P redi cted ) 

1 , 9 14  kg 

80 , 490 kg 

82 , 425 kg 

Tot a l  Pl uton i um 1 5 9  kg 

U- 235 is depl eted by f i s s i on and capt ure proces s es .  T he n eutron captur e­

to -fi s s i on cross  sect i on rat i o  for U-235  i n  th erma l  reactors i s  0 . 1 92 .  

Es s enti a l l y a l l  of t he  U- 235 capt ure produ ct remai ns as U-236. U-238 i s  

dep l et ed by neutron capture  form i ng Pu-239 by s ucce s s i ve bet a decays . The 

extent of U-235  depl eti on t hrou gh f as t  f i s s i on i s  very sma l l  and cons i d ered 

neg l i gi b l e  i n  th i s  .dy .  As P u -239  bu i l ds up , d ep l et i on occurs through 

f i s si on and capt ure proces s es . T he thermal  c apt ure-to-f i s s i on cross sect i on 

rat i o  for Pu-23 9  i s  0 . 39 . Succes s i ve r�d i at i ve capture  proces s es produce 

h i g her trans urani c el ements ; however, p l utoni um depl eti on t hrough t h ese  

proces s es i s  co ns i der ed neg l i g i b l e  i n  th i s  study. Some p l uton i um dep l et i on 

w i l l  occur t hrough bu i l dup  and f i s s i on of Pu-241 . B urnup  ana l ys i s  t a kes 

th i s  source of SNM dep l et i on i nto  acr.o unt . 

TMI - 2  accountab i l ity s hou l d  be concerned w i th bal ances on SNM quant i ti es 

tabu l at ed above , an d pos s i b l y  a ba l ance  on the  tota l  recover ed core  we i ght .  

I n ventory d i ff erence and as s oc i ated l im i ts o f  error s ho u l d b e  d etermi ned for 
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urani um quant i ti es and the  total  core wei ght . S i nce p l utoni um was not pre­

s ent i n  the i n i t i a l  core l oa di ng ,  the  pos t acc i dent meas ured quantity of 

p l utoni um and i ts associ ated l im i t  of error wi l l  be of concern . 

I nventory Error Prooaaat i on 

The gener a l  expres s i on for i nventory d i fference ( ID )  or P u  ba l anc2 i s  g i ven 

by : 

y = 
xl 

+ x2 � 
+ . 

• • • Xn (Dl) 

T he error f or i n ventory d i ff erence of Pu bal ance c an be approximated us i ns 

the gen er a l  expres s i on :  

( <Y ) 2 � (qx_ cr ) 2 y �xl 
. xl 

+ 
• • • 

+ 

wher e :  

y i s  the dependent var i able ( I D or P u  ba l ance ) 

x represents i ndependent v ari abl es ( SNM quant i ti es )  

( 02) 

The i nventory d i ff erence l i m i t of error ( LE I D )  i s  def i ned as + two t i mes t he 

s t an d ard dev i ati on of the  total  i nventory d i ff erence meas urement : 

(J )2 + + (m;_ 0 )2]1/2 
· 

xl · · · �x · xn n 

( The s ame gener a l  approach app l i es to the  l i m i t of error for Pu  ba l ance . )  

( 03) 

Th i s  e xpres s i on i s  a reasonabl e error appro ximati on  i f  t he  s t andard dev i a­
ti ons  are sma l l  re l at�ve to  the  I D, and the  covar i ance  between the  meas ured 

and es t im ated quant i ti es i s  ne�r z ero . 
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S tandard  dev i at i ons i n  par enthes esa-x1 . . .  C5xn are t he  geomet r i c s ums  of 

t he ran dan and s hort term systffilati c errors wh i ch a t·e e xpressed by: 

crx n 

Wher e crR i s  the random error i n  the meas urem ent , N i s  the number of 

meas ur ement s  and cr5 i s  d i s t i ngu i s hed from a b i as ( or l ong- term systemat i c  

error) i n  that  b i as has both a known magnitude and direction while cr5 has 

on l y  a known m agn it ude . 

I nventory R equ i rements  

Tab l es 01 , 02 and 03  p.-ov i de i nventory def i n i t i ons , we i ght s ummar i es ,  an d 

i n ventory rel ati o ns w i th assoc i ated l i m i t  of error e xpres s i ons . 

( 04 ) 

W i th res pect to Tab l e 02 , the  i ns et un der (W )  i s  typ i ca l , ref l ect i ng  a 
m e as ured wei ght and i ts as soci a ted v ari ance . ..Jei g ht entri es are on a per 

i t em bas i s .  E n tr i es repres ent the as s ay met ho d , as i dent i f i ed by T ab l e 01, 

t he o b s er ved wei ght , and t he as soci ated ab so l ute v ari ance for t h e  meas ure-

ment . Thu s ,  w i i n  T ab l e 02  i s  the recovered we i gh t of f ue l  ass emb l y  N o .  1 
( ar b i trary )  obta i ned by wei gh i ng (w ) w i th an assoc i ated ab so l u te vari ance of 

(o-) 2 , where Cii s the abso 1 ute s tan dard de  v i  at i on of the  meas urement . 

R eco v ery tota l s  at the bottom of Tab l e 02 i nd i c ate  s u mmed va l u es repres en­

ti ng  co re  tot a l s a l ong  wi t h  correspond i ng s u mmed abso l ute  var i ances for item 

m e as urem ents . T he r ecovery d ata are i ncor porated i nto  f i n a l  i n ventory and 

l im i t of errur re l at i ons h i ps of T ab l e 0 3 .  ( See T ab l e 0 4  for a hypothet i ca l  

LE ID  d et ermi n ati on based on wei gh i ng . )  
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B P u  
BT 
BU 
CR 
E 
FT 
I 
I D  
L E I D  
N DA 
NOAH 
Neg l  . 
0 
p 
PA 
Pfr 
P uT 
SCA 
Uf us 
UT 
UTD 
W i  
W b  
Wo 
W r  
vcw 
t:: B P u  
t:: BT 
IBU 
I FT 
IUS  
L UT 
I P u T  
IW 2 ( CJ ) . 1 

TAB L E  D l  

TMI - 2  I NVENTORY D EF I N I T I ONS* 

Pu Burnup Wt . 
To tal  Burnup  Wt . ( U- 2 3S ,  P u ) 
U - 23S B urnup  Wt . 
Core Reco very 
E s t i ma ted Wt . ( Unrecoverabl e ,  or  Long-Term Recoverabl e ) 
To tal Fi s s i l e  l•J t . ( U -235 , P u ) 
I tem Accountab i l i ty 
I n ventory D i fference 
I nventory Di ffe rence L i m i t of Error  
Nondes truc ti ve  Assay Wt . 
Process Ho l dup  NDA Wt . 
Neg l i g i b l e  
I n i t i a l  Core Load i n g  
Chem i ca l ly  Cal i bra ted P W R  Code Predi c ted Wt . per F u e l  Assembl y  
Pos t  ,l\cc i dent  
P Appl i ed to  Frac t i o n  o f  Total  U Wt . per  Fuel  As sembl y  
Tota l  P u  �J t .  
Sampl i n g and Chemi ca l  Ana l ys i s  
Uran i um Factor - U Wt . /Total \Alt . .  by Chemi ca l , NOT o r  V i s ua l  E st . 
U -23S Wt . 
Tota l Urani um Wt. 
Tota l Uran i um Wt . by D i fference = [U  Fac x ( W0 - W ) ]  
Total Reco ve ry vJ t. per I ntact  Fuel  As s emb 1 y  by vJe i  g h i  ng 
To tal  Recovery vlt . per Breached Fuel  As semb l y  by vle i  ghi ng  
To tal  Fue l  Wt . per  Fuel  As semb l y ,  I n i ti a l Load i ng 
To tal Recovery vJt .  per Rubb l e Con ta i ner  ( ne t )  by vJe i g h i ng 
Coo l i ng Wa ter Vol ume Sampl ed 
Core Total P u  Burnup W t .  
Core Total  Burnup  Wt . [ U -23S ,  P u ( 239 ,  2 4 1  ) ] 
Co re U - 23 5 B urnup Wt . 
Core Tota l F i s s i l e  Wt . ( U-2 35 ,  P u ) , Recovered 
Co re U - 235 Wt . Recovered 
Co re Tota l  U Wt . Recovered 
Core Tota l  Pu Wt. , Recovered 
Core Tota l Wt . ,  Recovered , I n c l ud i ng Non Fuel 
Abso l ute Va ri ance Summa t i o n  where i Refers to W ,  UT , etc . 
( See  bo ttom rovJ , Tab l e 02 ) 

*Wt . i s  per i tem ba s i s .  I f  preceded by I ,  Wt . i s  core tota l  ba s i s .  
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MATERIAL 

CATEGORY 

I NTACT FUEL 
ASSEMBLY 

BREACHED 
FUEL 
ASSEMBLY 

DISPERSED 
FUEL 

RUBBLE 

COOUN O 
WATER 

PLATED OR 
LONO-TERM 
RECOVERABLE 

WAST! 

CORE 
RECOVERY 
TOTALS 

(WI 
CO R E  

RECOVE RY 
WT. 

Wb 

Wr 

SCA 

NDA 
vcw 

N OAH 

NDA 

· BCA 

IW+I toJ2w 

REfERENCE TABLE D1 

TAB L E  0 - 2  

TM I - 2 POST AC C I O E NT I N V ENTORY W E I G H T  S UMMA R Y  

I UTI 

TOTAL 

URAN I U M  
WT. 

p 

N DA I SCA 

UTD 

Pfr 

IU51 

U-236 
WT. 

! PuT) 

TOTAL 

P LUTO N I U M  
WT. 

IFTI 

I U-2:35. Pul 
TOTAL 

FISSILE 

WT. 

I BTl 

TOTAL 

IU-235, Pu) 
B U R N U P  

WT. 

(BUI 

U-2:36 
B U R N  U P  

WT. 

fOR SIGNIFICANT Wr ! MAY B E  N EGLI 

FOR S I G N I FICANT SOLUTION TOTAL U ( MAY BE NEGLI 

FOR SIGNIFICANT U ! MAY B E  NEGLI 

(BPI 

Pu 
BURNUP 

WT. 

------------------� 

FOR SIGNIFICANT U (MAY BE NEOL.I 
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TABLE  D3 

TMI -2 INVENTORY RELAT IONS AND L I M I TS  OF E RROR* 

I nventory Di fference 

Core Recovery = [W - [W 0 

Uran i um-Total = ::: UT 0 - ( [UT + :::BT + [PuT ) 

[ ( US )  - ( ::US  + ::: BU ) Uran i um-235 = 0 

P l uton i um Ba l ance 

Pu Bal ance = ::: PuT 

*Reference Tabl es  Dl and 02 . 

2 [ ::: ( o ) 2 
UT0 

2 [ ::: ( o ) �S 0 

+ ::: ( a ) 2 
UT 

LE I D  

+ � ( � ) 2 + � ( � ) 2 ] 1 / 2 - L BT - � PuT 

+ ::: ( o ) �S + :::BU ] l / 2 

( D5 )  

( D6 )  

( D 7 )  

( D8 )  



WE I GH IN G  a= RE MOVED CORE COMP ONENTS 

A com par i son of the known i n i t i a l  core we i ght and the  recorded l i ft  wei ght 

w i l l  prov i de a certa i n amount of accountab i l i ty .  

L i ft  we i ght s  wou l d  b e  an i nd i cat i on of reco ver ed f ue l  at any t i me d ur i ng 

reco very o perati ons . W h en .... ur'e recovery i s  canpl ete ,  t he  tota l  l i ft we i g ht 

can be  com pared to the known i n i t i a l  core  we i ght to i nd i cat e r ecovery eff i ­

c i ency . W i th essenti a l ly 100% recovery , i nc l ud i ng rubb l e ,  etc . ,  from the  

pres s ure  ves s e l  an d coo l i ng system ,  the  tot a l  l i ft wei ght wou l d  be expected 

to e xceed t he i n i ti a l core wei ght s l i ght ly , depend i ng  on extent of z i rconi um 

c l ad d i ng and uo2 o xi dat i on as we l l  as mo i st ure  absorpt i on and any corro­

s i on effects on ot h er core canponents . 

W ei gh i ng w i l l  ser ve to es t i mat e  recovered S NM ,  bu t cannot s t an d  a l one  as a 

m e as ure of accountabl e m ateri a l  even t hou gh i t  may refl ect compl ete recovery 

of f ue l . Accoun t ab l e s pec i es i n  the pos t  acc i dent tot a l  we i gh t  i nventory 

w i l l  re qu i re q u ant i t ati ve ver i fi cat i on by s upporti ng  meas urements . PWR 

com pu t er cod e  pred i ct i ons s ubstant i at ed by chem i ca l  an a l ys i s co u l d  be 

u t i l i z ed i n  s upport of the  tota l wei ght i n ventory to quant ify recovery of 

acco un t ab l e U-235 and pl uton i um .  Nondes truct i ve as s ay can  be ut i l i zed as a 

s upporti ng  m e as urement to wei gh i ng i n  e va l uat i ng SNM content of d amaged f ue l  

e l em ent s , rubb l e ,  et c a s  wel l . NDA i s  a l so des cr i bed as  a pr i m ary m ea s ure­

m ent m et hod  for total core SNM eva l u at i on i n  th i s  S ect i on . 

F or breached f ue l  as s emb l i es wh i ch h ave s uff i c i ent struct ura l  i nt egr i ty to  

b e  l i fted out  of  t he water , i t  m ay be  pos s i b l e to  u se a tens i on l o ad ce l l 

t h at i s  att ached  to the  ho i st cab l e to meas ur e  i ts wei ght .  I f  the mea s ure­

m ent i s  m ade  on a dry b a s i s , t he  f ue l  a s semb l y  w i l l  h ave to r emai n s us pended 

l on g  enough for the  wat er to dr a i n and evaporat e  off the hot s urf aces of the 

f ue l  rods u nt i l  t he c h an ge i n  wei g ht w i t h  t ime becomes neg l i g i bl e . 
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I t  m ay be neces s ary to wei ght t h e  f i n a l  as s em b l y  under water w i t ho ut expos­
i ng i t  to the a i r .  Th i s  m ay be don e , for  examp l e , by f i rs t  we i gh i ng a 
p erf or ated co n t a i n er ho l d i ng the  f ue l  a s s em b l y  under water , and t h en evacu­
at i ng i t  w i t h  pres s ur i zed n i trogen wh i l e  the co n t a i ner i s  un der wat er . The 
d i ff er ence i n  wei ghts w i l l  be t he dry wei ght of t he f i n a l  as s em b l y  m i nus  t he 
buo ya n t  f orce on  the  evacuat ed co n t a i ner . The er ror i n  m ak i ng t h i s  mea s ure­
m ent w i l l  be  greater t h an o b ta i n i ng t he dry wei ght  d i rec t l y  and the  wei gh i n g 
w i l l  be more d i ff i cu l t  to per f orm . 

The m a s s  mea s ur em en t  of ur an i um s pent f ue l  i s  des cr i bed as  a pr i m ary t ec h ­
n i q ue f or conduc t i ng a m at eri a l  b a l ance . T a b l e 04 s t at i s t i ca l l y s umm ar i z es 
es t i m at ed dat a s how i ng an  LE I O  of cppro x i m at e l y  63 2 k g , or appro x i mat e l y  
0 . 76% of t he i n i ti a l l o ad i ng . T he e xpres s i on for t he i n ventory d i ff er ence 
b etween the ur an i um we i gh t  of the i n i t i a l  co re  and dam aged co re after the 
a cc i dent  i s :  

I D  ( 09 )  

wher e W0 i s  the i n i t i a l  we i gh t  of ur an i um i n  the  co re , W i s  the  meas ured 
w e i gh t  of ur an i um after the acc i dent , WE i s  the es t i mat ed we i gh t  of ur an i um i n  
t he f ue l  m at er i a l  . ( e . g . ,  waste  and unreco ver a b l e m at er i a l ) wh i ch w as not 
mea s ur ed , BU  i s  the U-235  burn up , PuT i s  the p l uton i um meas ur ed and BPu i s  the 
p l u t o n i um burnup . ( 09 )  is t h e  s ame as { 06 )  s i nce BT = BU + B Pu . 
{ 09 )  ser ves to i dent i fy a l l  of  the f ac tors com pos i ng t h e  tot a l  U I D . 

T he error i n  t h e  I D  c an b� a ppro x im ated accord i ng to  t he gen er a l  e q u at i on { 02 ,  
page D-5 ) as  f o l l ows :  

•7 2
1 0  � [g ( I D ) 

. cr J 2 + r�( ID ) . cr 1 2 + [(I( I D ) . (J ] 2 � w0 .... I') W \� (} WE WE 

[lliQ_l -]2 [� ]2  [o( I O ) l 2  
+ � B U . () B U + f) PuT  . <Y PuT  + tj B P u  . O' BP L!.J  
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The LE I O  i s  defi ned as two t i mes the standard  dev i at i on of the  tot a l  i nven­
tory meas urem ent . The  l ar gest contri bu t i on to the LE I O  i s  from t he meas ure­
ment of the breached f ue l  rods wh i ch i s  d i s c u s s ed be l ow an d i s  s hown i n  
Tab l e 04 . 

The 1 1We i ght  %11 co l umn i n  T ab l e 04 i s  for the wei gh t percent of uran i um for 
each  of the f ue l  cat egor i es .  The number of sampl es , N i , corres ponds  to 
t he number of f ue l  assemb l i es for the i nt act and breach ed f ue l  and to t h e  
tot a l  number of fue l  as s emb l i es for the  d i s per s ed fue l . The obj ect i ve i s  to 
s egregate as much  of the f ue l  m ateri a l  as poss i b l e by f ue l  as s em b l y  and not 
m i x i n  on e co nt a i ner mat er i a l  from more  than one f ue l  as s emb l y .  w i and 
W i ar e the aver age s ampl e we i gh t s  ( or average wei gh t of f ue l  mat er i a l i n  
each contai ner )  and the  total wei g ht of t h e  f ue l  m at eri a l , r es pecti ve ly . 
The % Error i s  the un cert a i nty i n  es t i mat i ng the  we i gh t  of ur an i um i n  each 
conta i n er ( or samp l e ) . I t  i s  an est imate wh i ch i nc l udes error contri buti o ns 
from sampl i ng ( probab l y t h e  l argest ) , we i gh i ng ,  and an a l yz i ng .  

T he q uant ity of urani um i n  breached f ue l  rods c an be determi ned from the 
we i ght  an d U-factor by the  f o l l owi ng expres s i on :  

Grams Urani um = Tota l W ei ght x U-F actor 

T he U-factor i s  the fract i on of uran i um i n  the f ue l  mat er i a l and i s  aff ected 
by t he degree of o x i d at i on , w ater absor p t i on ,  and separ ati on of f ue l  from 
the  c l add i ng . I t  i s  es t i mat ed that up to 35% of the  tot a l  Z i rca l oy i n  the  
core { wh ere t he tota l Z i rcal oy compr i s es 1 6% of  the  wei g ht of  a f uel  as s em­
b l y) has  ox i d i zed . The add i t ·i on a l  we i gh t of o xygen wou l d  reduce the  
U-f actor by appro x im ate ly  1 . 5% from . 7743 . F or bad l y  damaged f uel  assem­
b l i es ,  c han ges to the U-factor may a l so occur because  of phys i ca l  s epar at i on 
of t he m etal  and f ue l  wh i ch m ay h a ve occ urred dur i n g  the  acc i dent . For 
exampl e ,  the f i ne f ue l  mat er i al  ( 6% of the  i n i t i a l  co re i nventory of f ue l ) 
wh i ch may have been carri ed by the cool ant and depos i ted at oth er l oc at i o ns 
i n  the  reactor may be expected to be  very r i ch i n  ur an i um .  Th i s  s epar at i on 
c an cause anot h er 5% abso l ute reduct i on i n  the  U-f actor g i v i ng a total  b i as 
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of ( 1 . 5 + 5 )  = 6 . 5% .  C orrect i on f or th i s  b i as w i th an ass umed uncert 2 � �ty 
of on e - ha l f ,  or 3 . 2 5% ,  res u l ts i n  a s hort - term syst emat i c error , 

6'" s . 3 .  25;: . 
1 

The l ar ge syst emat i c error i n  the  ur an i um co ncentrat i on can be e l im i nat ed or 
at l east reduced by u s i ng ana l yti ca l  c hem i stry techni ques ( e . g . ,  i s otopi c 
d i l ut i on or NOA of s ampl es ) on sm a l l s ampl es of mat er i al removed from the 
f ue l  assembly . T he i soto p i c compos i ti on c an vary great l y  w i th the l oc ati on 
of samp l es as can be s een from the p l ots  of ournup  i n  the  axi a l  ( F i gure 02 ) 

and rad i a l  l oc ati ons ( F i gure 03 )  i n  t he core . T he d ata i f  F i gures 02 and 03 

wer e taken from the P DQ f ue l  co de runs s hown i n  Append i x  3 .  ( See a l so 
F i gure Cl  f or U- 235 vari ati on . )  

I f  th e r andom 
t h en t h e  LE I D  

error i n  wei gh i ng the  breached f ue l  rods under wat er i s  5% , 

ca l cu l ated i n  Tabl e 04 i s  632 kg urani um ( or 0 . 8% of the 
tot a l  ur an i um i nventory) . The syst emat i c  errm· 
( or 1 5% of t he tota l LE I D ) to t he 632 kg LE I O .  

�S . ) contri but es 98 kg 
1 

From thes e ca l cu l at i ons i t  i s  seen that because  of the  l ar ge number of 
meas urements wh i ch m u st be tak en of the TMI - 2  f ue l , a sma l l  LE I D  may be 
ach i eved  des p i t e  l ar ge meas ur em ent errors i n  eac h  i nd i v i du a l  meas urement . 
F or th i s  reason , an eff ecti ve approach i n  reduc i ng the  L ei d  i s  i n  purs u i ng 
meas ur em ent tech n i ques hav i ng sm a l l er meas ur ement errors by mak i ng act ua l 
meas urem ents whenever poss i b l e ,  es pec i a l l y  i n  reduc i ng system ati c errors . 
S i nc e  the  meas urement error for breached f ue l  rods  wi l l  pro bab l y  dom i nat e 
t he total  i nventory error , t he effort to r andomi ze  the  meas urement errors 
s ho u l d  be d i rected at that cat egory . 

Wei gh i ng Techn i ques 

Sca l es ,  b a l an ces and l oad ce l l s  ar e pot ent i a l  techn i ques for wei gh i ng the  
f ue l  m at eri a l  a s  i t  i s  extracted from the  core . T he use  of  s cal es and 
ba l an ces mi ght requ i re the  transf er of the f ue ·l mat er i a l  to a p l atform 
w h ereas a t ens i on l oad ce l l  m ay be abl e to be i ns ta l l ed on the  ho i st so t h at 
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t h e  f ue l  m ateri a l  i s  s us pended by t he ho i st .  B oth l o ad ce l l s  and s ca l es are 
read i l y  ava i l ab l e wi th capac i t i es exce ed i ng the  660 kg requ i red for wei gh i ng 
an ent i re  P WR fue l as s emb l y  wi th an error of one part i n  104 to  105 . 

T h i s  i s  e xpected to be the l ar gest m ass th at wou l d  h ave to be wei ghed for 
acco unt ab i l i ty pur pos es s i nce th i s  i s  the l ar gest  qu ant i ty wh i ch can be 
h and l ed by the PWR s pent f ue l  s h i pp i ng c as k . 

L oad C e l l s  

L oad ce l l s  ar e common l y  u sed for l oads rang i ng from 2 , 500 to 500 , 000 pounds 
( 908 to 227 , 000 kg ) ; however , r ated capac i ti es act ua l l y  range  from 1 to 10  

mi l l i on poun ds  ( 454 , 000 to 4 . 54 mi l l i on kg ) . Standard l oad c e l l s  may be 
u sed at temper at ur es up to 1 15°F ,  but s pec i a l l oad ce l l s  des i gn ed for 
h i gh er tem per at ur es ar e ava i l ab l e . ( 6 ) Load ce l l s  ar e eas i er than s ca l es 
to u 3 e  i n  remote app l i c ati o ns becau se  an el ectri ca l  l ead of fl exi b l e 
hydrau l i c  ho s e  can l i nk the  p l atf orm to the  co nso l e . Such a remot e 
o per ati on w i l l  be necess ary for the core d i s as s emb l y  and remo val bec au se of 
the es cape of l ar ge quant i t i es of h i gh l y rad i oacti ve f i s s i on products i nt o  
t he pr ess ure vesse l . Becau se  the  stra i n  gau ge l o ad ce l l  produ c es an 
e l ectri ca l  s i gn a l  pro port i on a l  to the  app l i ed l oad , i t  read i l y  i nt erf aces 
w i t h  readouts , k eyboards , computer termi na l s ,  and a l arm systems . 

C om pres s i on mount i ng for l oad ce l l s  i s  more frequ ent l y  u s ed than t ens i on 
mo unti ng . C ompres s ion  l oad ce l l s  are norma l l y used  when t he gross wei ght 
exc eeds 10, 000 l bs ( 4 , 526 kg ) . The un i ver s a l  l oad c e l l ,  wh i ch m ay be u sed 
i n  e i t h er compres si on or ten s i on , i s  genera l l y u sed i n  t he c ompr es s i on mode 
between 1 , 000 an d 10 , 000 pounds  ( 454 to  4540 kg ) . I n  l ow capac i ty l oad 
ce l l s , t hose u s ed f or 1 , 000 pounds or l ess , tens i on i ns ta l l ati ons are more 
common l y  u sed . 

At the  G en er a l  E l ectr i c C om pany n u c l ear f ue l  f abr i cat i on f ac i l i ty i n  
W i l mi ngton , N orth C aro l i na ,  Or b i tr an and Tol edo str a i n  gau ge l oad ce l l s  are 
used f or meas ur i ng 20 to  45 kg cans of powder and 30 B UF6 cyl i nders . ( ? ) 

P l a ns are c urrently bei ng made to extend t he app l i c ati on of l oad ce l l s  at 
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t he W i l mi ngton f ac i l ity to the  f ue l  rods wei gh i ng 3 . 5 kg and trucks .  At the 
f ue l  f abri cat i on f ac i l i ty o per at ed by C om bu s t i on E ng i neer i ng Corporat i on at 
Wi ndsor ,  Co nnecti cutt , app l i c ati o ns f or l oad ce l l s  are a l so bei ng 
exp l or ed . ( ? ) 
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F i g u re 02 . Ax i a l Vari ati on of Burnup i n  a Peri phera l  Fuel  As semb l y  
( Hl 5  i n  Appendi x 3 )  a n d  i n  a Control Fuel As s embl y  ( H8 
i n  Append i x  3 )  i n  the TMI -2 Core . The vert i c a l  H-8 a x i s 
i s  arbi t ra ry ,  equa l l y  s paced i nterva l s .  
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TAB L E  04 

HYPOTHET I CAL L E I D CAL CULAT I ONS  BAS E D  ON WE I G H I N G  TM I - 2 B R EACHE D  FUEL  
------

N .  w . ( kg ) w . ( kg ) o i  (kg )  
t·1ateri a 1 Type Wei gh_t % % Error 1 1 1 

--- ----- -----

I ntact ( I tem Ace. ) 2 3% 40 468 . 4  ; 8 ,  7 36 0 0 

Breached 7 1 %  1 3 7 4 2 7 . 7  58 , 595 5 2 2 . 00 

Dispersed 60/ 200 25 4 , 974  2 0 ( a )  5 . 00 /0 

Hol dup/ P l ate . 003% 20 . 1 5  3 50 ( a ) . 08 

Waste . 00 1 % 20 . 05 30 ( a ) . 02 

Test Sampl es . 0 56% 1 000 . 05 50 1 . 00 

Measured P l utonium . 1 86�� 1 1 54 1 54 4 . 1  ( b ) 6 . 3 1 

Estimated Pl utonium . 036% 30 30 4 . 0 ( b ) 1 .  2 0  
Burn up 

4 . 0 ( b ) 
Estimated U-235 . 428% 355  3 5 5  1 4 . 2 0 

---

Burnup 
--

TOTAL 82 , 900 

L E I D � { i 2 2 2 ( (j s i WDi  ) 
2 ] x 4} 1 I 2 

[ E  N .  o .  + z + NB . ( o 5 . w8 . ) + N 0 . 
1 1 1 0 1 1 1 1 

LE I D  � {[ 7 . 1 55 X 1 04 + 6 . 2 2 + 1 3 7 ( . 0325  X 4 2 7 . 7 ) 2 + 200 ( . 0 3 2 5  X 2 5 ) 2 ] X 4}1 1 2 

� 632  k g  u 

(a ) Anticipated errors from imprecise NDA measurement 
( b ) From Reference 8 

2 2 N . o . ( kg ) 1 1 
-- --

0 
6 . 6 3 1 x 1 04 

5 . 000 x 1 0 3 

1 . 280x1 o - 1  

8 . 000x l 0  - 3  

0 
3 . 982 x 1 01 

1 .  440 

2 . 0 1 6x l 02 
-------
----

7 . 1 55 x 1 04 

[ N . where : L: = 
0 1 

Fract i on 
of L: 2 

0 
0 . 927  
0 . 070 

�0 
�0 
�0 
�0 
��0 

�0 

( 0 . 1 %  x w . ) 2 ] 1 1 2 
1 

= [ 1 7 7  ( . 00 1  X 468 . 4 ) 2 ] 1 / 2 

= 6 . 2  kg 



TABL E  04 (Cont i n ued ) 

DFFINITIONS O F  TERMS - -

= �1a ter i a l  Type - Intact ,  Breached , D i s persed , vla ste , etc 

H .  = Tota l Wei g h t  of 1 

W = Tota l Wei ght  of  Inventory 

N .  Tota l Number o f  Sampl es 1 

N8 i = Number of Sampl es of  Breac hed Fue l  

NDi  Number of  Samp l es of  D i s persed Fue l  

v' [ vJ . 
i 1 

w0 Ori g i na l  Wei ght  of Ura n i um per Fue l  Assembl y  (sampl e )  

wi = Average Wei ght  of  Sampl e 

WB i  Total  Wei ght  of  6reached Fue l  

= Tota l We i ght of  Di s pers ed Fuel  

vJ . = N .  v1 . 1 1 1 

a .  " A·;eragc Abso l ute  Error i n  vl . 
1 1 

Rel a ti ve  Sys tema t i c  Error i n  tryi ng  to correct for � bi as  create::! 
by a reduct i on i n  the concentra t i o n  of uran i um i n  the  fuel  

[ ·  1 Abso l �te Error i n  W .  1 

I = Absol ute  Error i n  W 

I2 '\, N . 2 '\, 2 1 
= I (J .  = N . o .  

i i 1 1 1 

'\, fN: L (J .  1 1 1 

I 2 '\, i 2 
= I N .  (J .  

l 
1 1 

��0 - w .  = ID 1 

L EID 2 '\, 
(I2 I 2 ) X 4 = ( 2o ) 2 

= 
... 

L E I D  2 '\, i 
= [ I  

1 

N .  1 

0 
CJ�  + l: 2 ] 1 0 X 4 

Wo Or i g i na l  Core Load i ng Uran i um Wei gh t  

I2 
= 0 

2 IB&W E s t i ma te of  Or i g i na l  Inventory Error from Core t1ea sure­
ment a t  Ba bcoc k  and  W i l cox Company 
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NONDESTRUCTI VE ASSAY ( NDA) 

Nondes tructi ve ass ay a l ong  w i t h  wei gh i ng may be con s i dered a bu l k  meas ure­

ment m et hod for TMI - 2  account1b i l i ty .  P as s i ve and acti ve techni qu es are 

des cr i bed to eva l uate f i s s i l e  co ntent d i rect l y  i n  d amaged f ue l  as s embl i es ,  

rubbl e co ntai ners , etc . A th i rd NDA techn i que i s  des cri bed wh i ch meas ur es 

U-238 d i rect l y  by means of 14 M eV i nterrogat i ng neutrons . Th i s  met hod  

ess enti a l l y refl ects total  ur ani um s i nce U- 238 compri s es appro x imate ly  98% 

of TMI -2 fuel . The h i gh ener gy neu tr on s pectr um can then be tail or ed to 

prov i de t hermal  neutrons bel ow the f i s s i on t hr es hol d of U- 238 ,  and a d i rect 

meas ur e of U -235  and f i s s i l e  p l uton i um i s  a l so �os s i bl e . Thes e t ech n i ques 

are des cri bed as fo l l ows : 

Pas s i ve NDA wi th  F as t  N eutrons as Pr i mary  M eas urement 

T he quant i ti es of ur ani um- 235 and p l utoni um i n  the recovered f ue l  c an be 

meas ured by a pass i ve neutron as s ay w i th  f as t  neutrons . The meas urement can 

be performed by determi n i ng t he quan t i ty of nuc .l i d es ( e . g . ,  p l utoni um and/or 

f i s s i l e  ur an i um )  i n  reference TMI -2 f ue l  as s emb l i es wh i ch are u s ed i n  

estab l i s h i ng poi nts on ca l i br at i on c ur ves rel ati ng  the  number of neutron 

co unts  to the grams of nuc l i de .  

F as t  neutrons are emi tted by s pontaneo u s  f i s s i on of pr i m ar i l y  p l uton i um-240 

and by t he (o , n ) reacti on pr imar i l y  from p l utoni um- 239  and - 240 .  T h ese  

neutrons are not s i gn if i cant l y  absorbed by t he  f ue l  mat er i a l s  or  by the  

a l umi na-boron car bi de ( A l 2o3 - a4 c )  burnab l e po i son and  s i l ver­

i nd i um- cadmi um a l l oy po i son whi ch may be mi xed w i t h  the f us ed and parti cu ­

l at e  f ue l  mat er i a l . T he  neutron detector wi l l  therefm�e  detect the  f ue l  

m at eri a l  i n  the  mi ddl e as we l l  as on the  o ut si de of t he  f ue l  a s sembly . 

To  re l at e  the  number of neutron counts  from the  s pent f ue l  as s emb l y to  the  

qu antity of  nuc l i de of  i nt er est ( e . g . ,  p l utoni um or f i s s i l e  urani um ) ,  a 

ca l i brat i on curve wou l d  have to be deve l oped . Th i s  i s  d i ff i cu l t  becau s e  

t h ere are t hree d i ff er ent enri chments ( 1 . 98 w/o , 2 . 64 w/o , and 
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2 . 96 2/o U- 235 ) w i t h  wh i ch t he f ue l  assemb l i es are l oaded , and t he burnup 

for each enr i chment var i es acros s the core . I n  add i t i on ,  some of the  fue l 

a s semb l i es h a ve burnab l e po i son rods and s ome h ave s i l ver i nd i um-cadmi um 

contra l rods . 

The var i at i on of neutron co unt ret e wi th  burnup  (wh i ch i s  proport i on a l  to 

n uc l i de content w i th i n  the  r ange of burnup i n  t h e  TMI - 2  core ) wou l d  h �ve to 

he es t ab l i s hed for f ue l  as s emb l i es h av i ng the s ame po i son rod as semb l i es and 

t he  S diTle enri chment . Th i s  wou l d  re qu i re fi ve ca "l i brati on c ur ves . The var i ­

at i on o f  P u -240 and U-235  w i t h  burnup  for f ue l  hav i ng an ori g i na l  enr i chment 

of 1 . 98 w/o U- 235  i s  s hown i n  F i gure D4. T he p l ots are from the  tabl es i n  

Append i x  3 .  The l i near var i at i on of nuc l i de concentrat i on w i t h  burnup 

s hou l d  a l so ex i st with the  two oth er enri chments s i nce the  range of burnup 

i s  approx imat e l y  the s ame for a l l enr i chment s . 

T h ere are s evera l sources of error i n  performi ng a pass i ve neutron ass ay 

wh i ch are d i scu s s ed be l ow . There i s  an un certa i nty  i n  determ i n i ng t he 

act ua l  quant ity of U-235 and p l utoni um i n  the  " st and ard" f ue l  as semb l i es 

u sed i n  es t ab l i s h i ng t he  ca l i brat i on curve . A compar i son of the nuc l i de 

concent r ati on i n  t he d i s so l ver so l u ti on of exposed LWR f ue l  meas ured chem i ­

ca l 1 y  and t hat pred i cted by mod i f i ed LE OPARD code was performed by the  

Y an kee Atom i c E l ectr i c Company . ( B ) The s pent f ue l  had  an i n i t i a l  enr i ch ­

ment o f  4 . 94 w/o U- 235 and a burnup varyi ng between 1 7 , 729 and 32 , 030 

MWO/MTUH . The concentrat i on of nuc l i de pred i cted wi t h  the  mod i f i ed LE OPARD 

code d i ff ered from t he meas ured val u es by 1 to 1 2% rel ati ve w i th t he uncer­

ta i nty  for U-235  be i ng 4% ( A) ( see equ at i on 01 1 ) . Res u l ts are s ummar i zed by 

Tab l e 0 5 .  

Another uncerta i nty  i n  es t ab l i s h i ng t he  c a l i brat i on curve i s  i n  t h e  number 

of co unts  for each " st andard" . T h i s  uncerta i nty i s  very sma l l ;  however , 

beca u se  of t he  l ar qe number of neutrons em i tted by the  f ue l  as s embl y  pr i nc i ­

pa l ly from Pu-239  and P u- 240.  From the  res u l ts of the ORI GEN cal c u l a­

t i ons , ( 5 ) t he  tot a l  neutron emi s s i on rat e [ s pontaneou s  + (a , n ) ] 
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X = Burnup (MWd/MTU) 
3400 

U-235 
Y = 2 . 529x l 0-3 X+ 39 . 52 
Sy-x = 0 . 234 gram s  per 

fuel a s sy . * 

Pu -240 
Y = 2 . 227xlo-4 x- 0 . 2622 
Sy-x = . 00522 g rams p e r  

fuel a s sy .  

Pu-240 wi t h  l umped b u r n a bl e 
poi s o n  

Y = 2 . 07 06x l o-4 x- 0 . 2966 
Sy-x = 3 . 7 04 3x l 0-3 g rams 

per fuel a s sy .  

F i g llre 'J4 . Var i at i on of �rams of  U - 235 , Pu- 240 with  B urnup 
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TAB LE D5 

COMPAR IS ON OF NUCL I DE QUANT IT I ES P RE DI CTE D 
B Y  MOD I F I E D LE OPARD CODE AND MEAS URE D  QUANT IT I E S  SAMP LE D  

FROM DISSOLVER SOLUT I ON  OF E XPOSED LWR FUEL (8) 

Nuc l i de D iff er ence* 

U- 235 W i th i n  

U- 235 W i th i n  

Pu- 239 W i th i n  

Pu- 240 W i th i n  

Pu- 241 W i th i n  

Pu- 242 W i th i n  

F i s s i l e  Pu  W i th i n  

Tota l Pu W i th i n  

Tota l U W i th i n  

*
% D iff er ence _ Meas ured - C al cu l at ed 

x 100 
Meas ured 

0- 23  

4% 

4 . 5% 

4 . 5% 

1 . 5% 

3 . 1% 

1 2% 

4 . 1% 

3 . 5% 

1 . 0% 



for the  TMI -2 core 1 . 5  year s after s hutdown i s  es t i m at ed to be 2 . 1 98 x 107 

n/s - core . F or 1 77 f ue l  assemb l i es ,  t he a ver·age emi s s i on r ate  for a f ue l  

as s em b l y  i s  1 . 2  x los n/ s-fue l as s embl y .  

F or neutron d etectors w i th 5% i ntri nsi c effi c i ency , and a d etector system 

i nt ercepti ng one-ha l f  of the neutrons em i tted from the f ue l  as s emb l y  source 

due  to l oss  of neutro ns trave l i ng outs i de t he s o l i d  ang l e created by t he 

source and det ector s urf ace ,  the  number of neutron co unts i s  . 04 x . 5 x 1 .  2 x 

105 = 2 . 1  x 103 co un t s / second-fue l as s emb l y .  The number of co unt s  over 

a one-mi nute co unti ng peri od i n  wh i ch t he f ue l  as s em b l y  i s  hel d i n  pos i t i on 

for one m i nute  before be i ng moved ax i a l l y  by an i ncrement of rough l y  t he 

h e i gh t  of the det ector r i ng ( 2  to 3 f eet ) i s  3 . 1 x 103 x 60 = 1 . 86 x 105 

co unts/f uel a s sembly . The  s tand ard dev i ati on as a percent of t he mean for 
5 

th i s  number of co unts i s  appro x imate ly  1 9 x 10  • = 0 . 23% ( B ) ,  ( s ee 
1 .  9 X 1 05 

e quati on 0 1 1 ) .  

T he un cert a i nty i n  the  meas urement of a f ue l  as s emb l y  caused by t h e  transf er 

of m ateri a l  of one enri chment to a f ue l  assemb l y  of anot h er i s  es t imated at 
�2% ( C ) ,  ( s ee equ at i on 012 ) . The rat i on a l e for th i s  es t i mat e  i s  that on l y  

m ateri a l  w i th parti c l e s i z e  l ess t h an 0 . 06 em ( acti vated at 6% of t he core ) 

co u l d  be s u s pended by t h e  coo l ant and trans port ed . On l y  a fract i on of t h i s 

wou l d  h ave been depos i t ed i n  t he core w i th t he remai nder bei ng  c arri ed by 

the coo l ant i nt o  other ar eas of the coo l ant system . 

T he uncertai nty for counti ng  s t at i s ti cs  i n  meas uri ng  t he reco vered f ue l  

as s emb ly  s ho u l d  b e  t h e  s ame a s  for the s t andards , n am e l y  0 . 2 3% .  Two types 

of errors c an be ca l cu l ated--the syst em ati c error or uncertai nty i n  t he 

ca l i brat i on cur ve ( SE CAL ) ,  an d the  random error ( RE MEA ) · The un cer -
ta i nty i n  meas uri ng  t he reco vered f ue l  d ue to d i ff er ences i n  geometry ( bu l k  

dens i ty of the f ue l  mat er i a l  and source-det ector d i s t ance ) between reference 

TMI - 2  f ue l  ca l i brati on assemb l i es and reco verd f ue l  a s semb l i es i s  treated as 

a compon ent of R EMEA and es t i mat ed at 1 0% ( D )  ( s ee equ at i on 012 ) . 
E ff ect s of B4 c and s i l ver - i nd i um-cadm i um co ntro l rod m at er i a l s 
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i n homo geneou s l y  mi xed w i th the  f ue l  contri bute an es t i m ated uncertai nty of 

N1% ( E ) ,  ( s ee equ at i on 012 ) , when the  meas urem ent i s  carr i ed out i n  the  dry 

cond i ti on .  

V a l ues for ca l i brat i on and meas urement errors can be approx imat ed as i nd i ­

cat ed by ( 01 1 ) and ( 012 ) b e l CNJ .  Samp l e  v1e i gh t s  (w i ) and tot a l  wei ghts  

( i ) i n  T ab l es 04  and  06  are es s ent i al l y the  s ame even though they are for 
total ur ani um and U- 238 res pecti vely . U- 238 i s  approx imately 98% of the  

tot a l  ur an i um ,  and  the d i fference i n  the  LE I D  wi l l  be iV 20 kg . The fract i on 

( LE IO ) wi l l  rem a i n about the s ame  on a tot a l  ur an i um or U- 238 Tota l I n ventory 

bas i s .  

( 011 ) 

. 04 

( 01 2 )  

0 . 10 

The LE I D  bas ed on meas ur i ng breached f ue l  as s emb l i es by pas s i ve NOA 

( RE MEA � 1 0% )  i s  11 1 9  kg . Th i s  ca l cu l at i on i s  g i ven  by T ab l e 06 . Not e by 
Tab l e 04 t h at t he  LE I D  i s  632 kg when breached f ue l  i s  meas ured by wei gh i ng 

( RE MEA --; 5% ) 
· 

Act i ve NDA as Pr imary M eas urement  

The  u se of s ub-MeV neutrons from sources s uc h  as Sb- 124 , Be , w i t h  i nt ens i ty 

of 6 x 106 neutrons per cur i e of Sb - 124 ,  and moderat ed Cf-252 ( 2 . 34 x 

101 2  n / sec/gram ) i nduce therma l  f i s s i on i n  U-235 , Pu -239 , Pu -241 w i thout 
s i gn i fi c ant f i s s i oni ng  of t he a bundant U- 238 . T he degree of neutron s pec-

trum soften i ng i n  each of thes e sources ( Be m an t e l  for the Sb-Be  and Be w i th 

po l yet hyl ene f or the  Cf- 2 5 2 )  is  d i ct ated by the  requ i red s i gnat ure 
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N 
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TABLE  D6  

' • I /;(;:r • 
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' 
.• 

' \  ..,. ,  

HYPOTHET I CAL L E I D  CALCULAT I ONS BASE D  ON PASS I V E  NEUTRON COUNT I NG O F  TM I - 2 B REACHED  FUEL* 

t�ateri  a 1 Ty12e 

Intact ( I tem Ace . ) 
Breached 
Di s persed 
Ho l dup/ P l a te 
Waste 
Tes t Samp l es 
Measured P l u ton i um 
Es t i mated P l utoni um 
Burn up 
Es t i mated U-235  
Burn up 

TOTAL 

LE I D  = [ z:  N .  o .  + "v { i 2 
1 1 1 

N .  w .  ( kg )  We i ght % 1 1 

2 3% 40 468 . 4  
7 1 %  1 37 427 . 7  

6% 200 25 
. 003% 20 . 1 5  
. 00 1 % 20 . 05 
. 056% 1 000 . 0 5 
. 1 86% 1 54 
. 036% 30 

. 428% 355 

2:2 + ( N . 0 1 
2 } l / 2 ( SECAL x wi ) ] x 4 

' 

�l ; ( kg )  

1 8 , 7 36  
5 8 , 595  
4 , 9 74 

3 

50  
1 54 

30 

3 5 5  

82 , 900 

L E I D  � {[ 2 . 7 04 X 1 05 + 6 . 22 + 1 37 ( . 04 x 427 . 7 ) 2 ] x 4}1 / 2 

"v 1 1 1 9  kg u 

( a )  Ant i c i pated erro rs from i mprec i s e N DA meas u rement 
( b ) From Reference 8 

*See Ta b l e  D4 fo r defi n i t i ons 

% E rro r 

0 
1 0  
20 ( a )  

so ( a )  

30 ( a )  

1 
4 . l ( b ) 

4 . 0 ( b ) 

4 . 0 ( b ) 

wh ere : 2:0 
= 

= 

= 

0 ;  ( k g )  2 2 N . o . ( kg )  1 1 

0 
44 . 0  

5 . 00 
. 08 
. 02 
. 00 

6 .  3 1  
1 . 20  

1 4 . 2 0 

[ N . 1 

0 
2 . 652x l o5 

5 . 000x l 03 

1 . 280xl 0 - 1  

8 . 000xl 0- 3 

0 
3 . 982x l 0 1 

1 .  440 

2 . 0 1 6x l 0 2 

2 . 704xl 05 

( 0 . 1 %  x w . ) 2 ] 1 1 2 
1 

Fracti 2n 
of  z: 

0 
0 .  981 
0 . 01 8 

::tO 

�0 
::to 
""0 "' 

%0 

�0 

[ 1 7 7 ( .  001  X 468 . 4 ) 2 ] 1 / 2 

6 . 2  kg 



i nt ens i ty of  prompt f i s s i on neutrons . The i nt ens i ty i ncreas es w i t h  s pectrum 

soften ers a�d s e l f  s h i el d i ng .  T he  si gn at ure i ntens ity  s hou l d  be h i gh enough 

to m i n i m i ze background eff ect s  from neutrons em i tted by Pu -240 wh i ch pro v i de 

t he b as i s  f or pass i ve neutron meas urements . 

I n  order to d i s t i ngu i s h between U-235  and Pu -23 9 ,  the  neutron s pectrum i s  

ta i l ored for separate o b s er v at i o ns to d etermi ne t h e  i sotop i c content of each 

f i s s i l e  i sotope . Bas ed on Babcock  & W i l co x  ( B&W ) i n- ho u s e  ca l cu l at i ons , the 

q u an t i ty of P u- 239 i n  t he TMI - 2  core at t he t ime  of s h ut down vari es from 

1 1 . 3% of the U-235 i n  R eg i on 1 - - co nt a i n i ng 1 . 68% U-23 5 ,  to 5 . 0% of the U-235 

i n  R eg i on 3 -- contai ni ng 2 . 66% U -23 5 .  T he core average P u- 239 concentr at i on 

i s  7 . 7% of the U-235  pres ent . Becau s e  of the sma l l amount of P u - 239  i n  the 

TMI - 2  f ue l , t he  two- s pectra type meas urement w i l l  re qu i re l ong  co unti ng 

peri ods and very car �fu l  meas urement s for reasonab l e a_ccuracy . The s e  cond i ­

ti o ns mi ght l i m i t  t he techn i que to s pot checks  and conf i rmatory meas ure­

m ent s . The t echn i que wou l d  be very effect i ve i n  det erm i n i ng t he f i s s i l e  

(ma i n l y  U- 235 ) to f ert i l e  ( U- 238 ) r ati o , however . 

I n  order to det erm i ne t he  f i s s i l e  to f ert i l e  rat i o ,  neutron s pectra above 

and be l ow t he f i s s i on t hres ho l d of U-238 are re qu i red . T he  i nduced f i s s i o ns 

ar e m eas ur ed v i  a the  de 1 ayed neutrons : 

Sub Thres ho l d  Spectrum ( 01 3 )  

Above-Thr es ho l d  Spectrum ( 01 4 )  

W here Y 1 repres ents de l ayed neutron y i e l ds for the  two- neutron s pectr a ;  

a1 a and cr1 5  ar e t h e  effect i ve numbers o f  de l ayed neutrons per un i t  mas s  
o f  U- 238 and U- 235  r es pecti ve ly , i n  t he c ase  of t he s ub-t hr es ho l d s pectrum 

cr1 5 > d1 s , and i n  the  cas e of above - thr es ho l d  s pectrum cr2s >> a25 · 
C a l i brat i on as s emb l i es to determ i ne q1 8  and a1 5 , can be pro v i ded by 
f r es h  f ue l  a s semb l i es w i t h  t hree d i ff er ent enri chments and a n at ura l  urani um 

as s emb l y .  An i nher ent d i s advantage i n  t h i s  t ech n i que i s  the r e l at i ve l y  h i gh 

bac kground rel ati ve to t he weak del ayed neutron s i gn at ure from (cr, n )  and 
s pont an eo u s  f i s s i on neutrons i n  P u -241 . 
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Ca l i brat i on Errors { SE CAL ) 

U ncerta i nty  i n  qu ant i ty of U-235  i n  the  reference s t andards  l1" £' 1 . 0% 

* U ncerta i nty  i n  the  number of counts  

M eas ur i ng Errors ( RE MEA ) 

IS ';!  0 . 1% 

U ncert a i nty  from the d i ff er ence i n  geomet ry and s e l fsh i e l d i ng 
of t he f ue l  i n  t he  TMI - 2  f ue l  as s 8Tlb l i es (7 � 1 0% 

U ncerta i nty  i n  the  number of co unts 

The tota l  error in  ca l i br ati on is  

SE cAL � v.'012 + . 001 2 

. 01 

T he total  error i n  meas urement i s  

� 0 . 10 

r:s � 0 . 1% 

( 01 5 )  

( 01 6 )  

When the 10% meas urement error for breached f ue l  i s  expres s ed a s  U -238 

( Tabl e 07 ) ,  t h e  LE ID  i s  1 1 1 9  kg  U- 238 whi ch is the s ame as for the pas s i ve 
meas urement . 

A cros s - sect i on of a conceptua l act i ve N DA sys t em for meas ur i ng TMI -2 f ue l  

as semb l i es i s  s hown i n  F i gure 05 ( Ref . 9 ) .  L ead s h i el d i ng aro und t h e  f ue l  

as s emb l y  reduces gamm a rad i at i on t o  l eve l s  requ i red for var i ou s  detectors . 

F i s si on chambers and B- 10 co ated pro porti ona l  co unters n eed l i tt l e ,  i f  any , 

l ead s h i e l d i ng ,  and can operat e near or even i ns i de the  f ue l  as s em b l y .  

BF
3 , He- 3 ,  He-4 , or proton reco i l  detectors -- l i qu i d ,  s o l i d ,  o r  ga seo u s - -

*Th i s  as s umes a Cf-?S? source o n  t h e  order o f  2 . 5 x 101 0  n eutrons / second , 
a detector effi c i a-�cy of 0. 28 and a de l ayed neutron s i gn a l  of 1 . 4  x 10 -4 
cps per neutron from a Cf- 252 source ( s ee R ef .  9 ) .  
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w i l l  n ot s u stai n t he h i gh gamma fi el ds , and w i l l  re qu i re mass i ve l ead 
s h i el d i ng . A 1 7 . 78 em th i ck l ead s h i e l d s urroun d i ng a 1 9 . 71 x 1 9 . 71 cm2 

s qu are f uel  as s anb l y  s i m i l ar to the one u s ed i n  t he  S an -Onofre P r es �; uri zed 
W at er R eactor can be used i n  th i s  system .  The amount of det ector s h i e l di ng 
f or TMI - 2  f ue l  w i l l  be s ub st anti a l l y sma l l er becau se of t he  l ower burnup .  
T he m a i n l ead s h i e l d  i s  cyl i ndr i ca l  and may be s upp l emented by l ead s ect ors 
added to the  f ue l  as s embl y  ( s ee F i g ure 05 ) .  T h e  l ead sh i el d i ng i s  s urroun­
ded by a th i n  ( 1 . 27 em th i ck ) po l yet hyl ene ( CH2 ) moder ator . The pr i nc i pa l  
f unct i on of t he moder ator i s  t o  f urth er sl aw down prompt and del ayed neu-
trons or i g i nat i ng i n  the f ue l  as s emb l y .  Surround i ng the CH2 moderator i s  
a ri ng of d etectors ( 5 . 8  em i n  di amet er , 90 mm H g  pr ess ure ) w i th 2 . 54 em 
th i ck C H 2 f l at s pacers i nt er pos ed between them . Beh i nd the det ector r i ng ,  
ther e  i s  a 7 . 62 em th i ck l ayer of CH2 as a therm a l  neutron ref l ector . 

A c ti ve NDA Systems U s i ng 14  M eV N eutron Sources 

H i gh i nt ens i ty beams of 14 M eV neutrons can be produced i nexpens i ve l y  by 
sma l l , l ow  vol tage (typi ca l ly 1 50 k V )  ac cel er ato rs , s uch  as t he C oc kcroft­
W al ton A cce l er ator . The reactor that ser ves to produce the neutrons i s  
D ( T , He-4 ) n + 1 7  MeV . 

The ad vant age of an acce l er at or , rat her than a r.eutron source , i s  that the 
acce l er ator c an be t urned off , e l i mi n ati ng  the  i nterro gati n g  neutron back­
groun d . Th i s  i s  part i cu l ar l y  import ant when meas ur i ng de l ayed neutrons wi th  
pu l s ed penetr ati n g  neutron sources . I f  two i nt erro g ati o ns are made of the 
T MI -2 f ue l , one  wi t h  a beam of neutrons h av i ng ener g i es mos t l y  above the 
f i s si on t hres ho l d for U- 238 , and the ot her w i th a t a i l ored s pectrum of neu­
tron  ener g i es be l ow  the f i s s i on thr es ho l d ,  the i sotopi c co n centrat i on of 
U- 235 and U- 238 c an be meas ured . The meas ur ement pri nci pl es are s i m i l ar to 
tho s e  d i s cu s s ed i n  the prev i ou s  sect i on .  
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TABL E  0 7  

HYPOTH ET I CAL L E T. D  CALCULAT IONS F O R  ACT I V E  N EUTRON COUNT I NG OF  TM I - 2 B REACHED  FUEL* 

N .  Wi ( k g ) t1a teri a l  Type �Jei  ght % 1 

I ntact  ( I tem Ace . )  23% 40 468 . 5  
Breached 7 1 %  1 37 427 . 7  
Di s persed 6% 2 00 2 5  
Ho l d up/ P l ate . 003% 20 . 1 5  
\�as  te  . 00 1  �; 20  . 05 
Tes t Sampl es . 056% 1 000 . 05 
Meas u red P l uton i um . 1 86% 1 54 
Es t i ma ted P l uton i um . 036% 30 
Burn u p  
Es t i ma ted U-235  . 428% 355  
Burn up  

TOTAL 

L E I D  � {[ � N . 
1 1 

2 2 2 } 1 / 2 a . + 2: + ( N . ( S E l + w . )  ) ] x 4 
1 0 . 1 ca 1 

W ; ( k g ) 

1 8 , 7 36 
58 , 59 5  
4 , 9 74 

3 

50  
1 54 

30  

3 55  

82 , 900 

LE I D  � {[ 2 .  704 x 1 05 + 6 . 22 + 1 37 ( . 04 X 440 ) 2 ] X 4}l / Z 

'U = 1 1 1 9  k g  u 
( a )  Anti c i pated erro rs from i mprec i s e  N DA mea s u rement  
( b )  From Refe rence 8 

*See Tab l e  04 fo r defi n i t i ons 

% E rro r 

0 
1 0  
20 ( a ) 

50 ( a )  

30 ( a ) 

1 
4 . l ( b )  

4 . 0 ( b )  

4 . 0 ( b )  

o ; ( kg ) 

0 
.. �4 . 0 

5 . 00 
. 08 
. 02 
. 00 

6 .  3 1  
1 .  20  
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1 .  PWR FUEL ASSEM BLY CONSI$TI NG 
ABOUT 200 LOW-EN R I CHED U RA N I U M  
F U E L  P I N S  X 

2. LEAD SEG M E NTS 

3. LEAD S H I ELD I N G  

4. 
5. 
6. 
7. 
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7 

POLYETHYLEN E  I C H2) MODERATOR 

B F3 TU B ES A N D  POLYETHYLENE SPACERS 

POLYETHYLE N E ( C H2) REFLECTOR 

POSS I B LE S O U RCE LOCAT I O N  

F i g u re 05 . Cross  Sect i on  of  a Gene ri c Mea s u r i n g  Sys tem fo r Act i ve Neutron  Count i n g .  



Because  14 M eV neutrons can penetrat e  we l l i n  mos t mat er i a l s ,  an d es pec i a l l y 
i n  hydro geneous s ub stan c es , t he 1 4 M eV del ayed n eutron m et hod  i s  parti c u­
l ar l y  s u i ted for meas ur i ng the cont ent of l ar ge vo l ume co nt a i ners from 1 

ga l l on cans to 55  ga l l on drums contai n i ng  s crap and w aste m at eri a l s .  L ead 
i s  v i rt ua l l y  tr ans par ent to thes e neutrons , an d they can a l so be u sed i n  
meas uri ng ur ani um and p l utoni um content of s pent f ue l  e l ements i n  th i c k  l ead 
cas ks . M os t  de 1 ayed neutron detectors ar· e bas ed on therm a 1 i zat i on , by a 
hydro gen eous mod er ator , of t he del ayed neutro ns and then co unti ng  the  ther­
mal  neutrons i n  BF3  or 3He  count ers . Thes e det ector systems are fa i r l y  
i ns ens i ti ve to ganrna rays , hen ce t he h i gh ganrna bac k ground from sampl es w i  1 1  
not aff ect the meas ur ement when the det ectors ar e wel l sh i e l ded . The t ech­
ni que i s  a l so app l i cabl e to meas uri ng f i s s i l e m at eri a l  i n  w as te wh i ch i s  
co nt ami nat ed wi th f i s s i on products .  

NDA G en era l Consi der ati o ns 

A l l  NDA techn i ques  ar e aff ected by the geom etry of the f i s s i l e  mat er i al . 
Ass ays w i th accuracy of a f ew  percent re qu i re ca l i br ati on w i th st and ards 
phys i ca l l y  as s i m i l ar to the un known as pos s i b l e .  Th i s  wi l l  be i m pos s i b l e 
f or TMI - 2  becau se of t he anti c i p ated vari ati o ns i n  breached as s emb l i es .  
R ods wi l l  have varyi ng l ength s . Fractur ed f ue l  pe l l et s  an d Z R-U02 eut e­
tec ti c m at eri a l  m ay be p i l ed on the  stubs of rods and the  i nconel s pacers . 
Thu s , the l i near dens i ty of fue l  may vary from zero to s ever a l  t i mes the 
ori g i na l  l i near dens ity . S ome enri chment mi x i ng  may h ave occ urred from 
pe l l et s  m i x i ng w i th  tho s e  from adj acent as s emb l i es .  A comp l et e  as s ay system 
w i th accuracy com parabl e to t h at ach i eved w i th fr es h  f ue l  i s  beyond t he 
capa b i l i t i es of curr ent techno l ogy and m ay not be  requ i red at TMI -2 . The 
c ha l l en g es of TMI - 2  w i l l  do much  to eval u ate and improve s pent f ue l  as s ay 
t echn i ques . 

NDA of s pent fue l  can be  bas ed on gamma or neutron t echn i ques . G amm a  s pec­
tros co py meas ur es t he ac ti v i ti es of f i s s i on produ cts whi ch are pro port i ona l  
t o  burnup . The mai n un cert a i nt i es ar i s e f rom gamma attenuat i on i n  t he  fue l  
and f i s si on product mi gr ati on . W i th breached f ue l , b oth pro b l ems are 
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aggr avated . N eutron m et hods meas ure t he neutrons emi tted by the  f ue l  d �e to 
s pont an eo u s  f i s s i on and (�, n ) r eact i ons wi th l i ght  e l ements . Th i s  can be 
correl ated w i th burnup . A cti ve t echni ques meas ure fi s s i l e  content by 
expos i ng as s emb l i es to a r ad i o i sotope or acce l er ator produced neutron f l ux 
and meas uri ng  the  i nduced prompt or del ayed neutrons . 

Surrm ar y of N DA T echn  i gues 

Spent f ue l  as s ay t echn i ques have been rev i B'/ed by H s ue , et a l . ( lO ) M et hods  
b as ed on reacti v ity , cal orimetry , neutron and garrma meas urement are d i s-
c u s s ed ther e  and s urrm ar i zed h2r e . 

React i v i ty meas ur ements have been u sed for many years to test new f ue l  el e­
m ents . Th i s  techni q ue cou l d  be expanded to compl ete or par· ti al  as s emb l i es .  
A har dened f l ux wou l d  be requ i red to mi n im i ze the var i at i on of se lf­
s h i el d i ng caused by t he core damage .  Such  an as s ay sys tem wou l d  be  compl ex 
an d co s t l y , requ i r i ng a prec i se cr i t i ca l  or s ub-cr i t i ca l  as s emb l y .  Much 
devel o pment woul d be re qu i red i n  add i ti on to d eta i l ed cal c u l ati o ns but th i s  
meas w� ement co u 1 d pos s i b l y  be app 1 i ed t o  a 1 1  f ue 1 types . 

Ca l or im etry of s pent f ue l  meas ur es t he heat gen er ated by f i s s i on products 
and trans ur an i c i sotopes . Typ i ca l l y ,  th i s  i s  a s l aw meas urement due to the 
t ime re qu i red f or t hermal  e qu i l i b ri um .  Th i s  time w i l l  be geometry depen­
dent . Acc ur ac i es of a few percent have been ach i eved for sm a l l ( l i ter s i ze ) 
sampl es . F or s pent f uel  assay t he i sotopi cs w i l l  h a ve to be cal c u l ated or 
meas ur ed by another techn i que an d i nput a l on g  w i th  f i s s i on product i nventory 
ca 1 c u l  ati o r.s . T h ese are the s ame i n puts re qu i red f or pas si ve neutron or 
garran a  meas ur ement i nt er pret at i on .  I n  add i t i on ,  ca l cu l at i ons need to be 
performed to det ermi ne the fracti on of garrm a  f l ux  absor bed i n  the  con­
t a i ner . C a l ori met ry can be carr i ed out on s ea l ed cont a i ners , but  the con -
tai n er t h ermal  m ass  f urth er sl ows t h e  meas urement . Ca l or imetry of extended 
f ue l  as s em bl i es wou l d  need f urt her deve l opment befor e  i t  co u l d  be app l i ed to 
TMI - 2 .  
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G amm a s pectros co py meas ures f i s s i on produ ct acti v ity . Th i s  c an be corre­
l at ed w i th  burnup  for f i xed geom etry as s emb l i es ,  ot herw i s e ,  it  i s  pro por ­
ti ona l to t he amount of f uel  pr es ent and i ts burnup . Act i v i ty r at i o 
meas ur ement has been deve l oped that requ i res meas urement of a f i s s i on 
prod u ct and an i soto pe formed by ( n ,a) on a f i s s i on produ ct .  The  r at i o  of 
the  l at t er to the form er wi l l  sti l l  be burnup  dependent ( pro port i on a l  to 
i ntegr ated neutron fl u x ) . B ut becau se  i t  i s  a r at i o  meas ur ement abso l ute 
det ect i on eff i c i en c i es ar e not requ i red .  

P as s i ve neutron meas urements h ave t he ad v antage t h at neutro ns ar e l ess  
at t enuat ed i n  as semb l i es than  gamma rays  and ,  t herefor e ,  u ncert a i nt i es due  
to geom etry and  se l f- sh i el d i ng are reduced . I rr ad i ated f ue l  wi th  normal  
end - of - cyc l e  bu rnups  em i t  107 to 108 n/s  per as s emb l y .  OR I GE N  co de d at a  
pred i cts  an aver age o f  1 . 2 x 105 n / s  from l ow  burnup  T MI fue l . The (a, n )  
and s po nt aneo�s  f i s s i on sources are rou gh l y  e qua l  and ar i se pr imar i l y  from 
the even p l uton i um i sotopes . 

Act i ve neutron techn i ques  have the at tr act i ve f eat ure of meas ur i ng d i rect l y  
f i s s i l e  content . T he s am pl e to be ass ayed i s  e xposed to ep i t hermo l neutro ns 
an d the i nd uced f i s s i on rat e  i s  mon i tored by meas ur ement of prompt or  
del ayed neutron em i s s i on .  T here are rou gh ly  200 t imes more pranpt t h an 
de l ayed neutrons . D el ayed gamma emi s s i on has been u sed for un i rr ad i at ed 
f ue l . T he i rradi ati ng  neutro ns c an be produced by Cf-25 2 , an anti mony­
beryl l i um ( Sb -B e ) source , or an acce l er at or . For act i ve techn i ques , the  
p a s si ve n eutrons are an  i nterf eri ng backgro und . I n  w at er ,  m u l ti p l i c at i on 
and  s e l f - sh i e l d i ng w i l l  be i m port ant . 

A n  N DA t ec hni que to be app l i ed to TMI - 2  s hou l d  consi d er t h e  f o l l owi n g : 

Rel at i ve l y  i ndependent of f ue l  geomet ry 

L ow mai nten ance/remote o per ati on 

E as i l y  i nt erf aced to a m at er i a l acces s and contro l com put er s ystem 

Acc uracy 

C om pat i b i l i ty w i th  core  d i s a s sembl y  pro cedure  
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Of t he t ec hni ques d i s cu s s ed abo ve , f i s s i on prod u ct gamma s c ann i ng , pas s i ve 
neutron s cann i ng ,  an d act i ve neutron as s ay off er s om e  attract i ve f eat ur �s 
wh i ch are d i s cu ss ed bel ow : 

W ei ght meas ur ement i s  a gro s s  i nd i cat i on of f i s s i l e  co nt ent , but  has  the 
f o l l owi ng pro b l ems . N ot a l l  m at eri a l  m ay be wei ghab l e ,  e . g . ,  pl ate- o ut and 
ho l du p . The U-wei ght fract i on of the tot a l  wei gh t wi l l  vary due to s epar a­
ti on of pe l l ets from t he c l add i ng  and o x i d at i on . W ei g ht , even for i ntact 
as s emb l i es ,  i s  not a d i rect meas ur e of f i s s i l e  mat er i al , but  must be s uppl e­
mented by i soto pe d i l ut i on/m ass s pectros co py ,  burnup  cal c u l ati o ns to d et er­
m i ne f i s s i l e  co nt ent , or N DA .  L ar ge s amp l i ng errors  ar e l i ke l y  to  occur i f  
re l i ance i s  pl aced o n  i s oto pi c d i l u t i on . ( S ee l i m i ted s am p l i ng pl an under 
chem i ca l  ver i f i cat i on of P WR co de i n  f o l l ow i ng s ect i on . )  Neutron or gamm a 
s canni ng  c an d i s ti n gu i sh between f uel and ot her cor e m at eri a l s ,  can meas ure 
ho l dup or p l at e- out , and pro v i des a mor e d i r ect meas ur e of f i s s i l e  mat er i al . 
W i th an acti ve ass ay ,  f i s s i l e wei g ht i s  meas ured d i rect ly . 

P ro b l er.s wi t h  App l yi ng N DA 

The var i ab l e geom etry an d s e l f- at t enuat i on of the f ue l  l ead to  un cert ai nty i n  
t h e  N DA r es u l t .  T he pass i ve neutron meas ur ement i n  a i r s hou l d be more acc u­
rat e  than  gamm a as s ay .  Neutrons ar e re l at i ve l y  un aff ected by s e l f- sh i e l di ng 
and thus  acc urate l y  meas ure i nt eri ors of as s emb l i es .  T h i s  i s  not true , how­
ever , i f  the meas ur ement i s  m ade  i n  borat ed w at er , s i nce neutrons ar e rapi d l y  
t h erma l i z ed and absor bed and t h e  eff ect of geometry and s e l f- s h i el d i ng 
i ncr eas es . A meas urement i n  a i r comp l i cat es the core  remova l proces s .  

T he amo u nt of gamm a  ray se l f- absorpt i on i s  ener gy dependent . T he 0 . 66 M eV 
gamm a  l i ne of C s- 13 7  i s  39% s e l f- absor b2d i n  a rod , whereas the 2 . 1 8 MeV 
gamma l i ne ,  f r om C e- 1449 i s  o n l y  atten u ated by 1 5% .  The  eff ect i s  more pro­
noun ced f or i nt er i or rods i n  an as s emb l y .  On l y  1% of the 0 . 66 MeV act i v i ty 
f rom an i nt er i or rod i s  transmi tted , about 40% of t he 2 . 18 M eV l i ne i s  
transm i tted . 
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I f  f uel  i s  m i s s i ng  fran outer rods then qr oss  C e- 1 44 acti v it y  w i l l  be o ver­
es t i m at ed .  The pas s i ve neutron emi s s i on \t/Orth of rods i n  , bund l e  on ly  
vari es by 2 0% f or t h ermal  fl u x  and 1 0% f or f ast  fl ux . N eutron mu l ti p l i ­
cat i on i s ,  however , 50% for i nt act bun d l es ( 1 1 ) and th i s  i s  s ens i t i ve to 
gean etry . 

T he f i s s i on products mon i tored s ho u l d  have l on g  h a l f l i ves , l ow mi gr at i on i n  
t h e  f ue l , and eas i l y  r esol ved i ntense h i gh en ergy gamma l i n es .  C s - 1 3 7  and 
C s- 134/C s- 13 7  r at i os have been stud i ed mos t extens i ve l y . However , ces i um 
mi grat es out of f uel pe l l ets and t h i s  w i l l  be very prono unced for breached 
f ue l  an d thus not app l i cab l e  to TMI -2 . 

E u- 154 [an i soto pe produced by ( n ,a) or a f i s s i on product] and C e- 144 do not 
mi grate and t he ir  ratio  cou l d  be a good burnup mo n i tor . Ab so l ute C e- 1 44 
act i v i ty wou l d  be pro port i on a l  to the f ue l  pres ent ti mes the neutron s pec i ­
fi c co unt r ate . C e- 1 44 h as a 2 . 18 M eV gamma l i ne t h at i s  c l e ar l y  r eso l ved 
i n  f ue l  wi th  coo l i ng t i mes of over a year . But even for s uch a h i gh ener gy 
gamma ray ,  se l f- s h i el d i ng and s h i el d i ng of t he i nn er rods of a bundl e w i l l  
be s i gn i f i cant . C al cu l at i ons must be performed to  co rrect for s h i e l d i ng .  

T he s h i el d i ng i s  stron g l y  dependent on geometry . W i th d am aged as s emb l i es ,  
s uch  ca l cu l at i ons m ay not be pos s i bl e .  Then a transm i s s i on meas uremPnt or 
se l f- i ndi c ati on of attenu ati on u si ng d i ff erenti a l  absor p ti on  tec h ni ques w i l l  
be requ i red . The d i ff er ent i a l  absorpt i on t echn i que mon i tors the i nt ens i ty 
r ati o of two gamma l i nes fran the  s ame i s oto pe . 

B es i des thes e pro bl ems wi th  meas ur em ent accur acy , t her e i s  f urt her uncer ­
tai nty i ntrodu ced i n  deduc i ng t h e  f i s s i l e m as s  fran t h e  NDA meas ur ement . 
T he neutron or gamm a count rat es per gram of f ue l  are proport i on a l  to the  
num b er of  f i s s i o ns t h at h a ve occurred i n  t h e  f ut� l . T h i s  i n  t urn depe;l ds on 
the  co re  l ocat i on ,  neutron s pectrum , an d ori g i na l  enr i chment , a l l of whi ch 
aff ect burn up . Burnup cal cu l ati o ns , d es tructi ve ass ay of f uel  s i1T1pl es ,  and 
meas ur ements on i nt act as s emb l i es must be used t o  
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der i ve a f actor to re l at e  the co unts from a g i ven as s emb l y  or s ubas s em b l y  to 
grams U-235 .  D ue to the l ar ge v ari ati o ns in  burnup , t h i s f actor , a strong 
f un c t i on of core l ocat i on ,  wi l l  be d i ff i cu l t  to es t ab l i s h accurat e l y .  

C o n si deri ng  t h ese eff ects , rel ati ve l y  i ntact b undl es cou l d have a meas ure­
ment error of � 1 0% wi th  pas s i ve neutron or gamm a co unt i ng .  For very 
dam a ged f uel , t he  meas urement errors cou l d be � 2 0% by neutron co unti ng  
( co rrect ed for m u l ti pl i cat i on )  and � 30% by gamm a count i ng ( i f a dens i ty 
correc ti on i s  m ade ) .  Mak i n g  neutron or gamma co unti ng  meas ur ements re qu i r es 
the  prepar at i on of ca l i br at i on s amp l es .  The co ncentrat i on of i sotopes i n  
t h ese  s ampl es m u st be det ermi ned e i t her by an an a l yti ca l  techn i que s uch as 
i sotop i c d i l l uti on on grab s ampl es or by the res u l ts of a burnup code ( e . g . , 
ORI GE N ,  P DQ ,  or L OR ) . T he errors i n  s amp l i ng or i n  the uurnup code (wh i ch 
ranges from 5% to 10% )  wi l l  co nt r i but e  s i gn i f i cant l y  to the absol ut e total  
meas urement error . 

T he s upp l ement a l  act i ve as s ay by a s hu ff l er ,  f or exampl e ,  f aces s i mi l ar 
d i ffi c u l ti es ; however , t he source fl ux  c an be h ardened and a bu l k dens i ty 
co rrecti on can be m ade f or mu l ti pl i cat i on g i vi ng an es ti mat ed accuracy of 

+ 1 5% .  

For ho l dup o f  f ue l  i n  the reactor coo l an t systems an d p l at e- out of ur an i um 
d i sso l ved i n  t he cool ant , f i s s i on prod u ct gamma r ay meas urement may be t he  
on l y  app l i cab l e t echn i que . Accurac i es of  30 t o  50% ar e l i ke l y . The m aj or 
uncertai nty bei n g  so l i d ang l e and att en u ati on cal cu l ati o ns . 
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CHE M I CAL VE R I F I CAT I OO  OF PWR CODES 

P WR com put er code pred i ct i ons pro v i de a means to eva l uat e urna i um and p l uto­
ni um i s oto pe quanti ti es f or g i ven bur nup l eve l s .  I ndi v i d ua l  f uel a s s em b l y  
va 1 ues ar e pred i cted an d can be s ummed to g i ve core t o t  a 1 v a  1 ues . ( See 
Append i x  3 . ) S am p l i ng and chemi cal  ana lys i s  of each f uel ass em b l y  wou l d 
un dou bted l y  prov i de a m uch  more re l i ab l e means to eva l uat e tot a l  co re  S NM 
va l u es .  H owever , t he number of s cmpl es re qu i red may im pact reco very o per a­
t i ons , and l aborat ory co s ts wou l d  cert a i n l y  be a s i gn i fi cant  f actor . C ons e­
quent ly , a l i m i ted s am p l i ng and chemi cal ass ay pro gr am i s  pro posed to 
s ub st ant i at e ( and  ca l i brat e  if neces s ary) PWR co de pr ed i ctab i l i ty .  Accor ­
d i ng ly , code va l ues wou l d  be d i rectl y rel ated t o  a c hemi ca l  pr imary s t andard 
s o  to s peak and app l i ed as neces s ary to  a m u l ti tude of as s ay r equ i rements i n  
TMI - 2  acco untab i l ity . 

S amp l i ng wou l d  be carr i ed out over a number of se l ect ed f ue l  as s embl i es 
co veri n g  t he burnup r an ge .  A compar i son of predi cted va l ues wi th c h emi c a l  
r es u l ts wou l d  ref l ect co de pred i ctab i l i ty ,  a n d  es tabl i sh any co ns i stent 
d i ff erences or bi as .  I n  the  1 att er event , i t  m ay be pos s i b l e t o  make  
adj ustment s to part i cu l ar co des i n  use  an d br i ng r es u l ts i nt o  agr eement wi t h  
c hemi ca  1 val ues . 

C ore  s amp l i ng an d chemi ca l  an a l ys i s wer e carr i ed out  on JP DR - 1  s pent 
f ue l . ( 1 2 )  Both rad i ochem i ca l  and chem i ca l  as s ay t ech n i ques were app l i ed .  
C hemi cal  d ata  were b as ed on t he tri pl e s p i ke  i s oto pe d i l ut i o n  t echn i q ue 
des cr i bed be l ow .  TMI -2 core s ampl i ng an d e s s ay w i l l  have i nt er es t i ng  
p ara l l e l s  to  t h e  JP DR- 1 st udy si n ce core aver a ge burnups  w ere 3 1 76 and 4400 

MWD/r1TUH  and co re  aver age i n i t i al U-235  enr i chment s were 2 . 63 and 2 . 60 w/o  
f or TM I - 2  and  JP DR- 1 r es pecti vely . 

A com par i son of pred i ct ed vs chem i ca l  va l ues f or U -235  an d p l uton i um was 
m ade  on  d i s ch ar ged Y ankee -R ow e  f ue l . ( 8 ) Sampl es of d i s s o l ved  f ue l  bat ches 
at t he N u c l e ar F ue l  S erv i c es pl ant i n  W es t  V a l l ey ,  N ew Y or k  w ere  ass ayed 
chem i ca l l y .  Res u l ts ar e s umm ar i zed by T ab l e 05 . 
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I n  pract i ce ,  chemi ca l l y  s t andar d i zed code va l ues wou l d  be  app l i ed as i tem 

acco untab i 1  ity d i rect ly  to i nt act  f uel  as s emb l i es where d amage i s  not ev i ­

dent ( or very m i n ima l ) .  The s t andar i zed code can be u sed a s  s upport i ng 

meas urements to wei gh i ng or N DA for fract i ona l  f ue l  as semb l i es from whi ch 

f ue l  may h ave been d i s pers ed t hroughout  the pres s ur e  ves s e l and coo l i ng 

system.. O nce t he fracti onal  f uel  wei g ht of a damaged f uel  as semb ly  h as been 

es t ab l i shed , for examp l e ,  qu ant i t at i ve code va l ues for the part i cu l ar as sem­

b l y  c an be app l i ed as fracti o ns of k nown i n i ti a l val u es for f uel as s em b l y  

w e i gh t s . ( Th i s f actor i s  referred to as " P fr"  i n  def i n i t i ons g i ven  by Tab l e 

02 . )  

Core  s ampl es taken to s ub st ant i at e  P WR code pred i ctab i l i ty s ho u l d  be f ue l  

m at eri a l  free of c l add i ng ,  etc . A s s ays s hou l d i nc l ude burnup , total urani um 

and p l uto n i um ,  i sotop i c uran i um and p l uton i um .  The recommended techn i que i s  

a tri p l e s p i k e  m ass  s pectrom etri c i s oto pe d i l u ti on analy s i s  based on a mi x­

t ur e  of the i sotopes U-233 , Pu-242 , and Nd- 150 as s p i kes . 

I s oto pe d i l u ti on ana l y s i s  was f i rst u t i l i zed on a product i on bas i s  for 

ur an i um at t he  I daho C hem i ca l  P roces s i ng P l ant i n  the  reco very proces s for 

s pent  U-235  reactor f ue l . ( 13 )  

The  i nt ens i ty of an i on beam for each i sotope as meas ured w i t h  a mas s  

s pectromet er i s  pro port i onal  t o  t he i soto pe i n  t h e  sampl e .  T h e  rel ati o ns h i p 

u s ed to  det erm i ne tota l  e l ement by the  i sotope d i l ut i on t echn i que  i s :  

Cx 

w h er e :  

= C sV s ([i _ 1 )  Vx P 

Cx  = concentrat i on of tot a l  e l em ent i n  t he  un known so l ut i on 

( 01 7 )  

C s  = concentr ati on of e l ement i n  t he added i sotope ( s p i ke )  so l u t i on 

Vx  = vo l um e  of the un known  s o l uti on 

V s  = va l ume of s p i k e  so l u ti on 

A = fract i on a l  i sotop i c pur i ty f actor for the  s pi ke i sot ope 

p = fracti on of t he s p i k e  i soto pe i n  t h e  mi xt ure of s ampl e and s p i k e  
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T he co nstant A i s  eval u ated from an i sotopi c ana l y s i s  of t he parti cu l ar 

spi ke mat er i a l  i n  use . P i s  det erm i ned from an i sotop i c an a l ys i s  for each 

s p i ked sampl e .  S i nce i soto pe d i l uti on ana l y s i s  is a f un cti on of rel ati ve 

i nt ens i t i es for each i sotope i n  the  s ampl e .  The t echn i que enabl es eva l ua ­

ti on of i sotopi c fracti o ns as we l l  as qu antity o f  each i soto pe i n  t he 

s ampl e .  By means of the tri pl e s p i ke techn i que , a l l of the uran i um an d 

p l utoni um val ues of i nterest as we l l as burnup  ana l ys es are ava i l abl e .  

N d- 150 s er ves as the s p i ke to det erm i ne quant i ty of the burnup  mon i tor 

N d- 148 , or t he N d- 1 45 /N d- 146 r ati o wh i ch a l so s er v es as a bur nup mo n i tor can 

be used . Atom % burnup  bas ed on Nd- 148 i s  det erm i ned by : 

w h er e :  

1 00 Nd/ Y  
Nd B N d 

= ..,.,.N
U
-+.--N_P

_
u 

-+----,-,-
NN

_
d
....:..:
/
:;:.
Y-

N d
-

BN d  i s  burnup  i n  at om % 

NP and  NNd  ar e numbers of at oms of ur an i um ,  p l uton i um, 
u and neodymdi um 

YN d  i s  the cumul at i ve f i ss i on yi e l d of N d- 148 ( 0 . 01 6 9 )  

( 018 )  

I n  add i ti on to total burnup ana l y s i s  ( U- 23 5 ,  Pu ) as a f unct i on of t h e  burnup  

mon i tor , the techn i que enabl es eva i uat i on of  U-235  dep l et i on d i rect l y  s i nce 

tota l U- 235 per un i t  f ue l  wei ght is k nown for i n i ti a l f uel . Q u ant i t at i ve 

U-235  an a l ys i s i n  add i t i on to the ot her i sotopes of ur an i um an d p l uto n i um i s  

of extreme import an ce i n  i s oto pe d i l uti on ana l ys i s .  

C hem i ca l  separ at i on techn i ques  ar e emp l oyed to i so l at e  ur an i um ,  p l uton i um 

and neodymi um for as s ays by s ur f ace i on i zat i on mas s  s pectrom etry . ( 14 , 1 5 )  
N d- 148 i s  a near i deal  burnup mon i tor f or thermal  l i g ht w at er reactor f uel s 

beca use  ( 1 )  neodymi um pos s es s es the des i r ab l e chem i ca l  char acter i st i cs and 

behav i or ,  both  i n  t he f uel and i n  sol uti on , ( 2 ) i ts f i s s i on yi el d i s  ess en­

ti a l l y  i denti ca l for U-235  and Pu-239 therm al  f i s s i on ,  an d ( 3 )  i t  has  exce l ­

l ent pro perti es f or ass ay by s urf ace i on i z at i o n  m as s  s pectrometry . One  
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d i s ad vantage N d- 148 m ay have as a burnup  mon i tor i s  t h at r es u l ts may be 

b i as ed h i gh due to the therm al  neutron captur e  cros s s ect i on of Nd- 147 

produc i ng Nd- 148 . ( 1 6 )  The captur e cros s sect i on f or N d- 147  has  been 

report ed as 440 + 1 50b . ( 1 7 )  I t  i s  not be l i eved that N d- 148 product i on 

f r om N d- 147  n eutron capt ure woul d si gn if i c antl y aff ect t h e  l ow  burnup val ues 

for T MI -2 ; however , the  N d- 145 /N d- 146 r at i o can be eva l uat ed for compar i son . 

T he domi n ant error i n  burnup an al y s i s l i es w i th the  val ue for the  effecti ve 

fi s s i on yi e l d .  I n  order to att a i n an un certa i nty of 1 . 5  to 2 . 0% i n  bu rnup , 

re qu i r es t h at t he uncertai nty i n  t he eff ecti ve f i s s i on yi el d be i n  t he ran ge 

1 to 1 . 5% .  A rev i ew of f i s s i on product nuc l ear dat a  for i nves ti gat i on of 

i rr ad i at ed nuc l ear f ue l  bur n u p  i s  des cr i bed . ( 1 6 )  

R ati os of f i s s i l e i soto pes have a l so been i n ves ti g ated as burnup  mo n i ­

tors . ( 18 )  V ar i ou s  rat i os of p l uton i um an d ur an i um i sotopes and combi na­

ti o ns of i s oto pes were  stud i ed .  S ome are sens i ti ve to enri chment or cor e 

l ocat i on .  Others ar e f un ct i ons of bur nup o n l y .  Another i sotope of spec i a l 

i nt er est  i s  Ru- 1 06 whi ch c an s er ve as a p l utoni um mon i tor s i nce  i ts yi el d 

f rom p l uton i um f i ss i on i s  11 t i mes that from ur an i um f i s s i on .  
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D I SPE RSE D F UEL AND WASTE ASSAY 

As a r es u l t  of the reactor coo l ant pump be i ng oper at ed after dam age occurred 

to t he core , i t  i s  pos s i bl e t h at f uel w as d i stri buted outsi de of the  reactor 

pres s ur e  ves s e l  by the coo l ant f l ow .  The ar eas wher e f ue l  debr i s  may have 

b een de pos i ted are taken from Ref erence 1 9  and are s hown i n  F i gur es A4, A5 

an d 06 . 
Once- through steam gener ator ( u pper tubes heet , 1 ower dome ar ea 

R eactor press ure ves sel  fl oor and a pl enum 

Dead 1 eg s s uc h  as dr a i ns an d 1 et down 1 i nes 

R eactor cool ant pump 

P res s ur i zer ( s pr ay va l ve ,  vent va l ve ,  e l ectromagn et i c  re l i ef va l ve )  

R eactor cool ant dr ai n t an k  

M akeup s ystem ( l etdown l i ne , l et down coo l ers , l et down or i f i ce ,  
s eal r et urn  l i ne )  

D ur i ng core remova l i t  i s  l i ke l y  that add i t i on a l  f ue l  mat er i a l  may f al l to 

t he b ottom of t he pr ess ure vesse l  so t h at mo n i tor i n g  th i s  area by i nstrumen­

tat i on s uc h  as aco u st i c s ens ors m ay be des i rabl e .  

D i s persed F ue l  M ateri al 

The d i s per s ed f ue l  wi l l  exi st i n  sm al l quant i t i es at var i ous  l ocat i ons i n  

t he cool ant systems away f r om  i ts sour ce . T h erefore , t h e  ori g i na l  enri ch­

ment and the pres ent chem i ca l  com pos i t i on (ma i n l y  w i th res pect to the  f ue l ­

to-m etal  r ati o ) wou l d  be un known unl ess the  m at er i a l  c an be  s iJTlpl ed .  

Beca u s e  of the sm al l quant i ty of d i s pers ed m at er i a l  expected ( u p  to  5 , 000 k g  

U ) ,  t he stor age o f  represent ati ve s ampl es i n  a hot ce l l  off s i te f or f ut ur e  

an a l ys i s ,  may b e  f eas i b l e . 
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At the reactor s i te the v i s ua l  exami nat i on ( by remot e TV ) to make a pre l im i ­

n ary es t imate of the chemi cal  compos i ti on of the  f uel  m ateri a l  and a wei ght 

meas ur ement wo u l d  perm i t  a pre l im i nary as ses sment of its  S NM cont ent after a 

n eutron co unt of t he m ateri a l  h as been made . 

F or sm a l l  qu ant i t i es of mat er i a l , sm al l capac i ty l oad ce l l s  or s ca l es an d 

bal ances of the appropri ate capac ity wou l d  be neces s ary to obtai n the 

great es t accur acy . 

C han ges i n  the co re  chem i ca l  com pos i t i on can change the wei ght : the ox i da­

ti on of  the Z i rca l oy to Zr02 ( 6% error ) ,  o x i dat i on of UOz+x ( error i n  
a l l the  uo2 o xi d i z i ng to uo3 i s  6% ) , react i on of uo2 hydr at i ng to 
U0 3 . 2 H2 0 ,  s cho e p i t e  i s  27%)  and the ret ent i on of wat er i n  the i nter ­

s ti c es of the p i l e of rubbl e and as ab sor bed water adheri ng  to the f ue l  

mat er i a l  s ur f ace  ( no es t i mat e  of wei ght i ncr eas e ava i l ab l e ) . By not compen­

s ati n g  f or these eff ects , system ati c errors i n  the mass  meas urement w i l l  

occur . By an a l yz i ng the  Z i rca l oy c l add i ng and uo2 for oxygen , th i s  syste­

m ati c error c an be mi n i mi zed .  

W as t e  

W as t e  a n d  unr ecoverab l e f ue l  mat er i a l may b e  t h e  mos t d i ff i cu l t  t o  meas ur e ,  

but b ecau se  they are e xpected to compr i se . 03 to 0 . 6 percent of the total 

ur an i um ,  the meas urement error may 

t he error i n  the  m ateri a l  bal ance . 

f rom f ue l  mat er i a l  wh i ch d i s s o l ved 

not make a s i gn i f i cant co ntr i but i on to 

The l ar gest quant ity of waste may come 

i n  the wat er and prec i p i tat ed on the 

i nterna l  s urf aces i n  t he core as  hydr ated urani um o xi de w i th the  mi n eral  

name  s ch o ep i t e ( U0 3 • XH2 0 ) . 

The w as t e  m at er i a l  can exi st i n  s ever a l  form s - - ur an i um d i s so l ved an d s u s pen­

ded ; � w ater , ur ani um i n  t he reactor cool ant f i l ters , and l etdown systems 

and p l at e- out of ur an i um co nt a i n i ng s o l i ds on the s urf aces i n  the coo l ant 

system and parti cu l ar l y  i n  t he r eactor pr ess ure vesse l . 
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The vol ume of cool ant contai n i ng ur ani um and p l utoni um can be meas ured by 

tr ansf err i ng the  wat er to ca l i brat ed t an ks  i n  wh i ch the  l i qu i d  l eve l i s  

meas ured by one of t he met hods s uch as t he d i ff eren ti a l  pr ess ure techn i que 

d i s cu s s ed be l ow  un der vo l ume meas ur ements . The e l ement a l  an d i soto pi c 

compos i t i on of t he cool ant can be meas ured by u s i ng the  i sotopi c d i l ut i on 

techn i qu e on a s ampl e of the coo l ant . 

The quant ity  of f uel  m ateri a l  i n  t he cool ant f i l ters can be obtai ned by 

we i gh i ng t h e  f i l ters an d com par i ng the  wei gh t wi th  the  i n i t i al  wei gh t . The 

compos i ti on of t he retai ned materi a l  cou l d  be determi ned by neutron co unti ng 

techn i ques d i scu s s ed under NDA ,  or by s ampl i ng the  mat er i a l  co l l ected on t he 

f i l ter and doi ng an i sotopi c d i l ut i on ana l y s i s  as d i s cussed prev i ou s l y .  

F i ne P art  i cu l at e  

A sm a l l quant i ty o f  the h i gh l y damaged fue l may exi st  i n  the form of f i ne 

parti c l es .  S i n ce t he reactor cool ant pumps were oper ated for a per i o d  of 

t i m e  aft er damage to the  co re occw�red , some of the part i cu l at e  mat er i al  

cou l d  h a ve been c arri ed by t he fl owi ng cool ant dur i ng t he peri od t h at the 

reactor coo l  ant pump w as oper at i ng .  

A worst  cas e es t i mat e  of the vo l umet r i c ft'act i on of f i ne fragments  has  been 

m ade by D .  A. P owers ( Append i x  I I . ?  of Ref erence 3 )  i n  whi ch i t  w as fo und 

that 6% of the tot a l  core  i nventory may exi st  as f i nes l es s  than . 06 em i n  

d i am eter . T h erefore , t he quantity of d i s persed m ateri al  cou l d  be . 06 x 82 . 9  

x 1 03 kg  ( i n i t i a l  core  i nventory of ur an i um ) = 5000 kg U d i s pers ed i n  the  

cool ant  syst em .  

F ue 1 -W at er R eact i on 

Frequent  s ampl i ng and chem i ca l  an a l ys i s at S an d i a L aborator i es of the 

coo l ant from t he press ure ves sel  h as not s h own t he pres ence of ur ani um or 

p l uton i um ( at l ea s t  at the  par t s  per b i l l i on l eve l wh i ch i s  the  l i m i t of the 

anal yti cal  meas urement ) ;  however , f i s s i on prod ucts h a ve been meas ured . 
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L i kew i s e , no uran i um an d p l uton i um co u l d  be fou n d  i n  coo l ant s amp l es taken 

from the  steam generator and pr ess uri z er .  The pH of t he coo l ant wh i ch i s  i n  

the range of  8 . 1  - 8 . 4 ( 2 )  ( b ec au s e  of the add i t i on of sod i um hydrox i de )  

m ay parti a l l y account for these res u l ts .  

S i nc e  these  res u l ts ar e not f u l l y  cons i stent wi th  wh at wou l d  be expected 

from the l each i ng s t ud i es on uran i um d i ox i de performed by K at ayama ( 35 )  and 

on the  so l ub i l i ty of  ur an i um i n  wat er ( 2l ) a more  det a i l ed exam i nat i on of 

t he potenti a l  quant i ti es of urani um and pl utoni um wh i ch may h ave reacted 

wi th  the wat er i s  g i ven  be l ow .  

U nder the ass umed co nd i t i ons of fue l  l y i ng i n  hot ( b u t  be l ow  212°F ) w at er 

i n  t he reactor pr ess ure vesse l , o ver several  years , the  w ater c an react w i th 

the f ue l  cau s i ng i t  to go i nto s o l uti on an d prec i p i tate as a hydrate  on  

i nter n a l  s urf aces of  the core and  reactor pr ess ure v es se l . 

I n  bor at ed �at er at 195 °F h av i ng a pH = 5 . 8 ( 22 )  i n  wh i ch r ad i o l ys i s  h a s  

created o x i d ants , the concentr ati on of ur ani um i n  a s atur ated so l ut i on c an 

be  1 ppm ( 2 1 ) . I f  the so l i d  s us pens i on of hydrated ur an i um o x i de ( U03 
XH2 o - schoep i te )  i s  ass umed to ex i st i n  the  s o l ut i on , the  co ncentrat i on 

of  ur an i um i s  ra i sed by a f actor of 10 ( 23 )  to 10 ppm U .  There are 26 , 000 

ga l l on s  of wat er i n  the TMI -2 reactor pres s ure  ves s e l ( l 9 ) , so that the  

wei g ht of  urani um d i s so l ved and  s us pended i n  the  w ater c an be  ca l c u l ated and 

i s  appro x i m at e l y  1000 gr ams U .  For uran i um enr i ched w i t h  2 . 32 w/o 

U-235 ( 5 ) t h i s  corr es ponds  to 232 grams U-235 . 

T he qu antity of hydr ated f uel  m ateri a l  t h at cou l d  h ave d i s so l ved and p l ated 

ou t c an be  ca l cu l ated u s i ng the  dat a  f rom Appen d i x  2 i n  R ef erence 3 and an 

expres s i on f i tted to the l each  dat a  of K at ayama( 35 )  f or the tot a l  amount 

l eacherl. . U s i ng K atayam a ' s l each r ate e xpres s i on ,  it  is  es t imated t h at o ver 

a thr ee-year - per i od (wh i ch i s  the t i me the  cor e  i s  sched u l ed to remai n i n  

p l ace bef ore remo val  o perati o ns b eg i n ) t h at 477 kg  f uel  cou l d  h ave been 

l eached and p l at ed out on the  i nt er n a l  s ur f aces of the  pres s ur e  ves s el , 
v es s e l  components , and f ue l  rods whi ch are under w at er . Th i s  number s eems 
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very l ar ge ( pro bab ly  b ec au s e  the  l each r ate i s  for l each a nt wh i ch i s  f i·e­

quent l y  and co nt i nuo u s l y  chan gerl an d fres h � eachant added ) so  that  a more 

rea l i s ti c number mi ght be t hree to f o ur t imes the quantity of urani um i n  the  

s at ur at ed s o l ut i on or  thr ee to four kg uran i um .  

F ue l  m ateri a l  i n  the  l etdown systems wh i ch i s  l oose cou l d  be co l l ected from 

the p i pes , pumps , an d va l ves where i t  may res i de ,  be wei ghed , and an a l yzed 

by ana l y ti cal chemi cal techn i ques or N DA techni ques . T he quantity of pl ated-

out m at er i a l  on the i ns i de of the pres s ur e  ves s e l  co u l d  be det erm i ned by 

meas uri ng  the  th i c k n ess and dens ity of t he depo s i t  and ana l yz i ng for t he 

co n centrat i on of ur an i um an d p l uton i um .  To obta i n the tot a l  qu an t i ty of 

m at eri a l  pl ated out , an es tim ate of the  s urf ace area co ated wou l d h ave to be 

mad e . Nondes tructi ve tech n i ques  f or meas ur i ng the p l at i ng t h i ckness s uc h  as 

eddy c urr ent and u l tr asoni c met hods m ay be  f easi b l e .  The  sel ecti on of a 

part i cu l �  tech n i que wou l d  depend on  the l eve l of rad i oact i v i ty i n  the RPV 

and t he th i c k n ess and phy si cal  i ntegr ity of the co ati ng . 

V o l ume  M eas ur ement s 

I t  m ay be  necess ary to meas ur e the vo l ume  an d S NM co ncentrat i on of l arge 

quant i ti es of l i qu i d to determi n e  the wei g ht of f i s s i l e  materi a l  i n  s ome 

TMI -2 was t e . 

There are sever a l  ways  that the l i qu i d  vo l ume may be meas ur ed and thes e ar e 

d i s cu ss ed be l ow :  

A lmos t a l l bu l k  meas ur i ng t echn i ques  f or det erm i n i ng the  vo l ume  of l i qu i d  i n  

a proc ess  t an k  re l y  on meas uri ng  the  l i qu i d l eve l to i nd i r ect l y  obta i n the 

vo l ume of  l i qu i d .  The s i mp l es t  way to accurat e l y  meas ur e  the l i qu i d  l eve l 

i s  w i th a si ght g l dss attached to the  s i de of a ca l i br ated tan k . Th i s  tec h ­

n i que i s  pract i ca l  whe n  t h e  rad i oact i v i ty of  t h e  l i qu i d  i s  l ow enough s o  

t h at personnel  c an wor k near t h e  t an k . H owever , when i so l ati on of t he pro­

ces s tan k i s  neces s ar y  because  of the ha zar do u s  l eve l of rad i oact i v i ty of 

the t an k  contents , the l i qu i d l evel sensor m ay be separ ated from the readout 
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i nstrument by severa l  wa l l s of concr ete . A common ·l y  u sed met hod  i n  th i s  

s i tuat i on i s  the d i ff erent i al pres s ure  gauge o r  l i qu i d  m anomet er .  Th i s  type 

of dev i ce may be i nterf aced w i th a can puter , i �  accur ate , and c an be 

i ns ta l l ed  i n  a centra l  co ntro l room . Thes e ad vant ages may make the  u s e  of 

t he d i ff erenti a l  pr ess ure gau ges most f a vorabl e ,  even when ot h er tech n i ques 

ar e f eas i b 1 e .  

D iff erent i a l  P res s ure G auge 

The d i ff erent i a l  pres s ure  gauge meas ur es the d i fference i n  hydrostat i c  

press ure b etween two pos i t i ons ,  one of wh i ch i s  i n  t h e  l i qu i d bei ng 

meas ur ed and the ot her i n  the vapor s pace d i rect l y  above the  l i qu i d .  

The d i ff erence i n  press ure d i v i ded by t he dens ity of t h e  l i qu i d  ( whi ch 

can be meas ur ed when the open i ng s  of bot h d i p  tubes ar e i n  the  w at er a 

f i x ed d i st ance apart ) i s  t he d i stance betw2en t he o peni ng of t h e  l ower 

d i p  tube an d the top of the l i qu i d  i n  the tan k .  The pr es s ure  s ensor 

can be a m anometer or a pr ess ure gau ge .  The o vera l l  error i n  meas ur i n g  

the l i qu i d  l eve l by the d i fferent i a l  pres s ure  tech n i que i s N 0 . 2% .  

T ime Danai  n Refl ectometry 

T ime dom a i n refl ectom et ry ( TOR ) i s  another techn i que f or rneas ur i  ng the  

1 i qu i d  l eve l .  ( 25 ) 

TOR i s  often referred to as a 11 c l os ed - l oop- radar " system . The sys tem 

o per ates by s end i ng a vo l tage pu l se down a transmi s s i on pro be wh i ch i s  

immer s ed i n  the l i qu i d .  W hen the  pu l se enco unters any dev i at i on i n  

im ped ance ( wh i ch i nc l udes the d i el ectri c constant of the  m ateri a l ) , 

such  as at the  vapor- l i qu i d  i nt erf ace , part of the i nc i dent pu l se i s  

refl ected back to t he s end i ng po i nt ,  wher e  i ts tr i p t ime and i ts am p l i -

tude at· e compar ed w i th  the  ori  g i na 1 pu 1 se . The amp 1 i tude of the 

recei ved pu l se i s  meas ured as the r at i o  of t he am p l i t u de of the refl ec­

ted s i gn a l  to the amp l i tude of the  transmi tted s i gn a l . Th i s  rat i o ,  

ca l l ed the  refl ec ti on coeffi c i ent , i s  a f unct i on of t he 
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d i -e l ectri c const ant of t he coaxi a l  l i n e i ns u l ator . The refl ecti on 

co - eff i c i ent of the T OR  probe m ay be d i s p l ayed on a CRT scr een as a 

parameter i n  the  1 1 Y1 1  d i recti on . A rapi d c h an ge i n  s l o pe al ong the  1 1 X 1 1  

a x i s corres ponds  to the po i nt of the l i qu i d-vapor i nterf ace on the TOR 

pro be .  The  l oc ati on of t he c h an ge i n  s l o pe i s  used to obtai n t he 

l i qu i d  l eve l i n  the tan k .  The aver age TOR i ns trument l i qu i d  l eve l 

r eso l u ti on i s  on t he order of 1 to 2 mm .  

The T OR  system i s  attract i ve for s af eguards  app l i cat i ons becaus e any 

tamperi ng w i th t he system ( e . g . ,  pl ac i ng a hol e i n  t he pro be 1 S outer 

co nducto� to g i ve a f al s e read i ng )  can be eas i l y  i dent i f i ed .  Advan ­

tages of t h e  T OR system are t h at it  c an be i nterf aced to "l computer and 

that the TOR pro be can be des i gn ed to g i ve temper at ure , pr·es s ur e ,  and 

l i qu i d l evel meas urements s im u l t aneou sly . 

I sotopi c D i l uti on/V ol ume Meas ur ements 

T he vo l ume of l i qu i d i n  a process t an k  c an be determi ned by add i ng a 

k nown amount of a s t ab l e  tracer i sotope ( 25 , 2 6 )  an d meas ur i ng a s amp l e 

of t he sol u ti on by m ass s pectrometry to determi ne t he concentr ati on of 

the  add i t i on .  

M as s  s pectrom et ry i s  u sed i n  t h i s  met hod to accurat e l y  det erm i ne the 

r at i o  of t he quanti ti es of i soto pes pr es ent i n  the S CIIlpl e ,  r ather t h an 
meas ur i ng the i r  absol ute quant i t i es .  

T9 meas ure the  i sotopi c d i l ut i on i n  the process sol uti on , a s ampl e i s  

wi thdr awn after the add i t i on i s  mad e  of a tr acer hav i ng a certa i n  i so-

topi c r ati o .  T h e  s ampl e is  then s p i ked wi th another i soto pe h av i ng a 

d i ff er ent i sotop i c rat i o fro� that of the tracer . The rat i os of the 

i s�to p es i n  the two so l u ti ons , before and after add i ti on of the s p i k ant 

to the  s o l ut i on , ar e used to det ermi ne the d i l ut i on f actor and to ca l ­

cu l ate t he vo l ume of process sol uti on .  
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A d i ff erence i n  vol um es between t he i soto pi c d i l u t i o n  tec h n i que and the 

d i ff er ent i a l  pres s ure met ho d  of 0 . 34% has  been report ed . ( 25 )  

M i s ce l l an eou s Bu l k  Meas urement Techni ques 

Other techn i ques for meas ur i ng the l eve l of l i qu i d  i n  a t an k  are :  

conducti v ity pro be ,  i nducti v ity pro be ,  res i s t an ce- wi re  el ements , u l tra­

son i c gauge an d capac i t i ve cont i nuo u s - l eve l tran s ducers . ( 6 , 24 )  

O t h er P os s i b l e Ana l yti ca l M et hods 

Mos t oth er an a l yti ca l techn i ques requ i r e  tre s epar at i on of z i rco n i um from 

t h e  so l u ti on becau se of i ts i nterf erence . The  separ at i on c an be c arri ed out 

by d i s so l v i ng the  un known so l uti on of f ue l  mat er i a l i n  hydroch l or i c ac i d  and 

r educ i ng the  ur an i um to u+4 an d p l uto n i um to P u +3 by u s i ng s u l f ur 

d i o xi de or hydrog l ami n .  PuF 3 and UF4 can be qu ant i tat i ve l y  prec i pi tat ed 

from th i s  s o l uti on l eav i ng beh i nd the ZrF4 i n  s o l ut i on by the add i t i on of 
hydrofl uori c ac i d .  A not her separ ati on met hod u s es an i on i te i on exchan g e  

res i n an d 8 M H c l  to quant i tat i ve l y s epar at e t h e  z i rcon i um from the ur an i um 

and p l utoni um fracti o ns whi ch are absor bed on the  r es i n .  D i s so l u ti on of 

ur an i um an d p l uto n i um i n  the pres ence of z i rco n i um i s  des cr i bed . ( 27 )  

B e si d es i soto pi c d i l u t i on m et hods , potenti al contro l l ed coul om etry may be 

u s ed to an a l yze  f or e l ement a l  ur an i um , ( 28 s 29 , 30 ) and p l uton i um . ( 28 , 30 ) 

I n  t h i s  m et hod i t  i s  necess ary to separ ate e i t h er t he urani um ( by Hexane 

extr act i on )  or p l uton i um (by an an i on exc h an ge met ho d ( 28 , 2 9 )  s o  the 

cou l ometry c an be performed w i t h  separ ate sol uti o ns .  The error i n  cou l ome 

try i s  0 . 3% to 0. 6% . 

Oth er met hods ( 31 )  f or an c l ��z i ng the  p l uton i um and ur an i um are the  p l uto­

ni um extracti on from a hot sol u ti on of TTA and r a d i om et ri c meas ur ement of 

p l uton i um by a l ph a  co unt i ng ( u s i ng pu l se he i ght an a l ys i s ) . ( 30 )  Thes e 

m et hods are n ot s u i tabl e because  t hey g i ve acc urac i es of about 3% . F or t h i s  
reas on i sotop i c d i l ut i on i s  the an a l yti ca l met ho d  that appe ars  to b e  bes t 

s u i ted f or p l utoni um and ur ani um s i n ce i t  enabl es both el emental  and i so­

top i c as s ays  i n  add i t i on to bur n u p . 
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C o n si d er ati o ns i n  t h e  Ana lys i s  of TMf - 2  F ue l  

( a ) E ff ects o f  I rrad i at i on on N DA Ana l ys i s .  There i s  no advers e  

eff ect of r ad i ati on on  NDA ana l ys i s  of separ ated s ampl es because  

of o -rad i at i on or neutron f l ux i n  the i rr ad i at ed m at er i al i s  u sed 

f or d etect i on and i de n t i fi c at i on . I f  the  r ad i ati on  l evel i n  i t  i s  

too h i gh ,  i t  can b e  d i m i n i s hed by t a k i ng o n l y  a sm al l sampl e for 

meas ur ements . 

( b ) E ff ect of R ac! i at i on on C hem i ca 1  Ana l ys i s .  The met hods  u s ed f or 

c h emi cal ana l y s i s -- t he i s otop i c d i l uti on of urani um and p l uton i um 

i nvo l ves l i qu i d-- l i qu i d  extr act i on procedures for pur i f i cat i on of 

t he s ampl e thereby e l i mi n ati ng  t he eff ects of rad i o acti ve impur i ­

t i es f rom d i rect mas s  i nt er f er ences and r educ i ng the  b i o l og i ca l  

ha z ard . T he si ze  of the  s ampl e c an b e  made very sma l l  ( s i nce  mass  

s pectrom etry needs  on l y  a feN m i cro gr ams of  sampl e on i ts i on i za-

ti on f i l ament ) so t h at any i nt erf eri ng, emi s s i ons  fran the  f i s s i on 

products can be reduced . 
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TRACK IN G S YSTE M  FOR TMI -2 RE COVE RE D F U EL 

I ntact and breached f ue l  com pon ents , d i s pers ed f ue l  mat er i a l ,  s ampl es and 

waste m ateri a l s  w i l l  a l l  have to be acco unted for and tracked u nt i l  f i na l  

an a l yses , r·eco very,  or  d i s pos i t i on has  been compl et ed . S i nce thes e var i ous  

e l ffile nts w i l l  be  d i s persed o ver a l ar ge geo graph i ca l  area and t ime s p an ,  

track i ng pres ents a com pl ex and d i ff i cu l t  s i tuat i on .  A met ho d  or ph i l os ophy 

m u st be estab l i s hed pri or to st art of the f ue l  reco very o per at i on .  

S ever a l  met hods ar e curr ent l y  bei ng emp l oyed i n  today • s acco un t ab i l i ty sys ­

tems f or f uel m ateri a l s  and components . E>ut unfort un atel y most of t h ese  

systems dea l mai n l y  wi th wel l char act er i zed m at er i a l s  and un i que f ue l  com-

ponents . Th i s ,  f or the  most part , w i l l  Jt be the c ase  for the  TMI - 2  core . 

Track i ng System 

Track i ng of the var i ou s  reco ver ed co re e l ements can bes t be accompl i s hed by 

u se of a fo l l ower c ard m et hodol ogy .  T he f o l l owi ng d i s cu s s i on out l i n es th i s  

met hod : F o l l CMer cards i n  the f orm of key punch data cards  are to be gen -· 

r ated , i n  dup l i c ate , f or each can i ster ,  c as k ,  drum or contai n er used f or 

co nt a i n i ng co re com pon ent m at er i a l s . Thes e cards wi l l  then be used o n  a 

computer systffil to gen er ate t he necess ary i nf o rm ati on and reports requ i red 

f or tr ack i ng and acco unt abi l i ty .  One car d i s  to be ma i nt a i ned at the cen­

tral  accountab i l ity center for TMI - 2  f uel and the  oth er c ard to r es i de w i t h  

t h e  co nt a i ner and i ts co nt ents . E ach t i me a co nt a i ner i s  moved , t he res i ­

d i ng co ntai n er f o l l ower c ard w i l l  accompany i t .  I f  t he contents of the con­

t a i ner ar e mod i f i ed ,  i . e . ,  s ampl ed , s p l i t ,  tran s f erred , et c , then new 

f o l l ower c ards w i l l  have to be gen er ated f or both the  accountab i l ity  center 

and the co nt a i ner refl ect i ng the mod i f i cat i on ,  and ent er ed i nt o  the TMI -2 

trac k i n g  sys t em .  
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F o l l ower C ard I nform ati on 

The f o l l ow er car ds s ho u l d co nt a i n i nform at i on on : Cont ai ner number , type of 

co ntai n er ,  core canponent number ( if ava i l abl e ) , s ampl e number ( if  app l i ­

cab l e ) , type of co re com pon ent ( i f ava i l ab l e ) , core s ector l ocat i on ( es t i ­

m ated ) ,  m ateri a l  form ( w hol e as s enbly , sector c utti ngs , l oose pe l l ets , 

was t e , et c ) ,  mat er i al type  ( ur an i um ,  p l uton i um if  pres ent ) ,  gross  wei ght , 

n et wei g ht , el an ent wei ght ( es t im ated ) ,  wei ght % i s oto pe ( es t imated ) ,  and 

i sotope we i ght ( es t i m at ed ) .  

Obv i ou s l y  a l l  th i s  i nform at i on cannot f i t  on a s i ng l e 80 s ector card s o  two 

or more c ards w i  1 1  h a ve to be used per co ntai ner .  

C ont a i ner I dent i f i cat i on 

Un i que co n t a i ner i dent i f i cat i on numbers wi l l  have to be as s i gn ed and perma­

nent l y  f i xed to each contai ner .  Th i s  number may a l l  too often be the  on l y  

physi ca l i dent i f i cat i on f or i nventoryi ng and track i ng co re mat er i al s .  Th i s  

number a l so s er ves as a key sorti ng i tem on t he keypunch c ards  for produc i ng 

i nventory an d mat er i a l co ntro l records . 

C ore M at eri a l  Transf ers 

Core  m at er i a l s  that ar e transf erred to var i ous f ac i l i t i es for an a l ys es , 

st udy ,  reco very , etc , s hou l d  be tracked as we l l .  E ach tr ansf er requ i r es 

documen t at i on to be prepar ed . The f o l l ow er cards wi l l  gr eat l y  ass i st i n  

th i s  eff ort by produc i ng i nform ati on f or t he document ati on and ai d as bac kup 

dat a f or the rec i p i ent . 

The ex i st ·i ng co nt a i ner fo l l ow er car d s ho u l d  accom pany the  s h i pment an d be 

mai ntai n ed wi th  t he core m at eri a l  un t i l  f i na l  d i s po s i ti on  i s  made . If the  

co re  m at er i a l becom es separ at ed from i ts ori gi na l  co nt a i ner , due  to  the need 

f or reu se of t h at co ntai n er ,  n ew f o l l ower cards s houl d be i ss ued del eti ng 

the co n t a i ner number . A new number i ng system shou l d  then  be  emp l oyed to  

hel p i dentify the  m at eri a l . D-53 



F i na l  D is pos i ti on of Fo l l ower C ards 

Whe n  f i na l  d i s pos i t i on of co re  mat er i a l  has been com pl et ed ( i . e . ,  s ent to 

buri a l  or permanent storage ) , t he co nta i n er fo l l ower c ard s hou l d be r et urned 

to the TMI -2 account abi l i ty cent er . Th i s w i l l  i nd i cat e t h e  m at er i a l  can now 

be remo ved from t he track i ng sys t em .  

Advant ages an d D i s ad vant ages 

As  wi t h  any system there ar e ad vant ages an d d i s advantages . Some of thes e 

w i l l  be d i s cu s sed . 

Advant ages 

The system i s  a s i mpl e m et ho d  f or track i ng mat er i a l  wher ever i t  
m ay r esi de . 

A l l  the  i nform at i on f or acco unt ab i l i ty r e qu i rem ents  i s  l i s ted i n  
one  l ocati on and easy to access . 

The res i d i ng co n t a i ner cards  a i d i n  )ac ku p i nform at i on f or the  
rec i pi ent of  t h e  m at eri a l . 

Dup l i cat i on of the  keypun ch cards i s  eas i i y  accom pl i s hed . 

Storage of t he k eypunch c ards re qu i r es mi n imal  s pace . 

U se of the k eypun c h  cards reduces trans cr i pt i on errors . 

D i s ad vant ages 

Orga n i zat i ons  rece 1 v 1 ng t h e  k eypun ch cards have a com pu t er system 
capabl e of i n putt i ng  t he c ar ds or i n putt i ng  t he d at a  manua l l y .  

The cards ar e frag i l e and eas i -l y  d amaged . 

T he c ards c an eas i l y become separ at ed or l os t  from t h e  s h i pment . 

Organ i zat i on s  hav i ng to  m ake  changes to t h e  cards  must have 
k eypunch i ng capab i l i ti es or empl oy a s erv i ce . 
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APPEND I X  l 

l OCFR70 . 5 l 
MATERIAL BALANCE , I NV ENTORY , AND 

RECORDS REQU I REMENTS 

[38  FR 33970, Dec. 10, 1973. as amended l!t 
40 FR 8792, Mar. 3, 1975; 43 FR 6925, Feb. 
21,  1 9781 

§ 70.44 Creditor regulations. 

< a >  Pursuant to section 184 of the 
Act. the Commission consents, v.1thout 
Individual application, to the creation 
of any mortgage, pledge, or other lien 
upon any special nuclear material, not 
owned by the United States, which is 
subject to licensing: Provided: 

( 1 )  That the rights of any creditor so 
secured may be exercised only in com­
pliance with and subject to the same 
requirements and restrictions as would 
apply to the licensee pursuant to the 
provisions of the license, the Atomic 
Energ:r Act of 1 954, as amended, and 
regulations issued by the Commission 
pursuant to said act; and 

< 2 >  That no creditor so secured may 
take possession of the special nudear 
material p ursuant to the provisions of 
this section prior to either the issu­
ance o f  a license by the Commission 
authorizing such possession or the 
transfer of a license pursuant to 
§ 70.36_ 

(b) Nothing contained LTl this section 
shall be deemed to affect the means of 
acquiring, or the priority of, any tax 
lien or other lien provided by law. 

<c) As used in this section, "creditor" 
includes, without implied limitation, 
the trustee under any mortgage, 
pledge, or lien on special nuclear mate­
rial made to secure any creditor, any 
tru�tee or receiver of the spec!Rl nucle­
ar material appointtd by a court of 
competent jurisdiction in any action 
brought for the benefit of any creditor 
secured by such mortgage, pledge, or 
lien, any purchaser of such special nu­
clear material at the sale thereof upon 
foreclosure of such mortgage, pledge, 
or lien or upon exercise of any power 
of sale contained therein. or any as­
signee of any such purchaser. 

(Sec.. 184. 68 Stat. 954. as amended; 42 
u.s.c. 2234 ) -
[32 FR 2563, Feb. 7, 1967, as amended at 35 
FR 1 H61, July 17, 1970] 

SPECIAL NucLEAR MATERIAL CONTROL, 
RECORDS, REPORTS AND lNSPECI'IONS 

§ 70.51 Material balance, inventory, and 
records requirements. 

(a) As used in this section: 
( 1 )  "Additions to material in proc­

ess" means receipts that are opened 
except for receipts opened only for 
sampling and subsequently maintained 
under tamper-safing, and opened 
sealed sources. 

< 2 >  "Enrichment category" for urani­
um-235 means high-enriched urani­
um-that uranium w-hose isotope con­
tent is 20 percent or more uranium-235 
by weight, and low-enriched urani­
um-that uranium whose isotope con­
tent is less than 20 percent uranium-
235 by weight. 

( 3 )  "Element" means uranium or 
plutonium. 

< 4 >  "Fissile isotope" means m urani­
um-233 or ( ii )  uranium-23 5  by enrich­
ment category. 

< 5 >  "Limit of error" means the un­
certainty component used in con­
structing a 95 percent confidence in­
terval associated with a quantity after 
any recognized bias has been eliminat­
ed or its effect accounted for. 

< 6 >  "Material balance" means a de­
termination of material unaccounted 
for < MUF> by subtracting ending in­
ventory <EI> plus removals < R )  from 
beginning inventory ' B I >  plus addi­
tions to inventory <A>. Mathematical­
ly, 

MUF=Bl + A -EI-R 
< 7 >  "Material in process" means any 

special nuciear material possessed by 
the licensee except in unopened re­
ceipts, sealed sources, and u�timate 
product maintJlined under tamper­
saf!ng. 

< 8 >  "Physical inventory" means de­
termination on a measured basis of 
the quantity of special nuclea.r materi­
al on hand at a given time. The meth­
ods of physical inventory and associat­
ed measurements v.-ill vary depending 
on the material to be inventoried and 
the process involved. 1 

< 9 >  "Removals from material in proc­
ess" includes measured quantities of 

' Criteria for physical Inventories are set 
out ln paragraph (f)  of this section. 
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special nuclear material d'-sposed of as 
discards, encapsulated as a sealed 
source, or in other ultimate product 
placed under tamper-safing or shipped 
offslte. 

< 1 0 )  "Tamper-safing" means the use 
of devices on containers or vaults in a 
manner and at a time that ensures a 
clear indication of any violation of the 
integrity of previously made measure­
ments of special nuclear material 
within the container or vault. 

< 1 1 >  "illtimate product" means any 
special nuclear material in the form of 
a product that would not be further 
processed at that licensed location. 

< 12 >  "Unopened receipts" means re­
ceipts not opened by the licensee, in­
cluding receipts of sealed sources, and 
receipts opened only for sampling and 
subsequently maintained under 
tamper-safing. 

(b)C l )  Each licensee shall keep rec­
ords showing the receipt, inventory 
(including loca.tlon>. disposal, acquisi­
tion, and transfer of all special nuclear 
material in his possession regardless of 
its origin or method of acquisition. 

( 2 )  Records which are required by 
the regulations in this part or by li­
cense condition shall be maintained 
for the period specified by the appro­
priate regulation or license condition. 
If a retention period Is not otherwise 
specified by regulation or l icense con­
dition, such records shall t-e main­
tained until the Commission autho­
rizes their disposition. 

< 3 >  Records of receipt, acquisition, or 
physical inventory, of special nuclear 
material which must be maintained 
pursuant to paragraph < b H l )  of this 
section shall be maint�ined � long as 
the licensee retains possession of the 
material and for five years following 
transfer of such material. REcords of 
inventory maintained to demonstrate 
compliance with paragraph 70.58Ch> 
shall be maintained for six months. 

(4) [Reserved] 
(5} Records of transfer of special nu­

clear material to other persons shall 
be maintained by the licens»e who 
transferred the material until the 
Commission authorizes their disposi­
tion. Records required by paragraph 
<e>< l >< v >  of this section shall be main­
tained for five years. 

< 6 >  Records of disposal of special nu­
clear material shall be maintained in 
accordance with § 20.40 l < c >  of this 
chapter. 

<c>  Each licensee who Is authorized 
to possess at any one time special nu­
clear material in a quantity exceeding 
one effective kilogram of special nucle­
ar material shall establish, maintain, 
and follow written material control 
and accounting procedures which are 
sufficient to enable the licensee to ac­
count for the special nuclear material 
in his possession under license. 

Cd) Except as required by paragraph 
<e> of this section, each llcensee who Is 
authorized to po<;sess at any one time 
and location special nuclear material 
in a quantity totaling more than 3 5 0  
gr ams  o f  contained uranium-235,  ura­
nium-233, or plutonium, or any combi­
nation thereof, shall conduct a physl- · 
Cll.l inventory of all special nuclear ma­
terial in his possession under license at 
intervals not to exceed twelve months. 

< e >  Effective May 6, 1 974, each li­
censee who Is authorized to possess at 
any one time special nuclear material 
in a quantity exceeding one effective 
kilogram of special Puclear material 
and to use such special nuclear materi­
al for activities other than those in­
volved in the operation of a nuclear re­
actor licensed pursuant to Part 50 of 
this chGpter or those involved in a 
waste disposal operation; 8.':' sealed 
sources; or ns reactor irradiated fuels 
involved in research, development, and 
evaluation programs in facilities other 
than irradiated fuel reprocessing 
plants, shall: 

< 1 > Maintain procedures which shall 
include: 

<D Procedures for tamper-sating con­
tainers or vaults contaiiling special nu­
clear material not in process, which in­
clude control of access to the devices 
and records of the date and time of ap­
plication of each device to a container 
or vault; unique Identification of each 
such item; inventory records showing 
the identity, location, and quantity of 
special nuclear material for all such 
items; and records of the source and 
disposition of all such items; 

<ii) Records of the quantities of spe­
cial nuclear material added to or re­
moved from the process; 

1 -2 



<liD Inventory records for the quan­
tity of special nuclear material in proc­
ess; 

< lv> Unique identification of items or 
containers containing special nuclear 
material in process; inventory records 
showing the identity, location, and 
quantity of special nuclear material 
for all such items; and records of the 
source and disposition of all such 
Items; 

<v> Documentation of all transfers 'lf 
special nuclear material b2tween mate­
rial balance areas to show identity and 
quantity of special nuclear rna tc ... i al 
transferred; 

<vD Requirements for authorized sig­
natures on each document for transfer 
of special nuclear material between 
material b alance areas; and 

<vii> Means for contrcl of and ac­
counting for internal transfer docu­
ments. 

( 2 )  0:;::� or before May 6, 1 974,  ana 
thereafter as necessary to c:;mply witn 
the requirements of paragraph < e ) ( 3 )  
of this section, perform a physical in­
ventory of all special nuclear material 
In his possession in compliance with 
the criteria for physical inventories set 
fort!> in paragraph ( f )  of this section. 

(3) Conduct physical inventories 
made in accordance with the criteria 
for physical inventories set forth in 
paragraph ( f )  of this section at inter­
vals determined from the start of the 
beginning inventory to the start of the 
ending inventory not to exceed: 

<I> 2 calendar munths for plutonium 
except for plutonium containing 80 
percent or mor� by weight of the iso­
tope Pu-238, uranium-233 and for ura­
nium enriched 20 percent m· more in 
t.he isotope uranium-235 <e xcept as 
provided in paragraph < e H 3 Kli >  o f  this 
section>; and 

<ID 6 calendar months for araruum 
enriched less than 20 percent in the 
Isotope uranium-235; for plutonium, 
U-23 3  and high-enriched uranium in 
that portion of an irradiated-fuel re­
processing pl!mt from the dissolver to 
the first vessel outside of the - -adiation 
shielded portion of the process; and 
for plutonium containing 80 percent 
or more by weight of the isotope Pu-
238; 
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( 4 )  Within 30 calendar days after the 
start of each ending physical inven­
tory required by paragraph < e > < 3 >  of 
this section: 

(!) Calculate, for the material bal­
ance interval terminated by that in­
ventory, the material unaccounted for 
<MUF) and Its assodated limit of error 
for each element and the fissile iso­
tope for uranium contained in materi­
al In process; 

< iD Reconcile and adjust the book 
record of quantity of element and fis­
sile Isotope, as a r· propriate, t-0 the re­
sults of the physical invent.Jry; 

OlD Complete and maintain for a 
period of five years material balance 
records for each material balance 
showt1g the quantity of element and 
fissile isotope, as appropriate, in each 
component of the material balance_ 
with the associated limlt of error lor 
the material tmaccounted for both in 
terms of absolute quantity of element 
and fissile isotope and relative to addi­
tions to or- removals from material in 
proces.o: for the interval, where results 
of l Lrnit of error calculations are re­
corded in sufficient detail to permit an 
eva1uation of sources of error. 

<lv> Complete and maintain for a 
period of five years a record summariz­
Ing th(' quar..titles of clement and fis­
sile isotope, as appropriate, for ending 
inventory of material in process, addi­
tions to material in process during the 
material balance interval and removals 
from the material in process during 
the material balance L.-.terval; and 

<v>  Complete a.!1d maintain for a 
period of five yea."S a record summariz­
ing the quantities of element and fis­
sile isotope, as appropriate, in unopen­
ed receipts < Including receipts opened 
only �or sampling and subs-e�uently 
malntamed under tamper-safing), and 
ultimate products mainta!r.ed under 
tamper-safing, o-:- ir. the form of sealed 
sources; 

< S >  Est'lblish and maintain a system 
of control and aco.:.Juntabllity svch 
that the limits of error for any materi­
al unaccounted for < MUF >  ascertained 
as a result of the material balances 
made pursuant to paragraph ( e )( 3 )  of 
tiL..; section do not exceed CD 200 
grams of plutonium or uranium-233, 
300 grams of high er..richec' uranium 



or uranium-235 coma.ined in high en­
riched uranium, or 9,000 grams of ura­
nium-235 contained in low enriched 
uranium, < ID those i imits specified in 
the following table, or < liD other limits 
authorized by the Commission pursu­
ant to paragraph < e >< 6 >  of this section: 

MalL rial 'l'Jtpe 

LlmU of Error 
o/ MUF on 
Anv Total 

Plant 
/nproceu 
MalLnal 
Balanu • 

Pn=nt 

Plutonium t!lement or uranlum-233 In a 
chemical reprocessing plant --·····-·········--·--·-- 1.0 

Un.nlum element and fls.sile Isotope In 11. re-
pr�lng plant.............................................. 0.7 

Plutonium element. uranlum-233, or hlgh 
t!nrlched uranium element and fissile iso-
tope-all other ................................................ 0.5 

Low�nrlched urs.nlum element and fls.sile 
lsotope-&11 other .................................. . _..... 0.5 
'A.s a percentAge of additions to or remova.ls from 

mat.ert&J In process, whichever � greater. 

Any licensee subject to this paragraph 
on December 6, 1 973,  who requests 
higher limits pursuant to paragraph 
( e ) ( 6 )  of this section at the time he 
submits his program description under 
the provisions of paragrapi1 ( g )  of this 
section is hereby authorized to operate 
at the higher l!m1ts until the applica­
tion for license or amendment has 
been finally determined by the Com­
mission; 

( 6 )  An applicant or a licensee subject 
to the requirements of paragraph < e >  
of this section may request limits 
higher than those specified in para­
graph ( e ) ( 5 )  of this section. The re­
quested higher limits shall be ba..o:;ed on 
considerations such as the type and 
complexity of process, the number of 
unit operations, process throughput 
quantities, process recycle qwm.t!ties, 
and the technology available and ap­
plicable to the control and accounting 
of the material in the process. The 
Commission will approve higher limits 
If the applicant demonstrates: 

( 1 )  That he has made reasonable ef­
forts and cannot meet the limits of 
error of MUF specified in paragraph 
<e>< 5 >  of this section; a.r.d 

(!1>  That he has 1n1tnted or will Ini­
tiate a program w achieve improve­
ments in his material control system 
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so as to meet the limits specified in 
paragraph < e > < 5 >  of this section. 

< f> Each licensee subject to the re­
quirements of paragraph < e >  of this 
section shall: 

< 1 >  Establish physical inventory pro­
cedures to assure that: 

( I )  The quantity of special nuclear 
material associated with each Item on 
inventory is a measw·ed value; 

C l i )  Each Item on inventory is listed 
and identified to assure that all items 
are listed and that no item is listed 
more than once; 

Oil> Cutoff procedures for transfers 
and processing are established so that 
all quantities are lnventoried and none 
are inventoried more than once; 

<tv> Cutoff procedures for records 
and reports are established so that all 
transfers for the inventory and mate­
rial balance interval and no others are 
included in the records; and 

<v> Upon completion of the Inven­
tory, all book and inventory records, 
both total plant and material balance 
area, are reconciled with and adjusted 
to the physical inventory. 

( 2 )  Establish Inventory procedures 
for sealed sources and containers or 
vaults containing special nuclear mate­
rial that provide for: 

<D Identiflcatlon and location of all 
such items; 

< lD Ve�ication of the Integrity of 
the tamper-s!iflng devices for such 
items; 

< liD Reverification of identity and 
quantity of contained special nuclear 
material for each item not tamper­
sated, or whose tamper-sating is found 
to have been compromised; 

(iV) Verification of the correctness of 
the inventory records of identity and 
location for all such items; and 

(v� Documentation in compliance 
with the requirements of paragraphs 
<f)( 2 )(1>, (11), < liD, and < tv> of this sec­
tion. 

C 3 >  Establish Inventory procedures 
for special nuclear msterial in process 
that provide for: 

m Measurement of all quantities not 
previously measured by the licensee 
for element and fissile isotope; and 

<i i>  For all material whose content of 
element and fissile isotope has been 
previously measured by the licensee 
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n uc l e a r  ope ra t i o n s  under the manageme n t  o f  the As s i s ta n t  Secre ta ry for 
N uc l e a r  E n e rgy , the Ass i s ta n t  S e c re ta ry for Re so urce A p p l i ca t i ons , the 
D i rector of E n e rgy Res e a rch , and the A s s i s ta n t  S ecretary fo r De fe n s e  
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CHAPTER I 

D E F I N I T I ONS 

I - 1  

1 .  ACCURACY of me asureme nt i nd i c ate s  the ag reeme nt between  the t rue val ue  a nd t t  
measured val ue . The  •• t ru e "  val ue  i s  cons i d e red to be t he best  obt a i n ab l e  
va l ue  a nd i s  a r r i ved at u s ual l y  by mul t i pl e  measu rement of st and a rd or 
refe rence materi al s .  

2 .  ALARM L IM I TS a re the  estab l i s hed val ue s fo r i nve ntory d i ffe rences  wh i c h  when  
exceeded req u i re  i mmed i ate act i o n  a nd repo r t i ng to the  cog n i za nt ope rat i ons  
offi c e  a nd t he Offi c e  of  S a feg u a rd s  and  Secur i ty (DP-30 ) .  For  proce s s i ng ,  
pr oduct i o n ,  a nd fab r i c at i on ope rat i on s ,  a l arm l i mi t s  wi l l  be estab l i s hed w i t h  
a 9 9  pe rce nt probab i l i ty. 

3 .  APPARENT LOSS i s  the i na b i l i ty to  l ocate  phys ica l l y  or  to othe rwi se account 
for :  

a .  Any i dent i f i ab l e  or d i scret e i t em  ( e . g . ,  batc h ,  l ot ,  o r  p i ece )  
conta i n i ng nuc l e ar  mat er i al . 

b .  An i 1 1ve ntory d i fference q ua nt i ty o f  nuc l ear mater i al where t he book 
i nventory i s  l arger tha n the phys i c al i nv e ntory by an amount  wh i c h  i s  i n  
exces s of the  estab l i shed al a rm l i mi t .  

4 .  BOOK I NVENTORY i s  t h e  amount  of mater i al  pre se nt a t  a g i ven  t i me as refl ected 
by  accounti ng records  such  as the general  and subs i d i ary l ed ge rs , i . e . , t he 
b eg i nn i ng p hys i c al i nve ntory  adj u sted for rece i pt s  and removal s fo r a g i ven  
repo rt i ng pe ri od . 

5 .  BULK MAl iR I ALS  a re mate ri al s i n  any phys ic al or chemi c al fo rm wh i c h  ar e not 
i dent i f i ab l e  as  d i sc rete  i tems and t h u s  must be  accounted fo r by we i g h t , 
vol ume , s ampl i ng ,  a nd chemi c al ana l ys i s  or nondestruct i ve anal ys i s. 

6 .  CATEGORY I QUANT I T I ES OF  SNM . 

a .  Ur an i um 235  ( c ont a i n ed i n  U r a n i um e nr i c hed to 20% or more i n  the  i sotope 
U-2 35 ) al one , or i n  combi nat i on wi th  Pl uton i um a nd/or  Uran i um 233 whe n  
(mu l t i pl � ng t he P l uto n i um a nd/ o r  Uran i um 2 3 3  content by 2 . 5 )  the  total i s  
5 , 000 grams or  mor e .  

b Pl uton i um a nd/or  Ur a n i um 233 when  the  Pl uto n i um a nd/o r Ur an i um 233  content 
i s  2 , 000 g rams  or  more . 

l - 9 
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a .  Uran i um 235  ( cont a i ned  i n  Uran i um enri ched to  20% or n ��re i n  the  i sotope 
U-23 5 )  a l one , or i n  c omb i na t i o n  wi th  P l uton i um a nd/or Ura n i um 233  whe n  
( mu l t i p l yi ng the  P l uton i um a nd/or U ran i um 2 3 3  content b y  2 . 5 )  the tot a l  
i s  1 , 000 to 4 , 99 9  gram s . 

b .  P l uto n i um and/or U ra n i um 2 33 wh en  the P l uto n i um and/or Uran i um 233  
content i s  400 grams  to 1 , 999  grams . 

B .  CATEGORY I I I  QUANT I T I E S OF SNM . 

a .  Uran i um 235  ( cont a i ned  i n  Uran i um e nr i ched t o  20% o r  more i n  the  i sotope 
U-235 ) when  the  tot a l  i s  1 gram to  9 9 9  grams . 

b .  P l uto n i um a nd/ or Uran i um 233  when  the  P l uto n i um and/or Uran i um 233  
co ntent i s  1 gram to  3 9 9  grams . 

c .  Comb i nat i o ns  of  P l uto n i um and/or Uran i um 233 wi th Uran i um 235  ( co nta i ned 
i n  Uran i um enr i ched to 20% or more i n  the i sotope U -235 )  when  the  
tota l  i s  l es s  than  1 , 000  g!ams and  the  P l uton i um and/or Uran i um 2 3 3  
content i s  l e s s  th a n  400  grams . 

d .  Ura n i um 235  cont a i ned i n  Uran i um enri c hed to  l es s  than 20% i n  t he  
i s oto pe U -235  i n  a l l q uant i t i es above . 99 gram s .  

9 .  CATEGORY I V  QUANT I T I ES OF SNM .  Reportab l e  q ua nt i t i e s  a nd above not covered 
by Categori es  I ,  I I ,  or I I I .  

1 0 .  CONF I RMATORY MEASUREMENT i s  a meas urement made to test  i f  some attr i b ute or  
c h a racteri st i c  o f  the  n uc l ear  mater i a l  i s  con s i s tent wi t h  the ex pec t ed 
res ponse  for that  mater i a l i f  no  c hange h a s  occ urred . A conf i rmatory 
mea s urement may i nc l ude go/ no- go , q ua l i tat i ve ,  s em i q ua nt i tat i ve ,  or  ver i f i ­
c a t i o n  meas urement s .  

1 1 . CONTROL L I M I TS a re the  e s tab l i shed val ues b eyond wh i ch any var i at i o n ,  i n  
t h i s ca se  i nventory d i ffere nce , i s  cons i dered to b e  an  i nd i ca t i o n  of  the  
presence of  an  a s s i gnab l e  c a u se , a nd t he v ar i at i on shou l d b e  i nve st i g ated . 
Control  l i m i t s  s hou l d u s u a l l y  b e  e stab l i shed wi th a 95 percent probab i l i ty 
and ca l l ed warn i ng l i m i t s , wh i l e  those  u s ua l l y  wi t h  a 99 perc ent probab i l i ty 
are ca l l ed a l a rm  l i m i t s .  

1 2 .  EQU I PMENT HOLDUP i s  an e s t i mated or mea s ured q u a nt i ty of n uc l ea r  mate r i al 
wh i ch adheres s o  tenac i o u s l y  to  t he equ i pment that i t  has  b ecome part of  the  
equi pment or  requ i res  s pe c i a l t r�atment to  remove .  

1 - 1 0  
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1 3 . FAC I L I TY i s  a g e ne r i c  term u sed to r efe r to an  i nteg ra l  nuc l ea r  mate ri al  
h a nd l i ng canpl ex , u sual l y  ope rated by a s i ng l e cont r actor . 

14 .  GRADED  SAFEGUARDS i s  a sys tem de s i g n ed  to pr ov i d e  va ryi ng deg rees of phys i c al 
pr otect i o n ,  a ccountab i l i ty,  a nd mat e r i a l  co ntrol  to d i ffe rent types ,  
qua nt i t i es ,  a nd  chemi c al compos i t i on ,  p h ys i c al form a nd i sotopi c  compo s i t i o n  
o f  S NM  c ons i s te nt wi t h  va ryi ng l eve l s of  att rac t i venes s and conven i ence to 
pos s i b l e  ad ve rs a r i e s .  

1 5 .  I N- PROCESS I NV ENTORY r efe rs to the qua nt i t y  of nuc l ear ma ter i al  prese nt i n  a 
fab r i c ati o n  or  pr oce ss l i ne ,  i n  proce s s i ng ve s sel s and mach i nes  at a ny 
spec i fi ed t ime . 

1 6 .  I NTERNAL CONTROL SYSTEM i s  a set of  adm i n i s t rat i v e a nd accoun t i ng po l i c i es 
and pr ocedu r e s  i mpl ement ed by a fac i l i ty i n  ord e r  to account fo r and ma i nt a i n  
control  of nuc l ea r  materi al . I t  i nc l udes  checks  and bal ances i n  the  d i v i s i on 
of  d ut i es so  des i gned that the work of  one  wi l l  serve to ve r i fy the work of 
a nothe r .  

17 . I NVENTORY D I FFERENCE I D  i s  the al geb ra i c  d i fference between the  nuc l ear 
mate r i al book i nventory B I ) a nd a phys i c a l  i nv entory  ( P I ) , i . e . , I D  = 

B I  - P I . 

18 . I RRAD I ATED MATER IAL r efe rs to nuc l e ar  mat er i a l wh i c h  has  b een exposed to 
rad i at i on , a s  from a nuc l ear reacto r ,  a nd a s  a consequence del i v er s  an 
external r ad i at i on dose rate wh i c h  req u i re s  s pe c i a l cont a i nme n t ,  h a nd l i ng ,  
and measureme nt procedu re s  b ecau se of the  pe net rat i ng rad i at i on l eve l s .  

19 . L IM I TS OF E R ROR  of a n  est imator T ,  a s  appl i ed to t h i s  d i rect i ve ,  i s  twi ce  the 
standard dev 1 at i o n  o f  T un l e s s  otherwi se st i p u l ated . 

20 . MATER I AL BALANCE AREA (MBA) i s  an i d e nt i f i ab l e  phys i c al area wh ere i n  the  
qua ntity of nuc l e ar mater i a l  be i ng moved i nto or  out i s  represe nted by a 
meas u r ed va 1 ue . 

2 1 . MATE R I AL CONTROL AND ACCOUNTAB I L I TY PLAN i s  a d eta i l ed desc r i pt i o n  of the 
requ i reme nts  for me a s ureme nt s ,  s t at i s t i c s ,  i nve nto ry, a nd the records and 
report s system a l l q uant i fi ed as  to prec i s i on a nd accuracy, a nd t imel i nes s .  
The p l a n  s hou l d  i nc l ude i nforma t i o n  about req u i red pr ograms fo r sc al es and 
bal a nces , c al i b rat i on ,  s ampl i ng ,  � nd s i mi l a r s ubjects  wh i ch a re e s se nt i a l to 
the estab l i s hme nt  of pe rfo rma nce s pec i fi c at i on s .  

2 2 .  MATER I AL CUSTOD IAN i s  a n  i nd i v i d ua l  as s i g ned respons i b i l i ty for the control 
of nuc l ear  mate r i al i n  a l oca l i zed a rea of a fac i l i ty. The l oca l i zed a rea 
s hou l d  be l i m i t ed ,  where pract i c al , t o  a s i ng l e mate r i al bal ance  a rea . 

1 - 1 1  
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23 .  MEASURED VALUE refe r s  to one or more qua nt i t at i ve or q ual i tat i ve 
ch aracter i s t i c s that have been dete rm i ned fo r a nuc l ea r  mater i a l i tem a nd 
i mpl i es a s soc i ated l i m i t s  of error . 

a .  The mea s u red val ue  may b e  qua nt i t i es o f  nuc l ear mat e r i al dete rmi ned by 
sampl i ng and ana l ys i s , we i gh t ,  vol ume dete rmi nat i on ,  n ondestruct i ve  
a s say, o r  ot her appropr i ate  means . 

b .  The mea s ured val u e  may b e  cal cu l ated on  the b as i s of a chem i ca l  
anal ys i s or  nond estruct i ve as say of  a represent at i ve s ampl e .  

c .  F o r  the purpose s of  th i s  d i rect i ve ,  a d i scret e ,  i de nt i f i ab l e i tem i s  
cons i de red to have a me asu red val ue  i f  pr ev i ou s l y  measured a nd i f  the 
i nteg r i ty of  the i tem ca n be a s su r ed accord i ng to procedur e s  
approved by t h e  cog n i za nt ope r at i o n s  offi c e .  

2 4 .  NONDESTRUCT I V E  ASSAY ( NDA) i s  a mea s u r eme nt techn i q ue wh i c h  c a n  prov i d e  
q ua nt i t at i ve or  conf i rmatory me asureme nts  of  nuc l ear ma ter i a l s  wi thout  
a l ter i ng  t he i r  chemi c al or phys i c al form . 

2 5 .  NUCLEAR MATE R I AL S  i s  a col l ect i ve te rm wh i c h  i n cl udes  al l mater i a l s 
des i gnated from t i me to  t i me by the S ecretary and  to wh i ch the p rov i ­
s i ons  of  th i s  d i rect i ve app l y .  ( F i gu re 1 con ta i ns a l i s t i ng  of  materi a l s 
cur rent l y d e s i gn ated a s  nuc l ea r  mater i a l s  and i nc l udes sou rce  ma te r i al � ) 

2 6 .  NUCLEAR MATE R I ALS  S URVEY refe rs to the  compr ehens i ve exami nat i on a nd 
eval uat i o n of t he effect i ve nes s of the  mate r i a l  contr ol and accounta­
b i l i ty of  n u c l ear mate r ia l s  Rt DOE contractor  fac i l i ti es .  

2 7 .  PREC I S I ON i s  a quant i t at i ve meas ure  of the  v a r i ab i l i ty of a set of 
r epeated mea surements  of a g i ve n  i tem .  

28 . PROCESS HOLDUP refe rs to nuc l ear  mater i a l  wh i c h ,  a l t hough phys i c a l l y  
i n s i de the proce s s  equ i pment , i s  part of t h e  fl ow a nd i s  s ubj ect  to 
c l eanout . 

29 . PROGRAMMAT I C  R E SPONS I B I L I TY refe rs to the  funct i o n  of cog n i za nt 
Headquarters  orga n i za t i o ns i n  sponso r i ng work i n  wh i c h  spe c i fi ed nuc l ear 
mater i al s are be i ng u sed . It i nc l udes pr i ma ry c ontract admi n i strat i ve 
r es pons i b i l i ty for such  prog rams i n  i nstances where  no ope rat i on s  
offi c e  h a s  respo n s i b i l i ty for t h e  t echn i c al d i rect i on o f  programs . 

30 . R EPORT I NG I DE NT I F I CATI O N  SYMBOL (R I S) c on s i s t s  of a u n i q ue  comb i nat i on 
of t hree or four l etters  wh ic h  are  a s s i gned to  each r epo rt i ng fac i l i ty 
by  t he Off i ce  of Safegua rds  and Secu r i t y  ( DP-30}  a nd/or the  N uc l ear 
Regu l atory Commi s s i o n  ( NRC )  for purpos e s  of  i d e nt i f i c_at i o ns i n  t he 
nuc l ear materi al s ma nagement data  base . 
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31 .  SAFEGUARDS  i s  an i nteg r ated s ystem of phys i c al protect i o n , a c countab i l i ty, 
and mater i a l  co ntr ol me asures  d e s i g n ed to dete r ,  pr eve nt , d et ect , a nd respond 
to  u n au t ho ri z ed pos se s s i o n  a nd u se of  s pec i a l nuc l ear mater i a l s .  I n  pr act i c e  
i t  i s  t he devel op� nt a nd app l i c at i o n of  t echn i q ue s  a nd pr oc ed u r es dea l i ng 
wi t h  t he e stab l i s hme nt and cont i nued ma i ntenance of a sys tem of  act i v i t i es 
i ncl u d i ng p hys i c al protect i o n ,  q u a nt i t at i ve ·knowl ed ge of  the  l oca t i on and use 
of s pec i al n uc l ear materi al s ,  a nd admi n i s t rat i ve contro l s a nd s urve i l l a nc e  to 
ass ur e t ha t  procedu r es a nd t ech n i q ue s  of the  sys tem are effect i ve a nd are 
bei ng ca r r i ed out .  Safeg ua rds  i n cl udes  the  t ime l y i nd i c at i o n  of po s s i b l e 
d i ve rs i o n  or  cred i b l e  a s s u r ances  by a ud i t s  a nd i nventory  ver i f i c at i on that  no 
d i v e r s i o n  ha s occur red . 

32 . SOURCE  MATER IAL r efe rs to ( a ) u ran i um ,  t ho r i um ,  o r  any other  mater i a l  
determi ned p u r s u a nt to the prov i s i o ns  of Sect i on 6 1  of  the  Atom i c  E nergy 
Act of 1 954 , as amended , to  be sou rce  mater i al ; or  ( b )  o res conta i n i ng 
one or mo re  of  t he fo rego i ng mate r i al s ,  i n  such  concent r at i on a s  may by 
regu l at i o n  be dete rmi ned from t ime to t i me ( see  F i gu r e  2 ) . 

· 

33 . SOURCE AND SPEC I AL ( SS)  MATER I ALS  ( Obso l ete term - see  nuc l ear  mater i a l s ) . 

34 . SPE C I AL NUCLEAR MATER IAL (SNM) me ans ( a )  pl uton i um .  u r a n i um e n r i ched i n  the 
i sotope 2 33 or i n  the i sotope 235 , a nd any other  mate r i a l  wh i c h ,  p u r s ua nt 
to t he prov i s i o ns of Sect i o n  5 1  of  the  Atomi c Energy Act of 1 9 54 ,  a s  amended , 
ha s b een determ i ned to be spec i a l nuc l ear  mater i a l , b u t  does  not i nc l ude 
sour c e  mater i a l ; or { b )  a ny ma ter i al art i fi c i al l y  e nr i c hed by a ny of the 
forego i ng ,  but d oes not i nc l ude source  mater i a l . 

35 . TAMPER  I ND I CATI NG DEV I CES  ( T I D s )  a r e  dev i ces  wh i ch m a y  b e  u sed  o n  cont a i ners 
and a r eas wh i c h , becau se of the i r  u n i q ue nes s i n  de s i gn or str uc t ur e ,  r eveal 
vi o l at i o ns of the i r  cont a i nme nt i nteg r i ty. T I Ds  i nc l ude sea l s ,  m�ch a n i sms , 
co nta i ners , a nd enc l os ures . 

36 . VER I F I CAT I ON MEASUREMENT i s  a q uant i t at i ve remeasureme nt to ve r i fy a n  
exi s t i ng me a s u r ed va l ue a s  pr evi ou s l y r ecorded . 

37 . WAR N I NG L IM I T  i s  a qua nt i ty l i m i t for i nventory d i ffere nces  wh i c h  when  
exceeded req u i r es i nvest i gat i on  and a ppropr i ate  act i o n .  For  proces s i ng ,  
prod uct i o n ,  a nd fab r i c at i on  ope r at i ons , wa rn i ng l i mi t s  w i l l  b e  estab l i shed 
wi t h  a 95 pe rcent probab i l i ty. 
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CHAPTER I I  

REQU I R EMENTS 

I I - 1  

1 . GENERAL . The nuc l ear prog r ams  at DOE l i cense-exempt  cont r ac tors  a re compl ex 
a nd va r i ed and t he s afegu a rd s  sys tems ( pa rt i cu l a r l y t he mater i a l  control  a nd 
acc ou n t ab i l i ty c omponen t s  of these  s a fegua rds s ys tems ) a r e  equa l l y  techn i c a l l y  
compl ex a nd va r i ed .  Th i s  Order  prov i des  req u i remen t s  fo r the  mate r i a l  co ntrol  
a nd ac countab i l i ty component s .  F a c i l i ty- s pe c i fi c  mater i a l contro l  and a ccounta ­
b i l i ty sys tems a re to be approved a t  the opera t i on s  off i ce  l e ve l . 

a . Al l nuc l ear mater i al s  ( NM )  s h al l be  cont rol l ed a nd account�d fo r a s  
r eq u i red by t h i s d i rect i ve .  A g raded mater i a l c o nt r ol a nd accountab i l i ty 
prog r am may b e  i mpl eme nt ed by ope rat i on s  off i c es u s i ng requ i rements  fo r 
Category I V  ( Fi g ure 2 )  a s  t he  m i n i mum for NM , oth er  than  SNM con s i s te n t  
wi t h  t h e  i nt r i n s i c val ue  a nd ope rat i onal  need s o f  the se mate ri a l s .  A 
gr aded ma te r i al control  a nd accountab i l i ty pr og r am s ha l l be impl ement ed as 
s pec i f i ed i n  th i s  d i rect i ve for s pec i a l nuc l ea r  ma ter i a l . 

b .  E ach  fac i l i ty shal l de s i gnate , fo r approval  by t he ope rat i o ns  offi ce  
ma nage r ,  a ma nageme nt offi c i a l who wi l l  be d i rect l y r e s pon s i b l e  fo r the  
cont ro l  of and account i ng fo r nuc l ear mater i a l . Th i s  offi c i a l shou l d be  
o rga n i zat io nal l y  i ndepe nde nt from pe rso ns respons i b l e  fo r pr og ram 
ope r at i o ns .  

c .  A ma te ri al control a nd accountab i l i ty pl a n  Jha l l be  devel oped fo r each 
fac i l i ty po s ses s i ng S M� ,  a pproved by t he cog n i z a nt ope r at i ons offi c e  wi th 
ch ange cont rol  al so  exe rci sed by t ha t  ope rat i o ns  off i c e ,  a nd s ubmi tted to 
t he Off i c e  of Safegua rd s  a nd Secu r i ty ( DP- 30 )  fo r rev i ew . The pl a n  shou l d 
refl ect req u i rements  fo r cont a i nme nt , s u rve i l l a nc e ,  i nternal contro l , 
me a s u r ement s ,  s t at i s t i c s ,  r ecords  a nd reports  sys tem , a nd i nventory 
cert i f i c at i on ( s ) , i n  the  context of  qua nt i tat i ve l y how prec i se l y i s  the 
i nventory ·k nown at stated r i sks  or confi dence l eve l s .  I t  s hou l d  i nc l ude  
s uch  det a i l s  a s  prog r ams fo r s ca l e s  a nd bal ance s , c a l i b r at i o n and  s ampl i ng 
p rec i s i on constra i nt s , a nd val i d at i on procedur e s .  The el eme nts  of t h i s 
p l a n  s hou l d  be treated i nd i v i d u a l l y  a nd i n  a co l l ect i ve sense . 

d .  Each  fac i l i ty shal l h ave , a nd r eq u i re  compl i an ce  wi t h , o ne or more cur rent 
proced u r e  d i rect i ve ( s )  i mp l ement i ng i t s  mate r i a l  cont ro l  and accounta­
b i l i ty p l an  cove r i ng i n  spec i fi c  deta i l  i t s nuc l ea r  mate r i a l  co ntrol  a nd 
ac countab i l i ty act i v i t i es .  These  pr ocedures  s h a l l �e a pp ropr i atel y 
i nte rfaced w i t h  the  phys i c a l p rotec t i on a nd secu r i ty r eq u i rements  of the  
DOE 5632 ser i e s  to provi de the necess a ry effe c t i ve  i n teqrated s a feguards 
sys tem . F u rthe r ,  t he se proced u r e s  s hou l d  be deve l oped w i th  cons i derat i on 
of hea l t h ,  s a fety, a nd env i r onme nt . The fac i l i ty proced u r e  d i rect i ve ( s )  
m u s t  b e  approved by t he cog n i za nt ope r at i ons offi c e  pr i o r  to  i t s ( o r  
t he i r )  i mpl eme ntat i o n .  
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e .  C u stod i ans  and �and l e rs of spec i a l nuc l ear  ma ter i a l sha l l rece i ve 
i n i t i al a nd  pe r i od i c ( at l ea st  annua l ) t ra i n i ng on  the i r  dut i es ,  
res pons i b i l i t i e s ,  a nd obl i ga t i on s . 

f. Annua l l y, by December 1 ,  eac h  ope rat i on s  off i ce  ma nager  sha l l 
a report to t he Under  Secretary,  wi t r1 c op i es to t he As s i stant 
Sec retary fo r De fense  P r og rams , t he I n s pector  GeneYal , out l ay 
ma nage rs ,  a nd the  D i rect o r  of S a fegua rd s  a nd Secur i ty ,  o n  t he 
of s afegua rds and secur i ty of S NM under  t he i r  respons i b i l i ty.  
r eport s hou l d  i n cl ude , a t  a m i n i mum : 

( 1 )  Impr oveme nt s  ac h i e ved i n  t he pr i o r 1 2  �Jnt hs ; 

s ubmi t 

prog r am 
st ate 
Th i s  

( 2 )  Known d ef i c i enc i e s fo r wh i c h  budget funds have been a p p r op r i a �ed 
and t he statu s of c orrect i ve act i o n ;  

( 3 )  P l a nned impr ovements  wh i c h  h av e  not yet b een pl aced i n  the  budget 
cyc l e ;  

( 4 )  A s umma ry o f  the manager ' s  a s s e s sment of cur rent capab i l i t i e s of 
each fac i l i ty to meet i dent i fi ed s a fegua rd s  and secu r i ty requ i re­
ment s ,  i nc l ud i n g r e s i dua l  v u l nerab i l i t i e s ,  a nd 

( 5 ) Suggested 0c t i v i t i es t hat  Head qua rters  cou l d  undertake that 
wou l d  a s s i s t manag e r s  i n  meet i ng t he i r  respons i b i l i t i e s . 

2 .  ACCOUNTAB I L I TY .  

a .  Opera t i o ns off i c es and fac i l i t i es s h a l l e stab l i s h and fo l l ow a 
gr aded s a fegua rd s  prog ram fo r S NM .  Gr aded s a fegua rds i s  the 
concept of  pr ov i d i ng the  greatest rel a t i ve  amount  of control  and 
effort to that  S NM \'lh i c h  i s  most effect i ve l y used i n  a nuc 1 ear 
exp l os i ve dev i c e .  Th i s  means  that p l u t on i um-2 39 ,  u ran i u� ( > 20% 
U-235 } , a nd u r an i um-2 33 , i n  the  fo rm of metal  and ci.XTipOu:1d !;­
s hou l d  rec e i ve mo re str i ngent cont ro l s t ha n  s pec i al nuc l ear 
mate ri al t ha t  must be pr oce s sed , t r a nsmuted , o r  en r i ched to 
make it u seab l e  i n  an  exp l os i ve dev i c e .  �i ate r i a l  i n  the ma�. t  
useab l e  fo rm mu st  be  i nve nto r i ed frequent l y , p l aced u nder  t he  
t i ghtest admi n i st r at i ve co ntrol : ,  a nd ,  a ccord i ng to  DOE  5632  
ser i es  r eq u i reme nt s ,  mu st  be  subj ect  to  the  most  str i ngent 
phys i c al p r ot ect i ve mea s ur es . A c at eg o r i z a t i o n  fo r t he g r ad ed 
program fo r nuc l ear mater i al s ,  by ma t er i a l  ba l ance  a rea , i s  shown i n  F i g ure l .  F i g u re 2 shows the  m i n i mum req u i reme n ts 
for each c ategory. A r e l a t i ve  ord e r  of attrac t i vene s s  of 
s pec i fi c  fabr i c ated mater i al fo rms a nd the  categor i zat i on of 
t hese  fabr i c at ed mater i al s s h al l be a pa rt  of the  fac i l i ty 
procedu r e  d 4 rect i ve ( s )  wh i c h  i s  { a re ) a pproved by t he cogn i zant 
operat i ons offi c e .  

1 - 1 5  
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The fo l l owi ng f i g u r e  s hows the  name a nd repo rtab l e  qua nt i t i es of nuc l ear mater i al s .  

Ot he r 
Name of Nuc l ear Repo rtab l e  
Mater i a l Mater i a l s S NM Source  Quant i t i es 

Depl eted U r a n i um X K i l ogram 
En r i ched Ur a n i um X l.l r am 
P l uto n i um- 242 X Gram 
Ame r i c i um- 24 1  X Gram 
.Ame r i c i um- 243 X Gram 
Cur i um X Gram 
B e rke l i um X M i c rog ram 
Ca l i fo r n i um X M i c rogram 
P l ut o n i um 2 39 - 241  X Gram 
L i th i um- 6 X K i l og ram 
Ur a n i um- 233  X Gram 
No rma 1 Ur an i um X K i l og ram 
Nept un i um- 2 3 7  X Gram 
P l uto n i u rn- 2 38 X Gram/tenth 
Deut e r i urr; X K i l ogram/tenth 
Tr i t i um X Gram/hund redth  
Tho r i um X K i l ogram 

Ch anges  to t h i s fi g u r e  w i l l  be  made as  appropr i at e .  

F i g u re l 
Reportab l e  Nuc l ear  Mater i al s 
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Category 

Mater i al 

Pu 

U- 2 33 

U- 2 35 (� 2 0% )  

Al l Ot her  SNM 

Sou r ce a nd Ot he r  
Nuc l e ar Mater i al s 

IA  
( F i g .  4 

l i nes 1 - 1 1 )  

� 2 Kg 

� 2 Kg 

� 5 Kg 

Comments on Fi gure 2 :  

I B  
( F i g .  4 

l i nes  1 2- 2 4 )  

> 2 Kg 

> 2 Kg 

> 5 Kg 

I I  

4 00- 1 ' 9 99g 

400- 1 , 999g 

1 - 4 . 999 Kg 

I I I 

1 - 3 99g 

1 - 399g 

1- 999g 

DOE 5630 2 
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I V  

REportab l e  
Q Jant i t i es 
and above 

Reportab l e  
Quant i t i es 
a nd above 

1 .  When refe rence  i s  made to Category I mater i a l , both C ategor i es I A  a nd I B  
a r e  t o  b e  i nc l uded . 

2 .  Refer to DEF I N I T I ONS for q�ant i t i es o r  mi xt ures . 

Fi gure 2 
Materi a l  Control and Accountabi l i ty 
Categori zati on o f  N ucl ear Ma teri al  

1 - 1 7  
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Meas u rement  DOE  
Category I nve nto ry & Stat i s t i c a l  Sur vey 

( See  F i gure  2) Frequency Control  P rogr am s  Frequency 

IA Da i l y  & B imonth l y Yes Year l y 

I B  B i mont h l y Yes  Year l y 

I I  Semi annua l  Ye s Ye ar l y 

I I I An nua l  Ye s Year l y 

I V  An nual  No B i en n i al 

Corrrne n ts on  F i g ure 3 :  

1 .  A da i l y  i nve ntory i s  an admi n i st r a t i ve dete rmi nat i o n  that  no  g ros s 
i r reg u l a r i t i e s  appea r  to ex i s t ,  n o  i tems are  obv i ou s l y m i s s i ng ,  a nd t he re i s  
no i nd i c at i o n  that  tampe r i ng h a s  occur red . 

2 .  Deta i l ed i nventory pr oced u r e s  fo r S NM s hou l d  be Jevel oped t o  m 1 n 1 m 1 ze o r  
e l i m i nate unneces s a ry r ad i at i on expo s u re t o  pe rsonG9 1 . Yhere  the  i nteg r i ty of  
cont a i nme nt c a n  b e  a s s u r ed ,  d a i l y , b i month l y, a nd s em i annua l  i nventory steps  
wh i c h  wi l l  neces sa r i l y  r es � 1 t in  rad i at i on expo s u re  to  pe rsonne l  may b e  
exte nded t o  an nu a l . H i gh l y r ad i oact i ve mate r i a l  ( > 100 r ems pe r hour a t  one 
mete r from a n  un s h i e l ded s ur fa c e )  i s  exempt from the i nventory r eq u i rements  of 
th i s  d i r ect i ve ;  i ns tead , ��Jk records  wi l l  s u ff i c e  supp l emented by observat i o n , 
a s  fe as i b l e ,  a nd phys i c a l  cont a i nment  a nd admi n i s t rat i "e contro l s .  Al so  see  
page  I I - 1 2 ,  paragraph  6 ,  I nventory e nd Cont r ol , fo r add i t i ona l  expl anat i ons of  
pe rmi s s i b l e  pr act i ces .  

3 .  L a rge  through put s ,  p roce s s  cont ro l s ,  o r  othe r con s i d e r a t i ons  may r equ i r e  
ope rat i o ns offi c e  ma nag e r s  to pr ess r i be more  fr eq uent i nvento r i es .  

4 .  Nuc l ear ma te r i a l s u rveys s hou l d  i n c l ude  an eval u a t i on  of  cont r acto r nuc l ea r  
mate r i al control a nd accoun t ab i l i ty pr act i ce s  a nd pe rfo rma nce i n  compl yi n g  
wi t h  DOE r eq u i r eme nt s .  

5 .  B i mo nt hl y me ans once eve ry 2 mont h s .  

Fi g u re 3 

M i n i mum G r ad ed Nuc l e ar M ate r i a l  P r og r am Requ i reme n t s  

1 - 1 8  
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Category IA  Mater i a l 

1 .  As semb l ed P l uton i um ( P U* o r  U- 2 33 )  Weapo n s  Compo nent s .  
2 .  As semb l ed  U-235  Heapo n s  C an ponent s .  
3 .  Pu* o r  U-233  Mac h i ned Weapo n s  P a rt s .  
4 .  U - 235 Mac h i ned Weapo n s  Pa rt s .  
5 .  Pu* Metal  ( buttons , r od s , p i eces ) . 
6 .  U -233  Metal . 7 .  U.,.235  t�eta 1 .  
8 .  Pu* Ox i de s . 
9 .  U- 2 33 Ox i de s . 

1 0 .  U -235  Ox i de s . 
1 1 .  U-2 35  Carb i d e s .  

Categ ory I B  Mate r i a l  

1 2 .  Pu- 2 38 Oxi de  or Meta l . 
1 3 .  Ni trate  Crys tal s a nd N i t r ate  So l ut i o ns of Pu , U -233 , a nd U - 235 .  

DO E  5630 . 2 
8 - 2 1 - 80 

1 4 .  P u , U - 233 , a nd U-235  So l ut i ons  other  than  Ni trate . 
1 5 .  Compound s of Pu , U - 2 3 3 , a nd U-235  other  than  those l i sted i n  i t ems 8- 1 2  

above . 
1 6 .  Pu  Al l oys or Oxi d e , Carb i de or N i t r i de M i xt ur e s .  
1 7 .  U- 2 33 Al l oys or Ox i d e ,  Ca rb i de or Ni t r i de M i xt ures . 
18 . U-2 3 5  Al l oys or  Ox i d e ,  Ca rb i de or Ni tr i de M i xt ures . 
1 9 .  Pu  Fue l  E l ement s and As semb l i es .  
2 0 .  U-233  Fuel  E l ements a nd As semb l i es .  
2 1 .  U-235  Fuel  E l eme nt s a nd As semb l i es .  
2 2 .  P u ,  U-2 3 3 ,  a nd  U-235  H i gh- G r ad e  Recoverab l e  Sc rap .  
23 .  P u , U-233 , and U-2 3 5  i n  I r r ad i ated Forms . 
24 .  P u , U-233 , a nd U-2 3 5  Low- Gr ad e  Recove rab l e  Sc rap ( P roce s s  R e s i d ue s ) . 

*Exc l u d i ng P u-238 a nd P - 2 42 

Fi gure 4 

Exampl e R a n k i ng of SNM Accord i ng t o  
Pos s i b l e Att r ac t i veness  for Di ve r s i on 
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b .  Each  fac i l i ty s h a l l ma i nt a i n  read i l y  r et r i evab l e accountab i l i ty d ata  
by mater i al bal a nc e  a r ea ( MBA) wh i c h  refl ect s the  qua nt i t i es o f  NM  wh i c h  
have been rece i ved , s h i p ped , o r  otherwi se renoved from t he MBA a nd 
rema i n i ng q ua nt i t i es o n  i nve ntory wi t h  entr i es c apab l e  of  b ei ng u pdated 
o n  a frequency a s  spec i fi ed i n  the fo l l owi ng s c hed u l e :  

( 1 )  For Category  I A  q ua nt i t i es - da i l y. 

( 2 )  For Category  I B  q ua nt i t i es and a l l ot he r NM - at  l ea s t  monthl y.  

c .  Each fac i l i ty s ha l l e stab l i s h mate r i a l  bal a nc e  a rea s ( MBAs ) i n  the  
sect i o n s  of the fac i l i ty wh e r e  NM a re h and l ed a nd id e nt i fy a nd d e sc r i b e 
s uch  area s and t he i r  funct i o ns i n  the  fac i l i ty• s mate r i a l  control  a nd 
accountab i l i ty d i rect i ve ( s ) . I n  general , mater i al ba l a nc e  areas  sha l l 
meet two cr i te r i a :  

( 1 )  One i nd i v i d u a l  i n  eac h  MBA s hal l be respon s i b l e  fo r a s s ur i ng that  al l 
mater i al control a nd accountab i l i ty po l i c i es are  i mp l ene nt ed 
i n  that MBA ;  a nd 

( 2 )  E ach MBA s ha l l u s ua l l y  c onfo rm to the  s i ng l e  geog r aph i c al area 
co ncept a nd be a n  i ntegral ope rat i on .  If seve ral geograph i c al areas 
a re to be  i nc l uded i n  one MBA ,  a l l of these a reas  m u s t  be under  the  
adm i n i st r at i ve control  of the  same i nd i v i d ua l  and  t he act i v i ty i n  
a l l of t he se a reas  mu st  be  as soc i at ed wi th  a n  i nteg r al operat i on .  

d .  I f  the  i sotope content o f  SNM ( ex c l ud i ng u r a n i um e n r i c h ed bel ow 20 percent 
U-2 3 5 )  t r a ns ferred between mater i a l  bal a nce  areas  i s  50  g rams or more , the  
t ransfe r  must b e  me a s u red , or  a conf i rmatory mea s ureme nt mad e ,  by the  
rece i ve r .  Except i o ns : Tr a n s fers  of SNM wh i c h  ( 1 ) a r e  t ampe r- s a fed ; (2 ) con s i st of a s semb l ed compo nent s wi th  SNM component s wh i c h  are  not 
phys i ca l l y  read i l y acce ss i b l e ;  or  ( 3 ) a re sent t o  l ab c;- �tor i es for a na l ­
ys i s  o r  exami nat i o n a nd ret u r n  wi t h i n  7 2  hour s under  cond i t i ons  wh i c h  
pr ov i de adequate  i nt e rna l  control s to ma i nt a i n  a cont i nuou s  awa renes s of 
the l ocat i on and i nteg r i ty of the SNM unt i l  i t  i s  ret urned . 

e .  Afte r  obt a i n i ng ope rat i ons  offi c e  approva l  fo r the  procedure s  to be u sed , 
each fac i l i ty sha l l i mp l ene nt pr ocedures  fo r ev a l ua t i ng SNM i nventory 
d i ffe rences ( I D s ) . The procedures  s hal l estab l i sh cont r ol l i m i t s ,  r equ i re 
fo l l ow- u p  i nv e st i ga t i on s  whe n  these l im i t s  are exceed ed , a nd requi re 
st at i st i c al tests  fo r tr ends and b i as .  Al a rm l im i t s  a nd wa r n i n g  l im i t s  
a r e  t o  b e  c l a s s i f i ed i n  accord ance wi th  CG-S-1 , .. C l a s s i f i c at i on G u i de  fo r 
Sa feg ua rd s  I n fo rma t i o n  . .. The l ocal  c l a s s i fi c at i on offi c e r  s hou l d be 
consu l t ed concer n i ng t he c l as s i f i c at i on of i nfo rma t i o n  u sed i n  estab l i s h­
i ng t hose  l i m it s .  The l evel  of i nv e s t i ga t i o n  req u i r ed a nd the  a s s i gnment 
of r es pons i b i l i ty i n  the  i mp l ene ntat i o n  wou l d  depe nd o n  the  mate r i a l  
i nvo l ved and the  magn i tude  of  the  i nventory d i ffe rence . S i m i l ar or 
mod i fi ed req u i reme nts  of  t h i s  natur e  at t he opt i o n  of the ope rat i ons  
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offi c e  ma nage r may b e  req ui r ed for othe r ma ter i a l s l i st ed i n  t he chart of 
reportab l e  nuc l ear ma ter i a l s .  The proced u r e s  fo r determi n i ng the control 
l i m i t s  s ha l l be b ased on one or more of the fo l l owi ng : p ropag at i on of 
me asureme nt uncert ai nt i es a nd rel ated v a r i ab i l i t i e s ,  ma te r i a l  fl ow s imul a­
t i on model i ng ,  or any o t h e r  approved techn i q ue wh i c h  i s  b a sed on sound 
s tat i st i c al t heory a nd pr act i c e .  H i sto r i c al d a t a  ma y b e  u s ed a l one a s  a n  
i nte r i m  me asure  unt i l l i mi t s  c a n  b e  es tab l i s hed a s  ou t l i ned abov e .  

f .  T h e  report i ng a nd i nve s t i ga t i on o f  I Ds not i nvo l v i ng a s pec i fi c i tem,  
wh ic h  must  be  i n  confo rma nce wi th  ex i st i ng c l a s s i f i c at i on g u i d a nc e, 
wi l l  b e  a s  fo l l ows : 

( 1 ) I D s  i n  E xces s  af Warn i ng L i m i t s  but L e s s  than  Al a rm L i m i t s .  

( a ) For Category I a nd Category I I  mater i a l s ,  t h e  I D  s ha l l be 
repo rted pr0mpt l y to the cog n i z a nt ope rat i on s  offi ce  �a nager , 
and s h al l b e  i nv e s t i gated immed i atel y. I f  the  i nv e s t i gat i on s ,do 
not re s u l t i n  a s at i s factory a nd compat i b l e exp l a nat i on wi th i n  
10 days , t he I D  s ha l l be repo rted to the  approp r i ate Head­
qua rters  ( HQ )  prog r am orga n i zat i o n , a r.d to  the Off i ce of 
Safegua rd s  a nd Secu r i ty, HQ , who wi l l  pr ov i d e  cop i es  to other 
conc e r ned HQ o rg a n i zat i o ns , a nd throu gh the  A s s i s tant Secretary 
for Defense  P r og r ams to the Und e r  Secret a ry a nd t he I n s pector 
Gener al . I f  the I D  i s  an und e rage/ " l os s "  a nd i f  t he i nvest i ga­
t i on prov i d e s a ba s i s fo r conc l ud i ng that  t heft o� d i ve r s i o n  has  
take n pl ace ,  t he ope r at i on s  offi ce  shou l d pr omptl y not ,- v the 
l ocal  Fec e ra l  B u r eau  of  I nve st i ga t i on ( FB I ) . 

( b ) For ot he r SW.1 ,  t he I D  s hal l be repo rted pr ompt l y to the 
cog n i z a nt ope rat i o n s  offi c e  and i nvest i g a ted pr omptl y by 
the cont r ac to r .  

( 2 )  I Ds i n  Excess  of Al a rm L im i t s .  

( a ) For Category I a nd Category I I  mater i al s , t he I D  s hal l be 
report ed immed i atel y to the cog n i z a nt ope rat i on s  offi c e  manager 
who w i l l  repo r t  i t  i mmed i atel y to t he Off i c e  of S a fegu a rd s  and 
Secur i ty ,  HQ , to the appropr i ate Headqua rters  o rg a n i zat i ons , a nd 
to the  F B I  ( i n  the c ase of underage/ " l os s , " not  ove rage/ga i n ) .  
The I D  s hal l b e  i nv e s t i gated immed i atel y. The Offi c e  of Safe­
gua rds and Secur i ty wi l l  prov i de cop i e s  of t he  r eport  to the 
Under  Secret a ry ,  t he I n s pector General , a nd othe r concer ned HQ 
orga n i zat i o ns . 

{ b )  For ot her  SNM , t he I D  sha l l be  reported immed i atel y t o  t he  
cog n i z a nt ope rat i ons  offi c e  ma nag e r .  The I D  sha l l be  i nvest i ­
gated promptl y b y  t h e  cont rac to r .  
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( 3 )  I D s  I nvo l v i ng a M i s s i ng I t em of  SNM . 

For any I D  i nvo l v i ng a m i s s i ng i t em of S NM , t he m i s s i ng i tem s ha l l 
b e  i nvest i gated i mmed i at el y a nd repo rted to  t h e  cog n i zant operat i o ns 
offi c e  at onc e .  The Off i c e  o f  Safeg u a rd s  a n d  Secu r i ty ( DP- 30 ) , t h e  
appropr i ate  Headquarters  org a n i zat i o ns , a nd  t he  F B I  s h a l l b e  i n­
fo rmed i mmed i atel y of  any i nd i c at i on of t he ft or  of pos s i b l e  danger  
to heal t h  and s afety of  the  pub l i c ,  a nd i n  a ny c ase  wi th i n  24  hou r s  
i f  t he m i s s i ng  i tem i s  not fou nd . The Off i c e  o f  S a fegua rds  and 
Sec ur i ty wi l l  prov i d e cop i e s to the  Under Sec reta ry { through the  
As s i stant  Secreta ry fo r Defen se P rog rams } .  t he I n s pector  Genera l , 
and ot he r concerned HQ o rga n i zat i o ns . 

3 .  MEASUREMENT AND STAT I S T I CAL CONTROL PROGRAMS . 

a .  Each  fac i l i ty sha l l estab l i s h and ma i nt a i n  approp r i ate me as urene nt 
prog r am ( s )  fo r a l l SNM . The ac cur acy a nd p rec i s i o n of the  va r i ou s tech­
n i q ue s  sha l 1 be cons i s ten L  �vi t h  a g raded s a fegua rds sys t em .  Where  
r eq u i r ed a nd/o r  as appropr i at e ,  ver i fi c at i on or c on f i nna tory mea s ureme n t s  
may b e  made u s i ng N DA or ot he r ac cE:pted me a s ur eme nt method s .  A meas ure­
me nt prog r am fo r othe r nuc l ear ma ter i a l s  may b e  conducted wh ere  neces sa ry 
to  as s ur e  adequate accountab i l i ty c on s i ste nt wi t h  ope rat i o na l  need s  and 
t he i ntr i n s i c va l ue of these ma te r i a l s .  

b .  Each  fac i l i ty sha l l i mpl eme nt me a s u reme nt contr ol pr og rams fo r a l l 
mea s u r eme nt sys tems u sed fo r the  accountab i 1 i ty of  S Ni� . These pr ograms  
s h a l l be cons i stent wi th  a g r aded safegua rds sys tem a nd s ha l l be ref�r­
enceab l e  to and val i dated by a nat i onal  mea s ur eme nt s  a�d s tanda rd s  
prog r am , where  pract i c ab l e ,  a nd sha l l i nc l ude : 

{ 1 )  Sc a l e  and Ba l ance Progra� .  Al l s ca l e s  a nd ba l ances sha l l be 
ma i nt a i ned i n  good work i ng cond i t i o n and c a l i b r ated pur s uant to an 
e stab l i shed control  prog ram . 

( 2 )  Ana l yti ca l  Qual i ty Cont ro l  Program . Data  from rout i r 1e  tes �. i ng s ha l l 
be  anal yzed stat i st i ca l l y  to  dete rmi ne and ma i nt a i n  accur acy a nd 
pr ec i s i on  of t he methods . 

( 3 )  Sampl e Var i ab i l i ty Cont ro l  P rogram . The uncert a i nty ( v a r i ance ) 
a s soci at ed wi th  each sampl i ng method s h a l l be  determi ned , mi n imi zed ,  
and ma i nt a i n ed on a cur rent b a s i s .  

( 4 )  Cont rol  P rogram for Vol ume , Temperat u r e , and  Press ure  Meas u rement s .  
The prec i s i o n and accu r acy  of vol ume , t emperatur e ,  a nd p ressure  
determi nat i o ns shal l be  obt a i ned by  a ppropr i ate  tech n i q ue s ,  a nd 
pe r i od i c  check s of such  c a l i b rat i on s  s ha l l be  made .  
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( 5 )  Ca l i brat i on P rogram fo r Nondest r uct i ve Assay Measu rement s .  
Nondestruc t i ve a s  say i lstr ume nt at i o n sha  1 1  be c a  1 i b r a  ted wi th 
appropr i at e  stand a rd s  and mo n i to red pe r i od i c al l y  to ensure prope r 
fu nct i on wi t h i n  estab l i shed cont ro l  1 im i ts . As say pred i ct i ons 
per i od i c al l y  s hou l d be compa red wi th  mo re  accur ate meas u rements  of 
the content of typi ca l  ma ter i a l s . 

( 6 )  Sampl e Exchange Program .  Fac i l i t i e s  shou l d ,  t o  the  ext ent 
pr act i c ab l e ,  pa rt i c i pate i n  ext r al aboratory contro l  programs suc h  
as  t he  Safeg u a rds  Ana l yt i c al L aboratory E va l u at i on  P rog ram ( SALE ) , 
to pr ov i de ext erna l  demonstr at i on of the adequacy of  an i nte rnal  
qua l i ty cont r ol prog r am .  

c .  Meas u r eme nt cont ro l  pr og r ams fo r the other Nt� s ha l l b e  deve l oped to 
ma i nta i n  ad equate accoun tab i l i ty c on s i stent wi th  the i ntr i n s i c  and manage­
me nt va l ue  of the se ma te r i a l s .  

4 .  TA!�PER- I ND I CATI NG DEV I C E S .  

a .  Fac i l i t i es sha l l ,  to  t h e  max i mum ext ent pr act i c al and pos s i b l e ,  u se 
tampe r- i nd i cat i ng dev i ces  ( T I Ds ) wi t h  appropr i ate wr i t ten  impl eme nt i ng 
p roced u r es fo r t he i r  use  on  s pec i a l nuc l e ar materi a l , u n l e s s  the cogn i zant 
ope rat i o ns offi c e  g r a nt s  an  exempt i o n  fo r i r rad i ated i tems , ext ruded fue l 
t ubes  o r  ta rget s ,  o r  seal ed sour ces . S uch  dev i ces  and procedu res must  be 
ac cept ab l e  to the cog n i z a nt DOE ope rat i ons  offi c e .  Use  of s uch tampe r­
i nd i c at i o n dev i ces  sha l l i nc l ude , a s  approp r i ate , wr i t ten  pr ocedu res fo r ,  
and comp l i ance wi th , t he fo l l owi ng : 

( 1 )  Se r i al i z a t i o n  (whe re  ap propr i ate ) ; 

( 2 )  P r event i on of r eu sab i l i ty a fter  the  seal  has  been v i o l ated ; 

( 3 )  R e s i stance to env i ronnmental  factors  wh i ch cou l d  conceal  any 
i �d i c at i o n  of tampe r i ng ;  

( 4 )  Cont ro l  of the i r  acq u i s i t i o n ,  s h i pment , u se ,  a nd s torage ; 

( 5 )  Retent i on of compa rat i ve samp l e s  of T I D s  fo r refe rence pur pose s ; 
a nd 

( 6 )  P r es e nce of two aut hor i z ed i nd i v i du a l s when  a T I D  i s  app l i ed to 
a s s ur e  the i nteg r i ty of  the  seal ed i tem .  

5 .  EXTERNAL TRANSFERS . 

a .  The  t r an s fe rs of  NM  f rom one fac i l i ty to  anot he r sha l l be d ocumented by 
t he DOE/NR C  Form- 74 1 ,  N uc l e ar Mate r i a l  Transact i o n  Repo rt ,  wh i ch shal l be 
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prepa red a nd d i str i b uted t o  the  pr i nc i pa l s o f  t he  t r a ns act i o n  a nd the  
cog n i zant  ope rat i o ns  offi ce  des i r ab l y  o n  the  day of  the  t r a ns fe r ,  but  
wi t h i n  24 hou r s , or  o n  the fi r s t  work d ay a ft e r  the  t rans fe r  shou l d 
i t  occur on a nonwork day.  Measured va l u e s  s hou l d  be u sed fo r a l l 
Category I a nd I I  mate r i a l  t r a n sfers  ( see  pa r a g r aph  5 . b . ) .  Meas u red 
va l ue s  shou l d  be u sed fo r SNM a nd othe r NM t ra ns fers cons i stent wi t h  the  
i n t r i n s i c a nd/o r  mo net a ry va l u e ( s )  of  the  NM a nd a s  req u i red fo r a s so­
c i ated env i r onme nta l , s a fety ,  a nd ope rat i ona l  co ntro l s .  

b .  Al l u n i r rad i at ed Categ ory I a nd I I  mate r i a l  t r ans fer red between 
fac i l i t i e s  sh al l have , t o  the  ext ent po s s i b l e but  cons i stent wi th  the 
gr aded s a fegua rd s con cept , i ndepe ndent l y  me as u r ed va l u e s  d etermi ned by 
the s h i p pe r  a nd the  rece i ve r ,  The s h i pper ' s  me as ured va l ue s  sha l l be 
determi ned pr i o r to s h i pme nt u n l e s s  the  i ntegr i ty of the ex i st i ng 
mea s u red va l ue s  has  b een a s s u red . Norma l l y , t he rece i ve r ' s mea s ured 
val ue s sha l l be determi ned wi th i n 1 0  c a l end a r  days fo rm t he date of 
recei pt of the ma te r i a l  or t r a n sfer  document , wh i c hever  i s  l ate r .  When 
th i s is not po s s i b l e ,  conf i rmatory me a s u rement s  s ha l l be u sed on a n  
i nte r i m  bas i s  fo r accept i ng t h e  t r a ns fer . 

c .  As soon as pos s i b l e ,  but i n  no case  more than  1 · work  day after  rece i pt of 
Category I ma ter i a l s ,  t he i dent i fi cat i on a n d  i ntegr i ty of the sh i pper ' s  
tamper - safi ng dev i c e s  on each i tem or cont a i ner shou l d  be v e r i fi ed .  The 
pi ec e count a nd i d ent i f i c at i on a nd gros s we i gh t  of the i tems or 
conta i n ers  recei ved s hou l d  be checked aga i ns t  the b i l l of l ad i ng ,  Form 
DOE/NRC- 74 1 / 74 1A ,  o r  ot her  appropr i ate s h i p p i ng docume nt to  prov i d e  
a s su r ance that  the s h i pme nt wa s rece i ved i ntact . 

( 1 )  For  rece i pt s i nv o l v i ng acces s i b l e  ( fo r  samp l i ng or  d i rect NDA 
meas urement )  Category I a nd I I  ma ter i a l s t hat  a re o r i g i na l l y  
ac cepted b y  conf i rmato ry r ec e i pt me a s u r eme n t s , t he se mate r i a l s 
shou l d  not ente r a ny chemi c al sepa rat i on s tep unt i l  the  rece i ver ha s 
i ndepe ndent l y  me as ur ed va l u e s  or  un l es s  DOE- a ppr oved procedures , 
i n cl ud i ng t hose  to eva l u a te a nd reso l ve s i g n i fi c ant s h i p per/rec e i ve r  
d i ffe rences , h ave be en estab l i shed . 

( 2 )  For  rece i pt s  i nvo l v i ng i nacces s i b l e  C ategory I a nd I I  mater i a l under  
c i rcums tances wh i c h  pr ec l ude  the  u se of NDA tech n i q ue s  fo r ve r i fi ­
cat i on me as urements , t he s h i p per ' s v a l u e s  may b e  accepted by the 
rece i ve r  wi thout d i rect or  confi rma tory mea s u reme nts  i f  the sh i p­
pe r ' s  T I D  i s  found i ntact  by the r ec e i ve r  a nd a n  i ndepe nd ent agent 
wa s pr ese nt to ve r i fy the  s h i p per ' s  pack age  mea s u r ement  and appl i c a­
t i on of a T I D .  

d .  Fo r sh i pment s of un i r rad i ated SNM greate r tha n 2 50 g r ams {mu l t i p l yi ng the 
pl uton i um a nd u r an i um- 2 3 3  we i gh t s  by 2 . 5  a nd add i ng to  t h i s the  u ran i um-
235 we i ght ) , a nd fo r each  d i screte  i tem exceed i ng 2 50 g rams , l i mi t s  of 
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erro r  sha l l be a s s i gned by t he s h i p per  and rece i ve r  to t he i r  meas u rements , 
at the 9 5  pe rce nt conf i dence  l eve l , fo r bot h the e l eme nt and i sotope 
val u e s .  F o r  s h i pme nt s o f  un i r r ad i ated acces s i b l e  S NM o f  l es s  t h a n  250 
g r ams , t he sh i p per  and rece i ve r may e st ima te the l i mi t s of er ro r  fo r the 
s h i pment . 

e .  Cal cu l ated l i mi ts of e r ror  a r e  r eq u i r ed fo r al l meas urements  of external  
t r ansfe rs of tr i t i um ,  except s h i pme n t s  of res ervo i r s .  

f .  L i mi t s  of er ror are  not req u i r ed fo r �pent fuel sh i pment s .  

g .  The req u i r eme nts of Sect i o n  9-50 . 402 o f  the DOE P rocu rement Regu l at i ons 
and other  DOE Orders  i n  the 5 6 30 se r i es al so appl y. 

6 .  I NVENTORY AND CONTROL . 

a . Each fac i l i ty havi ng Category I A  ma te r i a l  sha l l deve l op and i mpl ement 
da i l y  adm i n i st r at i ve control  p rocedures  fo r each MBA h av i ng Category I A  
quant i t i es wh i c h  take i n to account t h e  s pec i fi c  nature o f  t h e  operat i ons  
wi t h i n  t ha t  MBA.  These pr ocedu r es s ha l l be des i gned to detect abnorma l 
s i tuati on s  and s h al l be  i nte rfaced w i t h  the fac i l i ty' s phys i c al pr otec t i on 
prog r am .  Any noted ab normal  H i es s h a l l be repo rted immed i atel y to the 
appropr i at e  fac i l i ty offi c i a l . 

b .  Each fac i l i ty sha l l i mp l eme nt a phys i c al i nventory prog r am a nd wr i tten 
i nJe ntory pl an fo r nuc l ear  ma ter i a l s  wh i c h  wi l l  i nc l ude : 

( 1 )  B i mont h l y  Phys i ca l  I nventor i es .  

( a ) 

{ b )  

Fac i l i t i es sha l l pe rfo rm b i mont h l y  phys i c al i nvento r i es of 
Category I mate r i a l s ( F i g ure 2 ) . Al l s uch SNM s ha l l be i nven­
to r i ed wi t h  me a s u red va l ue s  a nd , where feas i b l e ,  meas ureme nt s or  
e s t imates  of  ho l d up  s h al l be made so that i t  can  b e  i dent i f i Pd 
i n  categori z i ng t he  i nve ntory d i fference.  Mate r i a l  undergoi r.y 
proce s s i ng and recovery operat i on s ,  a nd wh i c h  i s  i n acces s i b l e  
for measu rements  b y  sampl i ng ,  s hou l d  be accounted fo r by u se of 
proces s data , ve s s e l  l ev e l  a nd dens i ty meas urement s a nd ca l cu­
l ated concent r at i on v a l u e s .  P l ant  operat i ona l  data s uch  a s  
ves s e l  l eve l s ,  dens i ty r ead i ng s , a nd sensors sh0u l d  be ut i l i zed 
to mon i tor  proce s s  cond i t i ons on  a rout i ne ba s i s .  Th i s  proces s 
mon i tor i n g ,  i n  addi t i on to mater i a l control  procedures , mea s ure­
ments ,  a nd s pec i fi c  act i o n  c r i ter i a ,  s ubject to the approva l  of 
the  cog n i zant ope ra t i o n s  offi ce , s hou l d be u sed to rout i ne l y 
t r ack mater i a l s i n  proce s s  u nt i l operat i ons  perm i t a compl ete 
i nventory. 

The compl ete i nvento r i e s  s hou l d - be conducted on a schedu l e  
estab l i s hed by t he ope r a t i on s  offi ce  ma nager , but no  l es s  
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frequent l y  t h a n  a nnua l , u n l e s s  t he fac i l i ty c a n  demons tr ate t hat  
an a l t e r nat i ve i nve nto ry proced u re  ( e . g . , d yn am i c i nv e nto ry ­
i n- proce s s  o r  cont i nuou s )  c a n  prod uc e  re s u l t s  equ i v a l e nt to  a 
comp l ete c l eanout  i nventory. The phys i c al i nv e ntory  procedu r es 
sha l l p rov i d e  for a documented l i st i ng of i tems s howi ng  the  
se r i al number , t he amount of mater i a l , t he chem i c al o r  phys i c al 
fo rm , t he l ocat i o n , a nd/o r any other  data  wh i c h  wou l d be 
r eq u i red to un i q ue l y i d ent i fy a nd cont ro l  each  i tem .  For 
i nv e nto r i es  conta i n i ng l arge numbe rs  of i nd i v i d ua l  i tems or 
i r rad i at ed nuc l ear i tems ( e . g . , fa st  c r i t i c al reacto r s ) , 
s t at i s t i c al sampl i ng p l ans  as appr ov ed by the  cog n i zc nt ope ra­
t i o n s  offi ces  may be ut i l i zed .  Cr 1 t i c al fac i l i t i es requ i r e  
a l t ernat i ve control s t o  mi n i mi ze  phys i c al h a nd l i ng of the  fue l . 
A s ys tem of al t e r nat i ve cont rol s s hou l d be c l e ar l y  d efi ned and 
approved by the cog n i za nt ope rat i ons  offi c e .  S uc h  a s ys t em wi l l  
prov i d e  safeg ua rds compa rab l e to that obt ai ned by  u s i ng 
frequent phys i c al i nvento r i es . The ext ens i ve u s e  of i nve nto ry 
s ampl i ng p l a ns ,  t ampe r- i nd i c at i ng  dev i c e s , a nd mechan i c al 
i nv e nto ry  techn i q ue s ,  a nd a ny other  t echn i q ue s  wh i c h  wou l d 
m i n imi ze pe rso nnel e��po s ure  to rad i at i on  i s  rec omme nd ed . 

( c )  Ope rat i o n s  off i ce  ma nagers  may a ppr ove except i o ns to i nventory 
frequency r equ i reme nts fo r cr i t i ca l  as semb l i es i . e . , zero  powe r 
reacto r s ,  when  s i g n i fi c ant t i me i s  req u i red to d i sa s semb l e the  
c r i t i c a l a s semb l y to ga i n  acces s to t he fuel . Howeve r ,  c heck s 
of fac i l i ty r ecords and i n spect i ons of  the  c r i t i c al a s semb l i es 
shou l d  be  made at the  frequency that  a phys i c al i nventory wou l d 
ot herwi se be pe rformed to prov i d e  a s su r ance  of s at i sfactory fuel  
cont a i nme nt . Excepted c r i t i ca l  as semb l i es s he l l be  i nvento r i ed 
d ur i ng r out i ne d i s a s semb l y. I r rcd i ated nuc l ear  mater i al i n  
l ong t e rm s to rage or  i n  ope rat i on s  wh i c h  a re i n acces s i b l e for 
u n i que  i d ent i f i c at i on  or i nd i v i d u a l  p i ece count i ng becau se of 
rad i at i o n l eve l s ,  s ho u l d be accounted fo r ba sed on  a pr i nc i pl e 
of conta i ner i zat i on where  the  i t ems a re  i dent i f i ed ,  i f  pos s i b l e ,  
or ( at a mi n imum) counted at t he t ime the  cont a i n er batch i s  
made up . Cont a i ne r s  may b e  b ucke t s , u n i q ue l y i d e nt i f i ed zones  
i n  the  fue l  storage  area , o r  any ot he r wel l - defi ned th ree 
d i me ns i o nal  s pace that wi l l  rema i n  un c h a nged d ur i ng the  i nv e n­
tory pe r i od .  Co nt ai ners  s h al l be  un i que l y i d e nt i f i ed i n cl ud i ng 
seri al number s ,  d ime ns i o n s  ( i f  app l i c ab l e } , l i st i ng  of content s , 
and l oca ti on  or g r i d  numbe r .  The cont r ol of mater i a l  i n  conta in­
ers s hou l d fo l l ow t he p ract i ces for i nd 1 v i du a l  i tems , i nc l u d i ng  
t he u se of  s u c h  t h i ng s  as T I D s ,  wh e re ·1e r po s s ib l e ,  a nd cont ro l  
of ope rat i ons  t hat  m i g h t  l ead to un repo rted changes  i n  t he  batch 
content . Fur t h e r ,  phys i c al i nv e nto r i e s  sha l l be conducted in a 
s ys tema t i c  ma nner , s ha l l b e  des i g ned to  a v o i d  d u pl i c at i o n ,  
and s ha l l pr ov i d e  for a s s u r a nce  of t h e  i nteg r i ty of  t amper­
i nd i c ati ng dev i ce s .  
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( 2 )  Semi annual  P h ys i c a l  I nventor i e s .  Fac i l i t i e s  shal l pe rfo rm semi an nua l 
phys i c al i n ve nto r i es  of Categ ory I I  ma te r i a l s  ( F i gu r e  2 ) . A l l 
such ma ter i al s except i n  pr oces si ng a nd recove ry ope rat i o ns  s hal l 
be , \'/here  pos s i b l e ,  i nvento r i ed u s i ng mea sured va l ue s a nd ,  \'/here  
feas i b l e ,  me a s u r eme nts  o r  est imates  of ho l d up  shal l be  made so  that  
i t  can be  i d e nt i f i ed i n  categ ori z i ng the i nvento ry d i ffe rence .  
Materi al u nd e rg o i ng p rocess i ng and recovery ope rat i on s ,  a nd wh i c h  i s  
i n acces si b l e  fo r me a s u rements  by sampl i ng ,  s hou l d be accoun ted fo r by 
u se of pr oce s s  d at a ,  vesse l  l eve l  and dens i ty measu reme nt s ,  a nd 
cal c u l ated concent rat i on val u e s .  P l ant ope rat i ona l  data  s uc h  as 
ve s sel l evel s ,  d en s i ty read i ng s ,  a nd sensors  shou l d be ut i l i zed to 
mon i tor  pr oce s s  cond i t i o ns on a rout i ne basi s .  Th i s  pr oce s s  
mon i tor i ng , i n  add i t i o n  to mate r i al  control proced u r e s  me as urement s ,  
and s pec i fi c  ac t i o n  c r i ter i a ,  s ubj ect to the approv a l  o f  the  cogn i ­
za nt ope rat i o� s  off i c e  shou l d  b e  used t o  rout i ne l y t r ack mater i a l s 
i n  proce s s  u nt i l  operat i o ns  pe rm i t  a compl ete i nve nto r y. �·!h en i tem 
i de nt i f i c at i on of  i nd i v i d ua l  i tems cannot be accompl i s hed , there 
shal l be an a pp roved proced u r e  for a s sur i ng t he accur acy o f  the 
accountab i l i ty r ecord s .  The compl ete i nventor i es shou l d be conducted 
on a sched u l e e stab l i shed by the  ope rat i ons  off i ce  ma nag e r ,  but no 
l e s s  freq ue nt l y t ha n  annual , u n l ess  the fac i l i ty c a n demonstr ate 
that an al t e rnat i ve i nv e nto ry  proced u r e  ca n produce  r e s ul t s  eq ui v a­
l e nt to a can p l ete c l e an out  i nvento ry. The phys i c al i nv e nto r i es 
shal l be  conduc t ed a s  outl i ned fo r b i month l y phys i c al i nv e nto r i es  i n  
pa r agr aph 6 b { l ) .  

( 3 )  Ann ua l  P hys i ca l  I nvento r i e s .  Faci l i t i es  shal l pe rfo rm p hys i c al 
i nventori es  of  r epo rtab l e  qua nt i t i es of al l othe r NM .  Al l s uc h  
mate r i al s  i n  pr oce s s i ng a nd recove ry ope rat i ons  sha l l b e  i nv e nto r i ed 
wi t h  me a s ur ed va l ue s a nd .  \'/h e re feas i b l e ,  measureme nt s  o r  es t imates  
of ho l du p  sha l l be  mad e  so that i t  can  be i dent i f i ed i n  catego r i z i ng 
the  i nve nto r y  d i ffe rence .  The phys i c a·! i nventor i es  sh al l be conducted 
as  out l i ned for  b i month l y i nv e nto r i es i n  pa ragraph 6 b ( l ) .  

( 4 )  Spec i a l Phys i ca l  I nventor i es .  Each fac i l i ty' s safeg u a rd s  p rog r am 
sha l l i nc l ude  p rov i s i o ns for spec i a l i nvento r i es  of S NM  a s  a resu l t 
of change s i n  cu stod i a l respon s i b i l i t i e s ,  �i s s i ng i tems , l a rge  or  
unexpected i nventory  d i fferences ,  o r  requests  from fac i l i ty ma nage­
me nt o r  the  ma na g e r  of the  cog n i za nt ope rat i ons  offi c e .  

( 5 )  Physi ca l  I nvent o r y  Reconc i l i at i on Program .  Each fac i l i ty s hal l 
impl ement a phys i c a l  i nv e nto ry  r econc i l i at i on  prog r am a s soc i ated wi th 
the above phys i c al i nv e nto r i e s  wh i c h  i s  d e s i g n ed to  prov i d �  a s s u r ance 
that a n  nuc l ear  ma t e r i al i tems have been accounted fo r a , ' that the  
fac i l i ty' s r ecord  s ystem refl ect s  t.he phys i c al i nv e ntory. Upon 
comp l et i o n  of  t he  phys i c al i nv e ntory,  t he perpetua 1  { bc Jk )  i �v e ntory 
for each mate r i al  ba l a nce  a rea m u st b e  co11pa red wi th  and ,  i f  necessa.-y-, 
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b e  adj u sted t o  t he  phys i c al i nv e ntory.  I f  t he mate r i a l  i n  t he  
i nve ntory i s  c ompo sed of d i sc rete i tems a nd a s t at i st i c al samp l i ng 
p l a n  i s  used to conduct  t he phys i c al i nve nto ry,  t he reconc i l i at i o n  
may b e  made wi t hout  sepa r ate l y l ocat i ng a nd l i s t i ng t he ba l a nce o f  
t he mater i al i n  t h e  i nv e ntory. 

c .  E ach  fac i l i t.'' s h a l l imp l eme nt a phys i c al i nv e nto ry  mea s u rement prog r am fo r 
SNr� i terns as fo 1 1  ows : 

( 1 )  I tems H i t h  Tamper- I nd i cat i ng Dev i ces . A confi rmatory measurem e nt 
prog r am s ha l l be deve l oped to ensure  t he i nteg r i ty of  SNM protected 
by t ampe r- i nd i c at i ng dev i ces  and may fo l l ow t he g r ad ed concept . 
These confi rma tory me a s u remen t s  may b e  pe rfo rmed on  the  ba s i s of  a 
s t at i s t i c a l  s amp l i n g p l an  dur i ng the  phys i c a l  i nv e ntory  o r  between  
i nventor i e s .  

( 2 )  I t ems W i t h out Tamper- I nd i cat i ng Dev i ces . A ver i f i c at i o n  me a s u r eme nt 
prog r am s ha l l be devel oped at  the MBA l evel , s ha l l be ba sed on 
sta t i st i c al sampl i ng p l a ns ,  a nd s hal l fo l l ow t he g r ad ed concept . 

7 .  I NTERNAL CONTRO!... AND R E V I E V/S . 

a .  Ope rat i o ns offi ces s ha l l a s s u re tha t  t he i r cont ra c tors e s tab l i sh a n d  
ma i nta i n  an  i nternal cont rol s ystem .  Prope r l y d e s i g ned a nd i mp l ement ed , 
an  i nte rnal  co ntrol sys tem \'/ i l l :  

( 1 )  P r ov i d e  need ed i n fo rma t i on concern i ng t he l ocat i o n  or d i spos i t i o n  of 
ma ter i al q ua nt i t i es ;  

( 2 )  Red uce  the probab i l i ty o f  errors  i n  rec ords a nd report s  wh i c h  m i g h t  
re s u l t throu gh i mpr ope r h a nd l i ng o f  d ata o r  docume nt s , o r  through  u se 
of data  of poor qua l i ty; 

( 3 )  Dec rease  t he r i sk of  and detec t theft or  other u nautho r i zed or  
unk nown u se of ma te r i al ; 

( 4 )  Prov i de a sys tem of c hecks  and b a l a nces  i n  the  record sys tems a nd i n  
t he d i v i s i on of d ut i e s ,  so t h at t he  work  o f  one pe rson  ve r i fi es t h e  
work o f  a nother , a nd 

( 5 )  P rov i de a sys tem of checks  on the  mate r i al s measureme nt s ys tem .  

b .  The i n te rna l  co ntrol s ystem s ha l l add res s :  

( 1 )  The orga n i za t i ona l  s tr uctur e ;  

( 2 )  The res pon s i b i l i t i e s  regard i ng nuc l ear  mater i a l s ;  
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( 3 }  The rec e i v i ng funct i o ns , 

( 4 )  The s h i ppi ng funct i o ns ; 

( 5 )  T�e accountab i l i ty r ecords sys tem , 

( 6 ) The c u stod i a l funct i o ns i nc l ud i ng p hys i ca l  i nvento r i es , 

{ 7 )  The mater i al s me asureme nt system ; 

( 8 )  The e ffect i veness  o f  the i nterfa c i ng o f  nuc l ear ma te r i a l  control  
and ac countab i 1  i ty subs ystems  wi t h  each othe r and the phys i ca l  
prot ect i on s ub system of  t he  fac n i ty '  s ove r a 1 1  safegua rds system , 
a nd 

( 9 )  The i nt� rna l  aud i t funct i ons . 

c .  Ea:h  fac i l i ty po s se s s i ng Categ o r y  I quant i t i es of S NM s ha 1 1 prov i d e  
a s s u r ance  t o  t h e  appropr i ate  ope ra t i on s  off i c e  o f  the effect i veness  of 
the i nteg r ated s ystem of phys i ca l  pr ot ect i o n ,  a nd ma t er i a l control  and 
ac countab i l i ty me a sJ re s  i n  dete r r i ng ,  pr event i ng ,  detect i ng ,  a nd 
r es pond i ng to  the theft of S NM .  

•>:.S. GOVEIOOIENT PRINTING OFflCE : 1�80 Q-.620-309/187 
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APPEND I X  2 

PREL I M I NARY PLANS 
FOR CORE D I SASSEMBLY AND REMOVAL 

W h i l e  i n i t i a l p l ans  for d i s a s sembl y  and remova l  of the  TMI -2  core have been 

formul ated , ( l 9 )  these  p l a n s  are i n  the prel i mi nary s tage and a re constant ly  

bei ng reeva l ua ted ( ZO )  by Babcock and  W i l cox  ( B&W ) wh i ch i s  be i n g  s t •bcontracted 

by Bechte l  to d i s a s semb l e  and remove  the  core . The c urrent co re remova l  

p l a n s  do  not p rov i de fo r materi a l  accountab i l i ty meas urements or  for  that  

matter ,  very much  i ns pec t i o n  or mea s urement ( e . g . , wei gh i ng ,  neutron  count­

i ng ,  gamma ray scann i ng )  except for remote v i deo coverage . I n  the i nterests  

of reduc i ng costs  and  t i me ,  the  remova l , cann i ng ,  and trans fer of the s pent 

fue l to the s to rage pool w i l l  be done as q u i c k ly  as pos s i b l e .  Neutron  mea­

s u rements  o f  the fuel a s semb l i es may be  d i ffi cu l t to  perform becau se  the 

remova l  opera t i on s  wi l l  be performed remotely under borated water , and the 

a s semb l i es w i l l  be sea l -we l ded i n  can i s ters fi l l ed w i th  borated water . The 

ca n i s ter  w i l l  probab ly  be of a s i ze and  s hape to fi t i nto a s h i pp i n g  c a s k  for 

a PWR fuel a s s emb l y .  No pl ans  for i n s pect i on of  t he fuel a s sembl i es i n  the 

s torage poo l a r·ea a re be i n g made . SNM accountab i l i ty wou l d mos t  l i ke ly  have 

to be performed e i ther i n  s i tu i n  the core or  on  the extracted fuel a s sem­

b l i es before they are canned . A general des cr i pt i on of the  prel i mi nary p l ans  

( p roposed by Bechtel ) for core d i s a s sembl y  and  remova l  are g i ven bel ow . 

I n  p l ac� core i ns pect i o n  w i l l  precede each of  the s teps i n  remov i ng  the core . 

For exampl e .  a fter removal  of the c l os ure head , cameras may be l owered 

t hrough  the peri phera l  a reas of the p l enum to exami ne part of the top of the 

core and  perform an  i n i t i a l i ns pect i on of  the peri phery of  the core . Addi ­

t i o na l  i n  s i tu i ns pect i o n  of the  fue l  a s semb l i es may be performed through 

the  69  control  rod g u i de t ubes . T hese i ns pecti on s  wou l d provi de i nforma t i o n  

on  debri s o r  fuel wh i ch m i ght  h ave m i grated i nto t h e  p l enum as s embl y  a n d  on 

a ny mechan i ca l  d i s tort i ons  wh i ch may have occurred . 

P r i o r  to defue l i n g the  reactor core . t he I ncore Detector As semb l i es ( I DA )  

may be  w i thdrawn from t he  fue l  a s s emb l i es .  The eas e  or d i ffi c u l ty w i t h  wh i ch 

they can  be  removed from t he fuel  a s s emb l y  may prov i de an  i nd i cat i on 
of  the extent o f  damage to the  fue l  as s emb l y . 

2 - l  



For  purposes o f  fuel removal , Bechtel ( l g ) has  categor i z ed TMI -2 fuel  i nto 
t h ree pos s i b l e  damage l evel s w h i c h  a re descri bed b e l ow .  The des cr i pt i ons  
and general  methods for remov i ng  the  d i fferent categor i es o f  fuel  are 
excerpted from pages 4- 1 4  to 4 - 1 5 i n  ReferencE 1 9 .  

Damage Level  l 

Wea kened structura l l y  wi th p i n  fa i l u res and  warpage . Maj o r  parts 
rema i n  i n tact . 

Remova l  of  assemb l i es w i th  th i s damage  l evel  w i l l  be  attempted fi rs t .  
A t v  camera wi l l  b e  pos i t i oned t o  pro v i de a good v i ew o f  the u pper  
end fi tt i ng .  A probe wi l l  be i ns e rted i n to ea ch  g u i de tube  i n  t urn 
and the l ocat i on of  any obstruc t i ons  noted . Rods w i th expans i on 
mecha n i sms on thei r l ower ends w i l l  be arran ged on a s pacer  to fi t 
the  g u i de tube pattern and the i r u pper ends wi l l  connect to a ho i s t .  
These rods w i l l  b e  i ns erted i nto the g u i de t ubes t o  the l ower  end  
fi tt i n g  and the expans i on mechan i sms w i l l  be acti vated . The  l i ft i ng  
fo rces generated a re tran smi tted to the  fu e l  a s semb l y on ly  at the 
l ower ends of the  g u i de tubes , where the probab i l i ty o f  s tructu ra l  
i n tegri ty i s  bes t .  T h e  assemb l y  w i l l  be l i fted out  a n d  p l a ced i n  
i ts s to rage  conta i n er after b e i n g  g i ven a v i s ua l  exami nati o n . 

The  process  w i l l  be repeated unt i l removal  of  a l l Level  1 assembl i es 
has  been accompl i shed . 

Damage Level  2 

S i gn i fi cant structura l  damage and  ox i dati on w i th fra gmented components 
formi n g  a l ayer o f  debri s o ver  the i ntact core porti o n . No e utect i c  
bond i ns exh i b i ted . 

V i s u a l  exami nat i on wi l l  l ea d  to t he co ncl us i on that  the as s embl y  has 
s i gn i fi cant l y  more deter i o rat i on than a Leve l 1 category a s s emb l y .  
S i nce  po rt i ons  o f  the assemb l y  may be  mi s s i ng ,  and  s i nce  t h e  a s sembl y  
may b e  structura l l y  unsound  down t o  perhaps 3 feet from t h e  l ower  end  
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f i tt i ng ,  s everal  methods may be necess a ry to remove the  a s semb 1 y .  Rub­
bl e and  debri s present i n  the  upper pa rt o f  the core , but wh i c h  i s  not 
meta l l u rg i ca l l y  bonded , w i l l  be removed w i th  the s pec i a l  too l s and  
vacuum sys tems to pro v i de c l ea r  a ccess to  the  rema i n i n g port i ons of 
the fue l  as3emb l y . 

Removal  o f  the  rema i nder of  the  a s s emb l y  may req u i re  l i ft i n g  by a g u i de 
t ube expans i o n mec han i sm and ho i s t  ( as  des cr i bed i n  Dama ge Level l 
above ) o r  the  use  of  th2 s i de-access  dev i ce , o r  both , depend i ng  on  the 
core l ocat i on and  un i que  cond i t i on of  the  part i c u l a r  a s semb l y .  Any 
l oo s e  p i eces fa l l i n g  to the l ower vesse l  cav i ty upon a s s emb l y  movement 
w i l l  be retr i eved when feas i b l e .  As s emb l i es w i l l be v i s ua l l y  exami ned 
when removed from the core and p l a ced i n  storage conta i ne rs . S i de l oad­
i ng cans  and  s i de l oad i n g too l s  may be req u i red for a s s emb l i es wi th th i s  
degree o f  dama ge . 

Damage Level  3 

Crus t of  me ta l  ox i de eutect i c  formed wh i ch  bonds pa rts of the  co re 
togeth eY . 

Fue l  a s s emb l i es w i th  t h i s damage l eve l  may be mechan i ca l l y  o r  meta l l ur­
g i c a l l y  bonded together so that remov a l  i ntact may be i mposs i b l e .  
These  fue l  ass emb l i es wi l l  be separated by cutt i n g them apart . I f  no 
fuel  a s s emb l y  can be removed i ntact , the ent i re core may have to be 
cut  up  w i th  the fragments b e i ng removed i n  s to rage conta i ne rs .  H i g h  
s peed s aws , l as ers , o r  torches may be u s e d  t o  c u t  or  s eparate these 
h i gh l y  damaged a s semb l i es .  S pec i a l s uct i on  eq u i pment and  mechan i ca l  
g rapp l i ng dev i ces may b e  used  t o  ret r i eve debri s res u l t i ng from the 
cut t i n g  operat i on . 

Befo re remo v i n g  the  f i rs t  fuel  a s s emb l y ,  a v i deo scan  o f  the  top o f  
the  core may be  perfo rmed t o  a s certa i n and  record the  i n i t i a l  core 
cond i t i ons . Once t he f i rs t fuel a s semb ly has been remo ved , a c amera 
can  be  l owered i nto the  vacated l o cati on to determi n e  the cond i t i on 
o f  adj acent  fuel  a s s emb l i es .  As the fuel  ass emb l i es a re l i fted out 
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of  the pres s u re ves se l  ( to be l oaded i n  a can i n  the  press u re ves s e l  
a n d  mo ved ) v i deo � n� pec t i o n  may be ma de o f  t h e  extracted a s semb l y  a n d  
of t h e  nei g hbori ng assembl i es i n  the  core . 

The removal  from the core of  d i s pe rsed fuel  w i l l  be  carri ed  out  by the  
use of  was h/ va cuum sys tems and man i pu l ators . Mos t  l i ke l y ,  the  o ri g i n 
of  th i s  materi a l  wi t h  res pect to l ocat i on i n  the  core wi l l  be unknown 
and the opportu n i t i es to make  some mea s u rement of i t  or samp l e i t  w i l l  
be very l i mi ted . E s t i mates of  t he quant i t i es may be feas i b l e  by v i s ua l  
access to the d i s persed materi a l  by remo te TV . 

M .  L .  P i c k l es i mer  o f  the  Nuc l ea r Regul atory Commi s s i oil has  eval uated 
the mi n i mum and max i mum damage l i ke l y  i n  the core . ( 3 3 )  I n  both cases  
it  was  conc l uded that  a l l fuel  rods b u rs t .  
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APPEND IX  3 

LE GAL NOT I CE 

Th i s  i nformat i on i s  pro v i ded by Babcock  & W i l co x  i n  co nnect i on w i th  a TMI -2 

acco untab i l i ty  st udy .  N e i t h er Babcock & W i l cox  nor any person act i n g  i n  i ts 

beh a l f : 

A.  M ak es any warr anty or repres ent at i on ,  expres s or i mp l i ed ,  
w i th r es pect to t he acc uracy ,  compl eteness , or u sef u l n ess  
of the at t ached i nform at i on .  

B .  Ass umes any l i ab i l i ti es w i t h  res pect t o  t h e  u s e  of , o r  for 
dam ages res u l t i ng from the u s e  of , any i nformat i on pro v i ded . 

:- i gure 3 -A g i ves t he core l oc at i on and enri chment of t h e  f ue l  and l umped 

burnab l e  po i son . 

F i gure  3 -B g i ves  the F ue l  1 /4 Core E d i t  S et 1-52 . 

Tab l e 3 -A g i v es t he average nuc l i de concentr ati o ns at 100 E FPD  i n  

atoms/Barn -em .  ( 3  pages ) Not e :  dec ima l  i s  at l eft of number ) .  

Tab l e 3 - B  g i ves burnup by f ue l  as s em b l y  i n  MWD/MTU . 

T ab l e 3 -C g i ves  burnup  at 7 ax i a l  l ocat i on s  for each f ue l  as s emb l y  i n  

MWD/MTU . 

T ab l e 3 -D g i ves  burnup  at 32 ax i a l  l ocat i ons  for each f ue l  as s emb l y ( number 

i n  T ab l e x 1 03 = f1WD/MTUH . 

To o bta i n  the  m as s  i n  grams per f ue l  as s emb l y for each nuc l i de ,  m u l t i p l y  the 

( nuc l i de concentr ati on per f ue l  as s em b l y )  from Tab l e 3-A  by t he ( gr am atomi c 

we i ght of the n uc l i de )  by { 262933 . 1 8 atoms B ar n / atoms -fue l  as s emb l y) . 

3 - 1  

. 
. - - . . 

- -
. - ... - � .... -

-

- . .  '- ... ...._ . . 
"' 



235u NO. 
ENRICHMEt\'T ASSEMBUES 

. 

El . 1.98 E6 

0 2.64 81 

� 2.96 eo 

X 
I 

LBP 
LOADING 

LBP1 

LBP2 
LBPJ 

B4C ENRICH .• 

WT %  
1.395 

1.2S 
1.09 

Fi gure 3-A . Locat i on and  Enri chmen t  of Fuel  As s embl i es 
and L umped B urnab l e Po i son  i n  TMI -2 Core . 

3-2  

. - - - - - _r•- - - -

-
-

• 



w 
I 

w 

H 

K 

L 

M 

N 

. ' 
. . 

. 

. ·-
. . --. - --- -----� . . · . , 

.. 

8 9 10 1 1  12 1 3  14 15 

1 30 31 J2 33 34 35 36 

2 9 37 38 39 40 41 42 

3 1 0  1 6  43 44 45 46 47 

4 1 1  1 7  22 48 49 50 

5 1 2  1 8  23 26 51 52 

0 6 1 3  1 9  24 27 29 

. .  p 7 

R 8 

1 4  20 25 28 

1 5  21 

F i gure 3-B . TMI - 2  F u e l  1 /4 Core Ed i t  S e t  l - 52 
( Reference Tab l e 3-A ) . 



75 100 PD07 V E R6 PDQTHF 04 /25/77  19 . 1 4 . 5 1 Page 2 9 5  
**<rl< FULL CERT I F I CAT I ON **** FULL CE RT I F I CAT I ON * * ** FULL CE R T I F I CAT I ON ***-A. FULL CERT I F I CAT I ON **** 

AVERAGE NUCL I DE CONCENTRAT I ONS  AT 2400 . 00 HOU R S  

ED IT  
SET BOROS LBP 10 UFP17  UFP18  P F P 1 9  PFP20 UR235 UR236 

1 98500000+03 00000000+00 552 15893-04 1 2964003-04 68456630-05 1 78 26002-05 159562 1 2 -03 78736020-05 1 )::> 
2 98500000+03 00000000+00 47552236 -04 1 1 2 20806 -04 52594021 -05 1 3 7 50033-05 16533 106 -03 69085897-05 < rrl 
3 98500000+03 00000000+00 41909683-04 98669148-05 59553851-05  15 540897- 0S 1 1 980983-03 5 7 303933 -05 ;;:o 
4 98500000+03 00000000+00 42565429-04 10084 1 4 5 -04 4 1 427866-05 10863274-05 16900804-03 6 1 748510-05 )::> 
5 98500000+03 00000000+00 36825377-04 8708 1 3 1 7-05 46628008-05 1 2 209 1 37 -05 12318356-03 50668273-05 G) 
6 98500000+03 00000000+00 43395651 -04 10273414 -04 43442003-05 1 1 385595-05 16840344-03 63076 181 -05 

rrl 

7 98500000+03 00000000+00 5 2 3 1 3895 - 04 1 2350 1 7 1 -04 5 1 648291 -05 1 35051 8 1 -05 18576494 -03 76023 1 58 -05 ::z 
8 98500000+03 00000000+00 37024636-04 88224295 -05 2 6 1 7 5528-05 688 77228-06 1971 9791 -03 53630 1 2 7 -05 c: 
9 98500000+03 00000000+00 43327880-04 10186429-04 63914799-05 1666 1022-05 1 1 878293 -03 59224 1 1 2 -05 

,, I 
10 96500000+03 00000000+00 441 1005 1 -04 10437322 -04 44729498-05 1 1 7 18225 -05 16786810-03 6402 1 9 5 6 -05 ...... 
1 1  98500000+03 00000000+00 39238505-04 9 2619031 -05 5 187 3549-05 1 356 3201 -05 1 21 74849-03 5 368998 2 -05 Cl 
12 98500000+03 00000000+00 40166975-04 95329931 -05 36 767220 -05 965431 29-06 1 7078648-03 58307295-05 

rrl 
1 3  98500000+03 00000000+00 39294555-04 92744449-05 5 2 1 39924 -05 1 36 3236 7 -05 1 2 1 7 1058-03 5 3782297-05 ("") -1 
14 98500000+03 00000000+00 41 157721 -04 97579212 -05 39459290-05 10353514-05 1 7007989-03 6009 7042 -05 0 )::> 
15  98500000+03 00000000+00 34146290-04 81522709-05 2 2 1 5 1 993-05 583802 1 8-06 19935736 -03 49478085 -05 z O::J n I 
16 98500000+03 00000000+00 40032854 -04 944 2 2 7 1 5 -05 54084 1 3 5 -05 1 4 1 33 1 29-05 1 2 1 1 7131 -03 54763693-05 rTl rrl w 17  98500000+03 00000000+00 40470006-04 96030772-05 37244189 -05 977797 14-06 1 7055733 -03 �8682943-0 5  ::z 

I 
18 98500000+03 00000000+00 32 7 1 7077 -04 77659973-05 36642980 -05 962 305 14 -06 1 2656086 -03 45272807 -05 -1 w 

.J:::> ;;:o I 
1 9  98500000+03 00000000+00 38955016-04 92529336-05 34728744 -05 9 1 249230-06 1 7 169320-03 56665832-05 )::> )::> 
20 98500000+03 00000000+00 44087781 -04 10465852-04 36258' 1 8-05 9 5 1 9 8 1 7 1 -06 1 9 1 9 1 2 7 5 -03 64067050-05 --i 
2 1  98500000+03 00000000+00 26171651 -04 6 277056� -05 1 325'  292-05 3503273�-06 205 34107-03 37769048-05 ...... 

0 
22 98500000+03 00000000+00 36402834-04 861 56444 -05 44 359690-05 1 16 2 2333-05 123809 23-03 4984 7 23 4 -05 :z: 
23 98500000+03 00000000+00 36960384-04 8793334/ -05 30843404 -05 8 1 1 38885-0b 1 7315821 -03 5362 3888-05 (./) 
24 98500000'03 00000000+00 33450218 -04 79378764-05 373524 1 1 -05 9806 2 1 1 3-06 1259641 9-03 45862748-05 )::> 25 98500000+03 00000000+00 33875241-04 80922399-05 2 1 28 5 1 85 -05 561 30984-06 1 9955207-03 48949230-05 -1 
26 985000""+03 00000000+00 324371107 -04 77043341 -05 35080700-05 9 2 1 59970-06 12670394-03 4449800 2 -0 5  
27 985QOOw� •OJ 00000000+00 30734536-04 73538085-05 1 8289070-05 48310612 - 06 201963 38-03 455887 1 9 -05 0 28 98500000+03 00000000+00 2 1 141058 -04 50872352 -05 8552 2 1 7 7 -06 226 7 3 1 80-06 209 12649-03 30530968-05 0 
29 98000000+03 00000000+00 21962272- 04 i 2833583-05 90824700-06 24077244-06 20850818-03 3 1 7 35952-05 
30 98500000+03 00000000+00 47552340-04 1 1 220830-04 5(594257 -05 1 3 7 50094 -05 165 33099-03 6908604 1 -05 rrl 
31  98500000+03 00000000+00 41 909929-04 98669728-05 59554575 -05 1 5 54 1085-05 1 1 980966-03 5 7 304270-05 .., 

""'0 
32 . 98500000+03 00000000+00 42565862 -04 1008424 3 -04 41428706 -05 108634 9 1 -05 1690077 5 -03 6 1 74 9 1 1 5 -05 Cl 
33 98500000+03 00000000+00 36825832-04 87082354 -05 46629293-05 1 2 209446-05 1 2 31 8323-03 50668885 -05 
34 98500000+03 00000000+00 43396243 -04 1027 3548 -04 43443216-05 1 1 385910-05 16840303 -03 63077010 -05 
35 98500000+03 00000000+00 52314573-04 1 2350324-04 5 1649o : 1 -05 1 3505542-05 1 85 76446-03 760241 28-05 
36 98500000+03 00000000+00 37025098-04 88225 3 76 -05 2 6 1 76241 -J5 68879073-06 1 97 1 9754 -03 53630799 -05 
37 98500000+03 00000000+00 441 10220-04 10437362-04 44729843-05 1 1 7 1 8 3 1 5-05 16786799 -03 6402 2202 -05 
38 98500000+03 00000000+00 39238779-04 92619655 -05 51874306 -05 1 3563396-05 121 74828-03 5 3690348-05 
39 98500000+03 00000000+00 401674 1 1 - 04 953 30938-05 3 6 768043-05 96545264 -06 1 7078620-03 583079 2 2 -0S 
40 98500000+03 00000000+00 39295049-04 92745580-05 5 2 14 1 3 1 3 -05 13632725-05 1 2 1 7 1023-03 537829 56 -05 
41 98500000+03 00000000+00 4 1 158331 - 04 97580618-05 3946052 1 -05 10353833 -05 1 7007940-03 600979 1 3 -05 
42 98500000+03 00000000+00 34146793 -04 8 1 5 2 3885 -05 2 2 1 52685 -05 58382026-06 1 99 3569 7 -03 49478806-05 
43 Q8500000+03 00000000+00 404701 48-04 96031 1 1 1 -05 3 7 244460-05 9 7 7804 1 1 -06 1 7055 724 -03 586831 48 -05 
44 ':13500000+03 00000000+00 327 1 7 308 -04 77660505 -05 36643 5 36 -05 96231963-06 1 2656066-03 452731 2 4 -0 5  
4 5  98S00000+03 00000000+00 38955449-04 92530332-05 34729552 -05 9 1 25 1 322 -06 1 71 69288-03 56666446-05 
46 98500000+03 00000000+00 44088369-04 10465987 -04 36259035 -05 95 2008 15 -06 19191 230-03 64067899-05 
47 98500000+03 00000000+00 26172024 - 04 6 2 7 7 1 445 -05 1 3250695-05 35033792 -06 20534076-03 3 7 7 69588-05 



w 
I 

U1 

EDIT 
SET 

48 
49 
50 
51 
52 
53 

. 
***'* 

.. 

75 100 
FULL CERTIFI CAT I ON ..... 

BOROS LBP 10 

98500000+03 00000000+00 
98500000+03 00000000+00 
98500000+03 00000000+00 
98500000+03 00000000+00 
98500000+03 00000000+00 
98500000+03 00000000+00 

P007 VER6 POOTHF 04/25/77  1 9 . 14 . 51 
FULL CE RTIFI CAT I ON **** FULL CERT I F I CAT I ON **** FULL CERTI F I CAT I ON 

AVE RAGE NUC L I DE CONCENTRAT IONS AT 2400 . 00 HOURS 

UFP17 UFP18 PFP19 P FP20 UR235 

36960518-04 87933661 -05 30843645-05 8 1 139520-06 1 73 1 5809-03 
33450470-04 79379340-05 37 353001 -05 98063637 -06 1 2596402-03 
33875614-04 80923269-05 2 1 285669-05 56132251 -06 1 9955182-03 
30734663 -04 73538383-05 18289223 -05 483 1 1 0 1 7-06 20 196330-03 
21141221 - 04 50872736-05 85523531 -06 22673536-06 2091 2638-03 
37 128015 -04 88 1 1 1 447-05 35892758-05 94 129366-06 1fi547618-03 

Page 295 
**** 

UR236 

53624089-05 
45863089-05 
48949767-05 
45588903-05 
30531197-05 
52973524 -05 

.. 

-1 
ClJ 
0" 

ro 

w 
I 

)::> 
n 0 ::s 
rt ...... 
::s c ro 0. 



. 75 lOG PD07 VER6 P DQTHF 04/25 /77 1 9 . 1 4 . 5 1  Paqe  298 ··- FULL CE RT IF ICAT ION **"* FULL CE RT IF ICAT ION **** FULL CE R T I F I CA T I ON **** FULL CERT I F I CA T I ON **** 
--1 

AVE RAGE NUC L I DE CONCENTRAT I ONS AT 2400 . 00 HOURS ,'lJ 

E D IT 

t.T 

C'D 
SET NP237 UR238 PU?39 PU240 PU241 P U242 AM243 I 0053 

w 

1 14357570-06 72814093-02 1 7988640-04 18866274-05 55670244-06 26739595-07 65411851 -09 9955746 7 -08 
I )::.> 

2 1 1476948-06 72844345-02 16887456 -04 15 265060-05 379 72083-06 14950028-07 326 73734-09 8682508 1 -08 
3 9 1072066-07 i 3349941 -02 16024449-04 16840264-05 43278898-06 20576635-07 43432401-09 79142342-08 n 
4 88916 1 54 -07 728 7 7942 -02 15 109774 -04 1 2369325 -05 275 73825-06 9555946 1 -08 1 79 34497-09 78078800-08 

0 :::l 
5 70981071 -07 73327897-02 14611432-04 13667962-05 30965340-06 1 261 7677-07 23137646-09 7001 6027-08 c+ 
6 93834395 -07 72870963-02 15526480-04 12922445 -05 29232932-06 1031 7813-07 20054468-09 77234807 -08 

..... . 

7 1 2021512-06 72609 2 10-02 16337665-04 1481 2042-05 394461 48-06 1 5622696-07 32736331-09 88358161 -08 
:::l 
c: 

8 59117281 -07 /2b:.'1284 -02 1 1644582 -04 8035 105 7-06 16231100-06 48636967-08 7751 7848 - 10 60311 909 -08 C'D 
9 98205444-07 733393�3-02 16514438-04 1 7889913 -05 4 7532683-06 235466 1 5 -07 52046 797-09 81 709007-08 0.. 

10 96493905-07 7286769�-02 15661689 -04 13237202 -05 30584 7 1 7 -06 1 1050770-07 21 77 231 8-09 80789969-08 
1 1  78652382-07 7336931 7 - 02 15 106923 -04 14950786-05 35961 372-06 1 5 793743-07 30558906-09 73950772 -08 
12 78567654 -07 72892296 -02 14344121 -04 1 1 1 33953-05 23364164 -06 75 700764 -08 13233857 -09 7280535 7 -OS 
13 '905 5928-07 73368582-02 15167?'14-04 15027834-05 36 1 1 8738-06 1 5884906-07 30829 165 -09 71 749215 -08 
14 85816395 -07 7288 1224 -02 15049673 -04 1 1 902254 -05 25 3908 11 -06 84224886 -08 1564305 1 -09 71076648-08 
15 49797 339- 07 72707702-02 10798735 -04 69 1809 1 2 -06 12854852-06 3512 1699-08 507 76208- 10 5572 7833-08 
16 82201769-07 73363640-02 15 378339 -04 15 500420-05 38040 781 -06 1 7 107579-07 33961 380-09 7552901 3-08 

w 17  79419770-07 7289 1285-02 14380836-04 1 1 253231 -05 23846890-06 78083636-08 1 3742258-09 73836 325-08 
I 

18 56569462-07 73405958 -02 13423157 -04 1 1 1085 19-05 2177  7 352 -06 75751 788-08 12263339 -09 6043461 7-08 0'1 
19 74392980-07 72898082-02 14061 992-04 10599551 -05 21464630-06 66956921 -08 1 1 3 77418 -09 68714 107-08 
20 831 18093-07 72655 1 18 -02 13912167 -04 10859924 -05 24525 340-06 80774279 -08 1390202 7-09 74 1874 7 7 -08 
21 29142587-07 7274 7677-02 82352542-05 42881 261 -06 64921837-07 14 558230-08 1 71 74 1 2 1 -10 42493754 -08 
22 666241 34 -07 73389333 -02 14 122955 -04 13048034-05 29057854 -06 1 1668807-07 20459633-09 679 73984 -08 
23 65264376-07 7291 2209-02 13227351 -04 951 70790-06 18310003-06 53859309-08 84340686-10 66350126-08 
24 55638898-07 73409033-02 13130943-04 1 1 219216 -05 22888329-06 8348 3466 -08 13229426-09 60292282-08 
25 47268070-07 72710982-02 10596226-04 66806708-06 1 ? 109796-06 3 1 9 1 1 796-08 431 1301 8-10 56629372-08 
26 52 160505-07 73415609-02 12776931 -04 10610 181 -05 20989839-06 73943030-08 25544222-10 531 74655-08 
27 43448228-07 7 2 7 1 3 1 58-02 106495 78-04 5904 7 5 10-06 91 352946-07 2031 1 202-08 25544222-10 531 74655 -08 
28 18671272 -07 7277049 1 -02 67177994 -05 28565 1 10-06 3449398 1 -07 6 1 1 4 753 3-09 56708505 - 1 1  3531 16 76-08 
29 1 9868564-07 72766 752 -02 69850862-05 30310883-06 36896809-07 65088698-09 59636877-11  37269429-08 
30 1 1476997-06 72844346 -02 16887489-04 15265 ) 2 1 -05 3797231 1 -06 149501 56-07 3267408 7-09 86825008-08 
31 9 1073205-07 73349934-02 16024528-04 16840441 -05 432 79606-06 205 7 7 1 22-07 43433734 -09 79142535-08 
32 88917955 -07 72877921 -02 1 'i l098��-04 12369545 -05 275 74598 -06 95563252-08 1 7935406-09 78079319-08 
33 70982902-07 733. 7895-02 14611 584-04 1 3668265-05 30966424-06 1 261 8305-07 23139134-09 70016638-08 
34 93837014 -07 7287095 5 -02 15526660-04 12922759 -05 29234041 -06 103 1 8 366-07 20006854 -09 77235286 -08 
35 1 2021846-06 72609202-02 16337854-04 1481 2 388-05 39447548-06 1 5623481 -07 32738492-09 88358405 -08 
36 59 118881 -07 72693284-02 11 544723 -04 80353007-06 16231701 -06 48639479-08 7752304 5 - 10 60311 960-08 
37 96494664-07 72867593-02 15661740-04 1 3237291 -05 30585040-06 1 1 050936-07 2 1 7 72739-09 807901 2 5 -08 
38 78653550-07 73369316-02 1 5 10701 3-04 149�0974-05 35962081 - 06 15 7941 89-07 30560031-09 7395 1098-08 
39 78569451 - 07 72892294-02 14344261- 04 1 1 1 3 4 1 72 - 05 23364881-06 75 704026-08 1 3234599-09 72805834 -08 
40 79058086-07 73368576 -02 15167412-04 15028 180-05 361 20026 -06 1588 5 7 1 2 -07 3083121 9-09 71 749666-08 

41 85819080-07 7288 1 21 7 -02 1 5049876-04 1 1 902581-05 25391 889-06 84229890-08 1 5644253 -09 71077 1 1 5 -08 
42 49798880-07 72707697 -02 10798886 -04 69182858-06 12855410-06 351238 1 9-08 50780 1 79 - 10 5 5728087 -08 
43 79420361 - 07 72891284-02 14380882-04 1 1 253303-05 23847128-06 78084 722-08 1 3742501 -09 73836492-08 

44 56570337-07 73405953-02 13423245-04 1 1 108669-05 217 77810 -06 75 754025 -08 1 2263810-09 60434876-08 
45 7 4394 728-07 7289807�-02 14062135-04 10599770-05 21465316-06 669599 1 5 -08 1 1 378081 -09 68714491"-08 

46 83120452 - 07 7265 5 1 14 -02 13912337-04 10860191 -05 24536271 -06 8077858 1 -08 1 3902989-09 74187923-08 

47 29143466-07 72747678-02 82353695-05 42882460-06 64924630-07 14559091 -08 1 71 75426-10 42493990-08 

• • • 



w 
I 

""-.� 

EDIT 
SET 
48 
49 
50 
51 
52 
53 

• 75 100 
**** FULL CERTIFI CAT I ON 

**** 

NP237 UR238 
65264902-07 7291 2209-02 
55639806-07 73409032-02 
4 7269 1 57-07 72710979-02 
43448598-07 72713159-02 
1867 1 563-07 72770490-02 
68621938-07 72981 996 -02 

PD07 VER6 PDQTHF 04/25/77  19 . 14 . 5 1 
FULL CE R T I F I CATION **** FULL CERT IF ICAT I ON FULL CE RTIFI CATION **** 

AVERAGE NUCL I D E  CONCENTRAT IONS  AT 2400 . 00 HOURS 

PU239 PU240 PU24 1 PU242 AM243 
1 3227397-04 9 5 1 71463-06 18310203-06 53860 1 1 7 - 08 84342339-10 
1 3 1 31032 -04 1 1 2 1 9372-05 22888823-06 83485999 -08 13229953 -09 
1 0596334-04 66808082-06 121 10180-06 3 1 9 1 3 1 89 - 08 4 3 1 1 5448-10 
10649618-04 59047967 -06 9 1354039-07 203 1 1 535 -08 ?5544759-10 
671 /8490-05 28585532-06 34494 768-07 61 1494 35-09 56710752 - 1 1  
13228164-04 10703441 -05 23378 7 1 1 -06 8641 3430-08 16064085-09 

P age 298 
**** 

10053 
65350287-08 
60292558-08 
56629722-08 
531 74802-08 
3531 1 862 -08 
66025997-08 

-l PJ o---' 
(1) 

w 
I 

;:t:> 
n 0 :::s rt 
:::s c: (1) 0.. 



. 75 100 P0()7 VER6 POQTHF 04/25 / 7 7  1 9 . 14 . 5 1 P age 301 **"* FULL CE RTIFI CAT I ON **** FULL CE R T ! F I CAT I ON **** FULL CER T I F I CAT I ON **** FULL CERTI F I CAT ION **** 

AVE RAGE NUC L I DE CONCENTRAT I ONS AT 2400 . 00 HOURS -f 
E D IT QJ 

o-
SET XE054 PM061 SM062 GAD BURN UP BURN UP NP239 E NRPU  (J) 

1 26489981-08 24318770-0i 4 1 2 1 3547-07 00000000+00 00000000+00 51071 256+04 87575465 -06 00000000+00 w 
2 26343 1 7 1 -08 20899573 -07 4 1 776746 -07 00000000+00 00000000+00 43396707+04 79356702 -06 00000000+00 I 
3 20054£90-08 1 9672501 - 07 3 1 5 3 1437 -07 00000000+00 OOOOOOD . •w 39361946+04 79007622 -06 00000000+00 

)::> 
4 25460 1 2 7 - 08  1851 5462-07 40705 159 -07 00000000+00 00000000+00 38350471+04 702 1 4 3 1 9-06 00000000+00 n 
5 1 9460127-08 18515462-07 3 1 163091 - 07 19230769-01 00000000+00 340947 S4+04 702181 96-06 00000000+00 0 
6 25504595 -08 183 76802 -07 41037 746 -07 00000000+00 00000000+00 3920259 3+04 698 3 1 8 5 1 -06 00000000+00 

::::5 
rl-

7 28227 340- 08 21003127-07 44880064 -07 00000000+00 00000000+00 47240040+04 72298543 -06 00000000+00 --'· 

8 24822027-08 13857334 -07 42300841 -07 00000000+00 00000000+00 3251 4987+04 471356 28-06 00000000+00 ::::5 
9 202 31821-08 204 1 7 709-07 31 789690-07 00000000+00 00000000+00 40899028+04 81823 548 -06 00000000+00 

!:: 
(J) 10 25742808 -08 19247979 -07 41043506 -07 00000000+00 00000000+00 39899 771 +04 730305 0 � - 06 00000000+00 0.. 

11 196964 7 1 - 08  1 8201 7 31 -07 31060504-07 00000000+00 00000000+00 36513 596+04 734312 75-06 00000000+00 
12 249738 76-08 1 7 150292-07 40329670-07 00000000+00 00000000+00 35984507 +04 E 5 1 95 3 3 1 -06 00000000+00 
13 1 9599943-08 1 7673377-07 3 1 1 1 1847-07 00000000+00 00000000+00 36582101+04 7 1 1 95424 -06 00000000+00 
14 25079095 - 08  16833547 ·-07 41060188-07 00000000+00 00000000+00 37023805+04 6471025 6-06 00000000+00 
15 241 75637 -US 1 2 707890-07 41902056-07 00000000+00 00000000+00 298106 30+04 4 3 3052 30-06 00000000+00 
16 19805882 -08 18644445 -07 3 1 1 97080-07 00000000+00 00000000+00 37354 1 96+04 751088 7 2 -06 00000000+00 w 1 7  25023922-08 1 7402818-07 40277339-07 00000000+00 00000000+00 36274371+04 6594 2 1 95 -06 00000000+00 I 
18 19019508-08 14565464-07 30708561 -07 00000000+00 00000000+00 29861876+04 6 1 4 3 2 9 1 5 -06 00000000+00 00 
19 24648320-08 16143688-07 40298072-07 00000000+00 00000000+00 348 1 5 355+04 61639360 -06 00000000+00 
20 26805 1 7 7  -08 1 7293446-07 4364 7936 -07 00000000+00 00000000+00 391661 47+04 594959 10-06 00000000+00 
21 2 1 5 60654 - 08 95041279-08 402 71651 -07 00000000+00 00000000+00 225 20091 ·�04 32004 733 -06 00000000+00 
22 19262516-08 16554486-07 305600 1 3 -07 00000000+00 00000000+00 33547074 +04 67084 7 4 2 -06 00000000+00 
23 2425 7871-08 15480724-07 39687753-07 00000000+00 00000000+00 32851 989+04 58809742 -06 00000000+00 
24 18690283-08 14529606-07 30104469-07 00000000+00 00000000+00 30528439+04 5 9 1 82824 -06 00000000+00 
25 24280951-08 12877215-07 4 1 642792-07 00000000+00 00000000+00 29514681 +04 4357462 7-06 00000000+00 
26 18588140-08 14223 782 -07 29937949-07 00000000+00 00000000+00 295053 39+04 58 153097 -06 00000000+00 
27 24590880-08 1 2035803-07 431 92679-07 00000000+00 00000000+00 29505339+04 442226 79-06 00000000+00 
28 20002 165-08 77830248-07 39335525 -07 00000000+00 00000000+00 26680910+04 442226 79 -06 00000000+00 
29 20�59909-08 82250386-08 39568762-07 00000000+00 00000000+00 1800142 7+04 2634746 3-06 00000000+00 
30 26343168-08 20899562-07 4 1 7 76763 -07 00000000+00 00000000+00 433968 14+04 793566 18-06 00000000+00 
31 20054906-08 1 9672567 - 07 3 1 5 3 1476-07 00000000+00 00000000+00 3936221 8+04 79007798-06 00000000+00 
32 25460 1 7 3 - 08  1851 5606-07 40705 2 1 2 -07 00000000+00 00000000+00 38350900+04 702 1 4 7 7 2-06 00000000+00 
33 1 95 99860-08 1 7 1 26259-07 3 1 1 6 3 1 50 - 07 1 9 2 30769-01 00000000+00 34095268+04 7021 8804-06 00000000+00 
34 25504646-08 18376946-07 4 1 037829 -07 00000000+00 00000000+00 39203086+04 698322 9 1 -06 00000000+00 
35 28227374-08 21003219-07 44880154-07 00000000+00 00000000+00 4 7240718+04 722988l:i -06 00000000+00 
36 24822041 -08 13857364 -07 42300906-07 00000000+00 00000000+00 32515432+04 4 7 1 3 5 7 05 - 06 00000000+00 
37 2 5 742822-08 1 9248024-07 41043529-07 00000000+00 00000000+00 3989994 2+04 730306 43 -06 00000000+00 
38 19696494 -08 18201829-07 31060543 -07 00000000+00 00000000+00 3651 3886+04 734316 16-06 00000000+00 
39 24973931-08 1 7 1 50426-07 403297 43-07 00000000+00 00000000+00 359849 36+04 65195783 -06 00000000+00 
40 195:}998 5 -08 1 76 7 3521 -07 3 1 1 1 1 9 30 -07 00000000+00 00000000+00 365826 24+04 7 1 1 95907 -06 00000000+00 
41 25079151-08 16833688-07 4 1 060282-07 00000000+00 00000000+00 37024414+04 64 7 1 0 7 2 3-06 00000000+00 
42 241756 78-08 12707966-07 4 1 902124 -07 00000000+00 00000000+00 2 98 1 1 1 02+04 433054 59-06 00000000+00 
43 2502394 1 - 08  17402864-07 4027 7362-07 00000000+00 00000000+00 36274514+04 65942354 -06 00000000+00 
44 1 90 1 95 3 3 - 08 14565540 -07 30708559 - 07 00000000+00 00000000+00 2986 2 1 1 4 +04 614 33206 -06 00000000+00 
45 24648368-08 16143800-07 40298143-07 00000000+00 00000000+00 34815781 +04 6163974 3-06 00000000+00 
46 26805230-08 1 7293575 -07 436480 1 3 -07 00000000+00 00000000+00 3916671 6+04 59496 3 2 2 -06 00000000+00 
47 2 1 560703-08 95041913-07 40271 707-07 00000000+00 00000000+00 225 20433+04 32004933-06 00000000+00 

• • 



w 
I 

\.0 

EDIT 
SET 

48 
49 
50 
51 
52 
53 

. 

**** 
75 100 

FULL CE RTIFICAT I ON **** 

XE054 PM061 

2425 7890-08 1 5480768-07 
1869031 3-08 14529687 -07 
24281007-08 1 287 7 307-07 
24590907 -08 12035841 -07 
20002212-08 77830694 -07 
22856013-08 15648795 -07 

PDQ7 VER6 PDQTHF 04 /25 / 7 7  1 9 . 1 4 . 51 
FULL CE RTIFICAT I ON **** FULL CE R T I F I CATION **** FULL CER T I F I CAT I ON 

AVE RAGE NUC� I D E  CONCENTRAT IONS AT 2400 . 00 HOURS 

�.M062 GAD BURN UP BURN UP NP239 

39687 772-0i OUUUOOOO t llO OllOOOOlhl I ()IJ m§?l W O� ���o�a�1 n� 
30104 5 1 5 -07 00000000+00 00000000+00 30528693+04 59 1831 1 4 -06 
4 1642845-07 00000000+00 00000000+00 2 9 5 1 5032+04 4 3 5 7491 7 -06 
431 92699 -07 C1000000+00 00000000+00 2668 1026+04 442 22810-06 
39335556-07 00000000+00 00000000+00 1 800 1 5 7 1  +04 26347608-06 
37923 2 1 1 -07 00000000+00 00000000+00 33424164+04 59369 1 50-06 

• 

P agP. 301 
**** 

E NRPU 

OOOOOO!JOtOO 
00000000+00 
00000000+00 
00000000+00 
00000000+00 
00000000+00 

-i OJ 0' 
___, 

ro 

w 
I ):::> 

("') 0 ::I rl' 
... . 

::I 
c:: 
ro 
0.. 
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**** FULL CERT I F I CAT ION **** **** FULL CERT I F I CAT I ON 
( FLAM3 V2 . 1  CREATED 12/26 / 78 )  - TM2FLKB - 03/29/79 CASE 10 ( 8 , 8 , 32 )  

**** **** 
TM I - 2 FLAM 

FULL CERT I F I CAT I ON **** TM2FLKB 
68 . 6 - 79 . 6E F P D  293 . 5  PWD APSR PAGE 629 

E XPOSURE ( MW D/MT U )  

1/J 8 9 10 1 1  1 2  1 3  14 15 

H 3912 . 75 337 3 . 68 3 1 29 . 1 1  3003 . 88 2780 . 4 7 3075 . 1 6 35'-0 . 79 2543 . 1 8 

K 3373 . 68 3 2 70 . 55 3 1 04 . 97 2994 . 82 2831 . 25 2947 . 77 2917 . 93 2344 . 71 

L 3129 . 1 1  3104 . 97 3030 . 81 287 7 . 92 2476 . 65 2768 . 68 3089 .06 1 7 54 . 5 1 

M 3003 . 88 2994 . 82 2877 . 92 2 7 3 4 . 0 1  2602 . 04 2498 . 08 2323 . 74 

N 2780 . 47 2831 . 25 2476 . 65 260 2 . 04 2422 . 92 2147 . 4 3  1 4 5 1 . 95 

0 3075 . 16 2 947 . 77 2768 . 68 2498 . 08 2 1 47 . 4 3  1 5 37 . 74 

p 3590 . 79 2947 . 93 3089 . 06 232 3 . 74 14 5 1 . 95 

R 2543 . 18 2344 . 71 1 754 . 51 

" 

OJ c :::0 
::z: c ""0 
OJ 
-< 
., c fTl -1 r )::> OJ )::> r (/1 fTl (/1 fTl w 3: I OJ OJ r -< 
........ 
::z: 
3: :l:: 0 
3: -1 c ::r: 

• 



• • 

.... FULL CERT I F I CAT I ON **** **** FULL CERTI F I CAT ION **** **** FULL CERTI F I CAT I ON **** TM2FLKB 
( FLAM3 V2 . 1  CREATE D 12/26/78 )  - TM2FLKB - 03/29/79 CASE 10 ( 8 , 8 , 32 )  TM I - 2  FLAM 68 . 6 - 79 . 6EFPD 293 . 5  PWD APSR PAGE 627  

EXPOSURE ( MWD/MTU) 
CP 

1/J 8 9 10 11 12  13  14  15 c ;:;o 
1428 . 09 14�4 . 40 1223 . 93 1489 .20 14 18 . 56 1458 . 57 1293 . 8 1  

:z 
1049 .09 c 

381 2 . 79 3361 . 20 3199 . 27 3 130 .45  2960. 82 3119 . 74 3460 . 80 2461 . 65 "'0 
496 3 . 1 7  427 7 . 66 4071 . 95 387 4 . 95 3633 . 10 3913 . 4 7  45 1 5 . 59 3 1 70 . 1 1  co H 5163 . 10 4384 . 17 4086 . 37 3796 . 89 3472 . 73 3898 . 14 4684 . 69 3312 . 28 -< 
50! 1 . 28 4204 . 37 387 1 . 1 7  3554 . 82 32 1 3 . 18 3708 . 5 6  4589 . 60 325 1 . 86 , 4456 . 34 2 1 78 . 9 1  1990.44 1 935 . 71 1758 . 48 202? . 56 2398 . 2 9  1626 . 46 c 
2554 . 34 2178 . 91 1990 .44 1935 . 71 1758 .48  2022 . 56 2398 . 29 1626 .46  rrl I 
1494 . 40 1527 . 87 1510 . 70 1528 . 12 1 5 26 . 38 1440 . 58 1 276 . 85 1 008 . 50 ):> 336 1 . 20 3318 . 72 3 199 . 84 3193 . 48 3082 . 25 3070 . 5 6  2906 . 99 2289 . 50 (/) 
4277 . 66 4 170 .46 3983 . 1 1 3910 . 56 3758 . 50 3806 . 97 3717 . 08 292 9 . 40 (/) 

K 4384 . 17 42 2 7 . 69 3954 . 16 3736 . 95 3416 . 93 3694 . 94 3786 . 9 1  3041 . 8 1 rrl 
3: 4204 . 37 4025 . 80 3726 . 05 3454 . 60 3076 . 81 3466 . 04 3658 . 37 2972 . 78 co 

37 15 . 03 3575 . 08 336 2 . 1 8  3235 . 2 1  3065 . 4 3  325 1 . 64 3331 . 66 2678 . 77 I 
2 1 78 . 9 1  2048 . 27 l 998 . 27 1904 . 83 1892 .43  1903 . 64 1 95 7 . 66 1492 . 1 9  -< -I :t:> ):> co 
1223 . 93 1510 . 70 1531 . 4 3  1509 . 97 1495 . 38 1397 . 10 1 15 1 . 76 731 . 95 -l I 

w 3199 . 27 3 199 . 84 3230 . 21 3 1 70 . 28 3114 . 73 2965 . 06 3074 . 23 1 74 1 . 81 rrl 
I 4071 . 95 3983 . 1 1  3962 . 74 3866 .40 3738 . 1 2  366 2 . 62 396 1 . 04 2224 . 08 

-....! 
w 

4086 . 37 3954 . 16 3787 . 08 3463 . 83 2533 . 90 3361 . 69 3983 . 35 2276 . 36 ):> I 
387 1 . 1 7  3726 . 05 3499 .42  308 7 . 65 1844 . 82 3060 . 1 1  3835 . 3 7  2204 . 90 >< n 
3460. 66 336 2 . 18 3275 . 56 3 1 1 4 . 25 2779 .  74 3057 . 27 3570 . 1 7 1 996 . 28 

....... 
):> 

1 990 . 4 4  1998 . 72 1929 . 72 1933 . 05 182 9 . 84 1876 . 9 1  204 7 . 4 5  1 106 . 2 1  r-

1489 . 20 1528 . 12 1509 . 97 1 1 70 . 16 1377 . 74 1 266 . 61 105 2 . 97 I 0 
3130 . 45 3193 . 48 3170.28 3018 . 1 9  2894 . 60 2670 . 86 2374 . 90 n 
387 4 . 95 3910. 56 3866 . 40 3727 . 38 3516 . 99 3261 . 94 2970. 71  ):> 

M 3796 . 89 3736 . 95 346 3 . 83 3373 . 2 0  3098 . 89 3092 . 63 2960 . 1 5 -f ....... 
3554 . 82 3454 . 60 3087 . 65 3029 . 38 2742 . 26 2865 . 24 2826 . 76 0 
3245 . 1 7 3235 . 2 1  3 114 . 25 3004 . 89 2822 . 7 1 2730 . 74 2607 . 64 :z 
1935 . 71  1 904 . 83 1933 .83 1814 . 90 1 761 . 13 1598 . 55 1473 . 03 (/) 

141 3 . 5 6  1526 . J8 1495 . 38 1377 . 74 1279 . 74 1 1 33 . 50 7 1 5 . 97 
....... 
z 

2960 . 82 3082 . 25 3114 . 73 2894 . 60 2635 . 76 2 263 . 60 1 5 1 2 . 62 3: 3633 . 10 3758 . 50 3738 . 1 2  35 16 . 99 3184 . 5 2  275 5 . 0 1  185 7 . 3 3  ::::: 
N 3472 . 73 3416 . 93 2533 . 90 3098 . 89 297 1 . 08 267 3 . 69 1842 . 7 3  0 

3213 . 18 3076 . 8 1  1844 . 82 2142 . 26 2722 . 37 2503 . 76 1748 .46  3: 3006 . 40 3065 . 43 2779 . 74 2822. 71 2615 . 68 2319 . 73 159 1 . 58 -! 
1758 .48 1892 . 4 3  1829 . 84 176 1 . 1 3 15 5 1 . 53 1382 . 50 895 . 1 2 c :X: 



**** FULL CERTI F I CAT ION **** **** FULL CERT I F I CAT ION  **** **** FULL CERT I F I CAT I O N  **** TM2FLKB 
( FLAM3 V2 : 1 CREATED 12/26 / 78 )  - TM2 FLKB - 03/29/ 79 CASE 10 ( 8 , 8 , 32 ) TM I - 2  FLAM 68 . 6 - 79 . 6EFPD  293 . 5  P�D APSR PAGE 628 --i 

EXP OSURE ( �D/MTU) QJ 
0"" --' 

I /J 8 9 10 1 1  1 2  1 3  14 15  ro 

1458 . 57 1440 . 58 1397 . 10 1266 . 61 1 1 33 . 89 803 . 5 3 
w 

I 
3 1 1 9 . 74 3070. 56 296 5 . 06 2670 . 86 2263 . 40 1623 . 91 n 
39 1 3 . 4 7  3806 . 97 3662 . 62 326 1 . 94 2755 . 01 1 96 7 . 76 () 

0 3898 . 14 3694 . 94 3361 . 69 3092 . 63 26 7 3 . 69 1 933 . 1 5 0 
3708 . 5 6  3466 . 04 3060 . 1 1 2865 . 2 4  2503 . 76 1821 . 73 � rt 3405 . 11 325 1 . 64 3057 . 24 2730 . 74 231 9 . 73 1662 . 35 
2022 .  �6 1903 . 64 1876 . 91 1 598 . 55 138 2 . 50 95 1 . 74 � c 

1276 . 85 1 1 51 . 76 1052 . 97 7 1 5 .  97 ro 1293 . 81  
0.. 

3460 . 80 2906 . 99 2074 . 2 3  2374 . 90 1 5 1 2 . 42 
4 5 1 5 . 59 37 1 7 . 08 3961 . 04 2970. 7 1  1857 . 33 

p 4684 . 69 3786 . 91 3983 . 35 2960 . 1 5  1842 . 73 
4589 . 60 3658 . 67 3835 . 37 2826 . 76 1 748 . 46 
4 1 92 . 76 3331 . 66 3570 . 1 9 2607 . 64 1591 . 58 
2398 . 29 1957 . 66 2047 .45 1473 . 08 895 . 1 2 

w 
I 1 049 . 09 1008 . 50 7 3 1 .  95 _. 

246 1 . 65 2289 . 50 1 74 1 . 81 N 
3170 . 1 1  2929 . 40 ?224 . 08 

R 3312 . 28 304 1 . 81 2276 . 36 
32 5 1 . 86 2972 . 78 2204 . 90 
2930. 7 7  2678 . 77 1 996 . 28 
1626 . 46 1492 . 1 9  1 106 . 21 



• " • • 

**** FULL CERTI F I CATION **** **** FULL CERTI F I CAT I ON **** **** FULL CERTI F I CAT I O N  **** TM2FLKB ( FLAM3 V2 . 1  CREATE DI 12/26 / 78 ) - TM2FLKB - 03/29/ 79 CASE 10 ( 8, 8 , 32)  TM I - 2 FLAM 68 . 6 - 7 9 . 6EFPD  293 . 5  PWD APSR PAGE 6 1 2  

CORE AVERAGE E XPOSURE = 2 . 66200E+OO 

EXPOSURE BY CHANNEL 

1/J 2 3 4 6 8 o:l c 
1 3 . 91275  3 . 3 7368 3 . 1291 1  3 . 00388 2 . 7804 7 3 . 07 5 1 6  3 . 59079 2 . 54318  :::0 z 2 3 . 37368 3 . 27055 3 . 10497 2 . 99482 2 . 83 125 2 . 94 7 7 7  2 . 74793 2 . 34471  c 3 3 . 1 2 9 1 1  3 . 10497 3 . 03081 2 . 87 792 2 . 47665 2 . 76868 3 . 08906 1 .  754 5 1  " 
4 3 . 00388 2 . 99482 2. 87792 2 . 73401 2 . 60204 2 . 49808 2 . 32374 

o:l 5 2 . 78047 2 . 83125 2 . 4 7665 2 . 60204 2 . 42292 2 . 14743  1 . 4 5 1 9 5  -< 6 3 . 075 16 2. 94777  2 . 76868 2 . 49808 2 . 1 4 743 1 . 53774 
7 3 . 59079 2 .  94793 3 . 08906 2 . 32374  1 . 45 1 95 , 
8 2 . 54318  2 . 34471 1 . 75451 c I"T1 

EXPOSURE BY BANK 
r-
;r:. (./) ( I  = 1 )  (./) -i fT1 ;r:. 

K/J 2 4 6 8 3: OJ o:l r-w r- fT1 I 32 . 46235 . 6 1 702 . 40270 . 64333 . 58964 . 62304 . 4 1 602 . 385 7 7  -< 
31 . 96889 1 . 1 7 7 36 . 83939 1 . 20758 1 . 1 1 209 1 . 1 7440 . 8 7286 . 76366 w w 
30 1 .  5546/ 1 . 59 1 23 1 .  34077 1 . 59527  1 . 54221  1 .  55925 1 . 40648 1 . 1 3 1 3 7  ;r:. I -i 0 29 2 . 06199 2 . 03160 1 . 75953 1 . 99 785 1 .  93148 1 .  96346 l .  87 265 1 . 47902 
28 2 . 59092 2 . 4 7503 2 . 1 9227 2 . 38660 2 . 29153  2 . 35 724 2 . 35 648  1 .  81310  w 
27  3 . 26556 2 . 92035 2 . 76420 2 . 75884 2 . 6 2 1 7 7  2 . 73554 � . 96341  2 . 13567  N 
26 3 . 76673 3 . 305 73 3 . 1 7021 3 . 08 184 2 . 9 1289 3 . 0669 7 3 . 4 1646 2 . 4 1698 ;r:. 25 4 . 1 5 5 7 1  3 . 62239 3 . 4 7855 3 . 34992 3 . 1 5944 3 . 34466 3 . 77057 2 .  652 1 1  >< 
24 4 . 46044 3 . 87�83 3 . 7 1609 3 . 56457  3 . 35 7 7 5  3 . 56944 4 . 0504 7 2 . 84354 1-1 

z ;r:. 23 4 . 69734 4 . 07020 3 . 89660 3 . 72837 3 . 5069 3 . 74377  4 . 26982 2 . 99 546 c:: r-
22 4 .  877l.l8 4 . 2 1 560 4 . 02753 3 . 84454 3 . 6 1 399 3 . 87 109 4 . 4 3 705 3 . 1 1250 3 
21  5 . 0081 1  4 . 31 721  4 . 1 1251  3 . 9 1 592 3 . 6 7493 3 . 95441 4 . 55871  3 . 1 9887 0'" r-(1) 0 20 5 . 09744 4 . 38 1 1 7  4 . 1 5722 3 . 94557 3 . 69229 3 . 9969 1 4 . 63985 3 . 25872 ' n 1 9  5 . 1 5 1 8 1  4 . 4 1319  4 . 16838 3 . 93721  3 . 66775  4 . 00231  4 . 66614 3 . 29601 ;r:. 
1 8  5 . 1 7758  4 . 4 1 949 4 . 1 5220 3. 89 7 1 3  3 . 60572 3 . 97670 4 . 70360 3 . 3 1 5 1 1  -i ::s ...... 1 7  5 . 18089 4 . 40628 4 . 1 1641 3 . 83518 3 . 5 1 820 3 . 92954 4 . 70024 3 . 3204 3 0 16 5 . 1 6790 4 . 37980 4 . 06922 3 . 76475 3 . 42431  3 . 87330 4 . 68421  3 . 3 1 64 7  -I :z 
15  5 . 14386 4 .  34518 4 . 01810 3 . 69631 3 . 342�2 3 . 8 1 905 4 . 66287 3 . 30692 Q.> Vl 

0'" 14 5 . 1 1 1 96 4 . 30594 3. 96772 3 . 63763 3 . 2 7890 3 . 77292 4 . 64072 3 . 29429 --' 
1 3  5 . 07328 4. 26326 3 . 92023 3 . 59000 3 . 23377  3 . 73626 4 . 6 1 928 3 . 27914  (1) 
12  5 . 02630 4 . 2 1 587  3 . 87616  3 . 55 2 1 7  3 . 20399 3. 70743 4 . 59684 3 . 26016 X 1 1  4 . 96699 4 . 15991 3 . 830 1 7  3 . 5 2050 3 . 1 8663 3 . 68255 4 . 5 6905 3 . 234 10 
10 4. 889 1 8  4 . 08950 3. 7 7544 3 .  7 7544 3 . 48 788 3 . 1 7607 3 . 65425 4 . 52790 
9 4. 78319 3. 99627 3 . 70237 3 . 44250 3 . 1 5 944 3 . 61047  4 . 46 1 36 3 . 1 3 7 7 7  0 
8 4 . 63748 3 .  86985 3 . 59893 3 . 36816 3 . 1 1542  3 . 53467 4 . 354 7 7  3 . 05 1 1 5  w 
7 4 . 43895 3 . 69891 3 . 45 2 1 1  3 . 24809 3 . 02 1 32 3 . 40958 4 . 1 9169 2 . 92557  I I  
6 4 . 1 7 38 7  3 . 4 7 1 72 3 . 24979 3 . 06886 2 . 86393 3 . 22 1 1 1  3 . 95586 2 . 74990 3: 5 3 . 82763 3 . 1 7803 2 . 98109 2 . 82 147  2 . 6 3595 2 . 95941  3 . 6 3 1 5 3  2 . 51 269 :::;::: 4 3 . 38529 2 . 81020 2 . 63622 2 . 50074 2 . 33280 2 . 6 1 882 3 . 20392 2 . 20 1 7 5  Cl 
3 2 . 82825 2 . 36765 2 . 20326 2 . 10726 1 . 94 7 35 2 . 20 1 1 3  2 . 6 5 7 1 1  1 . 80324 ......... 

3: 2 2 . 1 2039 1 .  91001 1 . 65455 1. 69366 1 . 45913  1 . 76339 1 . 96596 1 .  30268 -I 1 1 . 1 5585 1 .  05685 . 90163 . 93503 . 7 9324 . 97 1 56 1 . 06 1 4 7  . 69 1 7 6  c :c 



...... FULL CERTI F I CAT ION **** **** 
( FLAM3 V2 . 1  CREATED 12/26 / 78 )  - TM2FLKB - 03!29!79 

K/J 2 

32 . 6 1 702 . 61 933 
31 1 . 1 7 7 36 1 . 1 7826 
30 1 .  59123  1 .  65364 
29 2 . 03160 2 . 09554 
28 2 . 4 7503 2 . 5 1608 
27  2 . 92035 2 . 9 1 1 90 
26 3 . 30573  3 . 26169 
25 3 . 62239 3 . 55634 
24 3 . 87483 3 . 79450 
23 4 . 07020 3. 9 7977 
22 4 . 2 1 560 4 . 1 1 7 1 7  
2 1  4 . 3 1 7 2 1  4 . 2 1 125 
20 4 . 38 1 1 7  4 . 26451  
19  4 . 4 1 3 1 9  4 .  285 1 1  

w 18 4 . 4 1 949 4 . 2 7936 
I 17  4 . 40628 4 . 25419 

16  4 . 37980 4 . 2 1664 .� 15 4 . 34518  4 . 1 7292 
14 4 . 30594 4 . 12698 
13 4. 26326 4 . 08048 
12 4 . 2 1587  4 . 03362 
1 1  4 . 1 5991 3 . 98230 
10 4 . 08950 3 . 9 1932 

9 3 . 99627 3 . 83585 
8 3 . 86985 3. 72095 
7 3 . 69891 3 . 56247 
6 3 . 47 1 2 7  3 . 34822 
5 3 . 1 7803 3 . 06885 
4 2 .  8 1020 2. 7 1 226 
3 2 . 36 765 2 . 26652 
2 1 .  9 1001 1 .  70278 
1 1 . 05685 . 92831 

• 

FULL CERTI F I CAT ION  **** **** FULL  CERT I F I CA T I O N  **** TM2FLKB 
CASE 10 ( 8 , 8 , 32 )  TM I - 2  FLAM 68 . 6 - 7 9 . 6EFPD 293 . 5  PWO APSR PAGE 6 1 3  

EXPOSURE  BY BANK 

( I  2 ) 
4 5 

. 65 18 1  . 63294 . 67861 
1 . 22385 1 . 19553 1 . 26007 
1 .  61559 1 . 66 1 5 3  1 . 63841 
2 . 02728 2 . 08284 2 . 03006 
2 . 42815 2 . 47251  2 . 39849 
2 . 81 366 2 . 83015  2 .  7 3560 
3 . 14909 3 . 14326 3 .  03292 
3 . 42766 3 . 40667 3 . 28467 
3 . 65082 3 . 61 892 3 . 48862 
3 . 82 177  3 . 78081 3 . 64397 
3 . 94475 3 . 89 130 3 . 7 5080 
4 . 02341 3 . 95468 3 . 80815 
4 . 06 170  3 . 97206 3 . 8 1 322 
4 . 06400 3 . 94532 3 . 76060 
4 . 03658 3 . 87915  3 . 64612  
3 . 988 12 3 . 78598 3 . 48462 
3 . 92952 3 . 68570 3 . 32101  
3 . 87040 3 . 5 9728 3 . 20 1 69 
3 . 81643 3 . 52750 3 . 1 2 3 1 7  
3 . 76922 3 . 4 7 755 3 . 07 !i 26 
3 . 72751  3 . 44461 3 . 05301  
3 .  68778 3 . 42 5 1 1  3 . 05 704 
3 .  68778 3. 4251 1  3 . 05 704 
3 . 58338 3 . 39531  3 . 1 4 1 20 
3 . 49362 3 . 34927 3 . 16520 
3 .  35910 3 . 25 1 13 3 . 1 1 259 
3 . 16705 3 . 8640 2 . 97401 
2 . 90816 2 . 84631 2 . 7 5063 
2 . 57666 2 . 5 2435 2 . 44492 
2 . 17338 2 . 1 1 143 2 . 06225 
1 . 75459 1 .  58 358 1 . 65 74 7  

. 97056 . 86197  . 91469 

6 

. 58973  
1 . 1 1 833 
1 .  56268 
1.  9 7050 
2 . 35249 
2 . 70665 
3 . 10904 
3 . 26297 
3 . 49691  
3 . 66 1 46 
3 .  7 7 789 
3 . 84949 
3. 87756  
3 . 86359 
3 . 81 296 
3 . 73620 
3 . 65236 
3 . 5 7921  
3 . 52247 
3 . 48332 
3 . 45823 
3 . 44371  
3 . 44 3 7 1  
3 . 4 1 6 1 2  
3 . 36837  
3 . 26 743  
3 . 09895 
2 . 85 4 1 6  
2 . 52665 
2 . 10872 
1 .  5 7830 

. 85 7 73 

7 

. 52 1 1 5 

. 99975 
1 .  3564 7 
1 . 74214  
2 . 1 3070 
2 . 51 943 
2 . 85679  
3 . 1 3550 
3 . 35941 
3 . 53382 
3 . 66390 
3 . 75407 
3 . 80856 
3 . 83159 
3 . 82874 
3 . 80735 
3 .  77635 
3 .  74347 
3 '  7 1 324 
3 . 68660 
3 . 66210 
3 . 63598 
3 . 63598 
3 . 54843 
3 . 46 3 1 7  
3 . 33127  
3 . 1 3965 
2.  87 796 
2 . 53976 
2 . 1 27 5 7  
1 .  70207 

. 9 3536 

8 

. 38503 

. 75048 
1 . 08853 
1 . 408 1 7  
1 .  7 1 160 
1 .  99557 
2 .  246 7 7  
2 . 45984 
2 . 63443 
2. 7 7310 
2 . 87921 
2 . 95647 
3 . 00839 
3 .  03877 
3 . 05 159 
3 . 05144 
3 . 04286 
3 . 0299 1  
3 . 01492 
2 . 99855 
2 . 93362 
2 . 95516  
2 . 95516  
2 .  86770 
2 . 78900 
2 . 6 7425 
2 . 5 1 346 
2 . 29657 
? . 0 1 328 
1 .  65263 
1 . 20225 

. 64098 

-; 
OJ 
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**** FULL CERTI F I CATION **** 
( FLAM3 V 2 . 1  CREATED 12/26/78 )  - TM2FLKB 

i</J 

32 . 40270 
31 . 83939 
30 1 .  34077 
29 1 . 75953 
28 2 . 1 9227 
27  2 . 76420 
26 3 . 1 7021  
25 3 . 4 7855 
24 3 . 7 1609 
23 3 . 89660 

w 22 4 . 02753  
I 21  4 . 1 1251  

c..n 20 4 . 1 5722 
19 4 . 16838 
1 8  4 . 1 5220 
1 7  4 . 1 1641  
16  4 . 06922 
15 4 . 01 8 10 
14 3. 967 70 
1 3  3 . 92028 
1 2  3 . 87 6 1 6  
1 1  3 . 830 1 7  
1 2  3 . 87 6 1 6  
1 1  3 . 830 1 7  
10 3. 77544 

9 3 .  70237 
8 3 . 59893 
7 3 . 45 2 1 1  
6 3 . 24979 
5 2. 981 09 
4 2 .  63622 
3 2 .  20326 
2 1 . 65455 
1 . 90163 

**** 
- 03 /29/79 

2 

. 65 181  
1 .  22385 
1 . 61559 
2 . 02728 
2 . 42815 
2 . 8 1366 
3 . 14909 
3 . 42766 
3 . 65082 
3 . 82 177  
3 . 94475 
4 . 02341 
4 . 05 1 72 
4 . 06400 
4 . 03658 
3 . 98812 
3 . 92952 
3 . 87040 
3 . 81643 
3 . 7 6922 
3 . 72751  
3 . 68778 
3 . 72751  
3 .  687 78 
3 . 64331  
3 .  58338 
3 . 49362 
3 . 35910 
3 . 1 6705 
2 . 98109 
2 . 57666 
2 . 1 7338 
1 . 75459 

. 97056 

FULL CERT I F I CAT ION **** **** F ULL CERTI F I CATION **** TM2FLKB 
CASE 10 ( 8, 8 , 32 )  TM I - 2 FLAM 68 . 6 - 79 . 6 EFPD  293 . 5  PWD APSR PAGE 614  

EXPOSURE BY  BANK 

3 

. 63021 
1 . 19310 
1 .  66342 
2 . 09 1 38 
2 .  4897 7  
2 . 85753 
3 . 17953 
3 . 44936 
3 . 66597 
3 . 83079 
3. 94348 
4 . 00759 
4 . 02507 
3. 99796 
3 . 93104 
3 . 83682 
3 . 73531 
3 . 64562 
3 . 57453 
3 . 5 2324 
3 . 48934 
3 . 46900 
3 . 48934 
3 . 46900 
3 . 45630 
3. 43772 
3 . 39081 
3 . 29 1 46 
3 . 1 2498 
2 . 90816 
2 . 55666 
2 . 1 3865 
1 . 60398 

. 87310 

( I  = 3 )  

4 

. 64878 
1 . 22008 
1 .  6 1913  
2 . 02967 
2 . 42384 
2 . 7991 7  
3 . 1 2346 
3 . 39102 
3 . 60300 
3 . 76101  
3 . 86660 
3 . 9 1909 
3 . 91548 
3 . 85013 
3.  7 1 922 
3 . 53991 
3 . 5739 
3 . 22328 
3 . 1 3468 
3 . 08 1 68 
3 . 05933 
3 . 06816 
3 . 05933 
3 . 06816 
3 . 1 1 1 1 7  
3 . 1 7370 
3 . 21015  
3 . 1 67 58 
3 . 03506 
2 . 88232 
2 . 50348 
2 . 1 1047 
1 . 68651  

. 92886 

5 

. 61 850 
1 . 16909 
1 . 62646 
2 . 03945 
2 . 4 1 9 39 
2 . 76602 
3 .  06834 
3 . 32093 
3 . 52205 
3 . 67 168 
3. 7684 7  
3 . 80736 
3 . 77347 
3 . 62893 
3 . 27693 
2 . 70464 
2 . 1 3 9 1 9  
1 .  90823 
1 .  8 1508 
1 .  77618  
1 . 77 4 1 2  
1 . 83078 
1 .  7 7 4 1 2  
1 . 83078 
2 . 04852 
2 . 46053 
2. 87790 
2 . 99056 
2 . 91852 
2 . 8 1 309 
2 . 4 2 7 1 2  
2 . 03219  
1 .  52204 

. 82731  

6 

. 59902 
1 . 1 2 i 76 
1 .  49387 
1 . 8 79 1 7  
2 .  35212  
2 .  60773 
2 . 9 1 76 7  
3 . 1 75 72 
3 . 38254 
3 . 53990 
3 . 64939 
3 . 7 1 085 
3 . 72203 
3 . 67 1 73 
3 . 5 7 359 
3 . 42374 
3 . 2 7 398 
3 . 16455  
3 . 09434 
3 . 05404 
3 . 03763  
3 . 04567  
3 . 03763  
3 . 04 568 
3. 08 1 7 5  
3 . 1 3305 
3 . 1 5 7 3 1  
3 . 10478  
2 .  96592 
2 . 72354 
2 . 43228 
2 . 04504 
1 .  63635 

. 9001 3  

. 36 749 

. 7 7 404 
1 .  2 5 3 1 5  
1 .  6 7029 
2 . 10035 
2 . 64027 
3 . 03887 
3 . 34721  
3 . 58805 
3 . 77335 
3 . 90998 
4 . 00257 
4 . 05439 
4 . 06893 
4 . 05 1 1 7  
4 . 01072 
3 . 96 1 24 
3 . 9 1563 
3 . 87906 
3 . 85221  
3 . 83339 
3 . 8 1 865 
3 . 83339 
3 . 8 1 865 
3 . 80 1 1 3  
3 . 76846 
3 . 70205 
3 . 58135 
3 . 39047 
2 . 74 1 1 7  
2 . 74589 
2 . 27006 
1 .  66 7 1 3  

. 89499 

8 

. 26458 

. 52770 

. 78842 
1 . 036 10 
1 .  27617  
1 .  51062 
1 .  7 1268 
1. 87874 
2 . 01 1 5 2  
2 . 1 1460 
2 . 1 9155  
2 . 24536 
2 . 24536 
2 . 29463 
2 . 29609 
2 . 28 7 1 1  
2 . 27226 
2 . 25545 
2 . 23904 
2 . 22358 
2 . 20825 
2 . 1 90 76 
2 . 20825 
2 . 1 9076 
2 . 16724 
2 . 1 3 1 9 1  
?. .07729 
1 . 99509 
2 . 87697 
3 . 1 1625 
1 .  50079 
1 .  22609 

. 88280 

. 46730 

• • 
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**** F ULL CERT I F I CAT I ON **** *** *  
( FLAM3 V2 . 1  CREATE D 1 2 / 26 / 78 )  - TM2FLKB - 03/29/79 

K/J 

32 
31 
30 
29 
28  
2 7  
2 6  
2 5  
2 4  
2 3  
22 
21  
20 
19 
1 8  
1 7  
1 6  
1 5  
14 
13  
12  
1 1  
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 

• .. 

. 64333 
1 .  20758 
1 . 59527  
1 .  99785 
2 . 38660 
2 . 75884 
3 . 08 184 
3 . 34992 
3 . 56457 
3 . 72837 
3 .  84454 
3 . 9 1 592 
3. 9455 7  
3. 9372 1  
3 . 89 7 1 3  
3 . 83518  
3 . 3 7643 
3 . 69631 
3 . 63763 
3 . 59000 
3 . 55 2 1 7  
� . 52050 
3 . 48 788 
3 . 44250 
3 . 36816 
3.  24809 
3 . 06886 
2 . 82147  
2 . 50074 
2 . 10726 
1 .  69366 

. 93503 

. 63294 
1 . 1 9553 
1 . 66153  
2 . 082e4 
2 . 4 1 2 5 1  
2 . 83015 
3 . 14326 
3 . 40667 
3 . 6 1 892 
3 . 78081 
3 . 89 1 30 
3 . 95468 
3 . 97206 
3 . 94532 
3 . 87915  
3 . 7B598 
3 . 68570 
3 . 59728 
3 . 52750 
3 . 4 7 755 
3 . 44461 
3 . 425 1 1  
3 . 41 3 1 6  
3 . 39531  
3 . 34927 
3 . 25 1 1 3  
3 . 08640 
2 . 84631 
2 . 52435 
2 . 1 1 143 
1 . 58358 

. 86197 

FULL CERT I F I CAT I ON * * * *  * * * *  FULL  CERT I F I CAT I ON **** TM?FLKB 
CASE 10 ( 8 , 8 , 3 2 )  TM I - 2 F LAM 68 . 6 - 79 . 6EFPD  293 . 5  PWD APSR PAGE 6 1 5  

E XPOS URE B Y  BANK 

( I  = 4 ) 

4 

. 64878 . 3B 7 38 
1 . 22008 . B0534 
1 . 6 1 9 1 3  1 . 28432 
2 . 02967 1 . 68027 
2 . 42384 2 . 08601 
2 . 799 1 7  2 . 62469 
3 . 1 2346 2 . 99822 
3 . 39102 3 . 27654 
3 . 60300 3 . 484 7 1  
3 . 76101 3 . 63501 
3 .  86660 3 . 732 13  
3 . 91909 3 . 7 7 702 
3 . 9 1548 3 . 76829 
3 . 8501 3  3 . 70478 
3 . 7 1922 3 . 58976 
3 . 539 1 1  3 . 44042 
3 . 35739 2 . 28832 
3 . 22328 3 . 16414 
3 . 1 3468 3 . 07 7 16 
3 . 08168 3 . 02500 
3 . 05933 3 . 004 1 7  
3 . 06816 3 . 0 1 226 
3 . 1 1 1 1 7  3 . 04406 
3 . 1 7 370 3 . 08227 
3 . 2 1015  3 . 09436 
3 . 16758 3 . 04558 
3 .  03506 2 . 9 1 902 
2 . 81 309 2 . 70788 
� . 50348 2 .  40860 
2 . 1 1047 2 . 0 1488 
1 . 6865 1 1 . 507 19  

. 92886 . 8 1866 

5 

. 59067 
1 . 1 1 258 
1 .  4 7689 
1 .  85 306 
2 . 2 1 384 
2 . 55 740 
2 . 85298 
3 . 09 582 
3 . 28749 
3 . 42 970 
3 . 52328 
3 . 56689 
3 . 55691  
3 . 48 7 20 
3 . 35356  
3 . 1 7 236 
2 . 99140 
2 . 85978 
2 .  7 7523  
2 .  7 2776 
2 .  7 1 2 2 3  
2 . 72922 
2 .  78193  
2 . 85593 
2 . 90586 
2 . 87916  
2 . 76557  
2 . 56633 
2 . 2 8385 
1 .  92308 
1 . 53409 

. 84 3 37 

6 8 

. 5 1492  . 39782 0 . 0  

. 98018 . 7 7996 0 . 0  
l .  37690 1 . 1 4 100 0 . 0  
1 . 73673  1 . 4 7391  0 . 0  
2 . 06 764 1 . 78658 0 . 0  
2 . 36830 2 . 08279 0 . 0  
2 . 6 3029 2 . 33 7 5 7  0 . 0  
2 . 84928 2 . 54 789 0 . 0  
3 . 02457  2 .  7 1621  0 . 0  
3 . 1 5 7 35 2 . 84 5 78 0 . 0  
3 . 24882 2 . 93984 0 . 0  
3 . 2 9999 3 . 001 02 0 . 0  
3 . 3 1 1 2 1  3 . 03 1 95 0 . 0  
3 . 28357  3 . 03568 0 . 0  
3 . 2 2092 3 . 01695 0 . 0  
3 . 1 3�. 72 2 . 98276 0 . 0  
3 .  04'· 10 2 . 94208 0 . 0  
2 . 96800 2 . 90298 0 . 0  
2 .  9 1 1 4 3  2 . 87002 0 . 0  
2 . 87402 2 . 84454 0 . 0  
2 . 85368 2 . 82552 0 . 0  
2 . 84 764 2 . 80972 0 . 0  
2 . 85054 2 .  79 127  0 . 0  
2 . 84979 2 . 76085 0 . 0  
2 . 824 19  2 . 70595 0 . 0  
2 . 7 5 102 2 . 61 3 14 0 . 0  
2 . 6 1 680 2 . 4 7033 0 . 0  
2 . 4 1 345 2 . 26 7 1 1  0 . 0  
2 . 1 34 / 2  I .  99253 0 . 0  
1 .  7 7286 1 . 63507 0 . 0  
1 .  3 1 280 1 . 1 8268 0 . 0  

. 70816 . 62833 0.0 

" 
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**** FULL CERT I F I CAT I ON **** **** 
( FLAM3 V2 . 1  CREATE D 12/26/78 )  - TM2FLKB - 03/29/79 

K /J 

32 . 58964 . 6786 1 
31 1 . 1 1209 1 . 26007 
30 1 . 54 2 2 1  1 .  6384 1 
29 1 .  9 3 1 48 2 . 03006 
28 2 . 2 9 1 5 3  2 . 39849 
27 2 . 6 2 1 7 7  2 . 73560 
26 2 . 9 1 289 3. 03292 w 
25 3 . 1 5944 3 . 28467 I 
24 3 . 3 5 7 7 5  3 . 48861 -....J 23 3 . 50869 3 . 64397 
22 3 . 6 1 399 3 . 75080 
21 3 . 67493 3. 80815  
20 3 . 69229 3 .  81322 
1 9  3 .  66775 3 . 76060 
1 8  3 . 60572  3 . 646 12  
1 7  3 . 5 1 820 3 . 48462 
16 3 . 4243 1  3 . 32101  
15  3 . 34232 3 . 20169 
14 3 . 2 7890 3 . 1 2 3 1 7  
13  3 .  23377  3 . 0 7526 
12 3 . 20399 3 . 05 30 1  
1 1  3 . 1 8663 3 . 05704 
10 3 . 1 7607 3 . 09082 

9 3 . 1 5944 3 . 14 120 
8 3 . 1 1 542 3 . 16520 
7 3 . 02 132 3 . 1 1 259 
6 2 . 86393 2 . 97401 
5 2 . 6 3595 2 . 75063 
4 2 . 33280 2 . 44492 
3 1 . 94735 2 . 06225 
2 1 . 45 9 1 3  1 . 65747 
1 . 79324 . 91 469 

FULL CERT I F I CAT I ON **** • • • •  F ULL  CERT I F I CAT I O N  **** TM2FLKB 
CASE 10 ( 8 , 8 , 32 )  TM I - 2  FLAM 68 . 6 - 79 . 6E F P D  293 . 5  PWD APSR PAGE 6 1 6  

EXPOSURE BY BANK 

3 

. 6 1850 
1 . 16909 
1. 62646 
2 . 03945 
2 . 4 1 939 
2 . 76602 
3 . 06834 
3 . 32093 
3 . 52205 
3 . 67 168 
3 .  7684 7 
3 . 80736 
3 . 77347 
3 . 62893 
3 . 27603 
2. 70464 
2 . 1 39 1 9  
1 .  90823 
1 . 81 508 
1 .  77618  
1 .  774 1 2  
1 . 83072 
2. 04852 
2 . 46053 
2. 87 790 
2 . 99056 
2 . 91852 
2 . 72354 
2 . 42 7 1 2  
2 . 03219  
1 .  52204 

. 827 31 

( I  5 )  

4 

. 59067 . 53 1 24 
1 . 1 1 258 1 .  00344 
1 . 47689 1 .  3936 3  
1 . 85 306 1 .  74302 
2 . 2 1 384 2 . 06 1 20 
2 . 55 740 2 . 34836 
2 . 85298 2 . 5 9 7 7 1  
3 . 09582 2 . 80576 
3 . 28749 2 . 97167  
3 . 42970 3 . 09612 
3 . 52328 3 . 1 7965 
3 . 56689 3 . 22 264 
3 . 55691  3 . 2 2496 
3 . 48720 3 . 1 8745 
3 . 35356 3 . 1 1407 
3 . 1 7236 3 . 0 1693 
2 . 99140 2 . 9 1 667  
2 . 85978 2 . 83235 
2 .  77523 2 . 76975 
2 . 72776 2 . 72905 
2 . 7 1223  2 . 70825 
2 . 72922 2 . 70454 
2 . 78 1 9 3  2 . 7 1 2 35 
2 . 85593 2 . 7 1 865 
2 . 90586 2 . 70164 
2 . 87916 2 .  6 3822 
2 . 76557  2 . 5 1 507 
2 . 56633 2 . 32476 
2 . 28385 2 . 06218  
1 .  92 308 1 . 72079 
1 .  5 3409 1 .  28469 

. 84337 . 69663 

6 

. 50436 

. 93828 
1 . 2 1 802 
1 .  50772 
1 .  77649 
2 . 01 840 
2 . 22935 
2 .  40694 
2. 55077  
2 . 66097 
2 . 75842 
2 . 78414 
2 . 79975 
2.  78770 
2. 7 5 2 7 1  
2 . 70233 
2 . 64672 
2 . 59502 
2 . 55258  
2 . 5 2099 
2 . 49935 
2 . 48450 
2 . 47059 
2 . 44817  
2 .  40454 
2 . 32650 
2 . 20336 
2 . 02756 
1 . 79455 
1 . 50549 
1 .  20 189 

. 64945 

. 2 8625 

. 54934 

. 77944 

. 98674 
1 . 1 7468 
1 .  3 n 3a 
1 .  48954 
1 . 6 1 1 88 
1 .  7 1049 
1 . 78644 
1 .  8409 3 
1 . 8 7546 
1 .  89 169 
1 .  89 1 89 
1 . 87908 
1 .  85743 
1 . 83 1 59 
1 . 80586 
1 .  78299 
1 . 76408 
1 .  7485 7 
1 . 7 3439 
1 .  7 1 7 7 7  
1 . 69323 
1 .  65390 
1 .  592 34 
1 . 50 1 5 7  
1 .  37516  
1 . 20721  

. 99188 

. 72226 

. 38485 

8 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
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-l PJ cr 
**** F ULL CERT I F I CAT ION  **** **** FULL CERT I F I CAT I O N  * *  * *  * * * *  FULL  CERT I F I CAT I ON **** TM?.FLKB ro 

( FLAM3 V2 . 1  CREATE D 1 2 / 26 / 78 ) - TM2FLKB - 03/29 / 79 CASE 10 ( 8 , 8 , 32 )  TM I - 2 FLAM 68 . 6 - 7 9 . 6EFPD  293 . 5  PWD APSR PAGE 6 1 7  
w 
I E XPOS URE BY BANK 0 

( I  = 6 ) n 0 :::l K /J 4 6 R M-
-'· 

:::l 32 . 62364 . 5897:0 . 59902 . 5 1492 . 50436 . 3 3508 0 . 0  0 . 0  c: 31 1 . 1 7440 1 . 11 833 1 . 1 2 7 76 . 98018 . 9 3828 . 68285 0 . 0  0 . 0  ro 
30 1 .  55925 1 .  56268 1 . 49387 1 .  37690 1 . 2 1802 . 87788 0 . 0  0 . 0  0.. 
2 9  1 .  96346 1 .  97050 1 . 87917  1 . 73673 1.  50772 1 .  0931 7 0 . 0  0 . 0  
2 8  2 . 35 724 2 . 35249 2 . 25 2 1 2  2 . 06 764 1 .  77649 1 . 2 8498 0 . 0  0 . 0  
2 7  2 .  73554 2 . 70665 2 . 60773 2 . 36830 2 . 01840 1 . 45432 0 . 0  0 . 0  
26 3 . 06697 3 . 01904 2 . 91767  2 . 63029 2 . 22935 1.  f0063 0 . 0  0 . 0  
25 3 . 34466 3 . 28297 3 . 1 75 72 2 . 84928 2. 40694 1 .  72356 0 . 0  0 . 0  
24 3 . 56944 3 . 49691 3 . 38254 3 . 02457  2 .  550 7 7  1 .  82302 0 . 0  0 . 0  w 23 3 . 74377  3 . 66146 3 . 53990 3 . 15735 2 . 66097 1 . 89954 0 . 0  0 . 0  I 
22 3 .  87 109 3 .  77789 3 . 64939 3 . 24882 2 . 73842 1 .  95383 0 . 0  0 . 0  __, 

co 21  3. 95441 3 . 84949 3 . 71085 3 . 29999 2 . 784 14 1 .  98699 0 . 0  0 . 0  
20 3. 99691  3 .  87756 3. 72203 3 . 3 1 1 2 1  2 . 79975 2 . 00043 0 . 0  0 . 0  
1 9  4 . 00231 3 .  86395 3 . 67773  3 . 28357 2.  78770 1 . 99644 0 . 0  0 . 0  
18 3 . 97670 3 . 81296 3 . 57359 3 . 22092 2 . 752 7 1  1 . 97829 0 . 0  0 . 0  
1 7  3 . 92954 3 . 73620 3 . 42374 3 . 13472 2 .  70233 1 . 9 5064 0 . 0  0 . 0  
16  3 . 87 330 3 . 65 236 3 . 2 7 198 3 . 04410 2 . 64672  1 . 91878 0 . 0  0 . 0  
1 5  3 . 8 1 905 3 . 5 7921 3 . 16355 2 .  96800 2 . 59502 1 . 88762  0 . 0  0 . 0  
14 3 . 77292 3 . 52247 3 . 09434 2. 9 1 143  2 . 55258 1 .  86035 0 . 0  0 . 0  
13  3 .. 73626 3 . 48332 3 . 05404 2 . 87402 2 . 5 2099 1 .  83831 0 . 0  0 . 0  
1 2  3 . 70743 3 . 45823 3 . 03763 2 . 85368 2 . 49935 1 .  82095 0 . 0  0 . 0  
1 1  ; • 68255 3 . 44371 3 . 04567 2 . 84764 2 . 48450 1 .  80602 0 . 0  0 . 0  
1 0  3 . 65425 3 . 43402 3 . 08 1 7 5  2 . 85054 2 . 4 7059 1 .  78943 0 . 0  0 . 0  

9 3 . 6 1047 3 . 41612  3 . 1 3305 2 . 84979 2 . 44817  1 .  76519  O . G  0 . 0  
8 3 . 53467 3 . 36837 3 . 1 5 731  2 . 824 1 9  2 . 40454 1 .  72585 0 . 0  0 . 0  
7 3 . 40958 3 . 26743 3 . 10478 2 . 75 102 2 . 32650 1 . 66351 0 . 0  0 . 0  
6 3 .  2 2 1 1 1  3 . 09895 2. 96592 2 . 6 1680 2 . 20336 1 . 5 7 103 0 . 0  0 . 0  
5 2 . 95941 2 . 854 16 2 . 74 1 1 7  2 . 4 1 345 2 . 02756 1 .  44222 0 . 0  0 . 0  4 2 . 5 1 882  2 . 52665 2 . 43228 2 . 13472  1 . 79455 1 .  2 7 184 o . c  0 . 0  
3 2 . ?.0113  2 . 10872 2 . 04504 1 .  7 7286 1 . 50549 1 . 05441 0 . 0  0 . 0  
2 1 .  76339 1.  57830 1 .  63635 1. 3 1 280 1 .  20189 . 78019  0 . 0  0 . 0  1 . 9 7 1 56 . 85 7 73 . 900 13 . 70816 . 65945 . 4 2026 0 . 0  0 . 0  

• ,. 
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**** 
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**** **** FULL CERTI F I CATI ON 
( F LAM3 V 2 . 1  CREATED 12/26 / 78 ) - TM2FLKB - 03/29/79 

K/J 2 

32 . 41 602 . 52 1 1 5 
31  . 87286 . 99945 
30 1 . 40648 1 . 35641 
29 1.  87265 1 .  74214 
28 2 . 35648 2 . 13070 
27 2 . 96341 2 . 5 1943 
26 3 . 41646 2 . 85679 
25 3 . 7 7057 3 . 1 3550 
24 4 . 05047 3 . 35941 
23  4 . 26982 3 . 5 3382 
22 4 . 4 3 705 3 . 66390 
21 4. 55871 3.  75407 
20 4 . 63985 3 . 80856 
1 9  4 . 68614 3 . 83159 
18 4 . 70360 3 . 82874 
1 7  4 . 70024 3 . 80735 
16 4 . 68421 3 .  77635 
1 5  4 . 66287 3 . 74347 
14 4 . 64072 3 . 71324 
13  4 . 61 928 3 . 68660 
12 4 . 59684 3 . 66210 
11 4 . 56905 3 . 63598 
10 4 . 52790 3 . 60151  
9 4 . 46 1 36 3 . 54843 
8 4 .  35477  3 . 46 3 1 7  
7 4 . 1 9 169 3 . 3 3 1 27 
6 3 . 95586 3 . 13965 
5 3 . 6 3153  2 . 8 7796 
4 3 . 20392 2 . 53976 
3 2 . 65 7 1 1  2 . 12757 
2 1 .  96596 I .  70207 
1 1 . 06147  . 93536 
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. 77404 . 7 7996 . 54934 
1 . 25 3 1 5  1 .  14 100 . 77944 
1 . 6 7029 1 . 47391  . 98674 
2 . 10035 1 . 78658 1 .  1 7468 
2 . 64027 2 . 08279 1 .  34338 
3 . 03887 2 . 33757  1 . 48954 
3 . 34721  2 . 54789 1.  6 1 1 88 
3 . 58805 2 . 71621  1 .  71049 
3 . 77335  2 . 84578 1 . 78644 
3 . 90998 2 . 93984 1 .  84093 
4 . 00257 3 . 00102 1 . 87546 
4 . 05439 3 . 03 1 95 1 .  89 169 
4 . 06893 3 . 03568 1 .  89189 
4 . 05 1 1 7  3 . 01695 1 .  87908 
4 . 01072 2 . 98276 1 . 85743 
3 . 96124 2 . 94208 1 . 83 1 59 
3 . 91563  2 .  90298 1 . 80586 
3 . 87906 2 . 87002 1 .  78299 
3 . 85221 2 . 84454 1 .  76408 
3 . 83339 2 . 825 52 1 .  7485 7 
3 . 81865 2 . 809 72 1 . 7 3439 
3 .  801 1 3  2 . 79127  1 .  7 1 7 7 7  
3 . 76846 2 . 76085 1 . 69323 
3 . 70205 2 . 70595 1.  65390 
3 . 581 35 2 . 6 1 3 14 1 .  59234 
3 . 3904 7 2 . 4 7033 1 . 50157  
3 . 1 1625 2 . 26 7 1 1  I .  3 7 5 1 6  
2 . 74689 I .  99253 I .  20721 
2 . 27006 1 . 63507 . 99188 
1 . 66 7 1 3  1 . 18268 . 72226 

. 89499 . 62833 . 38485 
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0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
a . o  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 , 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
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24 2 .  84354 2 . 63443 2 . 01 1 5 2  O o O  0 . 0  O o O  0 . 0  0 . 0  N 0 23 2 . 99546 2. 77310 2 . 1 1460 0 . 0  O o O  O o O  0 . 0  0 . 0  22 3 . 1 1 250 2 0 87921 2 o 1 9 1 5 5  0 . 0  0 . 0  0 . 0  0 . 0  O o O  2 1  3 . 1 9887 2 . 95647 2 . 24536 O o O  0 . 0  O o O  0 . 0  0 . 0  20 3 . 25872 3 . 00839 2 . 27879 CJ . O  O o O  O o O  O o O  O o O  
1 9  3 . 29601 3 . 03877 2 . 29463 O o O  0 . 0  O o O  0 . 0  0 . 0  1 8  3 . 31 5 1 1  3 . 05 1 59 2 . 29609 0 . 0  O o O  O o O  O o O  0 . 0  1 7  3 . 32043 3 . 05144 2 .  287 1 1  O o O  0 .0  O o O  0 . 0  0 .� • '  
16 3 . 3164 7 3 . 04286 2 o 27226 O o O  O o O  O o O  0 . 0  0 . 0  
1 5  3 . 30692 3 . 02991 2 . 25545 0 . 0  O o O  O o O  O o O  O o O  14 3 . 29429 3 .  01492 2 . 23904 0 . 0  O o O  O o O  0 . 0  0 . 0  
1 3  3 . 27914  2 . 99855 2 . 22358 0 . 0  O o O  0 . 0  0 . 0  0 . 0  1 2  3 . 2601 6  2 o 97962 2 0 20825 0 . 0  O o O  0 . 0  O o C  O o O  1 1  3 . 23410 2 . 9 5 5 16 2 . 19076 O o O  0 . 0  O o O  O o O  0 . 0  
1 0  3 . 1 95 74 2 o 920 18 2 o 16724 0 . 0  0 . 0  O o O  0 . 0  0 . 0  9 3 . 1 3 7 7 7  2 . 86770 2 0 1 31 9 1  O o O  0 . 0  0 . 0  O o O  0 . 0  8 3 . 05 1 1 5  2 o 78CJOO 2 0 07729 0 . 0  0 . 0  O o O  0 . 0  O o O  
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4 2 . 20175  2 . 01328 1 .  50079 0 . 0  O o O  0 . 0  O o O  0 . 0  
3 1 .  80324 1 .  65263 1 . 22609 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  2 1 . 30268 1 . 20225 . 88280 0 . 0  O o O  0 . 0  O o O  0 . 0  
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