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VERTICAL PUMP TURBINE OIL ENVIRONMENTAL EVALUATION

Problem Statement

In Oregon low-temperature geothermal (defined as less than 250oF) injection well construction, siting
and receiving formations requires approval by the Water Resources Department (OWRD).  In
addition, the Oregon Department of Environmental Quality (ODEQ) has regulations concerning
injection.  It reviews proposed injection plans to assure that there will be no contamination of
underground drinking water as defined by the U.S. Environmental Protection Agency (USEPA).

A Klamath Falls city ordinance prohibits surface disposal of geothermal fluids after July 1, 1990, and
as a result, a considerable number of injection wells needed to be drilled.  In order to facilitate the
well planning and approval process, representatives of both OWRD and ODEQ regularly visited
Klamath Falls for several months before the July 1 deadline.

Conversations with the OWRD and ODEQ representatives indicated they were very concerned about
the potential for contamination of the geothermal (and cooler but hydraulically connected) aquifers
by oils and grease.  Their primary concern was over the practice of putting paraffin, motor oils and
other hydrocarbons in downhole heat exchanger (DHE) wells to prevent corrosion.  They also
expressed considerable concern about the use of oil in production well pumps since the fluids pumped
would be injected.  Oregon (and Idaho) prohibit the use of oil-lubricated pumps for public water
supplies except in certain situations where non-toxic food-grade lubricants are used.  Although most
geothermal systems would not usually be classed as a public water supply, sometimes the fluids are
used for domestic hot water.  Most direct use aquifers contain less than 10,000 ppm TDS and
therefore, meet USEPA classification as drinking water aquifers (Safe Drinking Water Act, 1974).

Since enclosed-lineshaft oil-lubricated pumps are the mainstay of direct-use pumping equipment, the
potential for restricting their use became a concern to the Geo-Heat Center staff.   An investigation
into alternative pump lubrication schemes and development of rebuttals to potential restrictions was
proposed and approved as a contract task.

Background

The enclosed-lineshaft oil-lubricated vertical turbine pump has the best service record in pumping
geothermal fluids.  This type of pump is used almost universally in direct use systems that employ well
pumps.  There are about 15 of these in use in Klamath Falls.  The oil used in these pumps is generally
known as "turbine oil." It is a  petroleum-based  oil  and  may  contain  certain  proprietary additives
for lubrication enhancement, anti-foaming, anti-rust, etc.  In general, the turbine oils have a USDA
classification of H-2 which means there must be no contact with food (USFDA - 21 CFR
178.3620B).

In an oil-lubricated turbine pump, the oil is introduced at the top of the pump column at a rate of
several drops per minute.  It flows down inside the shaft enclosing tube lubricating successively lower



bearings and exits to the annular space between the column and well casing.  The oil outlet is near
the bottom of the pump column just above the pump itself.  Over a year's time, the amount of oil used
in a typical direct use pump is between 30 and 50 gallons.  Ultimately, the accumulation of oil in the
annulus may increase to the point where it displaces most of the water in the annulus and some oil
is pumped--as much as is introduced or a few drops per 300-500 gallons.  If for some reason the
pumping water level lowers to the point where the pump would break suction, it could pump a
considerable amount of oil for a short time.

There are about 500 geothermal wells in Klamath Falls with downhole heat exchangers (DHEs).
About the only problem experienced by most well owners is corrosion of the DHE pipes at the air-
water interface.  For many years, paraffin has been put down wells in an attempt to reduce the
corrosion rate.  In a few cases, other materials have been used--such as motor oil, grease and
reportedly even used motor oil.  This has been a significant concern of OWRD for sometime,
especially the motor oil and grease.  This practice is prohibited by state and federal laws.  Since, in
a DHE well, no geothermal water is removed and most wells have two DHEs--one for space heat and
one for domestic water, the use of a thief sampler is difficult if not impossible.  Therefore while there
had been concern, no actions were taken except the occasional writing of letters and memorandums
expressing the concern.

Starting in spring of 1990, OWRD and ODEQ began taking samples from pumped wells and
analyzing the samples for oils and grease.  All new injection wells were required to have pump tests.
Water samples are analyzed for oils and grease, and key geothermal chemical species to determine
injection compatibility.  In addition, a letter was sent to each well owner concerning the placement
of foreign materials into wells and warning that anyone doing so would be held liable for clean-up
costs--which could be very substantial.

Because of the increased concerns and activities relating to possible oil contamination on the part of
OWRD and ODEQ and the potential for banning use of turbine oils in geothermal production well
pumps, a project was initiated to evaluate the problem and seek solutions.  The project had three main
objectives.  These were:

 1. Obtain information about the currently used oils and evaluate the potential for health hazards.

 2. Determine what concerns there were in other states agencies.

 3. Find suitable substitutes for the currently used products in case of a ban on their use.

Objective 1 - Obtain information and evaluate health hazards.

Basic health and safety data for petroleum products is very easy to obtain.  Every distributor has
materials safety data sheets.  Several examples are included in the Appendix.  These include both oils
which are and oils which are not FDA and USDA approved for incidental contact with food.  Note
that despite the fact that some are approved and some are not, the first-aid procedures and health
hazards for oral ingestion (swallowing) are quite similar.



The Unocal and Chevron oils are all petroleum hydrocarbon based and all have the same percentage
(99%) of paraffins--the difference is the additives that make up the remaining 1%.  Some are USDA
and FDA approved for incidental contact, others are not.  Telephone discussions with Unocal
lubrication laboratory scientists revealed that some of the non-approved oils may contain organo-
metallics that are not approved.  These additives increase the oiliness or lubrication properties, and
the approved oils are not as good a lubricant in most applications.

The oils used in turbine pumps appear to have very low toxicity particularly in the amount likely to
be ingested.  These oils are in fact approved for and being used in municipal water supply wells in
California and Nevada.

Objective 2 - Determine what concerns there were in other states agencies.

As noted above, it was learned that oil-lubricated turbine pumps are used in municipal water supply
wells in California and Nevada, and that the oil is turbine oil.  Oregon and Idaho do not permit the
use of oil-lubricated pumps except in exceptional cases where water-lubricated pumps will not
operate and then only when FDA approved oils are used.

Telephone conversations with health department engineers in both California and Nevada indicated
that there are more oil-lubricated pumps than water-lubricated pumps used in municipal supply wells,
and that most are lubricated with turbine oil which does not have the USDA H-1 classification.

In both states, health department engineers are recommending switching from oil-lubricated to water-
lubricated if possible and if not to use H-1 oil.  Concern is not for health reasons since the amount
carried over in normal operation is so small.  The concern is that due to drought conditions, well
water levels will be drawn down to the point where the pumps break water suction and start pumping
larger amounts of the oil that has accumulated in the annulus.  Even then, concern is not for health
reasons as much as cosmetic ones.

People, of course, don't like oily water and a very small amount causes complaints about appearance
and odor.  There have been several cases of oil pumping in California and once oil gets in a municipal
system it persists as a film in piping which very slowly dissipates.  Cleaning is difficult and expensive.
The reason for switching to H-1 oil is that if it does get in a system they can at least say it is FDA
approved.

The potential for oil contamination of direct-use geothermal injection has not been addressed in
California or Nevada.  Although injection is into water classed as potential drinking water by USEPA,
i.e., less than 10,000 ppm TDS, the accepting aquifers are not used for domestic water supplies.
Utah, New Mexico and Arizona have not been concerned about low-temperature geothermal
injection.  Replies to telephone inquires were essentially the same:  1) there is very little injection
taking place, so it was not considered a problem, and 2) where injection is or was likely to occur, it
would be into aquifers not used for drinking water.



It appears that, at the present time at least, Oregon is the only place where concerns have been
voiced.

Legally, any oil--petroleum-based or synthetic including H-1 approved oils--is considered a
contaminant if discharged on the soil, into surface water or into any USEPA classed underground
source of drinking water.  These include all aquifers with less than 10,000 ppm total dissolved solids.
Not all manufacturers of turbine oils were contacted; but, it is believed that in general turbine oils do
not contain materials in USEPA's Priority Toxic Pollutants list.  EPA, therefore, is not terribly
concerned about using these oils in the normal amount.  Abnormal amounts or a spill would be a
concern.

Some of the oils currently reported to be in use, the industrial oils and some hydraulic oils may
contain zinc di alkyl di phio phosphate.  Zinc is on EPA priority list; therefore, oils would be less
desirable than the turbine oils which do not contain this metalorganic.

Objective 3 - Find suitable substitutes for currently used products in case of a ban on their use.
 
Bearing loads should be relatively low in a turbine pump installed in a straight well and not run at a
critical shaft speed.  The extreme pressure and anti-friction additives required for point or line contact
bearings are probably of little value--especially since there is  a continually replenished  supply of oil.
In  most situations, the turbine oils which do not contain the zinc metalorganic compounds should
perform satisfactorily and be "tolerable" by OSEPA and state environmental quality agencies.

Most major oil companies manufacture white mineral oils that have H-1 approval.  They are available
with viscosities the same as turbine oils and in journal bearings should have similar lubricating
properties.  These oils are about twice as expensive as turbine oils, and at least locally, are in short
supply.  They are used as a remedy for bloat in cattle and veterinarians report difficulty in obtaining
supplies in large (55 gallon drums) containers.

In addition to the turbine oils and petroleum-based, food-grade, H-1 oils, there are synthetic oils that
have H-1 approval.  Centrilift Hughes uses these oils in their submersible pumps.  CL-5 which is a
synthetic polyalpholefin has been in service in at least one geothermal pump for two years at a
downhole temperature of 234oF.  CL-5 is expensive--$27.30 per gallon compared to turbine oils at
about $3.30 per gallon.

Conclusions

Strict interpretation of codes would prohibit use of oil-lubricated turbine pumps in most, if not all,
direct use applications and in irrigation and municipal water supply wells.  As a practical matter, the
use is tolerated since the amount of oil carried over into the produced water is very small and does
not contain chemicals that are a serious concern.



There are some lubricants reportedly in use that contain metalorganic additives.  Environmentally,
these are less desirable than other lubricants which do not.  Lubricants which do not contain the
additives should prove adequate in most applications.

The concern in Oregon over oils used in turbine pumps appears to have been related to other
materials used locally in Klamath Falls in downhole heat exchanger wells.  Education of owners of
downhole heat  exchanger wells concerning the use of those materials, and of the concerned officials
about the health hazards of turbine oil seems to have alleviated concerns.  A contributing factor is that
continuing testing has not detected any oils or grease in the aquifer.



APPENDIX

Materials Safety Data Sheets
for Lubricating Oils




































































