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CALIBRATION TECHNIQUE FOR THE NEUTRON SURFACE MOISTURE MEASUREMENT SYSTEM 

1.0 INTRODUCTION 

The Surface Moisture Measurement System (SMMS) is designed to measure 
the moisture concentration near the surfaces of the wastes located in the 
Hanford Site tank farms. This procedure details how moisture standards will 
be built, controlled, and utilized both to demonstrate that the moisture probe 
meets requirements in the Design Requirements Document (DRD)  for the Surface 
Moisture Measurement System (Stokes et al. 1995) and to calibrate, or 
benchmark, computer models that predict probe detector responses to moisture. 
Planned tests of detector responses to changes in probe temperature and to 
ambient gamma ray fields are also explained. 
experimental tests described in this procedure is to make possible 
interpretation of in-tank moisture data using computer modeled predictions of 
detector responses to waste properties. 

energy neutrons that are moderated or slowed in the surrounding waste, 
primarily through interactions with hydrogen nuclei (Hearst and Carlson 1994). 
The SMMS consists of a radioactive Cf-252 neutron source and three neutron 
detectors. These thermal and epithermal neutron detectors detect fractions of 
the moderated neutrons at rates related to the hydrogen concentration of the 
surrounding waste. 
estimates of the moisture concentration of the underlying waste. 
important that the calibration standards be constructed and maintained so that 
their elemental composition, moisture concentration, bulk density, and 
physical dimensions are well known. These parameters will be inputs to the 
computer models used to predict probe responses so that errors in each of 
these will likely translate to errors in adjustable parameters associated with 
the computer model of the probe. Because this model of the probe will be used 
with best estimates of tank waste composition and density to determine 
calibration curves for tank data interpretation, it is important to develop a 
probe model that contains minimal systematic uncertainty. 

The primary purpose of the 

The surface moisture measurement system functions by emitting high 

Calibrations and modeling then are used to obtain 
It is 
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evapora ted  f rom t h e  samples, ove r  l o n g  p e r i o d s  o f  t ime, so t h a t  remeasurements 
c o u l d  n o t  be made w i t h o u t  r e f i l l i n g  t h e  c o n t a i n e r s .  The we igh t  o f  t h e  sample 
a f t e r  r e f i l l i n g  was d i f f i c u l t  t o  measure. There was a d d i t i o n a l  u n c e r t a i n t y  
about t h e  e q u i v a l e n t  wa te r  c o n c e n t r a t  i o n  near  t h e  su r faces  o f  t h e  s tandards  
because t h e  m a t r i x  u n i f o r m i t y  was n o t  w e l l  c o n t r o l l e d  a t  t h e  su r face .  
E n t r a i n e d  a i r  bubbles were a l s o  found t o  be p resen t  i n  some o f  t h e  t e s t s  beds 
a f t e r  b e i n g  f i l l e d  w i t h  wa te r .  Nonuniform, o r  p o s s i b l y  changing d i s t r i b u t i o n  
o r  amount o f  t rapped  a i r  i n  t h e  m a t r i x  would cause problems w i t h  r e l a t i v e  
m o i s t u r e  c o n c e n t r a t i o n  d e t e r m i n a t i o n s .  Also,  i t  was d i f f i c u l t  t o  remove 
samples o f  t h e  wa te r  s a t u r a t e d  g r a v e l  m ix  f o r  e lementa l  ana lyses  and m o i s t u r e  
c o n c e n t r a t i o n  measurements. F i n a l l y ,  i t  was n o t  p o s s i b l e  t o  adequate ly  
s i m u l a t e  geomet r i c  s u r f a c e  i r r e g u l a r i t i e s  w h i l e  m a i n t a i n i n g  wa te r  s a t u r a t i o n  
o f  t h e  m a t r i x  and a i r - f i l l e d  v o i d  spaces around t h e  i r r e g u l a r i t i e s .  I n  s p i t e  
o f  t h e s e  p o t e n t i a l  problems, t h e  w a t e r  c o n c e n t r a t i o n s  o f  t h e  wa te r  s a t u r a t e d  
samples were es t ima ted  t o  be accu ra te  t o  about 1% by we igh t  f o r  f r e s h l y  made 
samples . 

The v e r i f i c a t i o n  s tandards  f o r  t h e  c a l i b r a t i o n  t e s t s  w i l l  be made u s i n g  
m i x t u r e s  o f  sand, hyd ra ted  alumina {A1,0 .3(H,O)J, and boron c a r b i d e .  Water 
mo lecu les  bound t o  t h e  alumina r e p l a c e  t h e  f r e e  wa te r  found i n  t h e  wa te r  
s a t u r a t e d  models, making i t  p o s s i b l e  t o  s i m u l a t e  p a r t i a l l y  s a t u r a t e d  
c o n d i t i o n s  i n  d i f f e r e n t  c o n f i g u r a t i o n s .  The hyd ra ted  a lumina i s  c h e m i c a l l y  
and p h y s i c a l l y  s t a b l e  and can be o b t a i n e d  i n  a g r i t  s i z e  s i m i l a r  t o  t h a t  o f  
f i n e  sand. 
components a r e  n o t  l i k e l y  t o  change. No l o s s  o f  c h e m i c a l l y  bound wa te r  w i l l  
occur  a t  tempera tures  below 320 " F ,  and t h e  chemical  compos i t i on  o f  t h e  
m i x t u r e  as a f u n c t i o n  o f  dep th  can be ob ta ined  by sampl ing.  

A f t e r  m i x i n g  and compaction, t h e  d i s t r i b u t i o n s  o f  t h e  two 

2 . 2  PURPOSE OF STANDARDS 

The v e r i f i c a t i o n  s tandards  a re  designed t o  a l l o w  s c i e n t i s t s  t o  v e r i f y  
t h a t  t h e  SMMS mode l ing  r e s u l t s ,  o b t a i n e d  w i t h  MCNP, agree w i t h  SMMS 
exper imenta l  measurements made on each s tandard .  T h i s  w i l l  ensure t h a t  t h e  
modeled c o n f i g u r a t i o n  o f  t h e  system (i . e .  source, d e t e c t o r s ,  s h i e l d i n g )  i s  
c o r r e c t  and w i l l  demonstrate t h a t  t h i s  model can be used t o  p r e d i c t  d e t e c t o r  
responses t o  many v a r i e d  m o i s t u r e  c o n d i t i o n s .  These s tandards  a r e  designed t o  
p r o v i d e  a c a l i b r a t i o n  o f  t h e  i n p u t  parameters o f  t h e  computer code r a t h e r  than  
a c a l i b r a t i o n  o f  t h e  SMMS. The computer code w i l l  t h e n  be used t o  p r o v i d e  
l i b r a r i e s  o f  d a t a  f o r  a s e t  o f  expected t a n k  c o n f i g u r a t i o n s .  The assumed t a n k  
waste compos i t i ons  w i l l  be used i n  t h e  code a long  w i th  d i f f e r e n t  m o i s t u r e  
c o n c e n t r a t i o n s  and m o i s t u r e  g r a d i e n t s  t o  produce expected responses f o r  each 
o f  t h e  d e t e c t o r s  f o r  a l l  o f  t h e  t a n k  c o n f i g u r a t i o n s .  Comparison o f  these 
c a l c u l a t e d  d a t a  and d a t a  measured i n  t h e  tanks  w i l l  t hen  a l l o w  an accu ra te  
d e t e r m i n a t i o n  o f  t h e  average m o i s t u r e  c o n c e n t r a t i o n  i n  t h e  waste near  t h e  
su r face ,  and an e s t i m a t e  o f  t h e  average p r o f i l e  o f  t h e  m o i s t u r e  c o n c e n t r a t i o n  
t o  be de termined f o r  t h e  a c t u a l  t anks .  

3 
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2.4.1 M a t e r i a l  Sur round ing  Standards f o r  I n f i n i t e  D e t e c t o r  Response 

b a r r e l s ,  s t r u c t u r e s  o u t s i d e  o f  t h e  b a r r e l  may i n f l u e n c e  t h e  probe responses. 
These . in f luences  a r e  expected t o  be r e l a t i v e l y  smal l  f o r  most o f  t h e  
standards,  b u t  would need t o  be accounted f o r  i n  computer models o f  t h e  
s tandards .  Because t h e  nearby s t r u c t u r e s  i n c l u d e  o b j e c t s  wh ich  a r e  n o t  w e l l  
c h a r a c t e r i z e d ,  such as t h e  conc re te  f l o o r ,  i t  would be d i f f i c u l t  t o  a c c u r a t e l y  
i n c l u d e  them i n  t h e  model. To make t h e  s tandards  e f f e c t i v e l y  i n f i n i t e ,  ( t h a t  
i s  no s t r u c t u r e  o u t s i d e  o f  t h e  s tandard  w i l l  i n f l u e n c e  t h e  r e s u l t s  o f  t h e  
measurements) t h e  s tandards  w i l l  be surrounded by known m a t e r i a l s .  
P o l y e t h y l e n e  sheet,  an e x c e l l e n t  n e u t r o n  moderator and r e f l e c t o r ,  w i l l  be 
p l a c e d  under most o f  t h e  standards t o  ensure t h a t  t h e y  a r e  c o m p l e t e l y  i s o l a t c d  
f rom t h e  f l o o r  beneath them. 
v a r y  f o r  each s tandard  and t h e  minimum t h i c k n e s s  w i l l  be con f i rmed  w i t h  
c a l c u l a t i o n s .  
t o  be used under each s tandard .  Another way t o  i s o l a t e  t h e  s tandard  f rom 
su r round ing  m a t e r i a l s  i s  t o  p l a c e  t h e  s tandard  a l a r g e  enough d i s t a n c e  f rom 
m a t e r i a l s  t h a t  would have an e f f e c t  so t h a t  t h e  e f f e c t  i s  n e g l i g i b l e .  
t h e  t h i n  s i n g l e - l a y e r  s tandards  a re  used t o  g i v e  an i n d i c a t i o n  o f  t h e  dep th  
i n v e s t i g a t e d  by each d e t e c t o r ,  u s i n g  p o l y e t h y l e n e  under them t o  i s o l a t e  them 
would produce an u n d e s i r a b l e  l a r g e  background s i g n a l .  
s i n g l e - l a y e r  s tandards  w i l l  be p laced  upon t h i n  aluminum p l a t f o r m s  t h a t  a r e  
l o c a t e d  122  cm above t h e  f l o o r .  Except f o r  t h e  t h i n  l a y e r  standards,  a l l  
s tandards  w i l l  be c o n s t r u c t e d  on p a l e t t e s  so t h a t  t h e y  may be more e a s i l y  
moved f o r  we igh ing .  

C a l c u l a t i o n s  i n d i c a t e  t h a t ,  e s p e c i a l l y  f o r  t h e  l o w  m o i s t u r e  c o n t e n t  

The t h i c k n e s s  o f  these p o l y e t h y l e n e  sheets  w i l l  

Tab le  2-1 shows t h e  expected th i cknesses  o f  p o l y e t h y l e n e  sheet 

Because 

Ins tead ,  t h e  t h i n  

- I D #  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

'Table 2-1. The t h i c k n e s s  o f  p o l y e t h y l e n e  planned t o  be used under each 
s tandard .  

Standard D e s c r i o t i o n  (Moi s t u r e l  
4 w t %  u n i f o r m  
8 w t %  u n i f o r m  

13 w t %  u n i f o r m  
19 w t %  u n i f o r m  
25 w t %  u n i f o r m  
35 w t %  u n i f o r m  
8 w t %  / 13 w t %  l a y e r e d  
8 w t %  / 13 w t %  / 19 w t %  l a y e r e d  

13 w t %  / 19 w t %  l a y e r e d  
13 w t %  / 19 w t %  / 25 w t %  l a y e r e d  
19 w t %  w i t h  l ow  boron c o n t e n t  
19 w t %  w i t h  h i g h  boron c o n t e n t  
19 wt%,  4 cm t h i c k  
19 w t % ,  6 cm t h i c k  
19 w t % ,  8 cm t h i c k  
19 w t % ,  10 cm t h i c k  

Po lye thv lene  Th ickness  ( c m l  
10.2 
10.2 
5.1 
5.1 
2.6 
2.6 
5 . 1  
5 . 1  
5 . 1  
2.6 
2.6 
2.6 
None 
None 
None 
None 
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The b a r r e l s  w i l l  be on t h i c k  p o l y e t h y l e n e  sheets  which w i l l  p r e v e n t  t h e  bo t tom 
f rom bowing and p roduc ing  i n a c c u r a t e  volume measurements. A l l  " f i l l e d "  
b a r r e l s  w i l l  be f i l l e d  w i t h  a sand and hyd ra ted  a lumina m i x t u r e  t o  a compacted 
h e i g h t  o f  38 f2 cm, except  t h e  4 w t %  m o i s t u r e  b a r r e l  w i l l  be f i l l e d  t o  a 
compacted h e i g h t  o f  60 f3 cm. 

t h e  p r o p e r  depth,  t h e  t o p  w i l l  be l e v e l e d  and t h e  d i s t a n c e  t o  t h e  t o p  o f  t h e  
b a r r e l  measured i n  seve ra l  l o c a t i o n s  ( a t  l e a s t  f o u r ) .  
measurements w i l l  be denoted Hair. 

m a t e r i a l  w i l l  be as i s  desc r ibed  below. 

The b a r r e l  m i x t u r e s  w i l l  t hen  be l e v e l e d .  When t h e  b a r r e l  i s  f i l l e d  t o  

The average o f  these  

The procedure  f o r  d e t e r m i n i n g  t h e  d e n s i t y  o f  t h e  mixed and compacted 

[Note: 
a l l  d i s t a n c e s  conver ted  o r  measured i n  c e n t i m e t e r s  b e f o r e  use i n  
t h e  f o l l o w i n g  equa t ions . ]  

A l l  we igh ts  must be conver ted  o r  measured i n  k i l o g r a m s  and 

Measure t h e  we igh t  o f  t h e  empty b a r r e l ,  W 
Zero t h e  s c a l e  w i t h  t h e  empty b a r r e l  on ip.rrcL' 
F i l l  t h e  b a r r e l  t o  a h e i g h t  o f  below t h e  d e s i r e d  m a t r i x  f i l l  h e i g h t  (about  33 
cm f o r  most b a r r e l s )  w i t h  wa te r  and measure bo th  t h e  d i s t a n c e  f rom t h e  t o p  o f  
t h e  b a r r e l  t o  t h e  s u r f a c e  o f  t h e  f i l l  substance ( w a t e r ) ,  H,,, and t h e  we igh t  
o f  t h e  f i l l  substance ( w a t e r ) ,  Wfl. The d i s t a n c e  measurement i s  t h e  average 
o f  f o u r  measurements taken a t  90 degree inc rements  around t h e  b a r r e l  
p e r i m e t e r :  

H f l  = (H f l l  Hf12 Hfl, + H f l d  / 4 ' 

The u n c e r t a i n t y  i n  t h e  f i l l  depth, H,,, i s  g i v e n  by 

- 1 2  - -  2 2 2 
'Hfl 4 f i H f , ,  + 'Ha, + 'Hfi, + 'Ht,. 

where uHfli a r e  t h e  es t ima ted  u n c e r t a i n t i e s  i n  each measured depth ,  H f l i .  

F i l l  t h e  b a r r e l  t o  a h e i g h t  above t h e  expected m a t r i x  f i l l  h e i g h t  (about  41 cm 
f o r  most b a r r e l s )  w i t h  wa te r  and measure b o t h  t h e  d i s t a n c e  f rom t h e  t o p  o f  t h e  
b a r r e l  t o  t h e  s u r f a c e  of t h e  f i l l  substance (wa te r ) ,  H,,, and t h e  we igh t  o f  
t h e  f i l l  substance (wa te r ) ,  W f 2 .  The d i s t a n c e  measurement i s  t h e  average o f  
f o u r  measurements taken  a t  90 degree inc rements  around t h e  b a r r e l  p e r i m e t e r :  

The u n c e r t a i n t y  i n  t h i s  f i l l  depth  i s  c a l c u l a t e d  f o l l o w i n g  
f i l l  dep th  Hfl. 

t h e  example f o r  

7 
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For  b a r r e l  f i l l  depths near  o r  between Hfl and H,,,, t h e  we igh t  o f  t h e  wa te r  
w i l l  be assumed t o  f o l l o w  a l i n e a r  r e l a t i o n s h i p  w i t h  t h e  f i l l  depth:  

W,, = M * H,, t B , and 
W,, = M * H,, t B. 

S o l v i n g  these equa t ions  f o r  t h e  cons tan ts  M and B f o r  each b a r r e l  w i l l  produce 
a r e l a t i o n s h i p  between t h e  b a r r e l  f i l l  dep th  and t h e  f i l l  volume. T h i s  
techn ique  f o r  d e t e r m i n i n g  t h e  f i l l  volume shou ld  g r e a t l y  reduce any 
u n c e r t a i n t i e s  i n  t h e  volume because p o s s i b l e  charrges i n  t h e  c r o s s - s e c t i o n a l  
a rea  o f  t h e  b a r r e l  as a f u n c t i o n  o f  h e i g h t .  

given that W,, = p w a t e r  * V,, , then 

M*H + E V ( H )  = 
P wa te i  

Over t h e  range of expected wa te r  tempera tures  ( 5  t o  15 ' C ) ,  t h e  d e n s i t y  o f  
wa te r  ( n e g l i g i b l e  u n c e r t a i n t y  assumed) may be expressed as 

P WB ter = 0 . 9 9 9 8 9 7  + 4 . 1 4 E - 5 + T -  6 . 7 1 E - 6 + ' T Z  

where T ("C) i s  t h e  measured water  tempera ture .  
f u n c t i o n  o f  tempera ture  was o b t a i n e d  by pe r fo rm ing  a second degree po lynomia l  
f i t  t o  d a t a  g i v e n  i n  Tab le  2-2 (Weast, 1968). 

The a b s o l u t e  d e n s i t y  o f  water .  

The d e n s i t y  o f  wa te r  as a 

Tab le  2-2. 

Temperature ( ' C y  D e n s i t y  ( q /  cm31 
5 0.999965 
7 
9 
11 
13 
15 

0.999941 
0.999781 
0.999605 
0.999498 
0.999099 

The u n c e r t a i n t y  i n  t h e  cons tan ts  M and B a re  g i v e n  by 

and 
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2.4.5 C o n f i r m a t i o n  o f  M a t e r i a l  Dryness 

The m a t e r i a l  t o  be mixed must be d r y  and c o n t a i n  n e g l i g i b l e  
c o n c e n t r a t i o n s  o f  unbound water .  To de termine i f  t h e  sand, hyd ra ted  alumina, 
and boron c a r b i d e  a r e  d ry ,  t h e y  w i l l  be t e s t e d  by t a k i n g  smal l  (about  15 g) 
random samples and s u b j e c t i n g  them t o  a the rmograv ime t r i c  t e s t .  The 
the rmograv ime t r i c  t e s t  w i l l  i n v o l v e  t h e  use o f  a mass spec t rometer  (Netzsch, 
model STA409-QMS) t h a t  ana lyzes  t h e  vapors r e l e a s e d  f rom t h e  sample d u r i n g  
h e a t i n g .  The spec t rometer  a l l o w s  any we igh t  l o s s e s  f rom t h e  sample t o  be 
d i f f e r e n t i a t e d  by  t h e  spec ies  mass, o f t e n  p r o v i d i n g  i d e n t i f i c a t i o n  o f  t h e  
element o r  compound r e l e a s e d  f rom t h e  sample. S i x  samples w i l l  be t a k e n  o f  
b o t h  t h e  sand and t h e  hyd ra ted  a lumina ( f r o m  d i f f e r e n t  bags) and t h r e e  samples 
w i l l  be a c q u i r e d  o f  t h e  boron ca rb ide .  The sand and hyd ra ted  a lumina samples 
w i l l  be taken  f rom bags i n  t h e  top ,  m idd le ,  and bo t tom o f  t h e  s h i p p i n g  
p a l e t t e .  I f  t h e  samples show l e s s  than  0.1% change i n  we igh t  f rom wa te r  l o s s  
a f t e r  h e a t i n g  them t o  between 110 and 130 " C ,  t hen  t h e y  w i l l  be cons ide red  d r y  
and one can proceed d i r e c t l y  t o  t h e  process  o f  m i x i n g  m a t r i x  c o n s t i t u e n t s  f o r  
s tandard  p r e p a r a t i o n .  

2 .4 .5 .1  D r y i n g  t h e  M a t e r i a l  

:If e i t h e r  t h e  sand, hyd ra ted  alumina, o r  boron c a r b i d e  c o n t a i n  wa te r  

The m a t e r i a l  t o  be d r i e d  can be p l a c e d  i n  unsealed 
t h a t  i s  n o t  c h e m i c a l l y  bound, then  t h e  m a t e r i a l  must be d r i e d  b e f o r e  t h e  
m i x i n g  process i s  s t a r t e d .  
c o n t a i n e r s  (up t o  100 kg  a t  a t i m e )  and heated i n  an oven t o  remove t h e  
mo is tu re .  The d r y i n g  w i l l  occur  a t  a tempera ture  o f  between 130 and 160°C. 
D r y i n g  t i m e  d u r a t i o n  w i l l  be s u f f i c i e n t  t o  a l l o w  t h e  b u l k  m a t e r i a l  t o  reach  a 
minimum tempera ture  o f  105°C. C a l i b r a t e d  thermocouples w i l l  be used t o  v e r i f y  
oven and m a t e r i a l  tempera tures  d u r i n g  d r y i n g .  
f rom near  t h e  v o l u m e t r i c  c e n t e r  o f  each ba tch  f o r  t h e r m o g r a v i m e t r i c  t e s t i n g  t o  
c o n f i r m  t h a t  t h e  m a t e r i a l  i s  d r y .  Once t h e  m a t e r i a l  i s  d r i e d  i t  must be 
cooled., capped and s t o r e d  i ndoors  u n t i l  t h e  m i x i n g  process  beg ins .  

One sample must be a c q u i r e d  

2.4 .6  Mass o f  M a t e r i a l s  

Once t h e  m a t e r i a l s  a r e  known t o  be d ry ,  t h e y  can be mixed. M i x i n g  t h e  

Tab le  2-3 l i s t s  

s tandards  by volume would r e q u i r e  a knowledge o f  t h e  p o r o s i t y  o f  t h e  sand and 
hyd ra ted  alumina. S ince  t h i s  parameter i s  n o t  w e l l  known and can change, a 
more accu ra te  method w i l l  be t o  mix t h e  components by we igh t .  
t h e  r e l a t i v e  we igh ts  o f  t h e  components needed f o r  each mix .  
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3.2 EXPERIMENTAL PROCEDURE 

3.2 .1  Safe  Opera t i on  and Hand l i ng  

The p r i m a r y  s a f e t y  concern d u r i n g  t h e  t e s t i n g  w i t h  t h e  SMMS probe i s  
r a d i o l o g i c a l  hazards assoc ia ted  w i t h  t h e  neu t ron  source. Complete 
r a d i o l o g i c a l  s a f e t y  p rocedures  f o r  t h e  h a n d l i n g  and s t o r a g e  o f  t h e  n e u t r o n  
source may be found i n  t h e  Safe  O p e r a t i n g  and Emergency Procedure  f o r  t h e  In-  
Tank Neu t ron  M o i s t u r e  Measurement Probe (Watson 1995). 
some o f  t h e  more i m p o r t a n t  aspects o f  r a d i o l o g i c a l  s a f e t y  i s  i n c l u d e d  below. 

A b r i e f  d e s c r i p t i o n  o f  

3.2.1.1 R a d i o a c t i v e  Source Storage 

When measurements a re  n o t  b e i n g  made, t h e  Cf-252 r a d i o a c t i v e  source w i l l  
be s t o r e d  i n  a l o c k a b l e  cask i n  a H e a l t h  Phys ics  des igna ted  r a d i o a c t i v e  
m a t e r i a l  s to rage  area i n  t h e  Hanford  S i t e  306E b u i l d i n g .  
w i t h  t h e  source i n  t h i s  l o c a t i o n  w i l l  be governed by a r a d i a t i o n  work p e r m i t .  
C a l i b r a t e d  dos ime t ry  measurement dev i ces  w i l l  be needed t o  e s t a b l i s h  
boundar ies  f o r  r a d i o a c t i v e  m a t e r i a l  and r a d i a t i o n  areas .  

S torage and work 

3.2.1.2 I n s e r t i o n  and Removal o f  t h e  Source From t h e  Probe 

The source i s  s t o r e d  i n  a l o c k a b l e  cask. 
and t h e  source unscrewed f o r  t h e  source t o  be moved. 
(95 cm l o n g )  i s  t o  be used f o r  a l l  source m a n i p u l a t i o n s .  Once t h e  t o o l  i s  
used t o  remove t h e  source f rom s to rage ,  t h e  source i s  moved t o  t h e  probe and 
i n s e r t e d .  The source i s  screwed i n t o  t h e  probe hous ing  u s i n g  t h e  t o o l .  

The cask needs t o  be opened 
The source  h a n d l i n g  t o o l  

3.2.1.3 Probe H a n d l i n g  Procedures 

The probe w i l l  be hand led  by t h e  s u p p o r t / s i g n a l  c a b l e  o r  by t h e  end o f  
t h e  hous ing  o p p o s i t e  t h e  source when t h e  source i s  i n s t a l l e d .  

3.2.1.4 R a d i a t i o n  Work P e r m i t  

A r a d i a t i o n  work p e r m i t  (RWP) i s  r e q u i r e d  f o r  b o t h  t h e  s t o r a g e  and use 
o f  t h e  neu t ron  source. The RWP w i l l  s p e c i f y  r e q u i r e d  t r a i n i n g  and dos ime t ry  
f o r  a l l  i n d i v i d u a l s  e n t e r i n g  t h e  r a d i a t i o n  area s e t  up d u r i n g  source use. 
number R-135 i s  b e i n g  e s t a b l i s h e d  f o r  t h i s  work. 

RWP 
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electronically in files on the system disk. 
electrical components, such as amplifier gain, will be recorded. Each 
detector high voltage setting will be measured and recorded prior to assembly 
of the sensor package into the probe housing. 

The settings of all adjustable 

In addition to acquiring probe responses with the probe placed on the 
standards, count rates will be measured with the probe isolated. The probe 
will be suspended in air at least 2 meters above the floor and 3 meters from 
any walls. Other than the probe support cable, no hydrogenous materials will 
be located within 2 meters of the probe. With the probe essentially isolated 
from outside materials that could provide signal to the probe, a measurement 
of the detector responses will be made for a minimum of 15 minutes. 

3.2.7 Data Storage and Archival 

Data storage will initially be in a Data Logbook for most data. 
collected electronically using the SMMS data acquisition system will be 
collected on the system hard drive and then transferred by removable media 
(e.g. floppy disk) to a computer with access to the WHC common file storage 
(CFS) for archival. 

Data 

3.2.8 Data Comparison with Calculations 

The primary purpose of the measurements is to verify the computer model 
predictions, which are a function of the model inputs. 
input parameters are the geometry and material properties of the probe and the 
standards. Physical dimensions, within mechanical tolerances, may need to be 
adjusted in each part of the geometry to obtain best agreement with measured 
results. Many other inputs, such as material compositions and densities, 
should be well known but may be adjusted within known uncertainties. Exact 
neutron source strength and placement may need to be adjusted in the model. 
Model.ing o f  neutron interactions in the '8 detector lining may need to be 
adjusted to account for physical detector characteristics, such as efficiency. 

The primary model 

Model calculations will be performed that provide response predictions with a 
stochastic precision of 2.5% or better. The probe model will be adjusted in 
an attempt to obtain agreement between all measured detector responses and 
calculated responses of 5% or better. 

4 .0  TEMPERATURE AND GARMA-RAY EXPOSURE RATE TESTS 

The operational sensitivity of each of the detectors at high 
temperatures and in high gamma-ray fluxes need to be measured separately and 
simultaneously. One needs to determine the influence on the electronic gain 
of the signal and how it will affect the count rate above a given electronic 
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threshold. An ideal neutron detector should show little or no change in the 
count rate as the temperature and gamma-ray flux are increased to the expected 
limits. The experiments described here will demonstrate the separate and 
combined effect of these parameters and should provide information that will 
enable corrections to be applied to in-tank data based upon temperature data. 

4.1 EXPECTED CONDITIONS FOR THE SMMS 

The SMMS array o f  detectors is expected to operate in a field of up t o  
2 grey/h and temperatures of up to 79°C. The tests described here will first 
measure the response of the detectors, and electronics in a various gamma-ray 
fields, then measure the response of the detectors and electronics in a 
temperature field. The final set o f  measurements will measure the response in 
combined temperature and radiation fields. 

The SMMS masthead contains both intrinsic safety and demultiplexing 
electronics for the probe. These electronics, enclosed in a metal box, will 
be subjected to the outdoor temperature extremes of the Hanford Site. 
Hanford Site temperatures range from about 0 to 35 "C for most of the year. 

Typical 

4 . 2  DETECTOR GAMMA-RAY EXPOSURE RATE TESTS 

The gamma-ray fields are produced by NIST traceable calibrated gamma-ray 
Different fields can be produced by changing the distance of the sources. 

sources from the detector. First, connect a multichannel analyzer (MCA) to 
the analog output of the detector amplifier electronics. 
neutron source (any available source) next t o  the detectors and place the 
detectors in position for the gamma-ray field measurements. The detector 
axes, placed perpendicular to the irradiation beam, will be positioned at the 
proper distance from the source for the desired exposure rate. 
detector responses before the gamma-ray sources are exposed. Expose the 
gamma-ray sources and remeasure the detector responses. Record the pulse 
height spectra for both measurements for each detector onto disk. 
the gamma-ray sources and reposition the detectors for the next field 
intensity. Repeat the procedure of measuring a "background" spectrum and a 
spectrum with the gamma-ray sources exposed. Repeat the process for all of 
the gamma-ray source to detector spacings (all exposure rates). A test will 
be performed with the detectors subjected to a 2 greylh gamma-ray field. 

[lata will be reported as detector count rate, above a given threshold, 
as a function of exposure rate. 
several exposure rates will provide qualitative information. 

Place a Cf-252 

Measure the 

Re-shield 

Also a graph showing the MCA spectrum for 
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4.3 DETECTOR TEMPERATURE DEPENDANCE TESTS 

The f i r s t  s e t  o f  tempera ture  measurements w i l l  be c a r r i e d  o u t  i n  an 
oven. 
be c a r r i e d  o u t  w i t h  a h e a t e r ,  thermocouple and t h e  gamma-ray sources d i scussed  
above. 

The f i n a l  s e t  o f  combined tempera ture  and gamma-ray measurements w i l l  

Connect t h e  e l e c t r o n i c s  so t h e  ana log  o u t p u t  o f  t h e  d e t e c t o r  i s  
connected t o  t h e  MCA. P lace  a Cf-252 source near  t h e  d e t e c t o r  and c l o s e  t h e  
oven door ,  
ambient tempera ture .  Record t h e  ambient tempera ture .  

thermal  e q u i l i b r i u m .  Record p u l s e  h e i g h t  s p e c t r a  f o r  t h e  t h r e e  d e t e c t o r s .  
Repeat t h i s  l a s t  procedure u n t i l  a tempera ture  o f  8O'C i s  reached. 

Record a p u l s e  h e i g h t  spectrum f o r  each o f  t h e  d e t e c t o r s  a t  

I nc rease  t h e  oven tempera ture  by  about 1O'C and l e t  t h e  d e t e c t o r  come t o  

4 . 4  COMBINED DETECTOR GAMMA-RAY AND TEMPERATURE TESTS 

A thermal  b l a n k e t  i s  t o  be wrapped around t h e  each d e t e c t o r  i n  t h e  
gamma-ray measurement c o n f i g u r a t i o n .  Be fo re  t h e  sources a r e  exposed i n  each 
p o s i t i o n ,  a background neu t ron  spectrum (no gamma-ray f i e l d )  must be measured. 

The t e m m r a t u r e  w i l l  t hen  be i nc reased  t o  80°C and t h e  aamma-rav source 
u n i t  
be 

exposed. T i e  
w i l l  t h e n  be moved t o  t h e  second source p o s i t i o n .  The measurements w i l  
r epea ted  a t  80°C. 
measurement made w i t h  t h e  gamma-ray sources n o t  exposed. 
tempera tures  (ambient and 8 0 ° C )  w i l l  be measured i n  t h e  combined t e s t s .  
two p o s i t i o n s  f o r  d i f f e r e n t  gamma-ray exposures w i l l  be measured. Spec 
w i l l  be o b t a i n e d  f o r  a l l  t h r e e  d e t e c t o r s  a t  each p o s i t i o n .  

P u l k  h e i g h t  s p e c t r a  w i l l  be recorded f o r  each d e t e c t o r .  

Only two 
The u n i t  w i l l  be a l l owed  t o  c o o l  down and a f i n a l  

Only 
r a  

4 . 5  TEMPERATURE DEPENDANCE TEST OF THE INTEGRATED SMMS PROBE 

I n  o r d e r  t o  assess t h e  t o t a l  tempera ture  dependance o f  t h e  p r o b e ' s  
response t o  changes i n  temperature,  t h e  complete SMMS probe w i l l  be t e s t e d  i n  
tempera tures  r a n g i n g  f rom - 1 0 ° C  t o  80°C. The r e s u l t s  f rom these i n t e g r a t e d  
tempera ture  t e s t s  w i l l  be used t o  a p p l y  any needed c o r r e c t i o n s  t o  t h e  probe 
response f rom i n - t a n k  da ta .  

These t e s t s  w i l l  be performed w i t h i n  an environment chamber l o c a t e d  a t  
t h e  305 b u i l d i n g ,  Hanford  S i t e  300 Area. The SMMS probe w i l l  be p laced  i n  t h e  
chamber w i t h i n  a p o l y e t h y l e n e  c y l i n d e r .  A Cf-252 n e u t r o n  source  w i l l  be 
p laced  w i t h i n  t h e  c y l i n d e r .  The p o s i t i o n  o f  t h e  source i s  n o t  c r i t i c a l  s i n c e  
t h e  source i s  o n l y  used t o  supp ly  a s teady  b u t  u n c a l i b r a t e d  n e u t r o n  s i g n a l  f o r  
t h e  d e t e c t o r s .  
environment chamber t o  m o n i t o r  t h e  ambient tempera ture .  
t h e  chamber w i l l  be stepped i n  inc rements  o f  app rox ima te l y  10°C f rom -10°C t o  

Two c a l i b r a t e d  s o l i d  s t a t e  tempera ture  sensors w i t h i n  t h e  
The tempera tu re  o f  
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I I D # 1  

60 cm h i g h  

1.0 sand 
0.1305 hydra ted  a lumina 

F i g u r e  1. U n i f o r m  4 w t %  Standard 

0.300 hydra ted  a lumina 

F i g u r e  2. Un i fo rm 8 w t %  Standard 

high 

10.2 cm p l a s t i c  
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2.592 hydrated a1 umi na 

Concrete F1 oor 

Fiaure 5. Uniform 25 w t %  Standard 

cm p l a s t i c  

Mixture 

0.0 sand 
1.0 hydrated alumina 

h i g h  

2.6 cm p l a s t i c  

Concrete Floor 

Fiqure 6 .  Uniform 35 w t %  Standard 
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p l a s t i c  

F i g u r e  7. Layered 8 and 13 w t %  Standard 

38 cm h i g h  
8 w t % ,  3 cm t h i c k  

13 w t % ,  3 cm t h i c k  

19 WtXB 

t h i c k  p l a s t i c  

F i g u r e  8. Layered 8, 13, and 19 w t %  Standard 
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1.215 hyd ra ted  a1 umina 
5.111E-5 boron c a r b i d e  

Concrete F l o o r  

F i g u r e  11. Un i fo rm 19 w t %  Standard w i t h  Low Boron 

t h i c k  p l a s t i c  

t h i c k  p l a s t i c  

Concrete F l o o r  

F i g u r e  12. Un i fo rm 19 w t %  Standard with H i g h  Boron 

20 



WHC-SD-WM-TI-729 
Revision 0 

ID#13 

19 wt% 4 cm thick I 
1.22 meter Stand 

Figure 13.  Thin 19 wt% Standard ( 4  cm Thick) 

I=-----+ 6 c m  thick 

1.22  meter Stand 

Figure 14.  Thin 19 wt% Standard ( 6  c m  Thick) 

1.22 meter Stand 

Figure 15.  Thin 19 wt% Standard ( 8  cm Thick) 
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WHC-SD-WM-TI-729 
R e v i s i o n  0 

ID#16 U 19 w t %  10 cm t h i c k  

1.22 meter  Stand 

F i g u r e  16. T h i n  19 w t %  Standard (10 cm T h i c k )  
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