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ACTL:  EVALUATED NEUTRON  ACTIVATION 
CROSS SECTION  LIBRARY—EVALUATION 

TECHNIQUES  AND REACTION  INDEX 

ABSTRACT 

We have compiled a library of evaluated neutron­induced activation cross sections 
(ACTL).  The library  covers  incident  neutron  energies  from  10

­ 1 0

 to 20 MeV.  General 
descriptions  of the  evaluation  methods and an index to the evaluated  cross sections are 
presented. 

INTRODUCTION 

The  ACTL  library  includes  angle­integrated 

cross  section  evaluations of neutron­induced  reac­

tions on 2SS target nuclei.  It closely follows both the 

philosophy and the format of EMDL (the Evaluated 

Nuclear Data Library).' 

The  purpose of the ACTL  library,  as that of 

ENDL, is to provide evaluated nuclear <';. ia for use 

in the Laboratory's applied physics and engineering 

calculations—data  that  have  been  made as simple 

and succinct as possible, but that have been derived 

with as little sacrifice as possible of the real physics. 

To  this  end, some  of the experimental  detail has 

been restricted to a practical  limit, as in the case of 

the (n,7) capture reactions.  Here, the inclusion of a 

very  detailed  measured  resonance  structure  has 

been  avoided,  but all  (n,­y)  cross  sections  in the 

library  have been smoothed and  adjusted in such a 

way that any corresponding measured resonance in­

tegral  values  can  be  reproduced  within  the ex­

ACTIVATION  REACTIONS 

The  ACTL  library  contains  evaluated  activa­

tion  cross  sections  for  233  ground­state  target 

isotopes  as  well  as  for  22  isomeric  targets. The 

evaluations  have been  done  for specific first­order 

reactions (where the targets are stable isotopes of an 

element) and for the related second­order reactions 

perimental  error  limits."  On the other  hand,  for 

most  activation  reactions,  there  are only  a  few 

measured  cross  section  values  extending  over the 

full  incident  neutron  energy  range.  These  cases 

make  it  necessary  to  evoke  the  aid  of  nuclear 

systematics and statistical  model calculations to  fill 

in  the "gaps" in the available  experimental  data. 

The ACTL library represents a "first pass" at­

tempt  to  update  and  improve  data  within  a 

relatively  short  period.  As such, we recognize the 

need  to  continue  upgrading  the  library.  Where 

necessary, further modification and improvement of 

the  nuclear  systematics  will  be  carried  out, and 

more extensive use will be made of statistical model 

calculations  to fill  in the gaps  in the cross  section 

data. The  library will also be expanded in response 

to  user requests. 

•Further discussion  of <n,>) cross  section  evaluations  appeals 

in  the next  section. 

(where  the targets  are  the  imrnedi  J  activation 

products  from  reactions on these  stable  isotopes). 

Consequently, a large number of cross sections are 

piovided  for  unstable  targets.  Cross  sections are 

usually  included for the following  reactions: (n,>), 

(n,2n).  (n,3n),  (n,p),  (n.n'p),  (n,pn),  (n,a),  (n.n'a), 

and  (n,an). Some  (n,d), (n,t), (n,
3

He),  (n,n'd), and 

(n,n't)  cross  sections  are also  provided.  On the 
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average, about  five reactions per target isotope have 
been evaluated. Cross sections for  reactions  leading 
to  isomeric  products  are  included  where  ap­
propriate.  In  the  case  of  the  isotopes  5 8 Co,  " t o , 
6 2  Co,  l 7 4 Lu,  l 7 6 Lu,  and  2 0 4 Pb. cross section evalua­
tions  were  made  for  the  inelastic  scattering 
processes  that  lead  to  the  production  of  unstable 
ground  states  or  isomers.  A  complete  index  of  all 
available reaction cross sections in ACTL  i; given in 
the  last  section. 

Although  most  of  the  ACTL  cross  section 
library  consists  of  new  evaluations,  some  evalua­
tions of suitable, integrated activation cross section's 
from  LNDL  were incorporated  into the ACTL  file. 

EVALUATION  METHODS 

Good  experimental  data,  whenever  available, 
are  the  basis  for  all  ACTL  evaluations,  and  the 
latest  available  measurements  are  used  as  much  as 
possible  in  this  first  pass.  The  prime  source of  the 
experimental  cross  section  data  is  ECSIL  (Ex­
perimental  Cross Section  Information  Library).2To 
the  extent  that  time  permitted,  the  ACTL  evalua­
tions  follow  the same guidelines that  are used in  the 
ENDL  evaluations  to  examine  the  experimental 
data  and  to  determine  their  validity.  If only one set 
of  .TOSS section  measurements  was available and  it 
was  ascertained  to  be  the  result  of  good  experi­
mental procedures, then  the evaluation  followed  the 
trend  of  that  data.  If  several  sets  of  cross  section 
measurements existed over the same neutron energy 
range, and  they  disagreed  beyond  the  experimental 
error  limits,  then  it  was  necessary  to  investigate  in 
more  detail  the  experimental  procedures  that 
produced  each  set  of  cross  sections  before  a choice 
was  made  as  to  which  set  or  sets  were  the  most 
reliable. 

Nuclear  systematics  and,  to  some  extent, 
statistical model calculations also contributed to the 
evaluation  process.  Given  the  range  of  incident 
neutron  energies,  targets  both  stable  and  unstable, 
and the great  variety of reaction  types leading to ac­
tivation,  it is not surprising  that  most of the desired 
cross  section  information  has  not  been  measured. 
Calculations  based  on  formal  or  informal 
systematics  must  be  used  to  fill  the  gaps.  Where 
conflicting  experimental  data  exist,  as  a  result  of 
what  appear  to  be  equally  good  experiments, 
systematics and  theoretical calculations can serve as 

guides in  evaluating  and  choosing  the "best"  cross 
sections  and  cross  sections  trends.  In  cases  where 
the systematics or theoretical calculations appear  to 
be  in  disagreement  with  some  part  of  the  experi­
mental  data,  the calculations are normalized  to  the 
experimental  values,  provided  the  experimental 
work  is judged  to  be  good. 

SPECIFIC REACTIONS 

(n,­>)  Reactioa 

The cross section  for  the neutron capture reac­
tion—for  all  but  very  light  and  closed­shell 
nuclei—is significantly  large  over  most  of  the  inci­
dent  neutron  energy  range  from  10"'° to  20 MeV. 
At thermal and other energies in this neutron energy 
range,  experimental  capture  cross  sections  have 
been measured for most of the stable isotopes. Some 
capture  cross sections have also bern  measured  for 
unstable  nuclei,  mainly  at  thermal  energies. 

The usual  starting  point  for an  evaluation  of a 
capture cross section is tc  use the measured value at 
thermal  energy  if  such  a  measurement  has  been 
made.  If there  is no experimental  thermal  value, an 
estimate  may  be  m?dc  from  the  trends  of  the 
measured  thermal  cross  sections  for  other  isotopes 
of that element. If we assume that the thermal cross 
section  for  a  target  is  not  affected  by  resonance 
structure  and  that  the  cross  section  reaction  does 
not  lead  to  a  closed­shell  product,  then  we  know 
that  the magnitude of the cross section will decrease 
as the  isotopic mass number  increases and  that  the 
magnitude  will  be  larger  for  targets  with  an  odd 
neutron  number. Generally  an estimate of the value 
can  be  made  from  the  relation  o(A  +  2) =  a(A)/2 
or some similar fraction,  depending on  the trends in 
that  particular  Z,  A  range. 

At  energies  greater  than  thermal,  the 
magnitude of the cross section  falls off,  usually at a 
]/v  rate  (v  is  the  neutron  velocity),  until  the 
resonance  region  is  reached.  For  most  stable 
isotopes,  capture  measurements  have  been  made 
over  some  portion  of  the  resonance  region  and 
beyond;  from  such  measurements cross  section  in­
formation  can either be obtained  directly or  can  be 
derived  from  tabulated  resonance  parameter  data. 
These  experimental  data  can  then  be  "pieced" 
together  by  following  the  general  trend  of  capture 
cross sections  for  most  medium­  and  heavy­weight 
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nuclei,  with  the  exception  of  those  cases  where 

closed­shell  products  are  formed. 

Resolved  resonances  in  the  cross  section  will 

appear  at  different  neutron  energy  ranges, 

depending on the mass. For very low mass numbers, 

resolved  resonances  generally  do  not  appear  until 

about  the MeV range; for targets with masses in the 

neighborhood  of  100, these resonances begin to oc­

cur  in  the  low  eV  range: and  for  very  high  mass 

numbers, the onset  of  resolved  resonances may oc­

cur  in  the  range  of  a  fraction  of  an  eV.  These 

resonances,  of  course,  are  imposed  upon  a  con­

tinuously  decreasing  1/v  background.  The  capture 

cross  section  continues  to decrease  slowly  through 

the  unresolved  resonance  region.  At  energies  of a 

few hundred keV the cross section will begin to rise 

due  to  the  contributions  from  incident  neutrons 

with  higher  partial  waves  and  the  decrease  in  the 

competition  from  the  compound  elastic  ?ross  sec­

lion. Over the next few hundred keV, it will level off 

due  to  competitive  inelastic  scattering.  As  the 

neutron  energy  continues  to  increase  and  many 

other reaction channels becorr.e available,  the com­

pound  nucleus portion  of the capture cross section 

drops  off  rapidly,  becoming  insignificant  in  the 

MeV  range.  Although  semidirect  and  direct  con­

tributions  to  the  capture  cross  section  increase  in 

the  region  of  10  to  20 MeV,  their  magnitudes 

seidom  exceed  the  1 to  10 mb  range. 

In  the  absence  of  any  captu­e  cross  section 

data,  information  sometimes  may  be gleaned  from 

total  cross  section  rneasurements  made  in  the 

resonance region and from estimates of the gamma­

ray widths (r 7 ) .  In the total  absence of any type of 

cross section  measurements, a capture cross section 

can be estimated by scaling from the magnitude of a 

known neighboring capture cross section—the scal­

ing  based  on  the  relative  thermal  cross  section 

values  and estimates. 

One  of  our goals  during  the (n,7)  evaluations 

was  to  ensure  that  every  capture  cross  section 

yielded a resonance capture integral that was consis­

tent  with  reliable  measured  values.  The  resonance 

capture integral is defined  as
3 

X dE 

°cap.<
E

>T  • 

where  E,. is  the cadmium  cut­off  energy,  which  is 

assumed to equal 0.5 eV. We have written two codes 

to  calculate  the  resonance  integral  obtained  from 

each evaluated cross section and to modify the cross 

section  if  there  is  disagreement  between  the com­

puted and measured resonance integrals. One code, 

CONTRACT,  modifies  data  when  there  are  too 

many  cross section  entries per energy decade. The 

modification  consists  of  averaging  these  data  to 

nine groups per decade and then assigning the mid­

point  energy  to  each  group,  producing  a  new 

pointwise  (energy,  cross  section  pair)  file.  When 

there are only a few cross section entries, the second 

code.  NGAMPROC,  expands  the  data  to  200 en­

tries  by  interpolating  between  the  original  entries; 

thins  out the expanded  data; averages the  thinned 

data  to  nine  groups  per  energy  decade;  and  then 

assigns the midpoint energy to each group, produc­

ing the same type of pointwise file as CONTRACT. 

Having produced this new pointwise data file, each 

code calculates
4

 the resonance integral and then  of­

fers the option  of applying a constant multiplier of 

choice  to the cross section over an energy range of 

choice.  If the multiplier and eneagy  range are sup­

plied,  the  data  are  modified  accordingly  and  the 

resonance  integral  is rccorcnuted;  this  procedure 

can  be  repeated  until  the  calcul .!ed  resonance  in­

tegral  is in agreement  with  the experimental  value. 

These two processing codes permit us to obtain uni­

form, poiotwise files of evaluated cross section data. 

Clearly,  if  much  detail  is  known  in  the  resonance 

region, and we apply the CONTRACT code to the 

data,  then  considerable  detail  will  be  lost.  It  is  to 

conect  this  that  agreement  with  measured 

resonance integrals is forced.  For specific problems 

that require detailed resonance data, ACTL should 

not be used if the equivalent evaluation is available 

in ENDL.
1 

(n,2n),  (n,3n),  (n,4n)  Reactions 

Few  experimental  measurements  of  (n,2n) 

cross  sections  have  been  made  over  an  extended 

range of neutron energies; most measurements have 

only  been  made  around  14 MeV.  Even  less  ex­

perimental  data are available  for  (n.3n)  and (n 4n) 

reactions. Therefore, we must rely on systematics to 

obtain  a  full  (n,2n)  excitation  function  for  both 

stable  and unstable targets. 

Fortunately,  it  is  fairly  simple  to construct an 

(n,2n)  excitation  function  from  systematics.  The 

cross section rises rapidly in a sigmoid shape above 

its  threshold  until  it  reaches  a  plateau  value.  The 

cross  section  at  14 MeV  usually  lies  within  the 
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plateau  except  when  either  the  (n,2n)  or  (n,3n) 

threshold is only a few MeV below  14 MeV. As the 

cross  section  for  the  (n,3n)  reaction  (usually  the 

most  important competing reaction) begins to rise, 

the  (n,2n)  cross  section  drops  off  smoothly  and 

rapidly.  An  (n,2n)  excitation  function  rarely  ex­

hibits any other structure. This same basic descrip­

tion can be applied as well to the (n,3n) or the (n,4n) 

cross  section,  as  a  function  of  incident  neutron 

energy.  It  is  only  necessary,  then,  to  have 

systematics to predict the plateau cross section and 

to  have  an  expression  that  describes  the  smooth 

rise­to and  fall­from  the plateau cross  section. 

To  simplify  the evaluation  of (n,2n) excitation 

functions,  a  processing  code,  N2N3N,  has  been 

written.  The  code  contains  systematics  that  will 

predict  the  cross  section  at  14.4 MeV  for  any 

isotope,  the assumption  being that the cross section 

at  that  energy  will  equal  the  plateau  cross  section 

value. The built­in  systematics are those of Lu and 

Fink
5

: 

an  2n(14.4MeV) = 61.6(A
1

'
3

  +  I )
2 

X ( l . ­ 1 . 3 1 9 e ­
8

­
7 4 4 ( N

­
Z W A

) m b 

Lu  and  Fink  state  that  this  expression  should 

predict  reliable  values  to  within  ±20%  for  stable 

nuclei  from  Z =  28  to  82,  except  for  the  lightest 

stable isotope of even­Z elements. The N2N3N code 

will also accept an input value for the plateau cross 

section,  allowing  available  measured  plateau  data 

or other  systematics  to  be used  for normalization. 

Gardner's 14.5 MeV neutron systematics
6

 were used 

in some evaluations  to supply  the (n,2n) cross sec­

tion  ratios on  adjacent  isotopes. 

Given  a  plateau  value  for  the  cross  section, 

<rn  2n(plat.). the code then constructs the remainder 

of  the  excitation  function  by  computing  the  ap­

propriate  threshold  energy (derived  from  the input 

Q­value) in th» laboratory system, and by using the 

following  expression: 

°n.2n<
E

, i>
= <

' I , .2n<P
l a t

­ ) 

/  (
E

n  ~
E

thres.(n.2n))  \ 

X  11  _  .
  E

plat.(n,2n)  "
  E

  thres.(n,2n)  / 

where  E ^ K . ^ , , )  is  the  threshold  energy  and 
E

plat.(n,2n)
is  t r i e

  energy at which the (n,2n) reaction 

first  reaches  the  plateau  (an  input  value).  If  an 

(n,3n) Q­value  is  supplied,  the code  calculates  the 

threshold  in  the  laboratory  system  and then com­

putes (n,3n) cross section values, using the expres­

sion: 

«.*,(**)••*'.*&*) 

( (
E

n  ~
  E

Blip.(n.3n))  I  \ 

l _ e  }
  E

plian^n)  "
 E

  Uiics.(n,2n)  *
  2

  J f 

The difference  between  <rn ^(plal.) and  ff„.3n(En)'
s 

set equal  to  V2n(En).  l owing  the n,2n  cross sec­

tion  to drop smoothly while the n,3n  cross section 

rises.  Except  for  a  few  neutron­rich  isotopes,  the 

(n.4n) reaction threshold only occurs below 20 MeV 

for Z numbers above approximately  75. Therefore, 

systematics  for  it  were  not  incorporated  in  the 

processing code. Some (n,4n) cross sections are en­

tered into the ACTL library for high­Z targets, and 

these evaluations follow the same type of approach 

used  for the (n,2n) and  (n,3n)  reactions. 

(n,p),  (•>•'•),  aad (•,»•)  Reaction 

Activation  products due  to  the  (n,p)  reaction 

usually  do  not become important  in an  evaluation 

until  incident  neutron  energies  reach  a  few  MeV 

because  a  Coulomb  barrier  must  be  overcome 

before  proton  emission  can  occur.  Neutron­

deficient  targets, however, can have a positive (n,p) 

Q­valuc that is large relative to the Coulomb barrier 

height.  In  general,  the  (n,p)  cross  section  is 

relatively small for medium­ to heavy­weight targets 

because of  Coulomb  barrier effects  and  the subse­

quent strong competition  from  the emission  of one 

or more neutrons. For the same reasons, the (n,n'p) 

and (n,pn) cross sections are found to be small over 

the entire neutron energy range. Experimental cross 

section  data  available  for  these  reactions  consist 

mainly  of  measurements  made  with  14 MeV 

neutrons; few cross section measurements have been 

made  near  threshold  or  at  other  low  neutron 

energies.  Again,  we  must  apply  systematics  to ob­

tain the energy dependence of  these cross sections, 

even  for  the majority  of  the stable  isotopes. 

In  the  case  of  (n,p)  reactions  that  have  a 

threshold, an approach similar to that of generating 

an (n,2n) excitation  function  can  be used to obtain 

an energy­dependent (n,p) cross section, except that 

the effect of the Coulomb barrier must be taken into 

account.  For  the  ACTL  evaluations  a  processing 
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code,  NP,  has  been  written  that  computes  an ap­

propriate Coulor.ij barrier and effective  threshold. 

The code contains systematica that estimate a max­

imum or plateau cross section, if desired. The code 

then  generates  cross section  values rising from  the 

effective  threshold up to the maximum value, allow­

ing for estimated competition  from the (n,pn) reac­

tion. 

The  code  computes  the  proton  Coulomb 

barrier  according  to  the expression: 

"n,n  ffn)  = » ­
5

  "„>>»«•) 

Bp(MeV) 
kp(1.029)(ZT  ­1) 

(Ax) 1/3. 

where  Z T  and  A T  are  the  atomic  number and  the 

mass of  the target, and k p  takes on different values 

depending  on  the Z range.
7

 The effective  threshold 

in  the  laboratory  system  for  the  reaction  is  then 

calculated  from  the  input  Q­value  and  the  com­

puted Coulomb barrier. The code will also compute 

a  cross section  value  for  14.4 MeV neutrons, using 

the Levkovskii  formula
8

: 

crn p(14.4 MeV)  =45.2(A
1 / 3

  + i ) V
3 3 ( N

­
z

"
A

  mb. 

This value can be used to estimate the maximum or 

plateau  (n,p)  cross  section.  The  code  will  also ac­

cept, as input, a plateau cross section value based on 

experiment or on other systematics. The (n,p) cross 

section  ratios  on  adjacent  isotopes  predicted  by 

Gardner  and  Rosenblum
9

  for  14.S MeV  neutrons 

were used in some of the evaluations. The cross sec­

tion  is  then  calculated  as  a  function  of  energy  by 

again  using  the expression: 

°„ „(E„) = °„ „(plat.) n,p
v

  n'  n,p
v r

  ' 

X  \1  ­ e 

(,
E

n  ~
E

lhres.(n,p)) 

' plat.(n.p)  tbres.(n,p) 

where all variables are defined  as in the case of the 

(n,2n) cross  section  calculations. 

If a Q­value for the (n,pn) reaction is supplied, 

an  effective  threshold  for  this reaction  is similarly 

computed by the code, and (n,pn) cross sections are 

calculated  using  the expression: 

, ( . . . 
(V 

"pblfop) 

' threhfapiiy 
„ e  — 

E

auo.(ii4>) ­I) 
The  difference  between  »„ p(plat)  and  "n.p^E,,)  is 

set equal to ff„,p(Eii), permitting the (n.p) cross sec­

tion  to  smoothly  decrease  as  a competitive  (n,pn) 

reaction rises from  its estimated  threshold. Within 

the limits of the systematics, these computed (n.pn) 

cross section  values are used  to  estimate the com­

petition  from both  the (n.pn) and the (n.n'p) reac­

tions. For a few of the evaluations, statistical model 

calculations  were  used  to  compute  separate  cross 

sections for  the (n.n'p) reaction and  for the (n.pn) 

reaction.  However,  all  evaluations  in  the  ACTL 

library for both reactions are entered togeiher under 

the (n.n'p)  reaction  beading. 

If  an  (n.p)  reaction  has a negative  threshold, 

even  after  the  effect  of  the  Coulomb  barrier  has 

been  included,  the cross  section  evaluation  should 

include  all  incident  energies  down  to  the  thermal 

neutron energy (0.025 eV). However, there are only 

a few experimental measurements of the (n.p) cross 

section  at that energy.  For some cases, we n n  use 

statistical  model  calculations  to compute  the cross 

section  over the  energy  range  where  such  tabula­

tions are valid; at  lower neutron energies or in the 

absence  of  statistical  model  calculations,  we  must 

rely on systematics to predict the cross section. As a 

first  approximation,  we  can  predict  that  the  (n.p) 

reaction  will  behave  in  the  same  way  as  the 

evaluated  (n/y) cross section  if appropriate  scaling 

is applied. The scaling fac.ors can be based on any 

available  experimental  thermal  (n.p)  data  or  on 

systematics similar to those described earlier that es­

timate  the  thermal  value  for an  (n.­y) reaction. 

(n.or),  (n.a'a),  aid  (n,aa)  Reactions 

Generally  the (n,a) reaction only has a signifi­

cant  activation  cross  section  for  incident  neutron 

energies of a few MeV or more because, again, there 

is a Coulomb barrier that must be overcome for a-

particle  emission.  For  most  medium­  to  heavy­

weight  targets,  the  (n.a)  cross  section  remains 

relatively small over the full energy range because of 

preferential  emission  of  one or more neutrons.  Of 

course,  for  neutron­deficient  isotopes,  the  (n,a) 

reaction can have a significant positive Q­value even 

after Coulomb barrier corrections are taken into ac­

count.  The  (n.n'a)  and  (n,«n)  reactions,  as  well, 
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have  small  cross  section  values  because  of  the 

Coulomb  barrier effects  and  the competition  from 

multiple neutron  emission. Again, most (n,a) cross 

section measurements have only been made around 

neutron  energies  of  14 MeV:  the  threshold  region 

and  the  rest  of  the  neutron  energy  range  are not 

characterized  very  well  experimentally.  Therefore, 

systematics must be used to generate full excitation 

functions. 

For the evaluation of (n,ar) reactions that have 

a threshold, a processing code, NALPHA, has been 

written. The code computes the a­particle Coulomb 

barrier,  using  the  expression: 

Va.><
E

n)
  = 

B  (MeV) = 
k<<2.0S8(ZT  ­  2) 

(Aj  ­  3 )
1

'
3

  +  1.S874 

where the Z T and Ai  are the atomic number and the 

mass of  the target and k„ takes on  different  values 

depending  on  the  Z  range.
7

  This  calculated 

Coulomb  barrier  is  then  added  to  the  mass  dif­

ference  threshold  (calculated  from  the Q­value)  to 

yield an effecti"e  threshold. A maximum or plateau 

(n,a)  cross  section  must  be  supplied  as  input: 

NALPHA  does  not  have  any  built­in  systematics 

for  estimating  this  value.  Either experimental  data 

around  14 MeV can be used, when available, or this 

vaiue  must  be predicted  in some manner; the rela­

tion <rn<>(A  +  2) =  0.5 ffn.a(A) is sometimes a good 

estimate. Some of the evaluations used the Gardner 

and  Yu  14.5 MeV  incident  neutron  system?lies  to 

predict  (n,a)  cross  section  ratios  for  adjacent 

isotopes.
10 

Given  a maximum  or plateau  (r,a)  cross sec­

tion value, the NALPHA code will then generate an 

excitation  function,  using  the expression: 

> la t . ) 

•E  V 

plat.(n,a)  thres.(n,tt) 

Again, all variables are defined as in the case of the 

(n,2n)  cross section  calculations. 

If  the  Q­value  for  the  (n,an)  reaction  is sup­

plied,  an effective  threshold  can  be  calculated  and 

the (n,an) cross sections can be computed according 

to: 

. ( 

(En­E, 'lhres.(n,ttn)7 

EpUt.(n^) ~
  E

'.taiei.(n.a)
  +  2 

Tiie difference  between  anjl'iplat.) and anj„f.E^  is 

sit  equal  to "nja(EJ  and  the  (n,a)cross  section  is 

allowed  to  drop  smoothly  at  the  same  time  as  a 

competitive (n,an) reaction rises from its computed 

elTective  threshold.  Again, within  the limits of  the 

systematics,  these  computed!  (n,«n)  cross  sections 

arc used to estimate the competition  from both the 

(r ,an)  and  the  (n.n'a)  reactions.  For  a  few  of  the 

evaluations, statistical model calculations were used 

to  computeyseparale  cross  sections  To. the  (n.n'a) 

and the (n.an) reactions. For all cases, however, the 

ACTL library contains evaluations for both of the 

reactions under  the  (n.n'a)  reaction  heading. 

If an (n,a) reaction has a large positive Q­value 

reative  to  the  Coulomb  barrier,  the  cross  section 

should  be evaluated  down  to  the  thermal  neutron 

energy. However, as in the case of the (n,p) reaction, 

few  the  nal  (n,«)  cross  section  measurements  are 

available, so systematics must be used to obtain es­

tin lales. Based on these estimates the (n,a) cross sec­

tion  is  predicted  to  behave  in  approximately  the 

same way as the  (nor) cross .section  if  appropriate 

scaling  is applied. 

(n, J), (a,t), (H.^e) Rfuctiom 

The cross sections for these three reactions are, 

in  general,  always  quite  small  over  the  entire 

neutron  energy  range  for  almost  all  isotopes.  In 

cases  where  good  experimental  data  existed  over 

some portion of the energy range, an evaluation of 

the  cross  sectioi  was  usually  included  in  ACTL. 

However,  most  available  experimental  data  for 

these  three  reactions  are  measurements  that  have 

only been made around  14 MeV. If it appeared that 

a reaction cross section would never be greater than 

10 mb  throughout  the  incident  neutron  energy 

range, no attempt  was made to  predict the full ex­

dtation  function,  and  its  evaluation  was  not  in­

cluded  in ACTL. 

(u,n'd),  (n,n't),  etc.  Reactions 

Cross  sections  have  been  measured  for  the 

(n.n'd)  reaction  on
  6

Li  and
  l 0

B  and  for  the  (n,n't) 

reaction on
  7

Li, and evaluations based on these data 

have been included in ACTL. Although these reac­

tions  are  energetically  possible  for  other  light­  to 
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intermediate­weight  targets,  no  experimental  data 

are available, and, therefore,  no attempt was made 

to  estimate  and evaluate  cross  section values. 

(n,n')  Reaction 

Inelastic  scattering  processes  that  lead  to 

products with  half­lives  different  from the  half­life 

of the target (e.g., the production of isomers) should 

be  considered  in  activation  cross  section  evalua­

tions.  A  number  of  such  activation  cross  sections 

have been included  in ACTL; their evaluations are 

based either on reliable experimental measurements 

or on  statistical  model  calculations. 

STATISTICAL MODEL 
CALCULATIONS 

Some  ACTL  cross  section  evaluations  are 

based  on  statistical  model  calculations  made with 

the COMNUC
1

' and STAPR£
l 2

codes, as modified 

by Gardner.
13

 The COMNUC code was used more 

extensively  because—in  one  computer  run—it 

provides  cross  sections,  over  a  given  range  of 

neutron energies, for all possible reactions on a par­

ticular target,  i.e., it considers competing reactions, 

including ­y­ray and fission competition.  It also has 

a  built­in  optical  model  routine  that  can  produce 

the particle transmission coefficient  files  needed as 

input  to the STAPRE code. For the ACTL evalua­

tions,  COMNUC  was  modified  so  that  it  could 

write  final  cross  section  results  in  the  format  re­

quired  by the  routine useu  to update the cross sec­

tion  library. COMNUC does not allow for precom­

pound emission; as a result, the code overestimates 

some cross section values—primarily for (n,2n) and 

(n,pn)  reactions—while  underestimating  the values 

for  ochers, such  as  the (n,p) reaction.  Appropriate 

corrections  were  mac
1

 •  for  these  cross  sections, 

sometimes based on the results of STAPRE, a code 

that  docs  contain  a pre­equilibrium  model. 

STAPRE allows for precompound evaporation 

of  particles  from  the  first  compound  nucleus, 

following  the  "exciton"  formalism  of  Katbach­

Cline  and  Blann.
14

  Although  the  STAPRE  code 

considers all possible competing reactions during a 

calculation,  it computes cross sections for only one 

reaction sequence per computer run (up to six com­

pound  nuclei  are allowed  per sequence).  STAPRE 

also carries out a detailed T­ray cascade calculation 

for  all  specified  compound  nuclei  (including  the 

final nucleus), which allows for the computation of 

cross section reactions  leading  to  isomers. 

Particle  transmission  coefficients  had  been 

calculated  using  the  optical  model  parameters  of 

Moldauer
1 5

  for  low­energy  neutrons  (up  to 

~ 2  MeV),  of  Wilmore  ant  Hodgson
1 6

  for  high­

energy  neutrons  (~2  to  20 MeV),  of  Percy
17

  for 

protons, and of  Igo" for alpha particles. Gamma­

ray transmission  coefficients  were determined with 

the  Brink­Axel  giant­dipole  formulation  for  El 

transitions
19

  and  the  Weisskopf  single­particle 

model  for  Ml  transitions.
20

 A  combined  constanl­

tempcruure and Fermi gas model of the level den­

sity  was  used  with  Cook­modified
21

  Gilbert  and 

Cameron parameters.
22

 Each code allows the input 

of discrete nuclear levels for all nuclei; this feature is 

important  because  level  density  formulas  do  not 

represent  the  first  20  or  so  levels  properly.  Both 

codes  carry  out  a "correlation" correction,  which 

provides for a more realistic estimate of decay back 

to the target nucleus through  the entrance channel 

at  low energies, where only a  few exit channels are 

available. 

The use of  these statistical  model codes led  to 

more  comprehensive  cross  section  evaluations  of 

some medium­ to heavy­weight  targets. For exam­

ple,  in  the  neutron  energy  region  from  10 keV  to 

1 MeV, the (n,>) cross section reflected the competi­

tion  from  the (n,n') and  (n.­yn)  reactions. The ex­

citation  functions  obtained  for  the  (n,p)  and  (n,o) 

reactions  had  more structure  because  of  the  com­

petition  between  the  two processes.  Further,  these 

cross sections were more accurately computed near 

threshold  because  Coulomb  barrier  tunneling  was 

described better. And  for (n,p) and (n,a)  reactions 

involving  large positive  Q­values,  cross  section  es­

timates included energies that extended down to the 

resonance  region.  The  inclusion  of  precompound 

evaporation in the calculations led to more accurate 

(n,2n), (n,p) and (n,pn) cross sections, as well as to 

better estimates of the (n.n'p) and (n.n'a) cross sec­

tions.  The  cross  sections  for  reactions  leading  to 

isomeric  products  cai.  be  determined  from  the 

STAPRb  code.  The  isomer  ratio calculations  also 

allowed us to compute the activation cross sections 

leading  to  unstable  ground  states  and  isomer 

products  via  the  (n,n')  process.  Cross  sections  for 

isomeric targets (often quite different from those for 

the  ground­state  target)  were  also  calculated  with 

these codes. 

7 



EVALUATED  CROSS SECTION  INDEX 

The  following  index  lists  the  evaluated  cross 

sections in the ACTL library. Each tarfet nucleus is 

listed in the right hand corner of a table of the reac­

tions for which cross sections were evaluated. Every 

target  nucleus  is  characterized by  its  mass, energy 

level,  and  half­life.  Then,  for  each  reaction,  the 

following are given: the product nucleus and energy 

level,  the number of evaluated data points entered 

into the library, the date of the evaluation, the reac­

tion Q­valur,  the minimum  and  maximum  energy 

values  for  which  cross section  data  are a •ailable, 

and  the  activation  product  half­life.  All  energy 

values are given  in  MeV units. 
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REACTION 

N.G 

PRODUCT LEVEL POINTS DATE 

l-H -2 GROUND 102 8/15/76 

REACTION 

N,0 

PRODUCT LEVEL 

l-H -3 OROUND 

POINTS DATE 

72 1/03/72 

REACTION 

N.2N 

PROOUCT LEVEL 

l-H -a OROUNO 

POINTS OATE 

II 7/07/72 

l-H -I 
ATONIC MASS • 1.0078* 0 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

2.2217* 0 1.0000-10 2.9000* I STABLE 

l-H -2 
ATONIC MASS • 2.0IHI* 0 

OROUNO STATE 
STABLE 

Q-VALUS E-HIN F-HAX HALF-LiFE 

6.2600* 0 I.0000-10 2.0000* I 1.2300* I YRS. 

l-H -3 
ATONIC MASS • 3.0170* 0 

UMUUNU STATE 
HALF-LIFE » 1.2300* I YRS. 

O­VALUE  E­MIN  E­M»X  HALF­LIFE 

­6.2600*  0  I.3S00*  0  2.0000­  I  STAKE 
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4-BE-7 
ATOMIC MASS = 7.0100* 0 

GROUND STATE 
HALF-LIFE = 5.299B* I OAYS 

HALF-LiFE 

3-1 1-7 GROUND 
2-HE-4 GROUND 

113  c? /16 /70 

g  ­> /15 /74 

1.650„* 
I .S992* 

1.0000­10 
1.0000­10 

2 . 0 0 0 0 * 

e.oooo* 
STABLE 
STABLE 

4 ­ B E ­ 9 

ATOMIC  MASS  »  9 . 3 1 2 2 *  0 

GROUND  STATE 
STABLE 

PRODUCT LEVEL DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.P 
N.b 
N.T 
N,A 
N,G 

2-HE-4 GROUND 
3-LI-9 GROUND 
3-LI-8 GROUND 
3-LI-7 GROUND 
3-LI-6 GROUND 
4-BE-10 GROUND 

19 
4 
9 
6 

0/01/71 
8/01/71 
8/01/71 
B/0I/7I 

-I.6650* 0 
-1.2630* I 
-1.4660* ! 
- I.0440* I 

7/28/71 -B.0000- I 
10? 8/15/76 6.8200* 0 

I.6660* 0 
1.4260* 1 
I.6290* I 
I . lliOO* I 
6.7J00- I 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

e.oooo* 
2.0000* 
2.0000* 

STABLE 
I.7500-
8.5000-

STA8LE 
STABLE 
2.5000* 

SEC. 
SEC. 

5-B -10 
ATOMIC MASS • 1.0013* 1 

GROUND STATE 
STABLE 

REACTION PROUICT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N,N'D2A 2-HE-4 GROUND 5 9/08/70 -5.9280* 0 E.7000* 0 2.0000* 1 STABLE 
N.2NP 2-HE-4 GROUND 4 9/08/70 -8.1580* 0 9.3000* 0 2.0000* 1 STABLE 
N.T2A 2-HE-4 GROUND 13 9/08/70 3.3000- 1 1.5000* C 2.0000* 1 STABLE 
N.A 3-LI-7 GROUND 102 9/15/76 2.8000* 0 1.0000-10 2.0000* 1 STABLE 
N.G 5-B -11 GROUND 56 9/0B/70 1.1450* 1 1.0000-10 d.OOOO* 1 STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 5-B -10 GROUND 3 4/29/72 
N.P 4-BE-li GROUND 3 4/29/72 
N,T 4-BE-9 GROUND 3 4/29/72 
N.A 3-LI-fl GROUND 5 4/29/72 
N.li 5-B -12 GROUND 35 4/P9/72 

REACTION PRODUCT LEVEL POINTS DATE 

N.W3A 
N.P 
N.D 
N.A 
N.G 

2-HE-4 
5-B -12 
5-B -11 
4-BE-9 
6-C -13 

GROUND 
GROUND 
GROUND 
GROUND 
GROUND 

10 
4 
4 
9 
i; 

6/15/70 
6/15/70 
6/15/70 
6/15/70 
11/01/72 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 7-N -13 .GROUND 10 6/29/70 
N.N'P 6-C -13 GROUND II 6/29/70 
N.P 6-C -14 GROUND 102 8/15/76 
N.D 6-C -13 GROUND 19 6/29/70 
N.T 6-C -12 GROUND 6/29/70 
N,A 5-B -11 GROUND kiB  12/15/71 
N.G 7-N -15 GROUND 50 6/29.70 

Q-VALUE E-MAX 

5-B -II 
ATOMIC MASS « I.1009* 1 

GROUND STATE 
STABLE 

HALF­LIFE 

1.1460* I 1.2510* 1 2.0000* STABLE 
1.0720* 1 I.1700* 1 2.0000* 1.3600* 1 SEC. 
9.56C0* 0 1.0430* 1 2.0COO* STABLE 
6.6400* 0 7.2400* 0 2.0000* 8.5000- 1 SEC. 
3.3700* 0 1.0000-10 2.0000* 2.0300- 2 SEC. 

Q­VALUE 

3600* 
2580* 
3720* 
7000* 
9460* 

E-MIN 

"i.SBOO* 0 
1.3630* 1 
!.*370* I 
6.I700* 0 
'.0000-10 

E-MAX 

2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 

6-C -12 
ATOMIC MASS > 1.2000* I 

GROUND STATE 
STABLE 

HALF-LIFE 

STABLE 
2.03C0-

STABLE 
STABLE 
STABLE 

7-N -14 
ATOMIC MASS » I.4003* I 

GROUND STATE 
STABLE 

Q-VALUE 

I.0550* I 
7.5500* 0 
6.2600- 1 
5.3200* 0 
4.0000* 0 
I.5000- 1 
I.0S30* I 

E-MIN 

1.1310* 1 
S.0940* 0 
I.0000-10 
5.700G* 0 
4.29C0* 0 
I.1000* 0 
1.0000-10 

E-MAX 

2.0000* 

a.oooo* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.000C* 

1.0000* I 
STABLE 
5.7300* 3 
STABLE 
STABLE 
STABLE 
STABLE 

HALF-LIFE 

MIN. 

YRS. 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 9-0 -15 GROUND 3 1/22/70 
N.N'P 7-N -15 GROUND 4 1/24/74 
N.N'A 6-C -12 GROUND IS 1/24/74 
N,P 7-N -16 GROUND 13 1/22/70 
N,D 7-N -15 GROUND 4 1/22/70 
N,A 6-C -13 GROUND 59 1/24/74 

REACTION PRODUCT LEVEL POINTS DATE 

N,2N 9-F -18 GROUND 9 11/30/74 
N.N'P 8-0 -18 GROUND 23 11/30/74 
N.N'A 7-N -15 GROUND 34 11/30/74 
N,P 8-0 -19 GROUND 34 11/30/74 
N.D 8-0 -18 GROUND 15 11/30/74 
N.T 8-0 -17 GROUND 9 11/30/74 
N.A 7-N -16 GROUND 17 11/30/74 
N.G 9-F -20 GROUND 102 8/16/76 

REACTION PRODUCT LEVEL POINTS OATE 

N.2N ll-NA-22 GROUND 13 8/19/70 
N.N'P 10-NE-2S GROUND 23 8/19/70 
N.N'A 9-F -19 GROUND 13 8/19/70 
N.P IO-NE-23 GROUND 106' 8/19/70 
N.A 9-r -ao GROUND 41 12/15/71 
N.G ll-NA-24 GROUND 102 B/16/76 

8-0 -16 
ATOMIC MASS = 1.5995* 1 

GROUND STATE 
STABLE 

-I.5670* 
-I.2120* 
-7.1500* 
-9.6100* 
-9.8900* 
-2.2100* 

F­M1N 

1 .6658* 
1 .2884* 

6009< 
0220< 

I . 0610* 
2 .3500* 

E­MAX 

0000* 
0000* 
0000* 
0000* 
0000* 
0000* 

HALF-LIFE 

2.0667* 0 M!N. 
STABLE 
STABLE 
7.2000* 0 SEC. 

STABLE 
STABLE 

ATOMIC MASS 
9-F -19 

• 1.8998* 1 
GROUND STATE 

STABLE 

Q-VALUE E-MIN E-MAX HALF -LIFE 

1.0430* 1 I.09B5* 1 2.0000* 1.3283* 0 HRS. 
7.9900* 0 8.4200* 0 2.0000* STABLE 
4.0100* 0 5.IS00* 0 2.0000* STABLE 
4.0400* 0 4.2503* 0 2.0000* 2.9000* 1 '-EC. 
5.7700* 0 6.0742* 0 2.C0OO* STABLE 
7.5600* 0 7.9582' 0 2.0000* STABLE 
1.5200* 0 1.6039* 0 2.0000* 7.2000* 0 SEC. 
6.6000* 0 1.0000-10 2.0000* 1.1400* I SEC. 

11­NA­23 
ATOMIC  MASS  •  2.2990*  I 

GROUND STATE 
STABLE 

­1 .2430* 
­8 .7900* 
­ I . 0 5 0 0 * 
­3 .6000* 
­3 .8800* 
6.9700* 

E­HIN 

1.2980*  I 
9 .2500*  0 
1.1000*  I 
4.0000*  0 
4.9000*  0 
1.0000­10 

E­MAX 

2.0000* 
3.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 

HALF­LIFE 

2.5993*  0 
STABLE 
STABLE 

3.7600*  I 
1.1400*  I 
l.SOOO*  I 

SEC. 
SEC. 
HRS. 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 12-MG-22 GROUND 15 8/21/76 
N.N'P ll-NA-22 GROUND 16 4/<il/77 
N.P ll-NA-23 GROUND 14 4/21/77 
N.A IO-NE-20 GROUND 9 8/21/76 
N.G I2-MG-24 GROUND 102 8/21/76 

REACTION PRODUCT LEVEL POINTS DATE 

N,2N 12-MG-23 GROUND 5 8/21/76 
N.N'P ll-NA-23 GROUND 5 8/21/76 
N.P 1l-NA-24 I3R0UND 23 8/21/76 
N.A 10-NE-21 GROUND g 8/21/76 
N.G 12-MG-25 GROUND 102 8/21/76 

REACTION' 

N 2N 
N P 
N A 
N G 

PRODUCT LEVEL 

12-MG-24 
1l-NA-25 
10-NE-22 
I2-M0-26 

GROUND 
GROUND 
GROUND 
GROUND 

POINTS 

16 
12 
16 

102 

DATE 

8/21/76 
8/21/76 
8/21/76 
8/21/76 

12-HG-L'J 
ATOMIC MASS • 2.29B4* 1 

GROUND STATE 
HALF-LIFE  ' 1.2100* 1 SEC. 

Q-VALUE E-M1N E-MAX HALF-LIFE 

1.3170* I 1.3743* 1 2.0000* 3.8600* 0 SEC. 
7.5800* 0 9.2584* 0 2.0000* 2.6012* 0 YkS. 
4.8400* 0 1 .0000-1(1 2.0000* STABLE 
7.2200* 0 1.0000- 2 2.0000* STABLE 
1.6530* I 1.0000-10 2.0000* STABLE 

12-MG-24 
ATOMIC MASS " 2.3985* I 

GROUND STATE 
STABLE 

HALF-LIFE 

-1.6530* 1 
-'.1590* I 
-4.7300* 0 

1.7219* 1 
1.7,500* 1 
.'.3300* 0 

2.0000* 
2.0000* 
:.oooo< 

6.0000* 0 2,0000* 
1.0000-10 2.0000* 

1.2100< 
STAOLE 
I.5000* 

STABLE 
STABLE 

I2-MG-25 
ATOMIC MASS • 2.49B5* I 

GROUND STATE 
STABLE 

Q-VALUE E-M1N E-MAX HALF-LIFE 

-7.3300* 0 
-3.0500* 0 
4.8000- I 
1.1090* 1 

7.6234* 0 
4.5682* 0 
3.0643* 0 
1.0000-10 

2.0000 
2.0000 
2.0000* I 
2.0000* 1 

I 
0* 1 

STABLE: 
1.0000* 

STABLE 
STABLE 
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REACTION PRODUCT LtVEL POINTS DATE 

N.2N 14-SI-29 GROUND IS 9/07/76 
N.3N 14-S1-28 OHOUKD 3 9/07/76 
N.N'P I3-AL-29 GROUND 15 9/07/76 
N.N'A 12-MG-26 GROUND II 9/117/76 
N.P 13-AL-30 GROUND 19 9/07/76 
N.A 12-MG-27 GROUND ai  9/07/76 
N.f) 14-SI-3I UROUND 99 9/07/76 

REACTION PRODUCT LEVEL POINTS OATE 

N.2N I4-SI-30 GROUND !9 9/07/76 
N.3N I4-SI-29 GROUND 7 9/07/76 
N.N'A 12-MG-27 GROUND II 9/07/76 
N,A 12-MG-2B GROUND S3 9/07/76 
N.G 14-S1-32 GROUND 99 9/07/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 15-P -33 GROUND 8 tit 19/75 
N.N'P 14-S1-30 GROUND 4 8/19/72 
N.P IM-SI-31 GROUND 13 8/19/72 
N.A 13-AL-28 GROUND 8 8/19/72 
N.G 15-P -32 GROUND BB 4/03/76 

ATOMIC MASS 
14-SI-30 

• 2.9974+ 1 
GROUND STATE 

STABLE 

Q-VALUE E-MIN E-MAX HALF -LIFE 

1.0610+ 1 1 0964+ | 2.0000+ STABLE 
1.9080* 1 1.9717+ 1 2.0000+ STABLE 
i.3510* 1 1.5560+ 1 2.0000+ 6.6000+ 0 MIN. 
1.0640* 1 1 5283+ 1 2.0000+ STABLE 
7.7600< 0 9.7059+ 0 2.0000 3.3000+ 0 SEC. 
4.2000* 0 8.5932+ 0 2.0000+ 9.4600+ 0 MIN. 
6.5900+ 0 1.0000-10 2.0000+ 2.6200+ 0 HRS. 

14-SI-3I 
ATOMIC MASS • 3.0975+ I 

GROUND STATE 
HALF-LIFE • 2.6200+ 0 HRS. 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-6.5900+ 0 
-1.7200+ I 
-1.0790+ I 
-2.2800+ 0 
9.2200+ 0 

6.8028+ 0 
1.7755+ 1 
1.5391+ 1 
6.5731+ 0 
1.0000-10 

2.0000+ 
2.0000+ 
2.0000+ 
2.0000+ 
2.0000+ 

STABLE 
STABLE 
9.4600+ 
2.I200+ 
B.5005+ 

MIN. 
HRS. 
YRS. 

15-P -31 
ATOMIC MASS • 3.0974+ ! 

GROUND STAVE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-1.2310+ 
-7.3000+ 
-7.1000-
-1.9400+ 
7.9300+ 

1.2711+ 1 
7.5377+ 0 
1.5000+ 0 
3.0000+ 0 
1.0000-10 

2.0000+ 
2.0000+ 
2.0000+ 
2.0000+ 
2.0300+ 

2.5000+ 0 
STABLE 
2.6200* 0 
2.3100+ 0 
1.4306+ I 

HRS. 
MIN. 
DAYS 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 16-S -30 GROUND It 9/06/76 
N.N'P 1S-P -30 GROUND 17 9/0B/76 
N.N'A I4-SI-27 GROUND 13 9/08/7S 
N,P 15-P -31 GROUND IS 9/08/76 
N.A iH-si-ae GROUND 22 9/03/76 
N.G 16-S -32 GROUND 102 9/0B/76 

REACTION PRODUCT LEVEL POINTS DATE 

N,2N 16-S -31 GROUND 7 1/09/73 
N.N'P 15-P -31 GROUND 3 8/23/72 
N,P 1S-P -32 GROUND 36 e/21/72 
N.T 15-P -30 GROUND 3 B/23/72 
N.A 14-SI-29 GROUND 15 8/23/72 
N,G 16-S -33 GROUND 103 9/08/76 

REACTION PRODUCT LEVEL POI::TS OATE 

N.2.M 16-S -32 GROUND 14 9/08/76 
N.N'P 15-P -32 GROUND 15 9/OB/76 
N.N'A 14-SI-29 GROUND l»i 9/08/76 
N.P 15-P -33 GROUND 22 9/08/76 
N.A I4-SI-30 GROUND 26 9/08/76 
N.G 16-S -34 GROUND 98 9/08/76 

ATOMIC MASS 
!6-S -31 

• 3.0980* 1 
GROUND STATE 

HALF-LIFE » 2.7000+ 0 SEC. 

Q-VALUE E-MIN E-MAX HALF -LIFE 

1.3000* 1 1.3420* 1 2.0000* 1.4000* 0 SEC. 
6.0800* 0 8.2273* 0 2.0000* 2.5000* 0 M1N. 
9.0100* 0 1.4482* 1 2.0000* 4.2000* 0 SEC. 
6.2200* 0 1.0000-10 2.0000* STABLE 
8.1400* 0 1.0000-10 2.0000* STABLE 
1.5090* 1 1.0000-10 2.0000* STABLE 

16-S -32 
ATOMIC MASS - 3.1972* I 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-1.5088* I 
-8.8600* 0 
-9.H000- 1 
-1.2670* I 
1.5300* 0 
8.6400* 0 

I.5S60* I 
9.I4U0* 0 
1.6000* 0 
1.3100* I 
I.0000-10 
I.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 

2.7000* 
STABLE 
1 .4306+ 
2.5000+ 

STABLE 
STABLE 

SEC. 

DAYS 
MIN. 

16-S -33 
ATOMIC MASS • 3.2971+ I 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-8.6400* 0 
-9.5700+ 0 
-7.1200* 0 
5.3000- 1 
3.4900+ 0 
1.1420+ I 

8.9020+ 0 
1.1781* 1 
1.2406+ t 
I.0000-10 
I.0000-10 
1.0000-10 

2.0000+ 
2.0000* 
2.0000+ 
2.0003+ 
2.0000+ 
2.0000+ 

STABLE 
1 .4306+ 

STABLE 
2.5000+ 
STABLE 
STABLE 

DAYS 
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REACTION PRODUCT LEVEL POINTS BATE 

N.2N 
N.3N 
N.G 

16-S -36 
16-S -35 
16-S -38 

iii  24 
14 
95 

9/C3/76 
9/06/76 
9/06/76 

REACTION PRODUCT LEVEL P01N1S DATE 

N.2N 17-CL-33 GROUND 14 9/09/76 
N.N'P 16-S -33 GROUND 16 9/09/76 
N.N'A 15-P -30 GROUND 14 9/09/76 
N.P 16-S -34 GROUND 102 9/09/76 
N,A 15-P -31 GROUND 25 9/09/76 
N,G 17-CL-35 GRO'JND 95 9/09/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N I7-CL-34 GROUND 6 2/09/76 
N.2N I7-CL-34 1.4500- 1 15 9/03/76 
N.N'P 16-S -34 GROUND 14 9/09/76 
N.N'A 15-P -31 GROUND 14 9/09/76 
N.P 16-S -35 GROUND 102 9/09/76 
N.A 15-P -32 GROUND 27 S/0S/7S 
N.G I7-CL-36 GROUND 95 9/09/76 

16-5 -37 
ATOMIC MASS • 3.6971+ 1 

GROUND STATE 
HALF-LIFE - 5.0600* 0 MIN. 

HALF-LIFE 

-4.3100* 0 
-1.4200* I 
8.0300* 0 

4.4266* 0 
I.4564* i 
1.0000-10 

2.0000* I 
2.0000* I 
2.0000* 1 

STABLE 
8.7998* I 
2.8400* 0 

DAYS 
HRS. 

O-VALUE 

-1.1360* 1 
-5.0000+ 0 
-6.5200* 0 
6.4100* 0 
5.7900+ 0 
1.2800+ 1 

E-MIH 

1.1691+ ! 
7.244B+ 0 
1.2203+ I 
1.0000-10 
I.0000-10 

17-CL-34 
ATOMIC MASS • 3.3971* I 

LEVEL • 1.4501- 1 
HALF-LIFE » 3.2000+ ! HIN. 

E-MAX 

2.0000+ 
2.0000+ 
2.0000+ 
2.0000+ 

HALF-LIFE 

2.S0DO+ 0 
£?n5L£ 
2.5000+ 0 
STABLE 
STABLE 

I.uaOD-10 2.5000+ 0 STABLE 

SEC. 

17-CL-35 
ATOMIC MASS • 3.4969+ I 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-1.2650+ I 
-1.2800* I 
-6.3700* 0 
-7.0000+ 0 
S.2000- 1 
9.4000- 1 
B.5S00* C 

1.3012+ < 
1.3166+ 1 
B.6342+ 0 
1.2651+ I 
I.BSOO-IO 
1.0U0O-IO 
I.0000-10 

2.0000+ 1 
2.0000+ I 
2.0000* 1 
2.0000+ I 
:.oouo* i 
2.0000+ I 
2.0000+ 1 

1.5600+ 0 
3.2000+ I 

STABLE 
STABLE 
B.79SB+ I 
1.4306* I 
3.0120+ 5 

SEC. 
MM. 

DAYS 
OAYS 
YRS. 



I7­CL­36 
ATOMIC  MASS  •  3.596R*  I 

GROUND  STATE 
HALF­LIFE  ­  3.0120*  6  YRS. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N I7-CL-35 OROUND It 9/09/76 -8.5800* 0 8.dl85* 0 2.0000* 1 STABLE 
N.N'P 16-S -35 GROUND 17 9/09/76 -7.9600* 0 1.0219* I 2.0000* 1 8.7998* 1 DAYS 
N.NA 15-P -32 GROUND 15 9/09/76 -7.6400* 0 1.3865* 1 2.0000* I 1.4308* 1 DAYS 
N.P 16-S -36 GROUND 102 9/09/76 1.9300* 0 1.0000-10 2.0000* 1 STABLE 
N.A 15-P -33 GROUND 53 9/09/76 2.4600* 0 2.8479* 0 2.0000* 1 2.5000* 1 DAYS 
N.G 17-CL-37 GROUND 95 9/09/76 1.0310* 1 1.0000-10 2.0000* 1 STABLE 

ATOMIC MASS 
17-CL-37 

• 3.6966* 1 
GROUND STATE 

STABLE 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-HIN E-MAX HALF-LIFE 

N.2N I7-CL-36 OROUND 16 9/09/76 -1.0310* I 1.0589* i 2.0000* ! 3.0120* 5 YRS. 
N.3N 17-CL-35 GROUND 3 9/09/76 -1.6890* 1 1.9401+ 1 2.0000* 1 STABLE 
N.N'P 16-S -36 GROUND 15 9/09/76 -B-3900* 0 1.0671* 1 8.0000* 1 STABLE 
N.N'A IS-P -33 GROUND 14 9/09/76 -7.B500* 0 1.3438* 1 8.0000* 1 8.5000* 1 DAYS 
N.P 16-S -37 GROUND 19 9/09/76 -4.0700* 0 6.3426* 0 2.0000* 1 S.bWO* 0 MIN. 
N.A 15-P -3t GROUND S3 9/09/76 -1.2800* 0 6.6551* d a.oooo* i 1.8400+ 1 SEC. 
N.G I7-CL-3B GROUND 84 9/09/7S 6.1100* 0 1.0000-10 2.0000* 1 3.7300* 1 MIN. 

I7­CL­38 
ATOMIC  MASS  ­  3.7968*  I 

GROUND STATE 
HALF­LIFE  •  3.7300*  I  MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.8N H-CL-37 GROUND 19 9/09/76 -6.1100* 0 6.8709* 0 8.0000* 1 STABLE 
N,3N I7-CL-36 GROUND 9 9/09/7b -1.6480* 1 1.6858* 1 8.0000* 1 3.0180* 5 YftS. 
N.N'P 16-S -37 GROUND 15 9/09/76 -1.0180* t 1.8488* 1 8.00D0* 1 S.0600* 0 MIN. 
N.P 16-S -38 GROUND 21 9/09/76 -8.1500* 0 4.3544* 0 8.0000* 1 8.B400* b MRS. 
N,0 I7-CL-39 GROUND 94 9/09/76 8.0700* 9 1.0000-10 8.0000* 1 5.5500* ! MIN. 
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REACTION PRODUCT LEVEL POINTS DATE 

N.SN 10-AR-38 GROUND SO 8/09/76 
N.3N I8-AR-37 GROUND 6 8/09/76 
N,P I7-CL-39 GROUND 15 8/09/76 
N.A 16-S -36 GROUND 15 8/09/76 
N.C IB-AR-40 GROUND IOS 6/1N/76 

REACTION PRODUCT LEVEL C01NTS DATE 

N.SN 18-AR-39 GROUND SI B/09/76 
N,3N 18-AR-3B GROUND 10 8/09/76 
N.P I7-CL-40 GROUND IS 8/09/76 
N.A 16-S -37 GROUND 15 B/09/76 
N.G I8-AR-4I GROUND IBS 6/|4/76 

REACTION 

N.SN 
N,3N 
N.A 
N.G 

PRODUCT LEVEL 

IB-AR-4O 
1B-AR-39 
IB-S -JIB 
I8-AH--HP 

OROUNO 
GROUND 
GROUND 
GROUND 

POINTS DATE 

ai 
IS 

B/09/76 
B/09/7B 
B/03/7G 
6/14/76 

E-MIN 

I8-AR-39 
ATOMIC MASS * 3.89S0* I 

ORflUND STATE 
HALF-LIFE - 5.68-30* 2 YRS. 

E-MAX HALF-LIFE 

-6.6000* 
-1 8440* 
-2.6600* 
3.0700* 
9.8700* 

6.7694* 
I.8913* 
5.06S8* 
3.576S* 

S.0000* 
a.oooo* 
5.0000* 
a.oooo* 
2.0000* 

STABLE 
3.5000* 
5.5500* 

STABLE 
STABLE 

DAYS 
MN. 

O-VALUE 

-9.8700* 0 
-1.6470* I 
-6.7200* 0 
-B.4900* 0 
6.1000* 0 

E-MIN 

I.0117* I 
I.EBBS* I 
9.S075* 0 
6.E4151* 0 
I.OQ00-:1 

E-MAX 

S.OOOO* I 

a.oooo* 
8.0000* 
.0000* 

18-A».-40 
ATOMIC MASS • 3.3960* I 

GROUND STATE 
STABLE 

HALF-LIFE 

8.£300* I 

S.6899* S 
STABLE 
l.<(000* 0 
5.0600* 0 
1.8300* 0 

YRS. 

MIN. 
MIN. 
HITS. 

O-VALUE 

-6.1000* 0 
-I.S970* I 
-S.BOOO- I 
9.4300* 0 

E-HIN 

6.8469* 0 
1.6360* I 
6.8291* 0 
I.0000-10 

IB-AR-41 
ATOMIC MASS • 4.0960* I 

OROI.W STATE 
HALF-LIFE « 1.8300* 0 HRS. 

E-MAX 

8.0000* I 
S.OOOO* I 
8.0000* I 
8.0000* I 

HALF-LIFE 

STABLE 
8.6699* 8 VRS. 
8.8400* 0 HRS. 
3.3010* I YRS. 



REACTION 

N.2N 
N,3N 
N.G 

PRODUCT LEVEL 

1B-AR-4 1 
18-AR-40 
1B-AR-43 

GROUND 
GROUND 
GROUND 

24 B/09/76 
i3 8/09/76 

102 6/14/76 

PRODUCT LEVEL 

N,2N 
N,3N 
N.G 

I8-AR-42 
I8-AR-41 
I8-AR-44 

GROUND 
GRfL-rtO 
OrtOUND 

27 
14 

14 = 

8/09/76 
8/09/76 
6/14/76 

REACTION 

N.2N 
N.P 
N.A 
N.G 

PRODUCT LEVEL 

19-K -37 
18-AR-3B 
17-CL-35 
19-K -39 

GROUND 
GROUND 
GROUND 
GROUND 

17 
!02 
102 
102 

DATE 

8/10/76 
810/76 
8/10/76 
8/10/76 

HA: 

18-AR-4;: 
(-10MIC MASS = 4.1960* 1 

GROUND STATE 
.F-LIFE • 3.3010* 1 VRS. 

Q-VALUE E-MIN E-MAX HALF-LIFE 

9.4300* 0 
1.5520* 1 
5.6000* 0 

9.6547* 0 
1.5890* 1 
1.0000-10 

2 
2 
2 111

 

1.8300* 0 HRS. 
STABLE 
1.0000* 0 SEC. 

18-AR-43 
ATOMIC MASS • 4.2960* 1 

GROUND STATE 
HALF-LIFE - 1.0000* 0 SEC. 

0-VALUE 

-5.6000* 0 
-1.4800* 1 
9.1600* 0 

B.7304* 0 
1.5145* 1 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

HALF-LIFE 

3.3010* I YRS. 
1.8300* 0 HRS. 
l.OOOO* 0 SEC. 

Q-VALUE <;­KIN 

19-K -38 
ATOMIC MASS - 3.7970* I 

GROUND STATE 
HALF-LIFE • 7.7100* 0 HIN. 

E-MAX HALF-LIFE 

-1.2060* I 
6.7100* 0 
'J.B700* 0 
1.3090* I 

1.2378* I 
I.0000-10 
I.0000-10 
I.0000-10 

2.0000* 1 
2.0000* I 
2.0000* I 
2.0000* 1 

I.2000* 0 
STABLE 
STABLE 
STABLE 
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REACTION PRODUCT LEVEL POINTS DATE 

N,2N 2G-CA-39 GROUND 5 6/09/76 
N.N'P 19-K -39 GROUND 5 6/09/76 
N.N'A 18-AR-3B GROUND 4 6/09/76 
N.P 1S-K -40 GROUND 10 6/09/76 
N,T 19-K -38 GROUND 3 6/09/76 
N.A IB-AR-37 GROUND 10 6/09/76 
N.G 20-CA-41 GROUND 1 OS 6/09/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 20-CA-40 GROUND 7 6/11/76 
N.N'P 19-X -40 GROUND 6 6/11/76 
N.N'A I8-AR-37 GROUND 6 6/11/76 
N.P 19-K -41 GROUND 10 6/11/76 
N,T 19-K -39 GROUND 4 6/11/76 
N,A IB-AR-38 GROUND 7 6/11/76 
N.G 20-CA-42 GROUND 102 6'10/76 

REACTION PRODUCT LEVEL POINTS DATE 

N,2N 20-CA-4I GROUND 5 6/11/76 
N.N'P 19-K -41 GROUND 4 6/11/76 
N.N'A I8-AR-38 GROUND 5 6/11/76 
N.P 19-K -42 GROUND 8 6/ 1 1/76 
N.A I8-AR-39 GROUND 6 6/11/76 
N,G PO-CA-43 GROUND 102 6/10/76 

ATOMIC MASS 
20-C/.-40 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF -LIFE 

1.5640* 1 1.6030* 1 2.0000* 8.7000- 1 SEC. 
8.3300* 0 8.5400* 0 2.0000* STABLE 
7.0400* 0 7.2200* 0 2.0000* STABLE 
5.3000- 1 5.4000- 1 2.0000* 1.2589* 9 YRS. 
1.2930* 1 1.3260* 1 2.0000* 7.7100* 0 MIN. 
1.7500* 0 1.0000-10 2.0000* 3.5000* 1 DAYS 
8.3600* 0 1.0000-10 2.0000* 8.0004* 4 YRS. 

20-CA-41 
ATOMIC MASS • 4.0S62* 1 

GROUNO STATE 
HALF-LIFE - 8.0004* 4 YRS. 

O-VALUE E-MIN E-MAX HALF -LIFE 

8.3600* 0 8.5700* 0 2.0000* 1 STABLE 
8.8900* 0 9.1100* 0 2.0000* 1 1.2589* 9 YRS. 
6.6100* 0 6.77C.0* 0 c.0000* 1 3.5000* 1 DAYS 
1.2100* 0 1.5000* 0 2.0000* 1 STABLE 
8.2100* 0 8.4100* 0 2.0000* 1 STABLE 
5.2300* 0 1.0000* 0 2.0000* 1 STABLE 
1.1470* 1 1.0000*10 2.0000* 1 STABLE 

E-MIN 

20-CA-42 
ATOMIC MASS • 4.1959* I 

GROUND STATE 
STABLE 

HJLF-LIFE 

1.1470* 1 1 .1750* I 2.0000* 1 8.0004* L YRS. 
1.0270* 1 1.0510* 2.0000* 1 STABLE 
6.2500* 0 6.4000* u 2.0000* 1 STABLE 
2.7300* 0 2.8000* 0 2.0000* 1 1.2389* 1 HRS. 
3.5000- 1 5.0000- 0 2.0000* 1 2.6090* 2 YRS. 
7.9300* 0 1.0000-10 2.0000* 1 STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 20-CA-42 GROUND 8 6/12/76 
N.N'A 18-AR-39 GROUND 6 6/12/76 
N.P 19-K -43 GROUND S 6/12/76 
N,D 19-K -42 GROUND 4 6/12/76 
N.A I8-AR-4U GROUND 7 6/12/76 
N.G 20-CA-44 GROUND 102 6/10/76 

PRODUCT LEVEL DATE 

N.2N 
N,P 
N.D 
N.A 

20-CA-43 GROUND 
19-K -44 GROUND 
19-K -43 GROUND 
18-AR-4I GROUND 
20-CA-45 GROUND 

G/12/76 
6/12/76 
6/12/76 
6/12/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 20-CA-44 GROUND 8 6/13/76 
N,P 19-K -45 GROUND 6 6/13/76 
N.O 19-K -44 GROUND 4 6/13/76 
N.A 18-AR-42 GROUND 5 6/13/76 
N.G 20-CA-46 GROUND 102 6/10/76 

ATOMIC MASS 
20-CA-43 

= 4.2959+ 1 
GROUND STATE 

STABLE 

Q-VALUE E-MIN E-MAX HALF -LIFE 

9300* 0 8.1200* 0 2.0000+ STABLE 
5600* 0 7.7600+ 0 2.0000+ 2.6890+ 2 YRS. 
0400< 0 1.0600+ 0 2.0000+ 2.2389+ 1 HRS. 
4400* 0 8.5400* 0 2.0000+ 1.2389+ 1 HRS. 
2900* 0 1.0000+ 0 2.0000+ STABLE 
1140* 1 1.0000-10 2.0C00+ STABLE 

20-CA-44 
ATOMIC MASS = 4.3959+ 1 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF LIFE 

1140+ 1 1.1390+ i 2.0000+ 1 STABLE 
9000+ 0 5.0100+ 0 2.0000+ 1 2.2000+ 1 MIN. 
9500+ 0 1.0130+ I 2.0000+ 1 2.2389+ 1 HRS. 
7500+ 0 2.8100+ 0 2.0000+ 1 1.8300+ 0 HRS. 
4100+ 0 1.0000-10 2.0000+ 1 1.6505+ 2 DAYS 

20-CA-45 
ATOMIC MASS - 4.4956+ I 

GROUND STATE 
HALF-LIFE - 1.6505+ 2 DAYS 

O-VALUE E-MIN E-MAX HALF-LIFE 

4100+ 0 7.5B00* 0 2.0000+ 1 STABLE 
4100+ 0 3.4900+ 0 2.0000+ 1 1.6000+ 1 MIN. 
0090+ 1 1.0310+ 1 2.0000+ 1 2.2000+ 1 MIN. 
4000- 1 7.6000- 1 2.0000+ 1 3.297B+ 1 YRS. 
0410+ 1 1.0000-ID 2.0000+ 1 STABLE 



20-CA-46 
ATOMIC MASS = 4.5954* 1 

GROUND STATE 
STABLE 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 20-CA-45 GROUND 8 6/13/76 -I.OHIO* 1 1.0630* 1 a.oooo* i 1.6505* 2 DAYS 
N.P 19-K -46 GROUND 5 6/13/76 -6-9300* 0 7.0800* 0 a.oooo* i 1 .8000* 0 MIN. 
N.A I8-AR-43 GROUND 4 6/13/76 -4.2000* 0 4.2900* 0 2.0000* 1 1.0000* 0 SEC. 
N.G 20-CA-47 GROUND ioa 6/10/76 7.2700* 0 1.0000-10 2.oooo» : 4.5255* 0 DAYS 

20-CA-47 
ATOMIC MASS • 4.6954* 1 

GROUND STATE 
HALF-LIFE  ' 4.5255* 0 DAYS 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N,P 
N,G 

20-CA-46 
19-K -47 
20-CA-4B 

GROUND 
GROUND 
GROUND 

7 
6 

102 

6/13/76 
6/13/76 
6/10/76 

-7.2700* 0 
-5.8500* 0 
9.9500* 0 

7.4300* 0 
5.9800'- 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

1 STABLE 
1 1.7500* 1 SEC. 
1 STABLE 

20-CA-48 
ATOMIC MASS • 4.7952* 1 

GROUND STATE 
STABLE 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MJN E-MAX HALF-LIFE 

N.2N 
N.P 
N.G 

20-CA-47 
13-K -48 
20-CA-49 

GROUND 
GROUND 
GROUND 

7 
4 

102 

6/13/76 
6/13/76 
6/10/76 

-9.9500* 0 
-9.0000* G 
5.1400* 0 

1.0160* 1 
9.1900* 0 
1.0000-10 

2.0000* 1 
2.0000* 1 
2.0000* 1 

4.5255* 0 DAYS 
1.0000* 0 SEC. 
8.8000* 0 MIN. 



cfC-CA-49 
ATOMIC MASS = 4.bio6* 1 

GROUND STATE 
HALF-LIEE = 8.8000* 0 MIN. 

REACTION PRODUCT LEVEL POINTS DATE O-VAiUE E-MIN E-MAX HALF-LIFE 

N.2N 
N,G 

20-CA-4S 
20-CA-50 

GROUND 
GROUMD 

8 
102 

6/13/76 
6/10/76 

-5.1400* 0 
6.3600* 0 

5.2500* 0 
1.0000-10 

2.0000* 
2.0000* 

1 STABLE 
1 9.0000* 0 SEC. 

HA: 

2I-SC-44 
ATOMIC MASS = 4.3959* 1 

GrIOUND STATC 
-K-LIFE - 3.9194* 0 URS. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.P 
N,A 
N.G 

21-SC-43 
20-CA-44 
19-K -41 
2I-SC-45 

GROUND 
GROUND 
GROUNO 
GROUND 

IS 
14 
17 

102 

8/19/76 
8/19/76 
8/19/76 
8/19/76 

-9.7100* 0 
4.4300* 0 
3.3900" 0 
1.1320* 1 

9.9309* 0 
5.000O- 2 
3.4445* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

I 
i 
I 
l 

3.9194* 0 HRS. 
STABLE 
STABLE 
STABLE 

N.2N 
N.P 
N.A 
N.G 

PRODUCT LEVEL 

21-SC-43 
20-CA-44 
13­K -*( 
2I-SC-H5 

GROUND 
GROUND 
GROUND 
GROUND 

POINTS 

15 
13 
17 
102 

DATE 

8/19/76 
8/19/76 
8/19/76 
9/19/76 

O-VALUE 

-9.4400* 0 
4.7000* 0 
3.6600* 0 
1.1590* I 

E-MIN 

9.6547* 0 
5.0000- 2 
3. 1683* 0 
I.0000-10 

2I-SC-44 
ATOMIC MASS ' 4.3959* 1 

LEVEL • £.7100- 1 
HALF-LIFE • E.433B* 0 DAYS 

E-MAX HALF-I IFE 

2.0000* 1 
2.0000* I 
2.0000 

a.oooo 
0* I 

1 

3.9194* 
STABLE 
STABLE 
STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 21-5C-44 C-ROUND 14 8/19/76 
N.SN 21-SC-44 2.7100- 1 15 8/19/76 
N.P 20-CA-45 GROUND 17 8/19/76 
N.A 19-K -42 GROUND 11 6/19/76 
N.G 21-SC-46 1.4200- 1 102 B/19/76 
N.G 2I-SC-46 GROUND 102 8/19/76 

PRODUCT LEVEL 

N.2N 
N,P 
N.A 
N.G 

2I-SC-45 
20-CA-46 
19-K -43 
21-SC-47 

GROUND 
GROUND 
GROUND 
GROUND 

IS 8/19/76 
19 8/19/76 
17 8/19/76 
102 8/19/76 

N.2N 
N.P 
N.A 
N.G 

PRODUCT LEVEL 

21-SC-45 
20-CA-46 
19-K -43 
2I-SC-47 

GROUND 
GROUND 
GROUNO 
GROUND 

f'OINTS DATE 

15 3/19/76 
19 8/19/76 
17 8/19/76 
102 8/19/76 

21-SC-45 
ATOMIC MASS = 4.4956* 1 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-1.1320* 1 1.1572* 1 2.0000* 1 3.9194* 0 HRS. 
-1.1590* 1 1.1848* ! 2.30O0* 1 2.4398* 0 DAYS 
5.3000- I 2.3037* 0 2.C000' 1 1.6515* 2 DAYS 
-3.9000- i 7.2722* 0 2.0000* 1 I ,24<i!l* I HRS. 
B.6300* 0 I.0000-10 2.0000* I 2.0000* 1 SEC. 
8.7700* 0 I.0000-10 2.0000* 1 8.3900* 1 DAYS 

2I-SC-46 
ATOMIC MASS » 4.5955* 1 

GROUND STATE 
HALF-LIFE » 8.3900* 1 DAYS 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-8.7700* 0 8.960B* 0 2.0000* I STABLE 
2.1700* 0 6.1210- 1 2.0000* I STABLE 
4.7000- 1 6.3564* 0 2.0000* I 2.2400* I HRS. 
1.0640* 1 1.0000-10 2.0000* 1 3.4306* 0 DAYS 

2I-SC-46 
ATOMIC MASS - 4.5955* I 

LEVEL • 1.4200- ) 
HALF-LIFE • 2.0000* I SEC. 

O-VALUE E-MIN E-MAX HALF-LIFE 

-B.6300* 0 8.8178* 0 2.0000* I STABLE 
2.3100* 0 -..6906- I 2.0000* I STABLE 
6.1000- 1 6.2133* 0 2.0000* I 2.2400* I HRS. 
1.0780* I I.0000-10 2.0000* 1 3.4306*0 DAYS 
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REACTION PRODUCT LEVEL POINTS DATE 

N,gN 22-TI-45 GROUND 9 B/22/76 
N.N'P 21-SC-45 GROUND 15 8/2S/76 
N.N'A 20-CA-43 GROUND 12 8/22/76 
N.P 3I-SC-46 GROUND 21 8/22/76 
N,A 20-CA-43 GROUND 19 8/22/76 
K.G 22-TI-47 GROUND 9B 8/22/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.3N 22-TI-46 GROUND 16 8/22/76 
N.N'P 2I-SC-46 GROUND 17 6/22/76 
N.N'A 20-CA-43 GROUND 10 8/22/76 
N,P 2I-SC-47 GROUND 20 8/32/76 
N,A 20-CA-44 GROUND 18 8/32/76 
N.G 33-TI-4B GROUND 100 8/22/76 

REACTION PRODUCT LEVEL POINTS DATE 

N,r>N 22-TI-47 GROUND 16 8/32/76 
N.N'P 2I-SC-47 GROUND 14 8/22/76 
N.N'A 20-CA-44 GROUND 9 8/32/76 
N.P 21-SC-48 GROUND 21 8/33/76 
N.A 20-CA-4S GROUND 18 8/23/76 
N.G 23-TI-49 GROUND 102 8/23/76 

22-TI-46 
ATOMIC MASS = 4.5953* 1 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

-1.3200* 1 
-1.0350* I 
-8.0100* 0 
-1.5BO0+ 0 
-8.0000- 2 
8.8800* 0 

1.34B7* I 
1.3446* 1 
1.5501+ 1 
4.6333* 
7.3590* 

0 
0 

1.0000-10 

2.0000* 1 
2.0000* 1 
3.0000* 1 
2.0000* 1 
2.0000 

3.0778* 0 
STABLE 
STABLE 
B.3900* 1 
STABLE 

2.0000* 1 ST ABIE 

33-TI-47 
ATOMIC MASS > 4.6953* 1 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-8.8800+ 0 
-1.0460* I 
-8.9500+ 0 
I.8000- I 
3.1800* 0 
I.1630* I 

9.0691+ 0 
I.353B+ I 
1.6418+ I 
1.3173+ 0 
5.0136+ 
1.0000-10 

3.0000+ 
2.0000+ 
3.0000+ 
3.0Q0Q+ 
I!0000* 
3.0000+ 

STABLE 
8.3900+ 
STABLE 

STABLE' 
STA9LE 

33-TI-48 
ATOMIC MASS • 4.7948+ I 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-1.1630+ 1 
-1.1450+ 1 
-9.4500+ 0 
-3.2100+ 0 
-3.03")0+ 
8.1400+ 0 

I .1873+ I 
1.4437* 1 
1.7631+ I 
4.3300+ 
6.9668+ 
1.0000-10 

3.0000+ 
3.0000+ 
3.0000+ 
3.0000+ 
2.0000+ 
3.0000+ 

STABLE 
3.4306* 

STABLE 
I.B299+ 
1.6505+ 

STABLE 

OAYS 

DAYS 
DAYS 
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REACTION 

N.G 

PRODUCT LEVEL 

23-V -48 GROUND 

POINTS DATE 

102 5/25/77 

O-VALUE 

1.0530* I 

E-MIN 

1.0000-10 

23-V -47 
ATOMIC MASS ' 4.6955+ 1 

GROUND STATE 
HALF-LIFE • 3.1200+ I MIN. 

E-MAX 

2.0000* 1 

HALF-LIFE 

I .5372* i DAYS 

23­V  ­48 
ATOMIC  MASS  •  4.7952+  I 

GROUND  STATE 
HALF­LIFE  •  1.5972*  I  DAYS 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 23-V -47 GROUND 15 5/25/77 -1.0530* 1 1.0750* 1 2.0000+ 1 3.1200* I MIN. 
N.N'P 22-TI-47 GROUND 15 S/25/77 -6.8300+ 0 9.9949* 0 2.0000* 1 STABLE 
N.N'A 2I-SC-44 GROUND 10 5/26/77 -9.0800* 0 1.6955* 1 2.0000* 1 3.9306* 0 HRS. 
N.N'A 21-SC-44 2.7100- 1 9 5/BS/77 -9.3510* 0 1.7231+ 1 2.0000+ 1 2.4421+ 0 DAYS 
N.P 22-TI-48 GROUND 17 5/25/77 4.B000+ 0 1.0000-10 2.0000* 1 STABLE 
N,A 2I-SC-45 GROUND 17 5/26/77 2.SHOO* 0 5.3591* 0 2.0000* 1 STABLE 
N.G 23"V -49 GROUND 102 5/25/77 I.I960* 1 I.0000-10 2.0000* 1 3.3102* H DAYS 

23-V -49 
ATOMIC MASS • 4.8949+ 1 

GROUND STATE 
HALF-LIFE « 3.3102* 2 DAYS 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N,2N B3-V -48 GROUND 15 5/25/77 -1.1560+ 1 1.1796* 1 2.0000+ 1 1.5972+ t OAYS 
N.N'P 22-T1-4B GROUND 16 5/25/77 -6.7600+ 0 9.9048+ 0 2.0000+ 1 STABLE 
N.N'A 21-SC-45 GROUND 9 5/26/77 -9.3E00* 0 I.JI56+ 1 2.0000+ 1 STABLE 
N.P 22-TI-49 GROUND 22 5/25/77 1.3800* 0 1.7503+ 0 2.0000+ 1 STABLE 
N.A 2I-SC-46 GROUND 17 5/26/77 -5.5000- 1 8.1683+ 0 2.0000+ 1 8.3796+ 1 DAYS 
N.A 2I-SC-46 1.4200- 1 16 5/26/77 -6.9200- 1 8.3132+ 0 2.0000+ 1 1.8700+ 1 SEC. 
N.G 23-V -50 GROUND 102 5/25/77 9.3300* 0 1.0000-10 2.0000+ 1 5.9995+15 YRS. 



REACTION PRODUCT LEVEL POINTS DATE 

N.gN 23-V -49 GROUND 15 5/25/77 
N.N'P 22-TI-49 GROUND 17 5/25/77 
N.N'A 21-SC-H6 GROUND S 5/26/77 
N.N'A 2I-SC-46 1.4200- 9 5/26/77 
N.P 22-TI-50 GROUND 21 5/2E/77 
N.A 2I-SC-47 GROUND 17 5/2S/77 
N.G 23-V -51 GROUND 102 8/I8/7R 

REACTION PRODUCT LEVEL POINTS DATE 

N.SN 23-V -50 GROUND 15 5/25/77 
N.N'P 22-TI-SO GROUND 15 5/25/77 
N.N'A Sl-SC-47 GROUNO 6 B/lid/76 
N.P 22-TI-51 GROUND 22 5/23/77 
N.A ai-SC-48 GROUND 6 9/04/73 
N.G 23-V -52 GROUNO 102 B/18/76 

REACTION PRODUCT LEVEL POINTS OATE 

N.2N 23-V -51 GROUNO 17 5/25/77 
N.3N 23-V -50 GROUNO 6 5/25/77 
N.N'P 22-T1-5I GROUNO IS 9/25/77 
N.N'A ai-sc-ne GROUND 10 3/26/77 
N.P 22-TI-SE GROUND SO 3/25/77 
N.A ai-sc-49 GROUND 16 5/26/77 
N.O 23-V -33 GROUND 102 a/IB/76 

E-M1N 

23-V -50 
ATOMIC MASS - 4.9947* 1 

GROUND STATE 
HALF-LIFE - 5.9995*15 YRS. 

E-MAX HALf-LlFE 

-9.3300* 
-7.9500* 
-£.6800* 
-1.0022* 
3.0000* 
7.6000-
1.1050* 

9.5168* 0 
I.1101* 1 
1.7685* 1 
1.7829* 1 
8.1783- 2 
6.7941* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 

3.3102* 
STABLE 
8.3796* 
1.8700* 

STABLE 
3.4097* 

STABLE 

DAYS 

DAYS 
SEC. 

DAYS 

Q-VALUE 

-1.1050* 1 
-8.0500* 0 
-1.0290* I 
-1.6700* 0 
-2.0600* 0 
7.3200* 0 

E-niN 

1.1267* 1 
1.1184* I 
1.3000* I 
4.82B2* 0 
9,0000* 0 
1.0000-10 

E-MAX 

2.0000* 1 
2.0000* I 
2.0000* I 
2.0000* I 
2.0000* I 
2.0000* I 

23-V -5\ 
ATOMIC MASS • 5.0942* 1 

GROUND STATE 
STABLE 

HALF-LIFE 

5.9895*15 
STABLE 
3.4306* 0 
9.7600* 0 
1.8299* 0 
3.7550* 0 

YRS. 

OAYS 
MIN. 
OAYS 
MIN. 

23-V -92 
ATOMIC MASS • 3.1949* ! 

GROUND STATE 
HALF-LIFE • 1.7930* 0 MIN. 

O-VALUE E-niN E-MAX HALF •LIFE 

7.3100* 0 7.4307* 0 2.0000* STABLE 
1.8360* 1 1.8713* 1 2.0000* 3.9985*15 YRS. 
8.9800* 0 1.2113* 1 2.0000* 5.7800* 0 MIN. 
9.3700* 0 1.7083* 1 Z.tf'OO* 1.8299* 0 DAYS 

i.ieoo* o 4.3123* 0 2.0u00* 1.7000* 0 MIN. 
7.6000- 1 6.7219* 0 2.0000* 5.7300* 1 mn. 8.5000* 0 1.0000-10 2.0000* I.9U03* 0 MIN. 
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REACTION PRODUCT LEVEL POINT'5 DATE 

N.2N S4-CR-51 GROUND IS 1 1/05/76 
N.N'P S3-V -51 GROUND 10 1 1/08/76 
N.N'A SS-T1-4B GROUND 9 11/17/76 
N,P 33-V -52 GROUND SI 11/17/76 
N,A SS-TI-49 GROUND IB 11/17/76 
N.G S4-CR-53 "ROUND 10S 10/13/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 24-CR-53 GROUND It 11/05/76 
N.N'P S3-V -53 GROUND e 1 1/06776 N.N'A 33-TI-49 GROUND 9 11/17/76 
N.P 23-V -53 GROUND 19 11/17/76 
N,A SS-TI-50 GROUND 17 11/17/76 
N.G 34-CR-54 GROUND 102 10/11/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 34-CR-53 GROUND 17 1/05/76 
N.3N 24-CR-S3 GROUND e 1/05/76 
N.N'P 23-V -53 GROUND e 1/08/76 
N.N'A 23-TI-50 GROUND is 1/18/76 
N.P 33-V -54 GROUND is 1/17/76 
N,A 22-TI-5I GROUND so 1/18/76 
N.G 24-CR-55 GROUND 102 O/IM/76 

ATOMIC MASS 
24-CR-52 

= 5.1941* 1 
GROUND ST/>TE 

STAbLE 

Q-VALUE E-MIN E-MAX HALF -LIFE 

1.S040* 1 1.2S71* 1 S.OOOO* S.770B* 1 DAYS 
1.0510* 1 1.3S56< 1 2.0000* STABLE 
9.3500* 0 1.7508* I 3.0000* STABLE 
3.2000* 0 6.5625* 0 S.OOOO* 3.7550* 0 MIN. 
1.S100* 0 9.1730* 0 3.0000* STABLE 
7.9400* 0 1.0000-10 3.0000* STABLE 

ATOMIC MASS 
34-CR-53 

• 5.3941* 1 
GROUND STATE 

STABLE 

O-VALUE E-MIN E-MAX HALF -LIFE 

7.9400* 0 8.0900* 0 2.0000' STABLE 
1. 1140* 1 1.4479* 1 2.0000* 3.7550* 0 MIN. 
9.1500* 0 1.7263* 1 3.0000* STABLE 
2.S400* 0 5.9743* 0 2.0000* 1.5500* 0 MIN. 
1 .8000* 0 6.0686* 0 2.0000* STABLE 
9.7200* 0 1.0000-10 3.0000* STABLE 

34-CR-54 
ATOMIC MASS " 5.3939* 1 

OROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-9.7200* 0 
-1.7660* I 
-1.2360* 1 
-7.9200* 0 
-6.1200* 0 
-1.5400* 0 
6.3600* 0 

9.9003* 
I.7987* 
1.5703* 
I .5969* 
9.5017* 
9.4347* 
I.0000-10 

2.0000* 
3.0000* 
3.0000* 
2.0000* 
2.0000* 
3.0000* 
3.0000* 

STABLE 
STABLE 
I.5500* 

STABLE 
4.3000* 
5.7600* 
3.5600* 

MIN. 

SEC. 
MIN. 
MIN. 



24-CR-55 
ATOMIC MASS - 5.19m* 1 

GROUND STATE 
HALF-LIFE • 3.5600* 0 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF LIFE 

N.2N 24-CR-54 GROUND 22 11/05/76 -6.2600* 0 6.3739* 0 2.0000* STABLE 
N.3N 24-CR-53 GROUND 13 11/05/76 -1.5980* 1 1.6271* 1 2.0000* STABLE 
N.N'P 23-V -51 GROUND 8 11/08/76 -1.2620* 1 1.5949* 1 2.0000* 4.3000* 1 SEC 
N.N'A 22-TI-51 GROUND 12 11/17/76 -7.B000* 0 1.5808* 1 2.0000* 5.7600* 0 MIN 
N,P 23-V -55 GROUND 19 11/17/76 -5.6000* 0 8.9511* 0 2.0000* 1.7400* 1 SEC 
N,A 22-TI-52 GROUND 19 11/17/76 I.OOOC- 2 7.8305* 0 2.0000* 1.7000* 0 MIN 
N.G 24-CR-56 GROUND 102 10/19/76 6.2200* 0 1.0000-10 2.0000* 5.9000* 0 MIN 

S4-CR-5B 
ATOMIC MASS • 5.5941* 1 

GROUND 5TATE 
HALF-LIFE • 5.9000* 0 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N,2N 
N.3N 
N.G 

24-CR-U5 
54--CR-54 
24-CR-57 

GROUND 
GROUND 
GROUND 

25 
15 
102 

11/05/76 
11/05/76 
10/19/76 

-8.2200* 0 
-1.4480* 1 
5.5900* 0 

8.3669* 0 
1.4739* 1 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

1 3.5B00* 0 MIN. 
1 STABLE 
1 2.2500- 1 SEC. 

N.G 
N.G 

PRODUCT LEVEL 

25-MN-52 3.6300-
B5-MN-52 GROUND 

102 
102 

5/17/77 
5/17/77 

1.0157* 1 
1.0540* I 

I.0000-10 
I.0000-10 

S5-MN-5I 
ATOMIC MASS - 5.0948* I 

GROUND STATE 
HALF-LIFE • 4.6000* 1 MIN. 

2.0000* I 
2.0000* I 

HALF-LIFE 

2.1400* I MIN. 
5.6296* 0 DAYS 
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REACTION PRODUCT LEVEL POINTS DATE 

N.2N 25-MN-54 GROUND 1 1 B/31/72 
N.N'P 24-CR-54 GROUND 17 5/16/77 
N.N'A 23-V -51 GROUND 10 I 1/17/76 
N.P 24-CR-55 GROUND 21 5/16/77 
N.A 23-V -52 GROUND 18 11/17/76 
N.G 25-MN-56 GROUND 02 1 1/15/75 

REACTION PRODUCT LEVEL P0INT5 DA1E 

N,2N 25-MN-55 GROUND 20 5/16/77 
N.3N 25-MN-54 GROUND 9 5/16-77 
N, N • P 24-CR-55 GROUND 16 5/IF,/77 
N.N'A 23-V -52 GROUND 11 11/18/76 
N.P 24-CR-S6 GROUND 22 5/16/77 
N.A 23-V -53 GROUND 19 11/18/76 
N.G 25-MN-57 GROUND 102 11/16/76 

REACTION PRODUCT LEVFL POINTS DATE 

N.2N 25-MN-56 GROUND 21 5/16/77 
N.3N 25-MN-55 GROUND 10 5/16/77 
N.N'P 24-CR-56 GROUND 17 5/16/77 
N.N'A 23-V -53 GROUND 9 11/18/76 
N.P 24-CR-57 GROUND 18 5/16/77 
N.A 23-V -54 GROUND 18 11/18/76 
N.O 25-MN-58 GROUND 102 11/16/76 

=5-MN-55 
ATOMIC MA55 = 5.4938* I 

GROUND STATE 
STABLE 

E -MIN E-MAX HALF-LIFE 

-1.0230* 
-8.0700* 
-7.9400* 
-I.8100* 
-6.3000-
7.2700* 

1.0420* I 
1.1500* I 
1.6397* 1 
5.2B83* 0 
B.9169* 0 
1.3000-10 

0000* 
00O0* 
0000* 
0000* 
0000* 
0000* 

3.1250* 
STABLE 
STABLE 
3.5600* 
3.7550* 
2.5819* 

MIN. 
MIN. 
HRS. 

25-MN-56 
ATOMIC MASS = 5.5939* I 

GROUND STATE 
HALF-LIFL = 2.5819* 0 HRS. 

O-VAI.UE E-MIN - E-MAX HALF -LIFE 

7.2700* 0 7.H000* 0 2.0000* STABLE 
1.7500* 1 1.7813* 1 2.0000* 3.1250* 2 DAYS 
9.0800* 0 1.2511* 1 2.0000* 3.5600* 0 MIN. 
7.9000* 0 1.6317* 1 2.0000* 3.756U* 0 MIN. 
8.6000- 1 4.3044* 0 2.0000* 5.9000* 0 MIN. 
6.0000- 1 7.6279* 0 2.0000* 1.5500* 0 MIN. 
8.7800* 0 1.0000-10 2.0000* 1.5900* 0 MIN. 

2S-MN-57 
ATOMIC MASS » 5.6938* I 

GROUND STATE 
HALF-LITE « 1.5500* 0 MIN. 

Q-VALUE E-MIN E-MAX HALF -L IFE 

8.7800* 0 B.S342* 0 2.0000* 2.5819* 0 HRS 
1.6050* 1 1.6332* 1 2.0000* STABLE 
9.6400* 0 1.3063* 1 2.0000* 5.9000* 0 MIN 
8.1900* 0 1.6572* 1 2.0000* 1.5500* 0 MIN 
•1.9500* 0 8.4499* 0 2.0000* 2.2000- 1 SEC 
1.4300* 0 9.6577* 0 2.0000* 4.3000* 1 SEC 
6.5000* 0 1.0000-10 2.0000* 1.0833* 0 MIN 



25-MN-58 
ATOMIC MASS » 5.7940* ! 

GROUND STATE 
HALF-LIFE = 1.0833* 0 M1N. 

PRODUCT LEVEL HALF-LIFE 

N.SN 
N.3N 
N,G 

25-MN-57 
25-MN-56 
25-MN-59 

GROUND 
GROUND 
GROUND 

22 5/16/77 -6.5000* 0 6.6122* 0 2.0000* 1 1.5900* 0 MIN. 
12 5/16/77 -1.5280* 1 1.5544* 1 2.0000* ! 2.5819* 0 HRS. 

102 11/16/76 7.3400* 0 1.0000-10 2.0000* 1 6.6700- 2 SEC. 

26-FE-53 
ATOMIC MASS - 5.2945* 1 

GROUhO STATE 
HALF-I 1FE = 8.5301)* 0 MIN. 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF-•LIFE 

N.2N 26-FE-52 GROUND 15 12/09/76 -1.0680* 1 1.0882* 1 2.0000* 1 8.3000* 0 HRS. 
N, N • P 25-MN-52 GROUND 8 12/09/76 -7.5300* 0 1 .1176* 1 2.0000* 1 5.6296* 0 DAYS 
N.N'P 25-MN-52 3.8300- 1 7 12/09/76 -7.9130* 0 1.1566* 1 2.0000* 1 2.1400* 1 MIN. 
N.N'A 24-CR-49 GROUND 9 12/09/76 -7.9800* 0 1.6980* 1 2.0000* 1 4.2000* 1 MIN. 
N,P 25-MN-53 GROUND 21 12/09/76 4.5300* 0 1.0000- 4 2.0000* 1 3.7005* 6 YRS. 
N,A 24-CR-50 GROUND 17 12/09/76 4.9600* 0 3.7548* 0 2.0000* 1 STABLE 
N.G 26-FE-54 GROUND 102 12/19/76 1.3380* 1 i.0000-10 2.0000* 1 STABLE 

ATOMIC MASS < 
26-FE-54 

• 5.3940* 1 
GROUND STATE 

STABLE 

REACTION PROOUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF -LIFE 

N.2N 26-FE-53 GROUND 15 12/09/76 -1.3380* 1 1.3628* 1 2.0000* 1 8.5300* 0 MIN. 
N.N'P 25-MN-53 GROUND 8 12/09/76 -B.8E00* 0 1.2512* 1 2.0000* 1 3.7005* S VRS. 
N.N'A 24-CR-50 GROUND 9 12/09/76 -8.4200* 0 1.7384* 1 2.0000* 1 STAGLF. 
N,P 25-NN-54 GROUND 23 12/09/76 9.0000- 2 5.0000-  Z  2.0000* 1 3.1850* 2 DAYS 
N.A 24-CR-51 GROUND 20 12/09/76 8.4000- 1 5.0000- 2 2.0000* 1 2.770B* 1 DAYS 
N.G 26-FE-S5 GROUND 102 12/20/76 9.3000* 0 1.0000-10 2.0000* 1 2.7001* 0 YRS. 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 26-FE-54 GROUND 15 12/09/76 
N.N'P 25-MN-54 GROUND 8 12/09/76 
N.N'A 24-CR-5I GROUND 9 12/09/76 
N.P 25-MN-55 GROUND 22 12/09/76 
N.A 24-CR-52 GROUND 18 12/09/76 
N.C 26-FE-56 GROUND 102 12/19/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.SN 26-FE-5S GROUND 15 12/09/76 
N.N'P 25-MN-SS GROUND 7 12/09/76 
N.N'A 24-CR-52 GROUND 9 12/09/76 
N.P 25-MN-56 GROUND 19 12/09/76 
N.A 24-CR-53 GROUND 18 12/09/76 
N.G 26-FE-57 GROUND 102 12/17/76 

REACTION PRODUCT LEVEL POINTS OATE 

N.2N 26-FE-56 GROUND 17 12/09/76 
N.3N 26-FE-55 GROUND 4 12/09/76 
N.N'P 25-MN-56 GROUND 10 12/09/76 
N.N'A 24-CR-53 GROUND 10 12/09/id 
N.P 25-MN-57 GROUND 20 12/09/76 
N.A 24-CR-54 GROUND 19 12/0P/76 
N.G 26-FE-59 GROUND 102 12/20/76 

2S-fT-55 
ATOMIC MASS • 5.4938* I 

GROUND STATE 
HALF-LIFE = 2.7001* 0 YRS. 

Q-VALUE E-M1N E-MAX HALF--LIFE 

•9.3000* 0 9.4693* 0 2.0000* I STABLE 
9.2100+ 0 1.2849* 1 2.0000* 1 3.1250* 2 DAYS 
'8.4600* 0 1.7382* 1 2.0000* 1 2.7708* 1 DAYS 
1.0100* 0 2.6142* 0 2.0C-0* 1 STABLE 
3.5800* 0 5.0830* 0 2.0000* 1 STABLE 
1.1200* 1 1.0000-10 2.0000* 1 STABLE 

26-FE-S6 
ATOMIC MASS - 5.5935* I 

GROUND STATE 
STABLE 

Q-VALUE E-M1N E-MAX HALF-LIFE 

0* I 1.1200 
1.0190* I 
7.6200* 0 
2.9100* 0 
3.2000- I 
7.6500* 0 

1.1400* 1 
I.3827* I 
1.6484* I 
3.5000* 0 
8.3636* 
I.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

2.7001* 
STABLE 
STABLE 
2.5819* 

STABLE 
STABLE 

26-FE-57 
ATOMIC MASS - 5.6935* 1 

GROUND STATE 
STABLE 

Q-VALUE E-M1N E-MAX HALF-LIFE 

-7.6500* 0 
-1.6850* 1 
-1.0560* I 
-7.3200* 0 
-1.7800* 0 
2.4000* 0 
1.0040* I 

7.7844* 0 
1.9181* I 
1.4185* I 
1.6138* I 
5.4195* 0 
6.2092* 0 
'.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 

STABLE 
2.7001* 
2.5819* 

STABLE 
1.5900* 

STABLE 
STABLE 

YRS. 
HRS. 

HIN. 
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27-C0-57 
ATOMIC MASS - 5.6936* 1 

GROUND STATE 
HALF-LIFE • 2.700S* 2 DAYS 

REACTION 

N.2N 
N.N'P 
N.N'A 
N,P 
N.A 
N.C 
N.G 

PRODUCT LEVEL 

27-C0-56 
26-FE-56 
25-MN-53 
EB-FE-57 
25-MN-54 

GROUND 
GROUND 
GROUND 
GROUND 
GROUND 

27-C0-58 2.4900- 2 
27-C0-58 GROUND 

INTS DATE O-VALUE E-MIN E-MAX HALF--LIFE 

S 10/05/76 -1.1380* 1 1.1580* 1 2.0000* 1 7.3495+ I DAYS 
13 10/06/76 -6.0300* 0 6.8400+ 0 2.0000* 1 STABLE 
10 10/05/76 -7.0800* 0 9.5000* 0 2.0000* 1 3.7005* 6 YRS. 
5B 10/06/76 1.6200* 0 1.0000-10 2.0000* 1 STABLE 
18 10/05/76 1.B600* 0 1.0000* 0 2.0000* I 3.1250* 2 DAYS 
102 10/01/76 8.5H51* 0 1.0000-10 2.0000* 1 9.0000* 0 HRS. 
102 10/01/76 8.5700* 0 1.0000-10 2.0000* I 7.1296* 1 DAYS 

S7-C0-58 
ATOMIC MASS • 5.7936* 1 

GROUND STATE 
HALF-LiFE • 7.1296* 1 OAYS 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF--LIFE 

N,N' 27-C0-58 2.4900- c ! 30 IO/OB/76 -2.4900- 2 2.5330- 2 2.0000+ 1 9.0000+ 0 HRS. 
N.2N 27-C0-57 GROUND 11 10/05/76 -8.5700* 0 8.7200* 0 2.0000+  :  2.7002+ S DAYS 
N.N'P 2G-FE-57 GROUND 12 10/06/76 -6.9500* 0 7.6700* 0 2.0000+ 1 STABLE 
N.N'A S.5-MN-54 GROUND 9 10/06/76 -6.7800+ 0 1.0000+ 1 2.0000+ 1 3.1250+ 5 DAYS 
N.P 26-FE-58 GROUND 59 10/06/76 3.0930* 0 1.0000-10 2.0000+ 1 STABLE 
N.A 25-MN-55 GROUND 60 10/06/76 3.5100* 0 1.0000-10 2.0000- 1 STABLE 
N.G 27-C0-59 GROUND 102 10/04/76 1.0450* 1 1.0000-10 2.000U+ 1 STABLE 

27-C0-58 
ATOMIC MASS - 5.7936+ I 

LEVEL • 2.4900- 2 
HALF-LIFE • 9.0000+ 0 HRS. 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF--LIFE 

N.N' 27-CO-58 GROUND 51 10/08/76 0.0000+ 0 1.0000-10 2.0000+ 1 7.1296+ 1 OAYS 
N.2N 27-C0-57 GROUND 11 10/05/76 -8.5451+ 0 8.6924+ 0 2.0000+ 1 2.7002+ 2 DAYS 
N.N'P 26-FE-57 GROUND 12 10/06/76 -6.9251+ 0 7.6451+ 0 2.0000+ 1 STABLE 
N.N'A 25-MN-54 GROUND 9 10/05/76 -6.6951+ 0 9.9750+ 0 2.0000+ 1 3.1B50+ 2 DAYS 
N.P 26-FE-58 GROUND 58 10/06/76 3.1149+ 0 1.0000-10 2.0000+ 1 STABLE 
N.A 25-MN-55 GROUND 58 10/06/76 3.5349+ G 1.0000-10 2.0000+ 1 STABLE 
N.C 27-C0-59 GROUND 102 10/04/76 1.0485+ 1 1.0000-10 2.0000+ 1 STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 27-C0-58 GROUND 13 10/05/76 
N.2N 27-C0-58 2.4900- 2 ! 13 10/05/76 
N.N'P 26-FE-58 0R0UND 11 10/06/76 
N.N'A 25-MN-55 GROUND 10 10/06/76 
N.P 26-FE-59 GROUND 19 10/06/76 
N.O 26-FE-5B GROUND 4 3/01/74 
N,T 26-FE-57 GROUND 4 3/01/74 
N.A 2S-MN-56 GROUND 30 3/01/74 
N.G 27-CO-60 5.8600- E i 102 8/18/76 
N.P 27-CO-60 GROUND 102 8/18/76 

REACTION PRODUCT LEVEL POINTS DATE 

N,N' 27-CO-60 S.8600- 2 29 10/08/76 
N.2N 27-C0-59 GROUND 12 10/05/76 
N.3N 27-C0-5B GROUND 2 10/05/76 
N,3N 27-CO-58 2.4900- 2 2 10/05/76 
N.N'P 26-FE-59 GROUND 9 10/06/76 
N.N'A 25-MN-56 GROUND 6 10/0C/76 
N,P 26-FE-60 GROUND 20 10/06/76 
N.A 25-MN-S7 GROUND 17 10/06/76 
N.G 27-C0-61 GROUND 102 10/05/76 

ATOMIC MASS ' 
27-C0-59 

• 5.8935* 1 
GROUND STATE 

STABLE 

O-VALUE E-MIN E-MAX HALF' -LIFE 

1.0461* 1 1.0638* 1 2.0000* 1 7.1296* 1 DAYS 
1.0"86+ 1 1.0664* 1 2.0000* 1 9.0000* 0 HRS. 
•7.27C0* 0 8.1900* 0 2.0000* 1 STABLE 
•6.950U* 0 9.3700* 0 2.0000* 1 STABLE 
•7.8000- 1 1.2930* 0 2.0000* 1 4.4595* 1 DAYS 
•5.1400*  a  5.2320* 0 2.0000* 1 STABLE 
•8.9300* 0 9.0810* 0 2.0000* 1 STABLE 
3.2000- 1 4.9000* 0 2.0000* 1 2.5819* 0 HRS. 
7.4300* 0 I.0000-10 2.0000* 1 1.0500* 1 MIN. 
7.4900* 0 1.0000-10 2.0000* 1 5.2607+ 0 YRS. 

B7-C0-60 
ATOMIC MASS • 5.9934* 1 

GROUND STATE 
HALF-LIFE • 5.2607* 0 YRS. 

Q-VALUE E-MIN E-MAX HALF--LIFE 

•5.6600- 2 S.95S0- 2 2.0000* 1 1.0500* 1 MIN. 
•7.4900* G 7.6200* 0 2.0000* 1 STABLE 
1.7950* 1 1.8250* 1 2.0000* 1 7.1296* 1 DAYS 
•1.7975* 1 1.8275* 1 a.oooo* t 9.0000* 0 HRS. 
8.2800* 0 1.0000* 1 s.ocoo* i 4.4595* 1 DAYS 
•7.1700* 0 1.3000* 1 2.0000* 1 2.5819* 0 HRS. 
5.6000- I 5.0000- 1 2.0000* 1 3.0004* 5 YRS. 
1.6100* 0 2.0000* 0 2.0000* 1 I.S900* 0 MIN. 
9.3400* 0 1.0000-10 2.0000* 1 1.6500* 0 HRS. 



REACTION PRODUCT LEVEL POINTS DATE 

N.N- 27-CO-60 GROUND 58 iO/08/76 
N.2N 27-C0-59 GROUND 12 10/05/76 
N,3N 27-C0-58 GROUND 2 10/05/76 
N.3N 27-C0-58 2.1*900- 2 2 10/05/76 
N.N'P 26-FE-59 GROUND 9 10/06/76 
N.N'A 25-MN-5B GROUND 6 10/06/76 
N,P 26-FE-60 GROUND 23 10/06/76 
N.A 25-MN-57 GROUND 17 10/06/76 
N.G 27-C0-61 GROUND 102 10/05/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 27-CO-60 GROUND 20 10/05/76 
N.2N 27-CO-60 5.S600- 2 20 10/05/76 
N.3N 27-C0-59 GROUND 10 10/07/76 
N.N'P 26-FE-60 GROUND 17 10/06/76 
N.P 26-FE-61 GROUND 21 10/06/76 
N.G 27-C0-62 2.5000- 2 102 10/05/76 
N.G 27-C0-62 GROUND 102 10/05/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.N1 

27-CO-62 a.5000­  a  30 10/08/76 
N.2N 27-C0-61 GROUND 22 10/05/76 
N.3N 27-CO-60 GROUNO 12 10/05/76 
N.3N 27-C0-60 5.8600- 2 12 10/05/76 
N.N'P 26-FE-6I GROUND 17 10/06/76 
N.P 26-FE-62 GROUND 22 10/06/76 
N.G 27-C0-63 GROUND 102 10/07/76 

27­C0­60 
ATOMIC  MASS  =  5.993m­  1 

LEVEL  *  5.8600­  S 
HALF­LIFE  =  1.0500+  I  MIN. 

O-VALUE E-MIN E-MAX HALF--LIFE 

0.0000* 0 1.0000-10 2.0000+ 1 5.2507+ 0 YRS. 
-7.4314* 0 7.5553+ 0 2.0000+ 1 STABLE 
-I.7391• 1 1.8190* 1 2.0000+ 1 7.1296+ 1 DAYS 
-1.7915* 1 1.8215+ 1 2.0000+ 1 9.0000+ U HRS. 
-8.2211* 0 9.9104* 0 2.0000+ 1 4.4595+ 1 DAYS 
-7.1114* 0 1.2910+ 1 2.0000+ 1 2.5819+ 0 HRS. 
6.1860- 1 4.1010- 1 2.0000+ 1 3.0001* 5 YRS. 
I.6686* 0 1.3101* 0 2.0000+ 1 1.5900+ 0 MIN. 
9.3986* 0 1.0000-10 2.0000+ 1 1.6500* 0 HRS. 

27-C0-6I 
ATOMIC MASS • 6.0933* 1 

GROUNO STATE 
HALF-LIFE - 1.6500* 0 HRS. 

Q-VALUE E-MIN E-MAX HALF-•LIFE 

-9.3400+ 0 9.4933+ 0 2.0000+ 1 5.2807+ 0 YRS. 
-9.3986+ 0 9.5528+ 0 2.0000+ 1 1.0500+ 1 MIN. 
-1.6830+ 1 1.7106* 1 2.0000* 1 STABLE 
-8.7800+ 0 1.2492+ 1 2.0000* 1 3.0004+ 5 YRS 
-3.1100+ 0 6.9009+ 0 2.0000* 1 6.1000+ 0 MIN. 
6.6550+ 0 1.0000-10 2.0000* 1 1.3910+ 1 MIN. 
6.6800+ 0 1.0000-10 2.0000* 1 1.5000+ 0 MIN. 

27-C0-62 
ATOMIC MASS • 6.1934+ I 

GROUND STATE 
HALF-LIFE - 1.5000+ 0 MIN. 

•.-VALUE E-MIN E-MAX HALF-LIFE 

-2.5000- 2 2.5400- 2 2.0000+ 1 1.3910+ 1 MIN. 
-6.6800+ 0 6.7879* 0 2.0000+ 1 1.6500+ 0 HRS. 
-1.6020+ 1 1.6279* 1 2.0000+ 1 5.2607+ 0 YRS. 
-1 .6079+ 1 1.6338+ 1 2.0000+ 1 I.0500'> 1 MIN. 
-9.7900* 0 1.3501+ 1 2.0000+ 1 6.1000+ 0 MIN. 
-2.1200* 0 5.6780+ 0 2.0000+ 1 6.8000* 1 SEC. 
8.4000* 0 1.0000-10 2.0000+ 1 2.7400* 1 SEC. 



27-C0-62 
ATOMIC MASS = 6.1934+ 1 

LEVEL = 2.5000- 2 
HALF-LIFE - 1.3910* 1 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF--LIFE 

N.N' 27-C0-62 GROUND 58 10/08/76 0.0000* 0 1.0000-10 2.0000+ 1 1.5000+ 0 MIN 
N.2N 27-C0-B1 GROUND £2 10/05/76 -6.6550' 0 6.7625* 0 2.0000+ 1 1.6600+ 0 HRS 
N.3N 27-CO-60 GROUND 12 10/05/76 -1.5995+ 1 1.6253+ 1 2.0000+ 1 5.2607* 0 YRS 
N,3N 27-C0-60 5.8600- £ ! 12 10/05/76 -1.6054* 1 1.6313+ 1 2.0000+ 1 1.0500* 1 MIN 
N.N'P 26-FE-61 GROUND 17 10/06/76 -9.7650* 0 1.3475* 1 2.0000+ 1 6.1000* 0 MIN 
N.P 26-FE-62 GROUND 22 10/06/76 -2.095O* 0 5.8526* 0 2.0000+ 1 6.8000* 1 SEC 
N,G 27-C0-63 GROUND 102 10/05/76 8.4250* 0 1.0000-10 2.0000+ 1 2.7400+ 1 SEC 

S7-C0-63 
ATOMIC MASS • 6.2934+ 1 

GROUND STATE 
HALF-LIFE » 2.7400+ 1 SEC. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N,2N 
N.3N 
N,G 

27-CO-62 
27-C0-62 
27-CO-61 
27-CO-S4 

GROUND 
2.5000- £ 
GROUND 
GROUND 

23 
! 24 

12 
102 

10/05/76 
10/05/76 
10/05/76 
10/05/76 

-8.4000* 0 
-8.4250+ 0 
-1.5080* 1 
6.3200+ 0 

8.5335+ 0 
8.5589* 0 
1.5320* 1 
1.0000-10 

2.0000* 
2.0000+ 
2.0000* 
2.0000* 

1 1.5000+ 0 MIN. 
1 1.3910+ I HIN. 
1 1.6500+ 0 HRS. 
1 4.0000- 1 SEC. 

REACTION 

N.2N 
N.3N 
N.3N 
N,0 

PRODUCT LEVEL 

27-C0-63 
27-C0-62 
27-C0-62 
27-C0-65 

GROUND 
GROUNO 
2.5000-
GROUND 

23 
14 
14 
102 

DATE 

10/05/76 
10/05/76 
10/05/76 
10/05/76 

Q-VALUE 

-6.3200+ 0 
-1.4720+ 1 
-1.4745* 1 
7.3000* 0 

E-MIN 

6.4188+ 0 
I.4950+ I 
1.-+976+ I 
1.0000-10 

B7-C0-64 
ATOMIC MASS • 6.3936+ I 

GROUND STATE 
HALF­LIFE  "  t.OOOO­  1  SEC. 

E­MAX 

2.0000+ 
8.0000+ 
2.0000+ 
2.0000+ 

HALF-LIFE 

2.7400+ 1 
1.5000+ 0 
l.39t0+ 1 
8.0000- I 

SEC. 
MIN. 
HIN. 
SEC. 
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REACTION PftODUCT LEVEL POINTS OATE 

N.2N 29-CU-64 GROUND 35 8/03/76 
N.3N 29-CU-63 GRFUND 9 8/03/76 
N.N'P 28-NI-64 GROUND 25 8/03/76 
N.N'A 27-C0-6I GROUND 15 7/27/76 
N,P 28-NI-63 GROUND 22 8/02/76 
N.A 27-C0-62 GROUND 25 8/02/76 
N.A 27-C0-62 2.5000- 2 25 8/02/76 
N.G 29-CU-P6 GROUND 109 7/29/76 

REACTION PRODUCT LEVEL 

N.2N 29-CU-65 GROUND 
N.3N 29-CU-64 GROUND 
N.N'P 2B-NI-65 GROUNO 
N.N'A 27-CO-62 GROUND 
N.N'A 27-CO-62 2.5000 
N.P 28-NI-66 GROUNO 
N.A 27-C0-63 GROUND 
N.G 29-CU-67 GROUND 

29-CU-65 
ATOMIC MASS . 6.4930* I 

GROUND STATE 
STABLE 

Q-VALUE E-M1N E-MAX HALF -LIFE 

9.9100* 0 1.0063* 1 2.0000* 1.2800* 1 MRS 
1.7820* 1 1.8094* 1 2.0OOO* STABLE 
7.4500* 0 8.3000* 0 2.000O* STABLE 
6.7700* 0 1.3250* 1 2.0000* 1.6500* 0 HRS 
1.3500* 0 2.5000* 0 2.0000* 2.5600* 0 HRS 
9.0000- 2 6.5000* 0 2.0000* 1.5000* 0 MIN 
1.1500- 1 6.5250* 0 2.0000* 1.3910* 1 MIN 
7.0700* 0 1.0000-10 2.000O* 5.1000* 0 MIN 

S9-CU-66 
ATOMIC MASS - 6.5930* I 

GROUNO STATE 
HALF-LIFE - 5.100(1* 0 MIN 

O-VALUF. E-MIN E-MAX HALF •LIFE 

7.0700* 0 7.1700* 0 2.0000* STABLE 
1.6970* 1 1.7230* 1 2.0000* 1.2800* I HRS. 
8.4200* 0 1.1000* I 2.0000* 2.5600 0 HRS. 
7.1500* 0 1.4500* 1 2.0000* 1.500G* 0 MIN. 
7.1750* 0 1.4525* 1 2.0000* 1.3910* I MIN. 
5.3000- 1 3.6000* 0 2.0000* 2.2917* 0 DAYS 
1.2500* 0 1.1200* 1 2.0000* 2.7400* I SEC. 
9.1200* 0 1.0000-10 2.0000* 2.4583* 0 DAYS 



REACTION 

N.G 

PRODUCT LEVEL 

33-AS-76 GROUND 

POINTS DATE 

102 4/19/78 

O-VALUE 

7.3300* 0 

E-MIN 

1.0000-10 

E-MAX 

2.0000* I 

33-AS-75 
ATOMIC MASS - 7.4925* I 

GROUND STATE 
STABLE 

HAL!"-LIFE 

I . 0958* 0 DAYS 

ATOMIC MASS 
39-Y -89 

- 8.8906* 1 
GROUND STATE 

STABLE 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF -LIFE 

N.2N 39-Y -88 GROUND 13 10/02/76 -1.1470* 1 1.1599* 1 2.0000* 1.0799* 2 DAYS 
N.N'P 3B-SR-B8 GROUND 16 10/02/76 -7.0700* 0 1.2428* 1 2.0000* STABLE 
N,P 3B-SR-89 GROUND SO 10/02/76 -7.1000- 1 6.2318* 0 9.0000* 5.1968* 1 DAYS 
N.A 37-RB-B6 5.6000- 13 10/02/76 1.4000- 1 1.1842* 1 2.0000* 1.0400* 0 MIN. 
N.G 39-Y -90 GROUND 102 10/02/76 6.8600* 0 1.0000-10 t.0000* 2.6597* 0 DAYS 

40-ZR-89 
ATOHIC MASS • 8.8909* 1 

GROUND STATE 
HALF-LIFE - 3.2662* 0 DAYS 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N,P 
N.A 
N.G 

40-ZR-8B 
39-Y -89 
38-SR-86 
40-2R-90 

GROUND 
GROUND 
GROUND 
GROUND 

15 
18 
17 

102 

8/08/76 
B/09/76 
8/08/76 
8/0B/76 

-9.3000* 0 
3.6200* 0 
5.3000* 0 
1.1990* 1 

9.4046* 0 
2.0313* 0 
7.5425* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

8.500S* 1 DAYS 
! STABLE 
1 STABLE 
1 STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 40-ZR-90 GROUND IS 8/08/76 
N.3N 40-ZR-89 GROUND 4 8/08/76 
N,P 39-Y -91 GROUND IS 8/0S/76 
N.A 3B-SR-B8 GROUND 17 9/08/76 
N.G 40-ZR-92 GROUND 102 8/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 40-ZR-91 GROUND SB 8/08/76 
N.3N 4C-ZR-90 GROUND 13 8/08/76 
N,P 39-Y -92 GROUND 18 8/OB/76 
N.A 38-SR-89 GROUND 16 8/08/76 
N.G 40-ZR-93 GROUND 108 8/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 40-ZR-9? GROUND 24 8/08/76 
N,3N 40-ZR-9'. GROUND 14 8/08/ ;<> 
N.P 39-Y -93 GROUND 18 8/0B/76 
N.A J8-SR-90 GROUND 17 8/08/76 
N.G 40-ZR-94 GROUND 102 8/08/76 

40-ZR-9I 
ATOMIC MA5S - 9.0906+ 1 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

7.1900* 0 7.2691+ 0 2.0000+ STABLE 
1.9180+ 1 1.9391+ 1 2.0000+ 3.2662* 0 DAYS 
7.6000- I 6.4260+ 0 2.0000+ 5.8796+ 1 DAYS 
5.6600+ 0 7.1073+ 0 2.0000+ STABLE 
B.6400+ 0 1.0000-10 2.0000+ STABLE 

40-ZR-92 
ATOMIC MASS • 9.1905+ 1 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

-B.6M00+ 0 
-1.5830+ I 
-3.8400+ 0 
3.3900+ 
6.7600+ 0 

8.7340+ 0 
1.6002+ 1 
B.5II7+ 
9.3670+ 
1.0000-10 

2.0000+ 1 
2.0000+ I 
2,0000+ 1 
2.0000+ 1 
2.0000+ I 

STABLE 
STABLE 
3.5306+ 0 HRS. 
5.3005+ 1 DAYS 
1.4999+ 6 YRS. 

40-ZR-93 
ATOMIC MASS * 9.B906+ 1 

GROUND STATE 
HALF-LIFE " 1.4999+ 6 YRS. 

O-VALUE E-MIN E-MAX HALF-LIFE 

6.7600+ 0 6.8328+ 0 2.0000+ 1 STABLE 
1.5400+ 1 1.5566+ 1 2.0000+ 1 STABLE 
2.1100+ 0 7.7569+ 0 2.0000+ 1 1.0500+ 1 HRS. 
4.4400+ 0 8.2710+ 0 2.0000+ 1 2.8101+ 1 YRS. 
8.1900+ 0 1.0000-10 2.0000+ 1 STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.SN 40-ZR-93 GROUND 25 8/08/76 
N.3N 40-ZR-92 GROUND 15 8/08/76 
N.P 39-Y -94 GROUND 18 8/08/76 
N.A 3B-SR-91 GROUND 16 8/08/76 
N.G 40-ZR-95 GROUND 102 8/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.SN 40-ZR-94 GROUND 27 8/08/76 
N.3N tO-ZR-93 GROUND 14 8/08/76 
N.P 39-Y -95 GROUND 18 8/08/76 
N.A 3B-SR-92 GROUND 16 8/08/76 
N.G 40-ZR-96 GROUND 102 B/0>5/76 

PROOUCT LEVEL 

N.2N 
N.3N 
N.A 
N.G 

40-ZR-96 
40-ZR-95 
38-SR-94 
40-ZR-98 

GROUND 
GROUND 
GROUND 
GROUND 

SB 
15 
16 

I OS 

DATE 

8/08/76 
B/OB/76 
8/0B/76 
8/0B/76 

40-ZR-94 
ATOMIC MASS = 9.3906* 1 

GROUND STATE 
STABLE 

O-VALUE E-HIN E-MAX HALF -LIFE 

8.1900» 0 8.2772* 0 2.0000* 1.4999* 6 YRS. 
1.4950* 1 1.5109* 1 2.0000* STABLE 
4.3200* 0 9.8727* 0 2.0000* 2.0300* 1 MIN. 
2.0600* 0 1.0642* 1 2.0000* 9.5200* 0 HRS. 
6.4700* 0 1.0000-10 2.0000* 6.5000* 1 DAYS 

O-VALUE 

-6.47C0* 
-1.4660* 
-3.6500* 
2.9100< 
7.8400* 0 

E-MIN 

6.5362* 
1.4814* 
9.2800* 
9.7493* 

40-ZR-95 
ATOMIC MASS « 9.4908* 1 

GROUND STATE 
HALF-LIFE = 5.5000* 1 DAYS 

2.0000* 
2.0000* 
2.0000* I 

HALF-LIFE 

STABLE 
1.4999* B 
1.0900* I 
2.7100* 0 

2.0000* I STABLE 

YRS. 
MIN. 
HRS. 

Q-VALUE E-MIN 

40-ZR-87 
ATOMIC MASS • 9.6911* 1 

GROUND STATE 
HALF-LIFE » 1.7000* I HRS. 

E-MAX HALF-LIFE 

-5.5B00* 0 
-1.3420* 1 
1.4600* 0 
6.4100* 0 

5.6376* 0 
1.3559* I 
1.1148* 1 
1.0000-10 

2.0000* 1 
2.0000* I 
2.0000* I 
2.0000* I 

STABLE 
6.5000* 1 DAYS 
1.2500* 0 MIN. 
1.0000* 0 MIN. 
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4I-NB-92 
ATOMIC MASS - 9.1907* 1 

LEVEL - 1.3500- ! 
HALF-Lrre = t.oi60* i OArs 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.P 
N.G 

41-NB-91 
HO-ZR-92 
41-NB-93 

1.0500-
GROUND 
GROUND 

16 
18 

102 

8/06/76 
8/06/76 
8/06/76 

-7.8700* 0 
2.9250* 0 
8.9650* 0 

7.9556* 0 
2.8622* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

I 6.2002* 1 DAYS 
1 STABLE 
1 STABLE 

REACTION 

N.2N 
N.2N 
N.3N 
N.3N 
N.P 
N.G 

PRODUCT LEVEL 

41-KB-92 
41-NB-92 
41-NB-91 
m-NB-91 
MO-ZR-93 
41-NB-94 

GROUND 
1.3500-
GROUND 
1.0500-
GROUND 
GROUND 

21 
21 
10 
II 
IB 

102 

DATE 

8/06/76 
8/06/76 
8/06/76 
6/06/76 
8/06/76 
8/05/76 

O-VALUE 

-B.8300* 0 
-8.9650* 0 
-1.6720* 1 
-1.6920* 1 
7.2000- 1 
7.2300* 0 

E-MIN 

8.9250* 0 
9.0615* 0 
1.6900* I 
1.7001* I 
5.0741* 0 
1.0000-10 

E-MAX 

2.0000* 
2.0000* 
2.0003* 
2.0000* 
2.0000* 
2.0000* 

41~NB~93 
ATOMIC MASS - 9.2906* I 

GROUND STATE 
STABLE 

HALF-LIFE 

3.6000* 7 
1.0160* I 
1.0000* 4 
6.2002* I 
1.4939* 6 
1.9999* 4 

YRS. 
DAYS 
YRS. 
DAYS 
YRS. 
YRS. 

4I-NB-94 
ATOMIC MASS • 9.3907* 2 

GROUND STATE 
HALF-LIFE • 1.9999* 4 YRS. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.3N 
N.P 
N.G 

41-NB-93 
41-NB-92 
40-ZR-94 
4I-NB-95 

GROUND 
1.3500- 1 
GROUND 
GROUND 

24 
13 
18 

102 

8/05/76 
8/06/76 
8/06/76 
8/06/76 

-7.2300* 0 
-1.6180* 1 
1.6800* 0 
8.4900* 0 

7.3070* 0 
1.6352* 1 
4.0871* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

1 STABLE 
1 1.0160* 1 DAYS 
1 STABLE 
I 3.5000* 1 DAYS 
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41-NB-9B 
ATOMIC MASS - 9.7910* 2 

GROUND STATE 
HALF-LIFE = 5.1000* 1 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-HAX HALF-LIFE 

N.2N 
N.3N 
N.P 
N.G 

41-NB-97 
H1-MB-9S 
40-ZR-9B 
41-NB-99 

GROUND 
GROUND 
GROUND 
GROUND 

26 
16 
18 

102 

8/06/76 
8/06/76 
8/06/76 
8/06/76 

-5.9800* 0 
-1.4050* 1 
-1.4600* 0 
7.6000* 0 

6.0411 • 0 
1.4193* I 
7.1943* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

1 1.2000* 0 HRS. 
1 2.3400* 1 HRS. 
1 1.0000* 0 MIN. 
1 1.4000* 1 SEC. 

41-NB-100 
ATOMIC MASS - 9.9915* 2 

GROUND STATE 
HALF-LIFE " 1.1000* 1 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.3N 
N.P 
N.G 

41-NB-99 
41-NB-9B 
40-ZR-IOO 
41-NB-101 

GROUND 
GROUND 
GROUND 
GROUND 

28 
18 
18 

102 

8/06/76 
8/06/76 
6/06/76 
8/06/76 

-5.1000* 0 
-1.2800* 1 
-2.8000* 0 
7.2000* 0 

5.1510* 0 
1.2928* 1 
8.5158* 0 
1.0000-10 

2.0000* 
S.OOOO* 
2.0000* 
2.0000* 

1 1.4000* 1 SEC. 
1 5.1000* 1 MIN. 
I 1.0000* 0 MIN. 
1 1.0000* 0 MIN. 

4S-MO-90 
ATOMIC MASS » 8.9914* 1 

GROUND STATE 
HALF-LIFE • 5,6694* 0 HRS. 

REACTION PRODUCT LEVEL POINTS OATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.EN 
N.G 

42-M0-89 
42-rt0-91 

GROUND 
GROUND 

24 
102 

7/15/76 
7/08/76 

-1.3230* 1 
1.0080* 1 

1.3377* 1 
1.0000-10 

S.OOOO* 
5.0000* 

1 7.0000* 0 HIN. 
1 1.5500* I MIN. 
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REACTION PRODUCT LEVEL POINTS DATE 

N.2N 42-KO-92 GROUND 19 7/15/76 
N.3N 42-M0-9I GROUND 7 7/15/76 
N.P 41-NB-93 GROUND 28 8/04/76 
N.D 4I-NB-92 1 .3500- ie 8/05/76 
N,A 40-ZR-90 GROUND 16 8/05/76 
N,G 42-HO-94 GROUND 102 7/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 42-M0-93 GROUND 10 6/15/76 
N.2N 42-M0-93 2.4280+ 0 6 6/15/76 
N.3N 42-M0-92 GROUND 3 6/IS/7S 
N.P 4I-NB-94 GROUND 26 8/01/76 
N.D 41-NB-93 GROUND 16 8/05/76 
N,A 40-ZR-91 GROUND 16 8/05/76 
N.G 42-M0-9S GROUND 102 7/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 42-M0-94 GROUND 43 7/15/76 
N,3N 42-M0-93 GROUND 11 7/15/76 
N,P 4I-NB-95 GROUND 25 8/04/76 
N,0 4I-NB-94 GROUND 16 8/05/76 
N.A 40-ZR-92 GROUND 16 8/05/76 
N.G 42-M0-96 GROUND 102 7/08/76 

Q-VALUE E-MIN 

42-H0-93 
ATOMIC MASS - 9.2910* 1 

LEVEL • 2.4280+ 0 
HALF-LIFE » 6.8BB9+ 0 HRS. 

E-MAX HALF-LIFE 

-5.6420* 0 
-1.8342* I 
3.6100* 0 

-2.9920+ 0 
1.0040* 1 
1.209B* 1 

5.7027* 0 
1.8539* 1 
2.3324+ 0 
9.1915+ 0 
3.3095+ 
1.0000-10 

2.0000+ 1 
2.0000+ 1 
2.0000+ 1 
2.0000+ 1 
2.0000+ 1 
2.0000+ 1 

STABLE 
I.5500+ 

STABLE 
1.0160* 

STABLE 
STABLE 

DAYS 

Q-VALUE 

-9.6700* 0 
-1.2100* 1 
-1.7740+ 1 
-1.2600+ 0 
-6.2700* 0 
5.1300+ 0 
7.3700+ 0 

E-MIM 

9.7700+ 0 
1.2230+ 1 
1.7930+ I 
7.2372+ 0 
1.2487* I 
8.2363* 0 
1.0000-10 

E-MAX 

2.0000* 
2.0000* 
2.0000* 
2.GOOD* 
2.0000+ 
2.0000* 
2.0000+ 

42-M0-94 
ATOMIC MASS - 9.3900+ 1 

GROUNO STATE 
STABLE 

HALF-LIFE 

3.5000+ 3 
6.6889+ 0 

STABLE 
1.9999+ 4 

STABLE 
STABLE 
STABLE 

YRS. 
HRS. 

VRS, 

Q-VALUE 

-7.3700+ 0 
-1.7050+ I 
-1.4000- 1 
-6.4100+ 0 
6.3900+ 0 
9.1500+ 0 

E-MIN 

7.4477+ 0 
1.7230* I 
6.0881+ 0 
I.S6I0+ I 
6.9275* 0 
I.0000-10 

E-HAX 

2.0000* 1 
2.0000* I 
2.0000* I 
2.0000* I 
2.0000* I 
2.0000+ I 

42-M0-95 
ATOMIC MASS - 9.49CS+ 1 

GROUNO STATE 
STABLE 

HALF-LIFE 

STABLE 
3.5000+ 3 VRS. 
3.5000+ I DAYS 
4.9999+ 4 YRS. 
STABLE 
STABLE 



PRODUCT LEVEL 

N.2N 
N.3N 
N.P 
N.A 
N.G 

42-M0-95 
42-M0-94 
41-NB-96 
40-ZR-93 
42-M0-97 

GROUND 
GROUND 
GROUND 
GROUND 
GROUND 

37 7/15/76 
13 7/15/76 
SB 8/01/76 
16 8/05/76 
102 7/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.SN 42-M0-96 GROUND 15 7/15/76 
N,3N 4S-M0-95 GROUND 15 7/15/76 
N.P 4I-NB-97 GROUND 25 B/01/76 
N,A 40-ZR-94 GROUND 16 3/05/76 
N.G 42-M0-98 GROUND 10S 7/08/76 

REACTION 

N.SN 
N.3N 
;:.p 
N.A 
N.G 

PRODUCT LEVEL 

42-H0-97 
42-M0-96 
M1-NB-9B 
40-ZR-9b 
1B-M0-99 

GROUND 
GROUND 
GROUND 
GROUND 
GROUND 

POINTS DATE 

39 7/15/76 
17 7/15/76 
26 9/04/76 
16 B/05i76 
103 7/08/76 

12-M0-96 
ATOMIC HAGS - 9.S9D5* 1 

GROUND STATE 
STABLE 

E-M1N E-MAX HALF-LIFE 

-9.1500* 
-1.6530* 
-2.1100* 
1.C000* 
6.B200* 0 

9.2151+ 0 
1.6702+ 1 
8.3647* 
9.3071+ 
1.0000-10 

2.0000+ 
2.0000* 
2.0000* 
2.0000* 
2.0000* I STABLE 

STABLE 
STABLE 
2.3400* 1 HRS. 
1.4999* 6 YRS. 

Q-VALUE 

-6.9200+ 0 
-1.5970+ 1 
-1.1500+ 0 
5.3700+ 0 
B.6400+ 0 

E-MIN 

6.B904+ 0 
1.6135+ I 
7,0747+ 0 
7.8B85+ 0 
1.0000-10 

E-MAX 

2.0000+ 1 
2.0000+ I 
2.0000+ I 
8.0000+ I 

42-H0-97 
ATOMIC MASS • 9.6906* I 

GROUND STATE 
STABLE 

HALF-LIFE 

STABLE 
STABLE 
1.2000+ 0 

STABLE 
2.0000+ t STABLE 

HRS. 

Q-VALUE 

-B.6400* 0 
-I.S460+ 1 
-3.8200+ 0 
3.1900+ 0 
5.9200+ 0 

E-HIN 

6.7282+ 0 
l.SBtB* t 
9.7552+ 0 
I.00S7+ 1 
I.0000-10 

E-MAX 

2.0000+ I 
2.0000+ t 
2.0000+ 1 
2.0000+ I 
2.0000* I 

42­H0­96 
ATOMIC  MASS  •  9.7005+  1 

GROUND STATE 
STABLE 

HALF­LIFE 

STABLE 
STABLE 

S.IOOO*  I 
6.5000+  I 
2.77W+  0 

HIN. 
DAYS 
DAYS 



REACTION PRODUCT LEVEL POINTS DATE 

N.SN 42-M0-98 GROUND 48 7/15/76 
N.SN 42-M0-97 GROUND 19 7/15/76 
N.P 41-NB-99 GROUND 27 8/04/76 
N.A 40-ZR-96 GROUND 16 8/05/76 
N.G 42-MO-100 GROUND 10S 7/08/76 

REACTION PRODLCT LEVEL POINTS DATE 

N.SN 4S-M0-99 GROUND 40 7/15/76 
N.3N 42-M0-9B GROUND 21 7/15/76 
N.P 41-NB-100 GROUND 24 8/04/76 
N.A 40-ZR-97 GROUND 16 8/05/76 
N.G 42-MO-IOI GROUNO 102 7/08/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.SN "(2-W-100 GROUND 50 7/15/76 
N.3N 4S-M0-99 GROUND 23 7/15/76 
N.P 41-NB-101 GROUND SS S/04/76 
N.A 40-ZR-9B GROUND 16 8/05/76 
N.G 42-MO-102 GROUND 102 7/08/76 

E-M1N 

42-H0-99 
ATOMIC MASS * 9.8908* 1 

GROUND STATE 
HALF-LIFE = 2.778S* 0 OAYS 

E-MAX HALF-LIFE 

-5.9200* 
-1.4560* 
-2.3000* 
5.1200* 

5.9799* 0 
1.4707* 1 
8.2031* 0 
8.0731+0 
1.0000-10 

2.0000* 
2.0000* 
2.00UO* 
2.0000* 
2.0000* 

STABLE 
STABLE 
1.4000* 

STABLE 
STABLE 

42-M0-100 
ATOMIC MASS ' 9.9907* 1 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF •LIFE 

8.3000* 0 8.3831* 0 2.0000* 1 2.7789* 0 DAYS 
1.4220* 1 1.4362* 1 2.0000* 1 'STABLE 
5.2000* 0 I.I 116* 1 S.0000* I 1.1000+ 1 MIN. 
2.3900* 0 1.0797* 1 2.0000+ 1 1.7000* 1 HRS. 
5.3900* 0 1.0000-10 2.0000* 1 1.4600+ 1 MIN. 

42-MO-IOI 
ATOMIC MASS • 1.0091* S 

GROUND STATE 
HALF-LIFE « 1.4600* I MIN. 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-5.3300* 0 
-1.3690+ I 
-3.4500+ 0 
3.4S00+ 0 
B.0000+ 0 

5.4434+ 0 
I.3B26+ I 
9.3318* 0 
9.7234+ 0 
I.0000-10 

2.0000+ I 
2.0000+ I 
2.0000+ I 
2.0000+ I 
2.0000+ 1 

STABLE 
2.7789+  0 
1.0000*  0 
1.0000*  0 
1.1500*  I 

DAYS 
HIN. 
MIN. 
MIN. 



47-AG-I06 
ATOMIC MASS = I.0591* 2 

GROUND STATE 
HALF-LIFE = 2.4000* 1 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-M1N E-MAX HALF-LIFE 

N.2N 
N.3N 
N.G 

47-AG-I05 GROUND 
47-AG-104 GROUND 
47-AG-107 GROUND 

17 
6 

102 

9/10/76 
9/10/76 
9/10/76 

-7.9200* 0 
-1.7760* 1 
9.5400* 0 

7.9948* 0 
1.7928* 1 
1.0000-10 

2.0000* 1 
2.0000* 1 
2.0000* 1 

4.0000* 1 DAYS 
1.1167* 0 HRS. 

STABLE 

47-AG-I06 
ATOMIC MASS - 1.0591* 5 

LEVEL - 3.0000- 1 
HALF-LIFE • 8.4005* 0 DAYS 

N.2N 
N.3N 
N.G 

PRODUCT LEVEL 

47-AG-105 GROUND 
47-AG-I04 GROUND 
47-AG-I07 GROUND 

POINTS 

9/10/76 
9/10/76 
9/10/76 

-7.6200* 
-I.7460* 
9.8400* 

6919* 0 
7625* I 
0000-10 

E-MAX 

2.0000* 
2.0000* 
2.0000* 

HALF-LIFE 

4.0000* I 
1.I 167* 0 

STABLE 

DAYS 
HRS. 

N,2N 
N.2N 
N.3N 
N,P 
N,A 
N.O 
N.G 

PRODUCT LEVEL 

47-AG-106 GROUND 
47-AG-I06 3.0000- 1 
47-AG-I05 GROUND 
46-PD-107 GROUND 
"I5-RH-104 1.2900 
47-AG-108 1.1000 
47-AG-I08 GROUND 

47-AG-107 
ATOMIC MASS - 1.0691* S 

GROUND STATE 
STABLE 

1NTS DATE Q-VALUE E-M1N E-MAX HALF' -LIFE 

7 9/14/73 -9.5400* 0 9.6300* 0 2.0000* 1 2.4000* 1 MIN. 
6 9/14/73 -9.8400* 0 9.9400* 0 2.0000* I 8.4005* 0 DAYS 

a 9/14/73 -1.7460* 1 1.7650* 1 2.0000* 1 4.0000* I DAYS 
20 9/14/73 7.5000- 1 4.5000* 0 2.0000* 1 6.5000* E YPS. 
5 9/14/73 4.0610* 0 5.5000* 0 2.0000* 1 4.4100* 0 MIN. 

102 9/10/76 7.1600* 0 1.0000-10 2.0000* 1 1.2700* 2 YRS. 
102 9/10/76 7.2700* 0 1.0000-10 2.0000* 1 2.4200* 0 MIN. 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 47-AG-I07 GROUND 20 9/10/76 
N.3N 47-AG-I06 GROUND 9 9/10/76 
N,G 47-AG-109 GROUND 102 9/10/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 47-AG-I07 GROUND 20 9/10/76 
N.3N 47-AG-106 GROUND 9 9/10/76 
N,G 47-AG-109 GROUND 102 9/10/76 

-TACTION PRODUCT LEVEL POINTS DATE 

N.2N M7-AG-10B GROUND SI 9/10/76 
N,2N 47-A0-108 1.1000- 1 13 9/10/76 
N.3N 47-AG-107 GROUND II 9/10/76 
N,P 46-PD-109 GROUND 16 9/14/73 
N.A 45-RH-I06 GROUND 12 9/14/73 
N.G 47-AG-1I0 1.1600- 1 102 9/10/76 
N.G 47-AG-110 GROUND 102 9/10/76 

47-AG-108 
ATOMIC MASS - I.0791* 2 

GROUND STATE 
HALF-LIFE « 2.4200* 0 MIN. 

HALF-LIFE 

-7.2700* 0 
-1.6810* I 
9.1900* 0 

7.3371* 0 
1.6956* I 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

STABLE 
2.4000* 

STABLE 

O-VALUE E-MIN 

47-AG-108 
ATOMIC MASS » I.07S1* 2 

LEVEL - I.1000- I 
HALF-LIFE - 1.2700* 2 YRS. 

HALF-LIFE 

-7.1600* 0 
-1.6700* 1 
9.3000* 0 

7.2264* 0 
1 S355* I 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 

STABLE 
2.4000* 

STABLE 

47-A0-109 
ATOMIC MASS • I.0890* 2 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

-9,1900* 
-9.3000* 
-1.6460* 
-3.3000-
3.2900* 
6.69404 
6.8100* 0 

9.S744* 0 
9.3954* 0 
1.6611* I 
3.5000* 0 
5.5000* 0 
1.0000-
I.0000-10 

2.0000* 1 
e.OQOO* I 
2.0001 
2.0000' 
2.0000* 
2.0000 

1* I 
I 

I 
2.0000* I 

2.4200* 0 
1.2700* 2 

STABLE 
I.3469* I 
3.0000* I 
2.5301* 

MIN. 
VRS. 

HRS. 
SEC. 
DAYS 

2.4400* 1 SEC. 
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64-50-151 
ATOMIC MASS = I .5092* 2 

GROUND STATE 
HALF-LIFE - 1.2002* 2 DAYS 

HALF-LiFE 

N.2N 
N.G 

64-GD-150 GROUND 
64-GD-I52 GROUND 

It ] 1/14/77 -6.5300* 0 6.5732* 0 2.0000 
102 11/14/77 8.6000* 0 1.0000-10 2.0000 

1.7998* 6 YRS. 
1.1000*14 YRS. 

ATOMIC MASS 
67-H0-I63 

• 1.6293* 2 
GROUND STATE 

HALF-LIFE ° 1.0001* 3 YRS. 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF -LIFE 

N,2N 67-H0-162 1.0000- 1 25 9/16/76 -8.5100* 0 8.4616* 0 2.0000* 1.1333* 0 HRS. 
N.3N 67-H0-161 GROUND 14 9/16/76 -I.52B0* 1 1.5374* 1 2.0000* 2.S000- 0 HRS. 
N.P 66-DY-163 GROUND 13 9/16/76 7.9000- 1 9.1810* 0 2.0000* STABLE 
N.G 67-H0-164 1.4000- 1 102 9/16/76 6.5400* 0 1.0000-10 2.0000* 3.7500* 1 MIN. 
N.G 67-H0-I64 GROUND 102 9/16/76 6.6800* 0 1.0000-10 2.0000* 2.9000* 1 MIN. 

67-H0-164 
ATOMIC MASS - 1.6393* 2 

GROUND STATE 
HALF-LIFE • 2.9000* 1 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.3N 
N.P 
N.G 

67-H0-163 
67-H0-162 
66-DY-164 
67-HO-165 

GROUND 
1.0000-
GROUND 
GROUND 

27 
13 
13 

102 

9/16/76 
9/16/76 
9/16/76 
9/16/76 

-6.6800+ 0 
-1.5200* 1 
1.7600* 0 
7.9900* 0 

6.7207* 0 
1.5192* 1 
7.1897* 0 
1 0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

1 1.0001* 3 YRS. 
1 1.1333* 0 HRS. 
1 STABLE 
1 STABLE 



67-H0-164 
ATOMIC MASS = 1.6393* 2 

LEVEL = 1 .4000- 1 
HALF-LIFE * 3.7500* i MIN. 

REACTION PRODUCT LEVEL POINT5 DA IE 0 VALUE E-MIN E-MAX HALF-LIFE 

N.2N 67-H0-I63 OROUND £7 9/ 16/76 -6.5400* 0 6.5799- 0 2 0000- 1 1 .0001* 3 YRS. 
N.3N 67-HO-162 1.0000- 13 9.-16'76 - 1.4960' 1 1.5051- 1 2.0000* 1 1 . 1333* 0 HRS. 
N.P 6S-DY-164 GROUND 13 9M6/76 1 9000- 0 7.0488* C 2.0000* 1 STABLE 
N.O 67-HO-165 OROUND 102 9/16/76 S.1300* 0 1 CCOO-lu 2 0000' 1 STABLE 

N.2N 
N.2N 
N.3N 
N.P 
N.G 
N.G 

PRODUCT LEVEL 

67-H0-164 GROUND 
67-H0-164 1.4000-
67-H0-163 GROUND 
66-DY-165 GROUND 
67-H0-166 9.0000-
67-H0-166 GROUND 

67­H0­165 
ATOMIC  MASS  =  1 . 6 4 9 3 *  2 

GROUND  STATE 
STABLE 

POINTS DATE Q-VALUE E-MIN E-MAX HALF -LIFE 

25 9/16/76 -7.9900* 0 B.03B4* 0 2.0000* 2.9000* 1 MIN. 
25 9/16/76 -8.1300* " 8.1793* 0 2.0000* 3.7500* 1 MIN. 
15 9/16/76 -1.4670* : 1.4759* I 2.0000* 1.0001* 3 YRS. 
13 9/16/76 -5.1000- i 9.456'.* 0 2.0000* 2.3200* B HRS. 
102 9/16/76 6.2310* 0 1.0000-10 2.0000* 1.1999* 3 YRS. 
102 9/16/76 6.2400* 0 1.0000-10 2.0000* 1.1208* 0 DAYS 

67-H0-I66 
ATOMIC MASS - 1.6593* 2 

GROUND STATE 
HALF-LIFE • 1.1208* 0 DAYS 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.3N 
N.P 
N.G 

67-H0-165 GROUND 
67-H0-164 GROUND 
66-DY-166 GROUND 
67-H0-167 GROUND 

27 
16 
13 

102 

9/16/76 
9/16/76 
9/16/76 
9/16/76 

-6.2400* 0 
-1.4240* 1 
3.0000- 1 
7.3300* 0 

6.2776* 0 
1.4326* 1 
8.6280* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 

1 STABLE 
1 2.9000* 1 MIN. 
1 3.3958* 0 OAYS 
1 3.1000* 0 HRS. 
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71-LU-174 
ATOMIC MASS • I.7394* 2 

GROUND STATE 
HALF-LIFE = 3.5610' 0 YRS. 

N,N' 
N.2N 
N,3N 
N,3N 
N.G 

PRODUCT LEVEL 

71-LU-174 1.7100- I 
71-LU-I73 GROUND 
71-LU-I72 GROUND 
71-LU-I72 4.2000- 2 
71-LU-I75 GROUND 

HALF-LIFE 

42 
30 
12 

3/08/77 
2/15/77 
2/15/77 

12 2/15/77 

-1.7100- 1 
-6.7880* 0 
-1.4968* 1 

1.7200- 1 
6.8270* 0 
1.5054* 1 

2.0000* 
2.0000* 
2.0000* 

1.5602* 2 
1.3699* 0 
6.7002* 0 
4.0000* 0 
STABLE 

OAYS 
YRS. 
DAYS 
M1N. 

71-LU-174 
ATOMIC MASS - 1.7394* 2 

LEVEL " 1.7100- 1 
HALF-LIFE « 1.5602* 2 DAYS 

PRODUCT LEVEL DATE E-MIN E-MAX HALF-LIFE 

N,N' 
N,2N 
N.3N 
N.3N 
N.G 

71-LU-I74 GROUND 
71-LU-I73 GROUND 
71-LU-172 GROUND 
71-LU-172 4.2000-
71-LU-175 GROUND 

65 
29 
13 
13 

102 

3/08/77 
2/15/77 
2/15/77 
2/15/77 
3/11/77 

0.0000* 
-6.6170* 
-1.4797* 
-1.4839* 
7.8310* 

I.0000-10 
6.6550* 0 
1.4882* I 
I.4924* 1 
I.0000-10 

2.0B00* 
2.0000* 
2.0000* 
2.0000* 
2.0000* 

3.5610* 0 
1.3699* 0 
6.7002* 0 
4.0000* 0 

STABLE 

YHS. 
YRS. 
DAYS 
MIN. 

ATOMIC MASS 
71-LU-I75 

• 1.7494* 2 
GROUND STATE 

STABLE 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF -LIFE 

N.2N 71-LU-174 GROUND 29 2/17/77 -7.6500* 0 7.7038* 0 2.0000* 1 3.5610* 0 YRS. 
N.2N 71-LU-174 1.7100- 1 28 2/16/77 -7.8310* 1 7.B758* 0 2.0000* 1 1.5602*.2 DAYS 
N.3N 71-LU-173 GROUND B 2/17/7/ -1.4450* 1 1.4533* 1 2.0000* 1 1.3699* 0 YRS. 
N.G 7I-LU-176 1.2700- 1 102 2/23/77 6.1630* 0 1.0000-10 2.0000* 1 3.6889*.: 0 HRS. 
N.G 7I-LU-I76 GROUND 102 2/23/77 6.2900* 0 1.0000-10 2.0000* 1 2.7001*30 YRS. 



71-LU-176 
ATOMIC MASS = I .759m- 2 

GROUND STATE 
HALF-LIFE = 2.7001*10 YRS. 

REACTION 

N,N' 
N.2N 
N,3N 
N,3N 
N,G 
N.O 

PRODUCT LEVEL 

71-LU-176 1.5700- 1 
7I-LU-I75 OROUND 
71-LU-174 GROUND 
71-LU-I74 1.7100- 1 
7I-LU-177 S.7000- 1 
71-LU-I77 GROUNO 

I NTS DATE Q-VALUE E-MIN E-MAX HALF -LIFE 

29 3/08/77 -1.2700- 1 1.2770- 1 2.O000+ 3.6889* 0 HRS. 
30 2/17/77 -6.2900* 0 6.3258+ 0 2.0000+ STABLE 
18 2/17/77 -1.3950* 1 1.4029+ 1 2.001)0* 3.5610+ 0 YRS. 
17 2/17/77 -1.4121* 1 I.4201+ 1 2.0000* 1.5602* 2 DAYS 

102 3/07/77 6.1000+ 0 1.0000-10 2.0000* 1.6100* 2 DAYS 
102 3/07/77 7.0700* 0 1.0000-10 2.0000* 6.7095* 0 DAYS 

71-LU-176 
ATOMIC MASS = I .7594+ 2 

LEVEL = I.2700- 1 
HALF-LIFE = 3.6889+ 0 HRS. 

REACTION 

N,N' 
N,2N 
N,3N 
N,3N 
N,G 
N,0 

PRODUCT LEVEL 

71-LU-176 OROUND 
71-LU-I75 GROUND 
71-LU-174 GROUND 
7I-LU-174 1.7100- 1 
71-LU-I77 9.7000- 1 
71-LU-I77 GROUND 

1NTS DATE Q-VALUE E-MIN E-MAX HALF •LIFE 

37 3/08/77 0.0000+ 0 1.5000- 2 2.0000* 5.7001*10 YRS. 
31 2/17/77 -6.1630* 0 6.1980* 0 2.0000* STABLE 
17 2/17/77 - 1 .3823* 1 1.3902* 1 2.0000* 3.5610* 0 YRS. 
!7 2/17/77 -1.3994* 1 1.4074* 1 2.0000* 1.5602* 5 OAYS 

102 3/07/77 6.2270* 0 1.0000-10 2.0000* 1.6100* 2 DAYS 
102 3/07/77 7.1970* 0 1.0000-1Q a.oooo* 6.7095* 0 OAYS 

71-LU-177 
ATOMIC MASS - I.7694+ 2 

GROUND STATE 
HALF-LIFE - 6.7095+ 0 OAYS 

REACTION PRODUCT LEVEL 1'OINTS DATE Q-VALUE E-MIN E-MAX HALF LIFE 

N.2N 71-LU-17e OROUND 29 2/17/77 -7.0700+ 0 7.1100+ 0 2.0000* 1 2.7001*10 YRS. 
N,2N 71-LU-176 1.2700- 1 27 2/17/77 -7.1970* 0 7.2377* 0 2.0000+ 1 3.6889* 0 HRS. 
N.3N 71-LU-175 GROUND 16 2/17/77 -1.3370* 1 1.3446* 1 8.0000+ 1 STABLE 
N.O 7I-LU-178 2.3000- 1 102 3/03/77 5.6400* 0 1.0000-10 2.0000+ 1 2.1000+ 1 MIN. 
N,G 71-LU-178 GROUND 102 3/02/77 5.8700* 0 1.0000-10 2.0000+ 1 2.8400+ 1 MIN. 



REACTION 

N 2N 
N 2N 
N 3N 
N 0 
N 15 

71 -LU- 176 GROUND 29 2/17/77 
71 -LU- 176 1.2700- 1 27 2/17/77 
71 -LU- 175 GROUND IB 2/17/77 
71 -LU- 17B 2.3000- 1 102 3/03/77 
71 -LU- 178 GROUND 102 3/02/77 

N.2N 
N.3N 
N,P 
N.G 

PRODUCT LEVEL 

72-HF-I78 GROUND 
72-HF-177 GROUND 
71-LU-179 GROUND 
72-HF-1B0 GROUND 

POINTS 

18 8/01/76 
23 8/01/76 
35 8/01/76 
102 6701/76 

REACTION 

N.SN 
N.3N 
N.P 
N.G 

PRODUCT LEVEL 

72-HF-179 GROUND 
72-HF-I78 GROUND 
71-LU-180 GROUND 
72-HF-I8I GROUND 

43 
23 
28 
102 

DATE 

8/01/76 
8/01/76 
8/01/76 
8/01/76 

71-LU-177 
ATOMIC MASS = 1.7694+ 2 

LEVEL » 9.7000- I 
HALF-LIFE = 1.6)00+ 2 DAYS 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-6.1000+ 0 
-6.2270* 0 
-1.2400+ 1 
6.6100+ 0 
6.8400+ 0 

6.1345* 0 
6.2622+ 0 
1.2470+ 1 
1.0000-10 
1.0300-10 

2.0000+ 
L.0000+ 
2.0000+ 
2.0000* 
2.0000+ 

2.7001+10 
3.68B9+ 0 

STABLE 
2.1000+ 1 
2.8400+ I 

YRS. 
HRS. 

MIN. 
MIN. 

Q-VALUE E-MIN E-MAX 

72-HF-179 
ATOMIC MASS - 1.7895+ 2 

GROUND STATE 
STABLE 

HALF-LIFE 

-6.1000+ 0 6.1341+ 0 2.0000+ I STABLE 
-1.3730+ 1 1.3807+ I 2.0000+ I STABLE 
-5.7000- I 1.0043+ I 2.0000+ I 4.6000+ 0 
7.3900+ 0 1.0000-10 2.0000+ I STABLE 

72-HF-IBO 
ATOMIC MASS » I.7995* 2 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-HAX HALF-LIFE 

-7.3900+ 0 7.4311+ 0 2.0000+ I STABLE 
-1.3490+ I 1.3585* 1 8.0000+ I STABLE 
-2.520b* 0 1.1989+ I 2.0000+ 1 2.50D0+ 0 MIN. 
5.6900+ 0 1.0000-10 2.0CC0+ I 4.2500+ I DAYS 



72-HF-18I 
ATOMIC MASS - 1.8095+ 2 

GROUND STATE 
HALF-LIFE • t.2500+ 1 DAYS 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N,3N 
N.G 

72-HF-I80 GROUND 
72-HF-179 GROUND 
72-HF-182 GROUND 

•»9 
25 
102 

8/01/76 
8/01/76 
8/01/76 

-5.6900+ 0 
-1.3080* 1 
6.5900* 0 

5.72|i** 0 
1.3152* 1 
1.0000-10 ru

ru
ru

 

ill  1 STABLE 
I STABLE 
1 B.9992* 6 YRS. 

N.2N 
N.3N 
N.G 

PRODUCT LEVEL 

72-HF-I82 GROUND 
72-HF-181 GROUND 
72-HF-184 GROUND 

POINTS DATE 

50 8/01/76 
28 8/01/76 
102 8/01/76 

-5.3900+ 0 
-1.1980+ 1 
5.7900+ 0 

5.HI93+ 0 
1.2045* I 
I.0000-10 

72-HF-183 
ATOMIC MASS • I.8295+ S 

GROUND STATE 
HALF-LI/E • 1.0833+ 0 HRS. 

2.0000* I 
2.0000+ 1 
2.0000* I 

HALF-LIFE 

".9992+ 6 YRS. 
H.2500+ 1 DAYS 
1.0000+ 0 MIN. 

N.2N 
N.3N 
N.P 
N.G 
N.G 

PRODUCT LEVEL 

73-TA-I78 GROUND 
73-TA-I77 GROUND 
72-HF-I79 GROUND 
73-TA-IBO 2.1200-
73-TA-180 GROUND 

POINTS 

M2 
19 
39 
102 
102 

DATE 

8/01/76 
8/01/76 
B/OI/76 
8/01/76 
8/01/76 

O-VALUE 

-7.8900+ 0 
-1.1770+ 1 
9.0000 I 
6.3680+ 0 
6.5800+ 0 

E-MIN 

7.93tl+ 0 
I.WB53+ 1 
8.6983+ 0 
1.0000-10 
1.0000-10 

73-TA-I79 
ATOMIC MASS > I.7B95+ 2 

GROUND STATE 
HALF-LIFE • 1.6H3B+ 0 YRS. 

E-MAX 

2.0000+ 1 
a.0000+  i 
2.0000+ I 
2.0000+ I 
2.0000+ 1 

HALF-LIFE 

2.1000* 0 
2.3588+ 0 

STABLE 
8.1000+ 0 
I.0001+13 

HRS. 
DAYS 

HRS. 
YRS. 



PRODUCT LEVEL 

N.2N 
N.3N 
N.P 
N.G 

l-TA-179 GROUND 46 B/01/76 
l-TA-178 GROUND 20 8/01/76 
l-HF-180 1.1420+ 0 38 8/01/76 
l-TA-181 GROUND 102 8/01/76 

REACTION PRODUCT LEVEL 

N.2N 
N.3N 
N.P 
N.G 

73-TA-179 GROUND 47 8/01/76 
73-TA-17B GROUND "A  8/01/76 
72-HF-1B0 1.1420+ 0 39 8/01/76 
73-TA-18I GROUND 102 8/01/7B 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 73-TA-180 GROUND 43 7/28/76 
N.SN 73-TA-180 2.1200- 1 42 7/31/76 
N.3N 73-TA-I79 GROUND 21 7/31/76 
N.P 72-HF-I81 GROUND 5 I/0I/7S 
N.G 73-TA-I82 5.0300- I 7«i 7/31/76 
N.G 73-TA-I82 GROUND 10g 7/2B/76 

73-TA-180 
ATOMIC MASS « I.7895+ 2 

GROUND STATE 
HALF-LIFE - I.0001+13 YRS. 

O-VALUE E-MIN E-MAX HALF-LIFE 

-6.5800+ 0 6.6166+ 0 2.0000+ 1 1.6438+ 0 YRS. 
-1.4470+ 1 1.4550+ 1 2.0000+ 1 2.1000+ 0 HRS. 
5.6800- 1 9.0170+ 0 2.0000+ I 5.5000+ 0 HRS. 
7.6400+ 0 1.0000-10 2.0000+ 1 STABLE 

73-TA-1B0 
ATOMIC MASS - 1.7995+ 2 

LEVEL ' 2. 1200- I 
HALF-LIFE • 8.1000+ 0 HRS. 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-6.3680+ 0 6.4034+ 0 2.0000+ I 1.643B+ 0 YRS. 
-1.4258+ I 1.4337+ 1 2.0000+ I 2.1000+ 0 HRS. 
7.8000- 1 8.9038+ 0 2.0000+ 1 5.5000+ 0 HRS. 
7.8520+ 0 I.0000-10 2.0000+ I STABLE 

/3-TA-I81 
ATOMIC MASS • I.8095+ 2 

GROUND STATE 
STABLE 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-7.6300+ 0 7.6722+ 0 2.0000+ I I.0001+13 YRS. 
-7.8420+ 0 7.B853+ 0 2.0000+ 1 8.1000+ 0 HRS. 
-1.4220+ 1 1.4299+ I 3.0000+ I 1.6438+ 0 YRS. 
-2.3900- I 1.0000+ 1 2.0J00+ I 4.8500+ I DAYS 
5.5670+ 0 1.0000-10 2.0000+ 1 I.6S00+ 1 MN. 
6.0700+ Q 1.0000-10 2.0000+ I 1.1500+ 2 OAYS 



REACTION  PRODUCT  LEVEL  POINTS DATE 

N.2N 
N.3N 
N.P 
N.G 

73-TA-181 GROUND 
73-TA-180 2.1200- 1 
72-HF-182 GROUND 
73-TA-I83 GROUND 

48 7/13/76 
22 7/13/76 
37 7/31/76 
102 7/31/76 

REACTION PRODUCT LEVEL DATE 

N.SN 
N.3N 
N.P 
N.G 

73-TA-181 GROUND 
73-TA-IBO 2.1200-
72-HF-182 GROUND 
73-TA-183 GROUND 

50 
24 
39 
102 

7/31/76 
7/31/76 
7/31/76 
7/31/76 

REACTION 

N.2N 
N.3N 
N.P 
N.G 

PRODUCT LEVEL 

73-TA-182 GROUND 
73-TA-18! GROUND 
72-HF-183 GROUND 
73-TA-I84 GROUND 

45 
25 
32 
102 

DATE 

8/02/76 
8/02/76 
8/02/76 
8/02/76 

73-TA-I82 
ATOMIC MASS * 1.8195* 2 

GROUND STATE 
HALF-LIFE - 1.1500+ 2 DAYS 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-6.0600* 0 6.0933* 0 2.0000* 1 STABLE 
-1.3920* I I.3997* 1 2.0000* ! 8.1000* 0 HRS. 
2.B000- 1 9.2767* 0 2.0000* 1 8.9992* 6 YRS. 
6.9300* 0 1.0000-10 2.0000* I 5.0995* 1 DAYS 

73-TA-IB2 
ATOMIC MASS * 1 .3195* 2 

LEVEL - S.0300- I 
HALF-LIFE » 1.6500* 1 MIN. 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-5.5570* 0 5.5875* 0 2.0000* I STABLE 
-1.3417* 1 1.3491* 1 a.0000* 1 8.1000* 0 HRS. 
7.8300- I 8.7709* 0 2.0000*  '. 8.9993* 6 YRS. 
7.4330* 0 I.0000-10  S.0000* 1 5.0995* 1 DAYS 

73-TA-183 
ATOMIC MASS • I .8295* S 

GROUND STATE 
HALF-LIFE » 5.0895* 0 DAYS 

Q-VALUE E-MtN E-MAX HALF-LIFE 

-6.9300* 0 6.9679* 0 2.0000* 1 1.1500* 2 DAYS 
-i.2990* 1 1.3061* I 2.0000* I STABLE 
-1.2600* 0 1.0810* 1 a.0000* 1 I.0B33* 0 HRS. 
5.4500*0 1.0000-10 2.0000* 1 8.7000*0 HRS. 



A 

HALF 

73-TA-18* 
TOMIC MASS - 1 .8395+ 2 

GROUND STATE 
-LIFE » 8.7000+ 0 HRS. 

REACTION PROOUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N.3N 
N.G 

73-TA-193 GROUND 
73-TA-182 GROUND 
73-TA-1B5 GROUNO 

50 
27 
102 

B/OE/76 
8/02/76 
8/02/76 

-i.4500+ 0 
-1.2380+ 1 
6.8200* 0 

5.H796+ 0 
t.Sl(t7+ 1 
I.0000-10 

2.0000+ 1 
2.0000+ 1 
2.0000+ 1 

5.0995+ 0 DAYS 
1.1500+ 2 DAYS 
5.0000+ 1 MIN. 

N.2N 
N.3N 
N.G 

PRODUCT LEVEL 

73-TA-I8S GROUNO 
73-TA-I8H GROUND 
73-TA-187 GROUND 

POINTS DATE Q-VALUE E-MIN 

73-TA-18B 
ATOMIC MASS • 1.8596+ 2 

GROUND STATE 
HALF-LIFE • 1.0500+ I MIN. 

HALF-LIFE 

51 8/02/76 -5.2600+ 0 5.2883+ 0 2.0000+ 1 5.000C+ 1 MIN, 
29 8/02/76 -1.2080* 1 1.21H5+ 1 2.0000+ 1 8.7000* 0 HRS 
102 8/02/76 6.7100+ 0 1.0000-10 2.0000+ I 1.0000+ 0 MIN. 

7M-H -179 
ATOMIC MASS - 1.7855+ 2 

GROUNO STATE 
HALF-LIFE ' 3.8000+ 1 MIN. 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

N.£N 
N.3N 
N.G 

7f-M -178 GSOUNO 
7H-W -177 GROUND 
7H-W -180 GROUND 

17 
6 

102 

6/05/76 
6/05/76 
6/0B/76 

-0.6000+ 0 
-I.5B00+ 1. 
8.6000+ 0 

8.6600+ 0 
1.6000+ 1 
1.0000-10 

2.0000* 
8.0000+ 
8.0000+ 

1 2.1828* 1 OAYS 
1 2.2500+ 0 HRS. 
1 STABLE 



REACTION  PRODUCT  LEVEL  POINTS DATE 

N,2N 
N.3N 
N.G 

74-W -179 GROUND 
74-W -I7B GROUND 
74-W -181 GROUND 

17 6/05/76 
6 6/05/76 

102 6/02/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.cN 
N.3N 
N.G 

74-W -180 GROUND 
74-W -179 GROUND 
74-W -182 GROUND 

17 
6 

102 

6/05/76 
6/05/76 
6/02/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 74-W -181 GROUND 18 6/02/76 
N,3N 74-W -180 GROUND 7 6/02/76 
N.P 73-TA-I82 GROUND 97 6/02/76 
N.A 72-HF-179 GROUND 29 6/C2/76 
N.G 74-W -183 GROUND 102 5/30/76 

74-W -180 
ATOMIC MASS = 1.7995* 2 

GROUND STATE 
STABLE 

HALF-LIFE 

•8.6000* o 8.6600* 0 2.0000* 1 3.8000* 1 MIN. 
•1.5370* I 1.5450* 1 2.0000* 1 2.1528* ! DAYS 
6.6400* 0 1.0000-10 2.0000* 1 1.4005* 2 DAYS 

Q-VALUE 

-6.6400* 0 
-1.5200* 1 
8.0500* 0 

E-MIN 

6.6800* 0 
1.5300* 1 
1.0000-10 

74-W -181 
ATOMIC MASS • 1.8095* B 

GROUND STATE 
HALF-LIFE » 1.4005* 2 DAYS 

2.0000* 
2.0000* 

a.oooo* 

HALF-LIFE 

STABLE 
3.8000* I 

STABLE 
MIN. 

74-W -182 
MASS - 1.8196* S 

GROUND STATE 
STABLE 

Q-VALUE 

-8.0500* 0 
-1.4700+ 1 
-1.0220* 0 
7.8900* 0 
6.1910* 0 

E-MIN 

8.1000* 0 
1.4800* I 
1.0280* 0 
1.1000* 1 
1.0000-10 

HALF-LIFE 

2.0000* I 
2.0000* I 
2.0000* I 
2.0000* I 
a.oooo* i 

I.4005* a 
STABLE 
1.1505* a 

STABLE 
STABLE 

DAYS 



N.2N 
N.3N 
N.N'P 
N.P 
N,A 
N.G 

PRODUCT LEVEL 

74-M -182 GROUND 
74-W -181 GROUND 
73-TA-IB2 GROUND 
73-TA-183 GROUND 
72-HF-I80 GROUND 
74-H -184 GROUND 

ATOMIC MASS = 
74-W -183 
1.8296* 2 

GROUND STATE 
STABLE 

(NTS DATE Q-VALUE E-M1N E-MAX HALF •LIFE 

18 6/02/76 -6.1900* 0 6.2500* 0 2.0000* STABLE 
7 6/02/76 -1.4200* 1 1.4300* 1 2.0000* 1.4005* 2 DAYS 
30 6/02/76 -7.2100* 0 1.1750* 1 2.0000* 1.1505* 2 DAYS 
24 6/02/76 -2.8600- 1 1.0000* 1 2.0000+ 5.1042* 0 DAYS 
26 6/02/76 9.0800* 0 1.1000* 1 g.oooo* STABLE 
102 5/30/76 7.4120* 0 1.0000-10 2.0000* STABLE 

ATOMIC MASS 
74-W -184 

= 1.8396* 2 
GROUND STATE 

STABLE 

REACTION PRODUCT LEVEL POINTS DATE Q-VALUE E-MIN E-MAX HALF -LIFE 

N.2N 74-W -183 GROUND 18 6/02/76 -7.4100* 0 7.4500* 0 2.0000+ 1 STABLE 
N.3N 74-W -182 GROUND 7 6/02/76 -1.3600* 1 1.3700* 1 2.0000* 1 STABLE 
N,P 73-TA-I84 GROUND 27 6/02/76 -2.2500* 0 2.2600* 0 2.0000* 1 8.7000* 0 HRS. 
N,A 72-HF-I81 GROUND 30 6/02/76 7.3700* 0 1.1000* 1 2.0000* 1 4.2477* 1 DAYS 
N.G 74-W -185 GROUND 102 S/30/76 5.7500* 0 1.0000-10 2.0000* 1 7.5000* 1 DAYS 

N.2N 
N.3N 
N.G 

PRODUCT LEVEL 

74-W -184 GROUND 
74-W -183 GROUND 
74-W -186 GROUND 

74-W -185 
ATOMIC MASS - 1.8495* 2 

GROUND STATE 
HALF-LIFE - 7.5000* 1 DAYS 

DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

0
.0

.0
.  w
 

-5.7500* 0 
-1.3160* I 
7.2000* 0 

5.7800* 0 
1.3250* 1 
1.0000-10 

n
jn

jn
j 

1 5TABLE 
1 STABLE 
1 STABLE 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 74-K -185 GROUND 19 6/05/76 
N.3N 74-W -|84 GROUND e 6/05/76 
N.P 73-TA-186 GROUND 23 6/05/76 
N,A 72-HF-JB3 GROUND 59 6/05/76 
N.G 74-W -IS7 GROUND 105 5/30/76 

PRODUCT LEVEL 

N.2N 
N,3N 
N.4N 
N.G 

74-H -186 GROUND 
74-W -IBS GROUNO 
74-H -184 GROUND 
74-W -188 GROUND 

19 •.06/75 
8 6/06/76 
5 5/06/76 
05 6/05/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 
N,3N 
N.G 

74-W -1B7 GROUND 
74-W -186 GROUND 
74-H -189 GROUND 

19 
e 

105 

6/06/76 
6/06/7S 
6/06/76 

Q-VALUE 

-7.2000* 0 
-1.2953* 1 
-3.1200* 0 
6.3900* 0 
5.4670* 0 

74-W -186 
ATL-M1C MASS •= 1 .8596* 2 

GROUND STATE 
STABLE 

E-M1N E-MAX HALE -LIFE 

2500- 0 2.0000* 7.5000* 1 DATS 
3000' 1 2.0000* STABLE 
1400* I 2.0000* 1.0000* 1 MIN. 
1000* 1 5.0000* 1.0833* 0 HRS. 
0000-10 2.0000* 2.3900* 1 HRS. 

E-M1N 

74-W -187 
ATOMIC MASS • !.8696* 2 

GROUND STATE 
WALE­LIFE  •  2 . 3 9 0 0 *  I  HRS. 

HW.F­L1FE 

5.4700* 0 5.5000* 0 2.0000* 1 STABLE 
1.2670* 1 1.2750* 1 2.0000* 1 7.5000* 1 OAYS 
1.8420* 1 1.8550* 1 2.0000* 1 STABLE 
6.8400* 0 1.0000-10 2.0000* 1 6.9005* 1 DAYS 

74­W  ­ | B 8 

ATOMIC  MASS  •  I . 8 7 9 6 *  2 
GROUND  STATE 

HALF­LIFE  •  6 . 9 0 0 5 *  I  DAYS 

0­VALUE  E­MIN  E­MAX 

­ 6 . 8 4 0 0 *  0  6 . 8 8 0 0 *  0  2 . 0 0 0 0 * 
­1 .2300*  1  1.2400*  1  2 .0000* 

4 . 8 8 0 0 *  0  1 . 0 0 0 0 ­ 1 0  2 . 0 0 0 0 * 

HALF­L IFE 

2 . 3 9 0 0 *  1 
STAB  E 

1 . 1 5 0 0 *  I 
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REACTION PRODUCT LEVEL POINTS DATE 

N.2N 75-RE-185 GROUND 29 8/12/76 
N.3N 75-RE-184 GROUND IE 8/12/76 
N,3N 75-RE-J84 1.0800- 1 16 8/12/76 
N,P 74-W -186 GROUND 17 B/12/76 
N.G 75-RE-187 GROUND 102 8/12/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 75-RE-1S6 GROUND 26 8.'12/76 
N.3N 75-RE-I8S GROUND 17 8/12/76 
N,P 7H-U -1ST GROUND \6 BMEI76 
N,G 75-RE-I88 1.7200- 1 102 8/12/76 
N.G 75-RE-188 GROUND 102 8/12/76 

REACTION 

N.2N 
N.3N 
N,P 
N.G 

PRODUCT LEVEL 

75-RE-187 GROUND 
75-RE-I86 GROUND 
74-U -188 GROUND 
75-RE-189 GROUND 

POINTS 

27 
16 
16 

102 

DATS 

8/12/76 
8/12/76 
8/12/76 
8/12/76 

75-RE-I86 
ATOMIC MASS  ' 1.8595- 2 

GROUND STATE 
HALF-LIFE • 3.7500' 0 DAYS 

E-M1N E-MAX HALF-LIFE 

-6.13:0* 
-1.3750* 
-1.3910* 
I.3B00* 
7.3700* 

6.2132' 0 
1.3824* 1 
1.3824* 1 
8.3759* 0 
1.0000-10 

2.0000* 
2.0000* 
2.0000* 
2.0000* 
d.0000* 

STABLE 
3.7998* 1 
I.6898* 2 

STABLE 
3.9954*10 YRS 

DAYS 
DAYS 

75-RF.-I87 
ATOMIC MASS - I.8696* 2 

GROUND STATE 
HALF-LIFE • 3.9954*10 YRS-

Q-VALUE E-MIN E-NAX HALF -LIFE 

7.3200* 0 7.3592* 0 2.0000* 3.7500* 0 DAYS 
1.3560* 1 1.3633* 1 2.0000* STABLE 
S.3000- 1 \,02B\« 1 2.0000* 2.19S3*  \  MRS. 
5.7010* 0 1.0000-10 2.0000* 1.8700* I MIN 
5.8730* 0 1.0000-10 2.0000* 1.6700* 1 HRS. 

75-RE-IBfl 
ATOMIC MASS - I.8796* 2 

GROUND STATe 
HALF-LIFE • U6700* \ HRS. 

-5.8700* 
-I.3270* 
4.3000-
7.0300* 

5.9012* 
I .3341* 
9.3015* 
1.0000-10 

E-MAX 

2.0000* I 
2.0000* I 
2.0000* I 
2.0000* I 

HALF-LIFE 

3.9951*10 
3.7500* 0 
6.9005* 1 
1.0000* 0 

YRS. 
DAYS 
DAYS 
DAYS 



PRODUCT LEVEL DATE 

N,2N 
N,3N 
N.P 
N.G 

75-RE-187 GROUND 
75-RE-186 GROUND 
74­U -188 GROUND 
75-RE-189 GROUND 

28 
16 
16 
102 

8/12/76 
8/12/76 
8/12/76 
8/12/76 

co  REACTION  PRODUCT  LEVEL 

N.2N 
N.3N 
N.P 
N.G 

77-1R-193 GROUND 
77-IR-1S2 GROUND 
76-0S-I34 GROUND 
77-IR-185 GROUND 

18 8/01/76 
22 8/01/76 
30 8/04/76 
102 8/01/76 

N.2N 
N.3N 
N.P 
N.G 

PRODUCT LEVEL 

78-PT-196 GROUND 
78-PT-195 GROUND 
77-1R-197 GROUND 
78-PT-198 GROUND 

POINTS 

49 8/01/76 
23 8/01/76 
31 8/01/76 
102 8/01/76 

75­RL­1B8 
ATOMIC  MASS  •  1 . 8 7 9 6 *  2 

LEVEL  •  1 . 7 2 0 0 ­  1 
H A L F ­ L 1 ' C  '  I.870?*  I  M |N. 

O­VALUE  E­MIN  E­MAX  H A L F ­ L I F E 

­ 5 . 6 9 8 0 *  C  5 . 7 2 8 3 *  C  2 . 0 0 0 0 *  1  3 . 9 9 5 4 * 1 0  YRS. 

­ 1 . 3 0 9 8 *  1  i  3 1 6 8 *  1  2 . 0 0 O 0 *  1  3 . 7 5 0 0 *  0  DAYS 

6 . 0 2 0 0 ­  I  9 , 1 2 8 6 *  0  2 . 0 0 0 0 *  I  6 . 9 0 0 5 *  I  CAYS 
7 . 2 0 2 0 *  0  1 . 0 0 0 0 ­ 1 0  2 . 0 0 0 0 *  1  1 . 0 0 0 0 *  0  DAYS 

7 7 ­ I R ­ I 9 * 

ATOMIC  MASS  "  I . 9 3 9 6 *  2 

GROUND  STATE 

H A L F ­ L I F E  •  1 .73994  1  HRS. 

O­VALUE  E­MIN  E­MAX  H A L F ­ L I F E 

­ 6 . 0 7 0 0 *  0  6 . 1 0 1 3 *  0  2 . 0 0 0 0 *  1  STABLE 

­ 1 . 3 8 8 0 *  I  1 . 3 9 5 2 *  I  2 . 0 0 0 0 *  1  7 . 1 2 0 1 *  1  DAYS 

6 . 9 0 0 0 ­  1  9 . 2 1 1 5 *  0  2 . 0 0 0 0 *  I  5 . 9 9 9 5 *  0  YRS. 

7 . 3 1 0 0 *  0  1 . 0 0 0 0 ­ 1 0  2 . 0 0 0 0 *  1  1 . 2 0 0 0 *  0  HRS. 

7B­P1­I97 

ATOMIC  MASS  •  i  . 9 6 9 7 .  2 

GROUND  STATE 
H A L F ­ L I F E  •  1 . 8 0 0 0 *  1  HRS. 

H A L F ­ L I F E 

­ 5 . W 5 0 0 *  0  5 . 8 7 9 7 *  0  . 0 0 0 0 *  I  STABLE 
­ 1 . S 7 7 0 *  1  1 .38404  1  i . 0 0 0 0 *  1  STABLE 

­ 1 . 2 2 0 0 4  0  1 .12214  |  2 . 0 0 0 0 4  1  7 . 0 0 0 0 4  0 

7 . 5 6 0 0 *  0  1 . 0 0 0 0 ­ 1 0  2 . 0 0 0 0 *  1  STABLE 



REACTION 

N.G 

PRODUCT LEVEL 

79-AU-I94 GROUND 

POINT! DATE. 

102 5/30/76 

O-VALUE 

8.650a> 0 

•^a-Au-ias 
ATOMIC MASS • 1.9396« 2 

GROUND STATE 
HALF-LIFE = I.6000- I HRS. 

E-HIN E-HAX 

.0000-10 2.0000- 1 

HALF-LIFE 

1.6-5B- 0 DAYS 

79-AU-I94 
ATOMIC MASS • 1.9336' 2 

GROUND STATE 
HALF-LIFE • 1.6*58- 0 DAYS 

REACi ION PRODUCT LEVEL POINTS OATE O-VALUE E-MIN E-MAX HAIF-LIfE 

N.2N 79-AU-I93 GROUND IS 6/02/76 -6.7600* 0 6.8000- 0 2.C000- 1 1.6000- 1 MRS. 
N.3N 79-AU-I92 GROUND 7 6/02/76 -1.5670* i !.5750- 1 2.0000- 1 * 1000- 0 HRS. 
N.G 79-AU-195 GROUND 10? 5/30/76 8.3500- C 1.0000-10 2.0000- 1 1.8299- 2 DAYS 

N.2N 
N.3N 
N.G 

79-AU-194 GROUND 
79-AU-193 GROUND 
79-AU-I96 GROUND 

79­AU­I95 
»TCii lC  MAS5  ­  I  , 9 > ­ 9 6 ­  2 

GROUND  STATE 
H A L F ­ L I l t  •  1 . 8 2 9 9 ­  2  OAYS 

HALF­L IFE 

6/02/76 -8.3500- 0 8.3900- 0 2.0000- 1 1.6*58- 0 DAYS 
6/02/76 -1.6400- 1 1.5500- 1 2.0000- 1 1.6000- 1 HRS. 
5/30/76 6.6700- 0 1.0000-10 2.0000- ' 6.1806- 0 DAYS 



7S-AU-I96 
ATOMIC MUSS • 1.9597- 2 

GROUND STATE 
L f ­ L I F E  •  6 . 1 B 0 6 ­  0  DA'5 

t M A X  HALF­L[FE 

N.2N 
N .3N 
N,G 

79-AU-195 GROUND 
79-AU-I94 GROUND 
79-AU-197 GROUND 

IS 6/02/76 •6.6700* 0 6.7J0O 
B S/02/76 -1.5020* ! 1 "ilOO 
02 5/30'76 P.OBOO* 0 : cooc 

i 0000* 
2-0000* 
2 0000* 

I 8211- 2 
I .6458* 0 

STABLE 

DATS 
DAYS 

7S-AU-I96 
ATOMIC MASS - 1.9597* 2 

LEVEL - 5.9550- 1 
HALF-LIFE • 9.7000* 0 HRS. 

REACTION PRODUCT LEVEL POINTS OATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 
N,3N 
N,G 

79-AU-I95 GROUND 
79-AU-I94 GROUND 
79-AU-I97 GROUND 

16 
8 

102 

6/02/76 
6/02/76 
5/30/76 

-6.3700* 0 
-1.4420* 1 
S.6B00* 0 

6.1000- 0 
1.4500* 1 
1.0000-10 

20000* 
2.0000* 
2.0000* 

1 1 82*il« 2 DAYS 
1 1 .6158* 0 OAV, 
1 StABLE 

ATOMIC MASS 
79-AU-197 

• 1.9697* 2 
GROUND STATE 

STABLE 

REACTION PRODUCT LEVEL POINTS DATE O-VALUE E-MIN r.-MAX HALF -LIFE 

N.2N 79-AU-196 GROUND 12 6/02/76 -B.06?0* 0 8.1300* 0 2.0000* 6.1806* 0 DAYS 
N,2N 79-AU-I96 5.9550- 7 6/02/76 -8.65?0* 0 8.7000* C 2.0000* 9.7000* 0 HRS. 
i:,3N 79-AU-195 GROUND 5 6/02/76 -l.*,750* 1 1.4826* 1 2.0000* 1.8211* 2 •AYS 
N.P  78­P7­197 SftOUNO  12 6/02/76 1.0000- 2 1.0000* 1 2.0000* 1.6000* 1 HRS. 
N.A 77-IR-19*1 GROUND 6 6/02/76 7.0300* 0 7.0000* 0 2.0000* 1.7389* 1 HRS. 
N.G 79-AU-I99 GROUND 102 5/30/76 6.5100* 0 1.0000-10 2.0000* 2.S979* 0 DAYS 
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82-PB-203 
ATOMIC MASS - 5.0297* 2 

GROUND STATE 

REACTION 

N.2N 
N.3N 
N.G 

PRODUCT  LEVEL 

B2­PB­202  GROUND 
82­PB­20I  GROUND 
B2­PB­20H  '  10UND 

POINTS E-MAX 

B/D7/76 -6.7900* 0 6.8500* 0 2.0000 
6/07/76 -1.5450+ 1 1.6550* 1 2.0000 
6/07/-" 8.4000* 0 1.0000-10 2.0000 

3.0001* 5 YRS. 
9.4000* 0 HRS. 
1.4000*17 YRS. 

N,N' 
N.2N 
N.3N 
N.G 

PRODUCT LEVEL 

82-P8-204 2.1860* 
B2-PB-203 GROUND 
82-PB-202 GROUND 
82-PB-205 GROUND 

POINTS 

40 
15 

102 

DATE 

11/11.77 
6/07/76 
6/07/76 
6/06/76 

0-VALUE 

-2.1860* 0 
-6.4000+ 0 
-1.5100* I 
6.7300+ 0 

E-1IN 

2.1967+ 0 
S.4500* 0 
1 .S260* I 
I.0000-10 

82-PB-204 
ATOMIC MASS • 2.0397+ 2 

GROUND STATE 
HALF-LIFE » 1.4000+17 YR5. 

E-MAX 

2.0000+ 
2.0000+ 
5.0000+ 
2.0000+ 

HALF­LIFE 

1.1150+  0 
2.1713+  0 
3.0001+  S 
2.9997+  7 

HRS. 
DAYS 
YRS. 
YRS. 

REACTION 

N.2N 
N.3N 
N.G 

PROOUCT  LEVEL 

82­PB­204  GROUND 
8B­PB­203  GROUND 
B2­PB­B06  GROUND 

POINTS  DATE 

14 
6 

102 

6/07/76 
6/07/76 
6/07/76 

0­VALUE 

­6 .7300+  0 
­1 .5140+  1 
8.0800+  0 

E­HIN 

6.8000+  0 
1.5250+  1 
1.0000­10 

B2-PB-20S 
ATOMIC MASS • 2.0497+ 2 

GROUND STATE 
HALF-LIFE • 2.9997+ 7 YRS. 

E-MAX 

2.0000+ 
2.0000+ 
2.0000+ 

HALF-LIFE 

1.4000+17 
2.1713+ 0 

STABLE 

YRS. 
OAYS 



REACTION PRODUCT LEVEL POINTS DATE 

N.2N 82-PB-205 GROUND 15 6/07/76 
N.3N 82-PB-204 GROUND 6 6/U7/76 
N.G 82-PB-207 GROUND 102 6/07/76 

REACTION PRODUCT LEV-.. POINTS DATE 

N.2N 82-P8-206 GROUND 14 6/07/76 
N.3N 82-PB-205 GROUND 6 6/07/76 
N.G 82-P8-208 GROUND 102 6/07/76 

REACTION PRODUCT LEVEL POINTS DATE 

N.2N 82-PB-207 GROUND 16 6/07/76 
N.3N 82-PB-206 GROUND 7 6/07/76 
N.G 82-PB-B09 GROUND 102 6/07/76 

B2­PB­206 
ATOMIC  MASS  ­  2.0597*  2 

GROUND  STATE 
STABLE 

Q­VALUE  E­MIN  E­MAX  HALF­LIFE 

­8.0800*  0  8.1200*  0  2.0000*  I  2.9997*  7  YRS. 
­1.4810*  1  1.1890*  1  2.0000*  I  1.4000*17  YRS. 
6.7400*  0  1,0000­10  2.0000*  1  STABLE 

82­PB­B07 
ATOMIC  MASS  ­  2.0698*  2 

GROUND STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

-6.7400* 0 6.7800* 0 2.0000* I STABLE 
-1.4820* I 1.4900* 1 2.0000* I 2.9997* 7 YRS. 
7.3700* 0 1.0000-10 2.0000* 1 STABLE 

G2-PB-20B 
ATOMIC MASS • 2.0798* 2 

GROUNO STATE 
STABLE 

O-VALUE E-MIN E-MAX HALF-LIFE 

7.3700* 0 
1.4110* 1 
3.9400* 0 

7.4100* 0 
1.4180* 1 
1.0000-10 

2.0000* 1 
2.0000* 1 
2.0000* 1 

STABLE 
STABLE 
3.3000* 0 HRS. 



82-PB-209 
ATOMIC MASS - 2.0898* 2 

GROUND STATE 
HALE-LIFE = 3.3000* 0 HRS. 

REACTION P iCOUCT LEVEL POINTS DATE O-VALUE E-MIN E-MAX HALF-LIFE 

N.2N 82-PB-20B GROUND 18 6/07'76 -3.9400* 0 3.9600* 0 2.0000* 1 STABLE 
N.3N 82-PB-207 GROUND 9 6/07/7B -l.i7,10* 1 1 . 1370* 1 5.0000* 1 STABLE 
N.4N 8S­PB­SDB  GROUND  2 6/07/76 ­1.3050*  1  ;.ejvc* ; 3.0000'  I  STABLE 
N.G L.-PB-210 GROUND 102 6/07/76 5.1800* 0 1.0000-10 2.0000* 1 5.099B* 1 YRS. 

REACTION 

N,G 

PRODUCT LEVEL 

90-TH-231 GROUND 

POINTS DATE 

102 6/04/76 

Q-VALUE 

5.1300* 0 

E-MIN 

I.0000-10 

90-TH-230 
ATOMIC MASS - 2.3003* 2 

GROUND STATE 
HALF-LIFE « 8.0004* 4 YRS. 

E-HAX 

2.0000* I 

HALF-LIFE 

1.0625* 0 DAYS 

REACTIOU 

N.2N 
N.3N 
N.4N 
N.G 

PRODUCT LEVEL 

90-TH-230 GROUND 
90-TH-229 GROUND 
90-TH-228 GROUND 
90-TH-838 GROUND 

HA. 

90-TH-83I 
ATOMIC MASS • 2.3105* 8 

GROUND STATE 
-F-LIFE . 1.0625* 0 DAYS 

INTS DATE Q-VALUE E-MIN E-MAX HALF-LIFE 

19 
II 
5 

102 

6/04/76 
6/0H/76 
6/04/76 
5/06/76 

-5.1300* 0 
-1.1910* 1 
-1.7150* 1 
6.4300* 0 

5.1500* 0 
1.1970* 1 
1.7830* 1 
!.0000-10 n

in
ic

u
c
u

 

1 
I 
1 
1 

8.0004* 4 YRS. 
7.3408* 3 YRS. 
1.9099* 0 YRS. 
1.4095*10 YRS. 



REACTION PRODUCT LEVEL POINTS DATE 

N.SN 
N,3N 
N.4N 
N.G 

90-TH-23! GROUND 
90-TH-230 GROUND 
90-TH-229 GROUND 
90-TH-233 GROUND 

17 6/04/76 
8 6/04/76 
2 6/04/76 

102 6/04/76 

*o REACTION 

N.SN 
N.3N 
N.4N 
N.G 

PRODUCT LEVEL 

£n-TH-23e! GROUND 
S.J-TH-231 GROUND 
90-TH-230 GROUND 
90-TH-234 GROUND 

19 
14 
5 

102 

DATE 

6/04/76 
6/04/76 
6/04 76 
S/29i 76 

. REACTION 

N.SN 

PRODUCT LEVEL 

30-TH-233 GROUND 

POINTS OATE 

16 6/04/76 

90-TH-232 
ATOMIC MASS - 2.3204* 2 

GROUND STATE 
HALF-LIFE » 1.4095*10 YRS. 

Q-VALUE E-M1N E-HAX HALF-LIFE 

-6.4300* 0 6.5000* 0 2.000C* 1 1.0525* 0 DAYS 
-1.1560* 1 1.1610* 1 2.0000* 1 8.0004* 4 YRS. 
-1.9350* 1 1.8500* I 2.0000* 1 7.3408* 3 YRS. 
4.7900* 0 1.0000-10 2.I50C0* 1 2.2200* 1 MIN. 

90-TH-233 
ATOMIC MASS » 2.3305* 2 

OROOHO STATE 
HALF-LIFE • 2.2200* I MIN. 

O­VALUE  E­MIN  E­MAX  HALF­LIFE 

-4.7900+ 0 4.8100* 0 2.0000* 1 1.4095*10 YRS. 
-I.1220* I I.1270* 1 2.0000* I 1.0625*0 OAYS 
-1.6340* I 1.6340* I 2.0000* I 8.0004*4 YRS. 
6.IB00* 0 1.0000-10 2.0000* I 2.4097* I DAYS 

90-TH--234 
ATCMIC MASS • 2.3404* 2 

GROUND STATE 
HAIf­LIFE  •  2.4097*  I  DAYS 

O­VALUE  E­MIN  E­HAX  HALF­LIFE 

­6 .1700*  0  6.2000*  0  2.0000*  I  2.2200*  I  MIN. 
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N.2N 
N,3N 
N.G 

92-U -235 GROUND 
92-U -231 GROUND 
92-U -237 GROUND 

14 11/15/72 
B 12/28/74 

127 10/27/75 

N.2N 
N.3N 
N.G 

PRODUCT LEVEL 

92-U -235 GROUND 
92-U -235 GROUND 
92-U -236 GROUND 

II 11/15/72 
7 11/15/72 

174 9/27/75 

REACTION 

N.2N 
N.3N 
N.4N 
N.G 

PRODUCT LEVEL 

92-U -237 GROUND 
92-U -235 GROUND 
92-U -235 GROUND 
S2-U -239 GROUND 

15 
10 

DATE 

12/15/71 
2/02/76 
3/12/71 
7/06/77 

92-il -236 
ATOMIC MASS - 2.3605* 2 

GROUND STATE 
HALF-LIFE = 2.3421* 7 YRS. 

HALF-LIFE 

•6.5500*  0  6.580O*  0  2.0000*  1  7.0396*  8  YR5. 
1.1850+  1  1.1900*  1  2.0000*  1  2 .4401*  5  YRS. 
5.1200*  0  1.0000­10  2.0000*  1  6.7500*  0  DAYS 

92-U -237 
ATOMIC MASS - 2.3705* 2 

GROUND STATE 
HALF-LIFE •= 6.7500* 0 DAYS 

O-VALUE E-M1N E-MAX HALF-LIFE 

-5.1200* 0 5.1416* 0 2.0000* 1 2.3121* 7 YRS. 
-1.1670* I 1.1720* 1 2.0000* I 7.0396*8 YRS. 
6.1100* 0 1.0000-10 2.0P00* I 1.471,* 9 YRS. 

92-U -238 
ATOMIC MASS • 2.3805* 2 

GROUND STATE 
HALF-LIFE - 1.1711* 9 YHS. 

O-VALUE E-MIN E-MAX HALF-LIFE 

-6.1100* 0 6.1658* 0 2.0000* I 6 7500* 0 DAYS 
-1.1270* I 1.1317* I 2.0000* I 2.3121* 7 YRS. 
-1.7810* I 1.7885* I 2.0000* I 7.0396* B YRS. 
1.8000* 0 l.OOOO-'O 2.0000* I 2.3500* I MIN. 



REACTION 

N ,2N 
N. ,3N 
N .4N 
N .G 

TiODUCT  LEVEL 

92-U 
92-U 
92-U 
92-U 

•238 GROUND 
-237 GROUND 
•236 GROUND 
•240 GROUND 

01NTS DATE 

14 11/15/72 
12 11/15/72 
5 11/15/72 

211 10/30/75 

REACTION 

N,2N 
N.3N 
N.4N 
N,G 

PRODUCT LEVEL 

92-U -23S GROUND 
92-U -238 GROUND 
92-U -237 GROUND 
92-U -241 GSOUNC 

13 11/15/72 
10 11/15/72 
5 11/15/72 

139 2/27/76 

92-U -239 
ATOMIC MASS = 2.3905* 2 

GROUND STATE 
HALF-LIFE » 2.3500* > MIN. 

O-VALUE E-MIN E-HAX HALF-LIFE 

-4.B0OO* 0 4.E201- 0 2.0000* 1 4.4711* 9 VRS. 
-1.0950* I 1.0936* I 2.0000* 1 6.7500*  0 DAVS 
-1.6070* 1 1.6137* 1 2.0000* I 2.3421* 7 YRS. 
5.9300* 0 1.0000-10 2.0000* 1 1.4100* 1 HRS. 

92-U -240 
ATOMIC MASS - 2.4006* 2 

GROUND STATE 
HALF-LIFE • 1.4100* 1 HRS. 

Q-VALUE E-MIN E-MAX HALF-LIFE 

-5 H300* 0 5.9600* 0 2.0000* I 2.3500* I MIN. 
- J740* I 1.0785* 1 2.0000* 1 4.4711* 9 VRS. 
-1.6880* 1 1.6950* I 2.0000* I 6.7500* 0 DAVS 
6.0800* 0 1.0000-10 2.0000* I 3.4100* 0 SEC. 
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APPENDIX 

SAMPLE  LISTING  OF  THE  ACTIVATION  CROSS  SECTIONS 

The  listing  shows  some of Ihe evaluated  cross sections  for a number  of reactions c n the ground  stale 
of  6 3 Cu 2 9  for  incident  neutrons  in  the energy  range  from  0.053 to  10.25  MeV. Th­  target, along with  its energy 
level and  half­life,  are given  at  the top of the page. Then the various  reactions  for  which  cross section  data  are 
avaiiabie  are  listed  (with  CLYDE  reaction  descriptors).A 1  For each  reaction  the  following  are given:  the date 
of  the  evaluation,  the  reaction  modifier,  S,  denoting  activation,  the  reaction  Q­value,  the  product  nucleus 
(1000 Z  +  A),  the energy  level  of  the  product  nucleus,  and  its half­life.  Then  the  tables of cross  sections  are 
listed  for  the  incident  neutron  energies  indicated.  All energies  are  in units of MeV and  all cross sections  are in 
units of  barns. The  asterisks  denote  cross section  data originally  entered  into  the  library:  the other  values  are 
obtained  by  interpolation. 

ACTIVATION CROSS-SECTIONS 

29-CU-63 GROUND ST A TE STABLE 

12 20 26 10 4E 45 46 
(N.2N1 IN.N' PI i IN.N' Al (N.PI IN. A) IN.A) (N.GAMMn) 

DATE­ 80276 80376 80376 80276 80476 80476 72976 
S'' 6 =, 5 5 5 £ 5 
0" -I .0850E»OI -6.I200E-00 -5. .7700' >00 7.2000E-01 1.66I4E*00 I I.7200E»00 7.9200E«00 

RESI DUAL = 2 90B2E»01 2.8062E»04 2 .7069E •04 2.8063E«04 2.7060E»04 2.7060E-0I. p 2.9064£>04 
LEVEL= 0 0. 0 0. 5.8600E-02 1 0. 0. 

HALF-LIFE= 5. 8B0OE< >02 STABLE STABLE 3.I536E'09 b.3000E*02 1.6590E«08 4.6080E»04 

ENERGY 

S.3000E-02 0. 0. 0. 0. 0. 0. 3.569IE-02* 
6.8500E-02 0. 0. 0. a.  0. 0. 3.0I23E-02-
B.B50GE-02 0. 0. 0. a.  0. 0. 2.663IE-02' 
1.1500E-0! 0. 0. 0. a.  0. 0. 2.4857E-02" 
1.5000E-01 0. 0. 0. 0. 0. 0. 2.45J5E-C2' 
1 .9500E-01 0. 0. 0. 0. 0. 0. 2.4097E-02* 
2.50C0E-01 0. 0. 0. 0. 0. O. 2.37I7E-02" 
3.200DE-01 0. 0. 0. 0. 0. 0. 2.3382E-02' 
4.I000E-0I 0. 0. L.  0. 0. 0. 2.2342E-02-
5.3000E-01 0. 0. 0. 0. 0. 0. 1.B739E-02-
6.8S00E-01 0. 0. 0. 0. 0. 0. 1.5909E-02-
8.8500E-0I 0. 0. 0. 0. 0. 0. 1 .3907E-02' 
I.OOOOE*OO 0. 0. 0. 0. 0. 0. 1.2710E-02 
1.I500E»00 0. 0. 0. I.5000E-03 0. 0. 1.I148E-02' 
I.5000E*00 0. 0. 0. 5.0000E-03' 0. 0. 8.2402E-03' 
1.9500E*0D 0. 0. 0. 1.2200E-02 0. 0. 6.450BE-03" 
e.OOOOE'OO 0. 0. 0. 1.3000E-02' 0. c. 6.3775E-03 
2.5000E«00 0. 0. 0. 2.8000E-02' 0- 0. 5.6450E-03-
3.0000E»00 0. 0. 0. t.-'000E-02' 0. 0. 5.2477E-03 
3.2000E»00 0. 0. 0. 5.3B00E-02 0. 0. 5.0888E-03' 
3.5000E»QO 0. 0. 0. &.4Q0OE-02' 0. 0. 4.7249E-03 
4.0000E»OP 0. 0. 0. 7.4500E-02- 0. 0. 4.1I85E-03 
I.IOOOE'OO 0. 0. 0. 7.6I40E-D2 0. 0. 3.9972E-03-
4.5OOOE*0O 0. 0. 0. 8.2700E-02- 0. 0. 3.3700E-03 
5.0000E»00 0. 0. 0. 8.9100E-02* 0. 0. 2.S86IE-03 
5.3000E*00 0. 0. 0. 9.2640E-02 0. 0. 2.I157E-03' 
5.3595E+00 0. 0. 0. 9.3342E-02 0. • 6.B425E-05 2.0635E-03 
5.5000E»00 0. 0. 0. 9.EOQ0E-02' 3.7000E 04« 2.30O0E-04- 1.9403E-03 
6.0000E*00 0. 0. 0. I.OOJOE-OI* I.8300E--03» 1 .IOOOE-03- 1.S017E-03 
S.5000E*00 0. 0. 0. 1.0565E-O1 3.6000E--OS- 2.2000E-03* 1.0631E-03 
6.8500E*00 0. c. 0. 1.0925f.-0l 5.1400E- OS 3.1100E-03 7.5609E-04' 
7.0000E*00 0. 0. 0. 1.1D30E-01• 5.8000E--03- 3.5000E-03* 7.0573E-04 
7.5O00E»O0 0. 0. 0. I.1540E-0I B.2000E--03* S.0000E-03* 5.3787E-04 
7.7500E»00 0. 0. • 0. 1.1770E-01 9.5500E--03 5.8000E-03 4.5393E-04 
8.0000E»00 0. 2.6000E-•03» 0. I.2000E-0I* I.090QE-•02« 6.6000E-03' S.7000E-04' 
S.SOOOE*OO 0. 8.7000E-•03« 0. 1.2375E-0I 1.4400E--02' 8.8200E-03- 3.0000E-04 
9.0000E»00 0. I.9000E-•02« 0- 1.S750E-0I- 1.8300E--02- 1.12O0E-02" 2.3000E-04* 
9.5aaoE«oa 0. 3.5000E-•02" 0. I.3015E-01 2.1B00E-•02 I.3200E-02 1.SS00E-04* 
I.0C00E.0! 0. 5.6000E-•02« 0. 1.3280E-0M 2.4700E-•02- I .5200E-02" 2.1000E-04* 
l.0250E*01 0. 6.8500E- 02 0. 1.3360E-0I* 2.5B50E-•02 1.5900E-02 2.4500E-04 
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