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Abstract 

The Engineering and Test Branch within the Division of Operations and 

Maintenance of the California Department of Water Resources (DWR) and 

U.S. Army Corps of Engineers (USACE), Sacramento District, tasked the 

Sensor Integration Branch (SIB) at the Engineer Research and Develop-

ment Center (ERDC) to perform non-destructive testing (NDT) on the 

trunnion anchor rods at Oroville Dam through the use of ultrasonic guided 

waves. This is the third year of this NDT. The results of the testing are pre-

sented along with qualitative analysis in determining whether a rod is in-

tact or compromised. Analysis is based upon the expected results from 

other rods at the site, knowledge of rod response at other sites, data gath-

ered from the trunnion rod research test bed at the ERDC, and compari-

son to the previous year’s effort.  

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-

tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 

be construed as an official Department of the Army position unless so designated by other authorized documents. 

 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

Posttensioned rods are used to anchor spillway gates and transfer the forces from 

the reservoir pool through the gates to the spillway structures. Large tensile loads 

are applied to these high-strength steel rods to compress the surrounding concrete 

and prevent it from experiencing excessive tensile forces, which are naturally 

problematic for concrete. The U.S. Army Corps of Engineers (USACE) Headquar-

ters required the use of posttensioned trunnion anchor rods in the design of spill-

way tainter gates in the 1960s and constructed several navigation, flood control, 

and hydroelectric projects during the 1960s and 1970s. These posttensioned trun-

nion anchor rods were used extensively for support of tainter gates and are consid-

ered the standard for the USACE and other government and non-government 

agencies within the United States and worldwide. The USACE requires reliable 

nondestructive testing (NDT) methods that are rapid, robust, and capable of de-

tecting and quantifying defects. 

1.2 Objectives 

Rapid methods to detect microcracks are required because of the large number of 

rods that exist at some installations. Robust equipment is required to handle the 

significant variations in design, construction, and field conditions that are known 

to exist. Reliable defect detection and quantification provides tracking and moni-

toring data, which is important for planning and prioritizing remediation efforts 

or operational practices. 

1.3 Approach 

It has been demonstrated at the trunnion rod test bed located at the ERDC facility 

in Vicksburg, Mississippi, that acoustical guided waves serve as a methodology to 

detect cracks that are somewhat orthogonal to the axis in trunnion rods (Evans 

and Haskins 2015). Additionally, it has been shown in a laboratory setting that the 

guided wave methodology provides information about the remaining cross-sec-

tional area of solid tendons. Cross-sectional area loss research is still ongoing, so 

this report does not contain information about the remaining cross-sectional area 

on tendons considered “Possible Defect.” 
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1.4 Scope 

The Sensor Integration Branch (SIB) was tasked with performing repeat guided 

wave ultrasonic NDT at Oroville Dam for fiscal year 2020. This dam uses postten-

sioned trunnion anchor rods, and normal ultrasonic testing does not propagate 

the length of these embedded members. Guided wave testing provides a snapshot 

of rod health and can be periodically performed to assess whether the condition is 

changing over time. Two members of the SIB performed the testing, and this re-

port provides the results.  

1.5 The guided wave test system 

The guided wave system includes a RITEC GA-2500A high-power amplifier and 

custom signal conditioning circuitry for performing level shifting, minor amplifi-

cation, and gate signal generation for the GA-2500A before sending the excitation 

signal to the ultrasonic transducer. The transducer is designed for pulse-echo ul-

trasonic testing, meaning that the same transducer is used to both send and re-

ceive the signal. The return signal is amplified before being recorded on a Univer-

sal Serial Bus (USB) oscilloscope.  

Previous years of traveling with the guided wave test system showed a need to re-

package the equipment into a form factor that could survive the occasionally harsh 

conditions of package carriers. The repackaged equipment contains no new hard-

ware from previous years but provides a safe way to ship the delicate electronics 

across the country. The equipment is suspended within a Pelican-Hardigg rack 

mount case with eight points of shock isolation (see Figure 1). 
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Figure 1.  Current guided wave system. 

 

This packaging, while increasing the total footprint of the system, increases the 

overall probability of a successful mission. 
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2 Pretest 

Drawings of the trunnion bundles at the Oroville Dam show that the original in-

stallation of the tendons required the exposed ends to run parallel to each other. 

The dead end is curved to a higher and higher degree, proceeding up and down the 

rows of the bundles. The drawing for the installation at Oroville Dam is shown in 

Figure 2.  

Figure 2.  Rod curvature at Oroville Dam. 

 

Previous years of testing at Oroville Dam have documented the effects of rod cur-

vature on the guided wave results. Overall, rod curvature reduces the amplitude of 

the return as the angle of curvature increases, in addition to creating anomalous 

reflectors along the return signal. Studies are underway at the ERDC to get a bet-

ter understanding of why the curvature affects the signal.  
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3 Oroville Dam Results 

3.1 Condition 

The conditions of the tendon ends remain unchanged from the previous year (Fig-

ure 3). Through sufficient greasing, use of cover boxes, and overhead coverage, it 

is not expected that the tendon ends will change from year to year. All tendon ends 

have previously been ground flat and polished.  

Figure 3.  Transducer attached to tendon end. 

 

3.2 2020 results compared to 2019 

ERDC’s testing of the Oroville Dam in 2020 is the third sequential year of guided 

wave testing on the 384 tendons. A database of testing parameters has been devel-

oped from these years of evaluation. This repository provides a means to deter-

mine the optimal hardware settings to accurately portray a snapshot of the rod. 

Before this year’s test, the database was queried for the optimal test parameters by 

iterating through all of the tested parameters and choosing ones that gave the 

greatest end of rod reflection. The main parameter searched for is the tested fre-

quency since it is what determines which guided wave modes are excited. Certain 

frequencies, determined by the specimen’s geometry, propagate further and pro-

vide a larger amplitude response on reflectors.  
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Figure 4 through Figure 19 provide an overview of the results on a rod-by-rod ba-

sis, giving a rating of “No Issue,” “Anomaly,” “Possible Defect,” or “Not Tested.” 

Rods given the “Not Tested” rating were not possible to test due to the cut of the 

rod being too short to attach the transducer.  
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Figure 4.  2019 results of Gate 1. 

 

Figure 5.  2020 results of Gate 1. 
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Figure 6.  2019 results of Gate 2. 

 

Figure 7.  2020 results of Gate 2. 
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Figure 8.  2019 results of Gate 3. 

 

Figure 9.  2020 results of Gate 3. 
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Figure 10.  2019 results of Gate 4. 

 

Figure 11.  2020 results of Gate 4. 
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Figure 12.  2019 results of Gate 5. 

 

Figure 13.  2020 results of Gate 5. 
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Figure 14.  2019 results of Gate 6. 

 

Figure 15.  2020 results of Gate 6. 
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Figure 16.  2019 results of Gate 7. 

 

Figure 17.  2020 results of Gate 7. 
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Figure 18.  2019 results of Gate 8. 

 

Figure 19.  2020 results of Gate 8. 

  



ERDC/ITL SR-22-3 15 

 

Images are provided in a separate collection with this report to show the raw data 

used to make these determinations for each rod. Examples of each qualification 

category are provided in the following sections with a complete overview of each 

rod that qualified as “Possible Defect.” The data shown for each example come in 

two forms: a time-voltage plot also known colloquially as an A-Scan in ultrasonic 

testing, and a time-frequency plot known as the short-time Fourier transform 

(STFT). The STFT takes short segments of the signal and applies the discrete Fou-

rier transform (DFT), which gives information on the frequency content present in 

the signal. These segmented portions of the signal are concatenated together to 

give a complete picture of the frequency content along the entire time-series re-

turn. One of the key characteristics of guided waves is that the frequency packet is 

dispersive in nature, which means that as the signal propagates the length of the 

specimen under test, the individual frequencies that comprise the packet travel at 

different speeds. This effect causes the higher frequency content to travel faster 

than the lower frequency content. By observing the data in both spectrums, more 

conclusions can be drawn about any reflectors.  

3.2.1  Results labeled as “No Issue” 

The results labeled as “No Issue” mainly consist of anchors that are more central-

ized within the bundles. In making decisions on what category an anchor falls in, 

the area between the start of the test and the first rebound is primarily investi-

gated. Any reflectors present in the tendon will appear in this area. Reflectors 

close to the testing end can be lost in the noise of the return signal due to the 

amount of energy required to propagate the full distance. Figure 20 shows an ex-

ample of a “No Issue” result and illustrates the region of interest in the black rec-

tangular area.  
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Figure 20.  Example of a “No Issue” result. 

 

3.2.2  Results labeled as “Anomaly” 

Across the eight piers at the Oroville Complex, it has been shown over the previous 

two testing years that the upper and lower rods within the bundles contain reflec-

tors in the vast majority of the collection. While not thought to be defects, some-

thing related to the rod bending in the design specifications causes both these re-

flectors to appear and greatly attenuate the return signal related to the end of the 

rod. Error! Reference source not found. shows an example of an “Anomaly” r

esult and illustrates what gave it this label.  

End of Rod 

End of Rod 

End of Rod 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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Figure 21.  Example of an “Anomaly” Result. 

 

3.2.3  Results labeled as “Possible Defect” 

All rods that received this label are shown below in Figure 22, Figure 23, Figure 

24, and Figure 25. This collection does not include rods 4-2 and 4-14 as they are 

discussed in more detail in the next section.  



ERDC/ITL SR-22-3 18 

 

Figure 22.  “Possible Defect” rod 2-13. 

 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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Figure 23.  “Possible Defect” rod 6-38. 

 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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Figure 24.  “Possible Defect” rod 7-14. 

 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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Figure 25.  “Possible Defect” rod 8-26. 

 

The amplitude or energy within the anomalous reflectors determines whether or 

not a tendon is labeled as “Anomaly” or “Possible Defect.” The areas enclosed by 

the black rectangles show the return that ultimately made the decision. Except for 

rod 7-14, these rods were not labeled as “Possible Defect” in previous years. These 

three new “Possible Defect” rods show similar signatures as the previous years and 

should have previously been labeled as such.  

 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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3.2.4  Rods 4-2 and 4-14 

Rods 4-2 and 4-14 continue to show behavior outside what is expected for the 

Oroville Dam. Not only does the amplitude of the reflections exceed the same posi-

tions on the other gates, but the amplitude also exceeds that of most rods at the 

complex. This larger amplitude response has been confirmed by other contractors 

on site. 

The results of these two rods are shown in Figure 26 and Figure 27. The gain on 

the transmitting amplifier had to be reduced well beyond what was used on ten-

dons in proximity and in the same position on other piers.  

Figure 26.  Rod 4-2. 

 

End of Rod 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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Figure 27.  Rod 4-14. 

 

The black rectangle that spans the two plots in each figure shows what looks to be 

a “Possible Defect.” If a defect is present in a tendon, the expected result in the 

amplitude of the end of rod reflection is that it is reduced compared to if the ten-

don was undamaged. In the case of these two tendons, the amplitude of the end of 

the rod is very large and even exceeds that of many tendons that are more central-

ized in the bundles. From a blind-testing perspective, these two tendons appear to 

not have the same progressive bend as the tendons on the other gates in the same 

location. 

At this time, there are no conclusions to draw as to why these two tendons exhibit 

this behavior. A true defect in the tendon would provide a reflection between the 

first and second end-of-rod reflection. The time-series and STFT representation of 

the tendons do not show this. The acoustic behavior in these tendons is similar to 

the tendons labeled “Anomaly,” though the amplitude of the reflections is greater.  

Another observation made on these two rods is how the frequency content on the 

end-of-rod reflection spreads further in time than other tendons. The area out-

lined in Figure 28 shows this spreading of frequency when plotted as an STFT. 

End of Rod 

End of Rod 

End of Rod 

End of Rod 

End of Rod 
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This figure captures rod 4-2 tested at a different frequency: 2.169 MHz. This cap-

ture was chosen because the end-of-rod reflection did not clip the analog to digital 

converter (ADC).  

Figure 28.  Rod 4-2 frequency spreading. 

 

Information like this that is unexpected helps to identify tendons that were either 

installed differently, have a defect, or some other unknown.  

3.2.5  Best results for each rod 

As previously mentioned, a collection of returns is provided with this report as a 

separate attachment. In this collection are single returns for each rod tested in cal-

endar year 2020 in both a time-series and time-frequency format. Testing often 

requires capturing hundreds of returns for each tendon at different frequencies, 

but through postprocessing, these were determined to be the best representation 

of each rod. The equivalent results for testing performed in 2019 and 2018 are in-

cluded. 
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4 Conclusion and Recommendations 

Based on the results obtained this year in comparison to the results obtained in 

2019, it appears that the overall condition of the rods remains unchanged. The la-

beling for some rods, being a qualitative process, changed from previous years but 

the data remain largely unchanged. For the rods now labeled as “Possible Defect,” 

aside from rods 4-2 and 4-14, the signature looks similar to those labeled as 

“Anomaly,” but the overall amplitude of the reflectors is higher. With other groups 

reporting similar responses from rods 4-2 and 4-14, the recommendation is to 

continue observing these anchorages along with comparing the results obtained 

from this report and the reports of the other contractors.  
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