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Purpose 
The purpose of this sonar imaging project was to map the sediment/steel liner 
interface along the upstream face of El Vado Dam near Chama, New Mexico. 

Introduction 
El Vado Dam is located on Rio Chama about 80 miles northwest from Santa Fe, 
New Mexico.  The dam was built by the Middle Rio Grande Conservancy District 
from 1933-1935 and was rehabilitated by Reclamation between 1954-1955.  An 
enlarged outlet works was added by Reclamation from 1965-1966 to 
accommodate the increased water releases associated with Heron Dam which is a 
feature of the San Juan-Chama Project. The dam embankment is constructed from 
rolled gravel fill with a steel liner (membrane) covering the upstream face, see 
figure 1. The dam is 230 feet high and has a crest length of 1,326 feet. The 
reservoir has a total storage capacity of 196,500 acre-feet. 

 

Figure 1.  Photograph El Vado Dam’s upstream face while the reservoir is drawn down 
for repairs to the steel liner. 

 

There are two intake structures located near the right abutment and the local 
bathymetry along the steel liner and the intakes were the primary interest for this 
sonar imaging project.     
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Methods and Instrumentation 
On April 25, 2018, staff from the TSC’s Hydraulic Investigations & Laboratory 
Services Group (86-68560) collected sonar images along the upstream face of El 
Vado Dam.   

Scanning Sonar 

A Kongsberg Mesotech Ltd (KML) a Kongsberg-Mesotech 1171 scanning sonar 
(see appendix 1) and the MS1000 software package was used for this investigation.  
The MS1000 system, with a high-resolution geared fan/cone sonar head, was used 
to collect two-dimensional images of underwater structural features.  This sonar 
has a range of 1.5 to 450 ft with a resolution of about 0.06 ft.  A detailed 
specification sheet for the sonar system is included as appendix 1. 

Trimble Pathfinder ProXT GPS  

Prior to the bathymetric survey, a Trimble Pathfinder ProXT GPS was set up at  
the sonar imaging location to provide real-time differentially corrected GPS 
position data to the sonar imaging software package (MS1000 by Kongsberg-
Mesotech).  The uncertainty of dGPS horizontal positions for this application are 
less than ± 1 meter.  All GPS coordinates are referenced to the WGS-84 datum.    All 
elevations referenced in this report and figures are in Reclamation’s project vertical 
datum.  No attempt was made to convert GPS-measured coordinates to Reclamation’s 
project datum. 

Motion Reference Unit 

A Think Sensor Research motion reference unit (TSR-100 MRU) was integrated 
into the data acquisition system to allow correction of sensor motion (pitch and 
roll).  The MRU also has a digital compass, pressure and water temperature 
sensors.  The MRU was used for the sonar imaging of the dam face and intakes to 
provide temperature, heading and pitch and roll of the sonar transducer. Heading, 
pitch and roll data can be useful when creating mosaics of adjacent sonar images. 

Dam Face and Intake Structure Imaging 
El Vado dam face and intake structures were imaged on April 25, 2018 from 9:00 
a.m. to 1:00 p.m.  The scanning sonar was positioned in an orientation perpendicular 
to the steel liner.  Detailed notes were taken regarding sonar location and orientation 
to assist with image interpretation.  Several 180° sonar image scans were recorded for 
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sonar ranges varying from 45 to 450 ft.    The reservoir elevation was 6860.53 ft 
and the river outlet works was releasing 621 CFS during the sonar imaging. The 
reservoir surface water temperature was 61.0 ℉ at the tim e of the im aging.  For 
sonar images collected at scan locations 1-6 the sonar was 3 ft below the water 
surface – at El. 6857.53 ft.  The sonar images at location 7 were collected at 
depths of 30 and 50 ft in an effort to capture more detail on the intake structures.  
Image locations 1-5 were sufficient to provide full coverage of the dam face and 
abutments.  Figure 1 shows the scan locations and corresponding GPS coordinates 
on an aerial image of El Vado Dam.  The sonar imaging locations were spaced 
approximately 150 ft apart.  Stationing along the dam crest (in feet, starting at the 
left abutment) for scans 1 through 7 are as follows: Scan 1 @ Sta 4+02, Scan 2 @ 
Sta 5+20, Scan 3 @  Sta 6+71, Scan 4 @ Sta 8+26, Scan 5 @ Sta 9+65, Scan 6 @ 
Sta 10+94, and @ Scan 7 Sta 9+94.  Note: Dam crest stationing was based on a 
station value marked on a concrete post at the Scan 1 location.  The origin (0+00) 
of the stationing was not determined.  Sonar scans were started near the left 
abutment and proceeded toward the right abutment.  Future sonar scans should be 
collected at the same locations and elevation to obtain images that will directly 
compare to the April 25, 2018 images. 

 

Figure 2.  Aerial view of El Vado Dam and sonar scan locations and their GPS 
coordinates. 
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Results 

Scanning Sonar Imaging  
For this imaging project, the scanning sonar was deployed from a wheeled cart so 
that the sonar was oriented perpendicular to the upstream dam face slope.  The 
scanning sonar produced 2-D images in the same plane as the dam face.  Sonar 
images are useful for defining the sediment profile along the base of the dam face 
and detecting major defects on steel liner.  It is important to note that sonar 
images are oriented parallel to the 1.5H:1V slope of the dam face slope.  As a 
result, sonar ranges are slope distances and had to be corrected for slope to 
compute elevations of the steel liner-sediment interface. 

El Vado Dam Face Images 

A series of acoustic images were captured at 7 adjacent locations along the dam 
crest road.   Figure 3 is a composite image of 5 sonar images of the El Vado Dam 
face.  This image was created using five adjacent sonar images collected with a 
225 ft acoustic range.  The composite sonar image was overlaid on an aerial 
image of El Vado Dam to provide spatial perspective.  The composite image is a 
front view from an upstream position (looking downstream).  The image clearly 
shows the powerplant intake trashrack structure located near the right abutment.  
The image also shows the joints and seams of the steel panels.  There appears to 
be debris accumulation on the steel liner which created acoustic shadows that 
prevented imaging of panels on the lower portion of the dam face. 

Figure 4 contains images from locations 5 and 7 that were collected with a 300 ft 
acoustic range.  The sonar images were collected at different elevations to 
produce different “views” of the two intake structures and what appears to be a 
small slide or slip of the right abutment slope.  These images provide two 
different perspectives of the area, but the presence of a slide should be confirmed 
with bathymetric data that were collected in April 2018 by the TSC’s River 
Hydraulics and Sedimentation Group. 

Figure 5 contains a sonar image from location 4 that was collected with a 30 ft 
acoustic range.  This image shows the high resolution that can be obtained with a 
short acoustic range.  Figure 5 includes a photograph of a section of the steel 
liner’s  expansion joint.  Both images show features such as the expansion joint, 
horizontal seam with bolts (or rivets).  The steel liner is made up of 8.33 ft high 
by 24.41 ft long plates, which agrees closely with the dimensions measured using 
the MS1000 tape measure utility. 
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Figure 3.  Composite sonar image of the El Vado dam face using 5 images collected with 
a 225 ft acoustic range.  Note: the dam face image is a front view of the steel liner looking 
downstream.  The reservoir bottom and powerplant intake appear in the image, but they 
are a skewed plan view. 

 

 

Figure 4. Sonar images collected at scan locations 5 and 7 at different elevations which 
produced different views of the two intake structures and a possible slide on the right 
abutment slope between the intakes.  Both images were collected using a 300 ft acoustic 
range. 
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Figure 5.  Sonar Image and photograph of steel liner expansion joints and horizontal 
seams.  The high-resolution sonar image was obtained using a 30-ft acoustic range.   
The photograph was taken during welding repairs to the steel liner (Source: Art Valverde 
2013). 
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Steel Liner - Bottom Sediment Interface Profile 

MS 1000 sonar image analysis tools were used to measure the slope distance to 
the steel liner - bottom sediment interface.  The distances along the 1.5H:1V slope 
were corrected to vertical distances so that the interface elevations could be 
computed.  The elevations were computed by subtracting the vertical distance 
from the sonar elevation, El 6857.53 ft (3 ft below the reservoir water surface 
elevation at the time of the imaging).  The vertical datum is in survey feet and is 
tied to Reclamation’s project datum which is used to report the reservoir water 
surface elevation.  Figure 6 is a plot of the bottom sediment interface on the steel 
liner from station 3+42 to 11+00 as of April 25, 2018.  The bottom sediment 
elevations near the right abutment were computed to be 1 to 2 feet lower than the 
river outlet works intake crest (El. 6775 ft).  This elevation is 8 to 9 feet higher 
than intake foundation’s backfill elevation of 6765.0 ft (from drawing 465-D-164, 
section A-A). 

 

 
Figure 6.  Profile plot of sediment interface elevation at with the dam face steel liner at El 
Vado Dam on April 25, 2018.  The vertical datum for the elevation is the Reclamation 
project datum. 
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Conclusions  
Sonar imaging of the upstream face of El Vado Dam was used to map the 
interface between the steel liner and the bottom sediments.  The bottom sediment 
elevations near the right abutment were computed to be 1 to 2 feet lower than the 
river outlet works intake crest (El. 6775 ft). 

Sonar images collected near the right abutment detected both intake structures and 
what appears to be a small slide on the right abutment between the two intakes.  It 
is clear from the sonar images that this potential slide is closer to the outlet works 
intake structure.  It is not clear from the sonar images if the slide reached the 
outlet works intake structure. 

Apparent debris accumulation on the steel liner prevented the entire submerged 
dam face from being completed imaged from just below the water surface.  If 
sonar images of the lower portion of the steel panels are desired, the sonar would 
have to be lowered below the debris piles to ensonify the lower panels.   

Reference Drawings 
Bureau of Reclamation, El Vado Dam, Outlet Works Intake Structure Plan and 
Profile drawing, 465-D-163. 

Bureau of Reclamation, El Vado Dam, Outlet Works Intake Structure drawing, 
465-D-164. 
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Appendix 1 

Specification Sheet 

1071-Series Sonar – Geared Fan/Cone Sonar Head 
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