
Trouble Shooting Thoughts

Trying to summarize trouble shooting is difficult.  There is so much trouble available.  There do seem to be some general guidelines that you should go by though.  They revolve mostly around common sense, understanding your process, and getting all the data.  One thing that I have found is that wrong hypotheses will explain only some of the data.  When you come up with the truly correct hypothesis, all the data will suddenly become clear and all the odd events will suddenly fit together.  Frequently, things that you have discarded as being a different problem will turn out to be explained by the TRUTH—when you find it.  New problems are often the same old problems with some new appearance.
1. The first priority should be finding out what is really going on.  This is harder than you think it would be.  The old story of the blind men looking at the elephant comes to mind.  Everyone looks at the problem from his or her own point of view and from their own experience.  Frequently people will ascribe the problem to some past problem they have experienced.  The fact that this one has several different features will not deter them at all.  Sometimes they will be right but often not.  [Note:  These episodes of tunnel vision will also apply to me—and you—from time to time.]  You should be very patient with everyone who is willing to take time to tell you about the problem.  You should ask questions but should probably not explain what you think is the answer until you have most or all the “facts.”  This reduces aggravation and maximizes the amount of information you can get.  It often helps to talk with several people if possible, but remember that some of the information you receive is not correct.

2. Compare the information you have received with what you know about the unit.  Is this really a new problem?  Occasionally the newness of the problem will actually be a combination of problems.  Sometimes this can be really hard to separate.  Review the things that can cause problems like the one that you are seeing.  What activities were going on when the problem started?  Is there any way that the activities can be part of the problem that you see?  What do all the features of the problem have in common?  Is there any way that the common feature could be causing the problem?

3. Form a hypothesis about what is going on.  This should not be done too quickly.  Take some time and see if there are other things going on that you have not heard of or noticed before.  Most of the time you learn the control loops that interact and how they interact in your plant.  See if some of that is going on.  What things are looking normal and what is really not looking normal.  Look for the “root cause” or the thing that could be responsible.  Remember that most of the problems really stem from simple causes.  Look for the simple hypothesis first.  

4. See if your hypothesis can explain all that is going on.  If it can’t, it is probably wrong or at best incomplete.  Don’t be too attached to your hypothesis.  Most of the time it is not completely right so be prepared to gracefully abandon it.  Be active in trying to disprove it yourself.  It is easier on your credibility to discover that you are wrong than to have someone point it out to you.

5. If the steps above have not produced a hypothesis that is consistent with all the data, start over somewhere.  Maybe you need to go all the way back to step one and look at all the data.  Keep in mind that it is supposed to make sense.  When you find the things that don’t make sense, these are the things that you should look at to be sure that the data is right.  Remember that your instruments can lie to you, but most of the time they are telling you information that is at least close to the truth.  Frequently there are ways to check on an instrument by comparing the information it is giving you with the information that you are getting from other instruments.  Be sure to always try to identify cause and effect.  I have seen some very good people set out on very expensive solutions to simple problems because they did not get the causes and the effects separated.  This is probably the most critical item in coming quickly to the correct solution to any plant problem.  Until you get causes and effects separated accurately, you cannot come to a correct solution except by accident.

Now, what are some of the things that can go wrong?

Temperature elements:

1. Slip out of the well.  They don’t have to come all the way out—just move enough that they do not touch the end or the side and their response time (and sometimes their accuracy) will be compromised.

2. Break.  Open connections usually read very high.

3. Short out.  When this happens you can be “reading” the temperature where the short is rather than where the junction of the thermocouple is.

4. Reference junction problems.  If all the thermocouples are off by the same amount suspect the reference junction.  This is the instrument that corrects for the current generated when you connect the thermocouple’s alloy wires to the copper alloy line that carries the information to the control room.

Flow elements—dP cells:

1. Zero problem.  If there is a flow reading when you know that there is no flow, suspect a zero problem.  However, it could be a fill problem with the low-pressure leg (positive flow) or with the high-pressure leg (negative flow) having lost some of the fill liquid.  Or if it is a gas filled connection, some liquid may have gotten into the lines.
2. Orifice plate plugging.  The flow will be lower than it appears on the instrument.  If there is a sudden problem, look at the valve signal.  If the valve signal changed abruptly to a more closed valve, it might be something in the orifice plate.

3. Orifice plate corroding out.  The flow will be higher than it appears on the instrument.  This will almost always be a slowly developing problem and thus hard to identify.

4. Bad flow.  If you have proof that the flow is not right (material balance, reactor product distribution, etc.) it might be a bad calibration of the instrument or if it is a new loop, the whole calculation might not be correct.

5. Problem with the seal legs.  These are the connections between the meter run and the dP cell.  The plan is that you set them up in a way that you can maintain.  You keep them full or empty based more on what you can be sure will exist than on what is nice to have.  Some are the permanently sealed connections with the lines filled with an inert fluid of some sort.  Even these sometimes leak.

Level indications:

1. Leg problems.  These are similar to the ones that you can have with a flow dP cell.  Keep in mind that dirt daubers can plug instrument lines along with many other things.

2. Level goes up in day and down at night in a tank that has no activity.  Problems with the PVRV—the valve that vents the expansion caused by the heat of the day and lets air back into the tank at night.  These need to be checked because if it is a severe problem, you may suck the tank in when you pump the contents out.  The level sensor (dP cell anyhow) can be a sensitive gauge on the pressure in the tank and can give early warning of possible vacuum problems in the tank.  (This works only on open topped tanks (atmospheric pressure) because the pressure in the top of a closed tank is compensated for because of the connection to the low pressure side of the dP cell and since they both are changing, you won’t see any change in the difference.)

3. Change in service.  A change in service on a tank will generally require a recalibration of the dP cell because of the density change of the new fluid.  Be cautious when putting a new tank into service and check the levels independently.  There is usually a mechanical level reading available which should be compared with the instrument reading.

Pressure readings:

1. I don’t ever remember having problems (other than the obvious ones of broken wires, broken gauges, etc.) with pressure readings.  I suppose that you could have plugging problems in the reference side of a dP cell or plugging in the connections to other sensors.

Distillation columns:

1. Loss of liquid flow to the trays.  You should be able to see this on the column dP.  On most columns, the dP is one of the most useful readings.  It tells you all the trays are in place and running about the right level of liquid—or not.  

2. Delta P across the trays.  This can tell you if things are doing about right or not.  If the change is sudden (significant drop) it may mean that the trays have been damaged by a pressure surge.  If the steam flow and the reflux flow are both down, the column may be dry.  This will give you a lower dP but should not be sudden.  You should make an effort to keep this instrument working (and recorded in the database) at all times.  Sometimes the motivation gets low since it has not changed in a long time but when it does, you need to have a history of it so you can tell what is going on.  

3. Loss of vacuum or other increase of operating pressure.  If this is sudden, you will push all the liquid on the trays down to the bottom of the column.  This may result in an abrupt increase in level and a temporary drop in temperature.  Keep in mind that you have put a bunch of light (low boiling point) material into the bottoms.  If you don’t block the steam, this high level of lower boiling point material will be heated up significantly.  When you return the pressure to its normal low level, you will probably generate a lot of vapor.  This surge of vapor can blow the trays out of the tower.  Trays are not delicate but neither are they designed for a large amount of dP.  In a tower with screen packing, you can move the screen packing and destroy the distributors.  There should be a procedure for getting the column back on line after a loss of vacuum.  The same problems can occur in a tower that runs under pressure if the pressure is lost.  This loss of pressure will produce a great increase in the amount of vapor flow up the column (both from volume change of the gas and from increased vaporization).  Don’t make sudden changes to a distillation column.  [Note:  We “slap the column around” in the PET.  This is not acceptable in a “real” plant.
4. Inventory of impurities in the column.  This is an uncommon problem but I did see it several times.  It will occur in new plants or new distillation columns most often.  Sometimes the column will take a small flow of material off a tray in the middle to bleed the impurities out.  Sometimes they will “belch” and take care of dumping themselves naturally.  Once in a while there is a problem with an impurity that will be trapped in the column and you may feed caustic (or an acid) into the column to cause it to react.  This is done cautiously and can result in odd problems.

Recycle streams.  Recycle streams have probably caused me more personal problems than any other single problem in plant operations.

1. They are accumulating.  Sometimes there will be a product made that has no way out of the plant.  It will accumulate in a recycle stream until it becomes a very significant fraction of the stream.  The plant may be very “tight” with respect with this compound getting out.  These compounds have to be purged in some manner.  Sometimes they will react further and either go out with the product or with the heavies from the plant.  Sometimes you have to do what ever you can to concentrate the impurity and then just take a tank of material out and burn it.

2. They are stuck in there.  Once in a while an inert compound will come in with a raw material and get caught in a recycle somewhere.  Compounds can stay here for years, waiting to cause problems.  These generally do not cause routine operating problems (they would have been identified and dealt with years ago) but when you change something, it can be bad.
Legends—It is not so much what you don’t know that hurts you, it is the stuff that you know that is not so.

1. Everyone has an opinion.  And that is as it should be.  However, don’t forget the rules of cause and effect.  Be sure that the legend explains all the data.  If it does not, ask questions (politely) and listen carefully to the answer.  Sometimes you will hear what is really going on that has not been noticed.

2. Legends are useful even if they are wrong.  Sometimes the legend will provoke the correct response for the wrong reason.  The only problem with these situations is that if you could correctly identify the problem, you might be able to fix it permanently.

3. Listen to everyone’s explanation.  If you expect people to explain the truth to you, you have to listen to the tales.  It just works out this way.  Additionally, (after collecting all the information you can) don’t be reluctant to take the time to explain what you think is going on to anyone who is interested.  Sometimes you figure out things as you listen to yourself that you won’t ever get if you don’t say it aloud.  This also gives others opportunities to provide information and possibly participate in the problem solving.
Reactors:

1. Here is where chemicals are made.  The rest of the plant separates them and moves heat around.  What usually goes wrong with reactors is that the flows of the reactants or the temperatures get messed up.  You need to pay attention to the composition of your reactor products.  When they change, there is a reason.  Know enough about the chemistry of your reactions to be able to tell what has changed.  If you don’t know what has happened, ask someone.  The really bad question is one that does not get asked.  Pick someone who is patient with you.  Most of us will talk for hours if the other person appears to really be listening.

2. Know the operating conditions of your system.  Know the results of changing them too.

Crystallizers:

1. These can be complicated.  If you get them too concentrated in the material that crystallizes, then you can have a rapid crystallization that makes small crystals.  There are lots of things that can go wrong.  Changes in pressure cause changes in temperature (usually you are boiling off the solvent) and this can make the system unstable.

2. Seed crystals are important.  If there is not a procedure to get seed crystals into the crystallizer, consider adding one.  You can suck crystals (vacuum cleaner style) into a vacuum crystallizer through any nozzle that is in the vapor space.  Sometimes the crystallizers take a long time to start up because you are waiting for the crystals to form.

When you are done and the problem is solved, spread the credit around.  
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