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Abstract 

Improved control of our Nitric Acid Process Evaporators requires the detection of 
spontaneously unstable operating conditions. If the instability is identified quickly, 
prompt response can avert distillate contamination. An algorithm applied to the runtime 
data was evaluated to detect this situation. A “snapshot” of data from a histogram in the 
old process control software was captured during the unstable conditions and modeled. 

Introduction 

Use of Evaporator 
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This process reduces the volume of contaminated liquid by 
evaporating Nitric Acid and concentrating salt residues. 
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DISCLAIMER 

This repon was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy,,completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise docs not necessarily constitute or imply its endorsement, recom- 
mendation. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expmsed herein do not neassarily state or 
reflect those of the United States Government or any agency thereof. 



Description of Evaporator 
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Figure 1. Block Diagram of the Evaporator. 

Distillate 

The evaporator is fed by two banks of feed tanks (Figure 1). 
These tanks contain nitric acid process effluent from plutonium scrap 
recovery research and development at Los Alamos Laboratory’s 
Plutonium Facility, TA-55. The feed is pumped into the evaporator by a 
feed pump that is controlled by a PLC. The feed is then heated with 
steam to boil the nitric acid off, which leaves a salt residue. 

The boiled off nitric acid is condensed and then stored in either 
“hot” or “cold” distillate tanks depending on the amount of Plutonium 
found fiom sample analysis. If the solution is below the economic discard 
limit (EDL), the “cold” distillate is sent to a different area to be processed 
further in order to remove the remaining contaminants. If the distillate is 
“hot” it is re-circulated through the evaporator process. 

The “bottoms” solution in the evaporator, which contains nearly 
all the radionuclides, is filtered in order to separate the precipitated salts 
from the supersaturated solution. This is done to prevent clogging of the 
transfer lines. The filtered salts are then dissolved in water and combined 
with the filtrate. The solution can either be reprocessed or discarded 
depending on the EDL. The filtrate is dissolved and handled in the same 
manner. 
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History of Process Control of Evaporator 

MMI in CDOS 
The original version of the supervisory control and data acquisition 

system (SCADA) was run under Concurrent DOS (CDOS) developed by 
Digital Research, Inc. CDOS was one of the first multitasking 
environments available for use with PC’s’. This type of environment is 
needed because many processes must run simultaneously. 

MMI in IBM’s OS/2 

operating system by IBM. This operating system allowed for the same 
capabilities as CDOS except it was in a windows environment. This made 
development much easier. Screens were easier to create in this 
environment. OS/2 also allowed for networking. The data could easily be 
sent to different computers for viewing or archiving. 

The process control software was then developed for the OS/2 

MMI in WindowsNT, Win95 
Microsoft’s operating systems were chosen to integrate with the 

many computers used in the office. Previously a user needed to have two 
computers on their desk or needed a dual boot system in order to use OS/2 
to see information from the MMI. WindowsNT offers the same 
multitasking environment and blends well with Win95 machines as well 
as Macintoshes. Data is transferred easily over a TCPAP network to 
databases or even through an Intranet environment. 

Problem 

When salts become concentrated in the evaporator the solution at times foams 
abruptly and carries over into the distillate system. The distillate lines become 
contaminated and at times become plugged with salts. This results in downtime of 
approximately a week in order to clean the cold lines. 

Solution 

Detection of erratic behavior of the Level 
Data was retrieved fiom the old system running under OS/2. This data, 

taken at one second intervals, was placed in an Excel worksheet and examined. 
The data from the OS/2 system was placed in three columns of the worksheet. 
They were the temperature, the level, and the pump output from 0 to 1 OO%, with 
the X axis being time (Figure 2). 
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Figure 2. Evaporator run showing erratic Behavior. 

The level of the evaporator was found to behave erratically, between 
1 1 :03 and 1 1 :04, just before the solution foamed over into the cold distillate 
lines. If this phenomenon could be detected within a reasonable amount of time 
to shut the system down, required cleaning of the cold distillate lines could be 
avoided. 

constant rate after the first hour of the run. There were no observations by 
operators of the system behaving in an erratic manner 

In Figure 3 it can be observed that the temperature and level remain at a 
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EVAPORATOR Data (3-12-97) 
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Figure 3. Evaporator run showing no erratic behavior. 

Detection of erratic behavior with Temperature over 100°C 

in the same manner as the level data. Erratic temperature changes were observed 
near the same time when foaming would begin. Erratic level and temperature 
behavior would not necessarily occur simultaneously. 

The temperature data was extracted and examined from the OS/2 system 

Orderly shutdown of Evaporator 

Data was put into a queue 

Temperature and Level 

-m- 
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Sum of the data 

0 
Figure 4. Detection of Erratic Behavior 
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Code was written in ladder logic to allow the PLC to shut down the 
system in an orderly fashion. When a certain threshold is reached for the level 
and temperature, warning lights are activated in the MMI. The last five levels 
and temperature differences (Fig. 4) were added together in the same manner as 
the modeled data from the old system, and by choosing a number that this sum 
should not exceed, the threshold was determined. This warning threshold is 
smaller than the threshold for system shutdown. When the shutdown threshold is 
reached the target values of the level and temperature are reduced and the system 
starts ramping down to these values. The ramping is needed in order notto 
“shock” the system into foaming abruptly anyway. 

If the feed and steam are stopped abruptly the foam will probably carry 
over into the distillate lines due to the residual heat present. By ramping down 
the feed and steam, the vapor rate is reduced in an orderly way without increasing 
the level. 

Figure 5. Graph of sums of differences of temperatures 

The sums of the differences of temperatures (Fig. 5) were taken. The 
threshold for the temperature warning light on the HMI screen was set to 0.8 and 
the threshold for shutdown for the system was set at 2.0. The graph shows the 
system running smoothly until approximately 13:59 hours. The warning light in 
the HMI screen starts flashing when the graphed threshold reads higher than 0.8. 
At approximately 14:00:30 hours the threshold reads approximately 2.0 the limit 
for the shutdown. One should notice that the level and the temperature start 
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rising at the same time. This may be an indication of a pending foam over into 
the distillation tanks. During normal operation the temperature and the level 
seem to go opposite of each other. 

Figure 6. Histogram of the same run as in Fig. 5. 

The Histogram above (Fig. 6) shows the run in a longer period of 
time. One can see the temperature remaining steady with the level fluctuating 
slightly. This is a normal occurrence during a typical evaporator run. The level 
begins to get a little erratic at the same time as in Figure 5, and at approximately 
14:00:30 hours the threshold (2.0) is exceeded (red trace) and the system starts to 
shutdown. One can see the orderly shutdown of both the steam (yellow trace) 
and the feed valve (black trace). 
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Figure 7. €€MI screen with graph of evaporator run. 

The HMI screen above (Fig. 7) has a graph similar to Figure 6 but shows 
a different run for the evaporator. Notice how the Level (blue line) and the 
Temperature (green line) somewhat take opposite paths when the system is 
running well. At approximately 15:30 hours there is erratic behavior and the 
temperature and level are rising at the same time. The action light for the level 
has turned red indicating the system should begin an orderly shutdown and in the 
graph, the red line indicates at what time the action bit turned on. This is at 15:30 
where the erratic behavior started to occur. Notice also that the temperature and 
the level are simultaneously on the rise, indicating pending trouble as in Figure 6. 
Figure 7’s graph also shows the orderly shutdown of the system with the feed 
valve (black line) and the steam (yellow line) ramping down. 

Conclusion 

Although, the algorithm is somewhat simple this should be a considered a 
strength rather than a weakness. Keeping it simple makes it easier to tweak the 
thresholds to obtain the most efficient system. Thresholds also need to be 
identified for different feed materials. Having different feed material makes it 
difficult to have a single threshold for the system. This might allow for an 
unsuspected foam over. 

are the same for the level as for the temperature. We understand that these are 
two completely different things and have to be optimized differently. 

Settings for the temperature have to be established. Right now the settings 
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We are continually searching for instruments to improve our system, that 
are compatible with nitric acid, to measure solution properties in the system @e. 
density measurements, electrical conductivity, etc.). 

Computer-Based Supervisory Control and Data Acquisition System for the Radioactive Waste 
Evaporator, Noah Pope, etal., LA-12826, Los Alamos National Laboratory, December 1994, 
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