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3 . 1  SENSOR 

The neutron moderation moisture probe has been selected as the first 
sensor technology to be deployed for surface waste moisture measurements. 

The surface neutron moisture sensor should be optimally designed, based 
on experiments and modeling, to obtain sensitivity to waste moisture and to 
understand the depth of interrogation in the waste. 
5-15 cm of waste is desirable. 
provide information about the moisture profile within that 5-15 cm depth. 

Information from the top 
Preference will be given to designs which may 

The sensor package must fit through an available tank riser to sit on the 
waste surface. A deployment device can be used to control in tank placement. 

The sensor package can use only one cable, to serve as a strength member 

The neutron probe should be designed to obtain penetrating moisture data, 
up to a depth of 15 cm in very dry waste. Also, stratification information is 
desirable. Therefore, the probe should nominally provide at least three 
moisture indications, one of near surface only (4 cm), one of middle 
penetration (7 cm), and one of deepest penetration (12 cm). If the waste is 
wet, shallower average penetration depths will be acceptable. 

The neutron sensing technique is sensitive to organic materials. 
of the probe should minimize potential organic effects whenever possible. 
will be acceptable to estimate the amount of organic present, and use this 
information to adjust the sensor data during moisture data analysis. 

as well as the instrumentation cable. 

Design 
It 

The device should measure moisture in the range of 0 to 40% water based 
on the waste volume. 
percent estimates. 

Density estimates can be used to convert to weight 

The final accuracy of the above sensor's measurement(s) should be +/-3 
wt.%. . [neglecting organic and unknown waste density effects] 

High voltage to the detectors can be supplied by a power supply located 
The event signals from each detector can pass into a within the probe head. 

preamplifier for amplification and some shaping. 
be supplied by a 24 VDC cable. The signal pulses from the preamps can be 
transmitted to the acquisition system outside of the tank with two RG-174 
cables contained in a custom built downhole cable. Alternately, time domain 
multiplexing may be employed using a single conductor cable. 

The probe containment should adhere to Class 1, Division 2, Group B (NEC) 
hazardous location requirements. 
The enclosure will conform to the explosion proof structural requirements, but 
will not be proof tested. Upgrade of the equipment to comply with Class 1, 
Division 1,  Group B requirements may not be possible later, and may require 

Power to the probe head can 

These requirements are defined in UL-1203. 
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The s i g n a l  c a b l e s  w i l l  be a t t a c h e d  t o  t h e  d a t a  a c q u i s i t i o n  system l o c a t e d  
o u t s i d e  o f  t h e  t a n k .  These p o w e r / s i g n a l  c a b l e ( s )  w i l l  be s u p p l i e d  t o  t h e  
sensor  package t h r o u g h  a connec to r .  

The n e u t r o n  p robe  package ( inc lud ing the  e l e c t r o n i c s  and t h e  n e u t r o n  
d e t e c t o r s )  s h a l l  o p e r a t e  w i t h o u t  l o s s  i n  per fo rmance i n  gamma-ray f i e l d s  up t o  
2 0 0  R/hr  and a t  t empera tu res  up t o  190 degrees F (on c o n t a c t  w i t h  p robe  bo t tom 
t o u c h i n g  t h e  waste)  f o r  up t o  a 3 week c o n t i n u o u s  p e r i o d .  I f  some performance 
loss occurs  a t  t h e  ex t reme gamma-ray f i e l d s  o r  t empera tu res ,  t h e  system w i l l  
account  f o r  t h i s  u s i n g  a c a l i b r a t i o n  c o r r e c t i o n  t o  t h e  m o i s t u r e  da ta .  

The probe may be t a k e n  f rom f r e e z i n g  tempera tu res  and p l a c e d  i n t o  warmer 
tempera tu res ,  t h u s  must be a b l e  t o  w i t h s t a n d  condensa t ion  problems and s t i l l  
f u n c t i o n .  

The p robe  s h a l l  be c o n s t r u c t e d  of m a t e r i a l  c o m p a t i b l e  w i t h  t h e  waste  
s u r f a c e s  i t  w i l l  encoun te r .  

The package s h a l l  be a b l e  t o  p e r f o r m  a p p r o x i m a t e l y  30 i n s p e c t i o n s  ( p e r  
r i s e r ) ,  52 r i s e r s  p e r  y e a r  f o r  4 y e a r s  w i th  o n l y  m i n o r  r e p a i r s  r e q u i r e d .  
c a b l e  and c o n n e c t o r  s h a l l  be a b l e  t o  w i t h s t a n d  300 i n s p e c t i o n s  w i t h  m in ima l ,  
i f  any maintenance. 

The CF-252 n e u t r o n  source  has a h a l f - l i f e  o f  2 . 7  y e a r s  and w i l l  need t o  
be r e p l a c e d  p e r i o d i c a l l y .  The u s e f u l  l i f e t i m e  o f  t h e  n e u t r o n  source  w i l l  be 3 
t o  5 y e a r s ,  (1 t o  2 h a l f - l i v e s ) .  T h i s  w i l l  be de te rm ined  more p r e c i s e l y  
d u r i n g  t h e  l a b  t e s t s  and c a l i b r a t i o n  measurements. 

o n l y  by  t h e  p r o b e ' s  w e i g h t .  

The 

The c o n t a c t  f o r c e  genera ted  between t h e  c r u s t  and p robe  w i l l  be genera ted  

The p robe  s u r f a c e  t h a t  w i l l  c o n t a c t  t h e  waste  s h o u l d  be p r o t e c t e d  f rom 
c o n t a m i n a t i o n  by use o f  some t h i n  and c h e m i c a l l y  r e s i s t a n t  b a r r i e r .  
p r i m a r i l y  t o  ease d e c o n t a m i n a t i o n  o f  t h e  p robe  d u r i n g  w i t h d r a w a l .  

T h i s  i s  

3.2 DEPLOYMENT D E V I C E  

Manual o p e r a t i o n  o f  t h e  dep loyment  d e v i c e  i s  a c c e p t a b l e .  The deployment 
may be somewhat r e s t r i c t e d  ( f r o m  t h e  o p t i m a l  d e s c r i b e d  be low)  i f  t h e  r i s e r  i s  
l o c a t e d  n e a r  t h e  t a n k  w a l l  o r  an a d j a c e n t  r i s e r  c o n t a i n s  equipment t h a t  
i n t e r f e r e  w i t h  t h e  deployment enve lope  o r  i f  t a n k  head space i s  l i m i t e d .  

a c q u i s i t i o n  system t h a t  c o n t r o l s  sensor  o p e r a t i o n  and r e c o r d s  d a t a .  
The deployment system w i l l  i n t e r f a c e  w i t h  a p o r t a b l e  f i e l d  d a t a  

The deployment system must i n t e r f a c e  w i t h  t h e  sensor  package, and f i t  
t h r o u g h  an a v a i l a b l e  t a n k  r i s e r .  
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The deployment device may consist of a jointed arm that can be lowered 

The deployment device should be able to rotate about the azimuth, 360 

through the riser into the tank airspace. 

degree rotational freedom is optimal. 

The deployment device should be able to place the sensor at a radius 
between 0 and up to 6 feet from the riser centerline. 
determined by management, the reach may be limited to 3 feet maximum. 

physical conditions and configuration of the sensor deployment. Incorporating 
an integral camera into the deployment arm or use of an existing in tank 
camera will be acceptable. 

the sensor or deployment apparatus for ALARA considerations. 

acquisition system that controls sensor operation and records data. 

In certain cases, as 

The deployment is to be monitored by an in-tank camera to determine the 

A decontamination system should be provided to allow remote cleaning of 

The deployment system will interface with a portable field data 

The deployment device must be able to place the sensor probe at least in 
sixty unique locations per tank (30 samples under one riser). 
different risers is anticipated. 

Use of two 

The deployment device must be able to place the probe back to a previous 
test location, to allow moisture trending over time. The system should allow 
the user to repeat any measurements and at a higher spatial resolution to fill 
in missing gaps which were deemed necessary for further inspection. 

The deployment device may rely on the use of field scaffolding in certain 
instances. 

The deployment device will not be operated in a tank with less than 12.5 
feet head space (distance between the riser stub inside the tank, and waste 
surface). 

on a bi-yearly basis (once every other year) is considered adequate. 

depressed surfaces, such as the craters caused by LOW installation, or salt 
well pumping. 

To help guide general design decisions, moisture measurement of one tank 

The deployment device does not need to be able to interrogate any large 

The deployment device can be installed and removed with a crane. 

The device must perform at least 28 complete test cycles with no failure. 
[ A test cycle is considered placing the probe at 30 different locations under 
a riser 1 .  
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The SMMS will be a stand-alone system with no connections to existing 
tank farm control systems. Power for systems operation will be supplied as 
part of an equipment van. A computer system will interpret probe data in a 
real time mode to allow field placement and testing modifications. 
system must provide feed back to the operator concerning moisture readings. 

The field 

The SMMS data acquisition is to be designed as an industrial hardened 
computer system, with a multichannel analyzer and support electronics 
(generator, wiring, etc.) mounted inside a van. The instrumentation should be 
located outside Surface Contaminated Areas, to the extent practical. 

(azimuthal), arm angle of inclination, pulse quantity and height information 
from the neutron probe, and allow the operator to enter tank/riser location to 
tie this information to the data files. 

The data (at minimum) will consist of electronic compass data 

All instrumentation, materials and software should be industry standard 
and be capable of modification or replacement with minor maintenance protocol. 
Documentation shall be available for all components and where pertinent shall 
include the part number, design drawings, software design descriptions, 
service and/or operations manuals. 

discrimination and the monitoring of radiological spectral data. The data 
acquisition system including the cable and signal conditioning electronics 
shall be capable of processing pulse rates (pulse height analysis and count 
data) up to 20,000 counts per second (cps). Data will be archived on a hard 
drive, and transferred to floppy disks for possible later analysis in the 
laboratory. 

SMMS instrumentation shall be capable o f  nuclear pulse counting with 

The system will provide power isolation for the downhole system utilizing 

All electrical wiring must comply with applicable NEC requirements. 

The instrumentation van will be constructed to operate in most tank farm 

24 volt power for the downhole power supply and pre-amp. 

areas. The vehicle must have factory air conditioning. The vehicle should be 
able to idle in the field for several hours duration, with the A/C on, and not 
experience engine overheating. The van motor shall be protected against 
overheating, by an interlock system that will shut the van off if an overheat 
condition is occurring. 

keyboard and camera controls. 
for the operator and service personnel. 

Operator interface will consist of a computer display and integral 
The console will be located to maximize access 

The computer shall provide 8 MB of RAM and a 500 ME hard disk drive. It 
shall also have a minimum of three available ISA slots and a serial port. The 
computer system should be of an industrial strength that can better withstand 
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t h e  hea t ,  v i b r a t i o n ,  and d u s t  a s s o c i a t e d  w i t h  t r a n s p o r t a t i o n  i n  a v e h i c l e .  

A g r a p h i c a l  o p e r a t o r  i n t e r f a c e  i s  p lanned  f o r  t o  s i m p l i f y  o p e r a t i o n  o f  
t h e  s o f t w a r e .  The i n t e r f a c e  shou ld  m i n i m i z e  o p e r a t o r  use  o f  t h e  keyboard  by  
p r o v i d i n g  e a s i l y  unders tandab le  i c o n s  and a u t o m a t i c  f i l e  naming c o n v e n t i o n s .  

The computer system w i l l  i n t e r f a c e  w i t h  a m u l t i c h a n n e l  a n a l y z e r  and spec. 
amps [ i n  a NIM BIN] v i a  a G P I B  bus. The computer a l s o  i n t e r f a c e s  t h e  
e l e c t r o n i c  compass v i a  a s e r i a l ' c o m m u n i c a t i o n  i n t e r f a c e .  

The s o f t w a r e  w i l l  a c q u i r e  p o s i t i o n  i n f o r m a t i o n  f r o m  an e l e c t r o n i c  compass 
and n e u t r o n  c o u n t  d a t a  f rom t h e  MCA mounted i n  a NIM b i n .  T h i s  i n f o r m a t i o n  
w i l l  be combined w i t h  manual i n p u t  p o s i t i o n  d a t a  ( t h e  r a d i a l  d i s t a n c e  f r o m  t h e  
r i s e r )  t o  p r o v i d e  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  samp l ing  r e s u l t s  as t h e y  
occu r .  
sc reen.  I n  a d d i t i o n ,  t h e  s o f t w a r e  w i l l  l o g  t h e  d a t a  t o  a f i l e .  

T h i s  r e p r e s e n t a t i o n  w i l l  be p r o v i d e d  t o  t h e  o p e r a t o r  on t h e  computer 

T h i s  v e h i c l e  w i l l  be s e l f - c o n t a i n e d ,  n o t  r e q u i r i n g  an e x t e r n a l  source  o f  

C l i m a t e  c o n t r o l  w i l l  be accompl ished w i t h  t h e  v e h i c l e ' s  b u i l t - i n  h e a t i n g  

The v e h i c l e  w i l l  have a 110 VAC power g e n e r a t i o n  system w i t h  a b a t t e r y -  

The system 

P r o v i s i o n s  s h a l l  be made t o  a l l o w  a g e n e r a t o r  o r  s i t e  power t o  r e c h a r g e  

power. 

and a i r  c o n d i t i o n i n g  systems. 

backed u n i n t e r r u p t a b l e  power s u p p l y  (UPS) t o  s t a b i l i z e  power and p r o v i d e  
u n i n t e r r u p t e d  power shou ld  t h e  main system power s t o p  o p e r a t i n g .  
s h o u l d  be capab le  o f  o p e r a t i n g  a t  a minimum o f  s i x  hou rs  on b a t t e r y  power. 

t h e  UPS b a t t e r i e s .  

The Van w i l l  have s u f f i c i e n t  l i g h t i n g  f o r  i n s t r u m e n t  o p e r a t i o n .  

The Van w i l l  p r o v i d e  env i ronmen ta l  p r o t e c t i o n  f o r  t h e  c o n s o l e .  Any 
hardware mounted o u t s i d e  t h e  van w i l l  be a b l e  t o  w i t h s t a n d  t h e  t y p i c a l  Han fo rd  
e n v i  ronment . 

Sto rage  o f  t h e  Data A c q u i s i t i o n  and C o n t r o l  System when n o t  i n  use w i l l  

The Data  A c q u i s i t i o n  and C o n t r o l  System i s  e s t i m a t e d  t o  have a 10 y e a r  

be i n - d o o r s .  

l i f e t i m e  w i t h  normal p r e v e n t a t i v e  maintenance i n c l u d i n g  rep lacemen t  o f  s h o r t  
l i f e  components, such as c a b l e s  and c o n n e c t o r s .  

3.4. DECONTAMINATION AND STORAGE 

P r i m a r y  decon tamina t ion  o f  a l l  i n  t a n k  hardware s h a l l  be pe r fo rmed  
m a n u a l l y  u s i n g  e x i s t i n g  d e c o n t a m i n a t i o n  t e c h n i q u e s .  
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as a r e s u l t  o f  uneven waste  s u r f a c e s .  

V ideo s i g n a l  may be r e a l  t i m e ,  and capab le  o f  b e i n g  r e c o r d e d  i n  t h e  
American f o r m a t  (NTSC). De lay  due t o  i n t e g r a t i o n  o f  s i g n a l  i s  a c c e p t a b l e .  

Camera must be s p l a s h  p r o o f ,  t o  s u r v i v e  decon tamina t ion .  

Camera must i n t e r f a c e  w i t h  t h e  deployment arm d e d i c a t e d  winch, and any 

Camera deployment c a b l e  s h a l l  be des igned  f o r  a 100 l b .  w o r k i n g  l o a d  ( 4  

l o c a l  c o n n e c t i o n s  f o r  s i g n a l / p o w e r  i n p u t / o u t p u t .  

t i m e s  w e i g h t  o f  camera system), and 300 l b  b r e a k i n g  l o a d .  
o n l y  s u r v i v e  t h e  100 l b  l o a d .  

A b s o l u t e l y  no exposed aluminum, anod ized o r  n o t ,  i s  a l l o w e d  t o  e n t e r  t h e  
t a n k  space u n l e s s  i t  i s  c o n t a i n e d  i n  a f a s h i o n  wh ich  p r e v e n t s  any waste  
c o n t a c t  under  a c c i d e n t  c o n d i t i o n s  e v a l u a t e d  i n  t h e  s a f e t y  bases. 

The deployment c a b l e  must have a c o n d u c t i v e  p l a s t i c  j a c k e t .  

The camera must s h u t  o f f  a l l  s p a r k  sources  ( l i g h t s ,  mo to rs ,  e t c )  p r i o r  t o  
The s h u t  o f f  system, c u r r e n t l y  e n v i s i o n e d  as a p a i r  

Conductors  need 

i g n i t i n g  a gas r e l e a s e .  
o f  gas sensors ,  must meet s a f e t y  c l a s s  1 r e q u i r e m e n t s  f o r  t h e  f u n c t i o n  o f  
s h u t t i n g  o f  a l l  camera spa rk  sources  a f t e r  a r e l e a s e  i s  d e t e c t e d .  [ T h i s  
system i s  o n l y  q u a l i f i e d  f o r  use i n  n o n - c l a s s i f i e d ,  Hydrogen w a t c h l i s t  t a n k s . ]  

Condensat ion  must be c o n s i d e r e d  when p l a c i n g  a c o l d  camera i n t o  a warm tank .  
Camera must o p e r a t e  i n  tempera tu re  ranges f r o m  0°F t o  122°F maximum. 

A v i d e o  s i g n a l  must be made l o c a l l y  a v a i l a b l e  t o  t h e  deployment arm 

C o n t r o l  and TV m o n i t o r  d i s p l a y  w i l l  be mounted i n  t h e  I n s t r u m e n t a t i o n  

o p e r a t o r .  The v i d e o  s i g n a l  must be capab le  o f  b e i n g  reco rded .  

Van. Two 19" r a c k s  x 3.5"  high, p l u s  m o n i t o r .  E s t i m a t e d  power r e q u i r e m e n t  i s  
l e s s  t h a n  300 Wat ts .  

The camera w i l l  remain  an i n t e g r a l  p a r t  o f  t h e  dep loyment  arm. It can be 
removed as r e q u i r e d  t o  p e r f o r m  genera l  maintenance o r  r e p a i r  when t h e  
deployment arm has been removed f rom t h e  t a n k .  

Use o f  t h e  i n t e g r a l  camera system i n  any hydrogen w a t c h l i s t  t a n k  w i l l  
r e q u i r e  t h e  s a f e t y  c l a s s  one (1) gas i n t e r l o c k  system c u r r e n t l y  i n  
development,  d e s c r i b e d  above. 

4.0  SYSTEM OPERATIONAL SCENARIO 

4.1 DEPLOYMENT 

Page 14 
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Computer models have been constructed to aid in both the design of these 
probes and in the interpretation of data obtained with these probes. The 
responses of the prototype neutron probes have also been calibrated in waste 
moisture simulants. While both the neutron moderation technique and the EM1 
technique have been used in the well logging industry for many years, the 
neutron technique is currently at a more advanced stage of development for in- 
tank application. Other techniques for moisture measurement include optical 
reflection techniques, such as near infrared scattering. 
techniques are even less developed for in-tank application and only obtain 
moisture information from a depth of less than about 1 mm into the waste. 

These optical 

2.2 PLANNED SURFACE MEASUREMENT APPROACH 

Surface moisture measurements from within LOWs have limitations, caused 
primarily by the way individual LOWs were installed. 
other irregularities exist near the waste surface, that lead to very complex 
data reduction problems when using a neutron probe. 
limited if much of a tank's surface must be mapped for moisture. Therefore, 
the direct surface moisture measurement will be accomplished with an in situ 
sensor, deployed on a custom arm, through an available riser tank riser. 

Various air gaps and 

Also, use of LOWs is 

2.2.1 Sensor Selection 

The neutron moderation moisture probe has been selected as the first 
sensor technology to be deployed for surface waste moisture measurements 
because of both its advanced state of development and its expected capability 
to rapidly meet the data needs. Other sensors may be deployed later, as 
needed, if the results of their development demonstrates their capability to 
obtain needed data. Because of the likely presence of organics in the tank 
wastes of interest, it is expected that the neutron probe data may benefit 
from additional supporting data, most likely from available samples, data 
obtained from the LOW with neutron and EM1 probes, and possibly an EM1 surface 
probe. 

Determination of an optimal design for the surface neutron moisture 
sensor, given mechanical constraints, is desirable. Both computer modeling of 
detector responses and experimental tests will be performed in order to select 
the best configuration of the sensor package. These tests and computer 
predictions will be used to determine the expected sensor sensitivities to 
waste moisture and t o  anticipate the sensor depth of interrogation in the 
waste. Optimization of sensor design, to best obtain information from the top 
5-15 cm of waste will be attempted. Preference will be given to designs which 
may provide information about the moisture profile within that 5-15 cm depth. 
The tests and modeling will also provide a better indication of the expected 
moisture measurement accuracy that will be attained with the designed sensor. 

Page A-2 











WHC-SD-WM-DRD-002 
REV 0 

Fauske has c o n t i n u e d  h i s  work  on i n i t i a t o r s .  He i s  d e v e l o p i n g  a r e l a t i o n  
between e n e r g i e s  o f  i n i t i a t o r s  vs .  r e a c t i o n  p r o p a g a t i o n  o f  s t o i c h i o m e t r i c  
waste m i x t u r e s .  I n  s i m p l e  terms, a s m a l l  i n i t i a t o r  may n o t  l i g h t  t h e  waste, 
where a l a r g e r  i n i t i a t o r  may. 
been c o n s e r v a t i v e l y  de te rm ined  as 1200 J/gram. 

The maximum energy  o f  o r g a n i c  t a n k  waste  has 

I n  d i s c r e t i z e d  te rms  ( l o o k i n g  a t  a 1 mm waste  l a y e r s ) ,  t h e  h e a t  energy  
f rom an " i g n i t e d "  l a y e r  i s  d r i v e n  down t o  t h e  n e x t  l a y e r .  I n  t h i s  approach, 
t h e  i n i t i a t o r  i s  assumed t o  have i g n i t e d  t h e  t o p  l a y e r ,  t h e n  t h e  i n i t i a t o r  
ceased p r o v i d i n g  energy  i n p u t .  
r e l e a s e d  f r o m  each l a y e r  i s  assumed t o  p ropaga te  downward, and i n i t i a t e  a 
r e a c t i o n  i n  t h e  n e x t  l o w e r  l a y e r .  I n  a l l  cases, p e r  Fauske 's  work, a waste 
l a y e r  c o n t a i n i n g  20% by  w e i g h t  m o i s t u r e  w i l l  cause t h e  waste  r e a c t i o n  t o  
t e r m i n a t e .  

S u s t a i n e d  r e a c t i o n  o c c u r s  as t h e  energy  

Assuming s t o i c h i o m e t r i c  m i x t u r e s  a r e  p r e s e n t ,  and an i n i t i a t o r  o f  
s u f f i c i e n t  energy  i g n i t e s  t h e  f i r s t  was te  l a y e r ,  t h e r e  i s  some amount o f  waste 
b u r n  t h a t  can  be t o l e r a t e d  b e f o r e  unaccep tab le  consequences happen. There has 
been no p u b l i s h e d  work done t o  d a t e  c o n c e r n i n g  "how much waste  can bu rn?" .  
Fo r  i n s t a n c e ,  i f  o n l y  2 cm can b u r n  b e f o r e  t h e  t a n k  dome r u p t u r e s ,  o b v i o u s l y  
t h e  m o i s t u r e  p robe  must c o n f i r m  t h a t  by 1.9 cm deep, a l a y e r  o f  20% m o i s t u r e  
e x i s t s .  L i k e w i s e ,  i f  30 cm c o u l d  a c c e p t a b l y  burn ,  m o i s t u r e  d a t a  t o  a d e p t h  o f  
30 cm wou ld  be d e s i r a b l e .  

The above focuses  on an i n i t i a t o r  p u r e l y  f r o m  t h e  waste  s u r f a c e .  
second p o s s i b i l i t y  i s  t h a t  an i n i t i a t o r  p e n e t r a t e s  t o  some d i s t a n c e  under  t h e  
s u r f a c e  due t o  k i n e t i c  energy.  Thus, t h e  p o t e n t i a l  i n i t i a t o r s  and energy  
magn i tudes  c l e a r l y  d i c t a t e  how deep t o  a c q u i r e  m o i s t u r e  d a t a .  

A 

There  have been s t u d i e s  t o  examine a c c i d e n t  s c e n a r i o s  t o  d e t e r m i n e  t h e  
s i z e  and w e i g h t  o f  p o t e n t i a l  i n i t i a t o r s  and t h e  l i k e l y  d i s t a n c e  an i n i t i a t o r  
wou ld  p e n e t r a t e  (Ref .  4 ) .  The p o t e n t i a l  i n i t i a t o r s  t h a t  have been p o s t u l a t e d ,  
such as h o t  s l a g  f r o m  we ld ing ,  sparks  f rom g r i n d i n g ,  o r  b u r n i n g  g a s o l i n e ,  do 
n o t  have a l a r g e  mass and wou ld  p r o b a b l y  n o t  p e n e t r a t e  v e r y  f a r ,  e s p e c i a l l y  
f o r  t h e  case o f  s a l t  cake waste wh ich  i s  hard .  The o b j e c t s  c o u l d  p e n e t r a t e  
deeper  i n  t h e  s l u d g e  waste, b u t  s ludges  g e n e r a l l y  r e t a i n  c o n s i d e r a b l e  w a t e r  
and t h e r e f o r e  do n o t  pose a p r o p a g a t i o n  hazard  u n l e s s  t h e  s u r f a c e  i s  d r i e d .  
Note  t h a t  i t  i s  p o s s i b l e  f o r  an o b j e c t  t o  f a l l  a l o n g  t h e  gaps i n  t h e  s a l t c a k e  
around LOWS and s a l t w e l l  pumps. 

S ince  much o f  t h e  above a n a l y s i s  i s  b e i n g  per fo rmed,  o r  w i l l  be per fo rmed 
a t  a l a t e r  t i m e ,  t h e  n e u t r o n  p robe  s h o u l d  be des igned  t o  o b t a i n  p e n e t r a t i n g  
m o i s t u r e  d a t a ,  up t o  a d e p t h  o f  14 cm i n  v e r y  d r y  waste. A l s o ,  s t r a t i f i c a t i o n  
i n f o r m a t i o n  i s  i m p o r t a n t .  [ i e :  i f  ana lyses  i n d i c a t e  t h a t  o n l y  t h e  t o p  2 cm 
can b u r n  b e f o r e  t a n k  f a i l u r e ] .  The re fo re ,  t h e  p robe  s h o u l d  p r o v i d e  a t  l e a s t  
t h r e e  m o i s t u r e  i n d i c a t i o n s ,  one o f  n e a r  s u r f a c e  o n l y  ( 2  cm), one o f  m i d d l e  
p e n e t r a t i o n  ( 6  crn), and one o f  maximum p e n e t r a t i o n  (14  cm). I f  t h e  t o p  waste 
i s  wet,  t h e  deeper  p e n e t r a t i o n  i s  l e s s  i m p o r t a n t ,  and t h e  14 cm c r i t e r i a  i s  
l e s s  c r i t i c a l  t o  measurement success. 
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West Area 

s-102 
T-111 

~ ... 
TX-105 
TX-118 

The remaining 14 t a n k s  a r e  not t o  be su r face  moisture  t e s t e d ,  a s  they 
have a supernate  l a y e r  on top  of  them a t  this t ime.  

AX-102 
C-103 
s-111 
SX-103, 106 
TY-104 
U-103, 105, 106, 107, 203, 204 
A-102 
BX-110 

3.7.1 R i se r s  

I t  i s  intended t o  i n t e g r a t e  a camera i n t o  t h e  SMMS des ign .  Thus, only 
one r i s e r  would be required t o  perform a surface moisture  scan.  
s t a t i s t i c a l l y ,  t e s t i n g  may be requi red  from more than just one r i s e r  per  tank.  

However, 

T a n k  waste leve l  and head space below the r i s e r s  a r e  c r i t i c a l  f o r  design.  
T h e  major i ty  of  t h e  r i s e r s  a r e  ou t s ide  p i t s ,  b u t  many have instruments  o r  
equipment mounted in  them. There are from four t o  t e n  4 "  r i s e r s  on each t a n k .  
There a r e  a l s o  6 " ,  8" and 12" risers on the tanks  t h a t  could be used with a 
deployment system adapter .  

r i s e r s  t o  use t h e  SMMS, b u t  t h e  r e t r i e v a l  of  l a r g e  equipment, the removal of 
weather cover ings ,  and t h e  use of fouled r i s e r s  w i l l  be done only as  a l a s t  
r e s o r t .  The use o f  open r i s e r s ,  observat ion po r t  r i s e r s  and b rea the r  f i l t e r  
r i s e r s  i s  t h e  base l ine  approach. Physical a u d i t s  must be performed f o r  t h e  
tanks  of i n t e r e s t ,  photos taken and l a y o u t s  made, t o  double check r i s e r s  
a v a i l a b l e  and t o  determine t h e  actual  physical  a c c e s s i b i l i t y  o f  t h e  r i s e r s ,  
equipment ad jacen t ,  e t c .  I t  should be noted t h a t  some r i s e r s  a r e  empty, b u t  
b e n t  and un-useable. 

I t  i s  poss ib l e  t h a t  some equipment wi l l  have t o  be removed from t h e  

S p e c i f i c  t anks ,  and t h e i r  r i s e r s ,  w i l l  be inves t iga t ed  during t h e  course 
Arm design modi f ica t ions  o r  f i e l d  sca f fo ld ing  may be required of t h e  design.  

t o  assure  one general  design f i t s  a l l  t h e  above t anks .  A minimum of 12.5 f e e t  
head space,  between the  r i s e r  s tub  i n s i d e  t h e  tank ,  and waste su r face ,  w i l l  be 
required t o  use the  deployment arm. 

This a l t e r n a t e  design 
[ An a l t e r n a t e  deployment design w i l l  be requi red  for tanks  with head 
space g r e a t e r  t h a n  8 f e e t  b u t  l e s s  t h a n  12.5 f e e t .  
wi l l  most l i k e l y  r equ i r e  t h e  use of  a 12" r i s e r  t o  a t t a i n  t h e  2 meter 
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5.2.1 Overview of the Neutron Thermalization Technique 

To measure the amount o f  moisture in the surface waste, we will use a 
technique based upon neutron thermalization. This technique has been used for 
many years in other applications to measure moisture on the surface of soil 
and within oil-logging holes. In this method, neutrons are emitted by a source 
(usually from a radioisotopic source) out into the material under inspection 
(the waste, in this case). The source neutrons, which initially have an 
average energy of about 2 MeV, scatter from the nuclei of the waste and lose 
some energy each time they scatter. Because they have the same mass, the 
neutrons lose most of their energy, and most quickly, when they scatter from 
hydrogen nuclei (protons). The neutrons scatter several times and eventually 
slow down to thermal energies (0.025 eV). A thermal neutron sensitive detector 
located near the neutron source detects source neutrons which become 
thermalized by the hydrogen within the waste and scatter back to the detector. 
The more water present, the more hydrogen and the greater the count rate in 
the thermal neutron detector. So the detector count rate can be related to 
the hydrogen content (moisture and organics) of the waste material. 

cone penetrometer (Ref. 7 ) .  In each case, the neutron thermalization is used 
to measure the amount of bulk moisture (or water level) within the tank waste. 
In each of these applications, two detectors are used with the neutron source. 
The ratio of the two detector count rates (near field vs. far field) has been 
shown theoretically and experimentally to be very sensitive to the moisture 
content and very insensitive to the amount of neutron absorbers present within 
the waste. Furthermore, the use of a "near-far'' configuration allows the 
examination of the waste over different volumes with different depth profiles. 
This type of arrangement could permit the identification o f  a moisture 
gradient to several centimeters within the waste. 

The neutron detector baseline design is an ionization chamber lined with 
6-10. 
energetic charged particles which ionize the gas within the chamber. 
central wire biased to about 500 to 700 Volts collects the charge produced by 
the recoil particles. The pulses generated are sent to a preamplifier and 
then to a spectroscopic analyzer for shaping and amplification. 
multichannel analyzer (MCA) would be used to record the pulse(s) caused by 
each neutron event. 

This technique has been applied to LOW measurements (Ref. 8) and to the 

Thermal neutrons entering the chamber interact with the boron producing 
A 

A scalar or 

5.2.2 Application of the Neutron Sensor to the Present Task 

We anticipate using two or three neutron detectors, one right next (near 
detector) to the neutron source (Californium, Cf-252) and the others several 
inches away (far detector). The detectors would be enclosed in a hermetically 
sealed package and set down on the surface so that each detector is separated 
from the waste surface by only the thin wall of the package. 
geometry, the near detector examines the waste a few inches directly below the 
detector and the far detector examines a larger and separate volume. 

In this 

Page A-14 

, 



WHC-SD-WM-DRD-002 
REV 0 

Other geometry's are also being considered. For example, a package with 
a near detector positioned horizontally and located next to the waste surface, 
and one or two additional detectors also positioned horizontally but directly 
above the near detector. The idea here is that the near detector would be 
sensitive to neutrons which penetrate deep into the waste, and the other 
detectors would be more sensitive to neutrons thermalized nearer to the waste 
surface. This will be studied with Monte Carlo-based modeling and lab tests 
as described in Section 5.2.3. 
neutron absorbing materials (such as boron) within the waste, we will consider 
surrounding the detectors with a thin sheet o f  cadmium. The cadmium absorbs 
the thermal neutrons and permits only epithermal neutrons (energies above 0.3 
eV) to pass into the probe for detection. Epithermal neutrons are much less 
affected by the neutron absorbers which react mainly with thermal neutrons. 
Furthermore, epithermal neutrons examine a smaller region of the waste since 
they have experienced fewer scatterings than completely thermalized neutrons. 

within the probe head. 
preamplifier for amplification and some shaping. 
would be supplied by a 24 VDC cable. The signal pulses from the preamps will 
be transmitted to the acquisition system outside of the tank with two RG-174 
cables contained in a custom built downhole cable. Alternately, time domain 
multiplexing may be employed using a single conductor cable. 

To reduce affects caused by the presence of 

High voltage to the detectors would be supplied by a power supply located 
The event signals from each detector would pass into a 

Power to the probe head 

5.2.3 Modeling and Lab Tests to Address Open Questions 

Several questions about the performance of the detector probe remain open 
and will be studied using both Monte Carlo based neutron transport modeling 
(MCNP) and laboratory simulated tests. These questions include: choosing the 
best overall geometry (e.g., the near-far geometry lying horizontally or 
vertically), optimizing the selected geometry, studying the affects of neutron 
absorbers on the detector response, studying the affects of uneven surfaces on 
the detector response, examining the penetration volume of the neutrons 
emitted into the waste and detected by the probe, and the ability of the probe 
to measure the moisture gradient within the waste. 

Monte Carlo modeling will be used to examine these questions and to 
determine the amount of surface actually being examined by the source 
neutrons, Laboratory tests will be conducted at SAIC using available 6-10 
lined detectors and test beds to verify the results of the modeling results. 
The test beds will include layers of dry and wet sand (calibrated materials) 
to understand the response of the detectors in various geometries and to 
various moisture gradients. 

5.2.4 Testing Plan 

Earlier tests [Ref. 71 showed that the 6-10 lined neutron detectors were 
capable of operating in an environment o f  3,000 R/hr' (gamma) and 250oF without 
any adverse performance effects. No additional radiation or thermal tests are 
required for the detectors. 
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Systematic errors arising from, for example, the unevenness of the waste, 
the distance of the probes above the waste, and gain shifts in the electronics 
or detectors arising from changes in the temperature or high gamma-ray fluxes 
must also be quantified. These systematic errors will be studied with the 
modeling and in the lab experiments. 

Unknown waste density, neutron poisons, and presence of hydrogen not in 
water form will also add to the overall system design uncertainty of +/- 3%. 
These effects shall be minimized, and must be quantified during the project to 
conclude the final overall error in the moisture probe reduced data. 

5.4 SAFETY REQUIREMENTS 

The probe containment should adhere to Class 1, Division 2, Group B (NEC) 
hazardous location requirements. These requirements are defined in UL-1203. The 
enclosure will conform to the explosion proof structural requirements, but will 
not be proof tested. Upgrade of the equipment to comply with Class 1, Division 
1, Group B requirements may not be possible later, and may require special 
certifications from nationally recognized testing laboratories. 

The deployment cable should comply with the same Division 2 code. 

Static electricity discharge prevention practices (applicable NFPAstandards 
and guideline) will be employed in the design of this system . All equipment 
will be electrically bonded. Cables, which have plastic jackets, that roll over 
pulleys or other static charge inducing configurations shall have a 
semi-conductive jacket to drain or dissipate the static charge. The maximum 
resistance to ground for semi-conductive plastic will be l ess  than 1 megohm. [ 
The resistance value of 1 megohm will dissipate static charge to prevent a static 
discharge. The plastic batch must be tested prior to extrusion. Therefore, 
testing of 1 megaohm on the finished cable can not be performed, but will be 
assured by pre-extrusion vendor documentation from the plastic's manufacturer.] 
All equipment will be bonded to a riser for field service. 

The probe package will be designed so that the Cf-252 neutron source 
(approximately 16.0 pgram) can be removed easily and quickly and transferred to 
a radiological safe container, DOT 7 A  Type A, for source transportation. The 
source will be handled by standoff tools to provide ALARA conditions. 

5 . 5  STRUCTURAL REQUIREMENTS 

The probe package will be designed to withstand internal pressures of up to 
500 psi. (This is the peak explosion pressure for hydrogen gas in the 
anticipated probe geometry). 

The probe shall not break off the deployment arm at a load less  than 2000 
pounds. After a 400 pound load or greater, the conductors need not function 
anymore. 

The maximum the neutron probe will weigh is 25 lbs, not including the 

. ,. . 
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deployment 
c a b l e .  

5.6 DESIGN DESCRIPTION 

The n e u t r o n  source  and I x t o r f s )  I a l l  be s i z e d  and g e o m e t r i c a l l y  a r ranged  
t o  a i d e  i n  s u b s u r f a c e  m o i s t u r e  d a t a ' r e c o v e r y .  The a b i l i t y  t o  d i s t i n g u i s h  near  
m o i s t u r e  f r o m  f a r  (deeper)  m o i s t u r e  s h o u l d  be o p t i m i z e d  ( d e t e c t  l a y e r i n g  e f f e c t s  
as b e s t  as p o s s i b l e ) .  

The n e u t r o n  probe i n s t r u m e n t a t i o n  y3ckage ( i n  t h e  t a n k )  w i l l  i n c l u d e  t h e  
f o l l o w i n g  components: ( 1 )  two t o  f o u r  B l i n e d  n e u t r o n  d e t e c t o r s ;  (2)  a C f 2 5 2  
source  ( -16  micrograms o r  e q u i v a l e n t )  a t t a c h e d  t o  a p lacement  rod ;  (3)  an 
a d j u s t a b l e  h i g h  v o l t a g e  s u p p l y  (300 t o  1600 VDC) s u f f i c i e n t  t o  s u p p l y  a maximum 
o f  f o u r  n e u t r o n  d e t e c t o r s ;  ( 4 )  p r e a m p l i f i e r s  f o r  each o f  t h e  n e u t r o n  d e t e c t o r s ;  
and (5)  a t e m p e r a t u r e  sensor .  

I f  more t h a n  one 6'' l i n e d  n e u t r o n  d e t e c t o r s  a r e  used, t h e n  a m u l t i p l e x e r  
o r  o t h e r  s w i t c h i n g  system t o  a l l o w  t h e  probe t o  t r a n s m i t  t h e  a m p l i f i e d  ana log  
n e u t r o n  e v e n t  p u l s e s  t o  t h e  up-ho le  i n s t r u m e n t a t i o n .  One o r  more RG-174 c o a x i a l  
c a b l e s  w i l l  be a v a i l a b l e  i n  t h e  n e u t r o n  probe c a b l e .  The a m p l i f i e d  and shaped 
n e u t r o n  e v e n t  p u l s e s  have a p u l s e  h e i g h t  spec t rum s i g n a t u r e  t h a t  must be observed 
t o  d e t e r m i n e  t h a t  t h e  system i s  o p e r a t i n g  p r o p e r l y .  

5.7 SUPPORT/INTERFACE REQUIREMENTS 

F o r  o p e r a t i o n ,  t h e  m o i s t u r e  sensor  package w i l l  r e q u i r e  24 VDC s u p p l i e d  by 
an 18 AWG c a b l e .  The s i g n a l  c a b l e s  w i l l  be a t t a c h e d  t o  t h e  d a t a  a c q u i s i t i o n  
system l o c a t e d  o u t s i d e  o f  t h e  t a n k .  These power /s igna l  c a b l e ( s )  w i l l  be s u p p l i e d  
t o  t h e  sensor  package t h r o u g h  a c o n n e c t o r .  

The sensor  package w i l l  be suppor ted  on an arm and l o w e r e d  t o  t h e  waste 
u s i n g  t h e  s i g n a l  c a b l e .  

5.8 ENVIRONMENTAL DESIGN REQUIREMENTS 

The n e u t r o n  p robe  package ( i n c l u d i n g  t h e  e l e c t r o n i c s  and t h e  n e u t r o n  
d e t e c t o r s )  s h a l l  o p e r a t e  w i t h o u t  loss i n  per fo rmance i n  gamma-ray f i e l d s  up t o  
200 R /h r  and a t  t empera tu res  up t o  150 degrees F f o r  up t o  a 3 week con t inuous  
p e r i o d .  I f  some per fo rmance l o s s  o c c u r s  a t  t h e  extreme gamma- r a y  f i e l d s  o r  
t empera tu res ,  t h e  system w i l l  account  f o r  t h i s  u s i n g  a c a l i b r a t i o n  c o r r e c t i o n  t o  
t h e  m o i s t u r e  d a t a .  

The p robe  may be t a k e n  f r o m  f r e e z i n g  tempera tu res  and p l a c e d  i n t o  warmer 
tempera tu res ,  t h u s  must be a b l e  t o  w i t h s t a n d  c o n d e n s a t i o n  prob lems and s t i l l  
f u n c t i o n .  

The p robe  s h a l l  be c o n s t r u c t e d  o f  m a t e r i a l  c o m p a t i b l e  w i t h  t h e  waste 
s u r f a c e s  i t  w i l l  encoun te r .  
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5.9 DESIGN LIFE REQUIREMENTS 

The instrumentation package shall be designed to operate continuously for 
3 continuous weeks. The package shall be able to perform approximately 50 
inspections (per riser), 52 risers per year for 4 years with only minor repairs 
required. The cable and connector shall be able to withstand up to 10,000 total 
inspections under normal operating conditions. 

The CF-252 neutron source has a half-life of 2 . 7  years and will need to be 
replaced periodically. The useful lifetime of the neutron source will be 3 to 
5 years, (1  to 2 half-lives). This will be determined more precisely during the 
lab tests and calibration measurements. 

6.0 DEPLOYMENT SYSTEM REQUIREMENTS 

6.1 FUNCTIONAL REQUIREMENTS 

The SMMS deployment arm can be installed and removed with a crane in a 
typical 4" (or larger) tank riser. It must perform at least 28 complete test 
cycles with no failure. [A test cycle is considered placing the probe at 30 
different locations under a riser]. The minimum head height required for this 
will be 12.5'. 

If an integral camera system is selected, it should be designed so that it 
does not create a jamming potential under normal operation. In the event of a 
failure, the camera can be considered sacrificial, be cut loose, and pushed into 
the tank from above. 

Once installed, the SMMS deployment system can be manually controlled. The 
system should be able to place the sensing package (probe) on the waste surface 
up to 6 feet away from the vertical riser centerline, in various degrees of 
rotation about riser centerline. Winches can be used actuate arm rotation, 
camera deployment and sensing probe cables. Providing elevation data of the 
waste surface to t/- 1" would be an optimal feature. 

Electrical connections between the probe and data acquisition vehicle can 
be made after the probe is firmly sitting on the crust. [ After the probe is 
positioned, the data acquisition system would be attached to a connector on the 
payout winch (drum) axle centerline, which is attached to the in tank probe via 
the downhole cable.] 

The contact force generated between the crust and probe will be generated 
only by the probe's weight. 

The probe must be placed at various rotations about vertical centerline, at 
some radius (up to 6') away from riser centerline. [ Rotational freedom can be 
restricted on a case by case basis if riser proximity to the tank wall or 
adjacent in-tank instruments i s  a factor. The radius may also be limited by the 
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head space a v a i l a b l e  i n  c e r t a i n  t a n k s . ]  

Maximum o u t s i d e  d i a m e t e r  o f  t h e  d e v i c e  s h a l l  be no g r e a t e r  t h a n  3.60 inches  
t o  c l e a r  t h e  minimum a n t i c i p a t e d  c l e a r  d i a m e t e r s  o f  t h e  4 "  o r  l a r g e r  r i s e r s .  
C o n c e n t r i c i t y  o f  d i a m e t e r s  i s  a l s o  t o  be m a i n t a i n e d  so t h a t  t h e  d e v i c e  may f i t  
down t h e  r i s e r .  

The n e u t r o n  probe s h a l l  be a b l e  t o  be c o n t r o l l a b l y  dep loyed  t o  assu re  c r u s t  
i r r e g u l a r i t i e s  do n o t  a f f e c t  d a t a  q u a l i t y .  A p e r p e n d i c u l a r  o r i e n t a t i o n  t o  t h e  
waste  s u r f a c e  i s  accep tab le ,  and may indeed  be o p t i m a l .  

F o l l o w i n g  deployment arm i n s t a l l a t i o n ,  t h e  system s h o u l d  be des igned  t o  be 
o p e r a t e d  w i t h  a min ima l  crew. The w inch  systems a t  t h e  r i s e r  t o p  w i l l  be 
o p e r a b l e  by  one person and a l l  above g rade  equipment i n  an SCA w i l l  be des igned  
f o r  use by  pe rsonne l  wear ing  pe rsona l  p r o t e c t i v e  equipment.  

Probe p o s i t i o n  w i l l  be measured b y  v i s u a l  gages o r  e l e c t r o n i c  encoders (as 
a p p r o p r i a t e ) .  

F o r  l i m i t e d  headspace t a n k s  (between 8.5 '  and 1 2 . 5 ' ) ,  a 12" r i s e r  may be 
used, i n s t e a d  o f  a 4 "  r i s e r .  T h i s  a p p l i c a t i o n  w i l l  r e q u i r e  a d i f f e r e n t  
deployment mechanism, s i m i l a r  t o  t h e  o r i g i n a l  des ign ,  b u t  un ique.  T h i s  DRD 
men t ions  t h i s  a p p l i c a t i o n  so t h e  r e v i e w e r s  a r e  aware o f  t h e  f i r s t  deployment 
mechanism's l i m i t a t i o n s .  Funding i s  i d e n t i f i e d  i n  1996 f i s c a l  y e a r  t o  b u i l d  t h e  
l i m i t e d  headspace deployment system. 

6.2 SAFETY REQUIREMENTS 

The SMMS deployment arm i s  t o  be decontaminated  t o  a c c e p t a b l e  l e v e l s  p r i o r  
t o  moving i t  f r o m  r i s e r  t o  r i s e r  o r  f o r  s to rage .  Decon tamina t ion  d u r i n g  
w i t h d r a w a l  f r o m  t h e  t a n k  shou ld  o n l y  be done i f  a b s o l u t e l y  necessa ry  t o  p r e v e n t  
i n t e r f e r e n c e  w i t h  subsequent m o i s t u r e  measurements. Use o f  a r i s e r  l i n e r  w i l l  
be eva lua ted ,  and i f  an accep tab le  l i n e r  i s  l o c a t e d ,  i t  w i l l  be used t o  l i m i t  t h e  
c o n t a m i n a t i o n  spread t o  t h e  SMMS deployment a r m  f r o m  t h e  r i s e r ' s  p a s t  use. 

Use o f  s t a i n l e s s  s t e e l  f o r  me ta l  components i s  p r e f e r r e d .  A l l  m a t e r i a l s  
must be c o m p a t i b l e  w i t h  t h e  t a n k  env i ronment  and p r o v i d e  s u r f a c e s  easy t o  
decontaminate .  

M a t e r i a l s  shou ld  be non-spark ing  and be e l e c t r i c a l l y  grounded. Cable 

R a d i a t i o n  dose t o  worke rs  i s  t o  be m i n i m i z e d  and i n  comp l iance  w i t h  t h e  

A f t e r  t h e  USQ i s  completed, t h e  system s h a l l  be e v a l u a t e d  t o  assu re  

d e s i g n s  w i l l  u t i l i z e  semi -conduct ive  j a c k e t s .  

Han fo rd  S i t e  R a d i o l o g i c a l  C o n t r o l  Manual.  

compl iance w i t h  a l l  USQ r e q u i r e d  c o n t r o l s .  

Worker exposure t o  n o n - r a d i o l o g i c a l  t o x i c  and p h y s i c a l  hazards  a r e  t o  be 
c o n t r o l l e d  i n  accordance w i t h  t h e  WHC Tank Farm H e a l t h  and S a f e t y  P lan  (HASP) 
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WHC-SD-WM-HSP-002. 

D u r i n g  w i t h d r a w a l  o f  t h e  dep loyment  arm f r o m  t h e  t a n k ,  i t  i s  d e s i r a b l e  t o  
m a i n t a i n  100% c o n t a m i n a t i o n  c o n t r o l ,  u s i n g  g l o v e  bags, p l a s t i c  s l e w i n g ,  
greenhouse(s),  and o t h e r  s t a n d a r d  t a n k  f a r m  p r a c t i c e s .  

6.3 STRUCTURAL REQUIREMENTS 

The arm and deployment mast a r e  t o  be des igned  w i t h  an a c c e p t a b l e  s a f e t y  
f a c t o r  f o r  t h e  normal o p e r a t i o n a l  l o a d s  expec ted .  A s t r e s s  a n a l y s i s  r e p o r t  
w i l l  be p repared  t o  document l o a d s ,  and a s - b u i l t  s a f e t y  f a c t o r s .  

The i n s t r u m e n t a t i o n  p robe  c a b l e  c o n n e c t i o n  w i l l  have a b r e a k i n g  s t r e n g t h  o f  
2,000 pounds. 

The system s h a l l  n o t  compromise t h e  i n t e g r i t y  o f  t h e  t a n k .  Se ism ic  and 
impact  l o a d s  must be c o n s i d e r e d  i n  t h e  d e s i g n  s t r u c t u r a l  ana lyses .  I f  an 
impact  l i m i t i n g  system i s  r e q u i r e d ,  i t  s h a l l  a l s o  be ana lyzed  i n  t h e  s t r e s s  
a n a l y s i s  r e p o r t .  

The deployment system must be des igned  i n  a way t o  p r e v e n t  permanent 
jamming when remov ing  t h e  arm f r o m  t h e  t a n k  r i s e r .  C r e d i t  may be t a k e n  f o r  
o p e r a t o r s  t o  a s s i s t  r o t a t i n g  t h e  deployment mast and c r a n e  moving up and 
down s l i g h t l y  t o  f a c i l i t a t e  r e - e n t r a n c e  t o  r i s e r s .  

6 .4 DESIGN DESCRIPTION 

6.4.1 Winch systems 

The deployment system w i l l  use s e v e r a l  manual w inches  t o  l i f t  t h e  probe arm 
and l o w e r  t h e  i n s t r u m e n t a t i o n  package t o  t h e  waste.  There  w i l l  a l s o  be a w inch  
f o r  t h e  i n t e g r a l  camera system. The w inches  must be s e l f  l o c k i n g ,  t o  p r e v e n t  
u n i n t e n t i o n a l  unspoo l i ng .  A f r i c t i o n  b r a k e  o r  worm geared system i s  e n v i s i o n e d .  

The w inch  drums f o r  t h e  v a r i o u s  c a b l e s  (camera, p robe ,  arm a c t u a t i o n )  w i l l  
have a minimum d i a m e t e r  o f  t e n  t i m e s  t h e  dep loyed  c a b l e  d i a m e t e r .  The 
i n s t r u m e n t a t i o n  c a b l e ( s )  r o u t i n g  t h r o u g h  t h e  hub o f  t h e  drum i s  accep tab le .  

S l i p  r i n g s  o r  a s u i t a b l e  a l t e r n a t i v e  w i l l  be used where m o n i t o r i n g  i s  
r e q u i r e d  w h i l e  mo t ion  i s  o c c u r r i n g .  
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6.4.2 Support Mast (as applicable) 

The support mast will be constructed of SST tube and will have an adjustable 
collar at the riser to adapt to different riser elevations. The top of the mast 
will sit on a bearing resting on the riser which will allow the SMMS to be 
rotated 360" about vertical axis. The camera will be deployed into the tank from 
within the mast. 

6.4.3 Arm 

The arm will be adjustable from vertical to 90" [horizontal]. The arm will 
allow the instrumentation package to be deployed at a varying radius of 0 feet 
up to 6 feet from the riser centerline. The arm will be raised by a cable. The 
instrumentation system will be deployed by a cable inside the mast and over the 
arm. The minimum cable bend radius is 5 times the cable diameters. 

Readings at the zero foot radial position may be taken with limited to no 
visual support, due to arm interference with the integral camera. 

6.4.4 Instrumentation Cable 

The cable will have a 4000# breaking strength with a 2,000# breaking 
strength at the instrumentation package interface. The cable is (nominally) made 
up o f  2 ea. RG-174 coaxial signal cables and 2ea. 18 Ga. shielded cables. The 
use of a Kevlar strength braid and a polypropylene semi-conductive jacket will 
be acceptable. 

6.5 SUPPORT/INTERFACE REQUIREMENTS 

The deployment system has a mechanical interface to the instrumentation 
package, the riser, and the lifting crane. 

The deployment system has an electrical interface to the instrumentation 
cable, the downhole instrumentation package, and the computer system. 

6.6 ENVIRONMENTAL DESIGN REQUIREMENTS 

Device to be weatherproof to allow operation i n  any expected climate for 
The several days duration. The data acquisition system will be stored indoors. 

contaminated systems may be stored outside in a suitable package. 

removal from riser. 
The SMMS is to be decontaminable and shall be contoured to allow "snag free" 

The deployment system will be designed to operate in a temperature range of 
0 to 100°F and i n  tank temperatures o f  70 to 200°F. The in tank radiation 
environment i s  expected to be less than 200 R/hr. 

.... 
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6 . 7  DESIGN LIFE REQUIREMENTS 

The cable specification shall require the cable to survive 10,000 cycles at 
working load (60 pounds). The deployment mechanical system should be designed 
for 10 years life with general preventive maintenance procedures. The cable 
should be evaluated on a periodic basis to assure premature failure does not 
occur once field operations begin. 

7.0  DATA ACQUISITION AND CONTROL SYSTEM REQUIREMENTS 

7 . 1  FUNCTIONAL REQUIREMENTS 

The SMMS will be a stand-alone system with no connections to existing tank 
farm control systems. Power for systems operation will be supplied as part of 
an equipment van. A computer system will interpret probe data in a real time 
mode to allow field placement and testing modifications. The equipment will be 
easy to operate, for eventual turn over to tank farm operations. 

The SMMS data acquisition is to be designed as a field hardened computer 
system, with a multichannel analyzer and support electronics (generator, wiring, 
etc.) mounted inside a van. The instrumentation will be located outside Surface 
Contaminated Areas, to the extent practical. 

The data (at minimum) will consist of electronic compass data (azimuthal), 
arm angle of inclination, pulse quantity and height information from the neutron 
probe, and allow the operator to enter tank/riser location to tie this 
information to the data files. 

All instrumentation, materials and software should be industry standard and 
be capable of modification or replacement with minor maintenance protocol. 
Documentation shall be available for all components and where pertinent shall 
include the part number, design drawings, software design descriptions, service 
and/or operations manuals. 

SMMS instrumentation shall be capable of nuclear pulse counting with 
discrimination and the monitoring of radiological spectral data. The data 
acquisition system including the cable and signal conditioning electronics shall 
be capable of processing pulse rates (pulse height analysis and count data) up 
to 20,000 counts per second (cps). Data will be archived on a hard drive, and 
transferred to floppy disks for possible later analysis in the laboratory. A 
comprehensive data management plan may be warranted as the data library begins 
to grow. 

7 . 2  SAFETY REQUIREMENTS 

The system will provide power isolation for the downhole system utilizing 
24 volt power for the downhole power supply and preamp. 
electronics will comply with NEC intrinsic safety requirements for a Class 1 

The in-tank 
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D i v i s i o n  2 Group B l o c a t i o n .  
p repared  t o  address tanks ,  c l a s s i f i c a t i o n s ,  and comp l iance  w i t h  t h o s e  
c l a s s i f i c a t i o n s .  

A d e t a i l e d  NEC compl iance paper  s h a l l  be 

A l l  e l e c t r i c a l  w i r i n g  must comply w i t h  a p p l i c a b l e  NEC requ i remen ts .  

7.3 STRUCTURAL REQUIREMENTS 

The i n s t r u m e n t a t i o n  van w i l l  be c o n s t r u c t e d  w i t h  t h e  c a p a b i l i t y  f o r  o f f -  
r o a d  use. 
be a b l e  t o  i d l e  i n  t h e  f i e l d  f o r  s e v e r a l  hou rs  d u r a t i o n ,  w i t h  t h e  A/C on, and 
n o t  e x p e r i e n c e  eng ine  o v e r h e a t i n g .  
o v e r h e a t i n g ,  by  an i n t e r l o c k  system t h a t  w i l l  s h u t  t h e  van o f f  i f  an ove rhea t  
c o n d i t i o n  i s  o c c u r r i n g .  

7 .4  DESIGN DESCRIPTION 

The v e h i c l e  must have f a c t o r y  a i r  c o n d i t i o n i n g .  The v e h i c l e  must 

The van mo to r  s h a l l  be p r o t e c t e d  a g a i n s t  

7.4.1 C o n t r o l  Console 

It w i l l  c o n s i s t  o f  a computer d i s p l a y  and i n t e g r a l  keyboard  and camera 
c o n t r o l s .  
s e r v i c e  pe rsonne l .  It i s  i n t e n d e d  t o  use a s w i v e l  based r a c k  system t h a t  can 
be o p e r a t e d  f r o m  t h e  d r i v e r ' s  s e a t  o r  o u t s i d e  t h e  passenger doo r .  

7.4.2 Data  A c q u i s i t i o n  and C o n t r o l  

7.4.2.1 System Computer 

accep ted  c o n t r o l  t y p e  o f  s o f t w a r e .  
and a 500 MB h a r d  d i s k  d r i v e .  It s h a l l  a l s o  have a minimum o f  t h r e e  a v a i l a b l e  
I S A  s l o t s  and an RS-232 s e r i a l  p o r t .  
i n d u s t r i a l  s t r e n g t h  t h a t  can b e t t e r  w i t h s t a n d  t h e  h e a t ,  v i b r a t i o n ,  and d u s t  
a s s o c i a t e d  w i t h  t r a n s p o r t a t i o n  i n  a v e h i c l e .  

7.4.2.2 O p e r a t o r  I n t e r f a c e  

A g r a p h i c a l  o p e r a t o r  i n t e r f a c e  i s  p lanned  f o r  t o  s i m p l i f y  o p e r a t i o n  o f  
t h e  s o f t w a r e .  The i n t e r f a c e  shou ld  m i n i m i z e  o p e r a t o r  use o f  t h e  keyboard  by  
p r o v i d i n g  e a s i l y  unders tandab le  i c o n s  and a u t o m a t i c  f i l e  naming c o n v e n t i o n s .  

7 .4 .2 .3  Hardware I n t e r f a c e s  

The computer system w i l l  i n t e r f a c e  w i t h  a m u l t i c h a n n e l  a n a l y z e r  and spec. 
amps [ i n  a N I M  B I N ]  v i a  a G P I B  bus. 
e l e c t r o n i c  compass v i a  RS 232 i n t e r f a c e .  The m u l t i c h a n n e l  a n a l y z e r  w i l l  
i n t e r f a c e  v i a  24v s i g n a l s  downhole t o  t h e  500v power s u p p l y  and t h e  two probe 
preamps. Downhole communicat ion i s  t h r o u g h  t h e  custom c a b l e  d e t a i l e d  i n  5.5. 

7 .4 .2 .4  S o f t w a r e  I n t e r f a c e s  

The conso le  w i l l  be l o c a t e d  t o  maximize access f o r  t h e  o p e r a t o r  and 

The computer w i l l  be capab le  o f  r u n n i n g  a windows s t y l e  program and an 
A t  a minimum i t  s h a l l  p r o v i d e  8 M B  o f  RAM 

The computer system s h o u l d  be o f  an 

The computer a l s o  i n t e r f a c e s  t h e  
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7.6 D E S I G N  L IFE REQUIREMENTS 

The Data  A c q u i s i t i o n  and C o n t r o l  System i s  e s t i m a t e d  t o  have a 10 y e a r  
l i f e t i m e  w i t h  normal p r e v e n t a t i v e  main tenance i n c l u d i n g  rep lacemen t  of  s h o r t  
l i f e  components, such as c a b l e s  and c o n n e c t o r s .  

8.0 DECONTAMINATION and STORAGE SYSTEM REQUIREMENTS 

8.1 FUNCTIONAL REQUIREMENTS 

Pr imary  d e c o n t a m i n a t i o n  o f  a l l  i n  t a n k  hardware s h a l l  be pe r fo rmed  
manual 1 y u s i n g  e x i s t i n g  d e c o n t a m i n a t i o n  techn iques .  

A w a t e r  based d e c o n t a m i n a t i o n  system w i l l  be deve loped t h a t  can reduce 
t h e  r a d i a t i o n  l e v e l  of t h e  p robe  and deployment system t o  a l l o w a b l e  l e v e l s  
when t h e  system i s  w i thd rawn  f r o m  t h e  t a n k .  
a u t h o r i z e d  i f  r a d i a t i o n  dose r a t e s  exceed t h o s e  e s t a b l i s h e d  i n  t h e  work  
package d u r i n g  equipment remova l .  

c l e a n i n g  t o  t h e  f l a t  b o t t o m  f a c e  o f  t h e  n e u t r o n  p robe  d u r i n g  w i t h d r a w a l ,  w h i l e  
m i n i m i z i n g  t h e  p o t e n t i a l  o f  w a t e r  s p l a s h i n g  up and o u t  o f  t h e  r i s e r  d u r i n g  
use. 

Use o f  w a t e r  w i l l  o n l y  be 

The w a t e r  based d e c o n t a m i n a t i o n  system s h o u l d  be c o n f i g u r e d  t o  p r o v i d e  

Above grade,  p o s t  w i t h d r a w a l  d e c o n t a m i n a t i o n  i s  r e q u i r e d  i f  c o n t a m i n a t i o n  
l e v e l s  a r e  t o o  h i g h  t o  a l l o w  t r a n s p o r t  i n  a DOT 7A c o n t a i n e r .  

A weather  t i g h t  s t o r a g e  c o n t a i n e r  t h a t  can a l s o  be used as a t r a n s p o r t  
c o n t a i n e r  i s  r e q u i r e d  f o r  t h e  deployment arm. 
cask  t o  a l l o w  t h e i r  t r a n s p o r t .  
d e c o n t a m i n a t i o n  sp raye rs ,  impac t  l i m i t i n g  frame, e t c  w i l l  be decontaminated  
s u f f i c i e n t l y  t o  a l l o w  t r a n s p o r t  t o  t h e  n e x t  t e s t  l o c a t i o n .  
c o n t a i n e r s  a r e  r e q u i r e d ,  as t h e  equipment w i l l  be p o r t a b l e  p l a n t  equipment f o r  
many y e a r s .  I f  any component becomes damaged beyond r e p a i r ,  i t  w i l l  be c u t  
i n t o  s e c t i o n s  and loaded  i n t o  s t a n d a r d  55 g a l l o n  drums f o r  u l t i m a t e  d i s p o s a l .  

The sources  must have a DOT 7A 
The o t h e r  m i s c e l l a n e o u s  equipment,  such as 

No d i s p o s a l  

8 .2  PERFORMANCE REQUIREMENTS 

The system w i l l  reduce t h e  r a d i a t i o n  l e v e l s  o f  t h e  system t o  l e s s  t h a n  
100 mR/hr c o n t a c t  maximum. The dose ( f r o m  c o n t a m i n a t i o n )  i s  expec ted  t o  be 
much l o w e r  t h a n  100 mrem/hour as o n l y  t h e  p robe  touches  t h e  waste, and i t  w i l l  
be p r o t e c t e d  i n  a d i s p o s a b l e  membrane. 
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8.3 SAFETY REQUIREMENTS 

System s h a l l  comply w i t h  a l l  s a f e t y  assessment ( o r  USQ) r e q u i r e m e n t s  n o t  
c u r r e n t l y  l i s t e d  i n  t h i s  document. 

8.4 STRUCTURAL REQUIREMENTS 

t h e  d e c o n t a m i n a t i o n  m a t e r i a l .  
The system w i l l  be des igned  t o  h a n d l e  t h e  p r e s s u r e s  and tempera tu res  o f  

8.5 D E S I G N  DESCRIPTION 

The system i s  conce ived  t o  be a c o n v e n t i o n a l  wash r i n g  d e s i g n  as r e c e n t l y  
used i n  t h e  v i s c o m e t e r  and v o i d  f r a c t i o n  p r o j e c t s ,  d i s c u s s e d  i n  WHC-SD-WM-SDD- 
043 & -046. 

A C02 based system was b r i e f l y  e v a l u a t e d .  A C02 based system r e q u i r e s  
t e c h n i c a l  development b e f o r e  i t  can be r e l i a b l y  dep loyed  i n  t h e  f i e l d .  
an e x h a u s t e r  w i l l  be r e q u i r e d  t o  p r e v e n t  t h e  t a n k s  f r o m  becoming p r e s s u r i z e d  
d u r i n g  use o f  a CO2 system. 
1995 t o  deve lop  t h e  t e c h n o l o g y  and s u p p o r t i n g  systems. 

8.6 SUPPORT/INTERFACE REQUIREMENTS 

deployment system. The pumps w i l l  be g a s o l i n e  d r i v e n ,  and w i l l  have no 
e l e c t r i c a l  demand. 

8.7 ENVIRONMENTAL D E S I G N  REQUIREMENTS 

A lso ,  

There was i n s u f f i c i e n t  f u n d i n g  d u r i n g  f i s c a l  y e a r  

The wash r i n g  assembl ies  have a mechan ica l  i n t e r f a c e  t o  t h e  r i s e r  and t h e  

Any hardware mounted o u t s i d e  w i l l  be a b l e  t o  w i t h s t a n d  t h e  s t a n d a r d  
Han fo rd  env i ronment  specs. 

S to rage  o f  t h e  s p r a y  r i n g ,  when n o t  i n  use, w i l l  be i n  an approved 
s t o r a g e / t r a n s p o r t  c o n t a i n e r  o r  o t h e r  o p e r a t i o n s  approved area .  

8.8 DESIGN L IFE REQUIREMENTS 

Des ign  l i f e  goa l  i s  10 y e a r s  w i t h  normal p r e v e n t a t i v e  main tenance and 
rep lacement  o f  h i g h  wear components. 

9.0 V I S I O N  SYSTEM REQUIREMENTS 

9 .1  EXISTING SYSTEM CHARACTERISTICS 

The v i s i o n  system i s  a v a r i a t i o n  o f  an e x i s t i n g  custom 2.8" d i a m e t e r  TV 
camera. I t  w i l l  be mounted i n s i d e  t h e  mast and lowered  down be low t h e  mast 
a f t e r  t h e  arm i s  r a i s e d .  The system w i l l  p r o v i d e  v i s u a l  feedback  f o r  a l l  i n  
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t a n k  o p e r a t i o n s  i n c l u d i n g  i n s t r u m e n t  deployment and p lacement .  

9.2 PERFORMANCE REQUIREMENTS 

The system w i l l  have a v i e w i n g  range  o f  l o ' ,  b l a c k  and w h i t e  o n l y ,  and a 
4:l zoom. The system w i l l  have a 350" pan and 150" t i l t  c a p a b i l i t y ,  f o r  360" 
v i e w i n g .  The system l i g h t  sources  must o p e r a t e  a t  under  80% o f  t h e  
a u t o i g n i  t i o n  t e m p e r a t u r e  f o r  gasses expec ted  t o  be encoun te red  i n  t h e  hydrogen 
tanks .  

Maximum OD i s  2.8".  
3/16" OD c a b l e  by  t h e  camera. 

A t  l e a s t  one f l a t  s i d e  must be p r e s e n t  t o  r o u t e  a 

Maximum camera l e n g t h  i s  42" l o n g ,  i n c l u d i n g  t h e  gas sensor  i n t e r l o c k  
systems. 

Camera must p r o v i d e  v i e w i n g  f o r  a 3 week d u r a t i o n  i n  a 300 R/hour 

Camera must be suppor ted  by o n l y  one cab le ,  wh ich  i s  a l s o  t h e  

Camera i n s t r u m e n t a t i o n  c a b l e  can n o t  exceed 0.75"  OD 

A t  t h i s  t i m e ,  o n l y  6 t a n k s  ( t h e i r  dome spaces) on t h e  Han fo rd  s i t e  a r e  an 

P r o j e c t  management had r e q u e s t e d  t h e  e n t i r e  SMMS 

r a d i a t i o n  f i e l d .  

i n s t r u m e n t a t i o n  c a b l e .  

NFPA C lass  I, D i v i s i o n  2, Group B hazardous l o c a t i o n .  A l l  o t h e r  t a n k s  a r e  
e l e c t r i c a l l y  n o n - c l a s s i f i e d .  
system be q u a l i f i e d  t o  o p e r a t e  i n  a C lass  I, D i v i s i o n  2, Group B hazardous 
l o c a t i o n .  However, o t h e r  Hanford  p r o j e c t s  have funded a d i f f e r e n t  d e s i g n  
approach t h a t  has been accepted  f o r  t h e  SMMS p r o j e c t .  

T h i s  d e s i g n  approach a l l o w s  a n o n - c l a s s i f i e d  system t o  be o p e r a t e d  i n  a 
n o n - c l a s s i f i e d  hydrogen w a t c h l i s t  t a n k ,  as l o n g  as t h e  a c t i v i t y  b e i n g  
m o n i t o r e d  i s  non waste i n t r u s i v e ,  and t h e  camera system becomes de -energ i zed  
i f  a gas r e l e a s e  i s  d e t e c t e d .  The d e - e n e r g i z a t i o n  must be comple ted  b e f o r e  an 
l o w e r  f l a m m a b i l i t y  l i m i t  (LFL) c o n d i t i o n  i s  a t t a i n e d  n e a r  t h e  camera system. 
Thus, t h e  g e n e r a l  c r i t e r i a  i s  as f o l l o w s :  The camera system must be a b l e  t o  
s a f e l y  o p e r a t e  i n  a n o n - c l a s s i f i e d  hydrogen w a t c h l i s t  t a n k .  It i s  r e c o g n i z e d  
t h a t  t h i s  camera system w i l l  n o t  be s u i t a b l e  f o r  o p e r a t i o n  i n  any NFPA 
hazardous c l a s s i f i e d  t a n k .  

[ A camera t h a t  can meet C lass  I ,  D i v i s i o n  2, Group B i s  b e i n g  developed, 
b u t  w i l l  n o t  be ready  f o r  a December deployment.  T h i s  camera may be 
i n s t a l l e d  i n  t h e  SMMS deployment arm so t h a t  t h e  SMMS system can someday 
be o p e r a t e d  i n  a hazardous (C lass  I, D i v i s i o n  2, Group 8) l o c a t i o n . ]  

O p e r a t i o n  o f  camera pan, t i l t ,  zoom must be c o m p l e t e l y  remote c o n t r o l l e d ,  

P o s i t i o n  o f  p a n / t i l t  t o  be encoded. 

and a b l e  t o  be computer d r i v e n  t h r o u g h  t h e  computer c o n t r o l  system. 
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The v i s i o n  system must be a b l e  t o  c o n f i r m  t h e  n e u t r o n  p robe  i s  i n  c o n t a c t  
w i t h  t h e  waste s u r f a c e .  
as a r e s u l t  o f  uneven waste s u r f a c e s .  

The system must be a b l e  t o  d e t e c t  i f  t h e  p robe  t i p s  

V ideo s i g n a l  must be r e a l  t ime ,  and capab le  o f  b e i n g  r e c o r d e d  i n  t h e  

Camera must be s p l a s h  p r o o f ,  t o  s u r v i v e  d e c o n t a m i n a t i o n .  

Camera must i n t e r f a c e  w i t h  deployment arm c a b l e  w inch  and s l i p  r i n g s .  

American f o r m a t  (NTSC). 

Camera deployment c a b l e  s h a l l  be des igned f o r  a 100 l b .  w o r k i n g  l o a d  ( 4  
t i m e s  w e i g h t  o f  camera sys tem) ,  and 300 l b  b r e a k i n g  l o a d .  
o n l y  s u r v i v e  t h e  100 l b  l o a d .  

Conductors  need 

A b s o l u t e l y  no exposed aluminum, anod ized o r  n o t ,  i s  a l l o w e d  t o  e n t e r  t h e  
t a n k  space u n l e s s  i t  i s  c o n t a i n e d  i n  a f a s h i o n  wh ich  a b s o l u t e l y  p r e v e n t s  any 
waste c o n t a c t  under any a c c i d e n t  c o n d i t i o n s  e v a l u a t e d  i n  t h e  s a f e t y  bases. 

The deployment c a b l e  must have a c o n d u c t i v e  p l a s t i c  j a c k e t .  

The camera must shu t  o f f  a l l  s p a r k  sources  ( l i g h t s ,  mo to rs ,  e t c )  p r i o r  t o  
The s h u t  o f f  system, c u r r e n t l y  e n v i s i o n e d  as a p a i r  i g n i t i n g  a gas r e l e a s e .  

o f  gas sensors ,  must meet s a f e t y  c l a s s  1 r e q u i r e m e n t s  f o r  t h e  f u n c t i o n  o f  
s h u t t i n g  o f  a l l  camera spa rk  sources  a f t e r  a r e l e a s e  i s  d e t e c t e d .  [ T h i s  
system i s  o n l y  q u a l i f i e d  f o r  use  i n  n o n - c l a s s i f i e d ,  Hydrogen w a t c h l i s t  t a n k s . ]  

Camera must ope ra te  i n  tempera tu re  ranges  f r o m  0°F t o  122°F maximum. 
Condensat ion  must be c o n s i d e r e d  when p l a c i n g  a c o l d  camera i n t o  a warm t a n k .  

A v i d e o  s i g n a l  must be made l o c a l l y  a v a i l a b l e  t o  t h e  dep loyment  arm 
o p e r a t o r .  The v i d e o  s i g n a l  must be capab le  o f  b e i n g  reco rded .  

C o n t r o l  and TV m o n i t o r  d i s p l a y  w i l l  be mounted i n  t h e  I n s t r u m e n t a t i o n  
Van. .Two 19" r a c k s  x 3.5" h i g h ,  p l u s  m o n i t o r .  E s t i m a t e d  power r e q u i r e m e n t  a t  
l l O V A C  i s  l e s s  t h a n  1KW. 

The camera w i l l  remain  an i n t e g r a l  p a r t  o f  t h e  deployment arm. I t can be 
removed as r e q u i r e d  t o  p e r f o r m  genera l  maintenance o r  r e p a i r  when t h e  
deployment a r m  has been removed f r o m  t h e  t a n k .  

Page A-29 










	1.0 SUMMARY
	2.0 INTRODUCTION
	3.0 SYSTEM CRITERIA
	3.1 SENSOR
	3.2 DEPLOYMENT DEVICE
	3.3 DATA ACQUISITION VAN
	3.4 DECONTAMINATION AND STORAGE
	3.5 IN TANK VISION SYSTEM (CAMERA)

	4.0 SYSTEM OPERATIONAL SCENARIO
	4.1 DEPLOYMENT
	4.2 MOISTURE MEASUREMENT
	4.3 RETRIEVAL

	5.0 CONCLUSION
	APPENDIX A
	Page


