CEERD-HR-F







9 April 2001

MEMORANDUM FOR Commander, U.S. Army Engineer District, Portland






ATTN:  CENWP-EC-HD (Mr. Robert Buchholz)






333 S.W. First Avenue






Portland, OR 97204-3495

SUBJECT:  Baseline Data Report, Bonneville Fast-Track Dissolved Gas Abatement Study, 1:55-Scale General Spillway Model

1.  The attached Memorandum for Record and videotape document the subject study conducted between April and October 2000.   Baseline (existing) conditions were investigated for nine combinations of total spillway flow and tailwater elevation.  The documentation methods used included measuring three-dimensional point velocities, particle tracking to show near-surface flow trajectories, and videotaping the motion of dye tracers.

2.  Also provided and discussed are:

a.  “performance curves” that classify the flow category at the spillway deflectors for deflector elevations of 7 and 14 ft, and  

b.  an abbreviated study of the “spill patterns” (i.e., the sequence of gate openings) for the changes in deflectors planned by NWP and NWW.   The intent was to identify spill patterns that will produce flow conditions favorable to the passage of adult and juvenile salmon. 

3.  Any questions concerning this study should be directed to Mr. Bill Preslan at 601-634-2020 or to Mr. Chuck Tate at 601-634-2120.

Encl




THOMAS W. RICHARDSON






Acting Director






Coastal and Hydraulics Laboratory
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9 April 2001

MEMORANDUM FOR RECORD

SUBJECT:  Baseline Data Report, Bonneville Fast-Track Dissolved Gas Abatement Study, 1:55-Scale General Spillway Model

1.   Introduction.  As part of an ongoing Dissolved Gas Abatement Study (Dgas), the Walla Walla District (NWW) and the Portland District (NWP) evaluated numerous gas abatement alternatives for the Bonneville Lock and Dam project.  With the exception of operational adjustments and additional and/or modified spillway deflectors, they found most of the alternatives to be extremely costly and require long-term development, making them either impractical or not feasible.

2.  NWW and NWP authorized model studies to investigate promising changes in deflectors and operating procedures.   The Coastal and Hydraulics Laboratory  (CHL) is using two different models, a sectional model and a general model, to assess the potential impacts or risks of any structural or operational changes.  Areas of special concern are the stilling basin’s capacity to dissipate the energy of the flow, erosion of the stilling basin and downstream channel, and physical injury or other risks to juvenile and adult fish passing through the spillway system.  The first tests in the new general model investigated the existing (baseline) operating conditions and additional and modified spillway flow deflectors.  To evaluate changes in deflector elevation and spillway discharge patterns, the model operators observed, measured, and documented near-field hydraulic conditions.

3.  This memorandum discusses only the new 1:55-scale general spillway model.   That model reproduces the Bonneville Spillway and the upstream and downstream spillway channel between the Bradford and Cascades Islands (Figure 1).  The model delivers up to 700,000 cfs at the model-to-prototype scale.  It includes all eighteen spillway bays, including the 50-foot-wide vertical lift gates.  It also includes both the north and south shore fishway entrances, each delivering approximately 1,600 cfs.   Figure 2 shows the model in a view looking upstream.   The spillway structure is toward the top of the photo.  Figure 3 shows details of the model spillway.   Gate 18 with its elongated training walls is in the foreground. 

4.  Most of this memorandum presents general-model data that document existing (baseline) hydraulic conditions.  Future investigations and reports will compare the flow data for these baseline conditions against those for any recommended operational or structural changes.  The intent is to assure that the proposed changes do not worsen existing adverse conditions for fish passage or create new ones. 

5.  Also described below are studies not directly related to documenting baseline

hydraulic conditions.  The sections labeled “Performance Curves for Deflectors” and “Spill Patterns” contain the methods and results for those studies.  Differences from baseline operations included changes in gate-opening patterns as well as the location and elevations of deflectors.
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FIGURE 1.   Aerial photograph of Bonneville Dam, looking downstream.  The area of whitewater at the center is immediately downstream from the spillway.  Cascades Island is on the right end of the spillway.  Bradford Island is on the left.

6.  Appendices A and B of this memorandum provide additional technical results or supporting information.  The other appendices document the planning and administration of the study.   Appendix C contains the model study plan and related items.  Appendix D contains the initial time and-cost estimate as well as the scope of work.  Appendix E provides trip reports, status reports, and action-item summaries.    

7.  A separate Memorandum for Record presents details of model construction, calibration, and verification.   It also includes detailed drawings of the spillway structure and the riverbed bathymetry downstream from the structure.  Bibliographic information for that document is:


Memorandum for Record


Bonneville 1:55-scale Spillway Model Calibration/Verification Report


By Charles H. Tate


20 November 2000
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FIGURE 2.   The Bonneville General Model.  Looking upstream toward the spillway.
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FIGURE 3.   The spillway of the Bonneville General Model.  The view is from the South

(Oregon) shore with Gate 18 in the foreground.

8.  Baseline Test Methods.    Baseline tests used spillway flows of 50, 75, and 135 kcfs with the following tailwater elevations (TWE):  high at 22 ft, low at 14 ft, and medium at 18 or 19 ft.  The position of the model end gate controlled the TWE.  Flow was controlled with a manually operated valve and measured with a calibrated flowmeter in the supply piping.  The spillway structure controlled the forebay water-surface elevation, which was maintained at 74 ft for all tests.   The model operators verified both elevations using piezometers.  Scale relations between the model and prototype are based on Froudian criteria.  Table 1 summarizes the nine baseline operating conditions that were modeled. 

	Baseline Operations

	With Standard Spill Distribution Patterns

	Test No.
	Spill Flow (kcfs)
	TWE (ft)
	Related TRQ (kcfs)

	1-A
	50
	14
	150

	1'-A
	50
	19
	220

	2-A
	50
	22
	250

	 
	
	
	 

	3-A
	75
	14
	150

	4-A
	75
	18
	200

	5-A
	75
	22
	275

	 
	
	
	 

	6-A
	135
	14
	150

	7-A
	135
	18
	200

	8-A
	135
	22
	275


Table 1.  Test Conditions for Baseline Operations.  TRQ is Total River Flow.
9.  Table 2 provides partial information about the relationship between gate opening and flow rate.  This information is from the model study plan (Appendix C), which should be consulted for larger openings and flows.



	Gate Opening, ft
	1.0
	2.9
	4.9
	6.8
	8.7
	10.6
	12.6

	Gate Opening, dogs
	1
	2
	3
	4
	5
	6
	7

	Flow per gate, kcfs
	3.0
	6.7
	10.3
	13.8
	17.3
	20.6
	24.0


TABLE 2.  Gate Opening versus Flow Rate.

The unit, dogs, is based on the “dogging” devices formerly used to lock (“dog”) the gates at specific openings.  Presently, the vertical lift gates are set in feet of opening using gate hoists.  The memo of 6 Feb 00 (Appendix C) details gate operations, both historical and recent.   Gate openings in this report will always be given in feet.

10.  Gate settings to give the desired total spill flow were in accordance with “Spill Schedule for Bonneville Dam,” part of which is reproduced in Table 3.  Deflectors were set at 14-ft elevation in Gates 4 through 15 and 18.  Gates 1, 2, 3, 16, and 17 had no deflectors.   Additional details concerning baseline operating conditions are given in Appendix C.

	Gate Number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Deflector Elevation, ft
	-
	-
	-
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	-
	-
	14

	Nominal Spill Flow, kcfs
	Gate Opening, ft

	50
	0.33
	4.9
	2.9
	1.0
	0
	2.9
	0
	0
	0
	0
	0
	2.9
	0
	0
	1.0
	2.9
	2.9
	0.33

	75
	0.33
	4.9
	2.9
	2.9
	0
	2.9
	0
	2.9
	0
	2.9
	0
	2.9
	0
	2.9
	1.0
	2.9
	2.9
	0.33

	135
	0.33
	6.8
	6.8
	4.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	4.9
	6.8
	0.33


Table 3.  Spill Schedule for Model Test Conditions.
11.  Adult fishway entrance channels are located adjacent to the north and south spillway abutment piers.  Each of these channels has a side entrance and two downstream (DS) facing entrances.  The side entrances, SW-SG-5 and SO-SG-7, discharge into the adjacent spillway bays 1 and 18, respectively.  The downstream-facing entrances on the river-side are SW-SG-1 and SO-SG-2.  On the bank-side, the downstream entrances, SW-SG-3 and SO-SG-4, each include two vertical sluice gates (3N, 3S and 4N, 4S).   For these model studies, fishway gates were set in accordance with the TWE as indicated in Table 4.  A head differential of approximately 1.5 ft was maintained between the fishway entrance channel and the TWE.  

	Bonneville Spillway

Fishway Entrance Operations

	
	( North Shore
	South Shore (

	Tailwater elevation
	DS Entrance

SW-SG
	Side Entrance

SW-SG-5
	Side Entrance

SO-SG-7
	DS Entrance

SO-SG

	
	SG-3
	SG-1
	
	
	SG-2 
	SG-4

	
	3N
	3S
	
	
	
	
	4N
	4S

	< 9 ft
	O
	O
	O
	O
	O
	O
	O
	O

	9 - 17 ft
	X
	O
	O
	O
	O
	O
	O
	X

	 > 17 ft
	X
	X
	O
	O
	O
	O
	X
	X


TABLE 4.  Fishway Entrance Operations.  O = Open Gate.  X = Closed Gate.

12.  In this report all flow rates cited are prototype flow rates and all gate openings cited are prototype gate openings.  However, the actual model openings used were greater than scaled prototype openings.   Because of surface tension and other secondary effects, the gate openings and the flow rates through those gates do not both simultaneously obey the Froudian model scaling relationships.  Scaled relationship for flow rates were maintained and the model gate openings were empirically adjusted.        

13.  Measurement techniques used included video (to record the flow patterns revealed by dye tracers), point measurements of velocity, and particle tracking.

14.   A wide-angle video camera was mounted overhead for flow-pattern documentation.  Its field of view encompassed the entire study reach, with a focus on the spillways, stilling basin, and immediate tailrace channel (500 feet below the end sill), including the area below the north and south fishway entrances.    The camera was linked to a monitor for real-time viewing.

15.  An acoustic Doppler velocimeter (ADV) was used to measure 3-dimensional velocities at points along lines perpendicular to the spillway crest.  These lines extended from the centerline of spillway bays 3, 7, 12 and 16, and from the centerline of spillway pier 9.   Measurements along each of the lines were taken at stations 200, 400, 600, 800, 1,000 and 1,500 feet downstream from the centerline of the spillway crest.  Measurements were taken at 10 ft depth and at even 10-ft increments below that to the bottom.   Figure 4 shows the ADV sensor in the lower, central part of the photo.  Each of the three radial arms has an acoustic receiver at its end.  The acoustic transmitter is in the center, between the receivers.   The mounting rod, which extends upward, has black bands at intervals representing 10 ft in the prototype to aid in deploying the sensor at the proper depth.    Figure 5 shows the ADV unit in operating position.  Its mounting bracket is attached to the movable walkway that extends across the model.  The sensor is just above the water. 

[image: image4.jpg]B T e I e LTy [ o SR





Figure 4.  The ADV Sensor.
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Figure 5.  The ADV Unit in Operating Position.

16.  A two-camera, overhead particle-tracking system was installed to document and evaluate water velocity.  The two cameras were sufficient to track the entire study reach.  Each camera was linked to a monitor for real-time observation of the trajectories of lighted floats.  Figure 6 shows technicians placing lighted floats into the model.  The two floats in the water have just begun to move downstream.  This Video Tracking System (VTS) was used to map general flow patterns beginning as close to the spillway as possible and extending downstream more than 2,200 ft from the spillway crest.    Because of the draft of the floats, these measurements represent a weighted-average of flow velocities to depths of about 6 to 9 ft.  Those weighted-averages emphasize the velocities in the uppermost 1 or 2 ft because of the larger-diameter foam collar at the top of the floats.   Figure 7 shows preliminary float tracks as seen on the video monitor.  Several floats are being tracked and the cameras have captured numerous points of light representing successive positions along their paths.  The “knot” of points in the left central part of the screen represents floats that have been caught in an eddy.  The separate set of paths to the right is from the second camera:  the software has not yet linked the images from the two cameras to show continuous trajectories.  This kind of view from the monitor is used mainly for quality assurance during the testing.
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FIGURE 6.   Placing lighted floats in the model for tracking by the overhead camera system.
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FIGURE 7.   A view of the monitor screen from the Video Tracking System.

17.  Overview of Baseline Test Results and Analyses.  Appendix A presents measurements made by the Video Tracking System (Figures A1 – A9) and the Acoustic Doppler Velocimeter (Figures A10 – A18).  Velocity measurements are presented in plan view, with vectors indicating direction, and numbers quantifying magnitude (in units of fps).  These figures are also stored on the DGAS website (http://dgas.wes.army.mil/bonneville/spillwaymodel.htm) and are available as electronic media.  Measurements that failed quality control checking because of obvious errors or pronounced inconsistencies are not included.  However, the flows below the spillway were highly turbulent and highly variable.  It was often not possible to decide whether atypical measurements reflected errors or the effects of this natural variability.  We believe that the broad patterns shown in Appendix A are generally correct.  But, specific details are less certain and should be interpreted with care and judgment.   

18.  Flow Trajectories -Video Tracking System (VTS).  Computations indicate that average velocities through the spillway’s gate openings exceed 40 fps.  However, the stilling basin and baffle blocks dissipate much of this energy so that near-surface velocities in excess of 20 fps are not observed in the VTS data (Figures A1 – A9).  These data begin at about 150 ft from the centerline of the spillway crest and extend downstream to about 2,200 ft.  Maximum velocities between 10 and 20 fps were observed at some locations in the zone from 150 to 400 ft for all nine tests.  For the 50 kcfs spill rate, velocities exceeding 10 fps were not observed downstream of about 500 ft.  For the 75 kcfs flow, velocities approaching 10 ft/sec were observed as far downstream as about 900 ft.  For the 135 kcfs spill rate, isolated velocities above 10 fps were observed to 2,200 ft for a TWE of 14 ft, but were not observed downstream of 900 ft for the higher tailwaters.  

19.  Examination of Figures A1 – A9 indicates that the flows are extremely variable, both in magnitude and direction, in the zone from 150 ft to at least 1200 ft below the spillway crest.  Beyond that, the near-surface flows become more uniform.  At about 2,200 ft, the directions are all within about plus or minus 15 degrees of due west and magnitudes vary only moderately from the averages listed in Table 4.   The values in Table 4 are averaged across the width of the channel and are not time averages.

	Test
	Flow rate, kcfs
	TWE, ft
	Average Surface

Velocity, fps,

at 2,200 ft



	1A
	50
	14
	4.5

	1’A
	50
	19
	3.5

	2A
	50
	22
	3.2

	3A
	75
	14
	6.1

	4A
	75
	18
	5.0

	5A
	75
	22
	4.1

	6A
	135
	14
	10.1

	7A
	135
	18
	7.9

	8A
	135
	22
	6.7


TABLE 4.  Average Surface Flow Rates about 2,200-ft Downstream.

20.  Smaller velocities than those discussed above were present throughout the study area.  Nearly stagnant zones and upstream flow can be seen on the figures.  Eddies, i.e., circulating currents with zones of definite upstream flow, were noted in eight of the nine VTS tests.  These elongated features typically had an east-west dimension of 400 to 750 ft and a north-south dimension of 200 to 350 ft.  Almost all of them extended no further downstream than about 1000 ft from the spillway crest.  Upstream velocities in the eddies were typically about 2 to 3 ft/sec, although the range observed in the VTS tests was about 1 to 6 fps.  

21.  For flow rates of 50 kcfs, there were typically two adjoining eddies near the center (downstream of Gates 3 through 13), a northern one circulating counter-clockwise and a southern one circulating clockwise.  For the 22-ft TWE, there were three eddies, each of which was somewhat smaller than those seen at lower tailwater elevations.  For the three cases investigated at 50 kcfs, almost all the velocity vectors with upstream components were in the 250-ft width of channel directly downstream from Gates 7 through 11.  This occurrence probably results from the fact that no downstream flow was coming from Gates 7 through 11, which were closed (see Table 3).  

22.  For flow rates of 75 kcfs, no eddies were apparent at a TWE of 14 ft and only one was well developed at TWE 18 ft.  Where present, these eddies were typically within 300 ft of the banks and well separated from each other.  Some extended as far downstream as 1200 ft from the spillway crest.  Circulation of the northern one (when well developed) was clockwise.   The southern one circulated counter-clockwise.  The upstream flow close to the banks for these eddies was likely related to the low flow through Gates 1 and 18, where the openings were only 0.33 ft.  

23.  For flow rates of 135 kcfs, the eddies were relatively small, 250 to 450 ft long and about 200 ft wide.  Where two occurred, they were definitely well separated from each other.  Only one well-developed eddy was noted at TWEs of 14 and 18 ft.  When the eddy was adjacent to the south bank (TWE 14 and 22), the circulation was counter-clockwise.  

24.  Point Velocities - Acoustic Doppler Velocimeter (ADV).   The ADV measurements provide 3-dimensional velocities at fixed points of measurement.   The instrument makes its measurements in a volume of water (the “sampling volume”) that is very small.  When scaled to prototype dimensions, the sampling volume is less than 2 cu ft.  The velocity values reported are time averages, typically for periods equivalent to about 1,200 seconds (but occasionally as short as about 360 seconds) in the prototype.  Instantaneous ADV measurements vary in both magnitude and direction from the values reported.   Figures 8a to 8c show typical timeseries plots of velocity.  The figures show prototype velocities but model times.  To get prototype times, multiply by 7.4.  Substantial velocity fluctuations occurred throughout the averaging periods.   For example, the vertical velocity (Figure 8a) has a mean value that is near zero.  However, fluctuations over the range from –1 fps to +1 fps are common, and the amount of time that the velocity was actually zero is quite small.  The root-mean-square (RMS) value calculated for the vertical velocity is about 0.8 fps.   As a rough approximation, we would expect about 60 percent of the individual vertical velocity measurements to be within about plus or minus 0.8 fps of the mean value.  The remaining 40 percent of the measurements are likely outside of that range.  The horizontal velocity components (Figures 8b and 8c) are also quite variable.  The computed RMS values are 1.2 fps for the north-south component and 0.50 fps for the east-west component.  This underlying variability should be kept in mind when interpreting the average ADV velocities shown on Figures A10 to A18. 
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FIGURE 8a.   Variability in Vertical Velocity.
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FIGURE 8b.  Variability in North-South Velocity.
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FIGURE 8c.  Variability in East-West Velocity.

25.  The magnitude of this natural random component of the velocities overshadows the accuracy and precision of the instruments and methods.  Although the ADV can measure instantaneous velocities with a precision within +/- 0.1 fps (prototype), the true accuracy of the velocity measurements reported here is highly dependent on the randomness of the model velocities.     

26.  Differences between the ADV velocities and the VTS velocities discussed earlier include:  

a.  The ADV velocities are time averages (typically more than 360 sec, prototype).  The VTS vectors are more nearly instantaneous velocities since the residence times of the floats near any particular fixed points were generally very small. 

 b.  The ADV velocities are for particular depths, starting at 10 ft below the water surface.  The VTS velocities represent averages over a depth range from 0 to 6 or 9 ft.

27.  Figures A10 through A18 present vectors representing the horizontal components of the ADV velocities.   Each figure has five separate plots, one for each depth at which measurements were made, from 10 to 50 ft.   The vectors for 10-ft depth confirm many of the general observations made from the VTS data.   The largest velocities were measured close to the spillway.   The greatest variations in flow direction also occurred near the spillway.  By 1,500 ft downstream from the spillway crest, velocities were much more uniform in both magnitude and direction.  

28.  In many cases, the ADV velocities (at 10 ft depth) appear to be less than the VTS velocities observed at nearby locations for the same test number.   Part of this velocity difference is a function of differences in the depth of measurement.   Another part may be related to the measuring techniques; i.e., long-term averages at a fixed point versus near-instantaneous values for a moving point. 

29.  The effects of the eddies observed in the VTS data are often evident in the ADV data.  For instance, the ADV data for Test 1-A and 10 ft depth show upstream velocities to transect 800 below Pier 9 and to transect 600 below Gate 7 (see Figure A10).   The VTS eddies (Figure A1) have upstream velocities at similar locations.  The directions of other adjacent ADV vectors are generally consistent with those VTS vectors that define the eddies.  The ADV data also show that those eddies extend to at least 40-ft depth with little change in the magnitudes of the horizontal velocities.  

30.  At depths greater than 10 ft, the ADV velocities along the transect 200 feet downstream from the spillway crest often have upstream components.  Some of these are associated with horizontal eddies, as noted above.  Others appear to be return flow to replace the near-surface water dragged downstream by the high velocity surface streams from the spillway or vertical eddies.  Prominent examples of deep upstream flow are opposite Gate 12 at depths below about 20 to 30 ft depth, and opposite Gate 16 at 50 ft depth, and occasionally shallower.  

31.  Video Documentation.  Flow patterns associated with the nine baseline-test conditions (Table 1) were all documented on videotape using an overhead, wide-angle, low-light-level, video camera.  To aid in flow visualization, the model operators made separate injections of dye in each of the spillway bays and at several locations along the north and south banks.  NWP and NWW are being furnished copies of the videotapes.  An accompanying detailed log describes what is on the tapes and gives the tape-counter locations for each test.  
32.  Figure 9 shows the operators injecting dye.  Figure 10 is a video clip representing a small segment of the available video documentation.  This segment is from test No. 1-A.   Gate 1, at the north end of the spillway, is at the right and Gate 18 is at the left.  The spillway is at the bottom of the frames.  The two dark lines near the toes of the piers are the baffle blocks in the stilling basin.  The grid on the model floor defines rectangles that are very close to 100 ft by 100 ft (prototype).  The most westerly grid line that can be seen is 1,100 downstream from the centerline of the spillway crest.   The operator injects dye at Gate 12, which is set at an opening of 2.9 ft.  A strong southerly flow quickly carries the dye in front of Gates 13 and 14, which are closed.  Foam associated with the dye injection shows near-surface flow moving downstream in front of Gates 12 and 13.   However, the northern edge of that foam shears off and either stagnates or moves slowly upstream in front of Gate 11, which is closed.  The dye itself gradually moves downstream from Gate 12 and the other more southerly gates.  However, toward the end of the video clip, the much-diluted dye can be seen moving upstream in front of Gates 9, 10, and 11, all of which are closed.   The eastward-moving current that is carrying the dye comes from at least 600 ft downstream of the spillway crest and continues into the stilling basin. 

33.   The flow patterns shown in the video clip are consistent with the VTS and ADV results (see Figures A1 and A10).   The initial southward movement of the dye reflects the strong (2.6 to 4.6 fps) southerly flow that the ADV measured at depths from 10 to 40 ft just in front of Gate 12.   The VTS data indicated high-velocity surface flow to the south and southwest in that same vicinity.   Both the ADV and VTS data clearly show upstream flow in front of Gates 9 to 11.   
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FIGURE 9.  Injecting dye into the model for video documentation

34.  Performance Curves for Deflectors.   The flow characteristics over the deflectors, and immediately downstream, have a large effect on air entrainment.  Those flow characteristics also determine whether that entrained air is carried to great depths in the spillway exit channel.   To aid in investigating these characteristics in the model, we observed the flow and assigned it to one of several possible categories.   This investigation used seven categories:


Plunging 


Oscillating


Skimming


Undulating


Ramped Jet


Surface Jump


Submerged Jump

Appendix B describes these categories and illustrates each in a diagram.  Those diagrams show a spillway with a tainter gate.  Bonneville has vertical lift gates.  However, the difference in gate type does not affect the flow characteristics discussed in Appendix B or the results presented below.  

35.  For a given flow rate through a gate, the flow is typically “plunging” at low TWEs.  As the TWE increases, each of these categories generally occurs sequentially, in the order listed above, until “submerged jump” occurs at the highest tailwaters.  However, a particular category may not occur or may not be detectable.  The skimming and undulating flow categories are the most desirable for minimizing the introduction of dissolved gases into the tailwater.

36.  We categorized the flow in this way for two different deflector elevations: 14 ft and 7 ft.   Deflectors were set at the same elevation for all 18 gates.  The studies progressed by setting all gates to the same opening (and flow rate) and raising (or lowering) the tailwater elevation in increments through the range necessary to cause all (or most) of these flow categories to occur.  An observer recorded the flow category at each gate as well as the flow rate per gate and the tailwater elevation.  Then, the gate openings were changed and the process was repeated.

37.  Figures 11 through 14 summarize the results.  “Submergence” is the vertical distance between the TWE and the horizontal, flat surface of the deflector.  The curves on these figures approximate the positions of the transitions from one flow category to the next.  The curves are somewhat imprecise because:

a.  The actual transitions are gradational.   It is a judgment call to decide what TWE value to assign for the range in TWEs over which the transition occurs.

b.  In the general model, the flow can only be viewed from above.   From that vantage point, some of the flow characteristics that help to interpret the category are not visible.  In contrast, the sectional model has vertical windows that make possible a side view of the flow in the deflector vicinity.

c.  Three-dimensional effects occur.  That is, the flow category at one gate is affected by the flow at adjacent gates.  For example, the training walls at Gates 1 and 18, shield the flow from the effects of the adjacent gates; so, for the same TWE and flow, the category at those gates (Figures 11 and 13) is often different from the other gates (Figures 10 and 12).  Three-dimensional effects also cause minor variations in flow category at Gates 2 through 17.  The curves for those gates represent “average” or “typical” behavior.

38.  Generally, a given flow category occurs at a higher TWE at Gates 1 and 18 than at the other gates.

39.  The curves representing Gates 2 through 17 were obtained with all gates set at the same opening and all deflectors at the same elevation.  If adjacent gates have different openings and/or different deflector elevations, the three-dimensional effects mentioned above may cause the actual flow category to be somewhat different from that indicated by the curves.
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[image: image10.wmf]Figure 12,  Performance Curves, Deflectors at Elevation 14.0, Ga
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[image: image11.wmf]Figure 13, Performance Curves, Deflectors at Elevation 7.0, Gate
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Figure 14,  Performance Curves, Deflectors at Elevation 7.0, Gat

es 1 & 18
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40.  Spill Patterns.  “Spill patterns” refer to the sequence of spillway-gate openings for a given flow rate.  This testing tried to identify spill patterns that would optimize flow conditions downstream from the spillway.   Desirable flow conditions should promote adult salmon getting to the fishways and expedite passage of juvenile salmon through the predator-infested waters close below the dam.  Representatives of the National Marine Fisheries Service (NMFS) provided detailed guidance describing the desired flow conditions in the tailrace area (See Appendix E, Trip Report for 12 – 14 Sep 2000).   Major elements of those criteria included:

a.  “Acceptable tailwater condition occurs when velocity across the entire tailrace is in the downstream direction and relatively uniform, especially at the shorelines.”

b.  “At adult fishway entrances on each abutment, a high velocity eddy immediately downstream is unacceptable.”

The NMFS guidance acknowledged that it might not always be possible to find spill patterns that would produce completely satisfactory flow conditions. 

41.  We began by investigating the spill patterns for a total flow of 75 kcfs and TWEs from 10 to 26 ft.  Deflectors were at 7-ft elevation in Gates 1 through 3 and 16 through 18.  In Gates 4 through 15, deflectors were at 14-ft elevation.  For the initial tests, we began with patterns of gate openings that the NMFS representatives determined to be generally favorable during their preliminary testing from12 – 14 Sep 2000.  After setting the gate openings, flow rates, and headwater and tailwater elevations, we used dye to investigate the flow in cells throughout the tailrace area.  We defined the cells with reference to the grid painted on the bottom of the model.  In the central portion of the model, cells were 50 ft wide and 100 ft long (in the upstream-downstream direction).   Near the banks, the cell-width was less.   For each test, we observed and recorded the flow in more than 120 individual cells. 

42.  Drawings such as Figures 15 and 16 convey the results of each test.  Color-coding of each cell indicates the rough magnitude and direction of the flow observed within that cell.  If examination of the drawing revealed undesirable flow features, we changed the pattern of gate openings (holding everything else the same) and repeated the procedure.  Testing at a given TWE elevation was stopped when flow conditions either seemed acceptable or didn’t seem to improve significantly with additional changes in the spill patterns.
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Figure 15.  Spill-pattern test results, showing “good” flow conditions.
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Figure 16.  Spill-pattern test results, showing “poor” flow conditions.

43.  Figure 15 shows “good” conditions; i.e., flow is downstream almost everywhere.  Figure 16 shows “poor” conditions; i.e., each bank has a zone of upstream flow more than 150 ft wide.  Both figures show some near-bank upstream flow just downstream from the fishways.  This upstream flow is related to the fact that the fishways’ vertical sluice gates (3N and 3S at SG-3, and 4N and 4S at SG-4) are closed for TWE = 18 ft (see Table 4).  Figures 15 and 16 both include a table that lists the associated spill pattern.  

44.  Table 6 lists the results of all the tests performed at a total flow of 75 kcfs.  

45.  Pertinent aspects of this spill-pattern testing included:

a.  The drawings show “surface” flow.   Because the dye movement is viewed from above, “surface” is somewhat subjective.  But, it’s probably within about 10 ft of the water surface.  Deeper flows were often quite different from those at the surface.    We believe that a technique like this is needed to screen out unpromising alternatives.  Then, if needed, the tedious process of investigating more precise depth zones can be limited to a few selected cases. 

b.  We used about 1 fps (prototype) as a flow demarcation.  That value seems to be a real visual threshold that we could pick out easily and consistently.  For comparing flow characteristics at different gate patterns our hierarchy was:


Downstream, > 1 fps

Most desirable



Downstream, < 1 fps


Stagnant



Upstream, < 1 fps



Upstream, > 1 fps

Least desirable

c.  The dye often revealed that the flow had both cross-stream and upstream- downstream components.  We ignored the cross-stream components.

d.  The flow patterns shift over time.  Some persistent eddies seem to enlarge or shrink and/or shift laterally.  Some elongated zones of higher velocity flow have a sinuosity that varies in time.  The result is that boundaries between flow types are somewhat arbitrary.

e.  Sometimes the flow varies within a cell.  We tried to record that variation, but for the drawings, we plotted the least desirable of the observed flows.

46.  At the request of Mr. Martin Ahmann on 31 Oct 2000, this spill-pattern testing was terminated before being completed.  The following comments are offered as possible assistance to future investigations of spill patterns.

a.  Drawings such as Figures 15 and 16 provide a good way to visually compare the surface-flow characteristics for different patterns of gate settings.  It is often easy to decide which of two drawings represents better flow conditions.  The drawings also enable others to review those decisions.

Table 6.  Summary of Spill-Pattern Test Results, Spill Flow = 75 kcfs

	BONNEVILLE GENERAL MODEL, SPILL PATTERN TESTS
	Gate Number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	
	Deflector Elevation, ft
	7
	7
	7
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	7
	7
	7

	Nominal Spill Flow, kcfs
	Tailwater Elevation, ft
	Pattern Name
	Rating of Flow
	Gate Opening, ft

	75
	28
	A
	Marginal
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.0
	2.0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	75
	26
	N
	Poor
	2.5
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	 
	V
	Better
	3.0
	2.5
	2.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	2.0
	2.5
	3.0

	 
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	24
	K
	Poor
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	
	N
	Marginal
	2.5
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	 
	P
	Better
	2.5
	2.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.5

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	22
	K & K1
	Poor
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	
	P
	Poor
	2.5
	2.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	 
	T
	Best?
	2.5
	2.0
	2.0
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	2.0
	2.0
	2.5

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	21
	A
	Marginal
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.0
	2.0

	 
	
	H
	Poor
	3.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	3.0

	 
	
	J
	Better
	2.5
	2.0
	1.5
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	 
	K
	Best
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	18
	A
	Marginal
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	2.0
	2.0
	2.0

	 
	
	K
	Best
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	
	L
	Marginal
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	2.0
	2.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.0

	 
	 
	U
	Poor
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5


Table 6 (continued)

	BONNEVILLE GENERAL MODEL, SPILL PATTERN TESTS
	Gate Number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	
	Deflector Elevation, ft
	7
	7
	7
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	7
	7
	7

	Nominal Spill Flow, kcfs
	Tailwater Elevation, ft
	Pattern Name
	Rating of Flow
	Gate Opening, ft

	75
	17
	Q
	Poor
	2.0
	1.5
	1.5
	2.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	2.0

	 
	
	K
	Best?
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	 
	R
	Marginal
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	2.0
	2.0

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	16
	K
	Poor
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	
	U
	Marginal
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	 
	
	M
	Poor
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.0
	1.5
	2.0
	2.0
	1.5
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	 
	 
	Q
	Best
	2.0
	1.5
	1.5
	2.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	2.0

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	15
	Q
	Marginal
	2.0
	1.5
	1.5
	2.0
	1.5
	1.5
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	2.0

	 
	
	U
	Better 
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	 
	 
	S
	Best
	1.5
	1.5
	1.5
	2.0
	1.5
	1.5
	1.0
	1.5
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	2.0

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	75
	14
	U
	Best
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	 
	
	K
	Poor
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.5
	1.5
	1.5
	1.5
	2.0
	2.5

	 
	 
	M
	Better
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.0
	1.5
	2.0
	2.0
	1.5
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	75
	10
	M
	Poor
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.0
	1.5
	2.0
	2.0
	1.5
	1.0
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	 
	 
	U
	Better
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5


b.  We did not pin down all the settings for 75 kcfs.  The best patterns for some TWEs are still somewhat uncertain.   There are two reasons for this:

· Tweaking the patterns at several of the TWEs was frustrating.    Although our experience showed that a zone of undesirable flow could often be “blown away” by opening a particular gate by as little at 0.5 ft, we were working with a fixed rate for the total flow.  If we opened one gate by 0.5 ft, we needed to close another by the same amount.  Reducing the opening at that second gate sometimes produced more undesirable flow features than we eliminated by opening the first gate.  Hence, continuing to make small changes in the pattern of gate openings often did not significantly improve the overall flowfield.  At some TWEs, we tested as many as four patterns without finding a really “good” one.   At that point, we suspended testing, hoping later to ask NWP, NWW, and/or NMFS whether one of the spill-patterns already tested might be “good enough.” 

· For some high TWEs, the surface flow out of the training walls at Gates 1 and 18 became unpredictable.  It could be either fast or slow, with no obvious controlling factors.  We became concerned that, for some conditions, model flows at those gates might be different from what would occur naturally in the prototype.  Furthermore, unanticipated flow variations at Gates 1 and 18 could be expected to affect the flow downstream from adjacent gates.  Therefore, when this phenomenon was noted, we curtailed testing.  Later, we were able to gain insights into the phenomenon (see Item c, below), but the spill-pattern testing was terminated before we got very far in applying those insights

c.  Limited observations of the alternative modes of surface flow out of the Gates 1 and 18 training walls resulted in Figure 17, where the observations are plotted as points on the performance curves.  "Slow" surface flow indicates any one the following conditions:  1) slow flow occurring spontaneously and persisting, 2) slow flow being manually forced to occur (from initial fast flow) but persisting once initiated, and 3) flow oscillating naturally between fast and slow.  For the points designating "fast" surface flow, the fast flow originated spontaneously, in many cases the flow could not be forced manually to the slow mode, and, in the cases where manual forcing was possible, slow flow did not persist but reverted quickly back to fast flow.  The "slow" flow seems to correlate with Surface Jumps.  
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d.  One way to avoid the uncertainty about flow conditions at Gates 1 and 18 may be to choose gate openings that keep the flow out of the Surface Jump category.  We had some success doing this using large gate openings.  However, the correspondingly smaller gate openings elsewhere often introduced undesirable flow in those areas.  Using small gate openings can force the flow category to be Submerged Jump, which also appears to give stable and predictable surface flow out of the training walls.  However, the resulting low flows close to the downstream banks do not flush those areas very well.  We did not have time to investigate whether satisfactory flushing of these near-bank areas could be accomplished by using larger openings at adjacent gates (i.e., 2, 3, 16, and 17). 

47.  Summary and Comments.   Model testing documented flow characteristics below the Bonneville spillway for a range of baseline operating conditions.  Test conditions included nine combinations of gate-opening patterns and tailwater elevations.   A two-camera, video-tracking system produced near-surface flow trajectories and velocity vectors from about 150 ft to 2,200 ft downstream from the centerline of the spillway crest.   An acoustic sensor measured three-dimensional point velocities at multiple depths for about 30 grid points. That grid consisted of: 1) five grid lines perpendicular to the spillway and spaced across the tailwater area and 2) six grid lines parallel to the spillway and spaced from 200 ft to 1500 ft downstream.   Drawings in Appendix A show both sets of results as well as the spillway structure and the stilling basin, all positioned in the proper spatial relationships.   Videotapes of the motion of dye injected at key positions in the model provide additional, qualitative documentation of the same nine baseline conditions.

48.  Future investigations and reports will compare these baseline flow data to those resulting from any recommended changes in the spillway structure or operating procedures.  The intent is to assure that the proposed changes do not worsen existing adverse conditions for fish passage or create new ones. 

49.  For seven of the nine baseline-test conditions, results from the video-tracking system revealed major eddies with significant areas of upstream flow.   According to guidance from the National Marine Fisheries Service (see Paragraph 40), such flow conditions are highly undesirable. 

50.  Two studies, called “Performance Curves” and “Spill Patterns,” provide information that is not directly related to documenting baseline hydraulic conditions.  Differences from baseline operations included changes in gate-opening patterns as well as the location and elevations of deflectors.   

51.  Model operators systematically varied gate openings and tailwater elevations while observing flow conditions at the deflectors.  Then they assigned the observed flow to one of seven categories.  These categories are important because they affect air entrainment in the spill flow and whether that aerated water is carried downward to the riverbed.  Four sets of  “Performance Curves” convey the results.  Conditions for those sets were:

	Gates 1 and 18

Deflectors at 14-ft elevation
	     
	Gates 2 thru 17 

Deflectors at 14-ft elevation

	
	
	

	Gates 1 and 18

Deflectors at 7-ft elevation
	
	Gates 2 thru 17

Deflectors at 7-ft elevation


52.  “Spill Patterns” refers to the sequence of spillway gate openings.  Limited investigations looked for spill patterns that would produce flow conditions favorable to passage of adult and juvenile salmon through the area below the spillway.  Because NWP and NWW plan to change the prototype deflectors from the baseline conditions, the spill-pattern study modeled those changes: 

	Gate Number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Deflector

Elevation,

ft
	Baseline
	-
	-
	-
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	-
	-
	14

	
	Planned
	7
	7
	7
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	14
	7
	7
	7


53.  Test conditions included a total spill flow of 75 kcfs and tailwater elevations from 10 ft to 26 ft.  Drawings document the various spill patterns tested.   Each drawing categorizes the flow in more than 120 cells that covered the entire tailwater area from 200 ft to 800 ft downstream from the spillway crest.  A table provides a preliminary ranking of the flow for each of the tests.  

54.  The NWP requested that spill-pattern testing be halted before the “best” patterns at 75 kcfs were conclusively identified and before significant testing was performed at other values of total spill flow.   However, this memorandum records some observations and comments, which may assist possible future investigations of spill patterns.
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Figure 12,  Performance Curves, Deflectors at Elevation 14.0, Gates 1 & 18
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Figure 14,  Performance Curves, Deflectors at Elevation 7.0, Gates 1 & 18
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Figure 17, Surface Flow at Gates 1 and 18 versus Performance Category (Deflectors at 7 ft)
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Figure 13, Performance Curves, Deflectors at Elevation 7.0, Gates 2 thru 17
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Figure  11,  Performance Curves, Deflectors at Elevation 14.0,  Gates 2 thru 17
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		Processed by: WinADV32 - Version 1.842 (August 30, 2000)

		Filename = 012050081

		Filtering = AvgCOR>60

		Traverse Options =

		Sampling Options = All samples

		Scaling Options = Scaled*(7.42, 7.42, 7.42)

		WinADV Units = English

		Time		Vx_1		Vy_1		Vz_1

		0.25		0.9733		-2.0414		2.421

		0.75		-0.1217		-2.0998		1.9733

		1.25		-0.8589		-3.0901		2.7397

		1.75		-0.5304		-4.6303		2.6594

		2.25		-0.2603		-4.022		1.9587

		2.75		0.0998		-3.3212		2.3747

		3.25		0.073		-2.8103		2.6619

		3.75		0.6983		-1.7616		2.5232

		4.25		0.9781		-1.7616		2.5475

		4.75		-0.5572		-2.8979		1.9587

		5.25		-0.1533		-4.185		3.3237

		6.75		0.6934		-2.2701		3.056

		7.25		0.9222		-3.1266		2.4331

		7.75		-0.0633		-2.5086		2.5256

		8.25		-0.5012		-2.9757		2.0098

		8.75		-0.0876		-2.5159		2.1314

		9.25		-0.3163		-1.4501		2.4064

		9.75		0.3382		-3.2044		2.3528

		10.25		-1.1071		-2.3893		3.0366

		10.75		-0.2774		-3.7178		3.2628

		11.25		0.5596		-2.2531		3.4259

		11.75		0.7299		-3.9952		3.0463

		12.25		0.1995		-4.8419		2.9855

		12.75		-0.6934		-4.3626		2.3553

		13.25		1.7932		-2.0828		3.3115

		13.75		0.5937		-4.331		3.0122

		14.25		1.2701		-3.2263		2.7543

		14.75		1.2166		-4.1339		3.0512

		15.25		-0.0243		-3.2799		2.6862

		15.75		-0.3236		-5.4308		2.8638

		16.25		-0.7835		-3.7154		3.1339

		16.75		-0.2749		-3.9222		3.2799

		17.25		-1.0414		-4.0998		2.73

		17.75		0.1922		-3.4161		2.8443

		18.25		0.202		-3.8054		3.2507

		19.75		-0.1022		-2.9709		3.0512

		20.25		-0.9295		-4.404		2.6473

		20.75		1.4404		-2.0779		2.4818

		21.25		0.2968		-3.2458		2.8808

		21.75		0.3382		-6.151		3.6448

		22.25		0.528		-3.2653		3.4088

		22.75		1.4453		-3.5524		2.9465

		23.25		0.9757		-3.4551		2.6716

		23.75		-0.2092		-2.5475		2.5572

		24.25		5.2823		5.0926		1.6935

		24.75		-0.9246		-3.7495		3.1728

		25.25		0.6399		-4.6449		3.0633

		25.75		0.6107		-4.2896		1.9003

		26.25		-0.1971		-2.9709		2.5256

		26.75		1.2093		-3.2628		3.0779

		27.25		-1.1606		-4.0463		2.6983

		27.75		0.0097		-4.4599		2.9538

		28.25		0.4696		-3.9344		3.0901

		28.75		0.4672		-4.893		3.4478

		29.25		0.1752		-5.1485		3.3577

		29.75		0.202		-4.7616		3.64

		31.75		-0.1655		-3.348		1.8054

		32.25		-0.2968		-5.4989		2.2896

		32.75		-0.3163		-2.4623		2.0974

		33.25		-0.6034		-2.6448		2.4356

		33.75		0.8954		-1.0049		2.6619

		34.25		0.1119		-2.1412		3.0585

		34.75		-1.2579		-1.4623		2.0025

		35.25		0.5523		-2.5621		2.3066

		35.75		-0.1825		-3.039		2.949

		36.25		-0.202		-2.3674		3.3894

		36.75		0.4112		-4.3042		2.8297

		37.25		0.618		-2.6302		2.4721

		37.75		0.056		-2.7932		2.4575

		38.25		-0.3869		-3.5329		2.5475

		38.75		-0.9368		-4.0195		2.7908

		39.25		0.0681		-4.1388		2.3431

		39.75		-0.0365		-4.7835		2.6108

		40.25		-0.5986		-4.1996		2.6594

		40.75		0.6618		-4.2799		2.674

		41.25		-0.7275		-3.1485		3.0171

		41.75		-0.5523		-3.8638		3.2312

		42.25		0.146		-3.1412		2.9368

		42.75		-0.635		-2.8565		2.6935

		43.25		-0.4696		-2.6789		2.9417

		43.75		-0.91		-3.6546		2.528

		44.25		0.8102		-3.4818		2.4039

		44.75		0.2068		-2.5986		3.0341

		45.25		-0.6813		-4.1582		2.3918

		45.75		1.2214		-2.7519		2.5718

		46.25		0.8127		-5.0439		3.4526

		46.75		-0.1436		-4.1071		3.3139

		47.25		-1.0535		-3.4745		3.1363

		47.75		1.0925		-3.0244		2.6643

		48.25		0.4234		-3.3967		2.9173

		48.75		-0.9368		-4.022		2.4161

		49.25		-0.7129		-4.1388		2.9684

		50.25		0.5377		-4.7641		3.0001

		50.75		0.9684		-4.1582		3.3821

		51.25		0.5694		-5.2142		3.0779

		51.75		-0.2384		-4.5159		3.0268

		52.25		-0.2555		-5.3626		3.0439

		52.75		0.3747		-4.6595		3.3748

		53.75		0.1703		-5.7836		2.2579

		54.25		0.3358		-4.5329		2.2117

		54.75		0.4574		-5.0682		3.0755

		55.25		0.7859		-4.6376		2.8687

		55.75		-0.6545		-4.2994		3.2774

		57.25		-0.9952		-2.0122		3.1412

		57.75		0.5329		-2.0244		2.4623

		58.25		-0.6107		-4.8784		2.9441

		58.75		1.1095		-4.0463		3.3577

		59.25		-1.0779		-3.8711		4.056

		59.75		1.618		-0.8248		3.0706

		60.25		1.5037		-2.4964		2.455

		60.75		-0.4088		-2.3869		2.9806

		61.25		-0.253		-4.0901		2.494

		61.75		0		-4.7276		3.1095

		62.25		1.3261		-3.4818		2.9246

		62.75		0.2847		-3.5256		2.6546

		63.25		0.3285		-2.039		2.4477

		63.75		-0.584		-1.7056		2.5134

		64.25		-0.0049		-2.5013		2.7421

		64.75		0.5499		-3.5378		2.8808

		65.25		1.2117		-2.8857		2.6424

		65.75		0.9076		-1.1046		2.5694

		66.25		0.5961		-1.3528		2.584

		66.75		0.8589		-2.6643		2.6983

		67.25		0.9416		-2.3431		2.2458

		67.75		0.0462		-3.2239		3.0122

		68.25		-0.5864		-3.0195		2.8589

		68.75		-0.635		-1.9222		3.528

		69.25		0.0146		-2.7251		3.1898

		69.75		0.5377		-1.5012		2.691

		70.25		1.3455		-2.9173		3.0098

		70.75		0.1119		-4.2118		3.7251

		71.25		1.4672		-3.64		3.2726

		71.75		-0.9416		-4.1753		2.6886

		72.25		-0.7153		-4.6424		2.8273

		72.75		1.3577		-2.4283		2.9709

		73.25		-1.2847		-4.1485		2.691

		73.75		-0.4599		-3.275		2.8468

		74.25		-0.635		-1.8395		3.0609

		74.75		-0.3674		-1.3966		3.202

		75.25		-0.455		-1.9976		2.8127

		75.75		-0.6886		-3.4332		2.1485

		76.25		0.4574		-2.0244		1.9514

		76.75		0.708		-1.0389		2.3601

		77.25		0.0608		-2.9246		2.4623

		77.75		0.3358		-2.9782		2.3431

		78.25		-0.6959		-4.6351		2.2579

		78.75		0.0827		-2.7421		2.7689

		79.25		-0.1265		-2.1339		1.9051

		79.75		0.3358		-2.3577		2.0414

		80.25		0.4428		-3.3018		2.0219

		80.75		0.1168		-3.4113		3.1655

		81.25		0.3893		-1.7543		2.6862

		81.75		-0.0511		-2.8224		2.8979

		82.25		-0.4015		-2.9587		2.4185

		82.75		-0.6229		-3.6229		2.7032

		83.25		0.2603		-3.7957		2.0122

		83.75		-0.7883		-3.2507		3.3675

		84.25		-0.6983		-2.2652		3.1485

		84.75		0.0292		-2.6546		2.8954

		85.25		0.5961		-3.5572		3.1339

		85.75		0.4793		-2.8492		3.3018

		86.25		0.2822		-4.202		2.6473

		86.75		-0.1314		-5.2483		3.2117

		87.25		0.0268		-3.1679		3.0317

		87.75		-0.2457		-3.2507		2.8711

		88.25		-0.2482		-2.5986		3.6083

		88.75		-0.6691		-2.8176		1.5134

		89.25		0.9879		-2.2044		1.2239

		89.75		1.365		-2.0657		1.5913

		90.25		-0.8808		-2.4356		2.0219

		90.75		-0.4404		-2.438		3.056

		91.25		-0.893		-0.983		2.3601

		91.75		0.5596		-1.073		1.4964

		92.25		1.2993		-2.1825		2.6375

		92.75		1.1557		-4.0609		3.6692

		93.25		0.8151		-5.0463		2.1655

		93.75		-0.6083		-4.6692		3.0633

		94.75		0.5961		-3.4283		2.6351

		95.25		-0.0754		-3.7665		2.7543

		95.75		0.9562		-4.4283		3.0901

		96.25		0.5815		-5.8736		4.2142

		96.75		-1.3261		-4.3067		3.6521

		97.75		-0.1314		-3.292		3.6765

		98.25		1.5377		-1.6545		3.146

		98.75		0.1995		-2.6375		2.9952

		99.25		-0.1484		-3.0341		2.691

		99.75		0.0389		-2.6156		2.7275

		100.75		0.4501		-4.1144		3.7762

		101.25		-0.3285		-5.2994		2.2725

		101.75		-0.8467		-2.4891		2.1874

		102.25		1.1168		-2.3626		1.8565

		102.75		1.0754		-1.5645		2.5329

		103.25		0.163		-3.1363		2.4745

		103.75		-0.1022		-3.3018		2.6764

		104.25		0.4039		-2.3601		3.185

		104.75		-0.0633		-3.7616		3.0268

		105.25		-1.0925		-3.9563		3.0098

		105.75		0.1728		-2.5913		3.1728

		106.25		0.5329		-4.202		3.3334

		106.75		0.1241		-4.7033		2.9246

		107.25		0.4258		-2.7251		2.6229

		107.75		0.3601		-3.9782		2.7032

		108.25		0.7956		-2.9514		2.421

		108.75		0.3771		-1.9757		2.3942

		109.25		-1.0803		-2.5645		2.2628

		109.75		-1.5037		-3.3796		2.1655

		110.25		0.4696		-3.4429		2.8541

		110.75		0.8978		-2.6959		3.0585

		111.25		0.3625		-3.8809		3.2555

		112.25		-0.8881		-4.5037		3.0949

		112.75		1.09		-4.6935		3.7495

		114.25		-1.2896		-2.8176		3.8371

		114.75		0.6667		-2.5791		3.2093

		115.25		1.0487		-2.6035		3.4915

		115.75		1.09		-2.0414		3.3383

		116.25		1.1776		-2.803		2.2969

		116.75		0.3747		-2.4137		1.6375

		117.25		1.5037		-2.4526		2.0901

		117.75		0.1168		-3.4064		2.5232

		118.25		0.0852		-3.7373		2.5597

		118.75		1.146		-3.9611		3.2628

		119.25		-0.0681		-2.8614		2.7884

		119.75		-0.5621		-1.9343		2.365

		120.25		0.8224		-2.4502		1.9587

		120.75		0.4793		-4.0074		2.0536
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		Processed by: WinADV32 - Version 1.842 (August 30, 2000)

		Filename = 012050081

		Filtering = AvgCOR>60

		Traverse Options =

		Sampling Options = All samples

		Scaling Options = Scaled*(7.42, 7.42, 7.42)

		WinADV Units = English

		Time		Vx_1		Vy_1		Vz_1

		0.25		0.9733		-2.0414		2.421

		0.75		-0.1217		-2.0998		1.9733

		1.25		-0.8589		-3.0901		2.7397

		1.75		-0.5304		-4.6303		2.6594

		2.25		-0.2603		-4.022		1.9587

		2.75		0.0998		-3.3212		2.3747

		3.25		0.073		-2.8103		2.6619

		3.75		0.6983		-1.7616		2.5232

		4.25		0.9781		-1.7616		2.5475

		4.75		-0.5572		-2.8979		1.9587

		5.25		-0.1533		-4.185		3.3237

		6.75		0.6934		-2.2701		3.056

		7.25		0.9222		-3.1266		2.4331

		7.75		-0.0633		-2.5086		2.5256

		8.25		-0.5012		-2.9757		2.0098

		8.75		-0.0876		-2.5159		2.1314

		9.25		-0.3163		-1.4501		2.4064

		9.75		0.3382		-3.2044		2.3528

		10.25		-1.1071		-2.3893		3.0366

		10.75		-0.2774		-3.7178		3.2628

		11.25		0.5596		-2.2531		3.4259

		11.75		0.7299		-3.9952		3.0463

		12.25		0.1995		-4.8419		2.9855

		12.75		-0.6934		-4.3626		2.3553

		13.25		1.7932		-2.0828		3.3115

		13.75		0.5937		-4.331		3.0122

		14.25		1.2701		-3.2263		2.7543

		14.75		1.2166		-4.1339		3.0512

		15.25		-0.0243		-3.2799		2.6862

		15.75		-0.3236		-5.4308		2.8638

		16.25		-0.7835		-3.7154		3.1339

		16.75		-0.2749		-3.9222		3.2799

		17.25		-1.0414		-4.0998		2.73

		17.75		0.1922		-3.4161		2.8443

		18.25		0.202		-3.8054		3.2507

		19.75		-0.1022		-2.9709		3.0512

		20.25		-0.9295		-4.404		2.6473

		20.75		1.4404		-2.0779		2.4818

		21.25		0.2968		-3.2458		2.8808

		21.75		0.3382		-6.151		3.6448

		22.25		0.528		-3.2653		3.4088

		22.75		1.4453		-3.5524		2.9465

		23.25		0.9757		-3.4551		2.6716

		23.75		-0.2092		-2.5475		2.5572

		24.25		5.2823		5.0926		1.6935

		24.75		-0.9246		-3.7495		3.1728

		25.25		0.6399		-4.6449		3.0633

		25.75		0.6107		-4.2896		1.9003

		26.25		-0.1971		-2.9709		2.5256

		26.75		1.2093		-3.2628		3.0779

		27.25		-1.1606		-4.0463		2.6983

		27.75		0.0097		-4.4599		2.9538

		28.25		0.4696		-3.9344		3.0901

		28.75		0.4672		-4.893		3.4478

		29.25		0.1752		-5.1485		3.3577

		29.75		0.202		-4.7616		3.64

		31.75		-0.1655		-3.348		1.8054

		32.25		-0.2968		-5.4989		2.2896

		32.75		-0.3163		-2.4623		2.0974

		33.25		-0.6034		-2.6448		2.4356

		33.75		0.8954		-1.0049		2.6619

		34.25		0.1119		-2.1412		3.0585

		34.75		-1.2579		-1.4623		2.0025

		35.25		0.5523		-2.5621		2.3066

		35.75		-0.1825		-3.039		2.949

		36.25		-0.202		-2.3674		3.3894

		36.75		0.4112		-4.3042		2.8297

		37.25		0.618		-2.6302		2.4721

		37.75		0.056		-2.7932		2.4575

		38.25		-0.3869		-3.5329		2.5475

		38.75		-0.9368		-4.0195		2.7908

		39.25		0.0681		-4.1388		2.3431

		39.75		-0.0365		-4.7835		2.6108

		40.25		-0.5986		-4.1996		2.6594

		40.75		0.6618		-4.2799		2.674

		41.25		-0.7275		-3.1485		3.0171

		41.75		-0.5523		-3.8638		3.2312

		42.25		0.146		-3.1412		2.9368

		42.75		-0.635		-2.8565		2.6935

		43.25		-0.4696		-2.6789		2.9417

		43.75		-0.91		-3.6546		2.528

		44.25		0.8102		-3.4818		2.4039

		44.75		0.2068		-2.5986		3.0341

		45.25		-0.6813		-4.1582		2.3918

		45.75		1.2214		-2.7519		2.5718

		46.25		0.8127		-5.0439		3.4526

		46.75		-0.1436		-4.1071		3.3139

		47.25		-1.0535		-3.4745		3.1363

		47.75		1.0925		-3.0244		2.6643

		48.25		0.4234		-3.3967		2.9173

		48.75		-0.9368		-4.022		2.4161

		49.25		-0.7129		-4.1388		2.9684

		50.25		0.5377		-4.7641		3.0001

		50.75		0.9684		-4.1582		3.3821

		51.25		0.5694		-5.2142		3.0779

		51.75		-0.2384		-4.5159		3.0268

		52.25		-0.2555		-5.3626		3.0439

		52.75		0.3747		-4.6595		3.3748

		53.75		0.1703		-5.7836		2.2579

		54.25		0.3358		-4.5329		2.2117

		54.75		0.4574		-5.0682		3.0755

		55.25		0.7859		-4.6376		2.8687

		55.75		-0.6545		-4.2994		3.2774

		57.25		-0.9952		-2.0122		3.1412

		57.75		0.5329		-2.0244		2.4623

		58.25		-0.6107		-4.8784		2.9441

		58.75		1.1095		-4.0463		3.3577

		59.25		-1.0779		-3.8711		4.056

		59.75		1.618		-0.8248		3.0706

		60.25		1.5037		-2.4964		2.455

		60.75		-0.4088		-2.3869		2.9806

		61.25		-0.253		-4.0901		2.494

		61.75		0		-4.7276		3.1095

		62.25		1.3261		-3.4818		2.9246

		62.75		0.2847		-3.5256		2.6546

		63.25		0.3285		-2.039		2.4477

		63.75		-0.584		-1.7056		2.5134

		64.25		-0.0049		-2.5013		2.7421

		64.75		0.5499		-3.5378		2.8808

		65.25		1.2117		-2.8857		2.6424

		65.75		0.9076		-1.1046		2.5694

		66.25		0.5961		-1.3528		2.584

		66.75		0.8589		-2.6643		2.6983

		67.25		0.9416		-2.3431		2.2458

		67.75		0.0462		-3.2239		3.0122

		68.25		-0.5864		-3.0195		2.8589

		68.75		-0.635		-1.9222		3.528

		69.25		0.0146		-2.7251		3.1898

		69.75		0.5377		-1.5012		2.691

		70.25		1.3455		-2.9173		3.0098

		70.75		0.1119		-4.2118		3.7251

		71.25		1.4672		-3.64		3.2726

		71.75		-0.9416		-4.1753		2.6886

		72.25		-0.7153		-4.6424		2.8273

		72.75		1.3577		-2.4283		2.9709

		73.25		-1.2847		-4.1485		2.691

		73.75		-0.4599		-3.275		2.8468

		74.25		-0.635		-1.8395		3.0609

		74.75		-0.3674		-1.3966		3.202

		75.25		-0.455		-1.9976		2.8127

		75.75		-0.6886		-3.4332		2.1485

		76.25		0.4574		-2.0244		1.9514

		76.75		0.708		-1.0389		2.3601

		77.25		0.0608		-2.9246		2.4623

		77.75		0.3358		-2.9782		2.3431

		78.25		-0.6959		-4.6351		2.2579

		78.75		0.0827		-2.7421		2.7689

		79.25		-0.1265		-2.1339		1.9051

		79.75		0.3358		-2.3577		2.0414

		80.25		0.4428		-3.3018		2.0219

		80.75		0.1168		-3.4113		3.1655

		81.25		0.3893		-1.7543		2.6862

		81.75		-0.0511		-2.8224		2.8979

		82.25		-0.4015		-2.9587		2.4185

		82.75		-0.6229		-3.6229		2.7032

		83.25		0.2603		-3.7957		2.0122

		83.75		-0.7883		-3.2507		3.3675

		84.25		-0.6983		-2.2652		3.1485

		84.75		0.0292		-2.6546		2.8954

		85.25		0.5961		-3.5572		3.1339

		85.75		0.4793		-2.8492		3.3018

		86.25		0.2822		-4.202		2.6473

		86.75		-0.1314		-5.2483		3.2117

		87.25		0.0268		-3.1679		3.0317

		87.75		-0.2457		-3.2507		2.8711

		88.25		-0.2482		-2.5986		3.6083

		88.75		-0.6691		-2.8176		1.5134

		89.25		0.9879		-2.2044		1.2239

		89.75		1.365		-2.0657		1.5913

		90.25		-0.8808		-2.4356		2.0219

		90.75		-0.4404		-2.438		3.056

		91.25		-0.893		-0.983		2.3601

		91.75		0.5596		-1.073		1.4964

		92.25		1.2993		-2.1825		2.6375

		92.75		1.1557		-4.0609		3.6692

		93.25		0.8151		-5.0463		2.1655

		93.75		-0.6083		-4.6692		3.0633

		94.75		0.5961		-3.4283		2.6351

		95.25		-0.0754		-3.7665		2.7543

		95.75		0.9562		-4.4283		3.0901

		96.25		0.5815		-5.8736		4.2142

		96.75		-1.3261		-4.3067		3.6521

		97.75		-0.1314		-3.292		3.6765

		98.25		1.5377		-1.6545		3.146

		98.75		0.1995		-2.6375		2.9952

		99.25		-0.1484		-3.0341		2.691

		99.75		0.0389		-2.6156		2.7275

		100.75		0.4501		-4.1144		3.7762

		101.25		-0.3285		-5.2994		2.2725

		101.75		-0.8467		-2.4891		2.1874

		102.25		1.1168		-2.3626		1.8565

		102.75		1.0754		-1.5645		2.5329

		103.25		0.163		-3.1363		2.4745

		103.75		-0.1022		-3.3018		2.6764

		104.25		0.4039		-2.3601		3.185

		104.75		-0.0633		-3.7616		3.0268

		105.25		-1.0925		-3.9563		3.0098

		105.75		0.1728		-2.5913		3.1728

		106.25		0.5329		-4.202		3.3334

		106.75		0.1241		-4.7033		2.9246

		107.25		0.4258		-2.7251		2.6229

		107.75		0.3601		-3.9782		2.7032

		108.25		0.7956		-2.9514		2.421

		108.75		0.3771		-1.9757		2.3942

		109.25		-1.0803		-2.5645		2.2628

		109.75		-1.5037		-3.3796		2.1655

		110.25		0.4696		-3.4429		2.8541

		110.75		0.8978		-2.6959		3.0585

		111.25		0.3625		-3.8809		3.2555

		112.25		-0.8881		-4.5037		3.0949

		112.75		1.09		-4.6935		3.7495

		114.25		-1.2896		-2.8176		3.8371

		114.75		0.6667		-2.5791		3.2093

		115.25		1.0487		-2.6035		3.4915

		115.75		1.09		-2.0414		3.3383

		116.25		1.1776		-2.803		2.2969

		116.75		0.3747		-2.4137		1.6375

		117.25		1.5037		-2.4526		2.0901

		117.75		0.1168		-3.4064		2.5232

		118.25		0.0852		-3.7373		2.5597

		118.75		1.146		-3.9611		3.2628

		119.25		-0.0681		-2.8614		2.7884

		119.75		-0.5621		-1.9343		2.365

		120.25		0.8224		-2.4502		1.9587

		120.75		0.4793		-4.0074		2.0536
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