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. BACKGROUND AND INTRODUCTION,

On February 7, 2007, two California Department of Water Resources (DWR)
inspection divers lost their lives while engaged in the underwater inspection of
Dos Amigos Pumping Plant. The divers were looking specifically for evidence of
Quaaga Mussels on the Unit 1, 2 and 3 intake trashracks. At the time of the
inspection dive, Units 1, 2, 3, 4 and 6 were shut down and Unit 5 was operating at
approximately full capacity (2600 cfs).

Dos Amigos Pumping Plant is located on the California Aqueduct/San Luis Canal,
9 miles south of the City of Los Banos, California and 16 canal-miles downstream
of O'Neal Forebay. The pumping plant was designed and constructed by the U.S.
Bureau of Reclamation (Reclamation) and construction was completed in 1968.
Dos Amigos Pumping Plant is currently operated and maintained by DWR with
Reclamation paying approximately 45% of the cost of operation and maintenance.

As part of the investigation into this accident, Reclamation personnel with
experience in underwater inspections of structures and the measurement of flow
velocities were requested to conduct an underwater inspection and velocity
survey of the unit trashracks and forebay.

The underwater inspection and velocity survey were completed over a two-day
period on February 21 and 22, 2007. Reclamation participants are listed in Table
4; DWR participants and Dos Amigos plant personnel are listed in Table 5
(Appendix F).

II. PURPOSE

The main objectives of the underwater inspection were:
1. Inspect the trashracks in front of operating and non-operating units for
evidence of water weed/debris plugging or damage.



2. Inspect the forebay invert immediately beneath the trashracks for evidence
of debris and entanglement hazards.

3. Inspect the forebay invert to a point at least 50 feet upstream of the
trashracks for evidence of debris and entanglement hazards.

The main objectives of the velocity survey were:
1. Measure point velocities and velocity profiles upstream of the trashracks in
front of operating and non-operating units.
2. Measure velocities along the trashracks of non-operating units located
immediately adjacent to an operating unit (ie. Determine the existence and
strength of sweeping currents)

All objectives were achieved.

Il. UNDERWATER AND SURFACE CONDITIONS

U/W Visibility: 1 to 2 feet
Water Temperature: 60 degrees F
Current: Absent or very low upstream of Units 1, 2, 3, 4

and 6 (non-operating units) and throughout
forebay. High upstream of Unit 5 (operating

unit)
Water Surface: El. 220 (average)
Forebay Invert: El. 192.2
Max. Water Depth: 28 feet
Weather: 2/21: Cloudy and mild to cool

2/22: Rainy to cloudy and cool.

IV. OPERATION SCHEDULE

The operation schedule for Dos Amigo Pumping Plant on February 21 and 22,
2007, before and during each day’s underwater inspection activities is shown in
Table 2 (Appendix E). The operation schedule for February 7, 2007, before and
at the time of the diving accident on 2/7/07 is shown in Table 3 (Appendix E). The
operation schedule for the 2/21, 22/07 underwater inspection was intended to be
close to the operation schedule that was in effect at the time of the diving accident
on 2/7/07. The intent was to produce similar underwater conditions and a similar
degree of water weed/debris plugging of the trashracks upstream of operating
Unit 5.

V. UPSTREAM CONDITIONS

Water weed plugging of the trashracks is a chronic operational problem for Dos
Amigos Pumping Plant. Water weed grows in abundance in the relatively warm,
shallow water around the edges of O’'Neill Forebay located 16 canal-miles
upstream of the pumping plant, and is carried to Dos Amigos Pumping Plant
Forebay via the California Aqueduct/San Luis Canal. During the underwater
inspection, water weed and miscellaneous floating debris were observed floating



at the surface throughout the forebay and accumulating against the trashracks of
operating units at and below the water surface.

VI. SHUT DOWN OF UNITS

Units 1, 3 and 4 were shut down just prior to starting the ROV inspection and
velocity survey at 08:00 on February 21 and 22. Prior to shut down, a substantial
accumulation of water weed and floating debris was evident at the water surface
on the trashracks upstream of each operating unit. Shut down of each unit
produced a dramatic return flow or surge that was characterized by surface
turbulence, flow in an upstream direction and purging or flushing of the
accumulated water weed from the trashracks. Once flushed from the trashracks,
floating water weed moved about the forebay water surface and was eventually
drawn to the single operating unit, Unit 5, where it continued to accumulate
throughout the inspection.

VIl. INSPECTION PROCEDURE

Two separate underwater inspections were conducted. An underwater video and
sonar inspection employed a Remotely Operated Vehicle (ROV) to conduct a
video (visual) and sonar inspection of the unit trashracks and the intake basin
invert. The ROV inspection was conducted by Reclamation’s Lower Colorado
Region Underwater Inspection Team whose members are based in Boulder City,
Nevada, 25 miles southeast of Las Vegas and Phoenix, Arizona. The flow
velocity survey utilized two separate flow velocity measuring devices, a single-
point velocimeter and an acoustic profiler to measure flow velocities in front of the
unit trashracks. The velocity survey was conducted by Tracy Vermeyen, a Civil
Engineer with Reclamation’s Technical Service Center, Water Resources
Research Lab in Denver, Colorado. Both inspection efforts received substantial
assistance from DWR'’s Dos Amigos Pumping Plant staff.

ROV Inspection

Non-Operating Units 1, 2, 3, 4 and 6

Initially, the ROV was “flown” laterally across the trashracks in front of each unit at
5-foot depth intervals at depths of 5, 10, 15, 20 and 25 feet. The vertical spacing
between depth intervals was increased when it became apparent that all non-
operating units were clean and free of water weed and debris. Full control of the
ROV was maintained at all times. The ROV video camera was typically no more
than 1 foot upstream of the tashrack bars.

Operating Unit 5

Unit 5 was inspected at spot locations by a series of crash landings by the ROV.
While inspecting Unit 5, the ROV was unable to be controlled by its onboard
thrusters due to the high velocity flow encountered. A small degree of control of
the ROV was maintained by a 3- to 4-person team pulling on the ROV umbilical in
an upstream left direction. During the inspection of Unit 5, control of the ROV
would be suddenly and completely lost when the ROV approached to within about
2 feet of the trashracks at which point the pull of the operating unit overcame the
pulling power of the 3- to 4-man team. The ROV would then be slammed against




the trashracks where it remained pinned while its onboard video was able to
provide views of the water weed mat and high velocity flow. Eventually, the ROV
was unable to be pulled free by four men pulling very hard. At 13:26, Unit 5 was
shut down and the ROV was pulled free with no serious damage.

Forebay
The forebay invert was surveyed for its entire width from the trashracks to a

distance of approximately 200 feet upstream. The forebay was inspected mainly
through the use of side-scan sonar and continuous depth measurements
supplemented by spot video observations.

Velocity Survey

The flow velocity survey was performed with a point-source velocimeter and a
velocity profiler. The velocimeter was attached to a trolley (trailer) and lowered
down the upstream faces of the trashracks of non-operating units by a boom
truck. The velocimeter trolley was not lowered in front of operating Unit 5 due to
concerns that it might become pinned to the trashracks. While lowering the
velocimeter trolley along the pier separating Units 4 and 5, sweeping flows
caused the trolley to become unstable and tip toward Unit 5. The trolley weighed
approximately 1220 Ibs. in air and approximately 1075 Ibs. in water.

The velocity profiler, contained in a small boat that floats at the water surface, was
used to measure vertical velocity profiles upstream of all units. See Appendix H,
Dos Amigos Pumping Plant — Trash Rack Velocity Survey, Tracy Vermeyen, PE,
Technical Service Center, U.S. Bureau of Reclamation, Denver, Colorado, for a
complete discussion of the velocity survey.

VIIl. INSPECTION EQUIPMENT

Remotely Operated Vehicle (ROV)

The ROV employed in the underwater inspection is a Phantom 500 XTL
manufactured by Deep Ocean Engineering with a 550 foot umbilical and depth
rating. The ROV is the property of Reclamation’s Lower Colorado Region
Underwater Inspection. The ROV is equipped with a high resolution color video
camera capable of variable focus, zoom and vertical tilt that is designed for use in
low light and low visibility conditions (5 to 7 lux minimum). Video images are
viewed on a surface monitor along with an on-screen heading, date, time, depth
and temperature display. Lighting is provided by a two-lamp, fixed intensity
lighting system. An auxiliary low light, black and white fixed zoom and focus
video camera is also mounted on the ROV for use in light of 0.1 lux minimum.
The color video provides optical resolution that slightly exceeds that of the human
eye. A combined, side- scan and oblique angle imaging sonar system provides
both profile imaging and navigational capabilities. The ROV is maneuvered or
“flown” using lateral, forward/reverse and vertical thrusters operated by a topside
control panel. The ROV umbilical provides electric power (supplied by a portable
generator) to the on-board thrusters, cameras, lights, sonar system and cables to
the onboard depth and temperature sensors.



Flow Velocity Instruments
The point-source velocimeter and velocity profiler employed in the velocity survey
are described in Appendix H.

IX. FINDINGS

ROV INSPECTION

Units 1,2, 3. 4and 6

The condition of the trashracks of each of the five inactive units was remarkably
similar with respect to the condition of the trashracks and the degree of debris
plugging. Trashracks were in satisfactory condition for a 50-year-old structure.
Most trashrack panels show a pervasive rust coating and only a few, localized
instances of minor damage. A number of trashracks are in like-new condition as
a result of having been recently rebuilt.

All trashracks on inactive units were clean and almost completely free of debris of
all kinds: pond weed, tumble weed, plastic bags, fishing line. Minor, localized
accumulations of water weed and debris were observed as approximately 1- to 2-
foot square, widely spaced patches at random locations on some trashracks.
Water weed was observed as a 1- to 2-foot high pile along the bases of the Unit
1, 2, 3 trashracks; the left and middle Unit 4 trashrack panels and the right and
middle Unit 6 trashracks. The forebay invert was clean at the bottom of the right
Unit 4 trashrack panel and the left Unit 6 trashrack panel (the panels closest to
operating Unit 5).

Flow direction and relative velocity was evident in the movement of suspended
particles as observed by the video camera onboard the ROV. No flow or very low
flow was observed at the Unit 1, 2 and 3 trashracks; at the left and middle panels
Unit 4 trashrack panels; and at the middle and right Unit 6 trashrack panels. Flow
toward Unit 5 (the operating unit) was evident at the right Unit 4 trashrack panel
(the panel closest to Unit 5) and at the left Unit 6 trashrack panel (the panel
closest to Unit 5). This “sweeping flow” moved along or parallel to the faces of the
trashracks toward the operating unit. Sweeping flow was most evident along the
forebay invert at the base of the trashracks.

Trashracks are removable and are separated by fixed trashrack guides.

Unit 5

Based on ROV video images, the trashracks upstream of Unit 5, the single
operating unit, were plugged over much of their area by a dense mat of green
water weed. Water weed was tightly wrapped in an approximately horizontal
direction, parallel to flow, around all trashrack bars (similar to the way tinsel hangs
on the branches of a Christmas tree only horizontal). The gaps between
trashrack bars were apparent as depressions in the water weed mat or as
localized, 2- to 6-inch diameter “windows” or holes in the water weed mat. Linear
openings oriented parallel to the trashrack bars were present along the trashrack




guides adjacent to the trashrack panels. Videography from the ROV showed bits
of water weed or floating debris to be drawn into these “windows” and openings at
extremely high rates of speed, clear evidence that extremely high velocity flow
was concentrated at small openings that amount to only a small fraction of the
open area that would be available on trashracks that are free of debris.

At 13:00 on February 21, a head differential of 4.5 feet was measured across the
heavily water weed-plugged trashracks of Unit 5, the only operating unit.

Forebay
Invert at Bottom of Trashracks - Video and sonar from the ROV showed the

forebay invert to be covered by a few inches to 2 to 3 feet of fine sediment, clam
shells, water weed and tumbleweeds at the bottoms of the Unit 1, 2 and 3
trashracks and at the bases of the middle and right Unit 4 trashrack panels and
the middle and left Unit 6 trashrack panels. The forebay invert at the bottoms of
the right Unit 4 trashrack panel, the left Unit 6 trashrack panel and the Unit 5
trashracks was clean; video showed bare concrete.

Upstream Area — Side-scan sonar images, spot video observations and depth
measurements showed the invert to be flat, free of debris and covered by less
than one foot of fine sediment and clam shells.

VELOCITY SURVEY

Velocities measured in front of the non-operating units were less than 0.65 ft/sec.
The highest velocity of 5.0 ft/sec was measured in front of the operating unit. See
Appendix G, Dos Amigos Pumping Plant — Trash Rack Velocity Survey, Tracy
Vermeyen, PE, Technical Service Center, U.S. Bureau of Reclamation, Denver,
Colorado, for a complete discussion of the velocity survey.

X. SUMMARY AND CONCLUSIONS

1. Water weed plugging of the unit trashracks is a chronic operational
problem at Dos Amigos Pumping Plant.

2. Water weed plugging affects the trashracks of any operating unit.

3. Maximum plugging occurs when only one unit is operating and all water
weed in the forebay is drawn to the single operational unit.

4. Heavy water weed plugging produced a differential head of 4.5 feet across
the Unit 5 trashracks on February 21. Unit 5 was the only operating unit at
the time.

5. Exceptionally high velocity flow occurs where water weed plugging of
trashracks has reduced the available area of the trashracks to much less
than the area normally available with a clean trashrack.



6. The highest velocity flows were observed and measured at the trashracks
of operating Unit 5 where a dense mat of water had plugged the
trashracks. High velocity flow is concentrated along the trashrack guides
between trashracks and at localized “windows” or thin spots in the mat of
water weed.

7. Shut down of a unit produces a strong return surge which flushes
accumulated water weed and debris from the unit trashracks resulting in a
“self cleaning” effect.

8. The trashracks of recently shut down, non-operating units are clean and
free of debris.

APPENDICES

A. Photographs

B. Table 1. ROV Video Log and Video Images of Trashracks
C. Sonar Records - Figures 1 and 2.

D. Drawings

E. Operation Schedules — Tables 3 and 4

F. Participants — Table 4. Reclamation; Table 5. DWR

G. Water Surface Elevations

H. Dos Amigos Pumping Plant — Trash Rack Velocity Survey,

Tracy Vermeyen, PE, Technical Service Center, U.S. Bureau of Reclamation,
Denver, Colorado
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Photo 7 Dos Amigos Pumping Plant
Underwater Inspection
ROV
ROV and Reclamation’s Lower Colorado Region Dive Team truck containing the video
monitor and ROV controls.
J. Sturm February 21, 2007



Photo 8. ‘ Dos Amigos Pumping Plant
Underwater Inspection
ROV
Close-up view of the video monitor and ROV controls. The labtop computer displays the

sonar image.
J. Sturm February 21, 2007



Photo 9. Dos Amigos Pumping Plant
Underwater Inspection
ROV
View looking upstream and left (northwest) at the ROV, umbilical and dive truck

containing the video monitor and ROV controls.
J. Sturm February 22, 2007
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Photo 13 Dos Amigos Pumping Plant
Underwater Inspection
TRASHRACKS
View of the water weed and floating debris that accumulated in front of Unit 5
over a 2-hour period during the underwater inspection.
J. Sturm February 22, 2007
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2. Video Records
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5. Operation Schedules



TABLE 2. OPERATION SCHEDULE - DOS AMIGOS PUMPING PLANT
FEBRUARY 21 AND 22, 2007

TIME INTERVAL UNIT 1 UNIT 2 UNIT 3 UNIT 4 UNIT 5 UNIT 6
FEBRUARY 21, 2007

0000 to 0800 ON OFF ON ON ON OFF

0801 to 1323 OFF (2) OFF OFF OFF ON OFF

1323 to 2400 ON OFF ON ON OFF (2) OFF
FEBRUARY 22, 2007

0000 to 0800 ON OFF ON ON ON OFF

0801 to 1400 OFF OFF OFF OFF ON OFF

NOTES:

1) The underwater inspection by Remotely Operated Vehicle (ROV) was
conducted between 0800 and 1400 on both 2/21 and 2/22.

2) During the inspection on 2/21, the ROV became pinned to the Unit 5
trashracks (Unit 5 was the only unit operating at the time). In order to free
the ROV, pumping plant deliveries were transferred from Unit 5 to Unit 1.
Unit 1 was turned ON (started up) at 1323 and Unit 5 was turned OFF
(shut down) at 1326.

TABLE 3. OPERATION SCHEDULE - DOS AMIGOS PUMPING PLANT
FEBRUARY 7, 2007

TIME INTERVAL UNIT 1 UNIT 2 UNIT 3 UNIT 4 UNIT 5 UNIT 6
FEBRUARY 7, 2007

0000 to 0650 OFF OFF OFF OFF ON (1) ON

0650 to 1130 OFF OFF OFF OFF ON (1) OFF

1130 to 1150 OFF OFF OFF OFF ON (2) OFF

1150 to 1900 OFF OFF OFF OFF OFF OFF

1900 to 2200 OFF ON ON OFF OFF OFF

NOTES:
1) Operating at Full Capacity
2) Operating at Half Capacity
3) Divers entered the water at 1010.
4) Recovery operations were conducted between approximately 1200 and
1300.




6. Participants



TABLE 4. U.S. BUREAU OF RECLAMATION PARTICIPANTS
ROV INSPECTION AND FLOW VELOCITY SURVEY
DOS AMIGOS PUMPING PLANT -- FEBRUARY 21, 22, 2007

NAME

TITLE

OFFICE

PHONE

Gregory Finnegan

Chief, Marine and
Diving Operations

Lower Colorado Regional
Office, Boulder City, NV

(702) 528-3256

Caireen Ulepic

ROV Operator

Lower Colorado Regional
Office, Boulder City, NV

(702) 293-8476

Rodney Tang

Civil Engineer/
ROV Operator

Phoenix Area Office,
Phoenix, AZ

(623) 773-6458

Tracy Vermeyen

Civil Engineer

Technical Service Center
(TSC), Denver, CO

(303) 445-2154

Liz Partridge

Civil Engineer

Tracy Field Office,
Tracy, CA

(209) 836-6278

Joel Sturm

Regional
Geologist

Mid Pacific Regional
Office, Sacramento, CA

(916) 978-5305

NOTES:

1) G. Finnegan, C. Ulepic and R. Tang are active members of the Lower
Colorado Region (LCR) Dive Team.

2) J. Sturm is a former member of the LCR Dive Team with over 20 years of

underwater inspection experience.

3) T.Vermeyen works in the TSC Water Resources Research Lab where he
specializes in flow velocity measurement and analysis.

4) Liz Partridge is a Lead O&M Engineer in the Tracy Field Office.
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7. Water Surface Elevations
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8. Velocity Survey



Dos Amigos Pumping Plant — Trash Rack Velocity
Survey

Purpose

To determine the near-field velocity fields along the pumping plant trash racks for
hydraulic conditions similar to those when the diving accident occurred.

Objectives

To characterize the velocities experienced by the divers as they traveled from Unit 1
toward Unit 5. The following velocity data were considered important for the accident
investigation:

e Water currents parallel and perpendicular to the trash racks for Unit’s 1 through 4
measured a short distance upstream from the trash rack face.

e Water current profiles approaching the Unit 5 trash racks at several distances
upstream from the face of the trash racks.

e Measure currents on the Unit 5 trash racks while operating to identify areas of
high velocities caused by debris obstruction.

e Make observations of the flow fields approaching Unit 5 that may have
contributed to the accident.

Site Description

The Dos Amigos Pumping Plant has 6 pump units, three of which have variable pitch
impellers (units 1, 3, and 5). The pumping plant lifts water coming from the north 118 ft
(36 m), to flow by gravity to the next pumping station located 164 miles (264 km) to the
south. Each pump intake is served by three trash rack bays. Each trash rack bay is about
10 ft wide by 40 ft high. The trash racks are inclined about 14° from vertical. The trash
racks extend from the forebay floor (El. 192.2 ft) to just below the transformer deck (EL
231.6). The units are numbered 1 to 6 from left to right when facing downstream. Each
intake is protected by 3 trash rack panels which were identified by A, B, and C from left
to right when facing downstream (figure 1).

Dos Amigos Pumping Plant Operations -
February 21-22, 2007



During the velocity survey, the forebay water surface elevation was about 217.2 ft. All
velocity data were collected when Unit 5 was operated alone and was pumping about
2600 ft*/sec. Pumping rate was measured using the plant’s Accusonic acoustic
flowmeters. The velocity survey plan was to collected data for hydraulic conditions
similar to those on February 7, 2007 - the date the accident occurred. For both days of
data collection, pumping plant operations were set to the accident conditions at 8:00 a.m.
and were held constant until 2:00 p.m.

For a pumping rate of 2600 ft*/sec and the forebay water level (El. 217.2), the estimated
gross approach velocity just upstream from a debris-free trash rack would be about 2.2
ft/sec.

Dos Amigos
Pumping
Plant

Figure 1. Photograph of the Dos Amigos Pumping Plant Forebay with the six trash rack bays with the
identification scheme used in this report.

The pumping plant has an debris problem generated by aquatic weeds being transported
from the O’Neill forebay reservoir. The aquatic debris accumulates on the Dos Amigos
trash racks and causes significant head differential across the trash racks of operating
units. On February 21, 2007 at 1:00 p.m. the head differential across the Unit 5 trash
racks was 4.5 ft. The trash rake cleaning system was down for maintenance during our
site visit. The project had been using a construction backhoe to remove floating debris
from the pumping plant forebay. Aquatic debris was observed to accumulate on the
operating pumps. When pumping was transferred from one unit to another, the back flow
from the unit shutting down would wash debris 30 to 50 ft into the forebay. This debris



would then migrate toward the operating unit(s). The back flow appeared to effectively
remove all surface debris that had accumulated. It usually took about one hour for most
of the available aquatic debris to accumulate on the Unit 5 trash racks (figure 2).

All velocity measurements were collected while working from the transformer deck.
This limited the ability to measure approach velocities upstream of the trash racks. A
truck-mounted crane was with a boom length of 30 ft was used.

Figure 2. View of aquatic debris and trash accumulated on the Unit 5 trash rack. This photograph was
taken on February 22, 2007, at 10:00 a.m.
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Figure 3. Photograph of Argonaut-ADV mounted within a 34” by 22” clear area in a dual-axle trailer. For this
mount, the ADV sampling volume was offset about 22 inches above the roadway. The sampling volume is
located about 4 inches below the acoustic transducer and about 11 inches from the end of the trailer.

Instrumentation and Methods

Two instruments were used to collect the velocity data necessary to describe the flow
fields which existed during the accident. A Sontek/YSI® Argonaut-ADV (acoustic
Doppler velocimeter) was used to measure three-dimensional point velocities around the
trash racks. A Nortek Q-Liner was used to measure velocity profiles parallel to trash
racks and profiles upstream from the Unit 5 trash racks.

Sontek/YSI° Argonaut-ADV

The SonTek/YSI® Argonaut-ADV is a single-point, high-resolution, 3-dimensional
Doppler velocimeter. The Doppler processing techniques used by the ADV provide
several advantages: accurate, fast, 3D velocity measurements in a remote sampling
volume; no periodic calibration required; simple operation, and excellent low flow
performance. The Argonaut-ADV is a bistatic sensor. Bistatic means that the Argonaut-
ADV uses separate acoustic transducers for transmit and receive functions. Both the
transmitter and receivers are constructed to generate very narrow beam patterns — the
transmitter generates sound with the majority of the energy concentrated in a narrow
cone, while the receiver is most sensitive to sound coming from a very narrow angular
range. The transducers are mounted such that their beams intersect at a volume of water



located about 4 inches below the sensor. This beam intersection determines the location
of the sampling volume (the volume of water in which measurements are made). A
single transmit/receive pair measures the projection of the water velocity onto its bistatic
axis. The Argonaut-ADV uses one transmitter and three acoustic receivers to measure 3-
dimensional velocities. The receivers are aligned to intersect with the transmit beam
pattern at a common sampling volume. The Argonaut-ADV combines velocity
measurements from each receiver, knowing the relative orientation of the three bistatic
axes, to compute the 3-D water velocity vectors in the sampling volume. The sampling
volume contains approximately 0.02 in® of water.

An Argonaut-ADV was used to collect three Table 1. Sontek/YSI® Argonaul iADV

dimensional point velocities (x,y,z) a short .
distance upstream from the trash racks on the Dos | Velocity

Amigos Pumping Plant. This ADV is equipped * Range: 0.003 to 15 f/sec
¢ Resolution: 0.0003 ft/sec

leth a pressure sensor along with a compass and e  Accuracy £1% of measured
tilt sensors that are used to determine the ADV’s velocity, 0.003 ft/sec
depth and orientation, respectively. Throughout e User programmable data output

. : : rate
velocity profiling, an integral temperature sensor + 3D wislarvsbely measireient

was used to measure water temperature which is | Temperature Sensor
required to perform real-time speed-of-sound ¢ Resolution 0.01°C
corrections. Data were collected and monitored *  Accuracy £0.1°C

" . : Pressure Sensor
using a laptop computer. Specifications for the e  Strain Gage (0.1 % accuracy)
Argonaut-ADYV used for this project are
summarized in table 1.

The ADV was mounted to a dual-axle trailer provided by DWR. The ADV was mounted
in a 22-in-high by 34-in-wide clear area on the trailer where the pumping plant inflows
where minimally obstructed by the trailer frame (figure 3). The ADV was clamped to the
trailer so the probe was offset a distance of 22 inches upstream from the trash rack.
Unless specified differently, ADV measurements were collected down the centerline of
the middle trash rack panel. The trailer was positioned on individual trash rack panels
using a truck-mounted crane. The crane was provided and operated by DWR.

Argonaut-ADV Velocity Coordinate System

The ADV normally reports velocity data in a Cartesian (X,y,z) coordinate system relative
to probe orientation. The definition of this coordinate system varies depending on the
probe configuration. If a compass/tilt sensor is installed, velocity can be reported in
Earth coordinates (east, north, and up). However, for this project a x,y,z coordinate
system was more practical. For the 3-D down-looking configuration used for this project,
the positive z-axis is defined upwards along the mounting stem (i.e. from the sensor
towards the signal conditioning module) which is parallel to the trash rack face. The
positive x-direction is defined from the acoustic transmitter to acoustic receiver no. 1
which was directed perpendicular to the trash rack face. For this probe orientation,
velocities in the x-direction (or approach velocity) will be negative. The y-direction is
parallel to the trash rack face and is positive for flow moving from Unit 1 towards Unit 6



(or left to right when facing downstream). For clarity, the coordinate system was
sketched onto the photograph in figure 4.

Figure 4. Photograph of the truck-mounted crane, trailer, Argonaut-ADV, and the x,y,z coordinate system.

The trailer is located near the center of rack 1B.

Nortek Q-Liner

A Nortek Q-Liner, an acoustic Doppler profiler,
was used to collect current profiles parallel to the
trash racks and approaching velocity profiles
upstream from the Unit 5 trash racks. This
instrument uses a multi-beam acoustic transducer
to measure velocity in a two-dimensional plane
and the channel depth (see inset photo, figure 5).
The profiler is mounted to a light weight
fiberglass float that was positioned along the trash
racks using taglines. The Q-Liner uses wireless
technology to transfer data between the profiler
and a handheld computer. The PocketPC

Table 2. Nortek’ Q—Liner (2!6 MHEZ)

specifications

Velocity

e Range: £32 ft/sec

e  Accuracy: £1% of measured
velocity, £0.16 ft/sec

e User programmable data output
rate

e  2-D water velocity measurement

e Max sampling rate: 1Hz

e Range: 0.7 to 32 ft
e Cellsize: 0.33 to 6.5 ft
e Maximum No. of depth cells: 50

Temperature Sensor
e Resolution 0.01°C
e  Accuracy +0.1°C




computer is used by the operator to control the measurements and to monitor system
performance. To measure currents moving parallel to the trash racks, also known as
sweeping velocity, the Q-Liner transducer was rotated about 14 degrees from vertical so
the acoustic plane was parallel to the inclined trash racks. Q-Liner profiles where
collected about 0.8 ft from the trash rack face. In this position, the Q-liner can measure
sweeping velocities and velocities upward (or downward) along the trash rack. However,
in this orientation, the Q-liner cannot measure currents moving perpendicular to the trash
racks. Prior to measuring approach velocity profiles, the transducer was rotated back to
its vertical position. For velocity. profiles collected upstream from the Unit 5 trash rack, a
crane and taglines were used to position the Q-Liner (figure 5). Approach velocity
profiles were measured at several locations upstream from the Unit 5 trash racks. For
this application, the bottom 5 ft of the profile was not measurable because of side lobe
interference. Qmetrix describes side lobe interference in their user’s manual as follows:

Profilers looking up or down typically lose data near the surface or bottom. This loss is
caused by contamination of the near-surface data by side lobe echoes. The acoustic
beams focus most of the energy in the centre of the beams, but a small amount leaks out
in other directions. Because sound reflects much better from the water surface or the
bottom than it does from the water, the small signals that travel straight to the surface
can produce sufficient echo to contaminate the signal from the water. In general we use
only data from cells up to 80-85 % of the total distance between the sensor and the
possible reflector. In the case of the Q-Liner this means we only use data from cells up to
80% of the water depth.

Figure 5. Photograph of the Q-Liner and crane setup used to measure approach velocities toward Unit 5
trash racks. The Q-Liner was oriented perpendicular to the trash rack using tag-lines (not shown).



Results

The results of the velocity measurements collected near the Dos Amigos Pumping Plant
trash racks are presented in separate sections for near-field approach and sweeping
velocities measured with the ADV and approach velocity profiles collected upstream of
the trash racks using the Q-Liner. Approach velocity is defined as water current moving
towards and perpendicular to the trash rack, and sweeping velocity is defined as water
current moving parallel to the trash rack. Sweeping velocities can be directed along the
trash racks or up (or down) the racks. For this study, the sweeping velocity along the
racks was of primary interest.

Velocity data were collected in close proximity to the trash racks to identify diver
exposure to currents during their trash rack inspection. The data presented were
collected when Unit 5 was operated alone and was pumping about 2600 ft*/sec. The plan
was to collected data for conditions similar to when the accident occurred. Plant
operations were set to the accident conditions at 8:00 a.m. and were held constant until
2:00 p.m. It usually took about an hour for most of the available aquatic debris to
accumulate on the Unit 5 trash racks.

Near-field Velocities

Near-field velocities were measured using two instruments: 1) Argonaut-ADV and 2) Q-
Liner. The Q-Liner’s profiling range, when positioned parallel to the trash rack, was
limited to about 6 ft below the water surface because of debris accumulated on the trash
racks. In general, Q-Liner data were in agreement with Argonaut-ADV data collected
near the water surface. However, because of the limited Q-Liner range and that the
highest velocities were measured below a depth of 7 ft, only Argonaut-ADV velocity
data will be presented herein.

Table 3 contains the Argonaut-ADYV data collected on February 21, 2007 at various trash
rack panels from Unit 1 to Unit 5. Table 3 contains 3-dimensional velocities (Vx, Vy,
Vz), the resultant magnitude of the Vx and Vy components (Vxy-mag) and the standard
error of the three velocity components. Vxy-mag represents a resultant current which
would impinge an object on the trash rack. Standard errors are the statistical uncertainty
associated with each mean velocity component. For example, the standard error for Vx (-
0.01 ft/sec) collected at 12:00 on February 21, 2007 is =0.06 ft/sec. This means that this
Vx is statistically insignificant because the uncertainty is greater than the measured Vx.
However, measurements made closer to Unit 5 are much larger than the standard error, so
they are statistically significant. Standard errors generally are a combination of acoustic
noise, mechanical vibration, and natural velocity fluctuations commonly known as
turbulence. For this project, it is reasonable to expect standard errors to increase with
proximity to an operating pump unit.

A summary of the Argonaut-ADV velocities measured on the Dos Amigos trash racks on



February 21, 2007 are as follows:

Velocities measured in the center of trash rack 1B showed low velocities with the
Vy component moving away from Unit 5. These currents show a weak eddy flow
moving eastward along the Unit 1 trash racks.

Because of time constraints and the low velocities measured on rack 1B,
measurements on trash rack 2B were skipped.

Velocities measured on the center of trash rack 3B were still low with the
maximum sweeping velocity (Vy) directed toward Unit 5 equal to 0.20 ft/sec ata
depth of 25.9 ft.

Velocities measured on the center of trash rack 4B were higher, with Vy (directed
toward Unit 5) equal to 0.35 ft/sec at a depth of 8.6 ft. The maximum Vxy-mag
was 0.44 ft/sec at a depth of 8.6 ft. ‘

Velocities measured on the center of trash rack 4C were higher, with the
maximum Vy equal to 0.58 ft/sec at a depth of about 8.7 ft. The maximum Vxy-
mag was 0.64 ft/sec at a depth of 8.7 ft. Vy at depths of 16 and 22 ft were also in
the 0.5 ft/sec range. Vy measured near the bottom (depth = 25.9 ft) was 0.41
ft/sec.

11:56
11:58
12:00
12:01

12:24
12:26
12:28
12:31

12:50
12:54
12:58
13:01
13:04

13:09
13:11
13:14
13:16
13:19

13:44
13:48
13:50
13:53

1B 049  -0.01 -0.16 0.00 0.16 0.02 0.00 0.01

1B 845 002 -013 -002 0.3 0.02 0.00 0.01
1B 1685 -001 -002 -005  0.02 0.06 0.02 0.06
1B 2550  0.01 000 -0.02  0.01 0.02 0.01 0.01
3B 012 013 001  -0.01 0.13 0.02 0.01 0.01
3B 867 -013 -008 004 0.5 0.03 0.01 0.02
3B 1649  -005 -003 -0.13 0.6 0.06 0.02 0.04
3B 25.91 020 003 -003 0.0 0.04 0.02 0.03
4B 078 010 019 005 022 0.10 0.02 0.07
4B 856 026 035 007 044 0.05 0.01 0.04
4B 1655 -017 032 -024 037 0.06 0.02 0.05
4B 2200 011 - 018 -0.10  0.21 0.11 0.04 0.07
4B 2748 019 010 -008 021 0.06 0.09 0.04
4C 099 004 035 003 035 0.15 0.08 0.07
4C 874 -027 058 -0.18  0.64 0.07 0.01 0.03
4C 1666  -0.11 052 -032 054 0.09 0.04 0.07
4C 2218 002 055 -019 055 0.18 0.08 0.10
4C 2594 017 041  -006 044 0.18 0.06 0.10
1A-1B 2398  -0.51 008  0.61 0.52 0.16 0.03 0.07
1A-1B 1747  -182 010 134  1.82 0.08 0.01 0.04
1A-1B 1593 -233 004 126 233 0.07 0.01 0.03
1A-1B 759 -273 003 003 273 0.05 0.01 0.03



Prior to the increase in pumping rates scheduled for 2:00 p.m., it was decided to
measure velocity on a “clean” trash rack. The crane and ADV trailer were moved to
the center of trash rack panel 1B. At approximately 1:30 p.m. Unit 5 was shut down
and Unit 1 was started. The pumping rate was set to 2600 ft*/sec. Measurements
were started at 1:33 p.m. but the ADV transducer was quickly inundated with aquatic
debris. As a result, no useable velocities were collected. The trailer was re-located
between trash rack panels 1A and 1B and velocities were collected from the bottom
to the surface. The velocity data in Table 3 show that there was a strong approach
velocity component (Vx) at depths of 7.6, 15.9, and17.2 ft. The maximum Vx was
2.73 ft/sec and was measured at a depth of 7.6 ft. At this location, the Vz component
was also relatively high because for this probe orientation horizontal approach flow is
resolved into Vx and Vz components because the trash rack is inclined at a 14 degree
angle.

Table 4 contains the Argonaut-ADV data collected on February 22, 2007 near trash
rack panels on Unit 5. This second set of Argonaut-ADV data were collected in close
proximity to Unit 5 for the same operations as the previous day. Unit 5 had operated
through the night and its trash rack had accumulated a significant amount of surface
debris. During data collection, the trailer could not be safely lowered below depths
greater than 13 ft because sweeping velocities were strong enough to displace the
trailer sideways toward the center of trash rack SA. On a second attempt to measure
velocities, the trailer was flipped over by the strong sweeping velocities. The loss of
trailer control was considered unacceptable so data collection was stopped at 12:42
p.m.

Table 4. Near-field 3-D velocities measured on the Dos Amigos trash racks. Data were collected on February

22, 2007.

12:29
12:31
12:35

12:39
12:42

090 -066 117  -024 1.34 0.03 0.01 0.02

4C-5A 4.29 -1.13 1.34 -0.44 1.75 0.06 0.01 0.05
4C-5A 8.83 -1.35 245 -0.54 2.80 0.10 0.02 0.07
4C - 5A 11.26 -1.59 2.79 -0.48 3.21 0.13 0.01 0.08
5A 1116  -4.62 1.94 -0.14 5.00 0.14 0.03 0.13
5A 13.58 -4.01 1.79 0.34 4.39 0.16 0.03 0.16

A summary of the Argonaut-ADV velocities measured on the Dos Amigos trash racks
on February 22, 2007 are as follows:

e Velocities measured between trash rack 4C and 5A showed high velocities with
the dominant component, Vy, moving toward Unit 5. The sweeping velocities
greater than 2.4 ft/sec were measured between depths of 8.8 and 11.3 ft.

e Approach velocities, Vx, were significant and were also higher between depths of
8.8and 11.3 ft.

10



e The maximum resultant of the Vx and Vy components, Vxy-mag, was 3.21 ft/sec
ata depth of 11.3 ft.

e Velocities along the edge of trash rack 5A were the highest measured velocities
with the dominant component, Vx, moving into Unit 5. The highest measured
approach velocity, Vx equal to 4.62 ft/sec was located at a depth of 11.2 ft.

o Atthe edge of rack 5A, Vxy-mag was 5.00 ft/sec at a depth of 11.2 ft. This was
the highest approach velocity measured near the Unit 5 trash racks during this
survey.

Approach Velocity Profiles

On February 22, 2007, approach velocity profiles were measured using the Q-Liner. The
Q-Liner’s profiling range, when positioned perpendicular the trash rack, was the top 20 ft
of the water column when positioned sufficiently upstream to prevent the aft beam from
intersecting the trash rack.

Figures 6 and 7 contain the approach velocity profiles that were measured at positions
located 24, 14, 9, and 2 ft upstream from the base of the Unit 5 trash racks. Figure 6
shows two profiles collected along the centerline of rack 5B and between racks SA and
5B. The two profiles agree very closely. The highest approach velocities occurred
between depths of 5 and 10 ft. It was observed by the ROV that there were higher
velocities along the vertical edges of the trash rack panels because there was less debris
accumulation. This observation was the rationale for moving the Q-Liner from the
centerline of rack 5B to the location between panels SA and 5B. The slightly higher
approach velocities for the location between SA and 5B support this observation.

The Q-Liner was incrementally moved toward the trash racks and multiple profiles were
collected. The average approach velocity profiles at these locations are shown in figure
7. These profiles illustrate a trend of higher velocities with increasing proximity to the
racks. The depth to the maximum velocity was also less for profiles collected closer to
the rack. The maximum velocities (Vmax) for these three locations are summarized as
follows:

e At 14 ft upstream, Vmax was 2.75 ft/sec at El. 206.5 ft.

e At O ftupstream, Vmax was 3.19 ft/sec at El. 206.5 ft.

e At 2 ftupstream, Vmax was 3.00 ft/sec at EIL. 209.5 ft.

Note on figure 7 how the velocity profiles are truncated (V=0) below where the aft
acoustic beam hits a trash rack or concrete pier.

11
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Figure 6. Approach velocity profiles collected by the Q-Liner 24 ft upstream from the
base of trash rack 5B and between racks 5A and 5B. prof24ftUS.wmf

QLiner profiles collected between
trash racks 5A and 5B at various distances
upstream from base of trash rack at EIl. 192.2
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Figure 7. Approach velocity profiles collected by the Q-Liner at three distances upstream
from pier between racks 5A and 5B. ProfBtwnSA&SB.wmf
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Conclusions

Velocity measurements on the Dos Amigos Pumping Plant trash racks showed that
approach, sweeping, and upward velocity components were less than 0.65 ft/sec from
trash racks 1B to the center of trash rack 4C for pumping operations similar to when the
diving accident occurred.

Argonaut-ADYV velocity measurements collected 22 inches upstream from the trash racks
and in close proximity to trash rack SA revealed a maximum velocity (Vxy) of 5.00 ft/sec
at a depth of 11.2 ft. It is reasonable to expect that velocities at the trash rack face would
be higher than was measured by the ADV.

Sweeping velocities between trash racks 4C and SA were large enough to move and even
flip over the instrument trailer when Unit 5 was pumping 2600 ft*/sec and the trash racks
were clogged with debris.

Q-Liner velocity profiles showed that the highest approach velocities occurred between
depths of 7 to 11 ft. Profiles collected closest to the trash racks showed a peak velocity at
a depth of 7.7 ft (El. 209.5). This non-uniform velocity distribution indicates that the
trash racks had more debris blockage near the water surface (El. 217.2) and near the
forebay floor (El. 192.2).

There was close agreement between ADV and Q-Liner measurement in regards to the
depths where peak velocities occurred, 7 to 11 ft.

During this velocity survey, trash rack debris blockage was indicative of aquatic debris
accumulation for one operating pump. However, the quantity of debris available to
collect on the trash rack was not known at the time of the accident and was not quantified
at the time of the velocity survey. It is reasonable to expect higher velocities through
open trash rack area as more and more cross sectional area is blocked by debris.

Peer Review

Technical Service Center policy requires all technical products be peer reviewed prior to
be being transmitted to the client. Warren Frizell, mechanical engineer, performed the
peer review on this report. Warren has extensive experience with both instruments used
for this survey. His comments and suggestions were discussed and implemented into the
report. Comments by Joel Sturm, team leader, were also addressed.
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