
U.S. Department of the Interior 
Bureau of Reclamation 
Research and Development Office August 2016 

Evaluating Methods to Seal Leaking 
Contraction Joints in Dams 
Research and Development Office 
Science and Technology Program  
(Final Report) ST-2016-7688-01 



ii 

Mission Statements 
The U.S. Department of the Interior protects America’s natural 
resources and heritage, honors our cultures and tribal communities, 
and supplies the energy to power our future. 

The mission of the Bureau of Reclamation is to manage, develop, 
and protect water and related resources in an environmentally and 
economically sound manner in the interest of the American public. 



iii 

Disclaimer: 

Any use of trade names and trademarks in this document is for 
descriptive purposes only and does not constitute endorsement. 
The information contained herein regarding commercial products 
or firms may not be used for advertising or promotional purposes 
and is not to be construed as an endorsement of any product or 
firm. 

The following form is a Standard form 
298, Report Documentation Page. 
This report was sponsored by the 
Bureau of Reclamations Research and 
Development office. For more 
detailed information about this Report 
documentation page please contact 
Warren Starbuck at 303-445-2317. 



iv 

REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

T1. REPORT DATE Sept. 2016 T2. REPORT TYPE Research T3. DATES COVERED 
T4. TITLE AND SUBTITLE 
Evaluating Methods to Seal Leaking 
Contraction Joints in Dams 
(Final Report) ST-2016-7688-01 

5a. CONTRACT NUMBER 
16XR0680A1-RY1541IR201527688 
5b. GRANT NUMBER 
5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S)
D. Warren Starbuck P. E.

5d. PROJECT NUMBER 
7688 
5e. TASK NUMBER 
5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
D. Warren Starbuck
Concrete, Geotechnical, and Structural Laboratory, 86-68530

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Research and Development Office
U.S. Department of the Interior, Bureau of Reclamation,
PO Box 25007, Denver CO 80225-0007

10. SPONSOR/MONITOR’S
ACRONYM(S)
R&D: Research and Development
Office
BOR/USBR: Bureau of Reclamation
DOI: Department of the Interior

11. SPONSOR/MONITOR’S REPORT
NUMBER(S) 

ST-2016-7688-01

12. DISTRIBUTION / AVAILABILITY STATEMENT
Final report can be downloaded from Reclamation’s website: https://www.usbr.gov/research/

13. SUPPLEMENTARY NOTES

14. ABSTRACT
All Reclamation concrete dams have joints which experience pressure caused by the reservoir water elevation.  These joints have waterstops to prevent 
water leakage through the joint.  Over time, the waterstops can begin to leak.
These leaks can lead to millions of dollars of increased maintenance costs across numerous facilities.
Conventional leaking contraction joint repair methods are either very expensive or do not last long.  We developed an inexpensive method to deliver repair 
materials deep under water (Travel Report 2013).
To test those methods, we built a laboratory fixture to simulate a leaking contraction joint in a dam under pressure.  With this fixture we tested different 
repair options.  These options included sawdust, hydrophilic waterstop chips, chemical grouts used for sealing water leakage through concrete, and 
combinations of the chips and grouts.
In this testing we found that sawdust didn’t slow the water flowing through the test fixture joint.  Hydrophilic chips slowed the water by as much as 65%, 
and Hydrophilic chips combined with some chemical grouts completely stopped the water flow through the test fixture joint.
These methods can be implemented to significantly reduce or completely stop the infiltration of water and are much cheaper than many alternatives.

15. SUBJECT TERMS: Leaking Contraction Joints, Waterstop, Grout
16. SECURITY CLASSIFICATION OF: 17. LIMITATION

OF ABSTRACT
U 

18. 
NUMBER 
 OF PAGES 

19a. NAME OF RESPONSIBLE 
PERSON  
D. Warren Starbuck

a. REPORT
U

b. ABSTRACT
U

c. THIS PAGE
U

19b. TELEPHONE NUMBER 
303-445-2317

S Standard Form 298 (Rev. 8/98) 
P Prescribed by ANSI Std. 239-18 



v 

PEER REVIEW DOCUMENTATION

Project and Document Information 

Project Name: Evaluating Methods to Seal Leaking Contraction Joints in Dams 

WOID:Z7688 Document: ST-2016-7688-1 

Document Author(s):D. Warren Starbuck Document date: September 22, 2016

Peer Reviewer Kurt vonFay 

Review Certification 

Peer Reviewer: I have reviewed the assigned items/sections(s) noted for the above 
document and believe them to be in accordance with the project requirements, standards 
of the profession, and Reclamation policy.

Reviewer 
(Signature) 

Peer Reviewer Westin Joy 

Review Certification 

Peer Reviewer: I have reviewed the assigned items/sections(s) noted for the above 
document and believe them to be in accordance with the project requirements, standards 
of the profession, and Reclamation policy.

Reviewer 
(Signature) 



vi 

Executive Summary
All Reclamation concrete dams have joints which experience pressure caused by the reservoir 
water elevation.  These joints have waterstops between the formed drain and the upstream face of 
the dam to prevent water leakage through the joint.  Over time, the waterstops can begin to leak 
which can become a significant maintenance issue. 

These leaks can lead to millions of dollars of increased maintenance costs across numerous 
facilities, since they corrode metalwork, increase operation costs through increased pumping to 
remove excess water, and reduce worker productivity as they work around the leaks, etc.  In 
some cases, the water leaks can threaten or damage expensive equipment. 

Conventional leaking contraction joint repair methods are either very expensive or do not last 
long.  Based on work from previous years looking into cheaper repair options, where we 
developed an inexpensive method to deliver repair materials to a specific location deep under 
water (Travel Report 2013), several prototype repair methods were developed. 

To test those methods, we built a laboratory fixture to simulate a leaking contraction joint in a 
dam under pressures as high as 35 psi.  With this fixture we tested different repair options.  
These options included sawdust, hydrophilic waterstop chips, chemical grouts used for sealing 
water leakage through concrete, and combinations of the chips and grouts. 

In this testing we found that sawdust didn’t slow the water flowing through the test fixture joint.  
Hydrophilic chips slowed the water by as much as 65%, and Hydrophilic chips combined with 
some chemical grouts completely stopped the water flow through the test fixture joint. 

These results could have substantial implications at Reclamation facilities with leaking 
contraction joints.  These methods can be implemented to significantly reduce or completely stop 
the infiltration of water and are much cheaper than many alternatives. 

We recommend that the combination method be evaluated further and that a field test be 
performed at a facility with leaking contraction joints. 
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Introduction 
Background 
Many Reclamation structures are being used past their design life.  Some of the dams have 
damaged and worn out waterstops between blocks.  The waterstops are used to keep water out of 
the structure.  Once they are damaged, water infiltrates the structure which can corrode 
metalwork, and increase operating costs through increased pumping.  This water can also 
infiltrate lift lines which can increase uplift pressures and contribute to structure instability.  In 
addition, this water can also be a nuisance, which can reduce worker productivity as they have to 
manage their work around these leaks. 

Previous work has attempted to stop these leaks using chemical grouts.  Traditional methods 
require divers and specialized equipment to get the grout injected at the correct location.  In 
addition, in many cases, these grouts are unsuccessful since water leaking through contraction 
joints flows at such a high velocity that the grout does not have time to set up. 

From a previous S&T project, a novel, inexpensive method was used to deliver a ground up 
hydrophilic waterstop in close proximity to a leaking contraction joint (Travel Report 2013).  
That work was very promising and improvements were suggested for further study, including 
using combinations of materials that might improve service life of the repair.  While the leaks 
were reduced significantly, they eventually increased since the ground up waterstop is not sticky 
and fell off or was sucked into the joint. 

Objective 
This research included looking into currently used practices for this repair, such as the use of 
sawdust, and also evaluating new methods.  Specifically, we wanted to compare current practices 
to the proposed new materials and delivery method.  We felt that a combination of the chips and 
chemical grout could work better than the individual components themselves.  As described 
above, the grout was sucked through the joint so quickly it didn’t have time to cure.  Also, the 
chips aren’t sticky, so they don’t stick to themselves or the joint faces and fell off or eventually 
got sucked through.  We wanted to see if the chips would slow down the flow enough so the 
grout would have time to react.  If so, the grout would hold the chips in place so the resultant 
product would be very strong and durable and would stay in place for a long time. 

A fixture was built in the laboratory to recreate this type of leak so that different repair methods 
could be tested and evaluated.  The specific aspects of this project were to: 

• Determine the best way to model a leaking contraction joint.  The model should simulate
reservoir water pressure on one side of the joint and atmospheric pressure on the other.

• Design and build a physical model to perform testing that can be used multiple times
under identical conditions.

• Perform tests using different repair materials and compare their joint sealing capabilities.
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Previous Work 
Currently some Reclamation facilities use sawdust to reduce this type of leakage.  The sawdust is 
placed in the reservoir upstream of the leak using a cage with a remote release mechanism.  This 
is accomplished by placing the sawdust in a wire cage and lowering the cage from the top of the 
dam down the upstream face by a cable.  Once the cage is at the desired elevation a cord is 
pulled from above that releases a door on the cage which releases the sawdust.  The sawdust is 
then sucked into the leaking joint by the flowing water.  We observed this process at Pueblo 
dam. According to Pueblo personnel, this method slows the flow down for a period of time.  
Once the sawdust begins to decompose it is washed through the joint and the leakage returns, 
making it necessary to repeat the process. 

Grand Coulee Testing (Travel Report 2013) 
Attempts had been made at Grand Coulee Dam to stop leakage through a contraction joint 
between blocks 81 and 82.  Grand Coulee personnel ran a video camera down the upstream face 
of the dam and observed where water was infiltrating the 81/82 block joint.  They could see 
small particles flowing into the contraction joint between the 1060 and 1030 elevations.  The 
bottom of the joint was at the 1018 foot elevation, which was about 200 feet below the water 
surface. 

A dye test was also performed on the upstream face.  Dye was injected into the reservoir on the 
upstream face while personnel were inside galleries watching to see where and how quickly it 
was penetrating.  The dye took between 3 and 5 seconds to travel from the reservoir into the 
galleries.  Additional dye was injected along the entire face to get a better idea of where the 
water was entering the dam.  They found water entering between the 1060 and 1030 elevations.  
Dye injected below the 1020 elevation just pooled on the bottom of the reservoir. 

Since water flowed from the reservoir into the galleries so quickly, we determined that chemical 
grout was not a suitable repair method since the type of grout needed would not cure fast enough.  
Most flexible chemical grouts have a set time of over 20 seconds.  There are some chemical 
grouts that could react within the 5 second window; however, they are rigid foams and would not 
provide a long lasting repair in moving joints. 

Grand Coulee personnel had tried a few different methods to seal the joint with limited success.  
In one attempt, they placed a small diameter flexible hose in the reservoir over the section of 
joint between the 1060 and 1030 elevations and allowed it to be sucked into the joint with the 
flowing water.  Due to the roughness of the joint there was only minimal reduction in flow as 
measured by a weir placed in the drainage ditch in the 1000 elevation gallery (Figure 1).  They 
also placed a plastic membrane over the upstream face on the same section of joint and allowed 
it to be sucked over the contraction joint.  This membrane pressed onto the face well; however 
the flow did not decrease.  A likely explanation for this was that water flowed into the joint from 
above and below the membrane, since the membrane did not seal the joint at its ends. 
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Figure 1 – Weir placed in the 1000 gallery drainage ditch measuring inflow from the 81/82 joint. 

Because of the unique circumstances involved with attempting this repair, a modified version of a product 
called Cylutions, manufactured by Emagineered Solutions Incorporated, was used.  This product is 
normally used to repair leaks resulting from damaged waterstops in contraction joints.  Normally, a core 
hole is drilled along the leaking contraction joint, and the product is dropped into the core hole in the form 
of solid cylinders a few feet long.  It is a solid urethane that reacts with water and expands to seal the hole 
and leaking joint.  This product reacts with water and swells 300% in size. 

Using the product in that form was not practical here.  We worked with the manufacturer to develop a 
ground up version (Figure 2).  One important aspect of the ground up particles is that they swell but do 
not stick to each other or anything else. 

The ground up waterstop was placed in a 55 gallon barrel with water, and an agitator was used to keep the 
particles suspended (Figure 3).  This slurry was then pumped from the top of the dam through a one inch 
plastic tube using a screw type progressive cavity pump (Figure 4).  The distribution of the slurry was 
monitored by Grand Coulee’s remotely operated vehicle (R.O.V) and a downhole inspection camera.  The 
hose location was controlled from the top of the dam.  It was raised and lowered so the outlet was close to 
the joint and in a place where water was actively infiltrating.   A section of steel pipe was attached to the 
underwater end of the hose to increase its weight to make it easier to control the location of the end. 
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Figure 2 – Ground up waterstop.  Left side before water and right side right after water was added. 
The cups contained the same volume of waterstop. 

Figure 3 – Ground up waterstop suspended in water. 

Figure 4 – Progressive cavity screw pump used to deliver water/waterstop solution. 
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Throughout the course of three days the slurry was placed along the contraction joint.  Upon arrival, the 
leakage measured by the flume was 145 gallons per minute (gpm).  After placing a total of 100 pounds of 
ground up waterstop the flow was reduced to 63 gpm.  The smaller waterstop particles entered the joint 
while the larger waterstop particles packed on the front of the joint (Figure 5).  During this process the 
face of the joint was almost completely full, to the point where the particles were beginning to create a 
mound at the joint (Figure 6).  A small amount of waterstop particles traveled completely through the 
joint and were seen in the drainage ditch at the 1000 gallery.  A large amount of particles that did not 
enter the joint settled to the bottom of the reservoir in a pile.  While these particles slowed the inflow of 
water they didn’t completely stop it.  Water continued to infiltrate between the particles and into the dam. 

Figure 5 – Waterstop material packing on the front and entering the joint. 
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Figure 6 – Waterstop material creating a mound on the face of the joint. 

Once the flow rate was reduced, a chemical grout was injected into the joints from inside the dam and the 
water leakage was further reduced to 10 gpm.  The flow in this joint eventually increased but not to its 
original rate.  This was most likely caused by some of the waterstop material either getting sucked into 
and through the joint or falling off the upstream surface of the dam since they do not stick to the concrete 
surfaces or each other.  There is a hydro power generator near this joint which could have caused enough 
vibration to dislodge some of these particles. 

Evaluation 
Testing Method 
In order for the fixture to accurately represent a leaking joint there was some fine tuning to get all the 
parameters correct.  Our approach was to adjust the components in a way that they would mimic the 
efforts that took place at Grand Coulee.  Since this is our only known real world representation we felt 
comfortable with this approach.  There were two main aspects of the model that required adjustment to 
achieve these conditions: the joint width and the flow rate.  We adjusted these until we saw the chips and 
the flow behaving in a similar manner to Grand Coulee.  Tests 1 though 4 were used to achieve these 
conditions. 

Fixture Description 
This testing fixture is composed of four main components: the joint fixture, a pumping system to provide 
the water flowing through the joint, a method to provide the hydrophilic waterstop (chips), and a pump to 
provide the chemical grout.  The fixture and flow diagram are shown in Figure 7.  The “supply water” 
pump and tank provide the reservoir water that is flowing through the joint throughout the test.  The 
“chips with water” pump is a low flow pump providing just enough water to deliver the chips.  All the 
products that flow through the joint flow to the discharge tank.  A flow meter measures the amount of 
water leaking through the joint which decreases as the chips and grout plug up the joint.  The pressure 
gauges measure the upstream and downstream pressures.  P1 measured the upstream pressure, which 
increased as the chips and grout plugged up the joint.  P2 measured the downstream pressure, which 
remained constant at 0 throughout the testing. 
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Figure 7 – Fixture flow diagram. 

The internal dimensions of the testing fixture were L 36 inches X W 12 inches X H 3.75 inches.  The 
layout is shown in Figure 8 and 9.  The entrance section is 12 inches X 12 inches.  The concrete pavers 
in the center section are 12 inches X 12 inches X 2 inches each, and the outlet section is 12 inches X 12 
inches.  Drawings with dimensions are in appendix 1.  The joint to be tested was between the pavers.  
The pavers were spaced apart by acrylic spacers (Figure 10).  A PVC diffuser was used to even out the 
flow of the supply water.  Figure 11 shows the layout of all components including the pumps and tanks.  
Figure 12 shows the supply water flow meter, and the “chips with water” pump. 

Figure 8 – Fixture internal view. 
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Figure 9 – Fixture internal view. 

Figure 10 – Fixture internal view showing joint spacers. 
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Figure 11 – Testing components layout. 

Figure 12 – Flow meter and chips pump. 
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Test Procedure 
For the tests conducted with chemical grout and chips, each type of grout was tested in a cup with the 
hydrophilic chips to ensure there were no adverse reactions between the two.  Water was also mixed with 
these grouts and chips to see how they behaved when reacting with water. 

Once we made all the necessary adjustments to the fixture to mimic the Grand Coulee joint, the testing 
began.  The joint dimensions were set at 0.11 inch think, 11 inches wide and 12 inches long.  The initial 
flow rate was set at 40 gpm.  This translated to a water velocity in the joint of 10.6 feet per second.  These 
conditions were met and a steady state was achieved prior to beginning each test.  Once testing began we 
recorded P1, and flowrate.  In each test we injected 48 ounces of chips or sawdust.  For each grout tested 
two gallons of grout was injected (Table 1). 

Table 1. Materials tested. 

Test 
Number Items Tested 

Volume of 
Chips or 
Sawdust 
(ounces) 

Volume of 
Grout 

(gallons) 

1 Chips 48 0 
2 Chips 48 0 
3 Chips 48 0 
4 Chips 48 0 
5 Sawdust 48 0 

6 
Chips With 
248/249 48 2 

7 Chips with ST-504 48 2 

8 
Chips with PU 
F400 48 2 

Hydrophilic chips 
The hydrophilic waterstop material used in this testing was already in a chip form.  The chips provided by 
the manufacturer were too large for our pump so we ground them to a smaller size.  The chips were sent 
through a meat grinder to decrease their size.  There was a medium size that went through the grinder 
once and a fine grind that went through the meat grinder twice.  Gradations were completed for these 
three different sizes (Table 2, and Figure 13).  The small grind was used in all lab testing. 
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Table 2. Gradation of Hydrophilic chips. 

From Medium Small 
Manufacturer Grind Grind 

Sieve Size Percent Retained Percent Percent 
(inches) Retained Retained 

 3/8 5% 0% 0% 

 1/4 57% 0% 0% 

#4 (0.187") 26% 14% 9% 

#8 (0.0937") 11% 58% 46% 

#16 (0.0469") 1% 23% 36% 

#30 (0.0234") 0% 5% 9% 

pan 0% 0% 0% 

Figure 13 – Gradation Chart. 

Test Results 
Cup Tests 
None of the grouts had an adverse reaction with the chips (Figure 14).  Additionally the chips didn’t react 
with the grouts when mixed with water.  When the chips and grout were mixed the end products was a 
grout/chips matrix.  Since most of the water was taken up by the grout reaction the chips only hydrated 
and expanded a small amount.  When the chips react with water they change from their light brown color 
to white.  In the reacted cup test we could see that the chips were still mostly light brown (Figure 15).  
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This cup test was only used to see how the chips and grout react with each other.  The end product is not 
what we would expect to see in a joint when they react together.  In the joint test there was an ample 
amount of water available for the chips to completely react and allow them to grow to their maximum size 
prior to the introduction of chemical grout. 

Three different types of grout were used for this research.  These grouts were chosen because they are 
some of the most commonly used grouts for water control, and each has been used by the TSC grouting 
crew with good success.  They are all good at sealing water leaks in cracked concrete or contraction joints 
with low flows.  They are seldom successful at stopping water leaks in high flow situations. Technical 
data sheets for each product are in the appendix 3. 

The first grout used was AV 248/249 manufactured by Avanti Int.  It is a hydrophobic polyurethane resin 
that only needs a small amount of water to react and cure.  AV 248 is a single component resin, catalyzed 
with AV-249, and is a moisture-activated MDI-based polyurethane resin.  It is pumped as one catalyzed 
component and reacts with water in the substrate to form a water tight, closed cell foam.  The second 
grout tested was ST-504, manufactured by Strata-Tech.  ST-504 is an MDI-based hydrophilic gel that is 
used for water control and soil stabilization.  It is most commonly pumped at a 1:1 ratio with water.  The 
third grout tested was PU F400, manufactured by Spetec.  PU F400 is similar to 248/249 in its makeup.  It 
is a one component catalyzed hydrophobic closed cell injection resin designed to shut off water leaks. 

Figure 14 – Cup tests with grout and chips. 

Figure 15 – Cup tests after reacting with water.
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Testing Results 
The hydrophilic chips successfully slowed down the water flow.  They slowed the water in the 0.11 inch 
joint by 65% (Table 3).  Not all the grouts worked equally.  Two of the grouts with chips completely 
stopped the flow while the third wasn’t any better than chips alone.  The AV 248/249 didn’t show any 
improvement over chips only.  This could be attributed to the gel time which was twice that of the other 
grouts.  The gel time for 248/248 was two minutes, 504 was one minute and PU F400 was 50 seconds. 

Table 3. Testing data. 

Test 
Number Items Tested 

Joint 
Spacing
(inches) 

Initial 
Pressure
 P1 (psi) 

Initial 
Flow 

(GPM) 

Final 
Pressure 
P1 (psi) 

Final 
Flow 

(GPM) 

% Flow 
Reduction

1 Chips 0.16 2 80 30 25 69% 
2 Chips 0.16 2 80 18 54 33% 
3 Chips 0.16 2 40 25 30 25% 
4 Chips 0.11 3 40 30 14 65% 
5 Sawdust 0.11 3 40 3 40 0% 

6 
Chips With 

248/249 0.11 3 40 30 16 60% 

7 
Chips with ST-

504 0.11 3 40 30 0 100% 

8 
Chips with PU 

F400 0.11 3 40 30 0 100% 
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Tests 1 through 3 were performed to adjust the fixture to match results observed at Grand Coulee.  These 
tests showed that the fixture was operating as designed and that it was a good representation of a 
contraction joint in a concrete dam.  After each test, the fixture was disassembled, examined and photos 
were taken (Figures 16-18).  For tests 1 through 4, once the supply pump and flow of water was stopped 
some chips fell off the front of the joint since there was no longer any water pressure to hold them in 
place. 

Figure 16.  Test 2 chips catching in joint during test. 

Figure 17.  Test 2 chips caught in joint after test. 
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Figure 18.  Test 2 view of inside the joint after testing completed. 

Test 4 was a good representation of  the contraction joint at Grand Coulee.  The chips clogged the joint 
and began to mound on the upstream face (Figure 19).  The chips slowed the flow by 65% (Figure 20).  
This was a good starting point for additional testing since there was room for improvement. 

A total of 48 ounces of chips were used in each test.  As seen in figure 19 and others, there was a small 
amount of water leaking between the upper paver and the acrylic fixture cover.  This was a result of the 
rising pressure on the inlet side of the fixture.  The increasing pressure caused the acrylic to slightly flex 
upward.  An aluminum support channel was placed above the paver and acrylic to limit this movement, 
but it wasn’t entirely effective.  During testing, the chips and grout plugged up this area as they did the 
concrete joint. 
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Figure 19.  Test 4 view during testing. 

Figure 20.  Test 4 view of inside the joint after testing completed. 

Test 5 with the sawdust showed a 0% reduction in flow.  Two different types of sawdust were used 
(Figure 21).  The larger sawdust plugged the pump and didn’t flow into the joint.  The finer sawdust was 
too small to get caught in the joint and simply flowed through it.  We did not conclude that sawdust 
doesn’t work to slow the flow of water in a contraction joint, but that it didn’t work in this test set-up. 
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Figure 21.  Larger sawdust on left and finer sawdust on right. 

Test 6 used chips and AV 248/249.  The introduction of grout did not reduce the flow in the joint (Figure 
22).  The AV 248/249 is very similar to the PU F400 and it should have slowed the flow considerably.  
The 248 was catalyzed at the standard rate which produced a gel time of two minutes. Since this set time 
was significantly longer than the other grouts, most of the grout washed through the joint before it had a 
chance to react and set up (Figure 23). We feel it would have worked similar to the PU F400 if a higher 
amount of catalyst was used and the gel time was reduced to the 1 minute time frame.  After 
disassembling the fixture we found that some of the chips had attached to the reacted grout on the 
upstream side of the joint. (Figure 24). 

Figure 22.  Test 6 reacted grout in fixture after test. 
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Figure 23.  Test 6 inside of joint after test. 

Figure 24.  Test 6 reacted grout with chips attached. 

Test 7 was with chips and ST-504.  The chips slowed down the flow rate, which gave the ST-504 time to 
react, attach to existing chips and collect more chips (Figure 25).  The flow rate was reduced to 0 gpm 
(Figure 26).  After disassembling the fixture we found a matrix of grout and chips in the joint (Figure 27). 
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Figure 25.  Test 7 ST-504 reacting with chips during test. 

Figure 26.  Test 7 flow rate of supply water reduced to 0 gpm during test. 
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Figure 26.  Test 7 mesh of grout and chips. 

Test 8 was chips and PU F400.  The results were similar to those of ST-504 (Figure 27).  The grout 
worked to reduce the flow to 0 gpm by bonding the chips together and collecting additional chips 
(Figure 28).  When the fixture was disassembled and the upstream pressure was released most of the 
chips stayed where they were as opposed to falling off the joint, indicating they were held in place by 
the grout.  Since the flow rate was reduced to 0 gpm, most of the chips and some of the grout used never 
made it through the joint.  Instead, they simply stayed and reacted in the upstream area of the fixture 
(Figure 29). 

Figure 27.  Test 8 PU F400 reacting during testing. 
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Figure 28.  Test 8 inside joint after testing. 

Figure 29.  Test 8 reacted grout and chips in fixture after testing. 

Conclusions and Recommendations 
Testing in the laboratory and at Grand Coulee shows that the use of this ground up waterstop material is a 
viable, low cost repair solution for sealing leaking contraction joints with large flows. 

1. The chips became lodged in the joint and expanded.  This significantly slowed the water flow.
2. The lab research showed that chips alone are incapable of completely stopping the flow of water

in a joint.
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3. The addition of chemical grout can be useful in completely stopping the flow.
4. The addition of chemical grout is successful in bonding the chips together.
5. This addition of chemical grout allows the chips to stay in place once the water pressure is

reduced, and it could possibly hold the chips in place in dams that experience vibrations like that
from power generation.

A field trial is recommended to test this approach on a leaking contraction joint.  There are a few 
additional items to consider for a field trial.  Grout that flows through the joint and doesn’t react until it 
reaches the gutters in the galleries will need to be collected. Filters will be needed in the drainage gutters 
to collect this grout once it reacts and before it reaches sump pumps. Additionally, some of the grout will 
not flow into the joint and will instead react in the reservoir.  This grout will float to the top of the 
reservoir and should be collected. 

References 
(Starbuck, Grand Coulee Dam Ground up Urethane and Grouting Travel Report, 2013) 



Appendices 
1. Fixture Drawings
2. Pump Specs
3. Grout Data Sheets

1. Fixture Drawings

The drawings give a 3 dimensional view 
of the laboratory fixture, and dimensions 
for construction. 

2. Pump Specs

These provide specifications on the 
water, and chips pumps.  These specs 
also include information for the motors, 
along with manufacturer information. 

3. Grout Data Sheets

These are technical data sheets 
provided by the grout 
manufacturers.  They detail things such 
as: grout description, application, 
mixing, packaging, shipping, physical 
properties, cleanup, etc. 
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Self-Priming Pump for Water and Coolants 
Heavy Duty, 2 hp, 240/460V AC, 2 Intake Pipe Size 

 

 

Mounting Plate 

Priming Self-priming up to 20 ft. 
Maximum Flow, gpm  

@ 30 Feet of Head 90 
@ 60 Feet of Head 50 
@ 90 Feet of Head 28 

Maximum Feet of Head 82 
Maximum Solid 
Diameter 

3/8" 

Motor Enclosure Type Totally Enclosed Fan Cooled (TEFC) 
hp 2 
Volts AC @ 60 Hz 
(phase) 

240/460 (3) 

Amps 6/3 
Temperature Range 40° to 180° F 
Connections NPT Female 
Pipe Size  

Intake 2 
Discharge 2 

Maximum Viscosity 1 cp 
Height 11 1/8" 
Width 9 1/8" 
Depth 19 7/8" 



Chemical Resistance  
No Effect (no 
performance 
degradation) 

Deionized Water, Ethylene Glycol, Sodium Hydroxide (20%) at 
Max. temperature of 120° F, Water 

Moderate Effect (may 
shorten product life or 
degrade performance) 

Hydraulic Oil 

Not Recommended Acetone, Ammonium Hydroxide (100%), Diesel Fuel, Ethanol, 
Gasoline, Hydrochloric Acid (100%), Hydrochloric Acid (20%), 
Hydrochloric Acid (37%), Isopropyl Alcohol (100%), Kerosene, 
Lacquer Thinner, Methanol, Methyl Chloride, Methyl Ethyl Ketone, 
Mineral Spirits, Motor Oil, Nitric Acid (100%), Nitric Acid (20%), 
Nitric Acid (50%), Paint, Phosphoric Acid (<40%), Phosphoric 
Acid (Greater Than or Equal to 40%), Salt Water, Sodium 
Hydroxide (50%), Sodium Hydroxide (80%), Sodium Hypochlorite 
(Bleach), Sulfuric Acid (<10%), Sulfuric Acid (10-75%), Sulfuric 
Acid (>75%), Xylene 

Note Chemical compatibility must be determined by the customer based 
on the conditions in which the product is being used, including the 
presence of other chemicals, temperature, and consistency. 

Wetted Parts Buna-N, Carbon, Cast Iron, Ceramic, Type 304 Stainless Steel 
Drain underground tanks and process wastewater with these pumps that can be installed up to 20 feet above your 
liquid source. Housing is cast iron. Do not run dry. Maximum viscosity is 1 centipoise, and temperature range 
is 40° to 180° F. Connections are NPT female. 

Motor is continuous duty. Three-phase motors have wire leads for electrical connection. 

Heavy duty and heavy duty high-flow pumps provide protection in dusty and dirtyenvironments. Heavy duty pumps 
have a cast iron impeller. 
By using this website, you agree to our Terms and Conditions and Privacy Policy 
Home|Help|Returns|Careers|Settings 
 

javascript:void(0)
http://www.mcmaster.com/
http://www.mcmaster.com/#help
http://www.mcmaster.com/#returns
http://www.mcmaster.com/#careers
http://www.mcmaster.com/#settings




Invoice No.
  1 10/07/13 071597 01

15102 EAST MONCRIEFF PL #B
AURORA, CO  80011-1242 To Reorder Contact Us At

Phone No. : (303)424-3551
Fax No .. : (303) 424-3420 DB# 05

DENVER WINPUMP CO WEB SALES DENVER FEDERAL BLDG COMPLEX
15102 E MONCRIEFF PL UNIT B W 6TH & KIPLING
AURORA, CO  80011-1255 BUILDING 56

LAKEWOOD, CO  80225
TD continental cp-15 bureau of

321-000500 VERBAL 010-DAVID HUDSON Stock NEXT DAY 10/07/13

THANK YOU FOR CHOOSING WINPUMP! WE KNOW YOU HAVE A CHOICE IN THE MARKET PLACE.

      1 EA CPM-15-CSQ CLOSED COUPLED PUMP       1     995.8600   .00    995.86 T
AND MOTOR 1.5GMP 1/2 HP
BACKORDERED FROM INV#071597-00

      1 EA SHIPPING AND HANDLING       1     236.8700   .00    236.87 T

    1,232.73

COD CO - 060590300       .00

 2.900     35.75

 4.100     50.54

    1,319.02

When you provide a check as payment, you authorize us either to use information from your check to make a one-time electronic fund

transfer from your account or to process the payment as a check transaction. For inquiries please call (303) 424-3551.

T&C: You agree that the sale of these products/services is subject to all of our standard terms and conditions of sale located at

www.winwholesale.com/tcsale.
INVOICELP : Laser Invoice

Salesman Type Shipment Ship VIA Date ShippedCustomer Number Customer Purchase Order

Units
Ordered U/M I t e m  D e s c r i p t i o n Units

Shipped B/C P r i c e Per Discount E x t e n d e d Tax

Page Date Printed

Terms:  Monthly Service Charge May Be Applied To Past DueAccounts. Net Sales
Freight

State Tax % State Tax
Local Tax % Local Tax

Invoice Amount

Tax Area ID:

Remit To:

Sold To: Ship To:
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DESCRIPTION         

Solvent and phthalate free, water reactive, hydrophobic, closed cell, 
low viscosity, shrink-free, flexible, one-component polyurethane injec-
tion resin designed to shut off water leaks 

APPLICATIONS

• Shut off water leaks in concrete, brickwork and sewers where 
movement and settlement may occur

• Water cut-off of water leaks in foundations such as diaphragm 
walls, piling sheets and secant piles

• Sealing water-carrying cracks and joints in tunnel segments
• Curtain grouting behind tunnel, concrete, brickwork and sewer 

walls
• Injection of water cut-off membranes and liners in tunnels 

ADVANTAGES

• One component
• Different reaction times are possible by adjusting the percentage of 

SPETEC® PU F400 ACC
• The closed-cell structure of cured polyurethane ensures permanent 

flexible sealing of cracks and joints. 
• Cured polyurethane is flexible, shrink-free and exhibits good 

chemical resistance (contact our Technical Service for chemical
resistance)

• Cured polyurethane is harmless for the environment and resistant 
to biological attacks.

• WQA drinking water certificate

SPETEC® PU F400
ONE-COMPONENT RESIN

Resiplast NV/SA  •  Gulkenrodestraat 3  •  B-2160 Wommelgem  •  info@spetec.com  •  www.spetec.com 
Tel. +32 3 320 02 11  •  Fax +32 3 322 63 80

PROCEDURE 

Read the technical and safety data sheets prior to commencement of 
the injection works.
Vigorously shake the SPETEC® PU F400 ACC before use and pour the 
required quantity (2-10%) into the SPETEC® PU F400 resin. Mix the ac-
celerator homogeneously into the resin and protect against moisture 
and rain to prevent premature reaction.
Depending on the application, injection can be carried out using a 
hand pump, pneumatic pump or electric pump.
Preferably use a separate pump for injection of water and PU resin. 
Prior to injection, the pump must be flushed with Spetec PU Pump 
Flush and be completely free of water to prevent pump blockage.

PACKAGING AND STORAGE

SPETEC® PU F400 is moisture sensitive and should be stored in a dry 
area between 5°C and 30°C.
Shelf life: 24 months in original packaging.
Once opened, containers should be used as soon as possible.
SPETEC® PU F400 is packaged in 1000kg IBC containers, 200kg steel 
drums, 20kg and 5kg metal cans.
SPETEC® PU F400 ACC is packaged in 20kg metal cans, 2kg and 0.5kg 
bottles.

SAFETY INSTRUCTIONS

Avoid contact with eyes and skin, always use personal protective 
equipment in compliance with local regulations.
Read the relevant safety data sheets before use. When in doubt  
contact Resiplast Technical Service.

This information is provided in good faith, but without guarantee. The application, use and processing of the products are  

beyond our control and therefore your entire responsibility. Should Resiplast N.V. nevertheless be held liable for any damage, such  

liability will be limited to the value of the goods delivered by us. We are committed to providing high-quality goods at all times. 

This version supersedes all previous versions.  Version 1.1  Date: 14 September 2016 9:53 AM

PROPERTIES 

SPETEC® PU F400, uncured 
(appearance: white liquid)

SPETEC® PU F400 ACC, Accelerator for 
SPETEC® PU F400 
(appearance: blue liquid)

SPETEC® PU F400 + Accelerator cured

Viscosity at 25°C EN ISO 3219 ±340mPa.s Viscosity at 25°C EN ISO 3219 ±15mPa.s Tensile strength EN 527 >1MPa

Flash point EN ISO 2719 >150°C Flash point EN ISO 2719 >150°C Elongation at break EN 527 ±100%

Density EN ISO 2811 ±1.04kg/dm³ Density EN ISO 2811 ±0.9kg/dm³ Density EN ISO 1183 ±1kg/dm³

REACTION RATE

SPETEC® PU F400 ACC 5°C 15°C 25°C

% Start End Start End Start End

2 145” 320” 120” 300” 60” 170” 4V

6 65” 110” 50” 95” 35” 80” 4V

10 45” 70” 30” 65” 25” 58” 4V

TD
S



Data Sets that support the final report 

• Share Drive folder name and path where data are stored:
H:\D8180\Science and Technology\FY16\Starbuck\Sealing 
Contraction Joints

• Point of Contact name, email and phone: D. Warren Starbuck 
dstarbuck@usbr.gov  303-445-2317

• Short description of the data: Drawings, Testing Photos and 
Videos

• Keywords:  contraction joints, waterstop, grout

• Approximate total size of all files: 52.9 GB 
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