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PURPOSE 

These studies were made to develop a satisfactory 
stilling basin under limited tailwater conditions and 
with unsymmetrical approach flow resulting from a 
circular curve in the upstream conduit. 

RESULTS 

1. The centrifugal force of the high-velocity flow in 
circular curve caused the flow to rise over the top of 
the conduit at maximum discharge. The flow appeared 
to fill the conduit at the portal, apparently sealing off 
the air to the conduit. 

2. A guide vane suspended normal to the conduit roof 
and 28-1/2° to right of center, Figure 4, prevented the 
flow from crossing over the conduit crown. Pressures 
measured along the vane indicated nominal impact 
forces. 

3. Flow entered the stilling basin approach chute at an 
angle, resulting in very uneven flow distribution in the 
stilling basin. Deflector vanes developed and placed in 
the chute greatly improved the flow distribution in the 
basin. 

4. Pressure measurements and air demand tests 
indicated that air vents should be placed on the lee side 
of the deflector vanes in the chute and the vanes 
should be clad with steel plates for protection. 

5. The location of the basin and the need to minimize 
the amount of excavation resulted in a basin limited in 
length and with insufficient tailwater depth for 
standard hydraulic jump basin design. Large baffle 
blocks with concave upstream faces were developed 
that provided excellent energy dissipation. The 
location, spacing, and size of the blocks were 
developed by trial and error methods specifically for 
the unusual flow conditions in this basin. 

6. Pressure measurements on critical areas of the 
blocks indicated that in some locations pressures as 
high as 75 feet (22.85 ml of water above atmospheric 
and as low as 19 feet (5.79ml of water below 
atmospheric could be expected. 

7. Because of the large range in pressures and the 
turbulence in the flow, the blocks should be armored 
with steel plates. 

APPLICATION 

The results of these studies are generally applicable 
only to structures having flow conditions and 
construction limitations similar to those found at Silver 
Jack Dam. 



INTRODUCTION 

Silver Jack Dam, a feature of the Bostwick Park Project 
in western Colorado, is located on Cimarron Creek 
about 25 miles (40.25 km) southeast of Montrose, 
Figure 1. The earthfill dam has a height of 150 feet 
(45.7 m) above the creekbed, a length of 1,070 feet 
(326.2 m) at the crest, and a fill volume of 1,260,000 
cubic yards (963,500 cu. m). The principal hydrualic 
features are a spillway and an outlet works. The 
spillway is the subject of this report. 

The spillway is a 41-foot-diameter (12.48 m) morning 
glory with its crest at elevation 8925.60, 136 feet 
(41.50 m) above the creek channel, Figure 2. Flow 
from the spillway crest falls about 44 feet (13.4 m) 
into a 16.5-foot-diameter (5.03 m) circular conduit. 
The circular conduit is about 563 feet ( 171.5 m) long 
and terminates in an open channel chute leading to the 
stilling basin. The conduit flares and connects to a 
diverging chute leading to the stilling basin. The stilling 
basin floor is about 147 feet (44.8 m) below the 
spillway crest. 

In the spring of 1969, the morning glory crest and 
circular conduit had been completed down to Station 
7+26. A massive landslide engulfed and destroyed parts 
of the nearly completed stilling basin and chute, and 
cracked about 38 feet (11.6 m) of the completed 
circular conduit. A new site for the stilling basin was 
selected to the left of the initial location, adjacent to 
and parallel to the outlet works stilling basin, Figure 2. 
A conduit bend having a 165-foot (50.4 m) radius and 
a deflection angle of 17-1/2° to connect the existing 
undamaged conduit with the relocated stilling basin. 
The floor of the relocated stilling basin is 16.5 feet 
(5.04 m) higher than the original basin floor. 

Because of the curved approach conduit and the very 
shallow basin, hydraulic model studies were initiated to 
thoroughly investigate the flow conditions in the 
curved conduit and basin. 

THE MODEL 

To conserve time, some readily available 11.5-inch 
(29.2 cm) inside-diameter, clear plastic tubing was 
selected to represent the 16.5-foot-diameter (5.03 m) 
prototype conduit, resulting in a model scale ratio of 
1: 17 .22. The maximum discharge of 6,280 cfs (177 .8 
ems) was represented in the model by 5.10 cfs (0.14 
ems). 

The model included a 5-foot (1.52 m) length of 
circular conduit approaching the conduit bend, the 
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bend, the circular-to-horseshoe transition, the 
open-channel chute, the stilling basin, and a section of 
the excavated channel downstream from the stilling 
basin. The correct flow depth and velocity in the 
circular conduit were obtained by regulating the flow 
with a slide gate at the upstream end of the circular 
conduit. 

THE INVESTIGATION 

Conduit Bend 

The theoretical flow velocity at the start of the vertical 
curve is expected to be about 74 fps (22.55 mps), 77 
fps (23.46 mps), and 80 fps (24.38 mps) for the three 
test discharges of 1,650 cfs (46.75 ems), 3.140 cfs 
(89.0 ems), and 6,280 cfs (177.8 ems). The 1,650 cfs is 
the discharge resulting from routing the computed 
100-year flood through the reservoir, spillway and 
outlet works. The 6,280 cfs is the discharge resulting 
from routing the computed inflow design flood. 

For the inflow design flood, the flow climbed the 
outside of the conduit bend starting a short distance 
downstream from the P.C. The flow crossed over the 
top of the conduit in the transition and seemed to 
completely fill the conduit at the portal, Figure 3. The 
flow appearance was similar for discharges of 1,650 cfs 
(46.75 ems) and 3,140 cfs (89.0 ems), but did not 
cross over the top. 

Several deflectors were tried to prevent the flow from 
crossing over the top of the.conduit. The first trial was 
a deflector normal to the side of the conduit along the 
spring line. The deflector extended from about the 
midpoint of the bend downstream to a point about 10 
feet (3.05 m) beyond the end of the bend. This 
deflector did not intercept a sufficient amount of the 
flow so it was lengthened about 5 feet (1.52 m) in the 
upstream direction. The deflector still was ineffective 
and a further increase in length would result in an 
impractical structure from the construction viewpoint. 

A narrow wall suspended from the conduit crown was 
next installed. The initial deflector wall was 1 foot (.3 
m) wide, 6 feet (1.83 m) high and extended from the 
P.T. of the bend downstream to the end of the 
transition. The wall prevented the flow from crossing 
over the crown of the conduit. However, it deflected 
the flow vertically downward into the part of the flow 
moving along the conduit invert and the merging of the 
two high-velocity flows resulted in an excessive amount 
of splashing and spray downstream from the conduit 
portal. 



To prevent the direct impingement of the deflected 
flows, the wall was moved to the right of the crown. 
Three trials were made with the wall off center 15° 
28-1 /2° and 45° from vertical. All of the off-center 
locations reduced the splash and spray, but the 28-1/2° 
location, Figure 4, caused the minimum amount of 
disturbance and also improved the flow distribution at 
the tunnel portal. 

Moving the deflector to the off-center position also 
required that it be extended upstream 7 .5 feet (2.29 
m) into the curved portion of the conduit to intercept 
all of the flow crossing over the top of the tunnel. 
Tests were made to determine the minimum slant 
height for the deflector wall. These tests showed that 
the slant height could be reduced to 4 feet (1.22 m) 
without reducing the wall's effectiveness. 

Six piezometers were placed along the right side of the 
deflector wall near the roof. Pressure measurements at 
the maximum discharge indicated that at the upstream 
end where the wall intercepted most of the flow, the 
pressure would be equivalent to about 14 feet (4.27 m) 
of water, Figure 4. All of the other piezometers 
indicated pressures near atmospheric. 

One piezometer was placed on the outside of the bend 
near the spring line about 20 feet (6.1 m) upstream 
from the P.T. of the bend. This piezometer was used to 
determine if excessive pressures due to the centrifugal 
force of the water should be considered in the 
structural design of the bend. Pressure measurements 
showed that the pressures in this area were about 
hydrostatic at all discharges. At 1,650 cfs (46.75 ems) 
the pressure was atmospheric, at 3,140 cfs (89.0 ems) 
the pressure was about 1 foot (0.3 m) of water above 
atmospheric, and at 6,280 cfs (177 .8 ems) the pressure 
was about 8 feet (2.44 m) of water above atmospheric. 

Open Channel Chute 

Flow entering the diverging chute leading to the stilling 
basin was very unsymmetrical and the unequal 
distribution carried into the stilling basin. In the 
preliminary design, the flow was concentrated on the 
left side of the basin with the 1,650 cfs (46.75 ems) 
and 6,280 cfs ( 177 .8 ems) discharges, but with the 
3,140 cfs (89.0 ems) discharge the flow was more 
concentrated on the right side, Figure 5. The deflector 
wall in the conduit did not affect the flow at the two 
low test discharges; at the maximum discharge, the 
deflector wall slightly improved the flow distribution, 
but the flow still tended to concentrate along the left 
side. 
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Longitudinal guide vanes dividing the chute in thirds 
were developed to provide symmetrical distribution of 
the flow entering the stilling basin. Both vanes are 2 
feet (.61 m) wide and extend between Station 7+99.50 
and Station 8+50.00. The height of each vane and the 
configuration at the upstream end were developed by 
cut and fit until the optimum distribution of the flow 
entering the stilling basin and the minimum amount of 
disturbance near the upstream end of the vane were 
obtained for all three test discharges. The 
configurations of the vanes are shown on Figure 6 and 
the flow appearance in the basin is shown on Figure 7. 

Piezometers were installed in the floor on both sides of 
each vane and two air vents were placed on the left side 
of each vane. The location of the piezometers and air 
vents is shown on Figure 8. The general direction of 
the flow at the upstream end of the chute was 
diagonally from right to left. The piezometers on the 
right side of the vanes were to determine the 
magnitude of the impact forces, the piezometers on the 
left side of the vanes were to detect any potential 
subatmospheric pressure areas and to determine the 
pressure differential across each vane. The air vents 
were to determine if air was demanded on the lee side 
of the vanes and, if so, the effect that supplying air 
would have on the pressures. 

The lowest pressure occurred on the left side at the 
upstream end of the right vane, Figure 8. The pressure, 
equivalent to about 11 feet (3.35 m) of water below 
atmospheric, was measured at the maximum discharge. 
The lowest pressure at the left vane was about 8 feet 
(2.44 m) of water below atmospheric, also measured at 
the maximum discharge. The greatest pressure 
differential was measured at the upstream ends of the 
vanes during the maximum discharge. On the left vane, 
the differential was equivalent to about 19 feet (5.79 
m) of water, and on the right vane, the differential was 
about 22 feet (6.71 m) of water. 

The upstream air vents supplied air at all discharges. 
However, occasionally the downstream vents would fill 
with water and once filled, they would not voluntarily 
empty and start drawing air again. There was no 
significant difference in the piezometer readings with 
the air vents open or closed. 

The air vents were connected to water manometers to 
determine the pressure on the side of the vanes. At the 
maximum discharge, the upstream vent on the lee side 
of the right vane indicated a pressure equivalent to 
vapor pressure when both vents were closed; when the 
downstream vent was opened, the pressure at the 



upstream vent was about 10 feet (3.05 m) of water 
below atmospheric. The downstream vent in the left 
vane indicated a pressure of about 4 feet (1.22 m) of 
water below atmospheric when no air was supplied; 
when air was supplied through the upstream vent, the 
pressure at the downstream vent was about 2 feet (.61 
m) of water below atmospheric. The results of the 
pressure measurements have been tabulated on Figure 
8. 

Based on these studies, it was recommended that air 
vents be provided on the left side of both vanes and 
that the vanes be steelclad as shown on Figure 6. 

Stilling Basin 

The theoretical flow velocity and depth at the toe of 
the chute are 90 feet (27 .43 m) per second and 1.99 
feet (.61 m), respectively. These values assume uniform 
flow distribution on the chute and a Manning's 
roughness coefficient n = 0.008. Ideally, for these 
entrance conditions, a Type 11 1 stilling basin should be 
128 feet (39 m) long with a tailwater depth of 29.5 
feet (8.99 ml and a Type 111 stilling basin should be 70 
feet (21.32 m) long with a tailwater depth of 25 feet 
(7 .63 m). Due to the landslide on the right side and the 
space limitations caused by the proximity of the outlet 
works stilling basin and discharge channel, the basin 
length was restricted to 84.50 feet (25.75 m) and to a 
tailwater depth of only 19 feet (5.29 m). 

To compensate for the inadequate tailwater depth, 
large baffle blocks with concave upstream faces were 
installed in the basin. These blocks were patterned 
after blocks that had been used successfully in another 
structure where sufficient tailwater depth was not 
available.2 

In the initial arrangement, two rows of blocks were 
installed. The first row contained three 3-foot-wide 
(.91 m) and two 2-foot-wide (.61 m) blocks with their 
upstream faces about 10 feet (3.05 m) downstream 
from the toe of the slope. The second row contained 
four 3-foot-wide blocks 14 feet (4.27 m) downstream 
from the first row. All blocks were 7 feet (2.13 m) 
high. 

This arrangement provided unsatisfactory stilling 
action in the basin. The lack of energy dissipation was 
evident whether or not the deflector vanes were 
installed on the approach chute, Figures 5 and 7. A 
similar block arrangement was tried with 5-foot-high 
(1.52 ml blocks in both rows and with 5-foot-high 

blocks in the first row and 7-foot-high (2.13 m) blocks 
in the second row. There was very little improvement 
in the energy dissipation with any of these symmetrical 
arrangements of blocks. 

The flow entering the basin was not truly symmetrical 
and the flow concentration changed from the left side 
to the right side and then back to the left side as the 
discharge increased. These flow conditions indicated 
that an unsymmetrical block arrangement might be 
necessary to obtain adequate energy dissipation. On 
this premise, the tests were continued on a "trial and 
error" basis to develop an effective block arrangement. 
The location of the rows and the spacing and location 
of individual blocks were adjusted and changed many 
times in arriving at the recommended arrangement with 
three rows of blocks as shown in Figure 9. The flow 
appearance with the recommended arrangement for the 
stilling basin is shown on Figure 10. The excellent flow 
conditions were prevalent for all discharges and the 
tailwater could be lowered about 3 feet (0.92 m) at 
which point the model channel became the control, 
without adversely affecting the basin efficiency. 

Eleven piezometers were installed in critical locations 
in one block to determine if dangerous subatmospheric 
pressures or exceptionally high impact pressures could 
be detected, Figure 11. Pressures were measured with 
the block in each of the four positions in the first two 
rows and in the centerline position of the third row. 

The highest pressure was measured with the block in 
the two first row positions on the left second-row 
position. These pressures, located in the center of the 
concave face, were equivalent to 70 to 75 feet (21.3 to 
22.8 m) of water. The lowest observed pressure was 
equivalent to about 19 feet (5.79 m) of water below 
atmospheric. The low pressures occurred on the sides 
of ·the block near the top, with the block in the left 
second-row position. The pressure readings have been 
tabulated on Figure 11. 

Dynamic pressure readings were not taken; however, 
due to the turbulence of the hydraulic jump and the 
low pressures that were measured with water 
manometer, it was recommended that the blocks be 
protected with steel plates as shown on Figure 9. 

1 USBR Engineering Monograph No. 25 "Hydraulic Design of Stilling Basins and Energy Dissipaters." 
2 Beichley, G. L., Report HYD-394, "Hydraulic Model Studies of the Outlet Works at Carter Lake Reservoir Dam 
No. 1 Joining the St. Vrain Canal." 
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6 -1.77'. 
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Preliminary Design 
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Figure 5 
Report REC-OCE-70-3 

Discharge= 1650 cfs 
T. W. Elev.= 8792.6 
Photo P860-D-65954 

Discharge= 3140 cfs 
T. W. Elev.= 8793.8 
Photo P860-D-65955 

Discharge = 6280 cfs 
T. W. Elev.= 8795.3 
Photo P860-D-65956 



L 8 

Sta. 7+99.50 

·--.· 

Detail 3 

-Sta.8 + 12 

6 Std. welding elbow 

~1 .. ., _, ,,. 

Sta. 8 +40 

( See Detail Z 

-,. ---;----------,- ., 
ts 

------ ---+-----

PLAN 

' 0 10 

SCALE OF FE ET 

8806.00 

6'Air inlet pipes 
e.s. of£ Spwy 

Optional joints in 
metal cover 

Bottom edge of guide vane metal cover 

SECTION A-A 

<'.· I 

_, 
"' 

~Sta. 8+ 40 

' EI. 8803.00 

3-Stiffeners@ 2c5' 

/- Stiffener 

,,. I 
1-2 End Pl. 

I 
a. 8 +50 

I . 8789 61 
I 

El.8787.61 

Cut sleeve flush with 
face of concrele 

r Sta 8 + 12 

I / £1. 8816.50 

Figure 6 
Report R EC-OCE-70-3 

ri~~~--- ·.· .. ;-· 
. · .. 

. ' . . . 

I • 
l. 
16 

·o - . 

DETAIL I 

DETAIL 2 
(TYPICAL) 

DETAIL 3 
(TYPICAL) 

2 Mesh-0.080 "dio. steel wire cloth 
golv. Tack weld to pipe 

I"-Sta. 8 + 40 

I , £,. 8803.oo Std. welding elbow cul to fil 6"Air inlet pipes e.s. 
of £ of spwy. 

lo-Stiffeners@ 2'-6'spc. 

4", 6" Std. welding 
reducer 

Left guide vane. 

4"Air vent 

#6@12 Sta. 8•05.50 to Sto.8+11.50 
..,7 ... ,,.,,--, #7@ 12 Sta. 8, l2.5oto Sto.8 •26.50 

#7@6 Sta. 8• 27.25 to Sta. 8 +49. 75 
Right guide vane: #7@ 12 

TYPICAL SECTION 
THRU GUIDE VANES 

l. 
16 

ContinuOUf r 
L3x3 x; 

Bors 3x-j "" 
Bar 3 x J - left guide vane only- -~ 

;:; 

st

~o; :::a:u:7;1:a: :: /\ -l"" 
chute floor-~ ~ 

L3x3xjxo'-4" 

Floor and guide vane 
5 

reinf. not shown~"- Ti _ 
t" Dia. ho le ~ 

SECTION B-8 

DETAIL Z 
( OETA IL AT CONTROL JOINT) 

I •~eners @2c6: I 
i Pl. 23 x l , 

l. ,. 

[Bar 6 x ~ downstream ufSto. 8 + 12 

J lBor 3 x 2 upstream af Sta. 8 + 12 

-c::; E 
NOTc:The welding symbols apply to the 

joints of all members of similar 
idenlificotion. 

SECTION D-D 
(LEFT GUIDE VANE SHOWN) 

SECTION E-E 

13 

/ -Stiffener 

REFERENCE DRAWING 
CHUTE- STA. 8+ 1e 7V STA. II+ 7/.!S0 ..... 860-0-/31 

7- 7- 69 
o.AJ,/ 

TRACED. RCVISCD OIIIEIISIO#. 

---SAR'IV 
UNI ED STArES 

DEPARTMENT Dtr THE INTEIIIDR 

BUREAU Otr RECLAMATION 

BOSTWICK PAffK PROJECT-COLORADO 

SIL VElf JACK DAM 
SPILLWAY 

CHUTE GUIDE VANES 
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Photo P860-D-65957 

Photo P860-D-65958 

Photo P860-D-65959 

SILVER JACK DAM 
Hydraulic Model Studies 

1: 17 .25 Scale Model 

Figure 7 
Report REC-OCE-70-3 

z 

Discharge= 1650 cfs 
T. W. Elev. = 8792.6 
Photo P860-D-65960 

Discharge= 3140 cfs 
T. W. Elev. = 8793.8 
Photo 860-D-65961 

Discharge = 6280 cfs 
T. W. Elev.= 8795.3 
Photo P860-D-65962 

Stilling Basin Performance 
Recommended Vanes in Conduit and Chute-Preliminary 

Baffle Block Arrangement 

15 



Cl) 

714 

Sta. 7+99.50 

4'-1" 

PL AN 

Q = 6280 cfs 
PiEZ. VENTS U.S. VENTS D.S. VENTS 

NO. CLOSED OPEN OPEN 

I + 11.11 + 10.9 + 11.Z 

2 - 10.8 - B.5 - 10.·7 

3 - 0. 9 + I. 5 - 0 .II 
4 - 7.2 - 7.0 - 7. 3 

r 
--1 

y··A1r vents 

SECTION A-A 

SECTION 8-B 

For Details of vanes see figure 7 

PRESSURES AT PIEZOMETERS AND AIR VENTS 
Q = 3140cfs Q = 1650cfs 

ALLVENTS PIEZ. VENTS :U.S.VENTS O.S.VENTS ALLVENTS PIEZ. VENTS U.S.VENTS D.S.VENTS ALLVENTS 
OPEN NO. CLOSfD I OPEN OPEN OPEN NO. CLOSED OPEN OPEN OPEN 

+ IO. B I + 7 . 3 1·--+-,c7-_..,5--+--+-,,.,-_..,9--+--_...,_,+-:: __ ..,,7~-~-:3-::.-::.-:'=.-::.-=.1-::.-::.-:.-::...,+~-~76~-~-78~--+t----~+---.---.6=:-,...,_~a-::.-::.-::.:---.--~~6;"""~. =o=-_-_-_,+_-_-~+'""_...,6;"""_=:'. ~5=----~ 

- 5 . 1 2 - 2 , J--_-_2_._3_-+_-_2_._'l_-+_-_2_._2_-+_2_-+_-_o_._3-1_-_o-'-. _3_-+-_-_o_. ~3--+-_-_o_. _3_7 
+2.2 3 +34, +3.6 +3.6 +3.6 3 +5.9 +5.9 +6.0 +5.7 

5 + I. 2 + 0.2 + I. 4 
- 7. 2 4 - o .,+-i' _-_o_._5_-+-__ -_o_._6 __ -+-_-_o_._5_-+-_4_-+-_-_4_. _1-+_-_3_._a_-+_-_4~. o~-+---3~. 9~-, 

~--'-'--'-"-+--'-=-=--+--'--'-~-+-+~O~. 5~-+-5~-+--1 . 2 - I . 2 - I . 5 - 0. 6 5 - 4 . 0 - 4 . 0 - 4 . 0 - 4 . 0 

- 4-~~~- 6 - I 9 i - I .6 ~---=---'~-4 - I. 5 6 0 __ 0 0 0 __ 6 - 2.8 - 7.5 - 2.8 ---,-
+ 0.6 + _I_:__§___ - 0.7 

a - 2.9 - 2.9 - 2.9 
____ __, __ +_2_._ll_-+-_7_+--+_3_, 'l r _±~2 ... + 4. 0 + 4 . 2 7 - +_5 _ _--_!1-+_+_6_._l_-+_+_4_._B __ -+_+_5_~_9 _____ _, 

-2.9 8 0 ' 0 0 0 8 -1.9 -1.9 -2.0 -2.0 

9 + 8.7 + 8.5 + 8.7 
10 + I. 7 - 7.8 + I. 8 

II 4.2 

+ 11. 4 9 --_.. 7 . l j-+ 8 _-0-- + 7 . 6 + 8 . 2 9 + 2 4 + 2 . 5 + 2 . 5 + 2. 5 

=:=======:=========:=========:==-==3;_:;_:. 4===:=:.:1:.:0==:=-==:1 . ii - o. a - o. 9 - ----=-···o~ 10 + o. 2 + o .2 - o. 2 + o 3 
+ 3. o 1 1 - 3, ,, i + J. i; + s. 4 _c-_+_3_._s _ __,__1_1_,__+ __ 2_._1-..; __ +_2_._o_-+-_+_2_._o_-+-_+_1_._9 _ _. + + 3.5 + 3.9 

12 - I. I - 1.4 - I. 2 -i----+-----+-----+----1 _. 4 _ _,_1_2_t--_O_ I O O O 12 - I . 6 - I . 7 - I . 6 - I . 7 
+3.3 Q__±_3·~-t~-~-~9 +4.0 13 -1.8 __ -l.6 -1.8 -1.B 13 + 3.5 + 3.5 + 3.5 

14 - 2.0 - 2.0 - 3. 3 14 - 0 .. , - 0. 3 - 0. 2 - 0. 3 14 0 0 0 0 
--1----+-----+------+-----+---+------

15 ~- 2.0 + 3.7 + 2. 3 -~- -· 4.8 - 4.8 - 4.9 ~ 
AIR VENTS 

~~,--~~-,--~~-,--~-!~:~~~-,.-::--+--_-· o· ·--~ ··· L - ~. 6 -----'~-.--5·-·-+---~~--s- : ! = ~ : ; = ! ·. ! = ; .·; = ! : ~ 
-~--~-~~_...,---~----+---t---·--· AIR VENTS ····-t----<--- AIR VENTS 

U.S.RT. -28. 7 -10.0 
US.LT. - 5:a - 5.8 U.S.LT. U.S.LT. - I~ - - I . 4 

D.S.RT. + 3,2 + 2. 9 

u.sc!!_T._ 
0
1 " 1·-- ~ ---= __ 

0
o .,_:r.__ 11 u.s~il,C c-.::-0. 7 - o . 7 

-<----+-----,...,-+------+-------+-D-.S-. R-T-.+-·-··o I O 0.5.RT. 0 0 

0.S.LT. - 4.3 -· 2. 2 D.S.LT. 0 i O D.S.LT. - 5 .7 
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C 
C 

C "' "' "' "' "' ., 
"' ;:: ., 
"' 

..., 
"-. . • . . ., ., ., "' "' 

ti .e !? e .e +. t; V) V) V) V) 

I 

PLAN 

IQ 10 20 ,o 
SCALE OF FEET 

/Sta. 8+71.50 

j----- 26' -o· ----------
, .sto. 9+72.50~ 

37'. 6' -·-·---------- 37 - 6 -
f.1.8803.00 

Sto. 8 + 88 ,.j 
--+----+--==- Control Joints-·------.-/ J 

SECTION A -A 

7" 

,5.# I/@ 10 
I 

SECTION 8-8 

SECTION C C 
2' - 3" WIDE BAFFLE 

#6@12 

7" 

Figure 9 
Report REC-OCE-70-3 

i" Std pipe plugs @ 12" i Std pipe plugs@ 12' Pl J I I ,t 

1 .24,,x2 -21 

C _, 
"-

2" 
cM==-cc/-+--r--t,=*'- 1 • 

Pl. 24 x J x 4'-§H 

4 Pa,rs of-}', 16 • Headed anchors 
@ 45' welded to -I' pl 

,___=,-----=-------12'-o· - --------

2-Fx 16" Headed anchor welded to J'pl. 

"'::-)K 
.I. , . 

L 4x4x¾ 

4-f x/6' Headed 
anchors@ 45' 
welded to / "pl. 

SECTION L-L 

SECTION M-M 

ELEVATION F - F 
EL£VATtON N-N SIMILAR 

J - J 
RIGHT BAFFLE-OPPOSITE HANO 

i" D,a., 4'.5' 

_:::_)---

•·p 
[-;' Std pipe plugs (' I. 

@ 12' Grind flush 1 
ofter grouting \ 

1 • 

1 • 

u.---l\,,~--.~J", 15" Heoded anchars 
welded ,n place 

'--Spillway wall 

PLAN K-K 
RIGHT BAFFLE -OPPOSITE HAND 

Some as Elevat1on F-F 

L 414 ,-f 

i' Dia holes 

SECTION D-0 

,_;18,3-#6and 1-#8@/0 

{1-"Band2-"6@8J J 

SECTION G-G 
TVPICAL. - AlL 4'-6" WIDE BAFFLES 

0 

SCALE OF FEET 

fH 
1-#8, 3.#5 and 1-•8@/0 

1 [i-• 8 and 2-•6@ 8] 
El. 8778.00 

·--i 

4 -•6@12 ef 

SECTION E - ~ , ,<£ 4· •6@12, Exposed face :J 
Note: { 1 Indicates re1nf for 2 -3 wide '-... 

/ 
/ 

b'!ff;es, when different from relnf. In 
4·6 baffles. 

" :iJ .. ··.· .. ·-~-~~ 
___.~~. "',--~. o I 

0 

J5PC@8 

NOTE 
The welding symbols op11ly to the jo,nts of oil members 

of similar ident1flcotion. 

REFERENCE DRAWING 
STILLING BASIN - STA. 6+71 !O TO 

STA. 9 + 12.$0 ___________________ 860·0-IU 

--UIN'IY 
UNITEQ STATES 

DEPAltTMENT OF THE INTEltlOlt 

REVIS CO 

•11@8 Placed on BUREAU OF ft£(;J..AMATION 

SECTION H-H 
2' -3" WtOE BAFFLE 

/:/ slope BOSTWICK />ARK />ROJECT·COLORAOO 

17 

SILVER JACK DAM 
SPILLWAY 

STILLING BASIN - BA FF LES 
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Photo P860-D-65963 

Photo P86Q-D-65964 
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Figure 10 
Report REC-OCE-70-3 

Discharge = 1650 cfs 
T. W. Elev . = 8792.6 
Photo P860-D-65966 

Discharge= 3140 cfs 
T. W. Elev . = 8793.8 
Photo P860-D-65967 

Discharge = 6280 cfs 
T. W. Elev.= 8795.6 
Photo P860-D-65968 



I I I 

I I •4 I 
I I I 

I I • 2 I 
-

I I •3 I 
I I •s=f--
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I I I 

I I I 

BAFFLE BLOCK L OCATIONS 

PRESSURES 

PIEZ. II a • 1650 oh a= 3 I 40cfs a = 6280 c ft PIEZ. II a. 1650 er, a. = 31 40cfs a• 6280ch 

I 7 .6 ' 4 .7' 4 _4' I 6 . 6' 6 , 6 ' 3 . 5 ' 

2 7 . 6 ' 4 .3' 4 .0 ' 2 6 . 7' 6 .0 ' 3 . I ' 

- 3 13 .0 ' I 2 .5' I 0 . 2 ' 
N 

3 1.a· I 0 . 4 ' 7 . 6 ' 

• 4 8 . 3 ' 0 6 ' -3. 2 ' • 4 e .o' 4 . 6 ' '- 1 · 

"" 5 7 . 5 ' 0 . 3 ' -2 .9 ' "" 5 1.a· 4 .8 ' 2 , 8 1 

...J ...J 
N IL 6 I I . 4 1 I 8 . 3' 28.5' IL 6 9 , 0 ' 10.0' 13 , 9 ' 
0 IL IL 

<[ 7 I 8 . 4 1 50.0 ' 7 I . 7 ' <[ 7 I t . 3' 43. 2 ' 75. ,· 

"' 10.0 ' 3 . 3 ' "' I 0 . 9 ' 8 1.6' 8 3 . 0 ' - 7 . 3 ' 

9 I 0 . 4' 4 . 4 ' 1. 9' 9 I 1. 0 ' 3 . 8 ' - 7 . 4' 

I 0 ' 1.5 ' - 2.e · -6 .3' 10 I 0 . 9' o . e · -1 . 0' 

1 1 I 0 . 6' - • 4 -e. 5 ' 11 11. :f -0. 9 ' -2 . 7' 

PIEZ. II a. I 650ch a . 3140cfs a. • 6280cfs PIEZ. " a • 1650cfa a • 3 14 0 cfs a • 6280ch 

I 5. 9 ' 8 . 4 ' -5. 3 ' I 8 . 3 ' 9 , 4 ' 9 . 6' 

2 5 , 4' e. s' - 5 . 6 ' 2 7 . I' 8 . 3 ' B. I ' 

" 
3 I 0 , 9 ' 12 , 6 ' 38. 7 ' 

"' 
3 10. 1' 11. 1' l I . 7' 

• 4 5. 2 ' e . 2· - I 9 . 1' " 4 10, 11 1 1.1' l 1.6' 

"" ...J 
5 7 . 1 ' 7 _4 ' - 19 . 4 ' "" ...J 

5 9 . 8 ' I 0 . 5 ' I I . 3 ' 

IL 6 I 0 , 7' I 2 .8' 34_5' IL 6 1 1. 0· I 2 . 2 ' I 2 . 8' 
IL IL 
<[ 7 2 5 , I ' 2 t . t' 70. 3 ' <[ 7 I 3 . 3' I 4 . 3 ' I 7 . 3 ' 
"' "' 8 0 7 ' 10. 0· - I 3 . 5 ' 8 t 3 . 1' 13 . 6 ' I 3 . 4 ' 

9 4 , 1' 10. 1 ' - I 3.0' 9 13. 0 ' I 3 . 6 ' I 3 . 6 ' 

10 11 . 0 ' 10.e· -0. 9 ' 10 12 .9' 14. 0 ' 15. ,· 

II 1 1. 0 ' 10.9' - 3 , 8' 11 13 ,0' I 4 , 2 ' I 4 . 9 ' 

SILVER JACK DAM 
HYDRAULIC MODEL STUDIES 

I : 17. 2 5 SCALE MODEL 
PRESSURES ON BAFFLE BLOCKS ,,. 

• 

• • 

• 8 • 
I I 
I I 

_ 3 {tG l+z_ __ l'------~ 
I I 

,I, 
l, 

~--l-6--
I 

l, 
I 
I 

,o 
II 

I I 
1,1 I I 10 11 

PLAN 

1 2 ,-El. 8785 ,~> 
J•o•~, ~~ 

FRON T VIEW SIDE VIEW 

PIEZ. 

I 

2 

"' 
3 

• 4 

"" 5 
...J 
IL 6 
IL 
<[ 7 

"' 8 

9 

10 

II 

PIEZOMETER L OCATIO NS 

" a = i 6 50cr, Q:Jf40ch a • 62BOch 

7. 4 · 5 . 4' 6 . 4' 

7 . I ' 3 .0' 3 . 4 ' 

7. 5' 20. 7 ' 3 1. 8' 

a.a· 0 .4' 2 . 5' 

8 , 6 ' 0 . 7 ' 2 . 2· 

10,0' I 4 . 6 1 19. 9 1 

12. 2 · 36. 2 ' 56, 0 ' 

12.0· e. ,· 7. 5 ' 

I 2 , 0 ' 7.9 ' 1 . 4 ' 

I t .0 ' 9 . 3 ' 9 .8' 

I l . 6° 9 . 4 ' 9 , 9' 

NOTES 

0 • 1650 crs r . w. E l. • 8792 . 6 
a ~ 3140 cfs T. w. El . • 8793. 8 
a = 6280 cfs T. w. El. • 8795.3 

For details of baffles see F ig. 9 
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7-1 7S0 (1-70) 
BUfCOU or Rc-clamatton 

CONVERSION FACTORE- - BRJTJSH TO METRIC UNIT OF MEASUREMENT 

The following conversion factor- a:l:lp ed 'Jy the Bu,·eau of Reclamalio:i are those published oy the American Society ior 
Testin;i anrl Materials (ASTM Metric Pr a tice Guide, E 380- SJ except that addUional faders (• ) cammonly u.sed in 
th: Bureau have been adj:d. Further discussion Jf definilions of quan'.ities and units is given in !h: ASTM Metric 
Pra~tice Guide. 

The metric units and -:onversion factors ad,J ted by the A TM are based o:i the "lnternatio!1al S-;stem of Units" (designated 
SI for Sy leme International d ' Unites) , fixed by th International Committee for Weights and 1easares; this system is 
also known as the Giorgi or MKSA (meter- kilogram (mass) -seco:id -ampere) system. This system has been adopted by 
the International Or ganization for Stan:la rd ization in rso Recommendation R- 31. 

The metric technical unit of fo rce is the kilogram- force; this is the force ,vhich, when applied to a bojy having a 
mass of 1 kg, gives it an acceleration of 9 . 8'.)665 m/sec/sec , the s tandard acceleration of free fall to,•12.rd the earth 's 
center fo r .sea level at 45 deg la titude. The metr ic unit of fo r ce in SJ units is the ne,vton (NJ, which is defined as 
that force which, when applied lo a bady having a mass of 1 kg, gives it an acceler a tion of 1 m/se:::/se::: . These urtits 
must be distinguished from the (in:::onslant) lo:::al weigh t of a body having a mass of 1 kg; that is , lhe weight of a 
body is that force with which a body is att r ac ted to the earth anj is equal to the mass of a body multiplied by the 
acceleration due to gr av ity . However , because it is general pr actice lo use "pound" rather than the technically 
correct term "pound-fo rce, " the term "kilogram" (or derived mass unit) has been used in this guide ins tead of "kilogram
force" in expressing the conver ~ion factors for forces . The newton unit oi iorce will iind increasing use, anj is 
essential in SI units . 

Where a ppr 0ximate or nominal English units ne used lo express a value or r ange of values, the can,er ted metric unit 
in parentheses are als o ap;iraximate or nominal. Where pr ecise En:;rlish units a r e :.ised, the con,ei-ted metric units 
are expr es-ed as equally significant values. 

Mil .. 
Inches 

Feet . 

Multiply 

Yards . ... 
Miles (statute). 

Square inches . 
Square feet . 

Square yards 
Acres ... 

Square miles 

Cubic inches 
Cubic feet. . 
Cubic yards . 

Fluid ounces (U.S. ) 

Liquid pints (U. S. ) 

Quarts (U.S.) • 

Gallons (U.S.). 

Gallons (U. K. ) 

Cubic feet. . 
Cubic yards . 
Acre-feet. 

Table I 

QUANTITIES AND UNITS OF SPACE 

By 

LENGTH 

25. 4 (exactly). 
25 . 4 (exactly). . 

2. 54 (exactly)*. 
30. 48 (exactly) • . 

0. 3048 (exactly)* . . 
0. 0003048 (exactly) * 
0. 9144 (exactly) . 

1, 609. 344 (exactly)* . 
1. 609344 (exactl v) 

AREA 

6. 4516 (exactly) . 
929. 03* .• 

0. 092903 . 
0. 836127 . 
0. 40469* . 

4,046. 9* . . . 
0.0040469* 
2.58999 . . 

VOLUME 

16. 3871 . . . 
0. 028316P .. 
0. 764555 .. 

CAPACITY 

29. 5737 . . 
29. 5729 .. 
0. 473179 . 
0 . 473166 . 

946. 358* .. 
0. 946331*. 

3,785.43* 
3. 78543 . . 
3, 78533 ... 
0. 00378543*. 
4. 54609 
4. 54596 

28. 3160 
764.55* 

. 1,233. 5* 

. 1 233 500* 

To obtain 

Micron 
Millimeters 
Centime ters 
Centimeters 
Meters 
Kilometers 
Meters 
Meters 
Kilometers 

Square centimeters 
Square centimeters 
Square meters 
Square meters 
Hectares 
Square meters 
Square kilometers 
Square kllometers 

Cubic centimeters 
Cubic meters 
Cubic meters 

Cubic centimeters 
Milliliters 
Cubic decimeters 
Liters 
Cubic centimeters 
Liters 
Cubic centimeters 
Cubic decimeters 
Liters 
Cubic meters 
Cubic decimeters 
Liters 
Liters 
Liters 
Cubic meters 
Liters 



Multiply 

Grains (1/7, 000 lb) . . . 
Troy ounces (480 grains). 
Ounces (avdp). . . . 

f ~;:;;tdfo;;;,vrt 000 i-o): 
Long tons (2, 240 lb): 

Pounds per square inch 

Pounds per square ioot 

OWlces per cubic tnch . . . 
Pounds per cubic foot . . . 

Tons (long) per cubic :iar0d : 

Ounces per gallon (U.S. ) 
Ounces per gallon (U. K. ) 
Pounds per gallon (U. S. ) 
Pounds per oal.lon (U. K. ) 

Inch-pounds 

Foot-pounds 

Foot-pounds per· l~ch 
Ounce- inches. 

By 

MASS 

64. 79891 (emctiy) 
31. 1035 . . . . . 
28. 3495 ...... . 
0. 45359237 (exactly). 

907. 185 ... . . 
. 0. 007185 . . • . 
. 1. 016. 05 •• . . • . 

FORCE AREA 

0 . 070307. 
0. 689476 . 
4. 88243 . 

·17. 8803 . . 

MASS/VOLUME (DENSITY) 

1. 72999 . 
16. 0185 . 
0. 0160185 
l. 32894 

MASS/CAPACITY 

7. 4893. 
6. 2362 . 

119. 829 . 
99. 779 . 

BENDING MOMENT OR TORQUE 

Table II 

QUANTITIES AND UNITS OF MECHANICS 

Mllllgrams 
Grams 
Gr ams 
KIiograms 
KIiograms 
Metr ic tons 
Kilograms 

To obtain 

Kilograms per square centimeter 
Newtons per s quare cenUmeter 
Kilograms per square meter 
Newtons per sauare meter 

Grams per cubic centimeter 
Kilograms per cubic meter 
Grams per cubic centimeter 
Grams per cubic centimeter 

Grams per liter 
Grams per liter 
Grams per liter 
Grams per liter 

Meter-kilograms 
Cenlimeter-dynes 
Meler- kilograms 
Cenllmete r - dynes 
Centimeter- kilograms per centimeter 
Gram- centimeters 

Mullloly 

Br!t!sh thermal units (Btu} . 

Btu per potllld. 
Foot- pounds 

Horsepower . . . . . 
Btu per hour . . . . . 
Foor- pounds per second 

Btu !n. /hr ft2 deg F (k, 
thermal conducUv1ty) 

Btu ft/hr ft2 deg F . . : : : 
Blu/hr n 2 deg F (C, thermal 

conductance) . . . . . . . 

Deg F hr ft2/Bl~ (R,' ilie; m'a.i· 
resistance) . . . . . . . . . 

Btu/lb deg F (c, hea t capac!ly) . 
Blyflb deg F . . . . . . . 
Ft2/hr (thermnl dlifus!vlly) 

Grains/hr ft 2 (water vapor 
transmission) . • . • • • 

Perms (pe rmeance) . . . . 
Perm-inches (permeabllltv) 

-------- ---------~V=E=L~O~C~l=TY~---------------------

Feet per s econd. 

Feet per year . . 
MUes per hour . 

Feet per s econd2 

Cubic fee t per second (second-
ieet) .. . . ... , . . 

Cubic feet per minute . . . 
Gallons (U. S,) per minute . 

Pounds . 

30. 48 (el<l!.ctiy). . . 
0. 3048 (exactly)• . 
0. 965873 X 10- 6' . 

6: ~~~g!1c:~t~t 
ACCELERATION• 

o. 3048• .. 

FLOW 

0. 028317• 
0. 4719 . 
0.06309 . 

FORCE• 

0. 453592* . tmrx 10-5•: 

Centimeters per second 
Meters per second 
Centimeter s per second 
Kilomete rs per hour 
Meters per second 

Meters per second2 

Cubic meters per second 
Liters per second 
Liters per second 

Kilograms 
Newtons 
D s 

MulU 1 

Cubic fee t per square foot per 
day (seepage) . . . . . . . 

Pound-seconds per square foot 
(vlscoslly) . . . . . . . . . . 

Square feet pe r second (v!scoslty). 
Fahrenheit degr ees (change) • . 
Volts per mil. . . . . . • . 

L~:i~~:s)e~ s:~~ ~oo_t ~o~t~ 
Ohm-circular mils pe r foot 
M1ll1cu.r1cs pe r cubic foot . 
Milllnmps pe r square fool 
Gallons per square yard . 
Pounds pe r inch. 

By 

WORK AND E NERGY• 

. 0. 252• 

. 1, 055. 06 . . .. 
2. 326 (exactly) 
1. 35682* . • . 

POWER 

745. 700 ... 
0. 293071. . 
1. 35582 . . 

HEAT TRANSFER 

1. 1•12 . 
0 . 1240. 
l. 4880• 

0. 568 
4. 882 

l. 761 
4. 1868 
1. 000• 
0. 2581 . 
0 . 09200• . 

WATER VAPOR TRANSMISSION 

16. 7 
0.659 
1. 67 

Table llI 

OTHER QUANTITlES AND UN!'l'S 

Bv 

301. s• ... 
·1 . 8824~ . . 
0 . 092003• . 
6/9 exactly 
0.03937. 

10. 764 . . 
o. 001002 
35. 311'/' 
10. 7630• . 
·1. 627210• 
0. l'/858•. 

To obtain 

KIiogram calorl.es 
Joules 
Joules per gram 
Joules 

Watts 
Watts 
Watts 

Mllllwatts/cm deg C 

~i ~:±~~ ~:Jig C 

Mllllwatts /cµ,2 deg C 
Kg cal/hr m2 deg C 

Deg C cm2/m!lllwntt 
J/~ deg C 
g~~~~degC 
M2Jhr 

Grams/21 hr m2 
Metric perms 
Metric perm- cenllmelers 

To obtain 

Liters per square meter per day 

Kilogram second per square meter 
Square meters per second 
Celsius or Kelvln degrees (change) • 
Kilovolts pe r mlll lmctcr 

Lumcns per square meter 
Ohm-squaro mU11rnotc rs per meter 
Milllcu.rios per cubic mater 
M1ll1amps per square meter 
Liters per s quare ,noter 
Kilograms per ccntlmotcr 

GPO 856· 384 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' .................................. . 

ABSTRACT 

A niassive landslide destroyed the nearly completed spillway stilling basin at Silver Jack Dam in 
Colorado. A circular curve in an inclined plane was used to connect the undamaged approach 
conduit and the relocated stilling basin. Hydraulic model studies were performed to assure 
satisfactory flow conditions in the conduit and stilling basin under limited tailwater conditions 
and with unsymmetrical approach flow resulting from a circular curve in the upstream conduit. 
A deflector vane was installed in the crown of the tunnel downstream from the curve to prevent 
the flow from crossing over the top and sealing the portal. Vanes were developed for the stilling 
basin approach chute to improve flow distribution in the basin. Unique baffle blocks were 
developed to provide good energy distribution in a basin that had insufficient tailwater depth to 
form a conventional hydraulic jump. Pressure measurements were made on the conduit bend, 
conduit vane, chute vanes, and baffle blocks. 

ABSTRACT 

A massive landslide destroyed the nearly completed spillway stilling basin at Silver Jack Dam in 
Colorado. A circular curve in an inclined plane was used to connect the undamaged approach 
conduit and the relocated stilling basin. Hydraulic model studies were performed to assure 
satisfactory flow conditions in the conduit and stilling basin under limited tailwater conditions 
and with unsymmetrical approach flow resulting from a circular curve in the upstream conduit. 
A deflector vane was installed in the crown of the tunnel downstream from the curve to prevent 
the flow from crossing over the top and sealing the portal. Vanes were developed for the stilling 
basin approach chute to improve flow distribution in the basin. Unique baffle blocks were 
developed to provide good energy distribution in a basin that had insufficient tailwater depth to 
form a conventional hydraulic jump. Pressure measurements were made on the conduit bend, 
conduit vane, chute vanes, and baffle blocks. 
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ABSTRACT 

A massive landslide destroyed the nearly completed spillway stilling basin at Silver Jack Dam in 
Colorado. A circular curve in an inclined plane was used to connect the undamaged approach 
conduit and the relocated stilling basin. Hydraulic model studies were performed to assure 
satisfactory flow conditions in the conduit and stilling basin under limited tailwater conditions 
and with unsymmetrical approach flow resulting from a circular curve in the upstream conduit. 
A deflector vane was installed in the crown of the tunnel downstream from the curve to prevent 
the flow from crossing over the top and sealing the portal. Vanes were developed for the stilling 
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rleveloped to provide good energy distribution in a basin that had insufficient tailwater depth to 
form a conventional hydraulic jump. Pressure measurements were made on the conduit bend, 
conduit vane, chute vanes, ;md baffle blocks. 

ABSTRACT 

A massive landslide destroyed the nearly completed spillway stilling basin at Silver Jack Dam in 
Colorado. A circular curve in an inclined plane was used to connect the undamaged approach 
conduit and the relocated stilling basin. Hydraulic model studies were performed to assure 
satisfactory flow conditions in the conduit and stilling basin under limited tailwater conditions 
and with unsymmetrical approach flow resulting from a circular curve in the upstream conduit. 
A deflector vane was installed in the crown of the tunnel downstream from the curve to prevent 
the flow from crossing over the top and sealing the portal. Vanes were developed for the stilling 
basin approach chute to improve flow distribution in the basin. Unique baffle blocks were 
developed to provide good energy distribution in a basin that had insufficient tailwater depth to 
form a conventional hydraulic jump. Pressure meas,irements were made on the conduit bend, 
conduit vane, chute vanes, and baffle blocks. 
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