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ARS Story on the R&D for the American version of 

Corrugated-Wall Plastic Drainage Tubing 

and Plow-In Method of Installation 
  

 by James L. Fouss, Ph.D., P.E. 

 

Preface: 

 The U.S. Department of Agriculture (USDA) Agricultural Research Service (ARS) is the 

scientific and engineering research agency whose mission is to develop new and improved 

technologies to enhance agriculture and food production for public benefit. One of ARS’s 

principal areas of research is soil and water management and conservation which are carried out 

at a national network of Federal research laboratories, many of which are co-located and 

cooperative with major Universities.  The new knowledge, concepts, and technologies developed 

and demonstrated by ARS research are transferred to private sector agricultural producers and 

service providers (e.g., manufacturers) for implementation and delivery of improved products 

and services to the public.  

 

Foreword:  

 This is a story about activities of USDA-ARS researchers, namely myself, James L. 

Fouss (Research Agricultural Engineer), and my technician and co-worker, Norman R. Fausey 

(Engineering Technician), other ARS and university colleagues, and a few industry cooperators, 

on our research and development of new subsurface drainage materials and methods of 

installation that helped to revolutionize the subsurface drainage industry in the early 1970s. 

Many of the activity details covered in this story have not previously been written down or 

published, but some of the special events that occurred were talked about a number of times by 

Jim Fouss over the years to selected colleagues and friends.  

Background and Introduction: 

 By the mid-1960's, most of the research to develop new agricultural drainage materials had 

begun to focus on corrugated-wall plastic tubing.  Continuous extrusion and molding equipment 

had been perfected by W. German industry (e.g., Drossbach Industries) to fabricate small diameter 

(e.g., 2-3/8 in. I.D.) corrugated-wall plastic tubing (primarily using PVC plastic), and underground 
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drainage with the new small-diameter conduit caught on in W. Germany and soon spread to other 

regions in Europe. In the USA, the first users of the new corrugated-wall plastic tubing [mostly 

using high-density polyethylene (HDPE) plastic] were the underground electrical and telephone 

conduit industries.  Research in the USA on using the corrugated-wall high-density polyethylene 

(HDPE) plastic tubing as an agricultural subsurface drainage conduit was begun in 1965 (Fouss, 

1965, 1968), and research to develop new higher speed methods of installation focused on adapting 

mole-plow type equipment and not the trenching machine.  By 1967, 4-in. diameter corrugated-

wall plastic drainage tubing was being fabricated commercially in the USA by Advanced Drainage 

Systems (ADS), and as other manufacturers followed this new drainage industry grew rapidly in 

the U.S.  By the late 1960’s many U.S. clay and concrete drain tile manufacturers began setting up 

corrugated plastic drain tube extrusion plants, and most of the clay and concrete drain tile plants 

were phased out over a period of years and closed.  

ARS Drainage Materials Research Prior to 1965: 

 ARS drainage materials research prior to 1960 was conducted by Charles Busch located at 

Cornell University, and his research was focused on the concept of installing a stabilizing PVC 

plastic liner (arch-shaped or circular) in a mole drain channel behind a mole plow (Busch, 1958). 

After 1960 the ARS plastic-lined mole drain research project was assigned to James L. Fouss 

(agricultural engineer)
1
, stationed at The Ohio State University.  Fouss and his research assistant, 

Norman R. Fausey (engineering technician), expanded the research in cooperation with an Ohio 

Agricultural Experiment Station research professor (Dr. Glenn O. Schwab) to evaluate the 

structural stability of several PVC plastic-liner configurations (Fouss and Donnan, 1962).  Fouss 

and Fausey developed a method to install within the mole-drain channel a completely closed 

circular liner formed from a coil of semi-rigid PVC plastic sheet.  A 3-in. diameter mole-drain liner 

was formed with a 10-in. wide, 15-mil thickness, PVC plastic sheet that had interlocking tabs pre-

stamped along both sides. The new drain channel was named the “Zippered” plastic-lined mole 

drain. The expanded research was designed to also evaluate different methods for controlling the 

depth and gradient for the plowed-in plastic-lined mole drains.  A final report on this phase of the 

research (Fouss, 1965) was presented at the first National Drainage Conference sponsored by the 

                     

1
 See the Story in Appendix-II on how the ARS plastic-lined mole drain project was assigned to James L. Fouss.  



 

 

 3 

American Society of Agricultural Engineers (ASAE) held at Chicago, IL in December 1965. Fouss 

presented that paper and reported that the thin-wall PVC plastic mole liners, including the stronger 

“zippered” liner, were not strong enough to withstand deformation from soil pressure over a 4- or 

5-year field test period.  It was also reported in that 1965 paper presented by Fouss about the first 

promising field test for the corrugated-wall HDPE plastic tubing for the plowed-in subsurface 

drainage conduit. Therefore, the plastic-lined mole drain was abandoned in favor of corrugated-

wall HDPE plastic tubing placed in the mole drain channel.
2
  PDF printed copies of both the 1962 

and 1965 ASAE published papers are included in Appendix-I; the reader is encouraged to review 

those papers for additional details and conclusions from the 1960-1965 research studies. The 

details of the subsequent research program on the development of what I have termed the 

“American version” of corrugated-wall plastic drain tubing in the USA are given below.  

Highlights of Corrugated-Wall Plastic Drain Tube Development Research: 

 In June of 1965, the Columbus, Ohio ARS research team
3
 was contacted by representatives 

of Haveg Industries, Inc. of Wilmington, Delaware, regarding the possible use of corrugated-wall 

plastic tubing for subsurface drainage.  Haveg Industries, at that time, had fabricated 2- and 3-inch 

diameter corrugated-wall tubing for use as an underground electrical conduit in new housing 

subdivision developments, primarily in the western U.S. Haveg Industries had acquired their 

corrugated tubing extrusion equipment from Drossbach Industries in W. Germany. Although the 

original samples of tubing were much stronger than appeared to be necessary for agricultural 

subsurface drains, the idea showed immediate potential for our ARS research team. The 

corrugated-wall plastic tubes were found to be stronger (resistance to deflection), lighter in weight, 

less expensive, and easier to handle because of better longitudinal flexibility (coilability) than 

comparable strength smooth-wall plastic pipe.   

 The mole plow used to install plastic-lined mole drains was modified with an attachment in 

July of 1965 to install 2-inch diameter polyethylene plastic tubing provided by Haveg Industries. 

Since the tubing had been fabricated for use as shielding for an underground electrical conduit, it 

                     

2
 Following my presentation in 1965 that the plastic-lined mole drain concept was being abandoned, I received 

thank you letters from about 3, perhaps 4, European countries for reporting those research results because they had 

planned to begin research on plastic-lined mole drains; they changed plans to begin work on corrugated plastic pipe. 
3
 J. L. Fouss (agricultural engineer), N. R. Fausey (engineering technician), R. C. Reeve (ARS research investigation 

leader), G. O. Schwab (OSU professor of agricultural engineering), and L. S. Willardson (ARS agricultural engineer). 
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did not have perforations for water entry. Therefore, slots were "sawed" in the outside "crowns" of 

the corrugated-wall plastic tubing to provide water entry openings. The first field test installation 

involved subsurface drainage of a side-hill seepage area at the Coshocton, Ohio ARS Hydrologic 

Research Station.
4
  It was immediately apparent during the installation of this initial field trial that 

the special tube feeding device behind the mole plow worked exceptionally well, and eliminated 

many of plastic sheet feeding difficulties and special materials handling problems experienced with 

the Zipper-type plastic mole-drain liner installed earlier. Although the modified mole plow was 

required to open the ground gap up wide enough to feed the full diameter of the tubing into the 

ground, the draft requirements were not significantly increased over that for the narrow blade 

machine used to install the sheet-plastic mole-drain liners. The initial installation field trial for 

corrugated-wall drain tubing “plowed-in” behind our research mole-plow is shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

                             Fig. 1. Small-Diameter Corrugated-Wall Plastic Drain Tubing being 

                                         Plowed-In behind a Mole-Plow; 1965, Coshocton, OH.  

 

 After a few months performance of these small-diameter corrugated-wall plastic drains in 

the soil, it was apparent that the structural strength and hydraulic performances of the drain were 

more than adequate. Some sediment was observed in some of the drain lines installed in the silt 

loam soil, but it was not considered serious.  It was also observed that initial sediment in the drains 

was flushed out by the first heavy rain; the turbulence within the corrugated wall tubing kept the 

                     

4
 This site was selected to avoid possible press coverage of the initial field trials with the new drain pipe product.   
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material in suspension and allowed it to flow with the subsurface drainage water to the outlet. 

 In addition to representatives from Haveg Industries, a representative from the Corrugated 

Metal Pipe Division of Armco Steel Corp. of Middletown, Ohio was also present for the initial test 

installation, namely, Mr. Ted Morton (engineer).  Nearly continuous communications with both of 

these firms occurred over the next few months. When Haveg Industries realized that we had 

already decided that some design changes in the tubing’s corrugation profile shape would be 

required in order to make it adaptable for agricultural drains, their interest decreased.  Armco Steel 

Corp., on the other hand, with their vast experience in corrugated metal culverts was quite 

interested in expanding their field of expertise into the area of corrugated-wall plastic drainage 

tubing.  It was at this stage in the investigation that I began to make some theoretical analyses of 

the structural strength of a corrugated plastic tube wall. Armco Steel provided some input from 

their experience in the corrugated metal culvert field, in particular information provided by Mr. 

Howard White (engineer). The corrugated-wall HDPE plastic tubing was a flexible-type conduit, 

that is, it deflected some under soil loading and was subjected to a different soil loading condition 

than a rigid drain tile (clay or concrete). A flexible conduit gains part of its vertical soil load-

carrying capacity from the lateral support (passive resistance) from the soil at the sides of the 

conduit as it deflects (flattens) outward slightly and presses against the soil at the sides of the 

conduit. The vertical soil load on the top of a flexible conduit is typically less than on a rigid 

conduit buried at the same depth. A formula, called the Iowa Formula, was developed by Prof. M. 

G. Spangler at Iowa State University to predict the deflection of a flexible conduit under soil 

loading. One of Prof. Spangler’s students, Dr. R. K. Watkins, found an error in the original formula 

derivation and the Revised Iowa Formula was developed and published jointly by Watkins and 

Spangler. The Revised Iowa Formula for soil loading, and the theory for deflection of flexible 

conduits when loaded between parallel plates, was used in my initial design analyses of the 

corrugated-wall HDPE plastic draintube. A few months were spent in conducting computer 

simulation studies to determine various corrugation configurations which would provide the 

strength to resist significant pipe-diameter deflection under soil loading of the plastic tubing for 

agricultural drainage conduit applications. Subsequently, it was decided that some experimental 

tubing was needed in order to verify or confirm the theoretical corrugation design method in terms 

of actual and predicted pipe strength (e.g., laboratory test for pipe deflection resistance under 
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parallel-plate loading). It was also intended that the experimental tubing would be evaluated to 

determine how close the predicted strength could be realized in manufactured tubing (i.e., not just 

short-length samples).  In order to accomplish this, special molding blocks needed to be fabricated 

to make long coiled lengths (e.g., 150-ft. or more per coil) of the corrugated tubing with our 

proposed corrugation profile design.  

 It was proposed that experimental corrugated-wall tubing was to be fabricated with three 

different plastic resins [PVC, High Density Polyethylene (HDPE), and Polypropylene], and with 

different pipe-wall thicknesses to provide pipes of variable strength (deflection resistance). Two 

types of tests were proposed to evaluate the experimental tubing: (1) Short (1-ft. long) samples for 

physical laboratory pipe-diameter deflection testing via parallel-plate loading to check against the 

theoretical analysis; and (2) Coiled tubing installed with the mole-plow to evaluate performance 

under soil loading for tubes with variable strength (deflection resistance); i.e., tubes made from the 

three different plastic resins and tubes with different pipe-wall thicknesses to provide a range of 

pipe strength (deflection resistance). 

 Armco Steel Corp. agreed to cooperate with ARS in this research evaluation project, each 

providing approximately one-half the funds necessary to have the molding blocks fabricated and 

the test tubing manufactured. In late 1966 and early 1967, ARS entered into an agreement with 

Armco Steel to have the necessary research tubing fabricated. An ARS purchase order was issued 

to Armco Steel Corp., contributing about $2,000 for the ARS portion of the work. Armco Steel 

Corp. engineers made the decision to contact the best experts in W/ Germany at that time relative 

to making the corrugated tubing for our research purposes. The W. German firm, Drossbach 

Industries, agreed to fabricate the required die mold blocks in accordance with our specification 

and standards and to manufacture the required coiled lengths of plastic pipe using the three types of 

plastic resin and at two or three different pipe-wall thicknesses. ARS provided the corrugation 

[profile] design to be used based upon computer simulation and modeling results that we had 

accumulated at our Ohio State University facilities over a period of months. The corrugation 

profile shape used was basically a square-wave corrugation in order to simplify the mathematical 

analysis and to make accurate comparisons with actual tubing when it became available. A more 

complex corrugation shape, such as one including parts of circles, or perhaps a sine-wave, may 

have provided a profile easier to mold with the corrugation extrusion equipment, but would have 
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been more complex to theoretically compare directly with physical strength test results. The main 

objective at that stage of the work was to determine the reliability of theoretically designed 

corrugated tubing and to determine the minimum strength requirements (deflection resistance) for 

acceptable field performance at typical depths in the soil for subsurface drainage conduits.  

 `Several months were required in order to have the molding blocks fabricated and the 

tubing produced in order to carry out the research project. It was during this time that the ARS 

project engineers concentrated on developing the laser-beam automatic grade-control system for 

the drainage plow (discussed in a separate ARS and Industry cooperative R & D “story”). The 

development of the laser-beam grade-control system was very important to the project, because 

without a suitable and accurate method of controlling depth and drain grade for the drainage plow, 

the plow-in method for installing subsurface drains would not have been practical or acceptable.  

 The experimental corrugated plastic drainage tubing was finally received in the Fall of 

1967. All the experimental tubing was of 3-inch diameter, which at that time was considered a 

practical size for plowing into the ground, and was made of three types of plastic material 

specified, namely:  (1) PVC, (2) High-Density Polyethylene (HDPE), and (3) Polypropylene.
5
  

These three types of plastic provided a range in strength, the strongest tubing being made with 

PVC to the weakest with HDPE. Test lengths (1-ft.) of the corrugated-wall tubing samples were 

tested for deflection resistance in the laboratory using the parallel-plate load-deflection method. 

Based on these laboratory tests, and the theoretical analysis of the corrugation shapes, agreement 

between the predicted strength and the actual strength was within 10 to 15% in most cases. This 

was considered adequate and acceptable for this type of engineering design work. The field testing 

phases with this experimental tubing were never carried out for two reasons:  (1) project funding to 

initiate the field project became quite limited in early 1968, and therefore, the project was 

temporarily postponed; and (2) in late 1968, a field grass fire spread and destroyed the storage area 

where the experimental tubing was kept--the tubing was damaged beyond the point of being useful. 

                     

5
 After our experimental tubing was delivered from W. Germany, I received a personal visit from the President of 

Drossbach Industries, Mr. Max Drossbach. He asked me why I did not use PVC plastic for all the experimental 

tubes, and why I did not use his sine-wave type corrugations. I explained that PVC cost about 3X more in the. U.S. 

than in Europe, and PVC had brittleness and stress cracking problems that I wanted to avoid (thus chose HDPE for 

my preferred tubing). I also reviewed my corrugation profile design work and the importance of corrugation depth, 

especially for the weaker HDPE plastic vs. PVC, to obtain the pipe strength I needed. He understood my thinking.  
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However, by that time, the American Industry was beginning to get under way as outlined below, 

and tubing of various strengths was obtainable from them for our planned field installation project.  

The Beginning of the Corrugated Plastic Pipe Drainage Industry in the U.S.: 

 It was in January 1967 that several representatives of a new firm being organized under the 

name Advanced Drainage Systems, headquartered in Delaware, Maryland, came to visit our 

research staff at Columbus, OH. They had been reading of our research work with corrugated 

plastic drainage tubing, and had attended the December, 1965 National Drainage Symposium in 

Chicago, Illinois in conjunction with the American Society of Agricultural Engineers' Meeting. It 

was at that Symposium where I first reported our team’s progress in preliminary field testing of 

“plowed-in” corrugated-wall HDPE plastic drain tubing for agricultural subsurface drainage 

applications. Results from the Coshocton, Ohio initial field trials were given at that time.  The 

ADS representatives (Ron Martin and Marty Sixt) inquired about the minimum strength 

requirements for corrugated plastic drain tubing and the kinds of corrugations we would 

recommend for a 4-inch diameter tubing.  It was at that time we recommended they stick with the 

4-inch diameter tube rather than the 3-inch tubing we were exploring for plowed-in drains. This 

recommendation was made because it was apparent that changing the drainage pipe materials (i.e., 

from clay or concrete to plastic) would create considerable discussion in the field of drainage, and 

to change diameter of drain pipe at the same time would add to the problems of marketing the new 

product. Recommendations were made regarding the general shape for the corrugation, namely, 

that they be somewhat rectangular in shape with slightly rounded corners, and not the small sine-

wave type corrugations that we had seen on some of the European PVC pipe, particularly that 

coming from W. Germany. Recommendations were also made regarding minimum strength 

requirements based on field tests conducted in Ames, Iowa during the 1950’s by Dr. G. O. Schwab 

with smooth-wall polyethylene plastic pipe pulled into mole-drain channels. We had made digging 

inspections of those plastic drains in Iowa during mid-1966 and evaluated their structural strength 

in terms of deflection resistance under parallel-plate loading. It was concluded from the Iowa 

experiments that a 4-inch diameter tubing that had a parallel-plate load deflection resistance of 30 

pounds of parallel-plate load applied per linear foot of tubing per 1/8 inch of vertical pipe 

deflection should provide adequate strength for subsurface drainage applications in most soils. It 

was about this stage in the discussions and recommendations with ADS representatives that I 
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probably began calling the recommended 4-in. corrugated-wall drain tubing the “American 

version” (i.e., it was a 4-in. I.D. corrugated-wall HDPE plastic tube and had rectangular-shaped 

corrugations with slightly rounded corners).
6
  

 Communications were maintained with the ADS representatives (Martin and Sixt) over the 

next several months and the first production tubing from the ADS facilities was realized during 

August 1967.  The company provided us several pipe samples over the preceding months for test 

and evaluation with regard to our analysis procedure for corrugated-wall plastic tubing design. 

Those pipe samples provided by ADS were very beneficial additional evidence on the accuracy of 

the analytical design procedure along with the 3-inch plastic tube samples which had been 

fabricated for us in W. Germany. 

 In August of 1967, I had a speaking engagement at the North Eastern Section of the 

American Society of Agricultural Engineers, held at McGill University in Quebec, Canada.  The 

Canadian Engineering and Agricultural representatives in attendance at the meeting were quite 

interested in the corrugated-wall plastic drainage tubing idea, and maintained communications with 

our research team for the next few years. In 1968 the first of several clay and concrete drain tile 

manufacturers in the U.S., namely The Hancock Brick & Tile Co. of Findlay, OH and its newly 

formed Hancor Division began to develop production facilities for 4-in. diameter corrugated-wall 

HDPE plastic drainage tubing. 

 In August 1969 I was invited back to Canada to make a special presentation at Macdonald 

College near Montreal, Canada, again to a group of Canadian Agricultural Engineers, 

representatives from a few drainage firms, and several farmers. The special invitation was to 

present an engineering report on a large drainage plow I had designed to install corrugated drain 

pipe at a depth of 6.0-ft.
7
  Before returning to the U.S. on that trip, I toured one of the corrugated 

pipe manufacturing plants (Daymond, Ltd.) at Ridgetown, Ontario.  Following the 1969 meeting, I 

maintained communications with several Canadian university and industry representatives during 

                     

6 In terms of the current ASTM F-405 standard specification format for the 4-in. dia. corrugated-wall tubing, this 

original recommendation would have been 20 pii ( i.e., 20 lb./in. of pipe length/in. of vertical deflection). Thus, our 

1967 recommendation was lower than the current ASTM Pipe Stiffness spec for 4-in. dia. tubing of 35 pii. However, 

the Pipe Stiffness in the ASTM F-405 specification was increased in increments over the years from 1974 to 2015.  
7
 A separate R&D “story” has been written about this large drainage plow project; “Story behind the Story on the 

Development of the ARS “Big Red” Draintube Plow with Laserplane Automatic Grade Control System”.  
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various stages of their development of specifications and standards for corrugated HDPE plastic 

drainage tubing which was eventually developed in Canada.  

Engineering Report on Design Procedure for Corrugated-Wall Plastic Drainage Tubing: 

 During 1968-1969 I drafted an extensive engineering report to document my work and 

thinking on the design of corrugated-wall plastic drainage tubing. The report was titled: 

“Structural Design Procedure for Corrugated Plastic Drainage Tubing”, but it was not 

available in published format as USDA Bulletin No. 1466 until July 1973. That corrugated-wall 

plastic pipe design report presented a systematic, analytical procedure for designing an efficient 

corrugation shape (cross-sectional profile) for the pipe-wall of the plastic draintube. Each step of 

the design procedure was discussed in considerable detail. In principle, the design method 

followed very closely the procedure typically used for the optimized engineering design of a 

structural I-beam. That is, within the confines of practical dimensions and within the bounds of 

allowable tube-wall stress and strain, the pipe-wall cross-section was designed to obtain 

maximum moment-of-inertia and maximum strength-to-weight ratio for the fabricated plastic 

draintube. Although the design procedure utilized the established requirements for draintube 

strength and deflection under soil loading, the design analysis and selection technique simplified 

the engineering evaluation of various corrugation profiles by the use of an equivalent parallel-

plate load and deflection performance parameter for the draintube. Throughout the report, the 

derivation of all equations needed for the design analysis and computations were given in detail.  

 The original draft engineering report on the corrugated-wall plastic drain pipe design 

procedure was submitted to the Ohio State Board of Engineering Registration (with ARS 

concurrence) to complete the final qualification requirement for my Professional Engineer License 

in the State of Ohio (January 1970; P.E. #34419; OH).  

 A complete PDF file copy of the USDA Bulletin 1466 is included on the CD or Flash 

Drive in Appendix-III.  After the pipe design report was published by USDA, approximately 3,500 

copies of the USDA Bulletin 1466 were provided to individuals, firms and organizations world-

wide that had contacted our office at Ohio State requesting the Bulletin. The original 2,500 copies 

provided by the USDA printing office were distributed rather quickly, and we had an additional 

1,000 copies made to fill continuing requests for more than an additional year. The pipe design 

equations shown in the report were programmed into desktop computers by corrugated pipe 
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designers and consultants, including myself, to facilitate use of the equations and design 

procedures in conducting pipe design consulting projects for the corrugated plastic drainpipe 

industry in the U.S. and also some firms in Canada.  

 

Specifications and Standards Development 

 During the late 1960’s and the early 1970’s, great effort was put into the development of 

specifications and standards for the new corrugated plastic drainage tubing.  I was assigned as the 

lead author in an initial draft for a proposed standard for corrugated plastic drainage tubing in a 

committee formed by the U.S. Bureau of Standards.  In the early 1970's a new American Society 

for Testing and Materials (ASTM) committee was formed under the jurisdiction of the F-17 

Committee on Plastic Piping Systems to handle the development of a Specifications and Standards 

for Corrugated-wall Plastic Drainage Tubing; the responsible Subcommittee was F-17.65 for Land 

Drainage. The initial draft prepared under the U.S. Bureau of Standards committee structure was 

turned over to this new ASTM committee as a starting point. The efforts and key leadership of Mr. 

Walter J. Ochs, National Drainage Engineer with the USDA-SCS in Washington, DC, were 

instrumental in getting this product specification approved and released during 1974 as F-405 

"Specification for Corrugated Polyethylene (PE) Tubing and Fittings."   

 I was selected as the Chairman of the F-17.65 Committee after Mr. Ochs’ tenure, and was 

responsible for implementing some needed updates and corrections to the original F-405 Standard. 

The specification has undergone several revisions and updated performance (e.g., Pipe Stiffness) 

specifications since 1974 to expand its scope and include additional pipe testing procedures, such 

as cold temperature impact testing, and high temperature tests to accelerate aging of the HDPE 

plastic resin. I did attempt to have the speed reduced that the parallel-plate strength test load was 

applied to pipe samples being tested. A standard Instrom Testing Machine was used to apply the 

parallel-plate loading, and the default speed that the parallel plates deflected (flattened) the test 

pipe was 0.5-in./min.  Based on the many laboratory tests we had conducted when collecting data 

to include in the USDA Technical Bulletin 1466 on the corrugation design procedure, I concluded 

that a parallel-plate loading speed of 0.5-in./min. was somewhat too fast for a 3-in. or 4-in. dia. 

tubing. My laboratory test results indicated that the rapid parallel-plate test gave a notably higher 

Pipe Stiffness strength value, especially for the smaller 3- and 4-in. dia. drain pipes, than a slower 
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speed, e.g., a rate of 0.010- to 0.125-in./min.  As larger diameter corrugated-wall HDPE pipes were 

manufactured a few years later, the parallel-plate testing speed remained at 0.5-in./min.  I noted to 

the committee that for the larger pipes anticipated for production in the future, for example, larger 

than 8.0-in. dia., the speed of testing between parallel plates would not present a serious problem 

with distorting (increasing) the Pipe Stiffness results. However, with the drainage industry 

membership on the ASTM F-17.65 committee, the longer time required for such a revised parallel-

plate test on a 4-in. dia. tubing was a significant barrier in their operations, because of the large 

number of pipe samples typically tested for Quality Control purposes in their plants. Thus, my 

recommended change in the parallel-plate test was not approved for the F-405 specification 

standard.  To my knowledge, the speed of the parallel-plate test has never been modified in the 

ASTM F-405 specification.  

 The ASTM F-405 specification has continued to be a "performance standard" for HDPE 

plastic pipes less than 12-in. in dia., and the specification has not limited manufacturers in making 

design changes to improve the corrugated-wall plastic pipe.  Similar ASTM specifications and 

standards were developed for corrugated-wall HDPE plastic pipes of 8-in. dia. and larger, but those 

are not discussed here.  

Corrugated Plastic Pipe Industry Expansion to produce Large-Diameter Plastic Pipes:  

  Within a few years after the corrugated plastic tubing and pipe industry began, there was an 

ever increasing demand for larger diameter corrugated-wall plastic pipe. Soon HDPE plastic pipes 

up to 24-in. diameter became common among most manufacturers. The hydraulic roughness of the 

large and deep corrugations in the larger diameter pipes began to be a concern because larger and 

larger corrugated-wall pipes were required to meet hydraulic flow capacities needed in many 

applications. By the mid-1980’s, attention was given by the industry to design and produce a 

corrugated-wall HDPE pipe with a smooth-wall interior core. In fact, my first work on the 

corrugated-smooth HDPE pipes was as an ARS approved short-term private consultant in 1985 to 

assist one pipe firm design 18- to 36-in. dia. corrugated-smooth pipe-wall profiles for their initial 

production pipes.
8
 The smooth-wall core for the corrugated-wall pipe vastly improved the 

                     

8
 I, along with a colleague, published one technical paper on the structural and hydraulic advantages of the 

    corrugated-smooth pipe-wall configuration for the large-diameter HDPE pipes. See appended list of references. 
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hydraulic flow characteristics for the new HDPE pipe.  Most of the large-diameter corrugated-

smooth pipes were used in culvert pipe applications, but it took several years before product and 

regulatory (ASTM) standards were developed that permitted the HDPE plastic culvert pipes to be 

used as highway culverts (eventually covered in AASHTO specifications and standards). The 

HDPE culvert pipes eventually produced by many of the manufacturers increased in diameter up to 

the largest size of 60-in.diameter.  Such large diameter pipe could be supplied in different lengths 

to meet customer requirements. The industry started calling the regular corrugated-wall HDPE 

pipes, “Single Wall”, and the corrugated-smooth HDPE pipes, “Double Wall.”  All customers soon 

followed suit and used the new terms in ordering pipe products. Only old-time consultants (e.g., 

yours truly) have continued to use corrugated-wall and corrugated-smooth pipe-wall to describe 

and talk about these HDPE pipe products. (ha) 

Corrugated HDPE Pipe Products Materials Handling Improvements:   

 Several important changes and improvements in tubing and pipe materials handling 

methods have been made by the industry since its earliest days in production. For the typical 

drainage tubing of 4.0-in. diameter, the size of coil used to ship and handle the product increased 

from the original 350-ft. per coil in the early days of the industry to a 3,000-ft. long coil of tubing. 

The large-size coil was typically transported on the field on a trailer-type coil rig to uncoil before 

installation, or a drainage machine mounted coil that was uncoiled as the tubing was installed with 

a trencher or drainage plow. One manufacturer developed a maxi-coil of 5,000 ft. for the 4-in. dia. 

corrugated-wall tubing. Typically 6-in. dia. corrugated-wall tubing was shipped coiled, and 

occasionally some 8-in. dia. tubing was coiled, but larger diameters were typically shipped in 20-ft. 

lengths. Manufactured fittings and couplers were developed to connect the end of one coil to 

tubing in the next coil to insure a good connection without disruption of internal water flow. For 

the regular corrugated-wall tubing (single-wall), the internal coupler was popular with contactors (I 

was the senior inventor for the Internal-Coupler product, and it was patented as a Hancor, Inc. 

product).  External couplers were used on the corrugated-smooth pipe-wall (double-wall) pipes.  

 A great deal of attention was given by the industry to materials storage and handling for the 

large-diameter pipe products, and especially for the corrugated-smooth pipe-wall products 

produced in various pipe lengths, e.g., 20-ft. For product designers, the ability to “nest” the various 

diameters of large-diameter corrugated-smooth (dual-wall) HDPE pipes for shipment and storage 
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was required by most manufacturers, dealers, and customers (i.e., a Dual-Wall pipe of given 

diameter was required to allow the next smaller diameter pipe to be placed inside its diameter, and 

the given pipe needed to fit inside the diameter of the next larger size pipe). This “nesting” 

property for the corrugated-smooth HDPE pipes provided great advantages and saved costs in 

storage and shipping of the products.  

# # # # # 
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APPENDIX-II 
 

Assignment of the ARS Plastic-Lined Mole Drain Research Project to James L. Fouss - 1959:  

 I first learned about the ARS Plastic-Lined Mole Drain research project during my 

interview (in August 1959) for the new engineering research position being created at The Ohio 

State University to continue the project.  The earlier phase of the project had been conducted at 

Cornell University, but the engineer on the project (Charles Busch) was leaving ARS for a foreign 

assignment.  ARS, in particular, Mr. T. W. Edminster [Associate Director of the Eastern Branch of 

the Soil and Water Conservation Research Division of the Agricultural Research Service (ARS), 

located in Beltsville, MD], made the decision to relocate the project to The Ohio State University 

so that the new engineer could work under the general guidance of Dr. Glenn O. Schwab 

(Professor of Agricultural Engineering at OSU), who had earlier research experience (at Iowa State 

Univ.) with smooth-wall PE plastic pipe pulled into a mole drain channel from the outlet end of the 

drain with a mole plow. At the time of the interview I had been working for Dr. Schwab nearly two 

years as his student assistant (during my undergraduate education in Agricultural Engineering). Dr. 

Schwab had arranged for Mr. Edminster to interview me for the upcoming new engineering 

position. Schwab and Edminster had know each other for several years since they were assigned to 

work together on the same Agricultural Engineering textbook writing team to author the text of 

Soil and Water Conservation Engineering published by the Ferguson Foundation (one of the texts I 

used in my soil and water engineering courses in drainage and irrigation under Dr. Schwab). The 

Ferguson Foundation published the entire subject matter series of Agricultural Engineering 

textbooks used at many land-grant Universities in the U.S. 

 I won’t give any further details here about the interview other than to indicate the interview 

went very well and Mr. Edminster asked me to fill out the government employment application on 

SF-57 and forward it to him for processing. I began to worry as time passed whether the 

“processing” would be completed and a decision reached on my employment by the time I 

graduated with my Bachelor of Agricultural Engineering degree on Dec. 18, 1959. As it turned out 

the final confirmation that the engineering position was mine was received via phone about one 

hour before I attended the graduation ceremony at OSU that day, and also the day that Judy and I 

signed a lease for a new apartment near the OSU Campus.  However, it still took about three more 
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weeks for all the paperwork to be completed, but it was completed by Jan. 6, 1960, the day I was to 

“report for duty with ARS” in the Agricultural Engineering building (Ives Hall) at The Ohio State 

University. I was finally on the ARS payroll to begin my engineering research career.  

 Prior to my “report for duty” date, Mr. Edminster had a special assignment for me and he 

wanted me to attend the Winter Meeting of the American Society of Agricultural Engineers 

(ASAE) being held in Chicago, IL during late December 1959. The ASAE meeting was held the 

week following my graduation from OSU on December 18, 1959, as I recall, and I attended as an 

official ARS Collaborator (a temporary appointment arranged by Mr. Edminster so that my travel 

and lodging expenses could be reimbursed by ARS). The purpose for me attending the meeting 

was to listen and take notes at a special discussion session arranged by Mr. Edminster and the 

Beltsville office staff for all the prior ARS drainage researchers who had conducted any 

experiments or had field tests ongoing for evaluating the plastic-lined mole drains developed by 

Charles Busch at Cornell University and by the Caterpillar Tractor Co., in Peoria, IL. Some of 

those in attendance were planning on installing new field experiments to test the different types of 

plastic-lined mole drains under their regional soil and climate conditions. The planned additional 

installations were held up because Charles Busch had resigned his ARS engineering position.   

 There were a total of six ARS employees (research engineers and administrators) in 

attendance at the discussion meeting (as I recall), and they were (their locations are given within 

the parentheses after each person’s name): T. W. Edminster (Beltsville, MD); William (Bill) Raney 

(Beltsville, MD); William (Bill) Donnan (Riverside, CA); Lyman Willardson (Logan, UT); Red 

Doering (Mandan, ND); John (Jack) Diamond (with Caterpillar Tractor Co. in Peoria, IL).  Charles 

Busch was not in attendance as he had already transferred to his foreign assignment. During the 

two-day meeting I took extensive notes and filled two steno-pad notebooks.
9
  Mr. Edminster 

opened the discussion meeting and introduced me to the group, plus he outlined the purpose for my 

attendance as a candidate for the project’s engineering vacancy that had been relocated to 

Columbus, OH on The Ohio State University campus.  Mr. Edminster then provided the lead-off 

discussion about the project and gave a summary review of the prior progress made by Charles 

                     

9
 Over the years, and after my movements to five different offices, I have lost the notes I took so long ago at that    

     discussion meeting in Chicago.  
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Busch at the Cornell University duty station. Review copies of 4 published papers on the 

experimental results from the earlier project phases conducted by Busch were passed out for the 

groups review and discussion. The earlier published research results indicated, and the group’s 

discussions revealed, that the previous plastic mole-drain liners already field tested were not strong 

enough to avoid distortion of cross-sectional shape and/or partial collapse of the drainage channel. 

It was concluded from the earlier results that a stronger liner was needed to withstand the soil 

pressure exerted on the mole-drain liner under wet soil conditions, and especially in clay soils.  

 Each person at the meeting discussed his ideas and suggestions for improving the plastic 

mole-drain liners. After some lengthy back-and-forth discussions, all agreed that a circular liner 

would be better than an arch-shaped liner, and that the circular liner needed to have the edges of 

the 15-mil thickness PVC plastic sheet attached together in some manner, and not merely 

overlapped as was done with the Caterpillar type circular liner. Several methods to attach the edges 

of the plastic sheet to form the circular liner were discussed and included: taping at overlap, 

stapling at overlap, an overlapped rivet joint, glued overlap, or heat-bonded overlap.  In the wrap-

up discussions, Mr. Edminister indicated that the assignment for me was to develop a full-circular 

liner with the edges of the PVC plastic sheet attached in some manner, but it would be my decision 

on how to do that as the liner was placed into the mole-drain channel behind the mole-plow. The 

fastened full-circle liner was to be used in any future field experiments installed.  

 In one-on-one discussions following the group discussions, Jack Diamond (from 

Caterpillar Tractor Co.) indicted to me that he wouldn’t want my job on the project. Jack had 

worked with Charles Busch during the previous few years and they cooperated on work to develop 

the overlapped circular mole liner installed in field experiments.  Jack did add that perhaps adding 

a “cap” (narrow width sheet of plastic over the overlap joint at the top of the liner) may help to 

stabilize it in the soil. In the final wrap-up to the meeting, Mr. Edminster related to the group that I 

was highly recommended for the vacant engineering position by Dr. Glenn O. Schwab at The Ohio 

State University, who I had worked for as a student assistant for 2 years before I graduated with 

my Bachelor of Agricultural Engineer degree just the week before. He reminded the group that, 

“Dr. Schwab had early experience during his doctoral research at Iowa State University (during the 

1950’s) with smooth-wall polyethylene plastic pipe pulled into a mole-drain channel with a mole-

plow, starting at the drain outlet.” He added that Dr. Schwab would provide valuable local 
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guidance for Jim in his new assignment.” Those in attendance knew that Mr. Edminster and Dr. 

Schwab had known each other for several years and had worked together on the one-year 

assignment for the Ferguson Foundation to help write the Agricultural Engineering college 

textbook on “Soil and Water Conservation Engineering”.  

 I will not cover here many details about the plastic-lined mole drain research project that I 

undertook following that meeting in Chicago in December 1959. I will let the two publication 

reprints included in Appendix-I provide those details.  I will add, however, some events not 

covered in the publications: (1) I renamed the research project from the “Low Cost Subsurface 

Drainage” project, to the “Plastic-Lined Mole Drain” project, after I was able to convince Mr. 

Edminster about my reason for wanting to re-title the project.
10

; and (2) My engineering technician 

(Norman Fausey) and I completed the design goal to fasten the edges of the PVC plastic sheet, 

with the idea for the “Zippered” plastic-lined mole-drain, in about a 6 to 7 month time frame. We 

conducted the initial and preliminary field testing of the Zippered mole-drain liner and its 

installation equipment during the summer of 1960 on The Ohio State University research farm near 

the campus in Columbus; and (3) In September 1960 (when we were 9 months into the project), we 

were scheduled by Mr. Edminsterand the ARS Beltsville, MD office to travel to Northern 

Minnesota and North Dakota to install two ARS field projects for evaluating plastic-lined mole 

drains (including the new Zippered liner). Those planned projects had been delayed earlier when 

Dr. Charles Busch resigned from ARS leaving the project without an engineer. The projects were 

installed near Crookston, MN and Grand Forks, ND, and the purpose of installing them in 

September was in hopes of beating the arrival of winter weather and frozen ground (and snow too), 

and of course avoiding another delay of the projects for the local ARS agricultural engineers in 

charge of the projects.  

 After we returned to Ohio, some revisions and updating of the mole-liner equipment was 

                     

10
 My thought was that ‘Low Cost’ should not the highest priority objective, a factor Yes, but not the most important 

objective. I felt it more important that the mole-drain liner should “WORK” rather than just Cost Less. This was 

something I learned in an engineering class under Prof. Richard Miller (Agr. Engr.) on how to think about objections 

and end goals for projects. Mr. Miller illustrated to his students that in design if we held the Penny (the cost factor) too 

close to our eye (thus ranking it at a high priority), it would block our view to other factors that should be considered at 

higher priority than cost. He stated it was OK to consider cost at a higher priority once it is determined an idea Works! 



 

 

 28 

implemented to overcome some operational difficulties encountered in MN & ND.11  Our own 

field project was installed during late November 1960 in Northwest Ohio near Castalia. We were 

thankful that winter weather in northern Ohio did not delay our own field project.   

 In the years 1961 and 1963 we installed two additional field experiments that had been 

tentatively planned before I took over the project in 1960.  In 1961 Norm and I installed another 

plastic-lined mole drain project at Walkerton, IN on the Purdue University muck crop research 

farm; that project was for Dr. Edward Monke, an Agricultural Engineering professor at Purdue 

University.  We returned to Walkerton, IN during the summer of 1962 to inspect the plastic mole-

liners installed in the muck soil. Also during 1962 we designed and constructed the tool-bar 

mounted research mole-plow in the shop of the OSU Agricultural Engineering building. The new 

mole plow was used in late 1962 to install the second plastic-lined mole drain field project with all 

zippered liners at the Castalia, OH site. Then in 1963 we took the long truck trip from Columbus, 

OH to Logan, UT to install another of the promised field experiments for the Western Region of 

the ARS Soil and Water Conservation Research Division; that experiment was for Lyman S. 

Willardson, an ARS Agricultural Engineer stationed in the Civil Engineering Dept. at Utah State 

University. That installation at Logan, Utah completed the planned or promised projects before 

Norm and I were involved in the research. The final plastic-lined mole drain field projects were our 

own installed in Northern Ohio (at the Castalia, OH site) in late 1963 and in 1964.  

 The reprint of the 1962 ASAE published paper included in Appendix-I includes the field 

data we collected from the initial Northern Ohio experiment with the zippered mole-liner; the data 

reported in that paper was collected over the first 9 months after the drains were installed in late 

1960. The reprint of the second paper in Appendix-I, the 1965 published paper presented at the 

first ASAE sponsor National Drainage Conference, provides the final report on the plastic-lined 

mole drain project and the introduction of the continuing project on the use of corrugated-wall 

HDPE plastic tubing plowed-in for the subsurface drainage conduit. That 1965 ASAE paper also 

provided the insight for the possible future application of the small (collimated) laser light-beam as 

an off-machine grade-control reference-line for the high speed drainage plow equipment when 

                     

11
 Because of the operational difficulties encountered in MN & ND. it took a bit more than one month to complete 

the two field installations. I remember that month away from home well as my son was only 2 months old when we 

left for MN, and upon my return I had to get to know him all over again.  
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installing corrugated plastic drain tubing.  

 There is one other factor related to the Zippered plastic-lined mole drain project that was 

never discussed publically or published.  It centered around a discussion I had with my graduate 

advisor, Dr. Glenn Schwab, that my evaluation after about 6 to 9 months of field testing data for 

the Zippered plastic-lined mole drain had lead me to think the Zippered mole-drain liner would not 

provide the deflection resistance strength for long-term structural and functional stability needed 

for a good subsurface drain. Dr. Schwab did not disagree with me, but reminded me that the 

research assignment I had been given by ARS was to develop and test a closed-circular mole-liner, 

and he acknowledged that the Zippered liner fulfilled part of that objective. Then Dr. Schwab 

continued in his response and stated that what my thinking was at that stage in my young research 

career did not count for much, because I did not have the data to prove it.  He recommended that I 

get enough data from my field experiment to document and prove my thinking, and then make a 

report on it for publication. He added in that way I would acquire creditability in my research 

documentation and reporting, and in so doing any proposals I might make in the future for 

research, or changes in research, that needed to be undertaken in my opinion would likely be 

listened to and acted on by colleagues and administrators. That advice stayed with me for the rest 

of my research career. The 1965 ASAE paper I presented at the first National Drainage Conference 

(see 2
nd

 reprint in Appendix-I) included the proof that Dr. Schwab was talking about.  

 I will include here one additional comment regarding the many discussions and idea 

sharing I had with Dr. Schwab in the first few years of the project.  After we had the field research 

data to show that the Zippered plastic-lined mole drain was not going to be suitable for long-term 

use in agricultural subsurface drainage, and we adopted the corrugated-wall HDPE plastic tubing 

for our continued research, Dr. Schwab was very proud of the accomplishments we had made in 

the project.  And once enough field data had been acquired to show (prove) that the corrugated-

wall HDPE tubing was going to work well for the subsurface drainage conduit, and the new 

corrugated plastic drain manufacturing industry was rapidly expanding, Dr. Schwab said to me, “I 

wish that I had thought of that wrinkled-wall plastic tubing many years ago, and then I would be 

famous instead of you.” – and we both had a good laugh about it.  

# # # # # 

JLFouss; 07/14/2015 
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