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Introduction

The Technical Service Center’s (TSC) Hydraulic Investigations and Laboratory
Services Group (86-68460) was requested by TSC designers to perform an
underwater sonar inspection of the Buffalo Bill Power Plant draft tube and
tailrace. A dive inspection in January 2011 documented damage to the draft tube
and tailrace concrete. High flows during the spring and summer of 2011
warranted another survey to determine if additional damage has occurred. The
purpose of this sonar survey was to collect measurements and images of damage
in the tailrace/draft tube area that can be used to help develop recommended
repairs. There are concerns that continued damage to the area could compromise
the bulkhead seal which would prevent regular maintenance from being
performed.

Background

Buffalo Bill Power Plant is located on the right (south) bank of the Shoshone
River approximately 5 miles west of Cody, Wyoming. The plant has three
Francis turbine units which went on-line in 1992 and have a combined rating of
1.8 MW. Water for power generation is supplied from Buffalo Bill Dam,
approximately 1 mile upstream from the plant.

The draft tubes are oriented to discharge northward, perpendicular to the river
channel. The downstream exit of each draft tube has bulkhead slots and an
embedded stainless steel bulkhead seat across the invert at elevation 5044.0 ft.
There is also an upper bulkhead seat at EI. 5048.5 ft. The units are bulkheaded
and dewatered on a regular schedule to perform power plant maintenance.

The Shoshone Power Plant is located at the base of Buffalo Bill Dam and
discharges into the Shoshone River. Its primary purpose is to maintain a
minimum instream flow upstream from the Buffalo Bill Power Plant. The river
outlet works at Buffalo Bill Dam is used during periods of high river flows to
maintain reservoir levels. The outlet works have a capacity of 3,800 ft*/sec.



Project Operations

During this field visit, Buffalo Bill Power Plant Units 1, 2, and 3 were releasing
about 270, 265, and 255 ft*/sec, respectively. The Shoshone Power Plant was
releasing 140 ft¥/sec. In addition, flow from the river outlet works at Buffalo Bill
Dam was about 1,170 ft*/sec during power plant operations. When units were
taken offline the river outlet works releases were increased to maintain Shoshone
River total flow at 2,100 ft¥/sec. On August 30, 2011 sonar profile data were
collected with 2 units out of service. On August 31, 2011 sonar image data were
collected with all 3 units out of service.

Equipment

Scanning Sonar

A Kongsberg Mesotech MS1000 scanning sonar system (Figure 1) was used for
the imaging and profile data collection at the power plant draft tube and tailrace
structure. The MS1000 system with a 675 kHz scanning sonar was used to collect
an accurate two dimensional representation of underwater structural features and
detailed bathymetric data. This sonar has a range of 1.5 to 330 ft with a resolution
of about 0.06 ft. A detailed specification sheet for the sonar system is included as
an appendix to this report.

The scanning sonar was used in two modes for this project:
1) Profiling was performed using a cone beam which has a 1.7 ° beam angle

2) Sonar imaging was performed using a fan beam which has a 30° wide
beam angle

Acoustic Doppler Current Profiler

A Teledyne/RD Instruments acoustic Doppler current profiler (Streampro, Figure
2) was used to collect vertical velocity profiles in the tailrace. A 2000 kHz
Streampro was selected for this project because it had the necessary profiling
range to sample the deepest depths of the tailrace/river.



Global Positioning System

A Garmin handheld GPS was used to collect GPS data at sonar scanning
locations. The Garmin unit was setup with WAAS differential correction to
provide horizontal position accuracy of £7 to 9 ft.

Figure 1. Photograph of the KML MS1000 Scanning Sonar System. (Photo courtesy of
Kongsberg-Mesotech Ltd)

Figure 2. Teledyne RDI Streampro (2000 kHz) in the Buffalo Bill Power Plant Tailrace.



Data Collection

The sonar imaging and profiling were performed on August 30 and 31, 2011.
Mark Skoric, Jack Buffkin, Gary Catanzarite, and Bob Anderson assisted with
this project. The river water temperature during sonar measurements was
consistent at 54°F and the water was turbid from river outlet works releases which
contained suspended sediment.

For sonar profiling, the MS1000 was deployed through the bulkhead gate
openings. The sonar was oriented horizontally and was mounted in a protective
cage. The cage was lowered using the Kevlar communication cable and was
supported at a fixed elevation using a tripod located on the power plant deck. A
guide rope was used to keep the sonar oriented parallel to the bulkhead gate seat.
Sonar profiles were collected at stations located 2, 4, 6, 8, and 10 ft from the
upstream bulkhead gate guide. At each station, profiles were collected at three
depths (4.4, 9.9, and 12.8 ft below the water surface). The water surface was
estimated to be at El. 5059.61 ft based on a measured distance of 22.29 ft from the
power plant deck (El. 5081.90 ft). The sonar is equipped with a compass and
pitch/roll sensors which were used to confirm the orientation of the instrument
prior to collecting profile data. However, river currents made it difficult to
maintain a fixed sonar orientation for all profiles. A series of profile scans were
made with different scanning ranges before moving the sonar to the next station.
Sonar profiles were collected from 11:00 a.m. to 3:00 p.m. on August 30, 2011.

For sonar imaging, the MS1000 was deployed using a 6-ft-tall tripod that was
lowered to the tailrace apron floor using a truck-mounted crane (Figure 3). The
sonar was gimbal-mounted and weighted so that it remained vertically oriented
while the tripod was set on the sloping apron. The sonar is equipped with tilt-
pitch-roll sensors which were used to confirm the vertical orientation of the
instrument prior to collecting sonar images. The sonar transducer was located 3.5
ft above the concrete apron floor. In an effort to image the apron floor, a set of
sonar images were made near unit 2 with the tripod legs removed. This short
tripod positioned the sonar about 0.5 ft above the apron floor. For both tripod
configurations, the sonar orientation with a 15° half-beam angle made it difficult
to measure damage to the concrete surface because the acoustic beam was nearly
parallel to the apron slope (4H:1V). A series of 360° scans were made while
moving closer and closer to the power plant draft tube structure. An acoustic
target was deployed from the center of each bulkhead gate opening and is visible
in long range scans, but not from tripod locations within 4 ft of the draft tube exit.
Sonar image scans were collected from 11:30 a.m. to 3:00 p.m. on August 31,
2011 when all three power plant units were offline. Sonar scan images were
collected at distances of 12, 8, 4, and O ft upstream from the face of the power
plant parapet wall.



Figure 3. Photograph of tripod and'éonaF'(in‘c‘:égé‘): with \;veights that were used to image
the tailrace and draft tubes at Buffalo Bill Power Plant. The truck-mounted crane was
used to deploy the sonar on the tailrace’s sloping apron.

Sonar Profiles

Unit 1- The January 2011 dive report stated: “There was only minimal damage
observed at the end of the unit 1 draft tube. Other than the general surface erosion
on the apron concrete, one defined erosion area was located just downstream of
the right corner of the draft tube and one area just to the left of the draft tube (see
areas 1 and 2 on Figure 4). The first area extended about 18 inches from the right
wall toward the center, had a depth of %2 to % inches and extended 3 inches
downstream. There was a small amount (10 to 15 stones) of 1- to 3-inch-diameter
rounded material in this area.”

Sonar profiles were collected at 5 stations along the bulkhead gate slot. Figure 5
shows an east wall profile that did not reveal the minor erosion on the right corner
of the draft tube that was observed by the divers. Furthermore, the profile did not
detect the %2 to % inch depression in the apron concrete, but it is possible that the
depression was filled with gravel. Figure 6 is a close-up sonar image collected
along the unit 1 draft tube centerline (6 ft from the east wall). This image did not
reveal any significant erosion around the bulkhead seal plate. Damaged area 2 in
Figure 4 could not be profiled with the sonar deployed through the bulkhead slot.
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Figure 4. Drawings of tailrace and draft tube damage observed by Reclamation divers during their January

2011 underwater inspection.
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Figure 5. Sonar profile collected 2 ft from the right (east) side of the unit 1 draft tube. No
significant erosion damage was detected for erosion area 1 on figure 4. It is possible the
erosion area is filled with sediment. A large piece of riprap was located about 8 ft from
the draft tube-apron construction joint. The grid spacing is 3.0 ft/division and the
scanning range was 15 ft.
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Figure 6. Close-up sonar profile collected 6 ft from the right (east) wall of the unit 1 draft
tube. No significant erosion damage was detected in the vicinity of the bulkhead seat.
The grid spacing is 0.9 ft/division and the scanning range was 4.5 ft.



Unit 2 -The January 2011 dive report stated: “There was measurable damage
across about half of the end of the draft tube (see areas 3 and 4 on Figure 4) and
was comprised of two distinct areas which were connected. The first area of
erosion was a band along the joint between the apron and the power plant. This
extended from about 48 inches to the right of the right draft tube wall to a point
about 48 inches to the left of the right draft tube wall. This strip was about 2
inches deep and extended a maximum of about 10 inches downstream from the
joint. At the time of the inspection, the eroded area contained about 2 gallons of
1- to 3-inch-diameter rounded rock and one sub-rounded boulder with a 28 inch
maximum dimension. The boulder and most of the smaller rock were located in
this erosion hole just to the right of the right draft tube wall and were likely held
captive in eddy currents at this location during power releases.”

Sonar profiles were collected at 5 stations along the bulkhead gate slot. Figure 7
shows a typical profile that shows erosion damage areas near the centerline of the
unit 2 draft tube. The length (L) of the erosion hole is about 45 inches which is
larger than the length divers reported for erosion area 4 in Figure 4. However, the
profile doesn’t indicate a 10 in. depth for erosion area 4. It is likely that the hole
is partially filled with rocks. Furthermore, the profile also shows the apron sill
which has an uneven surface which is consistent with erosion area 6 in Figure 4.

Figure 8 is a sonar profile collected 2 ft from the right (east) wall of the unit 2
draft tube. A slight depression was detected that is consistent with damage area 3.
New erosion damage may be present in the vicinity of the bulkhead seal plate as
indicated by a lack of profile points (white dots) and by a strong reflection located
below the seat plate.

Figure 9 is a close-up sonar profile collected 6 ft from the right (east) wall of the

unit 2 draft tube. An eroded area was detected at the toe of the apron slope which
is consistent in dimension with damage area 4 in Figure 4. There also appears to

be some new concrete erosion just downstream from the bulkhead seat.
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Figure 7. Sonar profile collected 6 ft from the right (west) wall of the unit 2 draft tube.
The vertical feature is the bulkhead guide wall and the upper bulkhead seal. Erosion
area 4 is shown with a depth of about 3 in. and a length of 45 in. The hole appears to be
partially filled with sediment. The grid spacing is 3.0 ft/division and the scanning range
was 15 ft.
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Figure 8. Sonar profile collected 2 ft from the right (east) wall of the unit 2 draft tube. A
slight depression was detected that is consistent with damage area 3. New erosion
damage may be present in the vicinity of the bulkhead seal plate. The grid spacing is 1.5
ft/division and the scanning range was 7.5 ft.
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Figure 9. Close-up sonar profile collected 6 ft from the right (east) wall of the unit 2 draft
tube. A damaged area was imaged which is consistent in dimension with erosion area 4.
There also appears to be new erosion damage just downstream from the seat. The grid
spacing is 0.9 ft/division and the scanning range was 4.5 ft.

Unit 3 -The January 2011 dive report stated: “There was a large erosion hole at
the end of the unit 3 draft tube near the tube centerline (see Figure 10). The hole
had a maximum depth of about 16 inches measured from the level of the stainless
steel bulkhead seat. The top of the hole was about 44 inches wide with gently
sloping side walls for the top several inches. Upstream to downstream the top of
the hole measured about 39 inches and extended upstream to the edge of the
bulkhead seat. The hole extended about 26 inches downstream from the joint.
Below the top 4 inches of the hole, the hole became very steep with nearly
vertical side walls. This steep portion of the hole was bounded roughly by the
joint on the upstream side and extended about 18 to 20 inches downstream and
had a width of about 32 inches.”

Other damage noted by the divers was to the unit 3 draft tube invert upstream of
the bulkhead seat. The bulkhead seat was scratched, dented, with rounded edges
both upstream and downstream. The surface of the seat was constructed flush
with the concrete invert; therefore, this exposure of the upstream seat edge and
rounding are indications of concrete material loss in the unit 3 draft tube invert.

Sonar profiles were collected at 5 stations along the unit 3 bulkhead gate slot.

Figures 11 and 12 show typical profiles that define erosion damage areas near the
centerline of the unit 3 draft tube and they correspond with section A-A in Figure
10. The length (L) of the erosion hole is about 3.1 ft (37 in.) which is larger than
what divers reported for erosion area 5 in Figure 10. The hole depth could not be
accurately determined from the sonar profile because the hole appears to be filled

12



with rocks. However, the hole cross sectional area was estimated using a
measuring tool in the MS1000 software which computed an area of about 3.1 ft?
(Figure 11). The difference between the profile points and the image is an
indication that the hole is partially filled with larger rocks which allows the sonar
to receive acoustic reflections from inside the hole. Furthermore, Figure 12
appears to show the steep face of the erosion hole observed by the divers. Sonar
scans at other unit 3 stations did not detect any significant erosion damage along
the east or west side of the draft tube. Figures 13 and 14 are examples of scans at
stations 6 and 8 ft which show reduced erosion damage with distance from the
draft tube centerline.

PLAN — BUFFALO BILL POWER PLANT UNIT 3 DRAFT TUBE
(Underwoter inspection Jonuary 10, 2011)

s TR
%%

SECTION A=A

Figure 10. Drawings of unit 3 tailrace and draft tube erosion damage observed by
Reclamation divers during their January 2011 underwater inspection.
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Figure 11. Sonar profile collected 4 ft from the right (west) wall of the unit 3 draft tube.
The vertical feature near the sonar is the bulkhead guide wall. Erosion area 5 is shown
with an apparent depth of about 1.28 ft (15.6 in.) and a length of 3.12 ft (37 in.). The
erosion hole appears to be partially filled with rocks. Several large rocks were detected
on the apron sill. The grid spacing is 3.0 ft/division and the scanning range was 15 ft.
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Figure 12. Close-up sonar profile collected 4 ft from the right (west) wall of the unit 3
draft tube. At this location a profile through erosion area 5 is shown with an apparent
depth of at least 12 inches and a length of about 42 inches. An estimate of the cross
sectional area of the eroded hole is 3.1 ft°>. The erosion hole appears to be partially filled
with gravel and rocks. The grid spacing is 1.2 ft/division and the scanning range was 6.0
ft.
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Figure 13. Close-up sonar profile collected 6 ft from the right (east) wall of the unit 3 draft
tube. A depression was detected that is consistent with erosion area 5, and the length
(L) of the damage appears to have expanded from 39 to 44.5 inches. There appears to
be a slight depression on the upstream side of the bulkhead seat that might be filled with
sediment. The grid spacing is 1.2 ft/division and the scanning range was 6 ft.
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Figure 14. Sonar profile collected 8 ft from the right (west) wall of the unit 3 draft tube.
Other than some surface roughness or loose rocks, no erosion holes were imaged at this
station. The grid spacing is 1.5 ft/division and the scanning range is 7.5 ft.
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Sonar Images of Power Plant Draft Tubes and Tailrace

Several sonar images of the power plant draft tubes and tailrace were collected
using the sonar mounted to a tripod. The tripod was positioned along each unit’s
centerline at several locations on the concrete apron. Unfortunately, the sonar
was located too high above the apron to image the bulkhead seat plate and the
sloping concrete surface. When set on the apron’s 4:1 slope, the orientation of
acoustic fan beam was parallel to the concrete apron, so there were no acoustic
reflections from the apron surface to generate an image. In an effort to image the
apron, sections from the tripod legs were removed and a scan with the sonar
placed a few inches above the concrete apron resulted in an improved image of
the bottom gate seat and the concrete joint. However, the image still did not fully
encompass the erosion damage, but it did reveal the damage along the power
plant-apron concrete joint.

The following figures present the sonar images and brief annotations of the
important features. It is important to note that sonar images of the draft tube
features are not photographs and are open to interpretation.

Figure 15 shows a typical image of the unit 3 draft tube collected with the sonar
located 12 ft from the power plant. The sonar image (a plan view) clearly shows
the east and west bulkhead guides and the upper bulkhead gate seat (El. 5048.06
ft) and surrounding concrete. The acoustic target was also clearly visible from
this location. The scan range was 30 ft which allowed imaging of rocks on the
apron sill and along the Shoshone River bed.

Figure 16 is an image collected with sonar lowered to just above the apron floor at
a distance of 10.6 ft from the unit 2 draft tube exit. The primary linear feature is
the upper bulkhead seat, but a weaker linear feature appears to be the eroded face
of the concrete joint between the draft tube and apron at unit 2. This damaged
area was measured to be about 34.8 inches long which is consistent with the width
of erosion area 4 in Figure 4. The scan also shows what appears to be the exposed
edge of the bottom bulkhead seat located about 12 inches from the damaged
construction joint.
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Figure 15. Sonar image of the draft tube face collected along the unit 3 centerline. The
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sonar was located 12 ft from the power plant face and the scan range was 30 ft. The grid

spacing is 6.0 ft/division.
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Figure 16. Image collected with sonar lowered to the apron floor in front of unit 2. This
sonar scan detected the eroded face of the concrete joint between the draft tube and
sloping apron. The thin line about 18 inches behind the joint is the exposed edge of the
bulkhead seat. This damaged area was measured to be about 2.89 ft (34.7 in.) wide
which is larger than the width of erosion area 4 in Figure 4 (W=31 in.). The grid spacing
is 3.0 ft/division

River Flow Conditions near Power
Plant Tailrace

Observations of river and power plant flow interactions during this field visit
helped to formulate a hypothesis on how sediment is transported into the tailrace
and draft tubes. For high flowrates through the power plant, water flows upslope
and causes large surface boils which extend across the river channel. This
increased water level deflects the Shoshone River flow toward the bay upstream
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from unit 3 (Figure 17). When outlet works releases from Buffalo Bill Dam are
sufficient to mobilize river bed material, this flow condition appears to be capable
of moving sediment into the tailrace where it is available to cause concrete
erosion damage. Another source for rocks may be the tailrace protection dike
located immediately upstream from the power plant (Figure 18). Once the
material reaches the concrete apron the 4:1 slope facilitates the sediment
movement toward the powerplant structure.

Figure 18 shows the tailrace protection dike at low flows. This dike could be a
source of rock material entering the tailrace. It is difficult to tell if the length or
elevation of the dike has changed since construction. Therefore, a survey of the
dike should be conducted to document any loss or movement of rip rap.

According to the diver’s inspection report, erosion damage decreases in the
downstream direction, which indicates releases from units 1 and 2 may flush the
sediment back into the river channel. However, rocks can be captured in the
scour holes in front of units 2 and 3 where they will exacerbate the concrete
erosion process.

| 105 2620 = TErE]

Figure 17. Photograph of tailrace looking from the access road opposite the power plant.
All 3 units were operating which resulted in upwelling that deflected Shoshone River flow
toward the power plant. High flows released from Buffalo Bill Dam and power plant
combine to create a flow pattern that is likely responsible for moving sediment into the
tailrace and draft tubes.
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Figure 18. View of the Buffalo Bill Power Plant tailrace area, looking upstream along the
Shoshone River. Photograph was taken from the January 19, 2011 dive inspection
report.

Conclusions

It is important to note that sonar images of the draft tube/tailrace features are not
photographs and are open to interpretation. However, careful review of the sonar
images, diver observations, and design drawings provided a high level of
verification of erosion damage and sediment accumulation.

Flow conditions in the Shoshone River during the spring and summer of 2011
produced sediment movement into the Buffalo Bill Power Plant tailrace. Sonar
images revealed that erosion holes in the tailrace concrete that were cleaned out in
January 2011 have accumulated new rocks and sediment during 2011 high flows.
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Sonar images were used to estimate size of erosion damage areas and there
appears to be a small increase in the horizontal extents of erosion damage since
the January 2011 underwater inspection. In addition, there appears to be new
erosion damage which could be undermining the unit 2 seal plate. Itis
recommended that this damage be confirmed by divers.

Acoustic profiles taken in unit 2 and 3 draft tubes showed the holes are partially
filled with rocks. If the rocks are not removed, they will likely create additional
concrete damage during power plant operations. Given that unit 3 has
significantly more damage than units 1 and 2, it is recommended that unit 3 be
used sparingly until rocks can be removed from the tailrace erosion holes.

If measurement of 2011 tailrace damage is desired, a follow up sonar survey can
be conducted after the rocks have been removed by divers. These measurements
would document the damage which occurred during 2011 spring runoff.

Releases from Buffalo Bill Power Plant and the sloping tailrace apron create
strong upwelling that re-directs Shoshone River flows toward the upstream end of
the power plant. This hydraulic condition is likely responsible for moving
sediment into the tailrace only when river flows are high enough to mobilize bed
material (i.e. during large bypass flows from Buffalo Bill Dam). The rock jetty
(dike) upstream from the power plant may have eroded during previous flood
events; thereby reducing its effectiveness. It is recommended that the existing
rock dike be extended to train the Shoshone River flows toward the north canyon
wall. The length of the dike should be extended further downstream to prevent
the river from flowing toward the power plant.

A survey of the tailrace protection dike should be conducted to document any loss
of rip rap in the years since it was built.
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Appendix 1

Specification Sheet

1071-Series Sonar — Geared Fan/Cone Sonar Head
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