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DISCLAIMER 

 
 
This report 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, make any warranty, express or implied, or assume any legal liability or responsibility 
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights.  Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, 
or otherwise does not necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof.  The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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ABSTRACT 
 
 
 PAAL has completed the program entitled “Evaluating Casing Plunger Cup Design”.  
Elastomers were tested using a PAL casing plunger to transport standard ASTM dumbbell 
specimens down hole where they were exposed to the same environment that the plunger 
experiences.  After exposure the dumbbell specimens are tested using a small lab tensile tester 
located at the well site.  Testing at the well site ensures that the data measured is more accurate 
than would be available if tested in a lab at a later time.  Five separate compounds were included 
for exposure in each test, with each test lasting 60 days.  The same plunger was modified by 
incorporating two data loggers to measure and record the temperature and pressure surrounding 
the plunger.  The tensile data, temperature, and pressure data were used to evaluate cup 
performance.  From the collected data significant improvements were made in the cup 
performance and reliability. 
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EXECUTIVE SUMMARY 
 

 The novel cup design employed in the PAL Casing Plunger is based upon a cup having 
its outside diameter smaller than the casing inside diameter and utilizing a mechanical force to 
expand and seal the cup to the casing.   The lower cup is expanded when the plunger encounters 
the collar stop, set at the lower end of the casing, and the tool weight is allowed to compress the 
cup height and expand the cups outside diameter.  With the internal valve closed and the lower 
cup expanded to form a seal, gas from the formation begins to build pressure beneath and inside 
the tool.  This internal pressure increase expands the upper cup until it contacts the casing and 
forms a second seal.  Pressure continues to increase until the tool and the fluid above the tool 
begin to move up the well bore.  In this application it is clear that the single most important 
element affecting the tool operation is the design of the sealing cup.  

 
  It was believed by many elastomer design chemists that the best material to withstand 

the down hole environment would be a nitrile based compound formulated with a filler of N330 
carbon black.  N330 carbon black is widely used in the oil field rubber molding industry in 
dynamic applications to provide a compound with high abrasion resisting properties.  Casing 
plunger sealing cups commonly operate in 8,000 foot plus depths lifting as many as 15 barrels of 
fluid in a single trip.  Many times the casing in these wells is 10-50 years old, and has corroded 
surfaces, cement, salt, or chemical deposits built up on the ID of the casing.   The fluid being 
lifted in the wells frequently is 160-180 degrees Fahrenheit and can be a combination of oil, salt 
water, condensate, and paraffin.  Nitrile polymers are manufactured with varying 
acrylonitrile(ACN) percentages ranging from  26% thru 50%, with the higher percentages having 
higher chemical resistance; but producing rubber a compound with a higher modulus.  Often this 
higher modulus will render a compound unusable for many applications.  After conferring with 
three different chemists skilled in the art of rubber formulation it was decided to develop a 
compound based on a 45% and 50% ACN levels.  These materials were evaluated by placing 
ASTM dumbbell specimens of five compounds inside a chamber attached to four conventional 
PAL casing plungers and allowing the plungers to cycle in four different well environments.  In 
this chamber the specimens were exposed to the same well bore environment that the cups 
experience.  After sixty four days of exposure the dumbbells were removed and tested for loss of 
tensile strength by using a tensometer at the well site to compare tensile strength before and after 
exposure. The tensile strength remaining after exposure correlates well with the cups expected 
life in each particular well.  The loss in tensile strength comes about as the material experiences a 
volume swell due to exposure to various substances present in the fluids and gasses in the 
environment.  The associated swelling also affects the materials abrasion resistant qualities 
which results in a reduced life span for cups.  It should be noted that raising the ACN level of a 
formula is not the answer to all situations as this raises the modulus of the compound and often 
makes the cup too stiff to work properly in light load applications.  As usually is the case, 
maintaining a balance of properties is better than trying to maximize all properties. 

 



In order to better understand the down hole temperatures and pressures experienced by 
the PAL casing plunger two temperature and pressure data loggers(see appendix) were 
incorporated into the valve shaft mechanism, with one recorder measuring below the top cup and 
the other measuring above the top cup.  Data collected using this arrangement facilitates 
computing the pressure differential across the top cup.  Charts contained in the “Experimental” 
section show an upper and lower log recorded on 11-01-06 on well titled Ruth 1-36 located in 
Oklahoma.  The plunger in this well is programmed to make four cycles per day while lifting two 
to three barrels of fluid per cycle.  Cups for this plunger are molded from the 45%ACN level 
compound (“H”) previously mentioned.  The collar stop, or lowest point in the production cycle, 
is set at 7507 ft depth with the cups running over 850 cycles which computes to 1,200+ miles of 
lift.  Upon inspection these cups appear to have 70% of the original wall thickness still available. 
Cups in this well operate at a temperature of 156 degrees Fahrenheit for a period in excess of 200 
days with no appreciable consequences. 

 
The physical configuration of the PAL cup was changed to try to utilize a new compound 

we developed called 9002.  This compound measures 90 durometer shore A, is made from 31% 
ACN level, and has a very high modulus.  Even with the configuration changes we made, 9002 
would not make and hold the necessary seal needed for successful operation.  No further testing 
is planned for this compound at this time. 

 
This subcontract has allowed the development, testing, and refinement of two rubber 

compounds used primarily for casing plunger cups.  The first compound “H” is based on a 45% 
ACN level polymer and is used in wells to lift fluids containing salt water or oil.  In two such 
wells the Ruth 1-36 and the Gregg A22 , “H” compound maintained tensile strength of 2406psi 
and 2416psi respectively, which have proven to be sufficient to achieve excellent cup 
performance.  The second compound “7500” developed is based on a 50% ACN level polymer 
and it will be used in wells producing condensate or where high load carrying capacity is 
required.  
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EXPERIMENTAL 
  
 

The program utilized to evaluate casing plunger cup design used a TT2100 Tensile Tester 
manufactured by Benz Testers (www.benztesters.com) of Providence, RI to compare tensile 
strengths of elastomers before and after exposure to well-bore environments thus showing how 
much degradation occurred.  The test samples were cut to shape with an ASTM die which 
conforms to ASTM D 412 standards, also available from Benz Testers. 
 
 The data acquisition unit used to collect the down-hole pressure and temperature is an 
OM-CP-PRTEMP1000 unit made by Omega Engineering of Stamford, CT (www.omega.com).  
The unit is completely self contained in a stainless steel housing, making it submersible and 
resistant to most down-hole environments.  The unit will measure and record 16,383 temperature 
and 16,383 pressure measurements.  The data can be downloaded into a computer via a USB 
cable.  The software available allows the data to be printed in tabular or graphic form. 
 
  Typical physical properties as measured on compound “H” and “7500” are listed below. 
 
 
   “7500”          “H” 
100% Modulus    925PSI          734PSI 
300% Modulus     NA         3253PSI 
Tensile     4008PSI        4241PSI 
Elongation      421%          403% 
Durometer        85              79 
Specific Gravity      1.23            1.22 
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RESULTS and DISCUSSION 
 
 
 The goal when this project was started was to produce a casing plunger cup that would be 
able to perform in demanding well conditions.  One of the rubber formulations that was 
developed for trial was tagged compound “H”.  This formulation is made using Zeon Chemical 
Company’s Nipol Elastomer DN4580 which is a 45% ACN level nitrile made for high fuel 
(hydrocarbon) resistance and low fuel permeability.   Since July of 2005 cups molded from “H” 
compound have been used on the PAL plunger in the Ruth 1-36.  This plunger was installed on 
3-23-05, and was used to replace rods, tubing, down-hole rod pump, and a Big M 228-246-86 
pump jack which was powered by a C-96 motor operating on produced gas.  The collar stop was 
set at 7507ft, which is the first joint above the perforations.  Cups made from compound “H” 
have been used in this well since July 2005 with great success.  One set of cups ran in excess of 
850 cycles at four cycles per day.  These cups lifted over 1,912 barrels of fluid and traveled over 
1,200 miles before being changed.  The cups had less than 30% of their wall abraded.  With the 
PAL plunger installed, this well experienced a 68.5 mcf/day increase in gas production and a    
1.2 bbl/day increase in oil production.  One often over looked fact when evaluating casing 
plunger increases is the fact that the C-96 motor previously used to produce this well consumed 
over 5 mcf of gas each day.  When using the PAL casing plunger this 5 mcf of gas now goes into 
the pipeline for our use and not into the atmosphere as exhaust. 
 
    PAL cups made from “H” compound are being used successfully in more than 30 wells, 
with most showing an increase in production above previous production methods.  This rubber 
compound improvement process is an open ended on-going process however; this “H” 
compound must be judged a success.  
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CONCLUSION 
 
 
 The testing and compound development done under this subcontract has led to casing 
plunger cups that perform well under a wide range of down-hole conditions and provide an 
exceptional cup life.  The testing procedure utilized here, namely carrying the lab equipment to 
the well site to provide quick accurate results, has allowed several rubber compounds to be 
evaluated in a short period of time.  This program would not have been possible without the 
support of the DOE and SWC.  This support should be credited for the advances made here.  
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APPENDIX 
 

 
1. WELL TEST DATA 
2. RUTH UPPER TEMPERATURE-PRESSURE GRAPH 
3. RUTH LOWER TEMPERATURE-PRESSURE GRAPH 
4. OM-CP-PRTEMP1000 DATA SHEET 
5. OMEGA ENGINEERING ID SHEET 
6. PAAL TECH BULLETIN-RUTH 1-36 

 
















	cover
	Disclaimer
	Abstract
	TOC
	Executive Summary
	Experimental
	Results & Discussion
	Conclusion
	References
	Appendix
	Well Test Data
	Ruth Upper Temerature-Pressure
	Ruth Lower Temperature-Pressure
	OM-CP-PRETEMP 1000 Data Sheet
	Omega Engineering Data Sheet
	PAAL Technical Bulleting Ruth 1-36




