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1.  ABSTRACT 
 
The Tyhee Siphon is a 78-inch diameter concrete pipe which conveys irrigation water over one mile to 
approximately 11,500 acres of farmland outside Pocatello, Idaho. Originally constructed in 1907 and subsequently 
lined in 1948 with a sectional steel liner, both the steel liner and concrete pipe had deteriorated over time to the point 
that leakage and exfiltration were causing significant damage to the roadway above. The Tyhee Siphon 
Rehabilitation Project was undertaken to provide a long-term and cost-effective solution. Sliplining was chosen to 
minimize disturbance and reduce construction costs as compared to “open-cut” methods.  
 
The scope of the project included manually removing the existing steel liner, chipping and grinding a substantial 
portion of the existing concrete pipe to provide clearance for the proposed carrier pipe, installing 1,200 linear feet of 
72-inch glass-fiber reinforced Hobas pipe from two insertion pits using a modified sliplining method, and annular 
space grouting with cellular foam grout.  
 
Rather than jointing each new section of pipe in an insertion pit and pushing the pipe string into place, each section 
was first pulled into place and then jointed with the adjacent section inside the host pipe. Because this process 
reduces the required mechanical effort, longer reaches can be sliplined from a single insertion pit thereby reducing 
the size of equipment and number of excavations needed. This paper details the modified sliplining method as well 
as lessons learned during the project such as products used to reduce friction and techniques for preventing pipe 
flotation during annular space grouting. 
 
 
2. INTRODUCTION  
 
Sliplining methodology has continued to evolve since its inception. As the pipe products used in sliplining have 
advanced, so has the technology used to install them. Engineers and contractors alike have strived to develop and 
implement new processes and methods in an ongoing effort to improve the feasibility of sliplining in a variety of 
applications. Yet, as the industry continues to advance, the challenges presented by sliplining projects are almost 
always new and unique. In the quest to slipline longer reaches of larger diameter pipes, the Tyhee Siphon project 
may serve as an example of what the future of segmental sliplining holds; sliplining unlimited lengths of large 
diameter pipe from a single insertion pit or access point.  
 
Traditionally, segmental sliplining has been achieved by jointing individual pieces of rigid pipe together within an 
insertion pit and then pushing the pipe string into the host pipe. While this method has been proven effective time 
and time again, it imposes limitations on the length of pipe that can be sliplined from a single insertion pit or access 
point. This constraint on length is often dictated by a maximum compressive load allowed to act on the pipe as well 
as the mechanical pushing force required, both of which increase with the length of the pipe string.  
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This method can, however, be modified by essentially reversing two key steps of the traditional segmental sliplining 
method. Rather than jointing the pipe segments in the insertion pit and pushing the pipe string into place, individual 
pipe segments can first be moved into place and then jointed with the pipe string downline of the insertion pit. In 
doing so, the force required to move the carrier pipe into place is then reduced to a factor of the weight and friction 
acting on a single segment, rather than the entire string. By using this modified method, the restrictions on the length 
of pipe that can be installed from a single insertion pit can be disregarded. This was one of the sliplining secrets 
revealed to American West Construction during the Tyhee Siphon project.  
 
There are two discernable methods to move the individual pipe segments into place. The pipe segments can be 
pulled into place using a cable and pulley system attached to a pulling head on the back of the pipe. Alternatively, 
pipe segments may be pushed into place using a mobile self-powered unit such as an electric tug or load mover 
connected to a pushing head. At the time the Tyhee Siphon project was initiated, the latter option had not been 
considered, so the former method of pulling the pipe into place using a system of wire rope and sheaves was used. 
Once the pipe segment is moved into place, it can be jointed with the adjacent segment using a pipe puller or similar 
device as recommended by the manufacturer.  
 
By modifying the segmental sliplining process in this way, longer reaches of larger diameter pipe can be sliplined 
from a single insertion pit. Additionally, this modified method significantly reduces the risk of damaging individual 
pipe segments via the traditional installation process for projects of any length. This methodology, as implemented 
by American West Construction for the Tyhee Siphon project, is further discussed herein along with other 
recommendations for the installation of pipe skids and key considerations for annular space grouting that may be 
applicable to any sliplining project, regardless of installation method.  
 
 
3. BACKGROUND  
 
The Tyhee Siphon was originally constructed in 1907[1] as a long, 78-inch inside diameter (ID) cast-in-place 
concrete, inverted siphon to convey irrigation water across a wide but shallow valley between two open canals. 
Located in Bannock County, Idaho, the Tyhee Siphon supplies over 10,000 acres of farmland with up to 230 cubic 
feet per second of irrigation water[2] as part of the Fort Hall Indian Irrigation Project’s (FHIIP), and is a critical 
facility to the Fort Hall Indian Reservation and surrounding agricultural community. It is normally operated from 
April to October each year, during which time the siphon runs completely full from end to end. At a maximum depth 
of approximately 38 feet below normal water surface elevation, the siphon experiences internal static hydraulic 
pressures of up to 16.5 psi.  
 
In the 1940s, the siphon was beginning to deteriorate and was rehabilitated by installing a sectional steel liner within 
the concrete host pipe.[2] By the 1980s, the liner had also begun to deteriorate to the point that exfiltration was 
effecting the roadway above the siphon. After many years of repairing the roadway and studying the condition of the 
siphon, the decision was finally made to address the underlying problem. Sliplining was subsequently chosen as the 
desired rehabilitation solution. The construction contracting of the rehabilitation effort, which started with Phase 1 
of the project in 2012, is administered by the U.S. Department of the Interior, Bureau of Indian Affairs (BIA).  
 
Phase 2 of the Tyhee Siphon project undertaken by American West Construction in the winter of 2014-2015 
consisted of sliplining 1,200 linear feet (LF) of the existing 78-inch ID concrete pipe with 72-inch ID Glassfiber 
Reinforced Pipe (GRP). For this phase, two products were approved; GRP and Spiral Wound PVC Pipe (SPR). GRP 
was selected as the lining product for this particular project for several reasons including cost, schedule, and annular 
space grouting requirements. Hobas Pipe USA (Hobas) was selected as the manufacturer and supplier of the GRP.  
 
In addition to installing the new carrier pipe, the scope of the project also included constructing the necessary 
excavation(s) to access the existing pipe, removing the existing steel liner, chipping and grinding the existing 
concrete pipe as necessary to fit the proposed carrier pipe, annular space grouting, and surface restoration. 
Rehabilitation of the siphon was complicated by the fact that it could not be taken out of service during the irrigation 
season. The work therefore needed to be performed during the winter months between October 15, 2014 and April 1, 
2015. Adding to the challenge, the condition of the host pipe was largely unknown due to the presence of the 
existing steel liner. Additionally, as Phase 2 of the project was located in an intermediate section of the overall 
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pipeline, no manholes or other existing access points were present within over 1,000 LF of the phase limits. For this 
reason in particular, defining the number and locations of insertion pits became an immediate priority.  
 
 
4. CONSTRUCTION SEQUENCE  
 
Crews began work by accessing the existing concrete siphon via two excavations within the 1,200 LF Phase 2 area; 
one at the connection point between the previously completed phase, and one at the midpoint of the Phase 2 area 
approximately 600 LF between Phase 1 and future Phase 3. These excavations were shored using extra-long trench 
boxes capable of proving an unobstructed span of 30 feet. This span was necessary to allow for the existing steel 
liner to be removed and for the new +/- 20 foot sections of GRP pipe to be installed while providing additional space 
for ventilation equipment and personnel egress.  
 
Due to the age and condition of the existing steel liner, as well as confined space regulations and associated safety 
considerations, methods for removing the existing steel liner were particularly limited. The condition of the liner 
was found to be fairly inconsistent. In some areas, it was so deteriorated that removal was almost effortless. In 
others, the liner was over 0.25-inches thick and attached to the concrete host pipe with steel studs. It was quickly 
determined that while the removal methods needed to vary throughout the alignment to match the various 
conditions, the most effective procedure was to manually pry the liner away from the host pipe and remove it in its 
original segments. While laborers worked with a variety of hand tools to separate the liner from the host pipe, a 
mechanized system of cables and pulleys was implemented to pull each section of removed liner from the removal 
point to the access excavation and out of the host pipe. The overall removal process proved to be exceedingly labor 
intensive, but the system of cables and pulleys used to pull the liner out of the host pipe was surprisingly efficient. 
This removal system became the concept for the modified carrier pipe installation method developed and 
implemented later in the project.  
 
Once the existing steel liner was removed, the interior of the existing concrete host pipe was thoroughly cleaned and 
surveyed in detail. Measurements of interior diameter, roundness, elevation, and horizontal alignment were taken at 
5-foot intervals such that the profile of the existing host pipe could be analyzed for acceptance of the new GRP liner. 
During the survey process, it was determined that the existing host pipe diameter was significantly smaller than 
anticipated and in some areas was not large enough to fit the proposed carrier pipe. Consequently, it became 
necessary to begin a process of chipping and grinding the host pipe concrete in order to create an annular space that 
exceeded the outside diameter (OD) of the carrier pipe. After chipping and grinding was complete, a mandrel was 
used to verify the host pipe diameter and to ensure that the new GRP liner could be successfully installed.  
 
The new GRP carrier pipe was then installed by means of a modified sliplining method. Rather than pushing 
sections of carrier pipe into the host pipe one section after another from the insertion pit, each section of pipe was 
pulled into place using a system of sheaves, pulleys, and cables. Instead of jointing each new section of pipe in the 
insertion pits and pushing the pipe string into place, each section was first pulled into place and then jointed with the 
previous section inside the host pipe. The process and mechanical effort required of pulling each section of pipe into 
place was made easier by installing low-friction skids on the invert of the host pipe prior to installation of the GRP 
carrier pipe. These skids not only reduced the friction between the host pipe and the carrier pipe; they also served as 
spacers to ensure adequate encapsulation during annular space grouting.  
 
Once the new GRP liner was installed, each joint was air tested to ensure gaskets were seated properly. A 12-inch 
service lateral connection was also made between the new carrier pipe and the existing service. Bulkheads were then 
constructed at each end of the sliplined reach in order to retain the annular space grout, and internal band seals were 
installed to provide a watertight connection between the new GRP liner and the existing steel liner which remained 
in place at the Phase 2 construction limit.  
 
With the sliplining complete and the bulkheads installed, cellular foam grout was pumped into the annular space. 
Grout injections ports were installed from the surface through the top of the host pipe, and were spaced at 100 LF 
apart. Once grouting was complete, the access excavations were backfilled with flowable Controlled Low-Strength 
Material (CLSM), and the surface areas were restored.  
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5.  CARRIER PIPE INSTALLATION 
 
The carrier pipe selected for the Tyhee Siphon project was a Centrifugally Cast, Glass-Fiber-Reinforced 
Thermosetting Polyester Resin Mortar Pipe manufactured and supplied by Hobas Pipe USA of Houston, Texas. For 
this application, the 72-inch ID Flush Reline bell and spigot design with a stiffness of 46 SN was selected, as this 
provided a gasketed connection between sections of the pipe while maintaining an outside diameter at the coupling 
or bell that did not exceed the normal OD of 75.4-inches. Maintaining a flush profile was critical, as it was already 
necessary to remove concrete from the inside surface of the host pipe in order to create annular space between the 
ID of the host pipe and OD of the carrier pipe. The GRP pipe segments were furnished by Hobas in lengths ranging 
from 19.5 feet to 21 feet long.   
 
Prior to installing the carrier pipe, the system of cables and sheaves used to pull the pipe into position was first 
fabricated and installed. The system consisted of two vertical sheaves; one mounted on a cross-beam inside the host 
pipe, and one mounted on the ground surface directly above the lower sheave. This configuration is illustrated below 
in Figure 1. A 0.5-inch diameter wire rope was then installed between the two sheaves which would be connected on 
one end to the pulling head and on the other to the pulling equipment. The wire rope size was selected based on 
calculations of the required pulling force plus a factor of safety. The anticipated pulling force was a function of the 
weight of the carrier pipe and the estimated coefficient of friction between the outside of the GRP and the pipe skids. 

 
 
Figure 1. Configuation of Cable and Sheave Carrier Pipe Pulling System 
 
A 6-inch diameter core hole was drilled through the top of the host pipe and overburden to allow the wire rope to 
pass between the two sheaves. The pulling head was designed to span the diameter of the carrier pipe and fit against 
the exposed end of the pipe wall within the factory coupling. Pulling force could then be applied directly to the pipe 
itself without transferring any force to the coupling.  
 
In order to reduce friction between the exterior of the GRP carrier pipe and the interior surface of the concrete host 
pipe, numerous skids were installed throughout the sliplined reach. These skids also served to mitigate variations in 
the host pipe invert, allowing for a more consistent flowline. Furthermore, these pipe skids were an important 
component necessary for annular space grouting, as they served as spacers to allow cellular foam grout to 
completely encapsulate the carrier pipe and fill the entire annular space.  
 
The materials considered for use as the pipe skids included Ultra-High-Molecular-Weight Polyethylene 
(UHMWPE), High-Density Polyethylene (HDPE), Polytetrafluoroethylene (PTFE), Acrylonitrile Butadiene Styrene 
(ABS), and Acetal. While the theoretical coefficient of friction between these material and the Hobas GRP could not 
be calculated due to undocumented properties of the GRP surface, these products were nevertheless evaluated based 
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on hardness, resistance to abrasion, ultimate tensile strength, availability, and cost. PTFE and Acetal were found to 
have desirable performance characteristics, but were eliminated due to cost and availability. HDPE and ABS were 
determined to be cost effective options, but eliminated based on substandard performance characteristics for this 
application. UHMWPE was the most economical and durable product with the lowest cost and was therefore 
selected among the materials considered for used as the pipe skids.   
 
Each of the individual skids, as detailed below in Figure 2, was approximately 40-inches long, 1.5-inches wide, and 
0.75-inches thick. The thickness was determined based on the available clearances within the host pipe, which were 
minimal, yet 0.75-inches was necessary to ensure proper grout distribution and to provide appropriate coverage on 
the anchoring hardware. The leading edge of the each skid was chamfered in order to mitigate binding.  
 

 
 
Figure 2. Detail of UHMWPE pipe skids as custom manufactured for the Tyhee Siphon project.  
 
The skids were installed in two rows along the invert of the host pipe. Gaps were left in each row in order to allow 
ample opportunity for the annular space grout to enter and flow under the carrier pipe in the area between the two 
rows of skids. The layout was staggered in order to assure that the leading edge of the carrier pipe would always be 
in contact with at least one skid at any point. An illustration of this layout is provided below in Figure 3. Each skid 
was anchored to the invert of the concrete host pipe using both internally threaded drop-in expansion anchors and 
self-boring concrete screws. Due mainly to the condition of the host pipe concrete, it was determined over the course 
of installing the skids that the self-boring concrete screws were most effective.  

 
Figure 3. Layout of the pipe skids as installed for the Tyhee Siphon project.  
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With the pulling system and pipe skids in place, installation of the GRP carrier pipe began from the previously 
excavated insertion pit. The first segment of pipe was lowered into the insertion pit, the pulling system was 
connected, and the pipe was pulled to the downstream limit of the sliplined reach. Subsequent segments were also 
lowered into the insertion pit, connected to the pulling system, and then pulled to within 5 LF of the previously 
installed pipe segment. From that point, a battery-powered electric pipe puller was used to pull the new pipe 
segment up to the previously installed pipe string and to joint the pipes together. 
 
Jointing the pipe required a force of approximately 12,600 lbs and was performed in accordance with the 
manufacturer’s installation instructions. It was necessary to utilize the mechanical pipe puller in order to apply the 
required force and seat the joint properly. For this procedure, the pipe puller was positioned within either the host 
pipe or the previously installed carrier pipe and connected to the pulling head. The pipe puller winch was then 
engaged to draw the two sections together at the intended joint.  
 
This process of inserting one section of GRP carrier pipe into the insertion pit, pulling it down to the necessary 
location within the sliplined reach, and then using the pipe puller to connect the joints was repeated until all 
segments of the carrier pipe were installed. Once installation was complete, the carrier pipe was surveyed, 
thoroughly inspected for damage and deformation, and all joints were air-tested to between 3.5 to 5.5 psi to ensure 
all gaskets had been properly seated.  
 
 
6. ANNULAR SPACE GROUTING 
 
Annular space grouting was perhaps the second most challenging aspect of the Tyhee Siphon project. Several unique 
factors of the project required special considerations during the annular space grouting process. These included 
bulkhead construction to withstand over 14.5 psi of grout pressure, the location and number of injection ports 
needed, the cellular foam grout mix design, and the method for preventing flotation of the carrier pipe during 
grouting.   
 
First and foremost, flotation prevention was critical. Due to large variations in the interior surface of the host pipe, 
especially along the crown, as well as the presence of a service lateral connection, pipe flotation during grouting had 
to be prevented. Allowing the carrier pipe to float would have significantly increased the risks of joint separation, 
point loading of the carrier pipe, and fracture of the service lateral at the connection point. Because the buoyant 
forces acting on the GRP carrier pipe when submerged and encapsulated in the annular space grout far exceeded the 
weight of the pipe, it was necessary to provide additional ballast to prevent the pipe from floating. To address this, 
temporary inflatable plugs were installed within the carrier pipe at each end of the sliplined reach, and the entire 
pipe was filled with approximately 250,000 gallons of water. This additional weight inside the pipe provided 
sufficient ballast to prevent flotation during grouting.  
 
It was also determined based on the slope of the pipe and size of the annular space that injection ports should be 
installed every 100 LF along the grouted length. However, with limited access points, such as manholes, from which 
to introduce grout to the annular space, all grouting ports had to be installed from the ground surface above the host 
pipe, through the top of the host pipe, and into the annular space. This was accomplished by first excavating small 
potholes through the overburden to expose the top of the host pipe. These potholes were approximately 1-foot 
square and ranged in depth. A 4-inch diameter hole was then cored through the crown of the host pipe at each 
pothole and 2-inch schedule 40 polyvinyl chloride (PVC) pipes were inserted into the holes to serve as both grout 
ports and ventilation tubes. The PVC pipe was secured within the hole using both expansive polyurethane foam and 
concrete. All grout ports were installed prior to installing the carrier pipe.  
 
Bulkheads at each end of the sliplined reach were constructed after the carrier pipe was installed, surveyed, and 
tested. The bulkheads were necessary to retain the grout within the annular space, thereby preventing the grout from 
running into the host pipe beyond the phase limits. The downstream bulkhead was constructed several inches behind 
the end of the carrier pipe such that the spigot end would remain exposed for future connection. The upstream 
bulkhead was constructed around the carrier pipe at the downstream side of the insertion pit and prevented grout 
from flowing into the excavation. Small air vents were then installed either through the top of or immediately 
adjacent to each bulkhead in order to allow any air that may be otherwise trapped against the bulkhead to escape.  
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The bulkheads were constructed using dimensional lumber, expansive polyurethane foam sealant, and anchoring 
hardware as illustrated below in Figure 4. The grouting pressures experienced by these bulkheads were highest at the 
bottom of the downstream bulkhead and was calculated to be approximately 14 feet of grout head or approximately 
6 psi. A factor of safety of 2.5 was also applied during the design of the bulkheads. Initially, link-seals were 
considered for use as bulkheads and were kept on-hand during bulkhead construction. However, testing of several 
expansive polyurethane foam sealant products demonstrated the material’s effectiveness in the narrow annular 
space. While it is not recommended that expansive polyurethane foam sealant be used in bulkhead construction for 
larger annular spaces or with higher grouting pressures, this method of bulkhead construction was effective for the 
Tyhee Siphon project.  
 

	  
 
Figure 4. Detail of bulkheads installed at each end of the grouted sections on the Tyhee Siphon project.  
 
As it was critical that the annular space be filled completely with grout, a cellular foam grout mix design with a unit 
weight of 50-60 pcf was identified for use. The mix consisted of approximately 880 lbs of cement and 440 lbs of 
water, as well as a proprietary foaming agent. The cement-water slurry was batched off-site and delivered to the site 
in mixer trucks. Once delivered to the site, the cellular foam was injected from the foam generator into the ready 
mix truck and the mixer truck processed the cellular foam and water-cement slurry until uniformly mixed. The 
cellular foam grout was then discharged from the mixer truck to a grout pump and injected into the grout ports.  
 
Grout installation was started at the lowest elevation and, using the head pressure from the grout itself, essentially 
pushed uphill throughout the annular space under its own weight. This technique ensured that the new liner pipe 
would be completely encapsulated and that all air within annular space was able to escape through the upstream 
grout tubes located on top of the pipe.  
 
Finally, after all annular space grout had experienced initial cure, the ballast water was drained and the plugs were 
removed. The access excavations were then backfilled, asphalt patching and roadway restoration was completed, 
and the road was reopened to traffic. Slipline rehabilitation offers a unique advantage to traditional open-cut repairs 
in that minimum surface disturbance is required.  
 
 
7. CONCLUSIONS 
 
Phase 2 of the Tyhee Siphon project was successfully completed with zero lost time accidents on March 23, 2015, a 
little over 1 week ahead of the April 1, 2015 deadline. Part of the success of the project can certainly be attributable 
to the efficiency of the modified segmental sliplining method used, as well as the exemplary efforts from the entire 
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project team. Perhaps more importantly, it was learned that using this modified segmental sliplining method may 
allow longer reaches and larger diameter pipe to be sliplined than in the traditional segmental sliplining method.   
 
Hindsight also suggests that several of the decisions made and methods developed for the Tyhee Siphon project may 
be improved upon for future projects. For example, while American West Construction did install and utilize two 
access pits, the modified segmental sliplining method used proved that only one insertion pit would have been 
necessary to slipline the entire 1,200 linear foot reach. Also, it could have been feasible to use an air tugger or winch 
as the pulling equipment from within the pipe. Depending on access available in future projects, the core hole for the 
wire rope necessary on the Tyhee Siphon project may not be needed.  
 
The experience garnered from the Tyhee Siphon project also exposed some potential disadvantages to the modified 
segmental sliplining method. Because pipe segments are jointed inside the host pipe away from the insertion pit, 
manned entry and the use of a pipe puller is required. This method, therefore, may not be feasible for systems with 
active flow that cannot be bypassed during construction. Furthermore, without installing a potentially complex 
system of sheaves or snatch blocks, a straight alignment is needed.  
 
It is also important to address several minor problems that were experienced with the pipe skids installed on this 
project. While UHMWPE was effective, the skids did exhibit an occasional tendency to elongate due to friction 
from the carrier pipe, which resulted in slight binding and unintended dislocation of several skids. Approximately 
10% of the 480 individual skids installed on the Tyhee Siphon project needed to be replaced during carrier pipe 
installation. Using a superior material such as Acetal may reduce this issue, but at an increased cost. 
 
Finally, the cellular foam grout appeared to exhibit unusual flow characteristics within the annular space present on 
this project. On average, the annular space between the 75.4-inch OD GRP and the 78-inch ID host pipe was 
approximately 1.3-inches. In this narrow annular space, the flowability of the cellular foam grout mix appeared to be 
greatly reduced from that observed in unconstrained conditions. On future projects with annular space of this 
magnitude, it may be advisable to use admixtures, such as superplasticizers, or to simply replace a portion of the 
cement content of the mix with fly ash in an effort to increase flowability.  
 
The many lessons learned from the Tyhee Siphon project have proved to be valuable. Improving upon methods and 
materials used in sliplining is critical to our success as individuals, as organizations, and as an industry. By 
continuing to gain experience and expertise as new projects are pursued, the relevance and applicability of sliplining 
will only increase. Sometimes, gaining this valuable experience means taking a risk. Yet, while the risk of failure is 
often real, the risk of failing to learn and improve is always greater.  
 
 
8. LIST OF ABBREVIATIONS 
 
ABS  Acrylonitrile Butadiene Styrene 
BIA  Bureau of Indian Affairs  
CLSM  Controlled Low-Strength Material 
FHIIP  Fort Hall Indian Irrigation Project 
GRP  Glassfiber Reinforced Pipe 
HDPE  High-Density Polyethylene 
Hobas  Hobas Pipe USA 
ID  Inside Diameter 
lb(s)  Pound(s) 
LF  Linear Feet 
OD  Outside Diameter 
pcf  Pound(s) per Cubic Foot 
psi  Pound(s) per Square Inch 
PTFE  Polytetrafluoroethylene 
PVC  Polyvinyl Chloride 
SPR  Spiral Wound PVC Pipe 
UHMWPE Ultra-High-Molecular-Weight Polyethylene 
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