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ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
approach channel, gate structure. tunnel transition, steeply inclined 
tunnel, vertic·a1 bend, nearly horizqntal tunnel, flip bucket, and the 
downstream river channel improvement. Reshaping of the approach 
channel improved the flow pattern through the spillway approach, gate 
structure, tunnel transition, and inclined tunnel. Less air entrainment 
and better ventilation of the tunnel was provided by reducing the width 
and length of the center pier in the tunnel transition which diminished 
the magnitude of the fin of water through the inclined tunnel. Converg­
ing the right wall of the flip bucket 3° deflected the jet away from the 
excavated right bank of the downstream channel. The angle between 
the bucket tangent and the downward sloping face of the bucket lip was 
increased to eliminate severe subatmospheric pressures in this area. 
A tailwater cc;mtrol structure operated successfully in maintaining 
adequate tailwater depths in the powerplant tailrace and outlet works 
stilling basin. 

DESCRIPTORS--*Spillways/ spillway crests/ tunnels/ bends/ *flip 
buckets/ pier-s/ radial gates/ discharge coefficients/ roughness co­
efficients/ *hydraulic models/ piezometers/ transducers/ stream flow/ 
tailrace/ powerplants/ outlet works/ diversion tunnels/ channel im­
provements/ 

IDENTIFIERS- -Tail water control structure/ * approach channels/ sub­
atmospheric pressures/ gate structure/ *tunnel transitions/ 
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SPILLWAY, COLORADO RIVER STORAGE 

PROJECT, COLORADO 

PURPOSE 

The studies were conducted to develop the hydraulic design of the 
spillway approach channel, the gate structure, the tunnel transition 
section, the steeply inclined tunnel, the vertical bend, the nearly 
horizontal tunnel, the flip bucket, and stream channel improvement. 

CONCLUSIONS 

1. The general concept of the preliminary design was satisfactory. 

2. The capacity of the spillway was determined to be about 33,400 cubic 
feet per second (cfs) at maximum reservoir water surface elevation 
7519. 4, Figure 20. A minimum gate opening of 22 feet above crest 
elevation was required to clear the water surface at the maximum flow. 

3. The approach channel was reshaped to improve the flow pattern 
through the spillway approach, gate structure, tunnel transition, 
and steeply inclined tunnel. Compare Figures 8 and 9 with 11 
and 12. 

4. The roof of the transition section was raised at the outside 
corners to prevent a fluctuating ridge of water from striking the 
entrance portal section, and the center pier was modified to reduce 
a fin of water that extended downstream through the· steeply inclined 
tunnel. 

5. The spillway gates should be operated symmetrically to main­
tain good flow distribution throughout the tunnel and~flip bucket. 

6. The lip of the flip bucket was modified to prevent severe sub­
atmospheric pressures along the bucket lip. The right wall of the 
bucket was converged inward 3° to deflect the jet away from the 
excavated right bank of the stream channel. 
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7. The tailwater control structure, Figure 3, downstream from the 
powerplant and outlet works, was found necessary and satisfactory 
as designed. 

8. Motion pictures of the flow through the model structure are 
available in the Hydraulics Branch. 

ACKNOWLEDGMENT 

The final plans evolved from this study were developed through the 
cooperation of the staffs of the Spillway and Outlet Works Section 
and the Hydraulics Branch during the period September 1961 through 
August 1962. Photography by W. M. Batts, Office Services Branch. 

INTRODUCTION 

Blue Mesa Dam, a part of the Curecanti Unit of the Gunnison Divi­
sion of the Colorado River Storage Project, is located in mountainous 
country on the Gunnison River about 25 miles west of Gunnisol},.-­
Colorado, Figure 1. The purpose of the unit is primarily to 
develop the water storage and hydroelectric power generating 
potential along a 40-mile section of the Gunnison River above Black 
Canyon of the Gunnison National Monument. Other purposes of the 
unit are irrigation, recreation, and flood control. 

The dam, Figure 2, is an earthfill structure approxiinately 800 
feet long at the crest and approximately 340 feet high ahove the 
riverb_ed. It will impound a reservoir 19 miles long with a storage 
capacity of 940,800 .acre-feet. A 60, 000-kilovolt powerplant is 
located at the toe of the dam. 

The spillway, Figures 3 and 4, located in the right abutment, has 
a capacity of about 33,400 cfs at maximum reservoir water sur­
face elevation 7519. 4. It discharges through a gate section, tunnel 
transitioD: section, tapering inclined tunnel, vertical bend, nearly 
horizontal tunnel, and a flip bucket. 

Two 2"5. 0- by 33. 5-foot radial gates control the flow. The flip bucket 
directs the flow into the river channel approximately 500 feet down­
stream from the powerplant. 

During construction of the dam, the nearly horizontal portion of 
the tunnel and the flip bucket are used for diversion flows, 
Figure 4. 
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The outlet works is approximately 300 feet upstream from the flip 
bucket and adjacent to the left side of the powerplant, Figure 3. The 
outlet works consists of two 84-inch hollow-jet valves discharging 
into a stilling basin and has a capacity of 5, 400 cfs at maximum reser­
voir water surface elevation 7519. 4 with powerplant not operating. 
The powerplant will discharge about 3, 080 cfs at rated head of 280 feet. 

A tailwater control structure, Figure 3, extends across the river 
channel downstream from the powerplant and outlet works, and up­
stream from the spillway flip bucket. It is designed to maintain a 
minimum tailwater elevation in the powerplant tailrac~ and in the out­
let works stilling basin . 

Approximately 3,300 feet of the stream channel downstream from the 
powerplant will be improved, Figures 3 and 5. The first 1, 800 feet 
will be stripped to bedrock and the remainder excavated to a trap­
ezoidal shape. The anticipated tail water elevation at river Sta-
tion 45+00, approximately 1, 000 feet downstream from the flip bucket, 
is shown in Figure 6 for the existing and the improved channels. The 
tailwater curve for the existing channel applies only to the diversion 
flows since the river channel will be improved prior to operation of 
the completed spillway. · 

Dimensions of the hydraulic features· are listed in Table 1 for both 
English and metric units. A Hydraulic Conversion Table is located 
on the inside back cover of this report for conversion of dimensions 
in English units to metric units. 

THE MODEL 

Scope 

The model, Figure 7, was a 1:32.78 scale reproduction of the spill­
way, including the immediate reservoir area surrounding the approach 
channel, the tunn.el, and a reach of river channel extending approxi­
mately 1,400 feet downstream from the powerplant. Flows from the 
outlet works stilling basin and powerplant were also represented in 
the model . 

Scaled head losses due to friction in the model are usually greater 
than prototype losses because model surfaces sufficiently smooth 
to represent prototype roughnesses are difficult to obtain. There­
fore, to obtain the proper scale velocity of the flow through the flip 
bucket, the water supply was pumped directly to the nearly hori­
zontal tunnel downstream from the vertical bend, bypassing the 
reservoir and steeply inclined tunnel during the development of the 
flip bucket. This procedure also made it possible to study the flip 
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bucket for diversion flows and for spillway flows while the reser­
voir head box and inclined tunnel were under construction. The fl.ow 
depth and velocity of the fl.ow at the outlet portal of the tunnel were 
controlled by means of a slide gate installed 400 prototype feet up­
stream from the portal, Figure 7. 

Reservoir 

The reservoir area was contained in an 11- by 14-foot head box 
which allowed reproduction of the topography along the right bank of 
the reservoir for approximately 300 feet upstream from the spillway 
crest and about 200 feet to the right and left of the spillway center­
line, Figure 7. The topography was reproduced from elevation 7397 
up to the dam crest at elevation 7528. Topography in the reservoir 
area. was molded of concrete mortar placed on expanded metal lath 
which had been nailed over wooden templates shaped to the ground 
surface contours. The surface was given a rough finish to simulate 
the natural topography of the prototype. Excavated surfaces were 
given a smoother finish. A 6-inch-wide rock baffle was installed 
along the left and upstream sides of the box to quiet the fl.ow as it 
entered the reservoir area. 

The reservoir water surface elevation was measured by means of a 
hook gage mounted in a well attached to the side of the head box and 
connected to a piezometer tap located in the floor upstream and to 
the left of the outlet works intake tower where the velocity of approach 
was negligible. 

Gate Structure 

The spillway crest was modeled in concrete screeded to sheet metal 
templates. The sidewalls, center pier, and radial gates of the gate 
structure were constructed of No. 16-gage sheet metal. Piezometers 
were installed in the spillway crest and consisted of 1/ 16-inch-inside­
diameter brass tubes soldered normal to the profile shape and filed 
flush. 

Tunnel 

The spillway tunnel between the intake structure and the flip bucket, 
Figure 7, was constructed of transparent plastic. The portion of the 
center pier that extended into the tunnel transition section was fab­
ricated in sugar pine .. Plastic piezometers having a 1/ 16-inch-inside 
diameter were installed in the transition section and along the invert 
of the tunnel. The constant diameter tunnel downstream from the 
vertical bend was made from 7-11 / 16-inch-inside.:.diameter extruded 
plastic pipe. The inside diameter of this pipe represented the 21-foot 
diameter prototype tunnel. 
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Flip Bucket 

The flip bucket at the downstream end of the tunnel, Figure 7, was 
molded in concrete. Piezometers made from 1/ 16-inch-inside­
diameter brass tubing were installed along the bucket invert, end 
sill, and in the right wall. 

Powerplant and Outlet Works 

The exterior walls and floor of the powerplant tailrace and outlet 
works stilling basin were represented in the model and were con­
structed of wood, Figure 7. The quantity and velocity of the flow 
from the powerplant and outlet works were represented. The tail­
water control weirs downstream from the powerplant and outlet works 
were constructed of concrete and accurately represented in the model. 

River Channel 

The river channel was molded of concrete in the same manner as 
the reservoir area. Tailwater staff gages were installed in the 
powerplant tailrace and outlet works stilling basin upstream and 
downstream of the tailwater control structure, and at river Sta­
tion 45+00, about 1, 300 feet downstream from the powerplant, near 
the model tailwater control gate, Figure 7 .. 

Water Supply 

Water was supplied to the model spillway from the laboratory per­
manent supply system. For preliminary studies of the flip bucket, 
the water supply was pumped directly to the nearly horizontal tunnel 
downstream from the vertical bend. The depth and velocity of flow 
at the exit portal of the tunnel were controlled by means of a slide 
gage installed 12 feet 1-1/4 inches upstream from the portal, 
Figure 7. 

Water was supplied to the powerplant and outlet works from a sep­
arate portable pump through an 8-inch supply line equipped with an 
orifice-venturi meter. Slide gates at the baffle through which the 
powerplant and outlet works water supply passed were used to con­
trol the proper division of the flow between the powerplant and out­
let works. 

THE INVESTIGATION 

The investigation was concerned with flow conditions in the spillway 
approach channel, the gate structure, the tunnel transition section, 
the steeply inclined tunnel, the vertical bend, the nearly horizontal 
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tunnel, and the flip bucket. The investigation was also concerned 
with flow conditions in the river channel when the powerplant, out­
let works, or spillway, were discharging in any combination. The 
spillway was designed for a theoretically computed maximum dis­
charge of 33, 700 cfs at maximum reservoir water surface elevation 
7519. 4. The outlet works was initially designed for a maximum dis­
charge of 5. 100 cfs and the powerplant for a discharge of 3, 080 cfs 
at rated head of 280 feet. Although the model was tested for simulta­
neous operation of the powerplant and outlet works at 3. 080 and 
5, 100 cfs. respectively. the actual combined flow is not expected to 
exceed 6, 030 cfs. 

Preliminary Observations 

Flow characteristics in the approach channel. --Flow in the prelim­
inary spillway approach channel was satisfactory; however, some 
water surface disturbances occurred at both right and left banks, 
Figures 8 and 9. Flow around the upstream end of the cut in the 
right bank caused a large slow eddy and some water surface rough­
ness along the bank. Flow from along the left bank moved toward 
the center pier while flow currents from d~ep in the reservoir 
boiled to the surface along the left bank line and approach wingwall, 
Figure 9. 

Flow characteristics in the gate structure. --Flow entering and 
passing through the gate structure. Figure 9, was satisfactory. 
However, for the design flow of 33. 700 cfs. a ridge of water formed 
along the left Wall, Figure 9C, and intermittently struck the roof 
corner at the tunnel portal. 

Flow characteristics in the transition and inclined tunnel. --Flow 
in the transition section and steeply inclined tunnel was steady and 
fairly uniform in cross section. However, the steeply inclined 
tunnel appeared to be too small for the computed maximum flow. 
The depth of flow was approximately O. 8 of the tunnel diameter; 
however, a fin of water formed downstream from the pier and 
crowded the tunnel crown. Figure 10. The flow from the two bays 
came together downstream from the center pier and formed the 
fin that.extended into the vertical bend. An air pocket. open at the 
top, formed between the downstream end of the pier. and the begin­
ning of the fin. It was feared that the fin would contribute to the 
crowded condition by entraining a large amount of air in the proto­
type flow which would hinder the riormal passage of air required 
for proper ventilation and thus cause unsteady flow condition to 
exist in the tunnel. This condition was difficult to fully evaluate 
since air entrainment is not represented to scale in the model. 
The problem did not exist for flows below 75 percent of µiaximum 
since the depth of flow was less than two-thirds qf the tunnel diam­
eter and the top of the fin did not impinge upon the crown of the tunnel. 
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Flow characteristics in the vertical bend and horizontal tunnel. - -
Flow in the vertical bend and nearly horizontal tunnel was steady 
and uniformly distributed in cross section. Very little dishing of 
the water surface occurred downstream from the bend when both 
gates in the gate structure were open an equal amount. Flow in 
the bend was very much as expected based on previous model-tested 
bend designs summarized in Report No. Hyd-498.1/ With single­
gate operation, flow spun over the crown of the tunnel bend and 
oscillated from side to side throughout the nearly horizontal tunnel. 

Discharge capacity. --The model discharge capacity was determined 
to be approximately 33, 000 cfs at maximum reservoir water surface 
elevation 7519. 4, or 700 cfs less than the computed maximum. The 
computed maximum flow of 33, 700 cfs was discharged at reservoir 
elevation 7519.8. 

Modifications 

Several approach schemes and pier modifications were tested to try 
to eliminate the disturbances in the approach, to lower the flow along 
the outside walls of the gate structure, to reduce the fin, and to 
increase the discharge at maximum reservoir water surface elevation. 

The left wingwall of the gate structure was first modified by extend­
ing it outward into the reservoir on a 45° angle. In addition, the down­
stream end of the center pier was widened to 5 feet to reduce the 
angle at which the flow from the two bays merged. Neither altera­
tion improved the flow conditions. The center fin began farther down­
stream but was not reduced and turbulence still occurred along the 
approach wingwall. 

The approach wingwalls were further modified by extending both 
left and right walls 30 feet straight upstream into the reservoir. 
This modification raised the water surface along the walls of the 
transition section and reduced the height of the center fin so that 
it did not impinge upon the crown of the tunnel for any flow. How­
ever, this modification raised the reservoir water surface eleva-
tion for the computed maximum discharge by 1-1 / 2 feet. To lower 
the reservoir water surface elevation the upstream ends of the wing­
walls were rounded by the addition of a 90° segment of a circle. How­
ever, the reservoir water surface was still about 1 foot above.the 
elevation for the preliminary design arn;l therefore was not tolerable. 
Lowering the approach floor had very little effect on the flow charac­
teristics in the tunnel. 

Additional excavation to the left and right banks of the approach 
channel improved the flow characteristics in the approach area 

1/ Hyd-498 "Hydraulic Model Studies of Whiskeytown Dam Spill­
way, II by G. L. Beichley. 
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considerably and offered some improvement to fl.ow conditions in 
the gate structure and tunnel. Also, several lengths, thicknesses, 
and heights of center piers were tested with varying degrees of 
success in reducing the magnitude of the c.enter fin. 

Operation of the Recommended Structure 

Flow characteristics in the approach. --Rounding the upstream 
co:i:-ner of the right bank and flaring the corner of the left bank, 
Figure 3, provided smooth water surface fl.ow lines in the approach. 
Originally, it was determined that the left approach wingwall should 
curve 90° outward from the gate structure and then continue on a 
tangent line to the left bank topography, similar to the right approach 
wingwall. During prototype construction, it was found that the wall 
would rest on a sounder foundation if the wall continued to curve 
180° as shown in Figure 3. The model tests showed that ideal fl.ow 
conditions would prevail with these modifications, Figures 11 and 12. 

Flow characteristics in the ate structure. --The recommended 
approac mo 1 1cations owere t e average water surface a few 
inches along the walls of the gate structure; however, the roof of 
the tunnel portal at both left and right corners was raised approx­
imately 1 foot to be certain of clearing the fluctuating ridge of water 
that formed at maximum discharge. It was also recommended that 
the gates be operated symmetrically to provide uniform distribution 
of the flow through the tunnel and flip bucket. 

Flow characteristics in the transition and inclined tunnel. --The 
recommended approach provided some improvement in fl.ow condi­
tions through the transition and steeply inclined tunnel; however, 
additional improvement was made by tapering the pier to a thick­
ness of 18 inches rather than 24 inches at the downstream end, and 
by reducing the length along the invert from 53 to 41 feet, Figure 13. 
The extent of shortening and thinning of the center pier was limited 
since the pier was needed for structural support of the tunnel roof 
near the tunnel entranGe portal. 

This modificatiori reduced the size of the air pocket and provided 
more fl.ow area through the transition. The water surface along the 
outside walls of the transition was lowered, Figure 14. The fin of 
water was reduced in size and was better centered in the inclined 
tunnel. Flow through the tunnel, Figure 15~ was uniformly distri­
buted in cross section and steady for all flows. This assured an 
adequate air supply through the tunnel from the gate section to the 
flip bucket. 

Flow characteristics throu h the vertical bend and horizontal tunnel. --
low mt e vertic end and near y orizontal tunne was exce ent, 

Figure 16. The fl.ow was steady and uniformly distributed in cross 
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section. Very little dishing of the water surface occurred during 
symmetrical operation of the gates. With single-gate operation 
the flow spun over the crown of the tunnel in the bend and oscillated 
from side to side in the nearly horizontal tunnel. 

Pressures. --Pressures on the crest profile along the centerline 
of the right bay were recorded for 33, 700 and 16, 800 cfs, Figure 17. 
All observed crest pressures for both flows were above atmospheric. 
Pressures recorded in the transition for these flows, Figure 18, 
showed one area on the tunnel wall near the downstream end of the 
transition to be subjected to subatmospheric pressures. However, 
these pressures did not exceed 5 feet of water below atmospheric. 
Pressures on the sides of the steeply inclined tunnel and vertical 
bend were above atmospheric for 33, 700 cfs, and for 16, 800 cfs 
the pressures were near atmospheric since the water surface was 
approximately at the level of the piezometers, Figure 19. Pres­
sures along the invert of the steeply inclined tunnel and vertical 
bend were not measured since previous studies had shown that these 
pressures would be above atmospheric. 

Discharge capacity. --Installation of the recommended approach to 
the gate structure increased the discharge capacity from 33, 000 cfs 
to about 33, 400 cfs at maximum reservoir water surface elevation 
7519. 4. A complete range of uncontrolled and gate controlled flows 
was calibrated, Figure 20. 

It was determined that the radial gates should be capable of opening 
a minimum of 22 feet above crest elevation to clear the water sur­
face for 33,400 cfs discharge. 

Preliminary Flip Bucket 

Test procedures. - -The flip bucket investigations were made with 
the water supply pumped directly to the nearly horizontal portion 
of the tunnel. A slide gate installed about 400 feet upstream from 
the flip bucket controlled the depth of flow in accordance with the 
computed depths plotted in Figure 21. " 

Pressures. --Pressures along the invert of the bucket, Figure 22, 
were similar to those determined in other studies. 2"/ The pres­
sures were above atmospheric,· except at the bucket lip where the 
pressures were sometimes slightly subatmospheric on both the up­
stream and downstream sides of the lip. The subatmospheric pres­
sures at the bucket lip were lower at a point 45° aboye the invert 
than at the invert. This is due to the S_!llaller change in slope 
between the tangent and the downward slope of the lip at this point 

2 / Paper No. 3236, ASCE Transactions, Volume 126, Part I, 1961, 
page 1270, "Improved Tunnel Flip Buckets" by-T. J. Rhone and 
A. J. Peterka. 
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than at the invert. At the invert, the change in slope is 45° and 
diminishes to 0° at the sidewalls of the bucket. A minimum change 
in slope of 32° has been recommended at other structures. 2/ 

When the tailwater beneath the jet was high enough to contact the 
underside of the jet, the pressures along the lip fluctuated, Fig­
ure 23. Those pressures along the lip at 45° from the invert, fluc­
tuated severly below atmospheric, as illustrated by Piezometers 9 
and 10 in Figure 23. 

Flow characteristics in the flip bucket and stream channel. --Pre­
liminary tests showed that the flip bucket jet spread and impinged 
upon the excavated right bank of the stream channel, Figure 24. 
At the smaller discharges, a large eddy formed along the left bank 
when the spillway only was operating. Flow from the powerplant 
and outlet works eliminated the eddy. The spillway flows were 
concentrated near the right bank for all flow conditions. 

For spillway flows less than 1/2-computed maximum discharge, 
with the powerplant and outlet works discharging, the flip bucket 
jet did not depress the water surface downstream from the power­
plant tailrace and outlet works stilling basin sufficiently to warrant 
the need for the tailwater control ·structure. However, for spill­
way flows of approximately 1/2-computed maximum flow or larger, 
the jet sufficiently lowered the water. surf ace in the tailrace and 
stilling basin that the need for the tailwater control -structure was 
apparent. 

Recommended Flip Bucket 

Description. - -The full length of the right training wall of the flip 
bucket, Figure 25, was turned inward 3° to deflect the flow away 
from the excavated right bank and to provide better flow distribu­
tion across the channel downstream from the jet. The deflection 
angle of the bucket invert was increased about 2° to raise the invert 
of the bucket lip 1. 21 ·feet. The high point of the bucket lip was in 
a vertical plane across the width of the bucket rather than in a plane 
normal to the bucket invert. This makes a steep change in slope 
between the tangent and the downward slope of the bucket lip across 
the full width of the bucket. 

Pressures. --Pressures recorded at the piezometer locations shown 
in Figure 26 are plotted in Figures 2"7, 28, and 29. Those pres­
sures along the invert and 45° to the left of the ipvert were near 
atmospheric or above, Figure 27. At Piezometers 10, 11, and 12 
near the bucket lip the pressures were approximately atmospheric. 

2/ Paper No. 3236, ASCE Transactions, Volume 126, Part I, 1961, 
page 1270, "Improved Tunnel Flip Buckets" by T. J. Rhone and 
A. J. Peterka. 
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Pressures on and near the base of the right wall were above atmos­
pheric except near the downstream end of the wall, Figure 28. Pres­
sures near the downstream end of the right wall were slightly below 
atmospheric. The lowest pressure measured by water manometer 
was about 5 feet of water below atmospheric at Piezometer 16. In­
stantaneous minimum pressure reached 7 feet below atmospheric at 
Piezometer 16, Figure 28. 

All pressures shown in Figures 27 and 28 were recorded when the 
flow velocity in the tunnel was controlled by the slide gate. For com­
parison the flip bucket pressures were again recorded for 33, 700 cfs 
with the tunnel connected to the model reservoir. The agreement 
was very good, Figure 29. At Piezometer 1 in the invert of the tun­
nel the pressure obtained by free flow from the rese.rvoir was higher 
indicating that the free-flow velocity was less than the gate-controlled 
velocity. In the bucket the impact pressures for free flow were 
lower than those obtained by gate-eontrol flow. The slide gate­
controlled flows provide the more representative results. 

Flow characteristics in the flip bucket. --After completion of the 
reservoir portion of the model, the water to the flip bucket was 
supplied from the reservoir through the spillway intake. It was 
noted that the flow distribution in the stream channel could be changed 
by manipulation of the spillway gates. Operation at unequal gate 
openings at small discharges produced an unsymmetrical flow through 
the tunnel that was reflected in the flip bucket jet, Figure 30. The 
jets for the larger flows were not affected since both gates were fully 
open or nearly fully open to pass the discharge. For best flow dis­
tribution at all discharges; both gates should be opened approximately 
the same amount. 

The recommended bucket with the right wall deflected inward and the 
higher lip elevation offered more resistance to the spillway flows 
than did the preliminary bucket. When the flow of 33,400 cfs was 
exceeded by 1,400 cfs, the exit portal filled, causing the entire 
nearly horizontal portion of the tunnel to gradually fill as the air was 
evacuated from that portion of the tunnel. Increasing the flow to 
36, 800 cfs caused the steeply inclined portion of the tunnel to fill to 
the transition section. In view of the fact that the model tunnel rough-
ness was proportionately greater than the roughness in the prototype. 
there is a sufficient safety factor against filling of the prototype tunnel 
at maximum design flow. · 

The recommended bucket, with the right wall converged. inward 3°. 
deflected the jet away from the excavated right bank. This was an 
improvement over the preliminary design. (Compare Figures 31 
and 32 with Figure 24.) Dimensions of the jet are recorded in Fig­
ure 33. These dimensions were obtained when the flow was con­
trolled by the slide gate. 
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Flow characteristics in the stream channel. - -To conform with the 
most recent information from the prototype site the model stream­
bed in the vicinity of the jet impact area was lowered and the left 
bank moved to the right, Figure 34A. This revision improved the 
flow distribution in the channel by reducing the area for the return 
eddy flow. 

Flow characteristics in the stream channel for various combinations 
of spillway, powerplant, and outlet works flows are shown in Fig­
~res 34 through 39. These flow combinations shown are for the 
tailwater elevation in the improved channel, Figure 6. Photographs 
of other flow and tailwater combinations are on file in the Hydraulic 
Laboratory. The smaller spillway flows still moved downstream 
along the right bank, without spreading to the full channel width, 
especially when the powerplant and outlet works were discharging 
(compare Figure 37B with 37F). Spray from the higher spillway 
flows dampened the roadway high on the left bank as shown in Photo­
graphs C, D, G, and Hin Figure 37. 

Ideal flow characteristics would be difficult to obtain for all possible 
flow conditions·. However, no serious objectionable flow character­
istics were detected for the various combinations of discharges and 
tailwater elevations that were tested. 

Flow characteristics in the powerplant and outlet works area were 
satisfactory with or without the spillway operating, Figures 38 and 
39. It was clearly demonstrated that the tailwater control structure 
was needed to maintain the minimum tailwater elevation for the 
powerplant tailrace and outlet works stilling basin for spillway dis­
charges exceeding about 15, 000 cfs. Should the tailwater elevation 
be less than anticipated, the control structure will be needed for 
even smaller spillway flows. Tailwater elevations upstream and 
downstream of the structure were recorded for various combina­
tions of flows and are tabulated in Table 2. 

The tailwater elevation at river Station 45+00 was recorded for a 
range of flows when the tailwater surface contacted the underside 
of the jet at the end of the bucket, Figure 40. For the normal tail­
water elevation in the improved river channel, the tailwater con­
tacted the underside of the jet for flows ranging from approximately 
5,000 cfs tp_ approximately 13,000 cfs when both the powerplant and 
outlet works were discharging. This produced a ragged appearance 
of the underside of·the jet, Figures 34D and 36A. 

Diversion Flow 

During the construction of the dam the nearly horizontal portion of 
the spillway tunnel and the flip bucket will be used for diversion of 
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the riverflow. The 14, 100-cfs maximum discharge for a 25-year 
flood and the 6, 400-cfs maximum discharge for one-half of a 10-year 
flood are shown discharging from the flip bucket, Figure 41. Two 
extreme tailwater conditions were tested since it was not known how 
much channel improvement would be accomplished at the time that 
a diversion flood might occur. However, for the range of tail­
waters tested in the model no serious hydraulic problems were 
detected. As an additional safety factor the tunnel was to be vented 
for diversion flows by a bore through the steeply inclined tunnel 
section. 

A model diversion flow of approximately 100 cfs was also observed 
by representatives of the contractor to aid in planning the channel 
improvement work. 

Flip bucket surface pressures were recorded for the maximum dis­
charges for the 25-year flood, 10-year flood, and one-half of a 10-
year flood, for two different tail water conditions, Figure 42. The 
pressures were satisfactory. 
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Table 1 

DIMENSIONS OF HYDRAULIC FEATURES 

Feature 

Height of Dam 
Le.ngth of Dam at Crest 
Volume of Earth and 

Rockfill 
Volume of Concrete in 

Dam 
Storage Capacity 
Size of Gates 

Diameter of Tunnel 

English units 

342 feet 
800 feet 

3,000, 000 cubic yards 

37,460 cubic yards 
940,800 acre-feet 
25 by 33. 5 feet 

Spillway 21 feet 
Head on Spillway Crest 

at Maximum Discharge 31. 5 feet 
Spillway Capacity 33,400 cfs 

Outlet Works Capacity 5, 400 cfs 

Powerplant Discharge 
at Rated Head 

25-year Diversion 
Flood 

Hollow-jet Valve 
Diameter 

3,080 cfs at 280 feet 

14,100 cfs 

84 inches 

14 

Metric units 

104. 24 meters 
243. 84 meters 

2,293, 900 cubic meters 

28,640 cubic meters 
1. 16 billion cubic meters 
7 . 6 2 by 10 • 21 

meters 

6. 40 meters 

9. 60 meters 
945 cubic meters per 

second 
152. 82 cubic meters 

per second 

8 7 cubic meters per 
second at 85. 34 meters 

399 cubic meters per 
second 

2.13 meters 
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...... 
CJ1 

Figure 
reference 

34B 
35 

38A 
34C 

39A 

38B 

39B 
36C 
36D 

38C 
34D 
36A 

36B and 
39C 

Table 2 

TAILWATER ELEVATIONS 
D1scharE:re (cfs. Tailwater _eie.va 

Downstream 
Spillway Power- Outlet Power- Outlet of weir 

plant works plant works control 

5,500 -- -- 7158.0 7158.0 7158.0 
9,500 -- -- -- -- Dry 

through 
33,650 

-- 3,080 -- 7161.5 -- 7160.5 
5,500 3,080 -- 7164.0 -- 7164. 0 
9,500 3,080 -- 7163.5 -- 7163.5 

15,500 3,080 -- 7160. 0 -- 7158.0 
21,500 3,080 -- 7160.0 -- 7157.0 
28,000 3,080 -- 7160.0 -- 7157.0 

-- -- 5,100 -- 7164.0 7163.5 
5,500 -- 5,100 -- 7165.0 7165.0 
9,500 -- 5,100 -- 7164.5 7164.5 

15,500 -- 5,100 -- 7163. 0 · 7160.5 
21,500 -- 5,100 -- 7162.5 7158. 5 
28,000 -- 5,100 -- 7162,5 7158. 5 
33,650 -- 5,100 -- 7162.5 7156. 5 

-- 3,080 5,100 7163. 5 7164.0 7163.5 
5,500 3,080 5,100 7168.0 7168.0 7168.0 
9,500 3,080 5,100 7167.5 7167.5 7167.5 

15,500 3,080 5,100 7164.0 7164.0 7164.0 
21,500 3,080 5,100· 7162.5 7162.5 7161. 5 
33,650 3,080 5,100 7162.0 7163,5 7161.0 

*Morrow Point Reservoir drawn down. 

10n 
H1ver 

Station 45+00 
(controlled) 

7164.0 
7167.8 

to 
7182.0 
7160.5* 
7166.9 
7170.3 
7174.5 
7178.0 
7180.8 
7163,5 
7168.6 
7171. 8 
7175.8 
7178.8 
7181.6 
7184.0 
7163.5 
7171. 0 
7173.9 
7177. 2 
7180.0 
7185.0 
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/ 

1 ~------::::.: r Portal 
~ \ ( /

1200 ~ 
1 

Sta 5+-63 
\ (I/,.,,-·- N6,70479 

~/ / · ~ E 10,442 36 

-- ___,. / __,,...-,--r ""30°0a' 
- Rlv£R R= 100'-o" 

Intake 
structure· 

GuNN1s0N T = 26 so: 
L = 52.36 El 7355.0 

/----~-

1 ' 

I 
I 

I 
I , 

~ortal : 
Sta ;,70 c,_ 
N 6422 19 : 
E'998/.59 J 

0 

. 
~ 
--~~ 

t:::.~~4_:--_:~~E2F--: U747ZO . .... . 
• ~, ,.>._,,00 S/c,pe vanes from/:.' ~ -~~,.,,.,:,,-> ~~ 

·~ ,,_ -,,-... ____ a_t,Sta. 11+!6!: to {t 
:.:-_,,:; s;;--- -----i_t Stn. 12+00 - -" -- -- -~-

- -?•oo ·\~so ;,:os<; j ~ 1 ~ 
l'<;:so ~ ~ ,' ',,_ . I " : I 'II I-- I ;::: 

·--

(' " " ) 4,,Grovel_ or crushed rock surfocmg ~ __ 
: , 6 Refill ,n rock cuts .., 

't'. Outlet works S67'oo'w-- · 
...----

PLAN 
100 100 200 

Pi Sta /3+42.88: 
II. 5807 99 ~-
E. 906133 j 

---,:: s•'Rmg fcllower gates 
···- Sto.1-1+16.BB·. 

--........_ 7?so 

Manifold anchor block·, 

Por;o·!-;t~-1;:;3-~- -- ·~-lj 
Jo l'.f:x/ 

' c,'0- /////:// 
-Y ' // / 

. ;.{~;/ 

/;V _ 

,..,.. 
// 

· <:;_Contra' p1p,ng for 5-0 x 6 ·O HP gate. Embed ,n 
• "concrete to El. 7375/See Dwg. 622·0-/98) -<7A 

,.-El. 7528 0 

,oo ··~ 

SCALE OF FEET . ! ··:, ... ). ··x -.1 

Constr ;amt·.. '--.'-Face of tunnel 
//>·0,· rr "Sat 2 qrout / / .. · ' . ,..,,._ 

ho·es each r•nq-60!. / /)5. 
102µ L.ocoto ,a intersect /I / ,;. 
1or:, :'oundof,an qr~\

1
J ,<.c Y / /. 

,urt,:1,1 Spaced as -;<*'<·· / 
c1a·vn- -- ---,- ---/ 

£1752800····._ n /----1 ---- - , 
Mel I( 5 E/7519 4 ... · :~-~ ·1 ·'j~Hs===r"=:;"l>~A"'----~--- _, 

Intake structure 

!6'x18' F w Gate not shoc:n · 

Min opera ting W S 

Grout ho/as 30!: deep@ 20!: crs 
Sta 2+20 to Sta 4 +40 

- --- -->1 
!6~o"oia. CJrc. tunnel 

RUBBER 
WATERS TOP 

<.;j 

. ti - -, 
7450 

_., "' . . .. ~I ,, 
/ -t-\' 

SECTION A-A 

,El. 7358.00 
: Sta. 1+85 ~ = 0025 

PC.Sta. 7+29.63 
El. 7352. 38-- PART SECTION ON £ OF TUNNEL 

· ExpcnsJOn device 

--Rock bolts ---

ROOF SUPPORT BOLTS 

El. 7355.0 
. -~---

,~-~~--;J- ----------- -----~--~----Sto.4+70 
Portal / . .,.,A~-.-' Begin steel liner .. -7' , 
Sta/+70·' : :' Sfo.4+45.40 on[--··· j K-·7 

: :·One row of re inf e. f -< A 
'·--Transition, Sto. !+67 to Sta. /+85. 

See Dwg. 622-0-200 
2"Mesh, #9 gage 1/J 

chom-lmk fob~> 0, 
(~.._· '·Rock bolt 

____ _, 
"" 

''.II" Line--··- ,<··8 Line 

"' 

TYPICAL PIPING ARRANGEMENT FOR GROUTING BEHIND STEEL LfNER 

~ =53°34'04" 
R=Bo'-o' 
T =40. 38' 
L =74. so' 

PC.Sta. 8+62.97 

A = 54' 42'48" 
R =sc'·o" 
T = 41.39' 

,,j L =7639' 

~-·· ·Por;tol Sta !!+43 

:·Dom embankment 

-1- .··End 0.005 slope 
El. 7218 60···-····~, : Se0005---., 

PI.Sfo.8+8611 _>)¼.~-- --, 
., '··:;/cl "'c.~._3to !2+38.41 

El. 7184]0 .... --· ''··PT. sto. 9+28./0, El. 7184 49 
'- - -- --- - - - -- ---Unreinforced---· --- · · -- · - - --~- ---><--One row of re inf e f 

~50~~ . . 
PROFILE ON £ OUTLET WORKS 

f't'. B4"Ring follower gates 
·( ,_ Sta. 14 +16.BB 

' L ,;¥!' 
~'--Sto.16+0117 ·' . ~-

EU/33.40 ... (Sta. l5'.:_~2A':chor bars not shown 

( 

-.----~-·-: 

-~ ;----Drill 2f$ 
1- - - '- _I 

.. '·Bevel end of pipe 

~~ · - ·Spaced @15!: · · -o- · >-

''ih_ ..... ·-LL~o~osely wadded paper t_o prevent 
~ncrete from entering recess 

ffi ' ~-·Standard pipe 
6 a a , 

'---1f'x 1-j"x 1" Tee 

DETAIL Z 
GROUT AND VENT OUTLET 

For channel improvements downstream, 
see Dwg. 622-0-206 

71E2.0. 

:·Crest ~I. 7487 90 

I 

Spillway discharge 
7470 f-----+-----+--'-- ---+ _..:.___~---f--+_____;_. 

' 
z t -1- t- -t Q . I 

!< 7430 I ; 
'" 
'" 
u 7390 f _,,I ;:c I ,-Sill El. 7358.00 
~ ±: I --

ffi 
I-

"' 
"" lr 
6 7310 
> 

~ 
lr 7270 

7230 

71900 

. -· .. +-
' 

' I -----------t------- - -

------ -1--
1 I ' +---,---- . -·-·---+- --~---

Diversion discharge thru 5'-o"x6'·o"H P 
·"----~! -gate fully open.< ' · ··-···~ -·--· 

:Sill El 7195.oo 

4 5 6 
OUTLET WORKS DISCHARGE -THOUSANDS OF C. F. S 

10 15 20 25 30 
SPILLWAY DISCHARGE - THOUSANDS OF C.F.S. 

4 6 8 ,o 12 
DIVERSION DISCHARGE -THOUSANDS OF C.F.S. 

4 6 8 10 12 
DIVERSION GATE DISCHARGE-HUNDREDS OF C.F.S. 

NOTES 

Vent holes at highest DETAIL W ,.-Vent outlet, see Detail Z Pipe or drilled holes in tunnel 
arch for placing mortar or grout .. ·Vent holes at highest 

breaks in excovotion . 
"B"L1ne--·. "B"Line··-.,,, "B"Line- For general concrete outline notes, see Dwg. 40 ·0·5530. 

Spocmg of transverse construction Joints in tunnel lining 
shall not exceed 50 feet 

breaks ,n excavation·-, n 

==;.~_y_ 

'\1" Line 

,1 
cl+ 
i~ ,, 

.--···Pipe or drilled holes in 
/l tunnel arch for placing 

,II mortar or grout by grouting 
method, locotion as directed 

,--? 

.;f;<(.,.Grout holes, stagger 
i adjacent rings, as 
· shown 

.t=b 

"A" Line--

UNSUPPORTED SECTION 
WITHOUT STEEL LINER 

• • • • - •• :. • •• • • • 7 Grout ou tie ts for 
/:30"--- -::-c). --30 9.f placing mortor or 

'<'<'~-. ·:,.., grout by grouting 
. ,;--"" , · ':,::::.-°:;:· .. -Y method. See Detail Z 

./'°'..:(?' ._ c: I·.··. 

~-. $) 
1/.~_: ·/ \ 

--·--------;,-¥' 

·()· 
•<::,' 

~() ,, 

UNSUPPORTED SECTION 
WITH STEEL LINER 

V/J;~:;:~~"!_e'.~~d~l~~~'.~Aio-~~! ____ _ / 
---:- i -r-_ 

''.Ll'' Line--,~ ef..~ ·-· · 

'a" Line··--.,,, 

~ 

4",,J~-
1 .·. 

I _o.·. 

1,. 

~; 
-~ 
\' .. 

HALF SECTION 

( 

~;fT 

=a ~r-;.. 

HALF SECTION 
W/Tf-f STEEL LINER 

STRUCTURAL STEEL RIB$ ONLY 
WITHOUT STEEL LINER 

STRUCTURAL STE EL RIBS ONLY 

''.II" Line·,, 
,----...,,,,' 

.. ··Steel ribs--· 

STEEL RIBS STEEL RIBS 
WITH LINER PLATES WITH METAL LAGGING LINER PLATES ONLY 

·· --steel nbs··· 

STEEL RIBS 
WITH LINER PLATES 

Steel liner··- - --· ··--· 

STEEL RIBS 
WITH METAL LAGGING 

'J.· :·;::-~~" 

~

·. ./;'.:C:~\ 
, .. , ., 

/ '}X\1" Line 

LINER PLATES ONLY 

l- 29,- 63, I AOOEO CONc:RETE LINING ON OUTLET WORKS FLOOR ANO 
D ca/4J i~IDEWALL DOWNSTREAM FROM STA. /6 +Ol. ll 

Rubber waters tops ( Type '8") shall be placed ,n transverse 
construction joints ,n tunnel lining between Sta. /+70 
and Sta 4+45.40 only 

Out/et works stationing is carried thru the PI. ct 
Sta !3+42.88. 

Structural steel tunnel sJpport ribs shall be 6"x 5'-20# 
• 158 Indicates drill hole 
Distance from "A" line to "8" l,ne is 5"except whe,"e 

tunnel supports ore useo_i __ ~--
10-22-62 

D Calv 
8- 27A62 

D Ca.6/_ 

CHANGED LOCATION OF SPILLWAY DOWNSTREAM TUNNEL PORTAL 
FROM STA. 24+45 TO STA. 24+60 
REVISED SPILLWAY APPROACH Cl-'ANtJ""°fl_~,;,,o GATE 

STRUCTURE LEFT WALL 

UNITED STATES 
DEPARTfAENT OF THE INTER/QR 

BUREAU OF RECLAMATION 

COLORADC" RIVER STORAGE PROJECT 
GUNNISON DIVISION- CURECANTI UNIT- COLORADO 

BLUE MESA DAM 
SPILLWAY AND OUTLET WORKS 
PLAN, PROFILE AND SECTIONS 

DRAWN __ H_._A_._H:-R_-~-_K_ ____ SUBMITTED _<;;i;/P.:~_ 
TRACED ---~~JW':~c ____ _ "_RECOMMENOEO _ _ -~--'~-·-~-. 

CHECKEo42/x..2'1'5?..APPRDVED ...... a ?;~-- .. __ . 
CHIEF OESfi~;NG ENGINEElf 

DENVER, COLORADO. NOVEMBER. /5, 1961 
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Gate structure------,_ _.--25. o' x 33_5' Radial gates not shown 

,,Max. w.s. El. 7519.4 

\ El.7528.00··~~ , J 
_:_ I • 11 1 1;1 11 

Type "B'rubber 
water stop· -- Const. jt. 

holes 20 ':1: deep@ 20':1: crs. 
Crest axis·· Face a f tunnel 

Pipe_ or drilled holes in arch 

Sta. 12 +OO-··-, 

lining-. __ _ 

.. · . '"°o· ,·Drainage holes 20':1: deep@20'±. crs 
~'llll~

1
,.,... ":-,, , • ' /One hole each side of tunnel and one 

,{i_747Q.38· ~,.)-; x:~ I 

Groutholes; I: t-('<~, ,~ 
' d l ' ' -'' 50± eep ,-------

7
1 C?:,, \ 

to'±. crs. J l ¾'\ .,. . 
/ Spring line - __ --~),x: 

Anchor bars ,/ \ \ 
not shown/ , ,, \ \ ___ _ 

24-8 Dia.·· - --~, \ 
\ '>,.----

\ ' \ 21'-o" at invert sta. 14 +22.78 

\, ,,-:/ 
, ' 

,,, :I 

/ : 

RUBBER 
WATERS TOP 

for placing mortar or grout by r· -Spillway f, 
grouting method, location as directed', symmetrical about f 

/<--T~ f ,' 

\ ' ' ,·' ,-~, .. -· :Var1e1,,._, 

;~-

Thickness varies ...... ~.·--· 

' 
Grout holes 30'± deep, 6hales ; ,..==+ 
per ring, stagger adjac:~!!!~gs. ~ >·=\tf,- 1 as shown_ . . -·-··· '-- ! , 

. ·orainoge holes ~ ~r·' 
20':1:deep at .••• ,''j'"\ 
2o'crs.------------ : -~i 

-,,,;t!~--~~;}~ 
'--,. -ii- *'- l 

f ,;!j \ , Varies~' 
~ I' u \ ~ 

----- ,;~---

SECTION A-A 

- -Vent holes at highest 
breaks in excavation 

'---... 
'---... 

'-

I 
I 

I 

I 
I 

SECTION 

I 
I 

I 
I 

" "' / \ / ,, 
,,..-'\ .. 

/ 11--"-, 

'- r 
'----! 

B-B 

'­
' 

FIGURE 4 
REPORT HYD. 515 

I i 

' I ; 
' I / -Two rtngs of grout ,r \ I / _ __..,. 

holes located at ,, / \ I / _..,,.. 
Sta /3+7D±ond J-, ~I ,,.. 

' '-Sta 13 +90:t .7'/ ' 
(12holeseachr,ng _L-.:._-f--- ' ----
as shown, each hole_,,. : , , 

60':t deep).-·--·- \ ,,..,,.. ; I \ '-,, 

,,..... I I \ '-
,,.. I I \ 

; I \ 
/ : \ 

I 

SECTION c-c 
SHOWING CURTAIN GROUTING SHOWING CURTAIN GROUTING 

U3 AND F4 CONCRETE FINISH 

Sptl/woy as fallows: 
Gate structure pier and interior surface of waifs downstream from the crest 

axis and below El. 7507. 
Inclined tunnel from gate structure to invert El. 7270, on surface below 

the spring fine. 
Inclined tunnel and elbow between invert El.7270 and invert Sta. 15 +55, an 

the lower 240' of surface, this surface shall be given a special finish. 
Tunnel between invert 5ta. 15+55 and Sta. 24+45. on surface below the 

spring line. 
Flip bucket structure on surface for a vertical distance of 10'-6"obave 

the Invert. 

, -18" ta ',f Line 

··-·-t--~---·····-·--·--···········-····- ··· ··Drainage hales 2o':1:deep@20':1:crs (one hale each side of tunnel)·- --······>+ 
, : , Sta 17+50•-->j h St 

7 
, 

-...,,__-.--o--_·--·-·-- .. / .... ~\ ... ~C~~t.~~~e_s_}9'.!.d_e_e?!.~~J.~e_s_p1:!".C:n_g_, ... ~.- , ~~ .~ '. • 7o , , Sta23+30··· ... >1 ) 

Tunnel portol,,.Sto.24+60··--
.-Perv1ous backfill 

El. 7182·0 :,,: ,-Flip bucket structure 

,,,.----

( El. 
:!,,,,,,f ,,/ / \ ' 

: : nngs spaced at 20•• rs Ion [ t 1 >J 20 ~ · Grauthales30:t deep@20±crs ,n crown only········· ······>i Sta.
23

•
90 

_, : 
, - c -

0 
g unne /2 holes and one hale afternat,ng) I i 

.jc:;,i----t;+;;~:;L,;.;)~~£.½in,:;,s;:::::;--==;*-'.'.r: ~ ----------~ --,--------------. -----------j- ,--- F-~~~=~----- :,c--'7:-.._ S= 004 I 
.- "' c:, 5""03388 - ~ 

: l"-Sta 8+50 \~' ~ I: , : . ; ' ·' · '·' · -- 'P. T. Sta. 15+54.71: / 1/lf.: .. .. . · ... _·;, ~-:_ -' • · : 11 ~ 
1 

, ~ 1 ~ ~.. '· 

, . , " .. '°"' . tm~r.?1,_ .. ::.':,: tr ~ ~ · -;11,::;%" r·t:::;;i:;, · -- f'I!'"' __ . ,!.. _____ , ,,u,.,, '°""'' : _ __ _ _. _ _ _ _ , ______ . ""''''""'" __ ___ ___ _ _____ _ _ ___ ,. ,,. ':" ___ f fu ,,. " 

1 
Q,,, ,,; ,t_ ___ _ _ ___ , , 'M" , ,r,;;,, .,,' .. 

Tunnel portal f.... :aeg,n slope: --·\ Sta.9+48 f' _ •• C ! / see dwg. 622-0-/99 ,.,,,.sta.16+04 1 reinforcement, e.f ~ Anchor liars __ ,, 
Sta 5+63 ' 'i '- ' ' El 7192.07 ' , • r.- y not shown-·· 

7183.o·-;-···\+, /: , ., -.. f--'- ·Sta. 25+25 
· • : ,- : ,2/·0 Dia.~ 
'j_~ ·-n 7/83.50 

f 

. ' _ k····· ·····>t<····--v-··'-·····-r'·······..-'···---······>t<······-;r>->- ·-~P.I. Sto./4+70.89 PROFILE ON ~ SP/LLWA 
One row of re1nf. ef--

7 
: ',, : . _/ ,El.7190.00 

40 0 
40 ·~ 

Sta.6+/3-··"", ', : Retnforced··-
Grout holes 3o't deep@ 20'± crs, 6hofes per ring-' '-··Portly reinforced, see dwg. 622 - D - 280 sc A LE OF FEET 

.-Pipe or drilled holes in tunnel arch ,-Pipe or drilled holes ,n tunnel arch 
Vent hales of highest : far placing mart or or grout by 

breaks in excavation·-, ii : grouting method, location os directed 

\_. , .. __ : ·--. :,_/.--,-Grout holes, 6 holes per ring 
Grout holes in crown only _, .... . ;· .. : •. -..:·- \ upstream from Sta. 17+50. 
from Sta. 17+70 to Sto. / /:} \ :·)1

, · I.~- - ·· \ Stagger adjacent rings os shown 
23+30, two holes and one • ·· · · · -~\ 

hole alternating as shown _. . :• .. '. \_, ,., 

""'"-' 1'! •. ;, \.»,'t· 

_ •... , ---Droinageholes 
, I .~, tj 20'±deep at 2o'crs. 

Vent holes at highest 
breaks in excavation-._ 

'\. '\ 

,' for placing mortor or grout by 
: grouting method, location os directed 

! /-,,_ 
· ----.,Grout hO/es 

' 

····--... /variable Dio. os shown on PROFILE , •• 
London Dwgs. 622·0-198 and 622-D·/99 ' 

HALF SECTION HALF SECTION 
UNSUPPORTED SECTION LINER PLATES ONLY STRUCTURAL STEEL 'RIBS ONLY 

TYPICAL TUNNEL SECTIONS 
SPILLWAY TUNNEL STA.13+36.73 TO STA. 24+45, EXCEPT AT TUNNEL INTERSECTION 

DIVERSION TUNNEL STA. 5+85.5D ra TUNNEL INTERSECTION 

:~ 
'l' 

Vent holes at higr.est 
breaks in excavation··, 

\ \ 

.. 
~/,,//~ 

/// 

.-·Pipe or drilled holes in tunnel arch 
· for placing mortar ar grout by 

grouting method, location os directed 

~ 

-Variable d10 

Vories·--

C, ., 
'l' 

--".,_-:_{~ ,·> 
.cc ~,r""~~F 

I' 
HALF SECTION 

STRUCTURAL STEEL RIBS 
WITH METAL LAGGING 

{- l 

~ 

10-22-62 
D uu,/ 

HALF SECTION 
STRUCTURAL STEEL RIBS 

WITH LINER PLATES 

CHANGED LOCATION OF SPILLWAY DOWNSTREAM TVNNEL PORTAL 
FROM STA 24 t- 45 TO STA. 24 "1- 60. 

NOTES 
Far general concrete outline notes, see drawing 40·0·5530. 
Spacing of transverse construction joints in tunnel fining 

shall not exceed 50 feet. 
Rubber water stops/Type "B"J shall be placed at off transverse 

construction jomts ,n tunnel lining. 
Drainage holes to be drilled ofter all grouting is completed. 
Distance from 'A"line to "a" line is 6 except where tunnel 

supports ore used, , 
Structural steel tunnel support ribs shall be 6"x 6 '-20# 

REFERENCE DRAWINGS 
SPILLWAY ANO OUTLU WORKS -PLAN,PROFILE ANO 

SE:C TIONS · SHEH I ...•••................•.....• • 622·0·193 
SPILLWAY-GATE: STRUCTURL ....... .622·0·195 ANO 622·0-196 
SPILLWAY·FLIP BUCKET STRUCTURE:. ..... - .......... 622-0-197 
OIVE:RSION WORKS·CONTROL STRUCTURE ANO 

UPSTRE:AM TUNNH PLUG .. ·-················-·622-0·198 
DIVE:RSION WORKS ·DOWNSTREAM TUN NH PLUG_ ..... _622·0·199 
SPJLL WAY - INCLINED TUNNEL TRANSITION··- .. _ 622·0·207 

8- 2 - 62 
CO.(u 

6 -t6-6t 
D Ca<,/ 
4 - 9 - 62 

D C(l,(,/ 

ON PROFILE, CHANGEO NOTE ON LINING T,-,ICKNESS 
FOR TRANSITION ANO SHAPE OF PIER ENO. 

ADDEO REINFORCEMENT NOTE ON PROFILE, CHANGED 
OIMEN SION ON SECTION A -A. 

REVISED END OF FLIP BUCKET STRUCTURE. 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

COLORADO RIVER STORAGE PROJECT 
GUNNISON O/VISION-CURECANT/ UNIT·COLORAOO 

BLUE MESA DAM 
SPILLWAY AND OUTLET WORKS 
PLAN, PROFILE AND SECTIONS 
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N. !5,100Q_ 

~!500 

, 
; 56+-15.48 

,-~ N.5634.21 
' \E.8161.00 

Existing steel bridge 

to be removed---

s 44°-54°-56' w-- ---

~ 

' ' "' .... ... 
0 
0 - ' ~\ ... ' .... ' 

"" 

rs3-1-s1.ss 
'•-i N.5831.82 

~E.8332.49 

'Begin channel 
improvement 

t l '. s 86°-24-42 W-,-. 

N.5204,' \ 
I- - ' 64+61.47 : E.7287j ~\ 

N. 5150.75 ~-----­
E. 7466.76.J 

/ 66+-79.23 
,-~ N.5137.12 
: : E. 7249.43 
\ '-

",TRAVERSE 

',+ 
"'.o " 00 

r,, 
"'":.­

':, 

' '' '' I' 
'' ~, 

,.__ I r 
~ ' I Begin trapezoidal 
: \ I channel 

1 Bottom width= so' 

l Side slopes=1J .'I 
0 .,., 
i­
<o 
<o 

',,Minimum area of section 
+ 

below El. 718 5. 2 to be 3750 sq. ft. , 

' ~ .,_ 

"i' 
' ~ 

;73+-12.85 

/ 

' 
I 

c:;-
0 
i-.,_ 

""" ~ 
).­
~ 

" ...,':., _ Minimum area of section 
_______ - below El. 7186.I tobe 375osq.ft. 

\ 

' \ 
\ 

\ 

Minimum area below 
El. 7185.9 to be 

I 

Original ground /ine~---1 
_,/ I 

+ 
3 750 sq. ft. - __ 

Strip to 
bedrock-----' 

El. 7185.9-~- _ 

' ', '- ', 
'..___ -~ / 

' '---------/ 

~ 

•---Slope varies 

,,. .. --. -Assumed rock line 
--,,_~:/-' 

SECTION AT 
RIVER STA. 41 +20 

PLAN 

Minimum area below E/.7185.4 
to be 3750 sq. ft. - - ----

Original ground line ___ _ 

,,. ,,. 
N <o 
~ 
" 

'-
' 

, ... , 4 
,./ ~..:? · ,-, ~~ 7185.4·'\ , 

;,,,.__'-, '-,---

::'~.......... \ ... ',, '\ ...... ________ _ 
Strip ta 

bedrock----

---~ 

,, ·---Slope varies 

·Assumed rock line 

SECTION AT 
TRAVERSE STA. 62+00 

RIVER STA. 46+14 

I 
I 
I 

Natural sfream be "-
00 
+­.,, 

,., 
"' .,_ 

,: "' 
7160 --- ' 

.,. 'f' .,... ' I 

I I 1~ ' 00 0 
(\J ,.__ 

(\J 
"'>- + .,_ 
;!: ,-El. 714 7 00 ,.,, ';> ... 
/ I 7150 I 

' 

El. 7151.10------ s=o.001--, 

,, : 
o I 

I !Assumed rock line-'-' ' 
't-<.-yansition ,-l 

7140 

c<··Tra~ sit ion-~ 

38 39 40+00 41 42 43 44 45+00 46 47 48 49 50+00 51 52 53 54 55+00 56 57 
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Figure 7 
Report Hyd-515 

A. Looking downstream from reservoir 
(Recommended Approach Channel) 

B. Looking upstream 
Spillway, 33,700 cfs 
Powerplant, 5,100 cfs 
Outlet works, 3,080 cfs 

C. · Slide gate control in spillway 
tunnel, prior to construction 
of the model reservoir and 
inclined tunnel 

BLUE MESA DAM SPILLWAY 

The 1:32. 78 Scale Model 
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A. Preliminary approach channel 

B. 16,800 cfs 

C. 33,700 cfs 

BLUE MESA DAM SPILLWAY 

Flow in preliminary approach channel 
l':32. 78 scale model 

Figure 8 
Report Hyd-515 
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A . . e. 400 cfa · 

B. 16,850 cfa 

c. 33,700 cfa 

BLUE MESA DAM SPILLWAY 

Flow, entering preliminary gate structure 
1 :32. 78 scale model 

· Figure 9 
Report Hyd ~515 
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A. 8,400 cfs 

B. 16,850 cfs 

C. 33,700 cfs 

BLUE MESA DAM SPILLWAY 

Flow in recommended approach channel 
1 :32. 78 scale model 

Figure 11 
Report Hyd-515 
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A. 8; 400 Qfs 

B. 16,850 cfs 

C. 33,700 cfs 

BLUE MESA DAM SPILLWAY 

Flow entering recommended gate structure 
1 :32. 78 scale model 

Figure 12 
Report Hyd-515 
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A. 8,400 cfs B. 16,850 cfs 

Figure 14 
Report Hyd-515 

C. 25,250cfs D. 33,700cfs 

Note: The recommended pier is installed in transition section. 
The water surface on tunnel walls for recommended design 
is marked by the hatched lines. The line above each hatched 
line is water surface for the preliminary design. 

BLUE MESA DAM SPILLWAY 

Flow in transition 
1:32. 78 scale model 
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A. 5,500 cfs 
4-foot gate 
opening 

D. 21,500 cfs 
15-foot 
gate opening 

B. 9,500 cfs 
7-foot gate 
opening 

E. 28,000 cfs 
20 -foot gate 
opening 

F. 33,700 cfs (free flow) 

BLUE MESA DAM SPILLWAY 

Flow in inclined tunnel 
1:32. 78 scale model 

Figure 15 
Report Hyd-515 
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and 66 is zero for 16,850 c.f.s. 
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FIGURE 22 
0 T HYD-515 
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DISCHARGE T. w. 
C, F. S. EL. 
8400 Normal 
8400 Normal+ 21 

8400 Normal+ 7 1 

8400 Normol-2' 
16,850 Normal 

16,850 Normal+31 

16,850 Normal +7' 
16,850 Normol-61 

33,700 Normal 
33,700 Normal+5' 
33,700 Normal+ 12' 

----El. 7183.50 

SECTION A-A 

ii·::· 
: ."_(f 

. ·.o 

*PIEZOMETER NO. 
7 8 9 10 
1.00 I. 50 -2.50 -4.50 
1.75 2.25 -3.00 -6.50 
2.00 3.00 -5,00 -10.00 

-0.75 -1.25 -3.00 -2.00 
-2.00 -1.75 -3.75 -2.00 
3.00 2.00 -3.00 -5.00 
3.50 2.50 -8 to-15 -12to-22 

-2.00 -1.75 -3.75 -1.75 
+0.25 -1.75 -1.00 -1.75 
+o.25 -1.75 -0.75 -1.75 
+4.00 l.5to-l.5 -17to-26 -I 4to-32 

,----El. 7183.50 

···El.7162.5 

SECTION B-8 

@ Designates piezometer location 

EXPLANATION 
-·-·-·-- 8,400 c.f.s. 
____ .. _ .. _ 16,850 c.f.s. 
_, .. _,,._ ... _ 33,700 c.f.s. 

* All pressures ore in prototype feet of water. 
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A. 4,200 cfs B. 8,400 cfs 

C. 16,850 cfs D. 33,700 cfs 

BLUE MESA DAM SPILLWAY 

Flow from preliminary flip bucket-­
powerplant and outlet works operating 

1:32. 78 scale model 

Figure 24 
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A. Both spillway gates open 5 feet · 

B. Left gate closed, right gate full open 

C. Right gate closed, left gate full open 

Discharge= 9,500 cfs 

BLUE MESA DAM SPILLWAY 

Spillway gate controlled flow from flip bucket 
· 1:32. 78 scale model 

Figure 30 
Report Hyd-515 
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A. Spillway 8, 400 cfs 
Outlet works 5, 100 cfs 
Powerplant 3,080 cfs 

B. Spillway 16,850 cfs 
Outlet works 5, 100 cfs 

Figure 31 
Report Hyd-515 

C. Spillway 25,250 cfs 
Outlet works 5, 100 cfs 

D. Spillway 33,700 cfs 
Outlet works 5, 100 cfs 

BLUE MESA DAM SPILLWAY 

Flow from recommended flip bucket-­
outlet works operating 

1:32. 78 scale model 
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A. 8,400 cfs 

C. 25,250 cfs 

B. 16,850 cfs 

D. 33,700 cfs 

BLUE MESA DAM SPil..LWAY 

Flow from recommended flip-bucket- -no flow 
from outlet works or powe.rplant 

1:32. 78 scale model 

Figure 32 
Report Hyd-515 
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FIGURE 33 
REPORT HYD.-515 
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Figure 34 
Report Hyd-515 

A. Revised streambed and' 
left bank .topography 

B. 5,500 cfs spillway 

C. 5,500 cfs spillway 
3,080 cfs powerplant 

D. 5,500 cfs spillway 
5, 100 cfs outlet works 
3,080 cfs powerplant 

BLUE MESA DAM SPILLWAY 

Flow from powerplant, outlet works, 
and recommended flip bucket 

1:32. 78 scale model 
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A. 9. 500 cfs 

C. 21,500 cfs 

B. 15. 500 cfs 

D. 33, 700 cfs 

BLUE MESA DAM SPILLWAY 

Flow from recommended flip bucket 
1:32. 78 scale model 

Figure 35 
Report Hyd-515 
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A. 9, 500 cfs spillway 
5, 100 cfs outlet works 

. 3, 080 cfs powerplant 

C. 21,500 cfs spillway 
5, 100 cfs outlet works 

B. 15, 500 cfs spillway 
5, 100 cfs outlet works 
3,080 cfs powerplant 

D. 28, 000 cfs spillway 
5,100 cfs outlet works 

BLUE MESA DAM SPILLWAY 

Flow from powerplant, outlet works, and 
recommended flip bucket 

1:32. 78 scale model 

Figure 36 
Report Hyd-515 
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A. Spillway--5, 500 cfs 

C. Spillway--15, 500 cfs 

E. Spillway--5, 500 cfs 
Outlet works--5, 100 cfs 
Powerplant--3, 080 cfs 

G. Spillway--21, 500 cfs 
Outlet works--5, 100 cfs 

B. Spillway--9, 500 cfs 

D. Spillway--21, 500 cf~ 

Figure 37 
Report Hyd-515 

F. Spillway--9, 500 cfs 
Outlet works--5, 100 cfs 
Powerplant--3, 080 cfs 

H. Spillway--28, 000 cfs 
Outlet works--5, 100 cfs 

Note: Dark areas on roadway in C, D, F. G, and H is 
result of spray from jet. 

BLUE MESA DAM SPILLWAY 

Flow in stream channel--recommended flip bucket 
1:32. 78 scale model 
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A. 3,080 cfs powerplant 

B. 5, 100 cfs outlet works 

C. 5,100 cfs outlet works 
3, 080 cfs powerplant 

BLUE MESA DAM SPILLWAY 

Flow over tailwater control structure-­
no flow in spillway 

1:32. 78 scale model 

Figure 38 
Report Hyd-515 
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A. 15,500 cfs spillway 
3,080 cfs powerplant 

B. 15, 500 cfs spillway 
5,100 cfs outlet works 

C. 15,500 cfs spillway 
5, 100 cfs outlet works 
3,080 cfs powerplant 

BLUE MESA DAM.SPILLWAY 

Fl.ow over tailwater control structure-­
spillway operating 

1:32. 78 scale model 

Figure 39 
Report Hyd-515 
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FIGURE 40 
REPORT HYO. 515 
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NOTE 
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Circles (o) are data points. 

BLUE MESA DAM SPILLWAY 
WAT E R SU RF AC E CONT A CT S U N D E R S I D E O F J ET 

I: 32.78 SCALE MODEL 
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FIGURE 42 
REPORT HYD-515 

EXPLANATION 

---Unimproved 
channel 
tai lwater 
elevation 

------Improved 
channel 
tailwater 
elevation 

NOTES 

Zero pressure is 
atmospheric. 

See Figure 26 for 
piezometer 
locations. 

" 
OI 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 

PIEZOMETER NUMBER 

BLUE MESA DAM SPILLWAY 

DIVERSION F LOW P R ES.SU RES I N T HE FLIP - BUCKET 

I :32.78 SCALE MODEL 
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A. 6,400 cfs, unimproved channel 

C. 14, 100 cfs, unimproved channel 

B. 6,400 cfs, ·improved channel 

D. 14, 100 cfs, improved channel 

BLUE MESA DAM SPILLWAY 

Diversion flows in flip bucket 
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