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ABSTRACT 

The environmental charac te r i za t ion  program f o r  the Fusion Mate- 
r i a l s  I r r a d i a t i o n  Test (FMIT) f ac i  1 i t y  i s  presented. Requirements 
f o r  the development and t e s t i n g  o f  Magnetic Fusion Energy (MFE) mate- 
r i a l s  together w i t h  the complexity of the  FMIT (d,Li )  generated r a d i -  
a t ion f i e l d  warrant a mul t i faceted dosimetr ic  approach. Specif i c 
passive, ac t i ve  and ca lcu l  a t iona l  dosimetry e f f o r t s  comprising t h i s  
mul t i faceted approach are described. Special emphasis i s  given t o  
those dosimetry capabi 1 i t i e s  u n i q ~ ~ e l y  requ i red t o  character ize FMIT. 

I. INTRODUCTION 

I n  support o f  mate r ia l s  development f o r  the  Magnetic Fusion 
Energy (MFE) program, the Uni ted States Department o f  Energy i s  con- 
s t r uc t i ng  an intense neutron sour k own as the  Fusion Mate r ia l s  
I r r a d i a t i o n  Test (FMIT) f a c i l  ity.fP*2y The FMIT f a c i l  i t y  w i l l  
gerterate an in tense source o f  h igh energy neutrons f o r  the syste- 
mat ic study, eva luat ion and development o f  fus ion  reactor  mater ia ls.  
The Li(d,n) reac t ion  w i l l  be used t o  produce t h i s  in tense neutron 
source. A pro to type l i n e a r  accelerator  w i l l  provide a high cur ren t  
deuteron beam (%lo0 mA, 15-35 MeV) t h a t  w i l l  impinge on a ta rge t  o f  
f lowing l i q u i d  l i t h ium.  The ob jec t i ve  f o r  FMIT i s  a maximum f l u x  i n -  
t e n s i t y  o f  1015 neutrons/(cnv?~sec) w i t h  a mean energy o f  14 MeV. 



The unperturbed stea y s ta te  neutron volume/flux go s are approxi- 4 mately 10 cm3 a t  101 n/(cm2*sec) and 500 cm3 a t  10tj  nl(cm2. sec). 

With these capab i l i t i e s ,  FMIT w i l l  p rov ide en t ry  i n t o  a new 
realm o f  fus ion  reactor  mate r ia l  tes t ing .  No i r r a d i a t i o n  f a c i l i t y  
ye t  b u i l t  approximates the  i r r a d i  a t i on  environment p l  anned i n  FMIT, 
and f u l l  e x p l o i t a t i o n  o f  t h i s  unique f a c i l i t y  demands character iza- 

" t i o n  o f  the i r r a d i a t i o n  environment t o  a degree cons is tent  w i t h  MFE 
program accuracy requirements. For proper character i t a t  i on i n  the 
10 t o  30% uncer ta in ty :  range ( l a ) ,  FMIT f ac i  1 i t y  design must be f l e x -  
i b l e  enough t o  include both present and f u t u r e  dosimetry needs. These 
neutron and gamna-ray dosimetry needs, i n  turn,  s t rong ly  impact the 
design o f  the FMIT t e s t  c e l l  and i t s  physical  environment. 

The evo lu t ion  and general philosophy under ly ing t he  FMIT 
dosimetry program are described. To be sure, methods used f o r  
character izat ion of f i s s i o n  reactor  environments a l l  apply and are 
necessary, but  the dosimetry task f o r  FMIT i s  considerably more 
complex. Character izat ion of the FMIT t e s t  volume i s  complicated by 
several fac tors :  '1) large f l ux  component of very high energy 
neutrons; 2) steep f l u x  and energy spec.trum gradients w i t h i n  the  
t e s t  volume; 3)  h i g h l y  d i r e c t i o n a l  neutron f l u x ,  as opposed t o  the 
essen t i a l l y  i so t rop i c  f l ux  i n  a f i s s i on  reactor ;  4 )  i r r e g u l a r  
production o f  secondary neutrons w i t h i n  the t e s t  assembly; and 5 )  
great s e n s i t i v i t y  o f  the preceding f ac to r s  t o  source i n s t a b i  1 i t i es .  

As a r e s u l t  o f  extensive planning and peer committee reviews, 
i t  was concl uded t h a t  present s ta te-o f - the-ar t  act ive, passive and 
ca lcu l  a t i ona l  neutron dosimetry methods have s i g n i f i c a n t  shor t -  
comings when i n d i v i d u a l l y  appl ied t o  the charac te r i za t ion  o f  the  
FMIT t e s t  volume environment. For example, except f o r  the hydro- 
gen (n,p) react ion,  cross sect ions are not we l l  known a t  h igh  
neutron energies, and conventional ac t i ve  detectors may not be 
re l iab le ,  consider ing h igh f l u x  l eve l s  and 1 arge angular, spa t i a l ,  
and l oca l  temporal va r ia t ions  o f  the neutron energy spectrum. 
Passive delcctors, whi le more s u i t a b l e  f o r  h igh f l u x  ~nv i ronments ,  
do not provide the necessary r e a l  t ime in format ion such as temporal 
var ia t ions o f  the (d,Li) neutron source. F lux  gradients, d i r ec -  
t i o n a l i t y  and source i n s t a b i l i t y  m i l i t a t e  against a character iza-  
t i o n  based 1 argely on a ca l cu la t i ona l  approach. While i t i s  
reasonable t o  expect techn ica l  advances tending t o  improve t h i s  
s i t ua t i on  over the long term, it i s  not  reasonable t o  assume t h a t  
these advances w i l l  e l iminate  the need f o r  a mu l t i face ted  approach 
f o r  FMIT dosimetry. It has, therefore, been concluded t h a t  charac- 
t e r i z a t i o n  of the FMIT r a d i a t i o n  environment w i l l  be accomplished by 
a prudent combination o f  three general approaches, namely: 1) pas- 
s ive dosimetry, 2) ac t i ve  dosimetry and 3) ca l cu l  a t i ona l  dosimetry. 
These three general approaches must be supported by eva luat ion and 
t es t i ng  i n  low i n t e n s i t y  benchmark f i e l d  mockups as we l l  as by longer 
range e f f o r t s  t o  improve the accuracy o f  general nuclear data, such 
as cross sections t ha t  have a v i t a l  impact upon dosimetry accuracy. 



I n  the next sect ion the basic elements o f  these three general 
approaches are reviewed. Unique. dosimetry capabi l  i t i e s  t h a t  w i l l  
e x i s t  i n  t he  FMIT f a c i l i t y  are emphasized. The cur rent  s ta tus o f  
these bas ic  elements i s  discussed, i nc l ud ing  the most recent t e s t s  
and evaluations. Time and space cons t ra i  ntst  unfor tunate ly  perml't 
only b r i e f  considerat ion o f  benchmark f i e l d s  f o r  low i n t e n s i t y  
t e s t i n g  of FMIT dosimetry concepts as we l l  as the need f o r  gamna- 

- r ay  character izat ion.  These two t op i cs  are touched upon i n  the 
1 ast  two sections, respect ive ly .  

FMIT DOSIMETRY ELEMENTS 

Each general approach, namely Passive Dosimetry (PD), Ac t i ve  
Dosimetry (AD), and Ca lcu la t iona l  Dosimetry (CD), c a l l s  f o r  spec ia l  
program elements. The general re1  a t ionsh ip  among PD, AD, and CD 
elements i s  shown by block diagram i n  F igure 1. To implement these 
program elements, a number o f  dosimetry s ta t ions  have been i den- 
t i f  i ed f o r  specif i c dosimetry purposes a t  FMIT. These dosimetry 
s ta t ions are sumnarized i n  Table 1 and are discussed i n  sequel. 
PD, AD, and CD approaches are next  described separately. 

Passive Dosimetry 

Passive dosimetry w i l l  be appl ied i n - s i t u  ( i  .e. w i t h i n  mate- 
r i a l  t e s t  assemblies) at various loca t ions  throughout the t e s t  c e l l  
and i n  beam geometry f o r  passive p inho le  radiography a t  the 00 and 
1800 dosimetry s t a t  ions. These PD elements w i  11 provide informa- 
t i o n  t o  the  Dosimetry Data Acqu i s i t i on  System (DDAS) f o r  combina- 
t i o n  w i t h  AD and CD data, as depicted i n  F igure 1. 

A general review o f  passive techniques f o r  MFE environment 
presented a t  the second i n  t h i s  ser ies  o f  ASTM-EURATOM symposia. 
I n - s i t u  passive dosimetry w i l l  be most important fo r  determining 

735 
neutron sp rum and absolute f luence received by i r r a d i a t e d  t e s t  Psi specimens. The strong dependence o f  neutron i n t e n s i t y  as a 
funct ion o f  d istance from the source volume as we l l  as the s p a t i a l  
dependence o f  the neutron spectrum makes i n - s i  t u  passive dosimetry 
ob l igatory .  Further, i n  a f u l l y  packed i r r a d i a t i o n  t e s t  volume, 
i n t e rac t i on  o f  neutrons w i t h  mate r ia l s  i n  the test-zone w i l l  pro- 
duce non-negl igi  b l e  spect ra l  and f l u x  i n t e n s i t y  perturbat ions.  

I n  order t o  c o r r e c t l y  co r re l a te  rad ia t ion .  damage experiments, 
the necessary spa t i  a1 spectrum-fluence. in fo rmat ion  can on ly  be 
del ivered- by i n - s i t - u  passive dosimetry. C n idates f o r  passive 

1 f 51  moni tor ing are: r a  iomet r i c  (RM) sensors, s o l i d  s t a te  t rack  
recorders (SSTR), (6 he1 i um accumul a t  i on  f l  uence monitors (HAFM), ( 7 )  
and nuclear research sions (NRE), which are app l icab le  on ly  f o r  
1 ow f 1 uence exposures . A spec ia l  g r i d  o f  w i re  o r  f o i l  RM sen- 
sors i s  foreseen at  key loca t ions  i n  the  t e s t  c e l l  and can be 
replaced dur ing o r '  'a f ter  each cycle. A t  these key sensor locat ions,  
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Dosimetry Sta t  ion 

Ex-Test Ce 11 Neutron 
Rad jography Stat ion - 1800 
Ex-Test Ce 11 Neutron 
Radiography Stat ion - 00 

In-,Test Ce 11 A c t i  ve Monitor 
Stat ions (Fission and/or 
Ion iza t ion  Chamber Sensors) 

In-Test Ce l l  Pa.ssi ve Monitor 
Stat ions (Fission and Non- 
F i  sion Reactor Sensors: 
Radiometric Monitors (RM), 
So l i d  State Track Recorders 
(SSTR), and Heiium Accumul a- 
t i o n  Fluence Monitors (HAFM) 
L i th ium ~ l w '  Dosimetry Sta t ion 
Service Cel l  Counting Stat ions 
(Pr imar i l y  f o r  Passive Sensors) 

TABLE 1 

ACT1 VE AND PASS1 VE FM IT DOSIMETRY SYSTEM STATIONS 

CANDIDATE DETECTORS 
Categroy Act ive Passive 

AD, PD Pos i t ion Sensi t ive Proport ional  SSTR 
Counter or  Spark Counter 

AD, PD (a )  Charged P a r t i c l e  Telescope. ' SSTR 
(b) Assoc i ated-Part ic le TOF 

System 
( c )  Pos i t ion Sens i t ive  Propor- 

t i o n a l  Counter or  Spark 
Counter 

AD (a)  Long Counters N/ A 
(b) F iss ion Chambers - Current 

- Mode 
( c )  F iss ion Chambers - Pulse 

Mode 
(d )  Gamna Ion iza t ion  Chambers 

P D N/A RM, SSTR, 
HAFM 

AD Ge- In t r ins ic  
P D Ge- In t r ins ic  



cycle-to-cycle moni tor ing can be performed and l i m i t e d  data on the 
progress of experiments can be obtained. 

Radiography s ta t ions  a t  00 and 1800 w i l l  character ize the spa- 
t i a l  and spectral  d i s t r i b u t i o n  o f  the (d,Li) source using both pas- 
s ive and ac t i ve  techniques i n  beam geometry behind a co l l ima to r .  
However, the app l i  cab i l  i t y  o f  ac t i ve  systems a t  the 1800 rad io -  

.. graphy i s  expected t o  be marginal because o f  the low beam i n t e n s i t y  
a t  t h i s  s ta t ion.  The present con f igu ra t ion  f o r  the 1800 p inho le  
radiography s ta t i on  Ss depicted i n  Figure 2. For such a conf igura- 
t ion,  passive radiography w i t h  SSTR w i l l  be feas ib le .  Among 
numerous a t t r i bu tes  o f  the  SSTR technique, d isc r im ina t ion  against 
background and the a v a i l a b i l i t y  o f  micros o i c  d e t a i l  make it par- 
t i c u l a r l y  appealing f o r  t h i s  app l ica t ion.  ts?  However, due t o  
reduced i n tens i t i es ,  source radiography a t  t h i s  p o s i t i o n  w i  11 
requ i re  an exposure o f  roughly a month or  more a t  f u l l  beam cur-  
rent. Hence, only i r r a d i  a t i on  t e s t  assembly cycle- to-cycle data 
are ant ic ipated f r o m  the 1800 s ta t ion .  

Passive neutron spectrometry w i l l  a lso  be implemented a t  the 
00 radiography s ta t i on  using a sca t t e r i ng  chamber beyond the 
forward pinhole neutron c o l l  imator. The ext raord inary  ener 
dependent proton s e n s i t i v i t y  o f  a new SSTR mater i  a1 , CR-39, 916 1 
w i  11 be employed f o r  passive neutron spectrometry app l i ca t ions  a t  
FMIT. Throughout the neutron energy range t h a t  w i l l  e x i s t  a t  FMIT, 
i .e., up t o  50 MeV, only the hydrogen (n,p) sca t t e r i ng  cross sec- 
t i o n  i s  accurately known. Usi ng ,appropr i  ate hydrogenous rad ia to r s  
i n  the 0 0  sca t te r ing  chamber, the e n t i r e  FMIT neutron spectrum 
can *be observed w i th '  CR-39 p l  aced a t  . su i t ab le  (n,p) sca t t e r i ng  
angles. Hence the proton energy s e n s i t i v i t y  o f  CR-39, which 
extends up t o  at  l e a s t  20 MeV, w i l l  f u rn ish  unique passive neutron 
spectromefry at  FMIT on both an absolute and t ime- integrated basis. 

The relevance o f  t h i s  remarkable new SSTR f o r  FMIT dosimetry 
can not be over-emphasized, since it i s  considered mandatory t h a t  
the FMIT f a c i l i t y  have on- l ine ac t i ve  and passive neutron detect ion 
systems based on r e l i  able and we l l  -establ  ished standard reference 
cross sections. As prev ious ly  stated, on ly  one cross sect ion can 
a t  present adequately s a t i s f y  t h i s  requirement f o r  the 10 t o  50 MeV 
region, namely the hydrogen (n,p) sca t t e r i ng  cross section. It 
w i l l  be essent ia l ,  therefore, t o  use t h i s  cross sect ion as the 
standard reference cross sect ion t o  va l i da te  and c a l i b r a t e  a l l  
other cross sections needed f o r  act ive, passive, and ca l cu la t i ona l  
f NIT neutron dosimetry. 

A b r i e f  discussion o f  .the PD counting s ta t ions  i n .  the FMIT 
serv ice c e l l  i s  warranted (see Table 1). These s ta t ions  w i l l  
f a c i l i t a t e  the use o f  short  h a l f - l i f e  RM sensors a t  FMIT. Rabbit 
tubes w i l l  be used f o r  imnediate t r ans fe r  o f  such monitors between 
the FMIT t e s t  and serv ice c e l l s .  I n  con t ras t  w i t h  reac to r  mate- 
r i a l s  t e s t  environments where work w i t h  shor t  ha l f - 1  i f e  monitors 
i s  i nva r i ab l y  cu r ta i led ,  many more short  h a l f - l i f e  RM candidates 
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FIORE 2. Configuration o f  the 1800 Passive Radiography Station, Viewed from Above. 



ar i se  through high energy induced react ions i n  the FMIT environ- 
ment. Hence, there i s  s i g n i f i c a n t l y  increased a p p l i c a b i l i t y  and 
mot ivat ion f o r  such monitors i n  PD work a t  FMIT. . 

Act ive  Dosimetry 

Act ive Dosimetry (AD) elements provide in format ion t o  the 
Dosimetry Data Aqu i s i t i on  System (DDAS) f o r  use w i t h  Passive 
Dosimetry (PD) and Calcu 1 a t iona l  Dosimetry. (CD) informat ion, as 
depicted i n  Figure 1. ' The synthesis o f  AD, PD, and Cb in format ion,  
together w i t h  i n - s i t u  dosimetry, w i l l  provide the necessary f l u x -  
f l  uence spec t ra l  accuracy f o r  FMIT t e s t  assembly environmental 
character izat ion,  w i t h  uncer ta in t ies  i n  the 10 t o  30% range ( l a ) .  
As sumnarized i n  Table 1, i n teg ra l  and d i f f e r e n t i a l  AD techniques 
w i l l  be used a t  s p e c i f i c  dosimetry s ta t ions  both w i t h i n  and out -  
side the t e s t  c e l l .  

Three AD assemblies w i l l  be used a t  s t r a t e g i c  loca t ions  wi th-  
i n  the t e s t  c e l l .  These i n - c e l l  assemblies w i l l  conta in  i n t e g r a l  

4 detectors, such as long counters, f i s s i o n  chambers and i o n i z a t i o n  
monitors. Neutron t ime-h is tory  data from these AD i n - c e l l  assem- 
b l i e s  w i l l  be monitored on- l ine by the DDAS as we l l  as by FMIT 
p l  ant operations. 

Beyond the forward co l l ima to r  o f  the 00 radiography s ta t ion ,  
act ive techniques w i l l  be used f o r  neutron spectrometry and s p a t i a l  
i n t e n s i t y  measurements o f  the (d,Li) source. Components o f  the 00 
radiography s t a t i o n  are out l i ned  conceptual ly  i n  F igure 3. Access 
i s  l i m i t e d  due t o  sh ie ld ing  requirements .enta i led by the intense 
f l u x  o f  h igh energy neutrons. Among the more promising leakage 
neutron spectrometry concepts are: 

1)  Charged P a r t i c l e  Telescope 
2) Associ aLed-Particle Time-of-Fl i ght  (TOF) 
3 )  Coincidence Analysis o f  the 6 ~ l ( n , a )  Reaetion 
4) Magnetic Analysis o f  (n,p) Sca t te r ing  

Radiography and spectrometry a t  the 00 and 1800 dosimetry sta- 
t i ons  requ i re  a special  co l l ima to r  design. date m a t e r i a l s  f o r  
the co l l ima to r  are tun sten, copper and i ron.  a C!ffj Due t o  i t s  1 arge 
size, the FMIT source 3 cm x 1 cm) cannot be seen through a c lass- 
i c a l  c o l l  imator. o co l l ima to r  concepts c n e considered, e i t h e r  

1 R a pinhole camera( or a hodoscope camera. 3 For example Fig-  
6 ure 4 shows a conceptual design. o f  a p inho le  camera a t  the 0 rad io-  ' 

graphy s t a t i o n  ( f o r  a source o f  10 cm x 1 cm). Just  behind the  
col l imator,  the rad ia to r  f o i l  o f  an ac t i ve  spectrometer permits , 

on-l ine measurement of the t o t a l  neutron source output  and the  
spectrum ( a t  a given angle). Although no t  shown i n  F igure 4, the 
sca t te r ing  chamber employing CR-39 f o r  passive neutron spectrometry 
can be used simultaneously. Far behind, j u s t  before the beam stop 
i s  e i t he r  a p o s i t i o n  sens i t i ve  counter or  a 1 arge area SSTR which 
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measures the (d,Li) source i n t e n s i t y  d i s t r i b u t i o n .  Both the spect- 
rum and the  source i n t e n s i t y  d i s t r i b u t i o n  must be measured because 
the detector  e f f i c i e n c y  depends on the energy of the neutrons 
(through t he  cross section) and on t he  l oca t i on  i ns i de  the  source 
volume where the neutrons are generated (through the angular 
dependence o f  the co 11 imator ' t ransini ss ion) . Know1 edge of source 
i n t e n s i t y  d i s t r i b u t i o n  permits ca l cu la t i on  o f  a mean geometrical 
e f f i c i ency  f o r  the act ive  spectrometer. ' 

Use o f  SSTR techniques f o r  observation o f  neutron source spa- 
t i a l  i n t e n s i t y  d i s t r i b u t i o n  permits measurements with;n re1  a t i v e l y  
short distances from the co l l ima to r  th roa t  gap. Other de tec t ion  
systems, such as an' array o f  f i s s i o n  chambers or  s c i  n t i  11 a tors  
would requ i re  a loca t ion  a t  much greater  distances from the c o l l  i- 
mator and could be p r o h i b i t i v e l y  expensive. I n  the example shown 
i n  Figure 4, 50 f e e t  or more would be required instead o f  the 12 
f e e t  indicated.  S o l i d  s t a te  surface b a r r i e r  detectors cou ld  a lso  
be used, bu t  they su f fe r  from r a d i a t i o n  damage, which reduces t h e i r  
useful  1 i f e  and hence increases costs. However, a c t i  ve systems 
would permit  the d i s t . i  n c t  advantage of on-1 i ne measurement o f  the 
(d,Li) source. s p a t i a l  d i s t r i b u  i . A recen t l y  developed pos i t i on -  
sens i t ive  p ropor t iona l  counter fl8P possesses spat i a l  r eso lu t i on  
on the order o f  m i  11 imeters and consequently i s  an exce l l en t  
candidate f o r  t h i s  appl icat ion.  

Pre l iminary  ca lcu la t ions  show tha t  a co l l ima to r  reso t ' o n  o f  
about 1 mn can be obtained f o r  the FMIT neutron spectrum. Iw 
This co l l ima to r  reso lu t ion  w i l l  provide adequate d e f i n i t i o n  o f  the 
neutron source f o r  the most recent FMIT t a rge t  design, which i s  
1 cm x 3 cm. Depending on ava i lab le  space., co l l ima to r  r eso lu t i on  
can f u r t h e r  be improved, i f  necessary. I n  the hodoscope concept, 
the co l l ima to r  consists o f  an ar ray o f  very small s l i t s .  Each s l i t  
views on ly  a small pa r t  o f  the source. An array o f  detectors i s  

e laced behind the co l l imator ,  so t h a t  each detector  counts on ly  
he neutrons which leak through a s i ng le  s l i t .  While the s p a t i a l  

source d i s t r i b u t i o n  i s  observed, measurement o f  the t o t a l  neutron 
output and spectrum i s  more d i f f i c u l t .  For on- l ine measurements, 
a complete array of detectors i s  required, so t h a t  a hodoscope 
co l l ima to r  system would be obv ious ly  more expensive than a p inho le  
camera co 1 1 imator system. 

Although more expensive, an advanced hodoscope c o l l  imator sys- 
tem provides the p o s s i b i l i t y  o f  Fresnel imaging. The t a1 image 
must be transformed by su i t ab le  mathematical methods. ft6y Such a 
Fresnel imaging system has advantages over a s ing le  p inho le  c b l l i -  
mator, s ince the s igna l  r a t e  i s  greater  and the signal-to-back- 
ground r a t i o  i s  improved p ropor t iona te ly  by up t o  a f a c t o r  o f  100. 
However, equipment and software requ i red f o r  mat hemat i c a l  t r a n s f  or-  
mation o f  the image would even f u r t h e r  increase the cost  o f  such 
an advanced hodoscope system. 

I b 



A Typical  Pinhold Camera Design f o r  FMIT as Viewed from Above. 
I n  the nota t ion x  ( x )  x  represents a hor izonta l  dimension i n  
mn and x '  represents the corresponding v e r t i c a l  dimension i n  
mn. I n  addition, R i s  the spa t ia l  subtended reso lu t ion  by a 
po in t  i n  the image plane. Please note the d i f ferent  scale 
factors.  This d i f ference p ~ s ~ i s t o r t i o n  i n  the angul ar 
representation. 



Pinhole or  hodoscope co l l ima to rs  can also be considered f o r  
the 1800 radiography s ta t i on  f o r  source spa t i  a1 d i s t r i b u t i o n ,  

. .absolute source strength measurements and neutron spectrometry. 
I n  t h i s  d i r ec t i on ,  one observes source neutrons together w i t h  
albedo neutrons a r i s i ng  from general i n t e rac t i ons  i n  the t e s t  

. c e l l .  Consequently neutrons per turbat ions are minimum or  even 
n e g l i g i b l e  f o r  the 1800 radiography s ta t ion,  so t h a t  observa- 
t i ons  are more independent o f  the  t e s t  c e l l  1 oading and conf ig-  
u ra t  i on. 

The L i - f l w  dosimetry s t a t i o n  (see Table 1) i s  another AD 
element worthy o f  note.  This s t a t i o n  u t i l i z e s  h igh  reso lu t i on  Ge 
detectors t o  measure rad ioact ivants  i n  the f l ow ing  L i .  Ge detec- 
t o r s  view the  1 i th ium t ranspor t  p ipe through appropr i  ate gama-ray 
c o l l  imators a t  selected distances downstream o f  the target .  The 
r o l e  o f  t he  L i - f l ow  dosimetry s t a t i o n  i n  AD a t  FMIT i s  s i g n i f i c a n t  
i n  t ha t  it provides: 

1) Time h i s t o r y  in format ion on t o t a l  neutron y i e l d  t o  DDAS 
and FMIT p l  ant operations. 

2) L i  ta rge t  impur i t y  in format ion t o  DDAS and FMIT p l a n t  
operations 

3 )  L i  f low s t a b i l i y  in format ion t o  DDAS and FMIT p l an t  
operations 

4 )  Source neutron spectrum s t a b i l  i t y  in format  ion  t o  DDAS 
and FMIT p l  ant opera t i  ons 

Ca lcu la t iona l  Dosimetry 

Since i n - s i t u  t e s t  assembly f 1 uence-spectra are o f  pr imary 
importance,' CD techniques w i l l  be used main ly  i n  support o f  i n - s i t u  
dosimetry. As i l l u s t r a t e d  i n  F igure 1, CD w i l l  f u r n i s h  s t a r t i n g  
or  i n i t i a l  spect ra l  f o r  unfo ld ing codes u t i l i z i n g  i n - s i t u  dosimetry 
data. However, CD estimates o f  i n i t i a l  (r,o,$) t e s t  c e l l  spectra 
depend c r u c i a l l y  upon the FMIT neutron source s p a t i a l  and spec t ra l  
d i s t r i bu t i ons .  Therefore, i t i s  considered essen t ja l  t h a t  the 
FMIT neutron source i n t e n s i t y  p r o f i l e  be monitored by both AD and 
PD systems. These systems w i  11 p rov i  de necessary c a l  i b r a t i o n  and 
normal izat ion po in ts  f o r  the adjustment o f  CD methods. The s ta tus  
of (d,Li) neutron source measurements w i l l  be consi ered i n  a 
separate presentat ion i n  t h i s  symposi um session. ( 17f 

Data analysis unfo ld ing methods f o r  eva luat ing FMIT dosimetry 
measurements and ca leu l  ated f l  ux-spectra w i l l  be based on e f f i c i e n t  
algori thms combining features fr general ized least-squares and 
maximum 1 i k e l  i hood techniques. (18 Prox im i ty  o f  FMIT t e s t  
specimens t o  the neutron source and cha rac te r i s t i c s  o f  the  source 
and t e s t  c e l l  lead t o  r a p i d  va r i a t i ons  i n  both the  spec t ra l  shape 
and magnitude o f  the neutron f l u x  as a f unc t i on  o f  p o s i t i o n  i n  the 
t e s t  c e l l .  These var ia t ions  are s t r ong l y  co r re la ted  w i t h  one 
another and can i n  pa r t  be ca lcu la ted a p r i o r 1  from transpor t  



theory o r  Monte ~ a r ' l o  methods. Hence, an optimum eva luat ion o f  PD 
resu l t s  should simultaneously consider measurements o f  d i f f e r e n t  
types and spat.i a1 locat ions along w i t h  ca l cu l  at  i ona l  est imates o f  
the neutron flux-spectra. A simple example emphasizes t h i s  po in t .  

Assume t h a t  two i d e n t i c a l  sets of passive' monitors are exposed . 
at  two separate locat ions,  where ca l  cu l  at ions show a 1  arge d i f f e r -  
ence i n  spec t ra l  shape. The problem i s  t o  combine t h i s  in format ion 
w i t h  CD t o  determine the actual spec t ra l  shape and f l u x  nomal i za -  
t i o n s  a t  both locat ions.  

Proposed methods a l l  ow the simultaneous inclus ' i  on o f  mu1 t i p l e  
f lux-spect ra  as wel l  as m u l t i p l e  and d iverse s p a t i a l  and spec t ra l  
data, i nc lud ing  both PD and AD measurements. A p r i o r i  in format ion 
i s  t o  be assigned t o  a l l  aspects o f  the eva luat ion process t o  
ensure ob jec t i ve  weighting o f  i npu t  sources, inc lud ing  a l l  dosim- 
e t r y  measurements, cross-sect ion evaluat ions and f lux -spec t ra  
ca lcu la t ions.  Results from the un fo ld ing  process w i l l  inc lude 
appropriate adjusted spectra and cross sect ions along w i t h  com- 
p l e te  uncer ta in ty  and co r re l a t i on  information. S t a t i s t i c a l  t e s t s  
w i l l  be used t o  check f o r  any inconsistencies i n  measured data, 
cross-section evaluat ions or ca lcu la ted f lux-spectra.  Th is  type 
o f  comprehensive treatment i s  p a r t i c u l a r l y  important f o r  FMIT 
because o f  r e l a t i v e  lack of cross sect ion data and dosimetry 
experience i n  d iverse h igh energy neutron environments. 

As f o r  ca l cu la t i ona l  methods themselves, neutron t ranspor t  
techniques used i n  CD work f o r  FMIT can not be viewed as a  mere 
extensfon o f  reactor  analyses. One does not  have an extended 
neutron source w i t h  a  wel l  known pr imary spectrum, namely the 
prompt f i s s i o n  spectrum such as ar ises i n  reactors. Rather one 
has a  h i g h l y  l oca l i zed  source w i t h  s p a t i a l  and spec t ra l  character-  
i s t i c s  not  near l y  as wel l  known. I n  cont rast  w i th  the near homo- 
geneity found i n  most reactor  environments, the FMIT t e s t  c e l l  i s  
h i gh l y  tretersgenous, F i n a l l y  the steep angul ar and spa t i  a1 gra- 
d ients  o f  both  i n t e n s i t y  and spectrum are a typ ica l  o f  reac to r  
environments. 

These f ac to r s  m i  1  i t a t e  against adapting the more conventional 
neutron t ranspor t  analysis fo r  CD work a t  FMIT. It i s  not  su rp r i s -  
ing, therefore, t h a t  i n  i i t i  1 e f f o r t s  r e l i ance  was placed main ly  - 
upon Monte Car lo   method^.^^^,^^) It i s  we l l  known, however, t h a t  
Monte Carlo techniques are q u i t e  sens i t i ve  t o  cross-sect ion uncer- 
t a i n t  ies. Th is  problem i s  un fo r tuna te ly  aggravated by the cu r ren t  
status o f  neutron cross sections i n  the h igh  energy reg ion  germane 
t o  FMIT. I n  fact, the present. world-wide consensus , i s  t h a t  cross 
sections are genera l ly  not  we l l  known a t  h igh  n  t o energy and 
may not  be known any b e t t e r  f o r  years t o  come.( ff ,522p. 

Some l ess  apparent CQ tasks essent ia l  t o  the FMIT dosimetry 
program must be mentioned. Two- and three-dimensional t ranspor t  



and Monte Carlo ca lcu la t ions w i l l  be required t o  support the eval-  
uat ion and development o f  AD and PD techniques. Analyses w i l l  be 
required t o  design col l imators,  t o  p red i c t  sensor response as a 
funct ion o f  pos i t i on  w i t h i n  the t e s t  c e l l ,  and t o  study r e l a t i v e  
bene f i t s  o f  'candidate PD and AD techniques. I t  i s  a lso necessary 
f o r  CD t o  t r e a t  per turbat ions introduced by t e s t  specimens and 
sensors, as wel l  as t o  consider the e f f e c t  of wa l l  re turn .  A 
constant upgrading of the cross-sect ion data base w i l l  be neces- 
sary, p a r t i  cu l  a r l y  as evaluated cross-sect ion sets are extended 
i n t o  the energy regime above 20 MeV. F i n a l l y ,  an important CD 
func t ion  i s  fu rn ish ing .  (r,s,@) cycle- to-cycle neutron exposure 
maps t o  prospect ive FMIT users f o r  design and analyses o f  rad ia -  
t i  on damage experiments. 

I1 I. BENCHMARK FIELDS 

The u t i l i t y . o f  benchmark f i e l d s  f o r  character iza i n 
reactor  r a d i a t i o n  environments i s  firmly establ ished. [23,285 
Benchmark f i e l d  experiments w i  11 provide s i gn i f i can t  bene f i t s  t o  
the FMIT dosimetry program, p a r t i c u l a r l y  i n  view o f  the s ta tus  of 
dosimetry techniques and nuclear data at  h i gh  energy. I n  f a c t  
dosimetry a t  FMIT, or  more genera l l y  fus ion  dosimetry, must be 
q u a n t i t a t i v e l y  t i e d  t o  f i s s i o n  reactor  dosimetry as we l l  as D-T 
neutron source dosimetry. I r r a d i a t i o n s  i n  a l l  th ree o f  these 
neutron environments must be placed on a common basis.  T i s  basis Y i s  best provided by a 0-Li (o r  D-Be) Standard ~enchmark(3 incor -  
porated i n t o  a set o f  other standard benchmarks. Other benchmarks 
f ie lds,  which are expected t o  be ava i l  able and used f o r  nuclear 
data d velo ent and tes t ing,  are discussed a,nd i d e n t i f i e d  e lse-  
where. b3-217 ~ a r t i c u l a r ~ y  important f i e l d s  which w i l  I be used 
t o  t es t  some FMIT dosimetry systems concepts as we l l  as t o  develop 
nuclear data w i l l  be the Rotat ing Target Neutron Source RTNS-I1 a t  
Lawrence L i  vermore Laboratory (LLL) and the 1 ow- i n t e n s i t y  14 MeV 
f i e l d  a t  the Nat ional  Bureau o f  Standards (NBS). 

Low cur rent  operat ion o f  FMIT w i l l  serve as a Con t ro l led  
Environment Benchmark which permits execution o f  the f i r s t  phase o f  
the environmental charac te r i za t ion  program f o r  the  FMIT f a c i  1 ity. 
P r i o r  t o  the a v a i l a b i l i t y  o f  FMIT, other s u i t a b l e  Cont ro l led 
Environment Benchmark. f i e l d s  w i  11 be considered. Many o f  the 
f i r s t  phase character izat ion measurements can be made using low 
current  s ta r tup  condi t ions a t  FMIT. Only checkpoint measurements 
a t  f u l l  power w i t h  ac t i ve  and passive systems are then required, 
together w i t h  those measurements poss ib le  only a t  f u l l  power FMIT 
operation. 

I V .  GAMMA-RAY CHARACTERIZATION 

As we have learned p a i n f u l l y  Prom e f f o r t s  i n  f i s s i o n  reactors,  
the e f fec ts  of ganna-rays must not  be overlooked. The gamna-ray 



component of the t e s t  c e l l  r a d i a t i o n  f i e l d  s i g n i f i c a n t l y  impacts 
upon both rad ia t i on  dosimetry and damage experiments performed a t  
FMITo The general importance o f  the  gamnb-ray f i e l d  'n ad ia t ion  
damage experiments. was reviewed f o r  FBR environments, Iz7! and 
the need f o r  gamna-dosimetry e f f o r t s  a t  FMIT can be e a s i l y  surmised 
from t h i s  review. The gamna-ray component d i r e c t l y  a f fec ts  neutron 
dosimetry by estab l ish ing a p p l i c a b i l i t y , l i m i t s  f o r  neutron dosi-  
metry techniques as wel l  as i n t r  i n s i  c experimental e r ro r s  which 
ar ise through s e n s i t i v i t y  t o  the gamna-ray component. On the other 
hand, knowledge o f  gairma-heati ng i n  t e s t  specimens and assemblies 
i s  extremely important t o  the mate r ia l s  experimenter f o r  design and 
analysis o f  FMIT i r r a d i a t i o n  tests.  
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