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Engineering and Geclogicel Control Hydraul:c Laboratory

and Research Divis1on _ : Compila* by- ‘Fred: Locher
Denver, Colorado L "f . 'j- S C.,v..Adkins
Septembar 1, 1944 - _ : r”“ Reviawed by: J. b. Warnock

Subject: Model studiea of thu Alva B Adums tunnel inlat control
structuro - Colorado Bxg Thompson prnjoct Colorado.‘ﬁfg,i

1. General, Phe plana fo. constructlng the Alva B. Adums tunnal ;ji

the Shadow Mountsain Dum, the Grsnby Dam, and the Green Mountaiﬂ Dam

wore the ocutgrowth of attensive study an‘ rascarch with respeot to re-if__

claiming large arabla areus in northeaatern Colorado and along the

Cclorado Rivar Valley in western ColcradOO, There is an insufliciont

supply of water east of the Continental’Divide to irrigate properly all;-’:ff

of the land under cultivation in nortnernupolorado

yeurs. In addition, tHere are aevera‘:hundred‘thousand aores of till—:f‘;’ .

able land lylng idle in northern Colorsﬁo becauseﬁof insufficient irri-}f o

gution water, Surveys on the Western Slone and hydrograpna rrcm vari»ff ”'J

ous po;nus along the Colorado River ShGWud th9t axuapt 1n sxtremely dryﬁ3

yeurs there was moTe than enough water flGWIBE down tha.Colorado River S

to supply the Shosbone power plant and to irrigata propar15 all land

that aver could be br°uaht under ‘" ColoradcuRivar irrigatlon systamo“‘hf o

Graen Yountain Dam was built to Provida r‘“'"‘

placing any snortage in the Colorado River flcw caused by diversion to ;:J7

the Eastern Slope, It will also supnlv power to the Middlo Park area

and the Granby Reaarvolr pumping plant,_:fu

Grunby Roservoir w1ll be created'by»plégingfakd#mfopgfhé'Coloradd""

River about 6 miles northeast of Grenuy, -This-reser&oir will stpré
water diverted {ronm Willow,-Strawbefry. and Mendow Créaks;‘ss:well asg

Colorado River water, This reserveir will provide ths supply to be .di-

vertad to the Bustern Slope. An electrically driven pumping plant on




the north shore of Granby Reaarvoir will pumn thzs Wntor up tc 8 cunal |
flowing into Shadow Mountuin Lnke. This laka will be fornud by a dam

about half a mile belcw the junction of the North ForL und the Grand :
Lake outlet. The watar flowing into %hu1ow Mountnin Lake will ilow by _;

gravity into Grand Luke. thus maintaining apnroxiwutely the same water e

level in both lnkas.

The Alva V. ndams tunnel will serve as 'Y condumt ior pasaing the

diverted water to the Eastern. rlope where it will De usad for pawer 3'

developmant and irrigation, Part of the power develoned on the Eastern e

Slope by this water w111 be trunsmitted across tha Continental Div*da ,.

to drive the pumning plunt at Granby Rena—vair.

The maxinum vurlation 1n water surfuoe 1n Grand and Shudaw Moun—'j“f
tain Lakes has besn [ixed" batween elevationa 8367’ .00 and 8365, oo."“’ '

crest of the outlet control structurs was Iixad ny act oi Congreaa at

alevation B365,.00, thua allowing 8 head of 2 ieet to gass the max1mum';:i"

discherge, It is planned that offnpeak power wzll ‘be- ueed for pumping  kN

from Grenby Reservoir 1nto Shadow Mbuntain.Lakea This will make it
necessary to store water in ooth Qhadow Mountain Lake and Grand Lake _x{ 
to produce a constant flow through the tunnal when the pumps are not e

operating. With the crest of the oontrol atructura at elavation
p

836£.20, a required flow of 550 aecond faut and a water ‘urface at i‘,'."

elevution B364.70 at tha tunnal portal it WaS neoesnary thnt th\) pﬁf'f-'”w”i’

let control structuru be dauibned with the minimum hydraulic loaselﬁlfy'”

poasible to obptain this- Ilnwo Af a mlnimum head of L foot is raQUiradj‘.
to force 550 second-feet over the crest. the stornge 1n tha two lakea R
having their water surfuoe at elevation 8367.00 will prov1da a contin--

uous flow of 550 second=-feet for spproximately 41 hourS'Without operntv-;u:

ing the pumps, This storage will provide Ior stOpping the’ pumpa whan ‘
other demunds for power are at the1r peak for power fa1lure, 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 vmergenciea,
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it was desirable to have the hydraulic losses through the structura as.
low ee reasonably poasible,_ The model tests ware instigated to dater-
mine & design for the: oontrol strueture which would{cauae B minimum

loss of head at a: reauonable cost and at the same ti}i comply with theﬁf_f

requiremsnts of the law authorizing the projact, :

3. The proposed original design.' Tha propoued origlnal daaign

(figure 1) conel sted of. 20- covered bays opening into a double sida-‘li ‘
channel gpillwey having a gate gontrollnd outlat which w&s connected

to the tunnel portal by ™ double transition.. In tha tasta with a RY IO'lf

model of this design, the water surfaoe at the gate pin was aet at thqai
theoretical elavation of 8555 83 for the discharge Oi 550 sscond-feet. o

From this it was found: that tha corresponding 1ake water surface neoea-_"

sary to produce thia flow was alevation 8366 54, or 0. 54 of [ foot
higher than was anticipated in the dssign‘

When the elsvation of the '

section controlling the flow wus downstream frOmffhe:creus,

By luwer-f;.
ing the water surface in the" gate section until critical flow occurred
&t the crest, it was not nossibie to draw the water surface in the 5

lake bslow alevation 8366.04 and obtain A i‘lorr-"\_

This was a condition unobtainabie in the prototypa .

nitaly that the nnticipated lake surfnoe of 8366 OO ould not cnuse_a
flow of 550 second feet with this design.".;ygc_“

With this design, where criticil fluw did not occur at the crest
the two bays directly in frant of tha gata section diacharged apprOxi- S
mately seven times LY much water. as the “two - end bavs.. In addition,~"
there was uonsiderabla turbulonca und loes of haad in tha -side channel'
dus to the sxtended piers downstresm’ from tha creut, By removing thia
purt of the piers (figure 44), the loss in . head was - reduced 0.05 of &’
foot, Dus to the uneven distribution of flow along tha crest and the
projecting piers, it was conaidered adviaable to ‘change to a more suit-

able design whereby the head losses which sc seriously reduoed the

kS
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available stérage would he minzmizad.,

4, Impr0ved dealgn B:x'This des1vn was a fan-shapad arrsngemant ‘f k
(figures 2, 3, and 4C) having 20 bays at 11-;oot 1linch. centers at. -
the crest, spaced on a aegment of ! ciruls‘such that 'ha central angle$ "”‘ - .
was 121° 0 15".‘ The. inuuke t: tha bayslwas oel' 1 . '_‘.   =

the crast and

‘the tunnel port&l. Acbuﬁlly,1 f _m”vR-.ﬂ"“”

wa s continuous, exyent th“ough tbe gate aaction, until_it:rsachad the -["
tunnel valocity at the- oortal This 1nvu1ved changing the former gate -
section and both trsnsitimns leading to the tunnel portal. '

Tosts with this arrangoment with a 1 24 modal 1ndicatad‘3ﬂdecided“f
improvement ovar thu formzr deslgn. mqual umounts oz water pas : _‘ :
through each of ths bays, and there were no 1ndioati:ns oi undésirable_ff
flow, With the water surface at Lha tunnel portal set at elevation

8364.7), the correspondlng 1ake water surface requlrad‘t‘

fiow of 55D sscond-faa» was aluvation 8306 15. ;This indicates that the k'

total loss in the structura due to friction, turbulsnce.”or otherwise

was 0,28 of s foot or 55 percent o; loss 1n tha former!des1gn.' This :

saving in head also renresants an adiitlonal 9 B hour”?of' toruge at

maximim dlschargeo_

5. The final dasign; Iuvesttgatlons to determine the mdst aconom-{ : N

iocul crest lemgth for the improved design revealed that by reducinE the
number of bays from 20 to 18 caused Lhe lake surface to rise from elaanﬂ
tion 8366015 to elevation 8366 18. By reduciug the numbsr of bnys to 16
the water surfece in the lake rafssd. to elevation 8366, 2 , or 0.07 of a
foot above the 20Q«=bay. arrangement In the modal the reduction in the f
number of beys was accomplished oy filling the bajs as shown in figure.

43. ©No changes were mude in tha floor to vompensate for. the difference

in flow through the remsining bays, However, this eorrection was made

in the prototype. The loss in storage that rasulted'from}reducing the
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number of bays

to 16 amounted to approximﬂtely 8 houra of flaw at 550
It was decided that' the" dacreased oout obtained”by ra-

moving the [our. outside bays justified the ndditional 10ss in atorage. i
The model was not teated with tha fzsh screan in place,

second=faat,

andf‘he losses o
duc to the screen will be ln additicn to thOsB measured in the modél.

‘The final design as it will appear: n the;field
ures 5 and 8, -The control atructura” '

is shown on f“s-f

to the lake. shora._ ‘The additional loss du g

nection between the inlet control structur
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