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Subject:. . Hydraulic. model studies. of the overflow spillway--Cedar 
Bluff Dam~-Missouri River :Basin Project 

SUMMARY 

The open chute spillway of Cedar Bluff Dam was investigated 
with two hydraulic scale models.. A ·scale of 1: 48 was used for a 
composite model, Figure 4, and a seal~ of 1:24 was used for a model 
of one of the 5- by 5-foc;,t controllecl .. sluiceways, Figure 23. 

The parts of the spillway stud,ied.with the composite model 
were.the overflow section,-the unconi;:rolled slui.ceway, the controlled 
sluiceways,,and the ~tilling.basin. i'hree tests were made on the 
overflow sect;J.on using three .. piel'.s, one· pier,· and no piers. Discharge 
capacity curves vere obtained for the three conditions of flow and are 
shown in Figur~ 8 together with curves for the coefficient of' discharge. 
The most satisfactory flow conditions occurred with a:t,l piers removed, 
and this arrangemer,.~ was recollllllended .. for construction. 

Five variations of the.14.5.;. by 8-f'oot uncontrolled 
sluiceway we.re investigated. · The preliminary. sluiceway, Figure 9A; 
had subatmospheric ,,,pressures on the ,roof entrance for the higher 
reservoir elevations and uneven flow at the lower discharges because 
of di.sturbances caused by .the inclined entrance. · The discharge . 
ce.pactty curve, Figure ll., shows a higher di:scharge than desired. 
After testing -four other arrangements ·a s,atisf'actory sluiceway was 
obtained. The recommended sluicewa.y-is shown-on Figure .13. There 
were no piers on the overflow section,. ,and thi·s sluiceway operated 
with satisf:acto:ey pressures _for all f'lov conditions. The capacity 
was 41 000 seconci feet at res.ervoir elevation 2166,. Figure 11. 

Three stilling basins were tested. The preliminary stilling 
basin, Figure. 17, had a horizontal .apron at el.e:vatian 2033. Operation 
was only: fair w:i:th a rou_gh water surface.in the river channel, while 
scour :was moderate. The up.stream en~ of the_,t'loor of Basin .No. 2 was 
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raised giving a slope of 16:l to the apron, but the operation was 
unsatisfactory. The recoi,aend.ed·stilling basin, J'igure 201 had the 
upstream end of the floor raised ·. 5 ·,feet ·higher than the downstream. 
end. Four tests were made with this basin using combinations of two 
heights of chute blocks and end sills. The higher chute blocks and 
lower end sill gave the· most satisfactory operation. 

A larger · model -ot one 5- by 5-foot controlled sluiceway was 
'investigated on a 1: 24 scale. Four roof entrance shapes were studied. 
Pressures on the preliminary controlled sluiceway were subatm.ospheric 
on the root near the entrance and downstream. from the gate when 
operated partially open, Figure 24. The ·recoDD11.ended controlled 
sluiceway, Figure 261 bad satisfactory pressures ·throughout. The 
entrance to the air duct was moved from the surface o.f the overflow 
section to a training wall where it bad free access to the at110sphere. 

INTRODUCTION . 

Cedar .Bluf'f Dam in southwestern Kansas is a unit ot the 
Missouri River Basin Project on the·Smoky Hill River near the town 
of Ellis,. Figure 1. The main purpose of the dam is for flood control, 
but it will also provide tor irrigation of 131 000 acres of land. It 
is a rolled earth-till struct~e 121 570 feet·long having a maximum. 
base width of 900 feet and a height above stream.bed of 136 feet, 
Figgre 2.·, The reservoir formed has a maximum. storage capacity of 
768,400 acre feet. 

The flood control -spillway, Figure 3, which is the structure 
investigated in this report is loc.ated near the right abutment. The 
overflow section is at elevation'2166~and is 150.5 feet wid~. The 
chute leading to the stilling basin, 4oo·reet downstream;, increases 
in width to 200 feet at the stilling basin. The final spillway shows 
nine sluiceways through,the main. overflow section which serve the 
same purpose as gates on the crest., since they will allow tor passage 
of flow at low heads. In this way.the reservoir elevation may be held 
below the overflow section to·allow for storage in the event of.a 
flood. One sluiceway is an uncontrolled 14.5- by 8-f'oot opening in 
the center of' the spillway, and the remaining eight are. 5- by 5-f'oot 
~luiceways regulated by slide gates. ·The final overflow section will 
pass 84,700 second feet with· reservoir elevation 2193 exclusive of 
the nine sluiceways. 

The outlet works, Figure a., for release of·irrigation.vater 
consists of a high pressure c~nduit 66 inches in diameter, provided 
with a 4- by 5-foot slide gate at the downstream: end which discharges 
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into a concrete stilling basin. Model studies of the outlet. works 
were made with a separate J110del ~d these are recorded i~ Laboratory 
Report; Bo. HYD-245. 

IIIVESTIGATI01' WITH 1:48 SCALE SPILLWAY MODEL 

1:48 Scale Model 

The largest modeLthat would .fit.into the space available 
in the laboratory wa'S' constructed to·a 1:48 scale. It.was contained 
in a 12- by 14-foot head box and a 10.:. by 27-foot tail box connected 
by a 6- by 7-:toot chute box, Figure 4. All boxes were of wood con
struction, lined on the inside with sheet metal. A portion of the 
reservoir upstream.from the spillway was located in the head box. 
Topography" in the reservoir was formed by plastering concrete mortar 
on metal lath held to the proper shape by wood supports. The overflow . I 
section, on the downstream side of the head box, . was connected by a 
spil,lway chute to the stilling basin at. the upstream end of the tail 
box. All floor sections . of the spill,vay were made of concrete screeded 
to metal templates. The training walls vere made of wood covered with 
sheet metal, .and the piers:, chute bl,ocks, and.end sills were made of. 
wood~ The river channel in the tail box,, downstream f'ro:m the stilling 
basin, was molded in sand having a size such that 90 percent was 
between a No. 8 and a No. 50 sieve •. 

A 6-inch pipe line f:rom a portable pump · supplied water to· 
the model. The pipe emptie4 into the· upstream· s·ide of the head box 

· behind a rock baffle, whi.ch smbotbed out the flow to the reservoir 
area. An orifice meter in. th.e 6-inch pip.e line was used to measure 
the flow to the model. Point gages in the head.box and tail box were 
used to measure the water-surface el::e:vation ot the reservoir and of 
the· tail water. 

Studies of Overflow Section 

Operation and pressures. The preliminary spillway overflow 
section is shown in Figure 5. There are two piers plus a wide center 
U-shaped.pier, the latter providing spac-e for a single uncontrolled 
sluicevay 14.5 feet wide. The net length of crest resulting from this 
arrangement is 116 feet. At the maximum disc.barge of' 721 000 second 
feet, Figure 6, an uneven water su;rface appeared in the spillway chute 
because of f'lns formed by the interferenc·e of the piers with the flow 
over the overflow section, and by' fins f"ormed at the intersection of' 
the flow f':rom the sluiceway ancl oveTf'low seetion. Spreading action of' 
the water in the chute was satisfactory-' with good transverse distribµ
tion of flow occurring at the stllling basin. 
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Presaurea on the overf'low':.:i!i~ction ··were .'.measured·· at ·several 
discharges~ .ThestFpresauree/iil· teet=-··of water plotted' at mious' 
reservoir elevations are shown in Figure 7;. The lowest pressure of 
16 feet ot water below atmospheric at Piezometer Bo. 3,·with a reser
voir elevation ot 2195, was not consid~red serious. 

. . ! • '. .• .. •. .:'· . ;" : .... : ·•, ,,. :• '. 

The two outside piers were removed tor the next operation 
since their only purpose was to provi4e support tor a bridge •. ·The 
overflow section then consisted ot two parts having a total length 
ot 126 feet. Considerable improvement in 'the rough· water surface in 
the chute· ·resulted from this change. The fins :f'orme4 at-the center 
pier were still present, and spreading ot the ·:r1ow in ''the chute was 
as satisfactory- as in the original design. ' · 

' . , . 
; · .... , 

The u-shape center pier was·removed and·a portion of' the 
sluiceway- exit was covered, Figure 6!~ giving a conti~uous overflow 
segtion 150.5 feet in length. Operation with overflow section and 
siuiceway- discharging was ·1iapr.oved· over the ·two ·previous tests. The 
water surface in the chute was not as·rougb; but two fins were present 
due to ·· interterence of the water flowing through the sluicewq vi th 
that falling over the overflow section~- Thea~ fins are shown in : 
Figure 6B with the spillway·a1scharging 301000 second feet. Removal 
of the piers had no measurable effect on the pressures on the spillwq 
crest. 

Calibration. Discharge capacity curves were obtained for 
the over:tlow section for each of the three lengths produced by succes
sive removal of the piers., ·The uncontrolled sluiceway, was blocked tor 
these calibrations. .The three :rating . emes -obtained.· are shown in 
Figure-8.together with curves -for the coeffi'cient of-discharge~ c. 
With all piers in place1 giving a·net' length of over.flow section ot 
1~6 feet, a discbarge·coefticient· or 4*25·was obtained·at reservoir 
elevation 2193. The coefficient ot discharge C is given by the 

expression C • Q , where Lis the mini.Jnum. net length between 
• L H3/2 

piers and His the total_ head on the crest, including :vel~city head 
ot approach. With tl)e two outsi.,,e pie~s· remove4,, the coetfj,cient of 
discharge dropped to 4.10 and vit,li all pier& removed it bec811e lt-.03. 
:Because of contraction-~ :trictio11 losses, .a pier placed on an· over
flow section will usually cause a redµc~i,o:n _in the. ·coefficient of 
discharge; but in t~e prese:n:t ~ase, ·,t'.he coe~ticient of ,discharge 
showed an i:n,crease because the ups~_re• pier. no~es Y«t?'4" extremely 
sh.ort (distance measured frpm. ~Je :t0, ·crest. ot spilllfai). · This same 
phenomenon has been experie:n~ed. 111 the pa,._st where short nose piers 
were involved. Alsq1 thf! first t1r9, ¢oett:l.cient.s are ~omewha:t excessive 
because in computing C the min~ d;L~;tu~e·· between piers was used as L 
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rather tB&II. the actll&l length at the crest ( co1t,slll.t J'ipre 5) • The 
taperiq piers cause the flow to contract aa it paHes over the- crest; 
thus the lengtla ot crest, as uecl in the uaual sense, is 110re·or less 
intu.gi'ble ill this case. The coatticient of lischarge of 4.10 is 
-correct tor the tree crest as a negative pressure of 16 feet of water 
vas experienced on the face tor the maxilllull discharge condition • . 
uncontrolled Sluicevay Studies 

Sluicevay Bo. 1--Prelimi~. The preliminary' aluicevey1 
Figure 9.A., was designed to discharge,000 second feet at reaerYoir 
elevation 2166. The width was 14. 5 feet Bild the iilvert cc5ntrol vaa 
at elevation 2144. A photograph of flow in the chute looking upstream 
tor a ct.i"acharge of 2,700 second feet is shown in Figure lOA.. Spreading 
of the water in the chute was satistactor.,, but a high center tin 
occmT~Hl in the downstream portion of the sluiceV&7 because of' entrance 
concUtions. Tbe feature which caused this disturbance vas the 45• 
inclination of the bell.mouth entraace. 

Pressures were •asurect·a1ong the centerline of the invert 
~ on the roof' ad,Jacent to the left van, and the results are plotted 
in Figure 9.A. tor tour reservoir elen.tiona. Invert pressures were 
greater than atmospheric for all discharges. With the reservoir 
elevation higb enoup to cause the ·sluiceway- to run f'ull, the root 
preaaures were below atmospheric and became lover vith an il!lcrease 
1n reservoir elevation. The model shows that pressures in the proto
type voulcl reach the vapor pressure of water • 

.A. discharge capacity c\11"Ve valli obtain~4 for the preliminary 
sluiceV&7, Figure 11. The discharge of 5,300 secon~ feet at reservoir 
elevation 2166 was ·1,300 seco~ feet more than desired. This e:xcesa 
discharge was believed to result from the low pressures on the root ot 
the sl~icewq. 

Sluicevay Ro. 2. To ·give higher pressures along the roof . 
aliCI. decrease the diacharP,, the length of the root entrance was 
increased by the extension sh.own in Figure 9B. · Pressures •asured 
on the tloor and roof shoved little chanie from.those of the prelimi
nary' sluicewq. A.decrease in pressure occurred near the invert 
control, Figure 9B. Conditions of flow in the sl.uiceway auc::h as 
the center fili vere simil~ to those of the preceding teat. 

Tt,.e center U-ahape pier was removed and the main overflow 
section and sluicevay were operated together. For a total discharge 
ot 721000 second feet, Figure 10)31 a pulsation occurred which indi
cated a cyclic variation in the quantity of water flowing through the 

5 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



sluiceway. Water from the overflow section sealed the downstream end 
of the slui·ceway. The pulsation could be stopped by vent.ilating the 
downstream end. Therefore, the pressure in this region was definitely 
associated with the oscillating discharge through the sluiceway. 

· Without ventilation the pressure in the downstream end decreased 
below atmospheric, causing an increase in the sluice:way discharge. 
The increased aischarge then tended to create a back pressure which, 
in turn, decreased the flow through the sluiceway. This cycle was 
repeated over and over and was responsible for the pulsating effect. 

Sluiceway No. 3. To eliminate the oscillating flow, the 
overflow sectiGm in the vicinity of the slu-iceway was filled in as 
shown on Figure 12A. This left an opening 7.20,feet high at .the down
stream end. The sluiceway invert control remained at el~vation 2144 
as in the preliminary. There were no piers, so the overflow section 
discharge could interfere with the discharge from the sluiceway. At 
all discharges satisfactory conditions of flow occ1,1rred at the portal 
without pulsation. The restriction at the downstream end caused an 
increase in the pressure throughout the sluiceway with the lowest 
pressure amounting to atmospheric at Piezometer No. 7 with reservoir 
elevation 2167.01, Figure 12A. Increasing the reservoir elevation 
above this amount gave higher pressures in the sluiceway since the 
overflow discharge increased the back pressure at the downstream 
portal. 

This arrangement was, in general, satisfactory except at 
low reservoir elevations when open-channel flow occurred in the sluice
way. Under these conditions, as in the preliminary, the water surface 
was- uneven with a high center fin. 

Sluiceway No. 4. The entrance was modified by moving the 
invert control downstream, Figure 12B. This was to eliminate the 
disturbance caused by the inclined bell.mouth entrance. The. downstream 
end was increased in height from 7.20 to 8 feet, and the roof section 
was modified to conform to the floor shape. The model was operated 
and smooth open-channel flow resulted. Roof pressures were acceptable> 
but the shape of the invert control proved to be deficient in cross 
section, resulting in a pressure of 13feet of water below atmospheric 
at Piezometer No. 9 with reservoir elevation 2165.86, Figure 12B. 

Sluiceway No. 5--Recommended. To increase the pressures, 
the invert control was increased in s<;etion as shown in Figure 13. 
The roof section was changed to a straight line, while the exit height 
remained at 8 feet. 
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Five roof entrance shapes were investigate·a with Sluiceway 
Bo. 5. Roof Entrance A, 1'igare 13A, had the roof ~Qntinu,ed .in a 
straight line intersecting the· 1: l o,rerflow · sectipn slope _at · 
elevation 2158. Satisfactory pressures _were obta1ne¢ throllghoµt 
the sluic~ except tor a pressure of 2 feet of va~er below atmos-
pheric at Piezometer Bo. 6 with reservoir elevaLtion. 2166.27. . 

For Entrance B, a 1-foot rdius was used to connect the 
roof ant lil slope, 1'igare 13». Instead of increasing the pressure 
at Piez011eter Bo. 61 it decrea.sed it to 3 feet of water below atmos-
pheric with reservoir elevation 2166.03. ·· . 

Por En.trance c, the 1:1 slope on the upstream face of the 
crest was replaced with a vertical wall, Figure 13C. Results were 
unsatisfactory- as a pressure of 5.5 :feet of water below atmospheric 
occurred at Piezometer 1'0. 7 tfith reservoir elevation 2166.20. 

· · A.radius ot 10.5 feet vaa employed tor -trance Das shown 
in Figure 13!>. Preuures were higher than those tor Roof Entrances_ A1 
B1 and c, but at Piezometer Io. 9 the preasure was ·1.5 feet ot water 
below atmospheric with reservoir elevation 2166.03. ·_ · 

An elliptical shape was next used for the root entrance, 
Figure 131 which provecJ. to be the recollDlended entrance.· Pressures 
throughout the sluicewq were abo,re atmospheric for all reservoir 
elevations. A disc~arge capacity curve was obtained tor ·the recom
mencied aluiceway, J'igare 11. '!'his sluicelf'IQ'·gave the required flow 
ot 41 000 second feet with reservoir elevation_2166. Figure 14~ shows 
the flow in the chute iOYllatream fro• the sluice-way with a total dis
charge of·841 700 second feet. Fins originating at the portal were the 
only disturbances noticeable. Flow from the portal was also satis
factory- when ~pen-channel flow existed in the sluiceway1 Figure 14B. 

Water-surface profiles were taken in the spillway chute 
with the sluiceway operating at reservoir elevation 21661 Figare 15. 
Also shown :l,n this figure are water-surface profiles with reservoir· 
elevation 2193 giving a total discharge. of 881 500 ·second feet. Dis
tribution .of flow at the downstream. end ot the chute was satistaetory
tor all f'low conditions. At no time did the water overtop the training 
walls ot the chute. 

A discharge capacity curYe was obtained with both the 
uncontrolled sluice-way ~d spillway operating, Figure 16. This 
curve is essentially Curve C of Figure 8 with the addition.of'. the 
"discharce through the sluiceway. 
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Stilling Basin Studies 

Stilling Basin No. 1--Preliilinary. The preliminary basin 
had a horizontal floor at elevation 20331 Figure 17. Chute block6and 
dentated end sill were used as well as fillets at the sides of the 
basin. The performance is shovn in Figure 18A at the maxillum dis
charge of 841700 second feet and tail-water_ elevation 2074.50~ Flow 
was uniform across the width of the basin and the jump action was. 
satisfactory. Flow in the river channel was turbulent with waves 
3 feet high. Erosion in the channel after 1-hour operation at maximum 
discharge is .shown in Figure 18B. Scour was moderate with a hole 
downstreBlll from each training wall 9 feet below the floor of the 
stilling basin. · 

Stilling Basin No. 2. The fillets at the sides of thP. 
stilling basin were removed and the upstream end of the floo~ was 
raised, giving a-slope to the floor of 16:11 Figure 17. The chute 
blocks were moved upstream 24.6 feet to the new intersection of tne 
chute and floor while the end sill remained unchanged •. Operation 
at the maximum discharge of 84,700 second feet was unsatisfactory, 
Figure 191 since the jwap formed 50 feet downstream from the chute 
blocks and extended.into the river channel. The end sill was all 
that prevented the Jum.p from sweeping out of the basin. _Because 
of the poor operation, a scour test was not run on this design. 

Stiiling Basin No. 3--RecoJllllended. The upstream. end of 
the basin floor was lowered to elevation 2038 making it 5 feet higher 
than the downstream end. This gave a slope of. 24.3:l for the floor, 
Figure 20., The same chute blocks (5 feet high) and end sill {12 feet 
high) were used for this basin as in the preceding two tests. At 
maximum flow of 841 700 second feet the Jump formed about 40 feet down
stream from the toe -of the chute as shown in Figure 21A. There was a 
high boil over the end sill and a wave 3 feet high existed· in the river 

• channel. Scour, after 1-hour operation at maximum discharge and tail
water elevation 2074.5, was moderate with erosion down to elevation 2030 
at each side of the stilling basin, figure 21B. Three other tests were 
made using different combinations of chute blocks and end sill in an 
attempt to improve the stilling pool operation. 

To reduce the high boil over tb.e end sill, the height of 
the sill was lowered :from 12 to 9 feet. Operation at maximum dis
charge, Figure 21c, .shoved a lower boil with 2.5-:foot waves in the 
river channel. The scour pattern, Figure 21D1 was similar to that 
obtained with the 12-foot end sill except the erosion at the right 
side of the stilling basin extended down to elevation 2024 instead 
of 2030. 
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The original 12-foot end sill was again installed, and the 
height of the.chute blocks was i:aereased trom 5 to.7 feet _for the 
third test. Operation at 11&Ximm discharge, Figure 22A.1 shove4 that 
the jump started at the toe of the chute. The boil over the end sill 
was higher tha,n the previous test with the 9-foot end sill. Scour, 
Figure 22B,·was more severe than t.or t}:le p:,::eviov.s two tests with 
erosion doYll to elevation 2023 at the left side of the basin. 

In the fourth test the 7-foot chute blocks were retained 
and the 9-foot end sill installed. Operation at i,aaximum discharge, 
Figure 22C., shoved that the juap atart.ed at the chute blocks with a 
moderate boil over the end 1111. Waves were 2 feet high in the river 
channel. Erosion, Figure 22D1 was moderate with th~ JiaxlllWll scour 
extending down to elevation 2030 at the end of each training wall. 

_ From the results_ of these tests, tbe basin with 7-foot chute blocks 
and 9-foot end sill was selected as the reco~nded arrangement. 

IIVESTIGATIOW WITH 5- BY ·5-100'.r SLUICEWAY 

1:24 Scale Model 

.After completion of the 1:48 scale model studies it vas 
decided to install eight 5- by 5-foot gate-controlled sluiceways 
through the overflow section. A 1110del built to a scale of 1:24 was 
used for investigating these sluiceways, Figure 23. A 3- by 3-foot 
head box representing a s~ction of the reservoir was constructed of 
wood and lined with· sheet metal. Water was supplied to the head box 
by a 6-inch pipe, and flow w:as quieted by a rock baffle in the head 
box. An orifice meter in .the 6-inch supply pipe was used to measure 
the water supplied by a.portable pump. The model consisted of a 
portion of the main overflow section including one 5- by 5-foot 
sluiceway and gate built of plastic. Wood, lined with sheet metal, 
was used for the crest and training walls. 

5- BY 5-foot Sluiceway Studies 

Controlled Sluicevay No. 1--Preliminary. The sluiceways 
are 5-foot-square conduits with invert slope• 0.01 and the invert 
entrance at elevation 2134. 82. • Control of the flow is provided by 
slide gat~s_about 40 feet downstream from the bellmouth entrances. 
The preliminary sluiceway was provided air, on the downstream. side 
of ~he gate, by an air. duct leading from the downstream face of the · 
overflow section. Piezome.ters were installed along the length of the 
sluiceway- roof and in the floor downstream from the gate, Figure 24. 
Three piezometers were also installed along the left side of the 
curved entrance. 
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!he·110del was operated throughout the range ot resenoir 
elevations with the slide gate 1/31 2/3, aiu1 :fully open, while 
pressures were recorded on all piezoaeters. With the gate :fully 
open all pressures were above·ataospheric except· tor a sull area 
ot the root entrance. The lowest pressure obtained was 3. 5 feet ot 
water below ataospberic at Piezometer llo. j with re11ervoir 
elevation 2167, Pipre 24. At partial gate openings, tor all 
reservoir elevations, the pressures in the s~uicewq upstream trom 
the gate were above atJ10spheric. Pressures "below atmospheric, 
howev~r~ occurred 4ovnstreaa fro• the gate, when the reservoir 
elevation was high enough to allow flow.over the·overflow section, 
due to sealing of the air-vent entralice. The ainilnm. pressure was 
13 feet of water below ataospheric at Piezo:aeter Jo. 8 with the gate 
two-thirds open and·reservoir elevation 2174.21 1'igare 24. 

Controlled· Sluicevay Ro. 2. The air-duct entrance was· moved 
from the overflow face to a training·wall where.it had.tree access to 
the atmosphere, so that the subatm.ospberic pressures could be relieved 
in tne sluicevay- downstream. trom the gate. The only ·portion of the 
sluicevay having low pressures because of the shetpe was the root 
entrance. The remaining teats were Jl&cle•ori tbree·dit:f'erent root
entrance curve•. An e·lliptical root-entrance curve vas used tor 
Sluicevay Ko. 2 as in the prelim.inary-1 but the new curve increased 
the heipt of entrance. The ioweat pre·ssure · obtained trying vario:as 
operating conditions was 4 feet of water below·atmospheric at 
Piezometer lfo. 3 with reservoir _elevation 2165.1, Figure 25. 

Controlled Sluicevay Ko. 3. The variation of the pressures 
on the two root entrances indicated a flatter ellipse would give 
higher pressures, so a ~lat ellips~ was used starting with a 1/2-toot 
radius, :Figure 25. Operation shoved.that pressures at Piezom.eters 
Bo. 3 an4 4 were above atmospheric, but with resenoir elevation 2165.4, 
a pressure of 4 feet ot water below atmospheric occurred at Piezom.eter 
lo. 11 Figure 25. Considerable variation in pressures oecurre4 along 
the length of the curve as with the two previous tests. A direct 

. :method was used to dete?'llirie the root-entrance shape by removing the 
roof and aeasuring the water surface protile·with reservoir elevation 
at 2166. · 

Controlled SluiceYll1' Io. 4--Reco-ended. An 8-toot radius 
was used tor the root entrance since this conformed very nearly to 

. the me·asured water surface, Figure 25. Pressures were observed tor 
various reservoir elevations and gate openings throughout the sluice
w..,-: Entrance pressures were above atmospheric except for a pressure 
ot o. 7 toot of water below atmospheric at '.Piezom.eter No. 5 with reser-
voir .. elevation 2147 .4, Figure 25. The, remainder ot the sluiceV&Y' 
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pressures were above atmospheric for all reservoir elevations and 
gate openings, figure 26. The air duct ~upplied air to the sluiceway 
when: the ·gate was partially open and when the·· downstream end of the 
sluicevay- was sealed by flow ~om the overflow section. Flow through 
the sluiceway only- with the slide gate one~tbird open is shown in 
Figure 2JA. Flow with the gate one-third open together with discharge 
over the overflow section is shown in Figure 2713. In the second case, 
back pressure causes the tUDDel to flow full. Similar operating con
ditions are shown in ligures 28.A and 28B with the gate two-thirds 
open. With :flow over the spillway, Photograph B, air is drawn into 
the water by- lowering of the pressure on the downstream side of 'the 
gate. 

The pho~ographs on Figures 27 and 28 show the air pipe 
leading to the sluiceway with a 1/4-inch orifice titted to the top 
of the pipe. The pressure drop across the orifice was measured by 
the gage shown connected to the air pipe by a rubber tube. This gage 
was developed in the laboratoey to measure small pressure differentials. 
It consists of a float within a cy-linder, Figure 29. A change in 
pressure differential of B·feet of water between the outside and 
inside o:f ~he float causes a ftoat movement of MR. Mis the multi
plication in movement and is equal to the ratio of Area C to Area D. 
The model indicated that the maximum air required by the proto.type 
sluiceway will be 216 cubic feet of air per minute with reservoir 
elevation 2174.3 and the gate two-thirds open. As the air duct in 
the model was exceptionally small., the air flow in the prototype is 
expected to exceed the above value. 

A discharge capacity curve was obtained for the 5- by 5-toot 
sluiceway tor gate openings of. 1/3, 2/3, and fully- open, Figure 30. 
In making the calibration the conditio·n of flow over the main crest 

·for reservoir elevations above 2166 was duplicated-in the 1:24 scale 
model. This caused back pressure on the sluiceway por\al and is 
reflected in a decrease in sluiceway dis.charge at higher reservoir 
elevations as shown by the rating curves. 

1:48 Scale Model 

5- by 5-foot sluiceway studies. The eight 5- by 5-foot 
sluiceways were installed in the 1:48 spillway model to observe the 
flow in the chute with these controlled sluiceways and the center 
uncontrolled sluiceway operating. ·At reser.vdir elevation 2166, with 
all sluiceways operating, Figures 31A and 31B, flow was satisfactory 
with good d~stribution down the spillway chute. Satisfactoey operation 
also occurred with the main overflow section discharging together with 
the sluiceways •. 
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A. Gate 1/3 open. Reservoir Elevation 2164.4 
Flow through sluice only 

B. Gate 1/3 open. Reservoir Elevation 2188. 0 
Flow through sluice and overflow section 

CEDAR BLUFF DAM · 
5 feet by 5 fee\ Sluice--Recommended 

1:24 Scale ModelStudy 

FIGURE 27 
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A. Gate 2/3 open Reservoir Elevtltion 2165. O 
Flow through sluice only 

B. Gate 2/ 3 open, Reservoir Elevation 2174. 3 
Flow through sluice and overflow section 

CEDAR BLUFF DAM 
5 feet by 5 feet Sluice-Recommended 

1::24 Scale ModelStudy 

FIGURE 28
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A. Reservoir Elevation 2166 
Discharge 11,040 second-feet 

B. Reservoir Elevation 2166 
Discb_arge 11,040 second-feet 

Recommended Entrance, 8, 5 feet by 5 feet Sluices 
And Center Sluice Operating 

CEDAR BLUFF- DAM 
1 :48 Scale Model Study 

FIGURE 31 
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