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Abstract: 
creating a new liquid surface within Waste Storage Tank 241-SY-101. 
This study looked at alternatives for this, as well as providing a 
summary of observations regarding water lancing results relative to this 
task. 

The purpose of this study is to determine the feasibility of 
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1 .O OBJECTIVE 

The o b j e c t i v e  of t h i s  s tudy i s  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of  
c r e a t i n g  a new l i q u i d  sur face ,  within t a n k  241-SY-101, as  a loca t ion  t o  
measure the tank waste l e v e l .  

2.0 BACKGROUND 

Tank 241-SY-101 has exhib i ted  waste level  increases  and per iodic  leve l  
drops assoc ia ted  with t h e  generat ion,  r e t e n t i o n  and spontaneous r e l e a s e  of  
l a r g e  q u a n t i t i e s  of  gas s i n c e  t h e  i n i t i a l  waste addi t ions  i n  t h e  l a t e  1970s. 
In J u l y  1993, a mixer pump was i n s t a l l e d  as  a method o f  c o n t r o l l i n g  gas  
r e l e a s e  events .  A f t e r  mixer pump i n s t a l l a t i o n  t h e  sur face  leve l  w i t h i n  t ank  
241-SY-101 remained r e l a t i v e l y  constant  u n t i l  e a r l y  i n  1997 when t h e  sur face  
leve l  began t o  increase  unexpectedly. 

an i n d i r e c t  measure of re ta ined  gas inventory and t h e r e f o r e ,  an i n d i c a t o r  of 
t h e  flammable gas  hazard assoc ia ted  w i t h  the tank.  
document s p e c i f i e s  operat ional  c o n t r o l s  based on tank  l e v e l .  

H i s t o r i c a l l y ,  changes in  t h e  sur face  leve l  i n  t ank  241-SY-101 have been 

The Authorizat ion Basis 

3.0 PURPOSE AND SCOPE 

The purpose of t h i s  s tudy i s  t o  develop concepts f o r  c r e a t i n g  an open 
l i q u i d  s u r f a c e  t h a t  i s  i n  d i r e c t  communication w i t h  the tank l i q u i d  so t h a t  
t h e  leve l  measuring device (ENRAF) measures t h e  l i q u i d  leve l  o f  t h e  tank  
r a t h e r  than the c r u s t  l e v e l .  
measuring devices  and does not  include o ther  poss ib le  opt ions  such a s  using a 
neutron probe f o r  determining l i q u i d  l e v e l .  

This s tudy focuses  on u t i l i z i n g  c u r r e n t  

4.0 SUMMARY 

The four  general ca tegor ies  se lec ted  f o r  t h i s  s tudy a r e  water  addi t ion ,  
contained systems, heat ing tank  vapor space, and using a convect ive l a y e r  of 
tank waste t o  d i s s o l v e  the c r u s t .  As s t a t e d  above t h e  primary goal of  
c r e a t i n g  a l i q u i d  sur face  i s  t o  provide a loca t ion  t o  take  l i q u i d  leve l  
measurements a s  an i n d i r e c t  measure of re ta ined  gas .  
most f e a s i b l e  methods f o r  c r e a t i n g  a l i q u i d  sur face  a l l  f a l l  under t h e  
category of  contained systems. A contained heat ing system is  bel ieved t o  be 
t h e  most e f f e c t i v e  way t o  c r e a t e  and maintain a l i q u i d  sur face .  
conclusion i s  based on a number of cons idera t ions  ( i . e . ,  c o s t ,  schedule ,  and 
technica l  f e a s i b i l i t y )  but i s  mainly based on i t s  technica l  f e a s i b i l i t y  
compared with t h e  o ther  a l t e r n a t i v e s .  

To design,  t e s t  and i n s t a l l  a contained heat ing system w i l l  c o s t  
approximately $645,000 and take  approximately 11 months t o  complete. 
es t imated c o s t  and schedule a r e  presented i n  Appendix B. 
a s t a r t  d a t e  o f  10/1/98 and a s t a r t  d a t e  d i f f e r e n t  from t h a t  would move the 

I t  i s  concluded t h a t  t h e  

This  

The 
The schedule assumes 

1 
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schedule accordingly.  Once i n s t a l l e d  t h i s  system has very l i t t l e  maintenance 
and should have a l i f e  expectancy well beyond the  r e t r i e v a l  d a t e  s e t  f o r  tank 
SY-101. 

Figure 7 in  Appendix A i s  a plan view of tank S Y - I O 1  t h a t  shows the 
cu r ren t  s t a t u s  of ava i l ab le  r i s e r s  and what each unavai lab le  r i s e r  i s  
des igna ted  f o r .  The i n s t a l l a t i o n  of t h e  contained heat ing system wi l l  r equ i r e  
a minimum 8" diameter r i s e r  which i s  cu r ren t ly  ava i l ab le  on t h e  mul t i -por t  
r i s e r  assembly. 

5.0 CONCLUSIONS 

Conclusions on t h e  e f f ec t iveness  of each ca tegory  s tud ied  a r e  as  
f o l l  ows: 

5.1 WATER ADDITIONS 

Water add i t ions  during lancing and instrument f lu sh ing  have proven t o  be 
an e f f e c t i v e  method of dissolving the  c r u s t .  However, i t  has a l s o  been shown 
t h a t  d i s so lv ing  t h e  c r u s t  with water i s  only a temporary so lu t ion  t o  c r e a t i n g  
a l i q u i d  su r face .  Based on tank  waste temperature p r o f i l e s  i t  i s  believed t h e  
c r u s t  could be as  t h i c k  a s  70" which would r equ i r e  a l a r g e  quan t i ty  of water 
added on a r egu la r  bas i s  t o  c r e a t e  and maintain a hole f o r  l i q u i d  level  
measurements. 

Sur face  level  measurements taken a f t e r  water add i t ions  wi l l  be c l o s e  t o  
t h e  tank  l i q u i d  su r face  but not exact .  
than t h e  waste the re fo re  measurements would be of a water su r face  r a t h e r  than 
the l i q u i d  waste su r face .  As t h e  c r u s t  d i s so lves  the  water becomes sa tu ra t ed  
and t h e  dens i ty  becomes equal i n  a mat te r  of days allowing the c r u s t  t o  reform 
t o  i t s  o r i g i n a l  s t a t e .  

pumping e f f e c t  t h a t  l i f t s  t he  gas- l iqu id-so l id  mixture above t h e  f r e e  l i q u i d  
l e v e l ,  commonly overflowing t h e  waste su r face .  The foam-like l a y e r  s t i f f e n s  
wi th in  a day forming f r e sh  c r u s t .  
incapable  of measuring the  f r e e  l i q u i d  level  d i r e c t l y .  
t h a t  a measurement i s  "near" t h e  f r e e  l i q u i d  and always somewhat above i t .  

This i s  because water i s  l e s s  dense 

During lancing operat ions t h e  r i s i n g  bubbles in  t h e  lanced hole  cause a 

Thus  current measurements a r e  fundamentally 
I t  can only be clajmed 

5.2 CONTAINED SYSTEMS 

The t h r e e  contained systems presented in  t h i s  study include heat ing,  
add i t ion  o f  l e s s  dense ma te r i a l ,  and a i r  f l u sh ing .  All t h r e e  of t hese  methods 
include maintaining a l i q u i d  su r face  within a pipe t h a t  pene t r a t e s  t h e  su r face  
of the waste and uses a level  measurement gauge (ENRAF) through t h e  c e n t e r .  
Sketches o f  each o f  these methods a r e  included i n  Appendix A. 

'CW Stewart ,  1998, TWS98.72, Rev. 0, Waste Level a s  a Neasure o f  Retained 
Gas i n  SY-101, Pac i f i c  Northwest National Laboratory, Richland, Washington. 
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The addition of heat to dissolve the crust within the pipe is an 
effective way to create a liquid surface level (Figure 1). 
crust on the surface of the waste has a direct correlation to the temperature 
of the tank headspace. As shown on temperature profiles of the tank the 
temperature in the headspace is 90°F and the waste temperature is 115°F. 
the crust area within the pipe is raised to 115"F, the crust should dissolve. 

A liquid surface within the pipe can be formed and maintained by adding 
a less dense medium (e.g., water) to the surface of the waste (Figure 2). 
Enough water could be added t o  form a 5 ft column on top of the waste surface 
within the pipe creating a liquid surface for measurement. It is believed 
that water would have to be added periodically in order to maintain the liquid 
surface. 

The formation of 

When 

A liquid surface can be maintained by using air to flush any crust 
buildup out of the pipe (Figure 3). There are several possible problems 
associated with this method. Tank level increases have been observed in the 
past after air lancing operations, therefore flushing the pipe out through the 
bottom may contribute to the tank's surface level rise. Also, the quantity of 
air added to the tank will have to be closely monitored to make sure the tank 
HVAC system can maintain a negative pressure in the vapor space. 
concern is whether the current Notice Of Construction and other permits will 
allow this, or if they will require modification. The necessary frequency of 
flushing the pipe is unknown. 

An additional feature that can be added to any of the three contained 
systems is dip tubes. 
mixing effect within the contained column of waste helping to prevent a new 
crust from forming. Dip tubes also can be utilized as a measuring tool for 
surface level and waste density. Because the density measurement is 
representative of the waste between the ends of the dip tubes, the surface 
level measurement may not be accurate enough to reveal the absolute tank 
surface level. 
changes in the surface level. 

Another 

Air can be forced down the dip tube legs creating a 

However, the dip tubes can be a good method for detecting 

5.3 HEATING TANK HEADSPACE 

Increasing the tank headspace temperature from 90°F to around 115°F 
would tend to dissolve the crust. 
heat and then to maintain the desired temperature which would not be 
practical. 
the waste which currently has an operational control limit of 135°F. The 
major risk of heating is if unwanted chemical reactions or physical changes 
began, it would take several months to lower the temperature because of the 
large thermal mass of the waste. This option i s  not considered feasible. 

This would require a large energy input to 

Heating the tank vapor space would also raise the temperature of 

5.4 USE CONVECTIVE LAYER TO DISSOLVE CRUST 

Three methods were looked at to transfer waste from the convective layer 

It is believed that transferring waste to the surface 

in the tank to the top of the crust. 
circulation (Figure 4), impeller circulator (Figure 5), and transfer pump 
circulation (Figure 6). 
will cause it to solidify once exposed to the headspace temperature and will 

These methods included mixer pump 

3 
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only add t o  t h e  thickness of the c r u s t .  
considered t o  be a f e a s i b l e  way t o  c r e a t e  a l i q u i d  sur face  l e v e l .  

For t h i s  reason t h e s e  methods a r e  not 

6.0 DESCRIPTION OF ALTERNATIVES 

The fol lowing is  a d e t a i l e d  descr ip t ion  of each method l i s t e d  i n  t h i s  
s tudy w i t h  t h e  except ion of  water addi t ions  and headspace heat ing which a r e  
general  concepts  and no s p e c i f i c  designs were developed. 

6.1 CONTAINED SYSTEMS 

6.1.1 Heating (Contained System) 

sur face  extending several  f e e t  below t h e  c r u s t  l a y e r .  A second, s l i g h t l y  
l a r g e r ,  pipe i s  used t o  c r e a t e  an a i r  space around t h e  f i r s t  pipe t h a t  i s  
completely sea led  o f f  from t h e  waste as shown in Figure 1. 
system c o n s i s t i n g  o f  a pump and hea ter  i s  placed on a concre te  pad above t h e  
tank.  Tubing t h a t  forms c o i l s  around t h e  inner  pipe allows a hea t ing  medium 
such a s  glycol  t o  be c i r c u l a t e d  through t h e  a i r  space heat ing t h e  waste within 
the inner  pipe.  The temperature o f  t h e  waste within t h e  inner  pipe i s  r a i s e d  
t o  approximately 115°F in  order  t o  d isso lve  t h e  crust and maintain a l i q u i d  
sur face .  
within t h e  inner  pipe.  

This  method c o n s i s t s  of  an open-ended pipe t h a t  pene t ra tes  t h e  waste 

A heat  t r a n s f e r  

An ENRAF l eve l  measuring device i s  used t o  monitor sur face  leve l  

6.1.2 Addition O f  Less Dense Material 

This method a l s o  c o n s i s t s  of an open-ended pipe t h a t  pene t ra tes  the  
waste sur face  and extends several  f e e t  below t h e  c r u s t .  Using a mater ia l  w i t h  
a l e s s e r  d e n s i t y  than the waste c r e a t e s  a l i q u i d  column within t h e  pipe a s  
shown i n  Figure 2 .  
measurements within t h e  pipe.  
diameter  pipe i s  used i t  would take approximately 7.5 ga l lons  of water t o  form 
a 5 f o o t  column within t h e  pipe.  Water may have t o  be added p e r i o d i c a l l y  i n  
the event  t h a t  waste p a r t i c l e s  migrate  up and contaminate t h e  water surface. 

T h i s  wi l l  allow t h e  ENRAF t o  take  sur face  leve l  
One medium t h a t  can be used i s  water .  I f  a 6” 

6.1.3 Air Flushing 

t h a t  extends down i n t o  t h e  waste below t h e  c r u s t  l ayer .  As a crust begins t o  
form on t h e  l i q u i d  sur face  within t h e  pipe i t  can be f lushed out  through t h e  
bottom using a surge o f  a i r .  
wi thin the pipe.  Figure 3 presents  t h e  equipment setup f o r  th is  a p p l i c a t i o n .  

This  concept a l s o  u t i l i z e s  an open-ended pipe t o  form a contained system 

An ENRAF wi l l  take sur face  leve l  measurements 
I 

4 
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6.2 USE CONVECTIVE LAYER TO DISSOLVE CRUST 

6.2.1 Mixer Pump Circu la t ion  

c i r c u l a t e  waste by t r a n s f e r r i n g  i t  u p  t h e  column t o  t h e  pump p i t  and then 
d ischarg ing  i t  back i n t o  t h e  tank on top of  t h e  c r u s t  as  shown i n  Figure 4. 
The waste i s  forced up t h e  column by the 114 f t  head produced by the mixer 
pump i n  t h e  2" f l u s h  l i n e  t h a t  i s  t i e d  in  w i t h  t h e  mixer pump plenum. The 2" 
f l u s h  l i n e  e x i t s  the mixer pump column in t h e  pump p i t  where a f l e x i b l e  jumper 
can be used t o  connect w i t h  equipment t h a t  discharges t h e  waste back i n t o  the 
tank  through t h e  pump p i t  12" r i s e r .  

time than t h e  c u r r e n t l y  i n s t a l l e d  mixer pump because i t  has a cool ing system 
f o r  t h e  o i l .  
hor izontal  which may allow f o r  b e t t e r  mixing of  t h e  upper por t ion  of t h e  waste 
i n  the tank.  I t  i s  unl ike ly  t h a t  the convect ive waste wi l l  d i s s o l v e  t h e  c r u s t  
but t h e  c i r c u l a t i o n  of l a r g e  q u a n t i t i e s  of waste may help prevent c r u s t  from 
forming in  t h e  a rea  of discharge back i n t o  t h e  tank.  

This concept u t i l i z e s  Hydrogen Mit igat ion Mixer Pump #3 (HMR#3) t o  

The HMR#3 mixer pump has t h e  c a p a b i l i t y  t o  r u n  f o r  longer  per iods of  

This mixer pump a l s o  has a nozzle t h a t  po in ts  up 30" from the 

6.2.2 Impel ler  Ci rcu la tor  

sur face  and extends approximately 20 f e e t  i n t o  t h e  waste. 
l i f t  c i r c u l a t o r ,  an impel ler  i s  used t o  t r a n s f e r  waste up through t h e  pipe t o  
t h e  s u r f a c e  of the c r u s t .  
impel le r  mounted on t h e  end of a long s h a f t  dr iven by a motor and speed 
reducer  as  shown in Figure 5. 

This  concept u t i l i z e s  an open-ended pipe t h a t  pene t ra tes  t h e  waste 
S imi la r  t o  an a i r  

This  wi l l  r e q u i r e  a new design of  having an 

6.2.3 Transfer  Pump Circu la t ion  

t h e  convect ive l a y e r  t o  t h e  top  of t h e  c r u s t  as  shown in Figure 6. 
This concept wi l l  insert a pump i n t o  the tank t h a t  t r a n s f e r s  waste from 

5 
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