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Presenter
Presentation Notes
Good Afternoon. 
Janet White
Manage the Concrete Geotechnical and Structural Laboratory. 
We are looking forward to see you all in our laboratory.  I have a quick preview of what we have in our laboratory.  
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Presenter
Presentation Notes
In 1946 Reclamation located its primary laboratory at the Denver Federal Center.
These research laboratories study modeling and designs for hydraulic structures, concrete technology,
electrical problems, construction design innovations, various environmental issues, ecology, anything to do with water and water distribution, and other technical subjects.


 Provide expert advice and

assistance for construction
materials used on Reclamation
facilities

— Concrete

— Concrete Maintenance & Repair

— Corrosion Control and Prevention

— Protective Coatings

— Soil and rock evaluation

— Structural Testing

— Hydraulics

 Perform research related to
these areas to solve specific | _
problems DN
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Provide expert advice and assistance for construction materials used on Reclamation facilities
Concrete
Concrete Maintenance & Repair
Corrosion Control and Prevention
Protective Coatings
Soil and rock evaluation
Structural Testing
Hydraulics
Perform research related to these areas to solve specific problems


=
Concrete Technology

Barbara Aguilera Gonzalez
Katie Bartojay, PE
Shannon Harrell, PE
Westin Joy, PE

Scott Keim, PE
Matthew Klein, PE, PhD
Catherine Lucero, EIT
Veronica Madera, PE
Caleb Nickel, EIT
Trevor Stockton-Salas
Frank Valdez

Janet White, PE

 Testing

 Research

 Design Team Assistance
» Specifications

« Construction Support
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We provide expertise in concrete, concrete making materials, and concrete testing that is applied to both new and existing structures.  Today, most of our work focuses on modification or rehabilitation of existing structures.

For the Stony Gorge Modification we helped design the concrete mixture proportions to ensure the concrete would meet project requirements and we also developed guidelines and specifications for the mass concrete placements.  This type of work is typical for us, but we may also provide more specialized work.  For example, the development of a temperature monitoring system that was used during construction of the modification.  
This system design was subsequently used as part of a large research project on the evaluation of present day mass concrete heat generation.


O
Concrete Technology

Shasta Dam Modifications
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We have also performed work for Many large projects,  one of our current projects is a Shasta Dam modification, which required concrete mixture proportioning, materials testing, strength testing, and creep testing


Creep Testing
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This photo on the  shows specimens tested for creep under a constant load.  These specimens are tested for at least a year. 


Concrete Technology

Flexural Strength and
Tensile Strain Capacity
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We can perform many types of specialized tests for Concrete.  
Our 5-Million Pound testing machine allows us to test not only high strength materials, but also specimens that are large in size.  
Here we see beams that were being tested to find the modulus of rupture of the concrete.  We designed and built testing frames specifically for performing these tests. The load on the beams is increased each week by adding more weight to the lever arm. 


Large Diameter
Concrete Core Testing for

18" ¢ Direct Tension
G 10" ¢ Static and Dynamic

- Compression, Direct Tension,
Direct Shear

6” ¢ Static Compression,
Direct Tension, Direct Shear
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This past winter (2018/2019) we conducted a large testing program on the existing concrete for Shasta Dam (USBR) and Gross Dam (Denver Water).


Large Diameter
Concrete Core Testing for
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 We can test 10-inch core and even up to 18-inch diameter specimens in both compression and tension.  Testing 18 inch diameter specimens is one of our specialties. Many clients have asked us to test mass concrete cylinders because they were unable to find another testing facility with the capability of testing 18 inch diameter specimens in tension.




Presenter
Presentation Notes
This photos shows the process of preparing 18” diameter cores for direct tension testing.
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For Ruskin Dam, in Canada. We performed Compression Creep Tests following ASTM C512. 

Continuous load was provided by an electronically controlled hydraulic system. 

Length change measurements were taken periodically for one year using a standard bar scale and dial gauge to give the initial elastic strain (y-intercept) and the creep rate (slope) for each of the mix designs being considered.
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Cutting, casting and testing a 10” diameter specimen.  Note that pins are taken out during shearing – they are in the photo as the specimen was being reset to the original shear displacement.


Fé Hydro-demolition 20,000 psi 6" depth

—

80-90% crack reduétion
with new concrete additive
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We are also known for our concrete repair, given the age and size of our structures…. This is very helpful.  
One of our recent projects was an Investigation of low shrinkage admixtures


=
Crack Repairs

 Mechanical methods (additional reinforcement)

* Resin injection
— Epoxy resin
— Polyurethane resin
— Polyurea resins

 Joint Sealants

CGSL Concrete
Repair Crew
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Cracks are the single biggest cause of problems in concrete – and difficult to repair.

If needed, We can inject the cracks with epoxy, polyurethane, or polyurea resins


Geotechnical Lab

 Gergo Arany, MSc
« Amber Brusak, EIT
 Justin Downs, EIT
- Blake Armstrong
 Rick Bearce, PhD

« Jong Beom Kang, PhD, PE (Hydrogeology Support)
« Tyler Chatfield, PE (Field Testing Coordination)
 Evan Lindenbach, PE, PG (Rock Lab Coordination)
 Robert Rinehart, PhD, PE (Soils Lab Coordination)
- Bart Pfeifer, (Engineering Technician)

= Constant-Rate Pumping Test
Elapsed Time Since Start of Pumping (min)
500 1000 1500 2000 2500




Rock Testing

L }kwn. Wi L

Rock Compression Testing
(Triaxial and Unconfined with
elevated temperatures and pore
pressure measurements)

£ N |
|

Direct Shear Machine (7” and 12” dlameter spemmens) R EC LA M A I IO N
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Rock mechanics testing at the Bureau of Reclamation is specifically tailored to the needs presented by our mission for water and power delivery.  The laboratory is capable of uniaxial and triaxial compression of rock specimens to determine strength, modulus and Poisson’s ratio. Ultrasonic pulse velocity measurements are performed to estimate small-strain modulus and elastic constants at varying stress states. 

Direct shear testing can be performed on rock and concrete specimens, with characterization of strength and stiffness during testing. 

Our laboratory also performs indirect (splitting) tensile strength testing, point load strength index testing, and physical property testing.  The equipment and procedures can be adapted to meet the unique needs of specific projects, for example cyclic testing to help understand performance during and after seismic loadings. 


Static Triaxial Shear and Flow
Pump Permeability with K,
Consolidation

Direct Simple Shear ' : ' Automated Consolidometers
(Static and Cyclic)
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Cyclic Triaxial Shear
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Our soils lab provides state-of-the-art soil testing capabilities to characterize material properties and assist in the design of water resource structures.  Specialized testing programs are specifically designed for each project at hand.  One-dimensional consolidation tests measure the compressibility of the soil which is used to predict consolidation and settlement.  Static triaxial shear tests measure the shear strength of soil in compression or tension.  These tests closely mimic the shear strength that would be mobilized in an embankment.  The triaxial shear test machines also have the capability to flow water through the soil to measure permeability in order to assess seepage potential.  Cyclic triaxial shear tests measure cyclic behavior of embankment material.  This is very valuable in earthquake prone regions of the western United States.  Direct simple shear tests measure static shear strength and cyclic behavior of foundation material.  These tests are typically used to characterize foundation material under an embankment where plane strain conditions exist.  Again, cyclic testing is very important to understand how an embankment or foundation of a dam will respond to earthquake shaking.  These are just a few examples of our capabilities. 




Permeameter

Internal Erosion
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This Internal Erosion Perm E ammeter  was built in house by our lab machinist, mechanical engineer, electrical engineer, and geotechnical engineers. 

Water can move upward or downward through the specimen. We are interested in the critical hydraulic gradient at which internal erosion initiates.  

Observations for the test are made visually, as particles migrate through 


=
Corrosion

Chrissy Henderson

Daryl Little, PhD

Jessica Torrey, PhD

Mike Walsh, PhD

Grace Weber, MS

Dave Tordonato, PhD, PE
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Corrosion is another area of expertise within our group.  The corrosion group have the responsibility of preventing and controlling corrosion within our structures.  Corrosion work includes inspection, materials selection, and testing.  They also provide cathodic protection systems design, specifications, testing, and training.

Here are a few corrosion related problems.  (left – central arizona project, syphon is prestressed concrete cylinder pipe, corrosion cell could be formed due to wires in contact with high pH concrete on one side and lower pH environment on the other) (photo in the lower right shows the failure of a connection between a pipe and the foundation)��photo at top R is at Hall’s Coulee Siphon (bottom R may be same location?)


Capabilities of TSC Corrosion Team

Corrosion Mitigation Engineering:
- Cathodic Protection Systems
- Development of Specifications
- Design of Galvanic and Impressed Current CP Systems
- Materials Selection

Field Inspections, Installation, Testing, Monitoring:
- Field Testing and Monitoring CP Systems
- Installation and repair of CP systems
- Inspection During and After Construction/ Installation
- Inspection of Aging and Corroding Infrastructure including Failure Analysis

Other Corrosion Mitigation and Damage Repair Techniques:
- electro-osmotic pulse technique
- fiber-reinforced polymer repair of concrete

Corrosion Chemistry:

- Quantitative analysis of soil and water chemistry including sulfate and
chloride concentrations

Education and Manuals:
- Corrosion and Coatings School
- Corrosion Webinar Series and Online Instructive Videos
- Corrosion-related guides and manuals

Corrosion Research R EC L; /\ ][\//1 AT I O N
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Corrosion Mitigation Engineering:
- Cathodic Protection Systems
· Development of Specifications
· Design of Galvanic and Impressed Current CP Systems
- Materials Selection
Field Inspections, Installation, Testing, Monitoring:
- Field Testing and Monitoring CP Systems
- Installation and repair of CP systems
- Inspection During and After Construction/ Installation
- Inspection of Aging and Corroding Infrastructure including Failure Analysis
Other Corrosion Mitigation and Damage Repair Techniques:
- electro-osmotic pulse technique
- fiber-reinforced polymer repair of concrete
Corrosion Chemistry:
- Quantitative analysis of soil and water chemistry including sulfate and chloride concentrations
Education and Manuals:
- Corrosion and Coatings School
- Corrosion Webinar Series and Online Instructive Videos
Corrosion-related guides and manuals
Corrosion Research
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These are examples of what can happen if corrosion is not controlled.  Top 2: Ductile Iron (Fountain Valley Water Authority – Colorado Springs) and Precast Concrete Pipe (it is either Tucson Water or Denver Water) municipal water pipe failures due to corrosion.  Failures like this can cost millions of dollars in only a short amount of time. 

Bottom right: Shoshone pipeline failure due to corrosion of an uncoated section of pipe

Bottom left: Concrete column on I-25 over Sante Fe in Denver had incomplete coverage of reinforcement, which either allowed penetration of salts, or water and oxygen leading to corrosion of the rebar. The expansive corrosion product created pressure and lead to spalling of the concrete, which then allowed further deterioration to occur.


Coatings

Bobbi Jo Merten, PhD
Rick Pepin, PCS
Stephanie Prochaska, MS
Allen Skaja, PhD

David Tordonato, PhD, PE
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The Coatings group works to prevent or slow down corrosion by recommending coatings in our specifications.  We like to recommend the most economical methods to protect our infrastructure.

And just a note, this gate is not part of a Reclamation structure.


Inspection of Aged Coatings
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A big area of work is the inspection of aging infrastrucutre to make the cost effective decision to extend the service life, whether that is spot repairs, complete rehabilitation, or overcoating.


=
Coatings Evaluations for Projects

———

Pulloff Adhesion Test Undercutting Test
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To help us make these critical decisions, we evaluate commercial coatings to determine if they will work for our service environments.  As we can see in the undercutting picture, some coatings are much more durable than others.


Zebra/Quagga Mussel Research
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One major area of research is finding coatings that will keep Zebra/Quagga mussels off of infrastructure. These photos show metal grates that have been submersed for a few months in water where zebra/quagga mussels are prevalent.  The grate on the left was untreated, whereas the grate on the right has been coated.  Research is ongoing, but we have found some coatings that seem to work (Fuji Film).


=
Rope Access for Inaccessible Features

Rope access techniques are frequently used to facilitate cost effective inspection
and minor maintenance of otherwise inaccessible features. Examples include:

* Penstock surveys (coatings and corrosion assessments) — Wolf Creek Dam, KY & Dworshak
Dam, ID - USBR/COE collaboration, Grand Coulee Dam, Mt Elbert

- Dam Face & Abutment Inspection (Visual, Geophysical or Core Sample Collection) — East
Canyon Dam (UT); Hubbart Dam - BIA/USBR Collaboration, Yellowtail Dam, Hungry Horse,
(MT); Seminoe Dam, Glendo Dam, Guernsy Dam, (WY)

« Bridge inspection: Cimmaron Bridge (CO) - NPS/USBR Collaboration
«  Gate Inspections: Olympus Dam, Angostura Dam, Imperial Dam

* Vertical Piping Surveys: Trinity

»  Spillway inspection: Granby Dam (CO)

*  Concrete Coring: American Falls Dam, Guernsey Dam

Dave Tordonato Ph.D., P.E.
Materials Engineer

(303) 445-2394
dtordonato@usbr.gov

Wil & BORTSC - Denver RECLAMATION

¢



Presenter
Presentation Notes
Next – I want to highlight our rope access team which is a group of engineers who help us inspect and even perform work on inaccessible features


Underwater Examinations of Normally
Inaccessible Features

« TSC Divers are members of the PN Regional Underwater Inspection Team (13 Divers).
« Scuba, Surface Supplied Air (SSA), and/or Remotely Operated Vehicle (ROV).

+ Intake Structures, Spillways, Outlet Works, Stilling Basins, Bridges, Power and Pumping
Plants, and Temperature Control Structures.

+ Comprehensive Facility Reviews, Periodic Facility Reviews, and O&M Reviews.
Special Investigations (i.e., Shasta TCD, Temperature Control Curtains)
Construction Oversight (i.e., Canyon Ferry, Buffalo Bill PP, Red Willow)
Biological Surveys (i.e, Zebra and Quagga Mussels).

Kevin L. Kelly, Ph.D.
(720) 663-7944

. kkelly@usbr.gov
- 86-68540 MCL Group
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IN addition we have a dive team which help us inspect and perform work on the portion of our structures that are underwater. 

Photos (clockwise from upper left):  

Canyon Ferry (MT) new spillway floor (construction oversight)
Erosion of Stilling Basin Floor at Twin Lakes (CO) (Facility Review and Construction oversight).
Trashracks @ Meeks Cabin (UT).
Corrosion of bolts @ Shasta Temperature Control Device (research project investigating corrosion prevention).
TSC Divers preparing to inspect El Vado upstream face (NM) Special Investigation of cracking on upstream metal dam face.
Diver inspecting trashracks (example of CFR)
Project personnel assisting with ROV inspection (example when it’s too deep for divers > 100 feet).
Old photo of divers descending dam upstream face to inspect intake structure.
Zebra Mussel at San Justo Reservoir (CA) found by divers impacting fish screen of intake structure.  
 Last photo lower left corner – Kevin Kelly jumping out of outlet works conduit into combined plunge pool at Lahontan Dam (NV).  He was too lazy to climb back up ladder and go around.


-
-

-: - t Core drilling — Glen Elder Dam Approach
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Of course, we have our share of Coring and Testing


Unmanned Aerial System (UAS)
Inspections and Data Collection

UAS can be used to safely and efficiently perform cursory inspections in difficult
to access features and collect high quality analysis data for decision-making.
Examples include:

3D modeling — Elephant Butte Dam *  Deterioration mapping
Penstock inspection — Glen Canyon Dam *  Change detection
LiDAR RGB texture — Glen Canyon Dam * Point cloud measurements and analysis

Subsurface defect detection

Visual inspection

Matthew Klein, PE, PhD /
(303) 445.2368 |
mjklein@usbr.gov



Presenter
Presentation Notes
This is the newest team formed at Reclamation is the UAS crew.  We have several pilots which have also help us with the inspection of our structures. 


Matthew Klein, PE, PhD
(303) 445.2368
mjklein@usbr.gov

Photogrammetry

Photogrammetry is used to capture spatial references for 3d modeling and high-
level measurement analysis including accurate distances, areas and volumes.

Examples include:

 Grand Coulee Gate Pier Profile Analysis

«  Embankment Dam Breach Volumetric Loss :
 Elephant Butte 3D Modeling and Printing P

Initial Final (without window)

Volume: 0.023734 m3
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Which leads to our Photogrammetry capability. Photos taken by UAS help create 3D models of our structures.  


Hydraulic Investigations &
Laboratory Services

 Water Conservation

* Environmental Hydraulics

 Dam Safety

* Hydraulic Structures & Equipment

 The Reclamation Detection Laboratory for Exotic
Species (RDLES)
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Next I want to talk about our Hydraulic Laboratory 

Which includes: 

Water Conservation  
Environmental Hydraulics
Dam Safety
Hydraulic Structures & Equipment  
The Reclamation Detection Laboratory for Exotic Species (RDLES)
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Hogback

 1:60 Froude scale model

Investigation of large debris
pieces in the San Juan River
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In the next several slides I will show you some of our current projects and explain the problem that they were created to solve. 


Problem
Large cottonwood trees regularly are eroded from the sand bank and are transported down river to an irrigation intake structure. Operators have to mobilize a long reach excavator to the site to remove from the trash rack structure. 



Cle Elum

* 1:50 Froude scale
model

— Investigation of erosion
potential in tailwater area
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This model was created to investigate scour in the stilling basin with 3 different wall designs. 

Original design
Straight splitter wall
Gravity wall (that will greatly reduce dewatering cost)



‘San Joaquin
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San Joaquin (left image on next slide)
Mendota bypass control structure
1:60 Froude scale model of a San Joaquin River flood bypass control structure to decrease flooding risk to the town of Mendota during high river flows
Urban Channel model (right image)
Generic model of steep slope rock urban drainage channel being used to create more diverse flow field to allow potential fish passage to upstream spawning habitat while maintaining ability of the channel to pass large floods.



Dam Safety Reservoir Debris Model

* 1:18 Froude scale model of a radial gated ogee
crest spillway and a morning glory spillway

— Research to determine potential impacts to reservoir WSE
and discharge capacity

Y . : ]
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This is an interesting Research project that the Hydraulics laboratory built to determine potential impacts to reservoir and discharge capacity due to debris during flooding events. 
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Just another view of the model 


Einal natural jam (AWSE = 2.5 feet AQ = -12.1%)

Manual comacted am AWSE 53feet AQ=5
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And more photos of the debri model during testing. 



Shasta Dam

* 1:50 Froude Scale model to investigate design of
potential Shasta Dam 18.5 foot raise
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1:50 Froude Scale model to investigate design of potential Shasta Dam 18.5 foot raise
Design includes new piers and spillway gate structure
Spillway slope aeration for reduction of potential cavitation damage reduction



Contact Information

« Concrete, Geotechnical and Structural Laboratory

— Janet White, Group Manager
— 303-445-2373
— jwhite@usbr.gov

« Materials and Corrosion Laboratory
— Bill Kepler, Group Manager
— 303-445-2386
— wkepler@usbr.gov

 Hydraulics Investigation and Laboratory
— Bob Einhellig, Group Manager
— 303-445-2142
— beinhellig@usbr.gov
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We can’t wait to see you tomorrow.  This last slide gives you the contact information of each of the three managers of this division.  


Thank You!
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