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PKEFACE 

The Engineering R e search Cente r at Colorado 
State University is located between Horsetooth R eser­
voir of the Colorado Big Thompson Project and 
College Lake. The laboratories of the Center were 
strategicaUy placed to utili ze the high head, 250 ft. , 
available from the reservoir and the storage capacity 
of t he lakes. The Center is the focal point for 
research and graduate education. 

There are five principal parts to the Center: 
the offices for staff and graduate stude n ts, the hy­
draulics laboratory, the fluid dynamics laboratory , 
hydraulics-hydrology laboratory. The research 
activities of t he Center are in fluid mechanics, hy­
draulics , hydrology, ground-water, soil mechanics, 
hydro-biology, geomorphology and environmental 
engineering . 

The hydraulics laboratory inc lud es 50 , 000 
square feet of floor space in which basic and applied 
researcr_ activities are undertaken. The floor of the 
laboratory is constructed ove r a large sump system , 
having one acre -foot capacity, w hich permits recir­
culation of water through the var ious research facili­
ties. Ge nerally, pumps are use d for recirculation 
but the high head and large flow capacity from the 
reservoir can also be utilized. 

The Center includes w ell equippe d machine 
and woodwork shops . All research facilities of t he 
Cente r are constructed on site and in t he cas e of 
this mode l study , necessary metal work a nd carpen­
try were done by personnel in the shops. The s hop 
personnel are particularly well experienced in t he 
art a nd skill of model construction. 

This model study was und e rtaken by Colc,rado 
State University in close coor:iination with Johrn,on­
Fermelia and Associates of R ock Springs , Wyoming, 
for whom this work was done. The urgent need o:· 
hydraulic information for purpos es of planning and 
design was recognized from the b eginning and all 
information obtained from the model studies r e l e vant 
to those purposes were transmitted in advance of 
this report. Decisions affect ing model cons truction 
tests or testing program, or time sch edules were 
made with mutual consent through assessment of 
appropriate information a nd c::msideration and accord 
with project planning. 

Grateful acknowledgment is her eby expressed 
by the writer to personne l at Johnson-Fermelia and 
Associates for their cooperation, t o Victor E. 
Anderson, graduate r e s earch assistant at CSU, for 
collecting and r educing the data, to personnel in t he 
shops for their inge nious contributions in solving 
model construction proble ms, and to oth e rs cont ri­
buting to t he mode l study and the preparation of 
t his report . 
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SUMMARY 

This r eport describes the hydrauli c model 
study performed for a fish trap to be us ed in conjun c ­
t:on with the Green River fish barrie r dam. It is the 
second model study relating to the dam and fish trap. 
The first mode l study provided information pertinent 
to the dam spillway and the fish trap boundary. This 
study was initiated to secure data not obtainable from 
the first study. The magnitude of the velocity and 
distribution of flow were studi ed . Water depths at 
sections in the trap corresponding to a given t3.ilwater 
rating curve for t h e Green River were m easured a nd 
r ecorded. 

High velocity jets detrimental to a live fish 
condition were observed in the model of the basic 

vi 

fish trap . The installation of baffle blocks on t h e 
floor of th e stilling basin provided a more uniform 
velocity distribution in the trap. It was det ermined 
that t he three chann e l gates should be openec: uni ­
formly to provide the mos t favorab l e flow pattern 
downstream from t h e trap. In general, the model 
verified heads, v e locities, and flow patter~s, parti ­
cularly out through the por ts . 

The chapters of this report descr ibe the 
scope a nd criteria of t he model st udy, the mod e l 
construction and testing, and present the cor_clusions 
anc: recommendations. Data collected duri ng the 
t ests are presented in the Appendix . 



Chapter I 

INTR:)DUCTIO 

General D escription of t he Project 

The Green River Fish Barrier Dam, 
proposed for cons t ruction, is a major feature of a 
system to prevent the upstream movement of "rougl:" 
fish. The dam, in conjunction wi th the fish trap, will 
eliminate the need to poison the entire fish populaticn 
of this section of the Gr een River every three or foi:r 
years. The dam site i s located approximate ly two 
miles southeast of La Barge in Southwestern Wyomi'.lg. 

Details of the fish trap are shown in Fig. 1. 
The trap will be located at the right 1 abutment of the 
barrier dam. Water enters the trap complex through 
a submerged intake and passes through three gates to 
two a djustable auto - weir gates. Th e a uto - weir gate3 
are set at specific elevations depending upon the total 
river discharge and thus regulate the discharge 
througt the traps . However, the discharge through 
the trap will still vary between about 70 cfs and 320 
cfs for total river flows up to 15, 000 cfs . From the 
auto - weir gates the water drops to the stilling basic. 
The flow then passes through the trap and back into 
the river channel by flowing e i t h er through the three 
gates located along the left wall and onto the spillway 
via the spillway ports or through the three channel 
gates located in the downstream wall of the trap. 
Fish moving upstream encounter the barrier dam ar:d 
are a nticipated to move laterally across the river to 
t he trapping complex. They may enter the trap corr:­
plex by following the current discharging out of the 
ports between the spillway collection gallery and 
apron. From the spillway collection gallery , the 
fish pass through the three gates and continue to fol ­
low the current into the trap. Fish moving upstrea□ 
near the right ban k may enter the trap complex by 
follow i ng the curre nt through the three channel gates 
and then into the trap. 

Scope of the Model Study 

This model study is the second model stud:, 
re lating t o the barrier dam and fish trap complex . 
The first model stud/ provided information perti ­
nent to the dam spillway and the fish trap boundary. 
This study was initiated to secure data relative to 
the fish trap that was not obtainable from the first 
study . 

The purpose of this mod el study was to 
evaluate the hydraulic characteristics of flow 
through the trap complex and to provide a satisfac­
tory environment for keeping fish alive within the 
the trap proper . The specific objectives of this 
model study are listed below: 

I. Measure trap discharges (corres ­
ponding to spil lway head) . 

2 . Measure gate velocities. 

3. Measure trap velocities a nd d epths . 

4 . Measure gallery velocities and depths. 

5. Measure port velocities . 

6. Minimize L!rbulence and edd ies and 
provide as uniform velocity distri­
bution as possib le through the trap . 

7. Check operation with either a sing~e 
channel gate fully open or the three 
channel gates each open one - third. 

Model Criteria 

The objective of th is model is to develop 
flows dynamically and kinematically similar to the 
prototype . Geometric similar ity must, therefore, 
be maintained. Dimensional analysis will show 
that the Froude number is important for the objec­
tives of this study . For instance, the free over ­
flow at the auto-weir gates and the open channel 
flow are depe ndent upon gravity. Hence, the Froude 
criterion prevails and was chosen to dete rm ine the 
geometric scale. 

A model prototype relationship of 1: 6 ·Nas 
c.et ermined to be the most feasible from an anal:rs i s 
of scale ratios based upon a model size requirec. for 
an accurate representation of the flow conditions, 
available laboratory space and facilities , the ease 
of operation, and instrumentation available to make 
measurements. Table I contains some characteristic 
model-prototype ratios for several parameters at 
he se lected scale . 

Right and left as used in this report refer to the cght and left of an observer looking downstream. 

2 Ruff, J. F ., Green River fish barrier dam . Civil Engineering Department Report No. 
CER67 - 68JFR- 3, Colorado State University, Fort Collins, Colorado, July 1967. 
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TABLE I MODEL PROTOTYPE RATIOS 

Scale Ratio Absolute Magnitude 
Function Numerical 

Parameter of Length Ratio Prototype Mode l 

Length L 1: 6 1 ft 2. CO in. 
r 

(L j2 ? 2 
Area 1: 36 1 ft - 4. 00 in. r . 

Velocity ( L ) 1 /2 1 :2 . 449 1 O fps 4 . 08 fps 
r 

Discharge {L )5/2 1:88. 164 100 cfs 1. 1 34 cfs 
r 

Time {L ) 1 /2 1:2 . 44 9 1 min 24.50sec 
r 

3 



Chapter II 

THE MODEL 

Model Construction 

A photograph of the completed model is 
shown in :?'ig. 2. Dime nsions of the model facilities 
and arrangement are given in Figure 3. The model 
was limited to the fish trap and only a segment of the 
spillway and river channel sufficient to simulate the 
tailwater and the discharge over the dam. 

The model was constructed primarily with 
p lywood . All surfaces were coated with fiberglass 
and painted to provide a waterproof seal. 

Separate water supp l ies were provided to the 
fish trap and to the spillway. This was necessary to 
accurately measure and control the discharge of 

each. Water to the fish trap was supplied by a 14 -
in. deep - well turbine pump and measured with a 
calibrated orifice. Water to the spillway portion of 
the model was supplied by a 10-in. deep -well turbine 
pump and measu reci with a calibrated Venturi meter. 
The tail water was controlled with an adjustable gate . 

Instrume r. tat ion 

Velocities in the model were measured with 
a pygmy Price current m eter. The direction of flow 
was determined by inserting dye and making vis ual 
observations . Water depths were determined from 
staff gages along the walls of the model. 

Fig. 2 Photograph of Model 
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Chapter III 

MODEL TESTS AND RESULTS 

Model Test Program 

The model test program was designed to 
provide sufficient information to predict prototype 
behavior for a wide range of discharges with a mini­
mum number of test runs . Tests were performed 
for total river discharges of about 1200 cfs, 2500 
cfs, 3000 cfs, 4000 cfs, 5000 cfs, 10000 cfs and 
15000 cfs . These discharges provide information 
at every position on the auto -weir gate. Some tests 
were performed at these same discharges with dif­
ferent opening arrangements of the cha nnel gates, 
i.e . with one gate fully open and the other two 
c losed or with the three gates each open one - third . 

Velocity Measurements 

The trap discharge determined for the model 
relative :o the total and spillway discharge is given 
in Fig. 4 and the data are given in Table I of the 
Appendix. Water depths in the trap and gallery cor­
responding to total river discharge are given in Fig. 
5 . And, the tailwater rating curves for the stilling 
basin and river are presented in Fig . 6 . The river 
tailwater was given and was therefore set in the 
mode l by adjusting the tailgate . The depths in the 
trap, stilling basin and gallery corresponding to the 
river tailwater were then read from the staff gages. 
These curves are presented here so that the reader 
may relate velocity to discharge or head when only 
the total discharge is mentioned in the following 
discussion. 

Velocities were recorded at the locations 
shown in Fig. 7. The velocities were measured at 
0. 2d and 0. 8d with d being the depth of water meas­
ured from the water surface at any specific location. 
Velocity data for the many test runs performed on 
the basic fish trap and its modifications (d escribed 
hereinafter) are given in Table II of the Appendix . 

Some discussion of the method used to col­
lect the data is necessary at this point in order to 
more fully understand and appreciate the data and 
results. The velocity measurement locations with ­
in the trap ( points 1, 2, 3, 4 and 5 and particularly 
points 1 and 5) were not rigidly fixed. This was 
nec essary to be able to properly evaluate the flow 
conditions within the trap where the velocities were 
the most critical. Dye was injected in the stilling 
pool upstream from the trap and the general flow 

patterns through the trap were observed. For in ­
stance , in the case of the basic fish trap, higher 
velocity jets were observed from mid-depth to 
the full depth and inward from the walls of the trap 
approximately 5 ft3. Velocity measurement points 
1 thru 5 were then adjusted to be near the center 
of the jet to insure tha t the velocities in the jet 
were measured and recorded . Therefore, the 
velocities recorded in the Appendix would indicate 
generally higher velocities when compared to the 
average -.elocity over the cross section in cases 
where a jet was observed . 

Basic Fish Trap 

Details of the basic fish trap were given in 
Fig. 1. Velocities and heads at different sections 
in the basic fish trap are given in the Appendix . 

The water falling into the stilling basin 
generated two large eddies in the stilling pool. The 
general flow pattern in the trap complex is shown 
in Fig. 8. This pattern generated jets near the 
walls of the complex in the vicinity of the trap . The 
jets were located from about mid-depth to full depth. 
Thef e jets were detrimental from the standpoint of 
providing a satisfactory environment for keeping 
fish alive within the trap. The jets were not detl-i ­
mental from a hydraulic standpoint since they were 
contained within the basin complex . Modifications 
were made within the stilling basin in order to 
dissipate the jet and are described in the following 
section. 

Baffle Blocks 

Baffle blocks were installed on the floor 
of the stilling basin in order to dissipate the jet 
moving along the wall of the trap complex. Two 
blocks were installed, then four and finally five 
during the study. 

T wo baffle blocks (blocks 1 and 5) 4 were 
installed on the floor of the stilling basin adjacent 
to the walls . The exact location and dimensions of 
the blocks are given in Fig. 9. Blocks 1 and 5 did 
not dissipate the jet completely and t ended to move 
it away from the wall and closer to the center of 

3 
Prototype units are used in this report unless otherwise noted. 

4 
The baffle blocks were numbered 1 thru 5 from left to right and will be referred to by the 
numbers hereafter in this report, for example, as block 1. 

6 
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the trap . Blocks 2 and 4 .were then instal led on the 
basin floor, making a total of four blocks on the floor . 
The four blocks diss ipat ed the jet and provided a rel ­
a t ively uniform velocity through the trap in almost 
every case . The exception being for low tailwater 
conditions (the lowest discharges) and the maximum 
total discharge of about 15000 cfs . For t he low tail ­
water conditions blocks appeared to reduce the over­
a ll cross sectional area and forced the flow through 
the center of the trap creating a re latively high ve ­
locity in t his center region (see runs 13-E and 21-F). 

Therefore, block 3 was installed to deter­
mine if a more uniform velocity distribution could be 
achieved . With b l ock 5 installed, the high velocity 
region w2.s still evident at the low tailwater condition 
(see run 29-H) . However, when the tests were per ­
formed for a total discharge of about 15000 cfs, the 
velocity was quite uniform throughout the trap (see 
run 32 - H). 

:nan a t tempt to improve the cond itions at 
the low tailwater, tests were performe d with the 
three channe l gates open one - quarter inst ead of one­
third and with two gates open one-third. The pur­
pose of reducing the gate ope nings was to increase 
the water d e pth in the stilling bas in and trap gallery 
region. Wit h the increased water depth in the still ­
ing basin the velocities were more uniform through 
t he trap cross section (see runs 33-J and 34-I) and 
were satisfactory. 

10 

The modified stilling basin with five baffle 
blocks installed provided the most uniform velocity 
distribution within the trap. To better visualize the 
effects of the blocks on the flow conditions, Fig . 10 
shows the average velocities measured in the basic 
trap complex without the blocks (Fig . 1 Oa) and also 
the average velocities measured with the five baffle 
blocks installed (F ig . 1 Ob) for a total discharge of 
5170 cfs. 

Channel Gates 

In most cases, the three channel gates 
are submerged b y the tail water . With the three gates 
each open one - third or one-quarter, a submerged 
jet issueE from the channel gates . A roller or edd y 
forms above the jet causing an undulating water sur­
face (waves on the order of 1 /2 - ft) immediately 
downstream from the fish trap wall in the transition 
leading to the river channel. 

With three gates ope n one-third no signi ­
ficant edc.ies are ev ide nt near the flaring walls in 
the transition. With one gate fully open, large 
eddies formed at the sides of the jet and could pro­
vide resting areas for the fish where the fish might 
r emain and thus reduce t he efficie ncy of the . trap. 
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Chapter IV 

CONCLUSIONS AND RECOMMENDATIONS 

The tra p discharge corresponding to the 
rive r discharge is give n in Fig. 4. Trap and gallery 
water depths are given in F ig. 5 . The stil ling basin 
tailwater relative to the river tailwater is given in 
Fig . 6. 

The basic fish trap ge ne rated h igher velo ­
cities near the walls of the stilling basin tha n was 
antic ipa:ed and these jets c ont inued through the trap 
proper causing a relatively nonuniform velocity 
which was considered detrimental for mountain live 
fish. With the model it was possible to try different 
arrange:nents of baffle blocks in a n attempt to pro ­
vide a more uniform distr ibution in the trap. An 
arrangement of five baffle blocks prov ided the most 
satisfac:ory ve locity distribution for the greatest 

12 

number of conditions . It is suggest ed that five 

baffle blocks be insta lled in the prot otype structure . 
The baffl e blocks should be locate d and have dimen ­
sions as given in Fig . 9 . In order to prevent any 
signific2.nt e ddy areas from forming downstream 
from the trap it is suggested that the operating pro­
cedure 2.lwa ys provide for the three channel gates 
to be ope n in preference to just one gate as orig i­
nally pl2.nned (the opening depending upon the d i s ­
charge but normally being one - third open) . Also, 
from the model, it was found that for discharge up 
to about 2 000 cfs i t is suggested that the trap be 
operat ed with the three channel gates ope n one ­
quarter instead of one-third. This adjustment is 
necessary to increase the depth of water in the trap 
complex and provide a more uniform velocity distri ­
bution through the trap . 
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TABLE I DISCHARGE RATING CURVE DATA 

Weir Crest Trap Di scharge Upstream Spillway Total 
Elevati on (cfs ) Head Discharge Discharge 

(ft.) Q (Model) 
m Qp (Prototype) .. (ft. ;, (cfs) (cfs) 

44. 0 1.14 100 45.25 250 350 
1. 85 162 45.85 1200 1362 
2 . 7 3 240 46.45 2100 2340 

45.0 1. 82 160 46. 75 2600 2760 
2.28 200 47.0 5 3100 3300 
2 . 83 250 47.40 3750 4000 

46. 0 1. 70 150 47.60 4 100 4250 
2 .8 3 250 48.35 59 00 6150 
3.30 290 4'3. 65 6700 6990 

4 7 . 0 2.00 1 75 48 . 75 6900 7075 
2.83 250 49 . 35 8800 9050 
3. 70 325 4S.90 10,700 11,025 

48. 0 2 . 28 200 50 .05 11 , 300 11 ,500 
3. 40 300 50. 75 13,900 14,200 
3.96 35 0 51.10 15,400 15,750 

14 



TABLE II VELOC ITtES IN F ISH TRAP 

Run 2-A** 8-B 9-D 13 - E 29 - H 33 - J 34- 1 23-A 5- B 18 - F 31 - H 27 - A 4- B 10 -D 16- F 14-E 

Spillway Discharge 1030 1030 1030 1030 1030 1030 1030 5000 5000 5000 5000 3000 3000 3000 3000 3000 
Trap Discharge 158 158 158 158 158 158 158 170 170 170 170 180 180 180 180 180 
Elevations 
Upstream 46. 0 46. 0 46. 0 46. 0 46 . 0 46. 0 46. 0 48. 0 48. 0 48. 0 48 . 0 47. 0 47. 0 47 . 0 47. 0 47. 0 
Stilling Pond 40. 3 40. I 40. 6 40. 6 40. 3 40. 6 40. 6 43 . 1 43. 0 43. 0 43. 1 42. 2 42 . 2 42 . 1 42 . I 42. I 
Downstream Gallery 40. 4 40. 3 40. 7 40. 7 40 . 4 40. 8 40. 8 43. 3 43. 2 43. 2 43 . 3 42 . 3 42 . 3 42 . 2 42. 2 42. 2 
Spillway Gallery 40. 5 40. 4 40 . 8 40. 8 40. 5 40. 8 40. 8 43 . 4 43 . 3 43. 3 43. 4 42 . 3 42. 3 42. 3 42. 3 42. 3 
Tailwater 40. 0 40. 0 39. 9 40 . 0 40. 0 40. 0 40. 0 42 . 7 42. 7 42. 7 42 . 7 41. 6 41. 6 41. 6 41. 6 41. 6 
Trap weir 44. 0 44. 0 44. 0 44. 0 44. 0 44 . 0 44. 0 46. 0 46. 0 46 . 0 46 . 0 45. 0 45. 0 45. 0 45 . 0 45. 0 

Velocities 
• 2d* 2. 03 1. 45 1. 54 1. 79 1. 79 I. 67 1. 72 1. 79 I. 79 I. 47 1. 94 1. 84 2. 18 1. 98 

Pt. 
.8d 1. 77 I. 54 1. 54 I. 23 1. 35 1. 42 I. 42 2 . 50 I. 30 I. 35 1. 49 I. 94 1. 42 I. 42 
.2d 2. 08 2. 06 1. 79 1. 0 4 2. 18 2. 26 1. 98 1.05 1. 05 l. 30 o. 93 1. 72 I. 20 1. 30 1. 59 1. 72 
.8d 1. 64 I. 98 1. 79 1. 30 1. 72 1. 79 1. 72 1. 42 0 . 88 1. 05 I. 25 1. 18 1. 42 1. 72 1. 10 1. 10 
. 2d 2. 74 2. 57 2. 11 2 . 45 2. 62 2. 45 2 . 45 1. 10 I. 10 I. 30 2. 45 I. 54 I. 79 1. 91 
.8d 2. 69 2. 67 2. 18 I. 98 2. 49 2. 16 2. 21 1. 35 I. 18 1. 10 1. 54 1. 67 1. 79 1. 59 
.2d I. 54 1. 67 I. 98 2 . 0 1 1. 79 I. 98 2. 26 1. 30 I. 10 1. 35 I. 42 1. 54 1. 67 1. 72 
.8d 1. 18 I . 98 1. 67 I. 72 I. 84 1.10 I. 98 2. 2 1 I. 30 I. 05 0 . 93 1. 23 1. 42 1. 67 
. 2d 2. 57 I. 94 I. 72 I. 94 1. 84 1. 79 1. 35 1. 35 1. 72 l. 67 1. 47 1. 72 I. 94 1. 98 I. 84 I. 91 
.8d I. 54 I . 94 2 . 62 1. 67 1. 30 1. 18 1. 25 I. 30 1. 30 I. 42 I. 42 1. 30 I. 72 1. 91 1. 30 1. 42 
. 2d 2. 03 I. 72 I. 79 I. 94 1. 7 6 1. 72 1. 91 I. 8 1 2. 18 2 . 18 2 . 06 I. 98 
.8d 2. 35 1. 94 3. 14 1. 91 1. 91 1. 42 I. 10 1. 72 I. 9 1 I. 59 1. 84 1. 10 1. 30 
.2d 0. 81 0. 42 o. 98 0. 8 1 0 . 47 0 . 64 0. 42 o. 6 1 o. 64 0 . 54 0. 37 
.8d 0. 54 o. 69 I. 30 1. 30 0. 54 0 . 81 0. 49 0 . 69 o . 7 1 0 . 81 0 . 32 o. 64 
. 2d 0. 74 0 . 64 1. 10 1. 03 0 . 5 1 0. 69 0. 55 0. 6 1 0 . 88 0. 49 0. 83 
.8d 0. 83 0. 37 o. 98 o . 93 o . 37 0 . 42 o. 47 0. 98 0 . 7 1 0 . 93 o. 64 0. 6!: 
. 2d 1. 62 I. 18 1. 79 1. 49 1. 86 2. 16 1. 94 I. 96 2. 94 1. 84 I. 94 I. 84 
.8d I. 84 I. 18 2 . 01 1. 30 I. 91 2. 01 l. 42 2. 01 I. 9 1 2. 82 2. 01 I. 9 1 2. OE 
. 2d I. 84 1. 30 I. 98 1. 72 I. 50 1. 91 I. 41 2. 01 I. 91 I. 72 I. 84 

10 
.8d I. 20 1. 45 1. 59 1. 84 I. 54 2. 01 I . 46 1. 84 2 . 11 2. 18 2. 0 1 1. 98 
. 2d 4. 90 5 . 37 5. 11 5. 65 5. 15 5. 4S 

11 
. 8d 5. 32 5. 90 4. 78 5. 19 6. 82 5. 37 3. 43 5. 83 5. 43 4. 43 3. 60 4. 14 5. 6 1 4. 7E 
.2d 5. 31 5 . 11 

12 
.8d 7.11 5. 66 9. 75 4. 73 5. 32 5. 78 4. 62 4. 07, 5. 19 6 . 03 

Run 28-A 11-D 12 - E 17- F 30 - H 3-A 6- B 7 - C 24 - A 26 - G 20 - F 22 - E 25 - A 21-F 32-H 

Spillway Discharge 4000 4000 4000 4000 4000 2570 2570 25 70 10,000 10,000 10,000 10, 000 15, 000 15,000 15, coo 
Trap Discharge 230 230 230 230 230 239 239 239 275 275 275 275 305 305 :: o5 
Elevations 
Upstream 47. 4 47 . 4 47. 4 47. 4 47. 4 46 . 6 46. 6 46. 6 49 . 7 49. 7 49. 7 49. 7 50. 9 so. 9 5C . 9 
Stilling Pond 43 . 0 43 . 0 43 . 2 43. 0 43 . 0 42. 0 42 . 1 42 . 6 45. 6 45. 1 45. 4 45 . 1 47. 3 47. 3 47. 3 
Downstream Gallery 43. 2 43. 2 43. 3 43 . 2 43. 2 42. 2 42. 3 42. 7 45. 6 45. 3 45. 4 45. 3 47. 4 47. 4 47 . .; 
Spillway GallerJ 43 . 3 43. 3 43. 4 43 . 3 43. 3 42. 3 42. 4 42 . 8 45. 7 45. 4 4 5. 5 45 . 4 47. 5 47 . 5 47 . 5 
Tailwater 42. 3 42 . 3 42. 3 42. 3 42. 3 41. 3 41. 3 41. 4 44. 3 44. 3 44. 3 44 . 3 46. 0 46 . 0 4€ . (I 
Trap weir 45. 0 45. 0 45. 0 45. 0 45. 0 44. 0 44. 0 44 . 0 47 . 0 47. 0 47 . 0 47 . 0 48 . 0 48. 0 48 . 0 

Velocities 

Pt . 
• 2d 2. 45 1. 59 I , 98 1. 98 1. 98 I. 94 1. 94 1, 98 I. 91 2. 2 1 I. 54 1. 47 1. 5~ 
.8d 2. 99 1. 96 1, 91 1. 79 I. 30 2. 06 4 . 36 4. 26 0 . 81 1. 30 4. 26 o. 86 0. 86 

2 
• 2d I. 30 2. 45 I. 67 I. 49 I. 67 I. 98 2. 06 2. 67 I. 72 I. 84 o. 86 I. 59 1. 42 1. 54 1. 2, 
. 8d I. 98 2. 99 2. 01 I . 84 I. 25 2. 45 2. 82 3 . 31 2. 94 3. 3 1 I. 79 1. 59 3 . 92 1. 05 1. 7fl 
.2d I. 59 I. 30 I. 59 I. 42 1. 30 1. 59 I. 49 I. 30 1. 72 I. 30 1. 30 I. 91 1.5f' 
. 8d 2. 50 I. 54 2. 21 1. 49 0 . 86 I. 84 2 . 13 1. 94 I. 96 I. 72 2. 77 2. 72 0 . 9E 

4 
. 2d I. 79 I. 23 I . 15 I . 49 1. 54 I. 42 I. 67 1. 15 I. 47 I . 30 0 . 98 I. 47 I. 25 
.8d 3.14 2. 89 1. 42 I. 18 I . 25 1.10 2 . 87 I . 94 ! . 47 I. 96 2. 62 2. 06 1.3~ 

5 
• 2d I. 94 2. 11 2. 01 I . 79 2 . 01 2. 28 2. 67 2 . 62 2. 25 I. 9 1 1. 59 I . 54 I. 42 I . 79 1. 4~ 
.8d 2. 67 2. 57 2.13 I. 96 I. 47 2. 45 2. 62 2. 62 3 . 48 4. 14 I. 91 2. 0 1 3 . 55 I. 10 1. lC 
. 2d 2. 08 2 . 99 2. 89 2. 99 3. 19 1 . 96 
.8d I. 98 2 . 21 2. 01 2. 55 2. 18 1. 59 1. 30 I. 79 I. 89 1. 91 I. 72 
. 2d I . 05 o . 64 o. 81 0. 96 o. 81 
• 8d 0. 93 0 . 93 o. 93 I. 30 0 . 98 I . 91 o. 93 1. 10 I. 84 

8 
.2d 1. 18 o. 69 o . 69 o . 98 0 . 93 
. 8d 1. 10 o. 83 0 . 69 0 . 74 o. 98 I. 84 1. 9 1 1. 30 1. 94 

9 
.2d 2. 38 2. 25 2. 57 2. 60 2 . 62 2. 67 o. 98 
• 8d 2. 45 I. 94 2. 2 1 2. 79 2. 06 2 . 06 I. 59 2. 0 1 0. 93 1 . 42 0 . 98 1. 42 

10 
.2d 1. 84 2. 18 I. 96 I. 69 2 . 62 2 . 62 I. 47 
• 8d I. 84 I. 94 I . 98 I . 79 I. 98 2 . 57 2 . 38 2. 25 I. 94 I. 79 2 . 0 1 I. 84 

11 
• 2d 6. 54 7. 55 
. 8d 4. 95 5. 83 6. 84 4. 24 6. 08 3. 72 8 . 72 6. 9 1 8 . 53 7. 20 8 . 0 1 8. 18 

12 
. 2d 
• 8d 6. 88 6 . 79 5. 37 5 . 15 8 . 58 8. 53 8 . 58 8. 18 

Notes : • d is the depth of water measured from the water surface .. Run Numbering System : 

Lette-r Description 

-A No bl ocks in stilling pond. All gates l / 3 open. 
- B Blocks H 1 and 5 installed in stilling pond. All gates 1 /3 open. 
- C Blocks Hl and 5 installed in stilling pond. All gates open l . 25 ft (prototype). 
- D Blocks Hl and 5 installed in stilling pond. Center gate fully open. 
-E Blocks HI, 2, 4 and 5 installed in stilling pond. Center ga!e fully open. 
- F Blocks Hl, 2, 4 and 5 installed in stilling pond. All gates 1 / 3 open. 
- G No blocks in stilling basin. Center gate fully open. 
- H 5 blocks, all gates 1 / 3 open. 
- I 5 blocks installed in stilling pond. Middle gate closed, ocer gates 1/3 open. 
- J 5 blocks installed in stilling pond. All gates open I / 4 ( 1. 2'5 ft) . 

j 5 
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