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Subject: ~odel studies of the Alva B. Adams tunnel inlet control 
structure - Colorado-Big Thompson project, Colorado. 

Io General. The plans /or constructing the Alva B. Adams tunnsl, 

the Shadow Mountain Dam, the Granby Dam, and the Green Mountain Dam 

were the outgrowth of extensive study and research with respect to re- 

claiming large arable areas in northeastern Colorado and along the 

Colorado River Valley in western Colorado, There is an insufficient 

supply of water east of the Continental!Divide to irrigate properly all 

of the land under culti atlon in ort e= Colorado. es clany 

y e a r s .  In  a d d i t i o n ,  t h e r e  a r e  ,e~reraiihundred thousand s o r e s  o f  t i l l -  

a b l e  lan~ lying Idle in northern Colorado because of insufficient irrl- 

years there was more than enough water flowing down the Colorado River 

to supply the Shoshone power plan L land 

that ever could be brought under ,stereo 

Green ~unta[n Dam was built to provide reserve storage for re- 

placln r any snortage in the Colorado River flow caused by dlversioh to 

the Eastern Slopeo It will also supply power to the Middle Park area 

and the Granby Reservoir pumping planto 

Gr.~nby Reservoir will be created by placing a dam on the Colorado 

River about 6 miles northeast of GranOyo This reservoir will store 

water diverted from Willow, Strawberry, and Meadow Creeks, as well as 

Colorado River watero This reservoir will provide the supply to be di- 

verted to the Eastern Slope. An electrically driven pumping plant on 



the north shore of Granby Reservoir will pump this water up to a cmnal 

flowln~ intn ShaSow ~ountain Lake. This lake will be formsd by a dam 

about half a mile below the Junction of the North Fork and the Grand 

Late outlet. The water flowing into Shadow Mountain Lake will flow by 

gravity into Grand Lake, thus maintaining approxlnately the same water 

level In both lakes. 

The Alva V. Adams tunnel will serve as a conduit for passing the 

diverted water to the Eastern ilope where it will De used for pc~er 

development and irrigation. Part of the power developed on the Eastern 

Slope by this water will be transmitted acrosc the Continental Divide 

to drive thB pumping plant at GranOy Reservoir. 

The .maximum variation in water surface in Grand and Shadow Moun- 

tain Lakes has been fixed oetween elevations 8387.00 and 8355.00. The 

crest of the outlet control structure was fixed Oy act of Congress at 

elevation 8365.00, thus allowing a head of 2 feet to pass the maximum 

discharge° It is planned that off-peak power will be used for pumping 

from Granby Reservoir into Shadow Mountain Lake. This will make it 

necessary to store water in Ooth Shadow Mountain Lake and Grand Lake 

to produce a constant flow through the tunnel when the pumps are not 

operating. With the crest of the control s~ructur, at elevatlon 

6365.00, a required flow of 550 second-feet, and a water surface at 

elev~tlon 8564.70 at the tunnel portal, it was necessary that the out- 

let control structur~ be designed with the minlmum hydrauiicilosse. 

possible to obtain this flow. If a minimum head of I foot is required 

t to force 550 second-feet over the crest, he storage in the two lakes 

having their water surface at elevation 8367.00 will provide a centin . 

uous flow of 550 second-feet for approxinmtely 41 hours without operat- 

ing the pumps. This storage will provide for stopping the pumps when 

other demands for power are at their peak, for power failure, or for 

other unforeseen circumstances 

2. Scope of model tests. Since it was necessary to utilize as 

much of the available storage as possible to provide for emergencies, 
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it was desirable to have the hydraulic losses through the structure as 

low as reasonably possible. The model tests were instigated to deter- 

mane a design for the control structure whiohwould cause a minimum 

loss of he~d at a reasonable cost and at the same time comply with the " 

regulremsnts of the law authorizing the project. : 

3. The proposed ori~inal design. The proposed orlginaldeslgn 

(figure i) consisted of 20 covered bays opening into a double side- 

channel spillway having a gate-controlled outlet~hichwas connected 

to the tunnel portal by ~ double transition. In the~:tests with a i:i0 

model of this design, the water surface at the gate pin was set at the 

theoretical elevation of 8365,83 for the discharge of 550 second-feet. 

From this it was found that the corresponding lake water surface neces- 

sary to produce this flow was elevation 8388.~4. or 0,$4 of a foot 

higher than was anticipated in the design..When;the elevation of the 

water surface at the gate pin was raised mtO 8365,88, it caused:a cor- 

responding change in the lake surface elevation, indicating that the 

section controlling the flow was downstream from the cres~ By lower- 

ing the water surface in the gate section until critical flow occurred 

at the crest, it was not possibAe to draw .the water surface in the 

lake below elevation 8368.04 and obtain.,a flow of SSO-second-feeto 

This was a condition unobtainable in the prototype, but it showed defi- 

nitely that the anticipated lake surface of 8366.O0 would not cause: a 

flow of 550 second.feet with this design. : 

With this design, where critical flow did,not occur at the crest, 

the two bays directly in front of the ~ate section dlscharged:approxi. 

mately seven times as much water as the two end bays. In addition. 

there was considerable turbulence and loss of head inthe side channel 

due to the extended piers downstream from the crest. By removlng this 

part of the piers (figure 4A), the loss in head was reduced 0.05 of a 

foot. Due to the uneven distribution of flow along the crest and the 

projecting piers, it was considered advisable to change to a more suit- 

able design whereby the head losses which so seriously reduced the - 

3 
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available storage would be !mini:nised. 

4. Improved design B, This design was a fan-shaped arrangement 

(figures 2. 3, and 4C) having 20 bays at l£-foot ll-lnch centers at 

the crest, spaced on a segr~ent of' a circl al angle 
! f! 

was 121 ° 04 18 . The in:~ake to the bey surface, 

and the entire structure was covered to pez~mlt gatis( eration 

during the winter months. ~i I~: downstream from 

the crest was designed to :e _he flow between 

the crest and the tunnel portal, Actually, acceleration of thewater 

was continuous, excect through the ~ate section, until 

tunnel velocity at the portal. This involved changing ~ e 

section and both transitions :leading to the tunnel portal. 

Tests with this arrs~gement with a I.Z4 model indicated a decided 

improvement over th~ for~r design. Equal amounts of wace 

through each of the bays, and there were no ~ndications" o~ able 

flow. With the water surface a~ the tunnel portal set at elevation 

6364°70, the corresponding lake water surface required to produce a 

flow of 550 second-feet wi~s elsvatic m 6366.15, Thls indicates that the 

total loss in the str~ctuire due to friction, turbulence, or otherwlse, 

was 0.29 of a foot or 55 ipercent o~ loss in the former design. This 

savln~ in head also represents an adqitional 948 h0urs of storage at 

maxlnmm di schargeo 

5. The final desi~n~ Investigations to determine the most econom- 

ical cre~t length for the improved design revealed that by reducing the 

number of bays from 20 to 18 caused the lake surface to rise from eleva- 

tion 8366.15 to elevation 8366.16. By reducing the number of bays to 16 

the water surface in the lake raised to elevation 8366®22, or 0.07 of a 

foot above the 20-bay arrangement. In the model the reduction in the 

number of bays was accomplished by filling the bays as shown in figure 

4B. No changes were made J[n the floor to compensate for the difference 

in flow throuo~h the remaining bays. However, this correc~lon was made 

in the prototype° The loss in storage that resulted from reducing the 



number of bays to 16 amounted to approximately ~ hours~of fl~veat 550 

second-feet. It was decided that the decreaeed cost obtained ,~by re- 

moving the four outside bays Justified the additlonal foes in storage. 

The mo~el was not teated with the fish screen in place, and the~losses 

duo to the screen will be in addition to thos e measured in the ~modelo 

The final design as it will app id is shown on:fig- 

ures 5 and 6. The control structure has been moved upstream 13S.5,feet 

to the lake shore. The addltlonal~Ioss due to,the covered conduit con° 

nectlon between the inlet control structure and the gate house has been 

compensated for by lowering the tunnel gradsllne. 

.t 
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