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INT ?C,L UGTIC.,h 

1. Tli0 l'rotot:,rpe 

:1::- "c,,�J .. y sixty-seV:3D :nllcs do•·,ti'..'tr Lc..:1 f-::·o'.'1. LlOlLl .. u,?;r ...,•.:.:c1 c.Ill: t:i,::.,,ut t·.'.enty-

to t:w left of ti1e po·,;erhousc. T,ic outlets n.ill b0 ..!..ocate:d to the 

left and ri6ht of the overflor; S:1il.i.·1:a:r s�,ction. :}1ch outlet '.;ill 

huvc .:� recta.nculnr bclL"'1outh entrance with 2. 22-foot by l·>foot 

a 75-foot rnc:ius buc)(st on the uo'.,nstn,c..::i i:-,OJ·tion. T!ic overflo'.,_ 

f'.;·,ill-::a.y ·.-:ill consist of three bays G,, 1:,aratec by lJ-foot t:,::.ck 

;--r,y r;o_tes. ·_·,111:m the CF,tc::: :1r·o raised, the flo:, y;ill p[,;,S over Ln o;ee 

s;,:.11·.,c.y hfavint.: c. 75-foot r-v.C.iUL; bucf..et for ths c�o:·.n.str,.:a::i portion, 

--,, 1i,:h •-.}1en '.:'}:tern' e:c: fu:".'mS the �;ucl:ct for the outlets. This bucket 
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2. Pu.rpo11 Qt Model Stud.tea 

lour models of De.vis Dam were oonstructed tc accomplish the 
following objeotives i ( 1 ) to determine the discharge calibrations ; 

( 2 )  to determine the most sati sf&otor;r des igns for the various 
features of the project ; ( J )  to correct inadequacies of the pro­
posed designs ; and (4) to determine the moat  satisfactory method 

of operating the apillwq and outl et gates . 

3, Summarz of the InveaUgaUon 

A 1 to 50 scale model of the outlets was first  constructed to 

determine the discharge coefficients for several proposed entrance 
designs (Figure j ) . The original dea ign wfl e selected as the pro­
posed des ign, as it  �ve sat isfactory discharge coefficients and 
would be most practical from the structural viP-wpoint. Tests  were 
made of several prel iminary des igns (Figure 4) , f or the divers i on  

control structures , but as the scour condit ions were unsat isfactory, 
these teats were deferred unt il the conclus i on of the ultimate 

design studies . 
A stud.T of the channel was made on the 1 to 100 scale model at 

the ult imate development to a.soerte.in the extent of excavation 
required in the powerhouse forebay approach. Numerous tests  were 

made to determine the mos t economical and satisfactccy forebay 
excavation des ign (Figure S) . A wide variety of shapes were 
tested ,  varying from the long curved section in Design 1 ,  to the 
sharp JOO-degree turn-back in Design 4. '?he des ign in whioh \he 
excavati on  made an angte of 60 degrees with the a.xis of the power­

house 9 had the best flow condit ions , and at the same time reduced 
the rock excavation estimates  by approximating $250 , 000 from the 
original design. Satisfactory results  were obtained for the 60-

degree scheme for the forebay for e i ther a 5-unit or 4-unit power­

-plent . Addit ional economy is pos s ible if the right bank is curved 

2 



as in Design 8 ,  (Figure SO) . Studies af the powerhOUBe tailraoe 

channel demonstrated that the retaining wal le at the a ides of the 
tailrace,  contemplat ed in the original design, could be  eliminated 

with the exception of a short training wall at the right of the 
powerhouseo 

The reconunended spillwq bucket prof ile was evolved from studies 

on 1 to 100 and 1 to 48 scale models . Acti on of the high trajectorr 

bucket ,  contemplated. in the original des i�, was found to be aat ia­
faotory with the exce;,,tion of the soour whi ch ocourred at the end of 

the l ip for low dis charges (Design 1 ,  Fignre 6 ) . Aprons were tried 

below the l ip which helped somewhat in reducing this scour (Designs 2 
to 6 ,  Figa.re 6 ) 0 However, beoause of this scour condit ion and the 
spr� caused by the trajectory of the j et ,  it was decided . to change 
to a submerged bucket which will act a.s a roller bucket for low :tlows 
and higher tailwater , and as a trajeetory bucket for higher flows and 

a reduced tailwater elevat ion .  Thi a  bucket would be  40 f eet lower 
than origineJ.17 proposed and can have a radius of 75 feet rather than 
100 feet p (Figure 6-F ) .  The rock b ench downstream from the bucket 

should not be excavated lower than elevation 515 . 00 as the rook shelf 

will help to maintain a hydraulic  jump on the spillway bucket at 
higher di scharges . The training walls b etween the outlets and over-

J 
flow ,pillwar can be el iminated with no ill effects  t o  the flow eondi� 

Uons . 
Architectural cons iderations indicated the desirabilit1 of placing 

one outlet on each s ide of the overflow spillway rather than both to 
the right , as originally planned. This rearrangement was very sa.tis­
fa.ctoey as no reduct ion in the discharge coeffic ient of the left out­
let was noted and the flow conditions on the bucket were 1nrprovedo 

Teats indicated that teeth and steps would help to  dissipate the 
energy of the jet ,  but the7 were not employed on the final deaign due 

to the ditt1cu1,7 of repair and maintenance under water . The spillway 
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A, MODEL ARRANGEMENT, 

B, FLOW CONDITIONS AT MAXIMUM DISCHARGE, 60, 000 SECOND-FEET. 

FIGURE 8 

DAVIS DAM DIVERSION MODEL - ORIGINAL DESIGN - 1 TO 100 SCALE . 



A. CONSTRUCTION DEI'AILS OF POWERHOUSE AND SPILLWAY SECTIONS. 

B. SCOUR OF. RIVERBED AFTER 10 HOURS OF 250 , 000 SECOND-FEET DISCHA.RGE 
( POTOTYPE VALUES ) .  

FIGURE 9 

r I DAVIS DAM , ORI GINAL DESI GN ,  ULTIMATE STAGE MODEL - 1 TO 100 SCALE . 



retaining walla should be ma.de TerUcal to prevent the formation ot 
undesirable eddies on the bucket , and the spillw� gates should be 

operated with the o&nter gate open one-half a1 much as the right and 

left  �tee - to improve the flow aonditiona . 
Still and motion piotures of the fiu.1 des ign were taken for 

numerous operating conditions , and are on file in the hydraulio  labore.­

toey to be used in future mo.del protot7Pe oompariao� studies . 

The final des ign of the divereion plan was tested on the mod.el-­

and found to b e  ent irely satisfactory. (To reduce the velocities 

through the approach channel , stop-logs should be placed in the right 

ba7 a.fter the powerhouse wall has been constructed. ) 

4, The Model1 
The first model on the Davis Dam Project was a 1 to ;o scale mod.el 

of the outlet works , oonstructed to determine the discharge calibration 

and the relative efficiency of several d.iff erent pier aha:pes of the 

recommended outlet design (Figure 7) . The model was made of redwood 

and placed in _ a  metal-lined box with no topography. 

A model of the diversion plan was constructed to a scale of 1 to 

100 to inolude the diver81on channel and a:pproxime.t•ly 2 , 750 f eet of 

the river downstream from the axis of the dam (F igure 8 ) . The model 

wae constructed of redwood and concrete with sand ueed to represent 

the topography downstream. After testing the prel iminary diversion 

plan, the ultimate designs of the powerhouse and spillway were placed 

in the l to 100 scal e model box and tested. The powerhouse was oon­

struoted of 12-gage and 20-gage galvanized iron with brass va.lvea to 

regulate the discharge through the draft tubes (Figure 9) . The spill­

wey was cons,fficted vith redwood for the piere and gates .  aheet met,u 

radial gates , and a concrete ep111W81' formed by us ing metal templates  

a.a guides . 

To determine the relative scour of several :proposed deaigns , a 

seotional profile model of a portion or the spillway was constructed 

4 
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to a e04le Tat io at l to 48 ,  and placed in a glaes-paneled flume. !'he 
model wae constructed by forming ribs  of 2 inch b7 4 inch and 1 inch 

plne boards into the spillway orose-sectional shape and covering with 

24-gage galvanized iron (F igure 10 ) . A sheet at 12-gage galvanized 

iron waa used to provide the .gate for regulating the forebar water 

surface elevation. 

5, Calibration gt Outlet Orifices 

Cal ib�ati on tes ts were made on the l to ;o scale model to  determine 
the dis charge coeff 1o1ent for the submerged outle t port ions of the 
spillway secti on and the effect of various entrance condit ions on the 

coefficient . The coefficient used was the value of O in the equation. 

0 - ---__ ___._ ... _ -_-_-_-_:-_ , where Q equals the prot ot7Pe diaoharge in cub ic 
AV 2gb 

feet a. second . A equals the area of the prototype opening in square 

feet . g equals the value at the �celeration of gravit7 of ,2. 1£ a 

aecond, and h equals the prototn,e head measured in feat from the iop 
of the opening to the water aurface upstream. 

!he original outlet design .  (Design A, Figure '.3 ) ,  was in effect 
a rectangular aemibellmouth with a flat OUn'ed surface at the top 

and bottom ot the entrance whil e on the a ides , curved piers extended 

b97on.d the opening (J'igu.re '.3 ) . !he bellmouth curye was designed 

from data previously obtained in the eydraulic laboratory. 1 In 
Design �.  the cur\red pier noses were removed to make the opening a 

aha.rp 90-degree corner on the s ides .  In Design 0 1 the bellmouth 
curves on the top and bott om of the entrance were replaced with sharp 

Hydraulic Model Studies for the Des ign at Sluice Entrances for Graad 

Coulee  Dam, Hydraul ic Machinery Laboratory Renort No . HM-1 , Denver-. 

Colorado , S eptemb er 15 , 1939 , {HYD-66 ) . 



90-degree oorners , making the opening sharp on all four aidea . 
Design D oons is ted of the original bellmouth ourve on the top, bottom, 

and the sides of the entranoe ,  making a rectangular bellmouth opening. 

The original des ign, with the bel lmouth ourve on the top and the 

bottom ,  gave a coefficient which varied from 1 . 09 at a head of five 

feet to 0, 95 at a head of 100 feet , prototype ve.lues . Thia ooeff1-
ci ent was greater than 1 . 0  as the head waa measured from the top . ' 
of the opening rather th.an the cent er. In Deaign B ,  with the pier 

noses removed, the result ing oontraot ion of the Jet lowered the co­

efficient to 1 . 0  at a head of five feet , and o . 8? at a head of 100 
feet . In Design 0 ,  the sharp corners of all four aides contracted the 
jet sufficiently to lower the coefficient to o . 84 at a head of five 

feet o and o . 68 a.t a head of 100 feet . The tests  clearly showed that 
Designs E and C would be  uneconomical as the s i ze of the opening would 
have to  be cons iderably increased wi th a consequent increase in the 

cost of the control meohaniam. The e:f'feot of rounding all co:rnere to 
form a rectangular bellmouth, (Des ign D) was tried .  '?he coetfioienta 

for this design were very good , varying from l . OJ at a head of five 
feet to 1 . 02 at a head of 100 feet .  Des ign A did not give as large a 

ooettioient at the higher heads as Design D because of the suppress ion 

of the contraction of the jet by the piers which extende� beyond the 
opening. 'l'he original. design · waa used ,  rather than Design D, aa the 
piers were required for structural reasons . The outlets were separated 
on the f inal desi gn to place one on each side of the spillwa,. Oonse­
quently, the calibration curve for Design A may not be correct , al.though 
tests  on the 1 to 100 model indi cated that the coefficient s  would be 
very B imila1· to those wi th the outlets together . 

6, Prel iminary Divergion Studieg 
The design of the temporary structure in the spillway section, 

which would discharge the river flow during the construction of the 

powerhouse p was s tudied on the 1 to 100 scale model to determine the 

6 



the flow conditions in the etructure and the probable scouring action 

of the flow on the channel downstream (Figure 8 ) . When the original 

model vas tested ,  the flow conditi ons throu,gh the structure vere fairl7 

sat isfactory at the lower di scharges ,  but at the maximum design dis­

charge of 60 0 000 second-fee t prototype , the scour was extremely severe 
immediately downstream from the s tructure (Figure 11 ) .  As the rock 

at the damsite  i s  of doubtful qual ity,  this scour would undermine the 

structure and might conce ivably result  in it s  total destruct ion .  'l'he 

model was then revised by curvill€ the downstream port ion or the apron 

downward on a parabol i c  curve from elevat ion 505 . 00 to 485 . 00 to form 

a hydraul ic jump which would dis s ir,at e the energ of the . Jet on the 

apron and not on the rock downstreom. This revis ion decreased the s cour 

somewhat but was not as effective a.s desired, for the tailwater ele­

vat i on was too high with respect to the apron, thus submerging the 

jump and reducing its  effectivenes s .  'l'he study of the original diversion 

plan was discont inued as  the ultimate des ign models were ready to  install 

in the 1 to 100 sea.le model boxo 'l'hese early tes ts demonstrated that 

the temporary spillway wcrn.ld have t o  be provided with an effective 
energy dise1pator or the structure eould poss ibly be destroyed by the 

scouring and undermining action or the flow as it leaves the a�ron. 

Zo Forecay Channel Studies 

When the preliminary studies were concluded, the structure repre­

sent ing the ult imate s tage of the powerhouse and spi llw� were placed 

in the 1 to 100 scale model box (Figure 9 ) . Studies  were made to  

asc�rtain the ade(tUB,CY of the forebey channel . 'l'he direct ions of the 

currents in the forebay were determined by adding a small. stream ot 

potass ium permanganate solut ion to  the water . 

The initial tests  on the original design demonstrated that when 

the flow was pass in� through the powerhouse only, the flow had a ten­

dency to concentrate on the left s ide of the forebey channel and form 

1 



a return current on the right side of the ehannel 9 leaving an area 

in the center with n o  apnarent motion (Figure ,5-A) . At the higher 

discharges , with the spillway in operation ,  the flow condit ions were 

good as the greater port ion of the flow cont inued straight over the 

spillway while  that portion which ent ered the penstooks tu.med at 

the point where the channel widened, thus prevent ing the formation of 

mot ionless areas or upstream currents in the foreba.y. 

In Des ign 2, the right bank was extended perpendicu.lar t o  the 

powerhouse (Figure .S-�) . Flow condit ions in this design were onl7 

al ightlr improved over those in the original design a.a the upstream 

currents and mot ionless  area were st ill formed at the lower disohargea.  

In Desi� 3 ,  the rj_ght bank was extended :f'rom the edge of the 

powerhouse parall el t o  the axis of the spillway (Figure 5-C) . SOI!le 

eddies were present when this  des ign was tested .  but they were not as 

large as on the preoading des ign and the excavation would be consid­

erably lees . 

In Des ign 4, (F igure 5-D) ,  the right bank was extended from the 

edge of the powerhouse at an angle of 30 degrees from the axis cf the 

powerhouse .  There were l ess eddiea with this design than with any of 

the previous designs tested. This des ign was abandoned, however, as 

a vortice was in,ermit tently formed in front of Penstock No. 1 .  

Two des igns were proposed, Des igns S and 6 1 s imilar to designs 

4 and 3 , respect ively , differing in the curvature of the excavation 

(Figures 5-0 0 D, E, and r) . A s eries of tests were made to determine 

the head discharge relat ionships through the spillway and �owerhqo.se 

for Des igns 2 ,  , .  and 6 (F igures 5-:B, E, and r ,  12 and 13 ) .  Such a 

study was neoessaey, as any des ign which would entail greater head 

losses through the anproaoh channel would lower the water surface 

elevation above the penstocks ,  reducing the power hes.do If thi s  head 

los s  were to amount to eeTeral f eet , the eaYing in conatruction ooets 

8 



A. DESIGN 1 - ORIGINAL DESIGN. 

B. DESIGN 2. 

FIGURE 11 

DAVIS D.AM DIVERSION MODEL - DESIGNS 1 AND 2 - 1 TO 100 SCALE - SCOUR AFTER 
100 MINOTES OF 6 0 , 000 SECOND-FEET DISCHARGE. (PROTOTYPE VALUES ) . 



thrO'\lgh reduction of the rock e:xcantion would be more than off'eet 

by the loee in power revenue during the lite at the atruoture. It 
was necessary to use exaggerated discharges through the powerhouse 

in these tests ,  for at normal prototn,e discharges , no differeneea 
could be detected between the various proposed des ign.a. The shape 

of the forebay bad very little eff ect on the regain at pressure 

head from Telooity- head,  or on the amount of water which could be 

made to pass thro'll&h the penetocka or spillwa.1 at a given reservoir 

elevat ion (Figures 12 and lj ) . It wae concluded that eddies present 

in Dea igns 2 and 6 ,  prevented the regain of nlooit;r head, while in 

Design S ,  it was caused by- the frict ion loss through the circm1'ou.1 
approach. Design 6 appeared to have the most aat iefactory now aon­

ditions and was tentatively recommended. As an eoono� measure, the 

concrete l ining was eliminated. 

Design 7 ,  s imilar to Des ign 6 ,  was installed in the mod,el and 

tested to ascertain flow conditions in the event the number of pover 

units were decreased fro� S to 4 (figu.re S-G) . Flow conditi ons were 

very- satisfactory. However , a moti onless area was present al ong the 
right wall near the powerhouse which indicated that �be wall cpuld 

be turned back with a curved sur:faee, Des ign a .  rather than the plane 
surface used in Des ign 7 (Figure S-G) . As Des ign 8 would further 

reduoe the required excavation and at the same t ime slightly imprOTe 
the flow condit i ons , it i s  therefore recommended that this des ign be 
used on the prototype • .  It was noted that as the spillwq diaaharge 
increased, the flow entering the penetocks moved farther downstream 

before turning back end ent Pring the penstocks . It may be ant icipated, 

therefore . that at a constant reservoir elevati on ,  the head available 

at the turbines  will drop aomevhat when the apillway discharge in­

creases , due to the increased head losaes in the foreb&.7. 

9 



-
w 
Q. >-
I-
0 
I-
0 

!l. 

I-,, ' ;,i.. 

- --
I-· 
(/) w 
0::: 
u 
a: w 
> 
0 

0 
c:x: w 
J: 

F I G U R E  1 2  

6 0  r---r---r---..---i---.---.----,----,----,----..---..---T"---r---........ --..---..---..----r---,---.---;---T-------, 

5 0  

4 0  

3 0  

20 

1 0  

-----t-- . 

I 
I ------+-- - -

- - -- __ 1 _ __ _ 
- j  
! 

· 1  

i 
I 

· · · - +- - --·· 

--r 

. . . , . . . . .  t- . .. - -- . ·-

� D e s ig n 2 

o Or: � ig n 5 

-·· -- -+- -- --•--- --
1 

----- -- r - . -- -- - -

I I ! 
�! }- -,--- -L ---

I 

---lf-----+--- -i- ----+ 

i 
I 

.. - - �  

I 
! 
I 

-t----+-- __ .). ____ __ 

--- - -•- --- - -+----+-- .....----+---�---I 

Design 2 - ,  

. t ·  . - ---- ··-+ - - - --- . � 

� -

� -
0' g 

1 8 0 

Des ign  5 - , _ _  

200 

r -· - - -- -- · -t------+- -- - -
! 

2 2 0  

; 

· ··-�--
.. · �� ...... 

See Fig u re for '-->· • 
further deta i /s.,::i.._ 

-..· 

0 ..._ _ ___,_ __ __._ __ ....._ __ .,__ _ __....._ _ __._ __ __._ __ _,__ __ ..._ _ __, __ _.._ __ ...._ __ ...._ _ __, _L � :: � �J --'f P O W E R H O U S E  

0 20  40  6 0  8 0  1 00 1 20 . 1 40 

D I  S C H A R G E  ( I N  T H O U S A N D S  O F  S EC .  F T .  P R O TO T Y P E } 

D A V I S  DA M PROJ EC T - A R I ZONA - N E VA DA 

D A V I S  D A M 
H YDRA U L IC  M O DEL S TUDI ES - I TO 100 S C A L E . 

H EA D - D I SCHA RGE C U R VES 
FREE D I S C H A RGE O VER S PI LL WA Y  

D E S I G N S  2 A ND 5 
J .  A L .  - 2 - 2 6- 4 2  



1 0  

. 9  I - -- - --1--

.8 

.7 

.6 

(/) 
w 1 .5 

:::> 
....J 
c::[ 
.> 
....J 
w 
o l .4 
0 
� -
I-
lJJ w 
lL 

I'-

� �  0 
+ 
I-
(/) w 
a:: 
u 
a:: 
w 
> 
0 

. 1 9  

} 

. , , . � : .2 

--- --- _ J _____ _ _ ________ j __ - - - -� - .. J __ ____ _ - -I 

I I i 
--�-- I 

-.l ---- -t----�--·- - -

6 Des ign 2 
o D e sign 5 
o Des ign  6 

. .  , 

.4 -� ( 1  N S ECO N O - F.EET M O.D E L) 
:I . • . ,j .9 1 .0 

F I G U R E  1 3  

------t- ----- ·----·-

1 . 5 2 . 0  3 . 0  

l i 



J 

8, Tailrace Wall Stud1ea 

Severi::l tyoes of retaining wall s and embankmen.ta  on the s ides of 
the powerhouse tailraoe were tested to determine whether or not the 

type of des ign had any marked eff ect on the regain of s tat i c  head 
from veloc ity head between the draft tube outlets and the river chan­
nel downstream. The riverbed was capped wi th a one-inch layer of 

concrete to maintain the same riverbed during the tea ts . Concrete 

and wooden blocks , formed to represent various des igns for the em­
bankments and retaining walls , were placed in the model during the 
course of the test s  (Figures 14 and 15) . A sheet metal gage well 
with a one-eigth-inoh slot on the bottom was placed on the downstream 

:face of the powerhouse to dampen the surges in the tailraoe water :� -. 
surface elevat ion .  Point gages ,  with neon glow tubes attached for 

greater accuracy, were used to measure the water surface in the we)l 

and at a point on the river channel approximately 1 , 000 feet (proto­

type) downstream from the toe of the spillway .  The powerhouse gates 

were fully opened to givR an exag�eratefl discharge of approximately 
72 , 500 s econd-feet (prototype) to  accentuate any slight differences 
between the various pro-posed des igns . The original des ign provided. 

for expensive retaining walls on both the right and l eft  s ides of 
the powerhouse tai lra.ce (F igure 14-A) . The teats showed that these 

wall s �ere unnece ssary as there was only 0 . 15-foot (prototype) of 

head regained more than that regained when no walls  whatsoever were 

present (Figure 14-l3) o Visual studies indicated that a short training 
wall was necessary at the right side of the powerhouse to  prevent the 
format ion of undesirable eddies  (F igure 1.5-!) . 

99 Spillway Studies on the 1 to  100 Scale Model 

Observat i on of flow condi tions on the 1 to 100 see.le model of the 

origi nal des ign indi cated that undesirable scour would occur at the toe 

of the spillway at l ow d i scharges (Figure 16-A) . It  was also observed 

that the impact of the jet trajeoted from the spillway bucket would 

produce a large amount of e:pray and mist  when it  etruok the water 

surface downstream (Figure 16-:B ) o Thia would be troublesome to  the 

10 



outdoor electrical system as the evaporation of the river water would 

leave a deposit of salts which would cause extensiTe power leakage 1f 
allowed to accumulate . This  led to  the decis ion that the avit obT&rd • 

· should not be located on the level area at elevat ion ,540. oo between 
the powerhouse and the spillway . as a certain amount of mis t will be ' 
formed regardl eH of the tne of spillway used. A 1 to 48 acale aec-

tional model of the spillway was constructed to determine flow obarac­

teriat ios and neces1a17 alterat ions of the trajectoey bucket design.. 
An alternate acheme was then proposed employing the roller bucket 

design, which placed the bucket lip at elffation 490 . 00 (Figure  6-1) . 

!he l to 100 model vas revieed by lowering the bottom of the bucket 
to elevat ion 470 , 00 ,  changing the radiua to 7S feet and the lip to 
elnat ion 490. 00 (Figure 6-r) o  The extent of the rock excavation 

required downstream from the epillwa, waa determined by sweep out 

teat s with the rook progressively at el_evat ion 505 . 00 ,  510 . 00 ,  and 

;1;. 00 (F igure 17 ) .  Flow condit i ons were most sat isfact ory when the 

rook was excavated to elevation 515. 00 as the hydraulic Jump remained 

on the bucke\ at cons iderably higher discharges than when more of the 

rock was excaTated 0 and in addit ion the reduction in rock excavation will 

make some saving in cost . 

Addit ional tes t s  on the 1 to 48 scale model indicated that a 

bucket des ign whiob consitted of a 7.5-f'oot radius bucket and. 10-degree 

upward sloping apron might give ae good results as the design with the 

7.5-toot radius bucket (Figures 6-H and 18 ) . When this deaiga was 

placed in the 1 to 100 scale model ,  at diacha.rgea of 10 , 000 to 15, 000 

aecond-feet 1 the eddy au.rranta on the bucket were ver-y s evere and might 

aoour the protot7Pe bucket if pieces of rock should get in the now an4:· 

roll back and forth. In addition , the spillw&.7 jet awept off the apron 

at a di scharge of 15 , 000 second-feet at ultimate tailwater eleTatton; 

and when the discharge was increased to 100 , 000 second-feet at ultimate 

tailwater el evat ion , the material downstream from the bucket was 

J 11 



A. FLOW LINES WITH ORIGINAL DESI GN RETAINING WALLS. 

B. FLOW LINES WITH NO WALLS TO RIGHT AND LEFT OF POWERHOUSE , 

FIGURFG 14 

DAVI S ·  DAM ULT™ATE STAGE MODEL - 1 TO 100 SCALE - EXAGGERATED POWER"FIOUSE DISCBARGE 
OF 72 , 500 SECOND-FEET - FOREB.AY ELEVATION 647 . 00 - TAILWATER ELEVATION 527 . 00. 



A. FLOW LINES WITH SHORT WALL ON LEFT AND RIGHI' WALL ElCTENIJED TO l!MBANKMENT 

- ij 5 

B. FLOW LINES FOR THE RECa.lMENDED DESIGN - A SHORT WALL u1, uu, .��.i.J.' AND 

RIP-RAP ON THE LEFT B.ANK • 

FIGURE 15 

. L1Av ld lJ.A!Vl U.L'l'llVJA'.l'E STAGE MODEL - 1 TO 100 SCALE - EXAGG�TED POWERHOUSE DISCHARGE 
rlF 72 , 500 SECOND-FEET - FOREBAY ELEVATION 647 . 00 - TAILWATER ELEVATION 527 . 00 ,. 



• 

A. FLOW CONDITIONS WITH POWERHOUSE DI SCHARGE 25 , 000 . SECOND-FEET ,  SPILLWAY 
DI SCHARGE 5 , 000 SECOND-FEET, 

B, FLOW CONDITIONS WITH POWERHOUSE DISCHARGE 25 , 000 SEGOl'IU-FEET , SPI LL'IAY 
DI SCHARGE 75 , 000 SECOND-FEET . 

FIGURE 16 

DAVIS D.AM ULTIMATE BrAGE MODEL - 1 TO 100 SCALE - FOREBAY ELEVATION 647 . 00 -
PRESENT TAILWATER ELEVATIONS. 



640 -

6 3 5 

j . ' 

S weep s uppression c urve, 
E x c v. a t  £1 . . " J5. QO - .. 

I 
l 5 30 -+-__.___,_ ·-+----- -+----- -----------------

Present ta i l wa ter, 
j'.:: 1 5 25  

LU 
u. 

� 1 5 2 0 =--i_-� .. :-. --- . ···--- . -- · 
0 

� S weep suppress/on curve, 
> Exc v. a t E1. s 1 s . oo - - - -
w 

� �. /. J 
// , 

w �·· 5 ___ __, _________ - --- - · _ ____n___ __ ; 
� ,--- ,, 
w / ,, 
.... s · .  

/ / ,,' 
<1: weep suppression curve, . , "  ;;, Excv. a t('· 495. 00- , / ,o , 

_, I  
- , ,, 

� 
5 1  o 

-'Jr:\-- 7

-'-

/ -,1-:.. __ 
50 5  

,,,,,, , ... .. 
or-

_.... 

. ,  
/� �, fl/ 

,, ,, 
� ,  -'1/ I I '/ 1 - - - NO TE :  

, s 
/ �

- � -- weep - out  curve, ,- / __ _ 11 _________ Exc

1
. a t

. 
E t. s _o_s4-. o_o ____ --+----

·1 , - N O TE:  Roc k downsfream from spillway � , '  I a t  £ J . 50S.OO is the con tro l 
a nd ta i  / water a t  l ower  

. .. 
� e le va tion has no e ffect. 

Sweep -ou t curve, 
Exc v. at Et .  4 9 5 . 00 

, ...1  - - U  / ti mate ·  ta i l  water 

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

i 

"' .. 1� s �ep - ou t  c u rve, 
5xcv. a t  El . 5 I 5 . 00 I 

Rock downstream from spi llway 
a t  E l .  5 1 5 . 00 is the c o n trt:, f  
a n d  ta i l water  a t  lower 
e l e va tion has n o  e ffect. 

, i  

I I 
NiO TE : Reservoir E l .  6 4  7. 0 0  

, - - N O TE :  R ock d o wr.streo m from spi l l way j a t  E t .  4 95.00 is t h e  c o n tro l 

1 .00 v-- . . . . _ . . .. �!eY���i�
e

uo:.e'��i! _______ _ .. . _l ,------'-� -
I 

1 F t G U R E  1 7 !  
i I 

'\.. 

0 1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 00 1 1 0 1 2 0 1 3 0 1 4 0  150 

L __ _ - - -·- - - ----

P P O T Q T V P f  S P I LL 'N A Y D I S C H A R G E  ( I N  T H O U S A N D S O F  S EC O N D - F E E T ) 

D A 'v i S O A r., P RG ,.' £C T - A R I ZONA · N E \IA DA 

D A V I S  D A M 
H YD R A U L I C  M O DEL S TU D I ES - I TO I 00 S C  A L E 

S P / L L  WA Y B U C K E T  FLO W  CHA RA C TERI S TI C S  
( D E S I G N  7 )  

__ __ _____ j 



waahed to a depth of 15 feet below the lip. As this would t end to 

undermine and endanger the structure , the 75-foot radius bucket 

des ign was replaced (Figure 6-F ) .  

10. Spillway Profil e  Studies on the l t o  48 Seale Model 

Studies on the 1 to  48 model showed that it  would not be eco­

nomical to construct a sloping apron type of energy diss ipater . as 

the apron would be extremely long, and the training walls excess ively 

large to  withstand the pressure different ial , thus the s tudy r esolved 

itself into determining the type of bucket design which would give the 

most sat i sfactory results  at the lowest cost .  The original design gave 

results  s imilar to those on the 1 to 100 scal e model (F igures 6 and 

19 ) . Preliminary s tudies demonstrated that undes irable  scour at the 

lower discharges could be  prevented by lowering the bucket l ip to  

elevation 493 . 00 ,  but that it  would have to be lowered to elevation 

470. 00 bef ore the Jwnp would remain on the apron for all  probabl e 

dieoharges . A 22-foot radius deflector was placed on the downetream 

face of the or iginal deeign bucket to minimize scour at the toe t::tf 

the structure (F igure 6-B) . The deflector failed to  function cor-

rectly unt il it was lowered 12 f eet , where i t  was fairlY. effectiv� 

in prevent ing scour (Figure 6-C) . S ince it would be diff icult to 

build this type of deflector ,  a des ign was t ested which consi s ted of 

a 7-foot long horizontal shelf a t  elevation 495 . 00, with a 4 to 1 

elope to  elevation 505 . 00 (Figure 6-D) . Some s cour occurred with a 

discharge of 10 , 000 second-feet through the spillway at ult imate  

tailwater elevation. Therefore a hori zontal shelf 50 f eet long at 

elevation 495 . 00 was substituted (Figure 6-E) . Considerable scour 

was still present when the des ign was t ested at a di schar�e of 

10 , 000 to 15, 000 second-feet at ult ima.ts tailwater elevations , as the 

velocity of the flow at the end CJ! the she�! wae greater than critical 

velocity. This c ondit ion was not present when the shelf was lowered 

12 
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to elevation 490. 00 ,  snd teets indicated that suoh a design would 

�fectiTely preTent the eemir at low diecharges (Figures 6-E and 
19-0 ) .  Even at the ult 1mate tailwater elevations , there was a aut­

fioient depth of water over the shelf' so that most of the kinetic 

energy was diesi:pated by turbulent eddies before the flow left the 

1helf.  _The flow in thie 4ea1gn would sweep oft the bucket at a dis­

charge of 20, 400 second-feet and the sveep cessation point was 8 ,. 000 

second-feet . 
A revi�ed bucket design, which consisted of a 7.5-foot rad.1119 

bucket with the lowest portion at elevat ion 470. 00 and the lip at 

elevation 490. 00, wae placed 1n the l to 48 scale model for testing 

(J'igu.rea 6-F and 20 ) .  At the same t ime• removable metal eectiont 

were built t� fit on top of Design ? to test other designs. The 
nen revia ion had a 100-foot radius w1 th the 1 1:p at eleTat ion 490. 00 
(Figure 6-0) . Another rnieion had a 7.5-foot radius Cllrve connect• 
tng the parabol ic aurfaoe wit-h en a.pron downstream which slope'd 
up�cl at 10 degrees to elevation 490 . 00 (11gur• 6-H) .  The final 
revision tested had a 7.5-foet radius curve connecting the parabolic 
eurface with a horizontal apren at elevation 490.00 (Figure 6-J) • 
Eaah revision was teated to obtain aweep out oUl"V'ea and observe the 
relative scour and. turbulence to determine the moat euitable design. 

De•icn 7 ga'Ye the beat rewl.ta. as rar ae sweep out and scour were 
concerned, 'but Dfflgn 10 waa the lea.et turbulent when the sweeping 

jet was brau&}lt back on the apon. However, as the scaur was ver:, 
great at higher discharge• with the horizontal bucket ,  Design 10 wae 
abandoned. Design 8 with the 100-foot radius bucket , wat not very 

aatiafaotory as the flow swept off the apron at comparativel1 low 
d11ohargea,  'but Deaip 9 with �e 10-degi-ee upward sloping apron ga-,e 

·promise r,t 'b eing a aatiafaotoey design ud was tested on the l to 100 



A. EDDY ON SPI LLWAY BUCKET WHEN POWERHOUSE DISCHARGE IS 25 , 000 SECOND-FEEJ' , 
OUTLET DISCHARGE IS 60, 000 SECOND-FEET , NO SPILLWAY DISCHARGE . 

3. EDDY ON OUTLEI' BUCKET WHEN POWERHOUSE DISCHARGE I S  25 , 000 SECOND-FEEJ' , 
NO OUTLET DISCHARGE , SPILLWAY DISCHARGE 25 , 000 SECOND-FEET .  

· FIGURE 18 

DAVIS D.AM BUCKET DESIGJ'if H - MODEL SCALE 1 TO 100 - FOREBAY ELEVATION 547 . 00 
- PRESENT TAILWATER ELEVATIONS - EDDIES ON BUCKET WITH BOTH OUTLETS TO RI GHT 
OF SPILLWAY. 



A. SCOUR WITH SPILLWAY DI SCHARGE 5 , 000 SECOND-FEE!' , RESERVOIR ELEVATI ON 647 . 00 ,  
AND TAILWATER ELEVATION 520.00. 

'3. SCOUR WITH SPILLWAY DISCHARGE 240 , 000 SECOND-FEET , ' RESERVOIR ELEVATION 
655 .00 AND TAILWATER ELEVATION 535 . 00. 

' - ' •  SHELF · 50 FEET LONG AT · ELEVATION 490 . 00 PREVENTS SCOUR WHEN SPILLWAY DI SCHARGE 
IS 17 1 500 SECOND-FEET , RESERVOIR ELEVATION IS 647 . 00 ,  AND TAII.WATER ELEVATI ON 

IS 502 . 00 .  

FIGURE 19 

:"]AVI S  DAI,� SECTIONAL MODEL - ORIGINAL BUCKET DESIGN - 1 TO 48 SC.fllE o 



soale mod.el along with Design ?o The 1 to 100 scale model tests  

demonstrated that Des ign ? would give the mos t sat isfactory results.  

It waa therefore adopted as the recommended design (Figure 6-F ) . 
Pressure tests  were also made on the epillw� for the original and 
recommended des igns (Figures 21 and 22) o 

11 , Stud.Y of Appurtenant Features 
!he behavior of the 1 to 100 model indicated that the trainitl€• 

wall between the spi llway and outlets could be lowered from elevation 
550000 to elevation 523. 00 ,  with l ittle likelihood of being overtoi,ped, 
especially at the ultimate tailwater elevat ions o Subsequent t ests 

showed that a port ion of, and even all of the intermediate training 
wall could be eliminated without producing undesirable flow conditions . 
If any-thing, when the intermediate training wall was removed ent irely, 

the flow spread out OTer the ent ire bucket and. consequentl7 did not 

sweep off the bucket at as low di scharges , and in addit ion ,  the saving 

in cos t  was considerable . When the pier next to the outlet section 
was etrerunllned similar to the other piere 9 ver"S' lit tle more water 
fell into the outlet s ection than before, and as thie illlJ)roved the 
symmetry of the structure , i t  was decided to shape all piers the ?BmBo 

The appearance of the spillw� structure was improved from the archi­

tectural standpoint . by placing one outlet on each s ide of the overflow 
spillway sect ion. instead. of both outl ets to the right . as in the ori­

ginal des ign. The 1 to  100 scale model was changed accordingly. and 

tes ted to determine the eff ect of the change on the h1'draulics of the 

structure . Cal ibration of the ri�t and l eft  outlets showed no 

appreciable diff erence in the discharge coeff icient , due to the oontrac­

tion by the piers on the right and left  s ide of the outlet s .  Locating 
the outlet works symmetrieally also� greatly reduced the eddies on the 

epillwq bucket (Figures 18 and 2)-A) . 

14 



\. ABSENCE OF SCOUR WITH DISCHARGE OF 12 , 500 SECOND-FEET . 

SCOUR WITH DISCHARGE OF 240 , 000 SECOND-FEET , 

FIGURE 20 

DAVI S DAM - MODEL SCALE 1 : 48 - RECOMMENDED DESIGN - NORMAL RESERVOIFc 
ELEVATIONS - PRESENT TAILWATER ELEVATIONS . 
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Studies were made on Tarious types of steps and teeth to  

obtain a type which would prevent the jet from sweeping off the 

'bucket o The most sucoesaful design consisted of a dou.ble row of 

steps on the bucket and spillway seot�ons . Inasmuch as these 

steps would always be under water a.nd the spillway in practi­

cally constant operation,  it would be diff icult  to repair them if 

they should be damaged, consequently this des ign was abandoned in 

favor of the smooth buoket o 
To minimize the use of reinforcing steel , if poss ible, it was 

proposed that the slope of the retaining walls at the sides of the 
spillway bucket be changed from vertical to a slope of one-halt to 

one . When the one-half to one sloping walls  were tested on the 

model , water flowed upstream adjacent to the walls and created severe 

eddies on the bucket which increased the tendency for the J et to 
sweep off the bucket (Figure 23 ) .  1'his back flow could not be pre­

vented on this design as it was caused by the lower water surface 
elevat ions on the bucket , due to the velocity head, as compared with 

the higher water surface elevation in the river channd'l o For these 
reasons o i t  was recommended that the retaining walls be made verticalo  

Gate operat ion tests showed that the left  and right gates shOUl.d 

be opened the same amou.nt and the center gate should be opened one­

half as mu.eh as the other two gates o It will be necessary to follow 
this operation pattern on the prototype to prevent the jet from 

sweeping off the bucket at low disoharges (Figure 24-A) o 

12, Diyersion _Studitn 

At the conelusion of the ultimate design tests on the 1 to 100 

scale model , the oenter section of the overflow spillway was removed, 

and the piers of the diversion plan installed (Figure 4-C) o  !ha 

final diversion plan consisted of three ba7s , aeparated�by 10-foot 

thick piers , ea.oh of which is divided into three channel'I b:, two 

5-toot thick: piers . Afr¥ of the nine channels can be closed by 

15 



placing stop loge in the slots proTided at the upatream end of 

the piers. 

'fhe modal was tested at dieeharges of 2s . �oo , 40, 000 , and 

60, 000 second-feet , to obtain the velocities through the various 

sections of the diversion channel and stop-log section .  A aerie, 

of tests were made with;  ( 1 )  all three b�s open; (2 )  the right 

bay closed& ( 3 )  the center and right bay closed and finally (4) 

the left and right bays closed. fhe water aurfaoe elevations end 

energy gradients were pl�t ted and compared with plots of the com­

puted. prototype water surface and energr gradients (11gure 25 ) .  

Considering that the bottom of the model did not str1otly conform 

to the prototype, the computed and measured values checked very 

well. '?hese teste showed that when all three bays are open, the 

velocit1ea would become greater ,ban critical at diachargea of 

more than 2.S, 000 seoond-t'eet thro'Qgh the down1tream end. ot the 

approach channel ( station 32 + 52. 50 te ete.Uon 36 + 23.15) . 

In addition, an undesirable whirl ing pier contraction effect was 

noted at th• right pier. Therefore, it  is reoommend.e4 that stop­

loga be placed in the righ\ bay ae soon aa po1eible. It  is fee,. 

s ible to close tvo bqs after the earth dam baa been contemplated 

to elevation 515. 00 to enable the plaein« cf mass concrete in the 

spillway section.. '?he resen-oir would then o,,ertop th� ttpatreo.m 
cot£ erd.am, but no damage ahould ooour 1! the earth dam were comple-

ted to this elevation. Diversion through the outlet• may begin a.a 

IOOll aa -hey are completed. 

CONCLUSIONS 

l!s B•tul.ts of the Inveetiaatione 

Several tn,ea of bellmou\h entraneee for the outlet spillwa.71 

were teated on the 1 to SO 1oale model , but as the original 1emi­

bellmwth d.Hign rga.ve eatilfactory discharge coefficiente, it was 

16 
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\ FIGURE 23 

A. FLOW CONDITIONS WITH VERTICAI RETAINING WAILS AT SI DES OF SPILLV/AY BUCKET 
( RECOMMENDED DESI GN ) • 

B. FLOW CONDITI ONS WITH ½ TO 1 SLOPING RETAINING WAILS Kr SIDES OF SPILLWAY BUCKE""' 

DAVIS D.AM - RECOMMENDED BUCKEI' DESIGN - MODEL SCALE 1 TO 100 - SPILDVAY 
DISCF..ARGE 75 , 000 SECOND-FEET - NO OUTIET DISCHARGE - TAILWATER ELEVATION 
508 . 50 - CENTER SPILLWAY GATE OPEN ONE-HALF AS MUCH AS RIGHT AND LEFT GATE 



A. POVIERHOUSE DI SCHARGE 25 , ODO SECOND-FEET , SPILLWAY DISCHARGE 100, 000 
SECOND-FEET , PRESENT TAILWATER ELEVATION ,  OUTLET GATES CLOSED. 

B. PO\'IERJIOUSE DISCHARGE 25 , 000 SECOND-FEET , SPI LL\'IAY DISCHARGE 100 , 000 

SECOND-FEET , ULTIMATE TAIL\'IATER EIEVATION , OUTLET GATES CLOSED. 

FIGURE 24 

DA VIS DAM RECOMME\TJ)ED DESIGN - MODEL SCALE 1 TO 100 - VIEWS . FROM HILL 
AT N . 15 , 850 , E . 5 3 , 900 - RESERVOIR ELEVATION 647 . 00 .  
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selected as the recommended design. The preliminary diversion design 

teated on the 1 to 100 scale model was inadequate. a.a the flow woul.4 

scour the riverbed downstream, and probably endanger the structure. 

A revis ion waa teated, but aa it waa st ill unaatiafacto1"7, additional 

testa were made at the conaluaion of the studies on the ultima.te 
deaign. 

'l'he l to 100 scale model of the ultimate design was t eated to 

determine the moat practical and economical shape of the forebay 

approach ohannel . The shape was changed cona iderabl;y from the origiw 

design without reducing the head available for power production. The 

recommended design effected a marked saving in excavat ion coat s over 

those of the original design. 

An investigation of several proposed dea igna for the retaining 

walls at the a ides of the powerhouse tailrace vas made to eff ec-. 
economies in the design. 'l'ha type of retaining wall had littl e effect 
on the difference in water surface elevation at the penetock outle\a 

and the river channel , thu1 it made little difference in power pro­

duction what type of wall vs.a uaed. 'l'he recOlllllended design consisted 

. of a ahort wall on the right a ide of the powerhouse to prevent the for­
lnation of undesirable eddies. Thia deatgn will be much cheaper to 

build than the original prc,poaecl d.eaign. 

Spillway profile studies were conducted on the 1 to 100 and l to 

48 scale models to determine the moat aaUafactoey shape for the down­

stream bucket . The design that waa f inally evolved cons isted of a 

low bucket which served as a roller buclcet at lower di scharges and aa 

a trajectory bucket at higher discharges . Ooa t l imitat ions prevented 

the design of a sloping apron or ot a true roller 'bucket. !heretore , 

it  i a  felt th.at the recommended spillway- design in the most practi• 

cable under the o ondit iona impos ed. 

. .  
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The etudie� produced further economies in the deeign b7 elimi­

nating the intermediate training wall between the outlet and overflow 

tpill ways. fhe arohi tectural appearance was improved. ,d th no detri­

flental hydraulic conditions , b7 placing one outlet on eaoh a ide of the 

o•erflow apillv,q, instead or both to the right as originally deaigned. 

'l'vo rows of steps on \he spill� would aid in dissipating the enera 

of the Jet ,  but a.a it would be difficult to repair thM, their oon-

ettuotio wae not recommended. !he ap1llwa;r retaining walls could 

not be built on a one-half to one back elope , instead of Tertieal, as 

etreng eddies formed on the buoket 11C11ld help to sweep elf the jet . 

!ffia showed that the sp1llWS¥ gates should be operated 1n such a 

manner that for all dt1charget the right and left gates should be open 

an equal amount , and the center gate one-half as much a.s the other 

two,. 'l'h• final deeign of the diversion plan waa found to be praeti• 

cable ,  and flow oondit1one were satisfactory. 

JJi, haomrpendat1on1 

On the basis of the model s tudies , it is reeommended thai z 

a. The original design eemibellmouth tn.>e of entrance be 

ueed en the eutlets. 

b. The diversion plan be changed b7 ple.cing the ultimate 

design bucket at the end at the apron to eerTe ae an energy 

dieeipe.to-r. 

o. The shape of the f oreb&l' 'be changed to reduce the 

excavation required (11gure S ) .  

a. The retaining wall on the l trlt • id.a ot the tailnaoe 

be eliminated and only a short well built on the right aide. 

e. The spill� bu.cket ma, be lowered to elevation 

470.00 at the lowest point , with the lip eleyat ion 490 . 00,  

18 
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and. a 7.S-toot rad1ue bucket (figure 6,..1) , or a paved apron 

may be placed dowetream from th• high tra.jec\017 bucket (:r1.,.. 

ure 6-B) . 

t • .!he 1nt etlle41ate ap111W&7 training wall be eliminated.. 

g. !he outlets be placed, one to \he · lef't, and one to the 

rlcht at the overflow epillwa7t to make the structure more 

Q1DJ11etrioal.  

h .  Jo teeth or 1tep1 be  placed on �• bucket to  &id in 

energy diss ipation. 

1 .  !he apUlw,q retaining walls be built veriioal to 

preyent undesirable baclctlow and eddies on the bucket. 

J .  fhe rock bench downstream from the apillWBT be exca­

vated only to elevation sis. oo to help keep the Jet from aweepinc 

off the apillwq bucket . 

. ko !he le.t"t and right apillwa1 gates be opened an equal 

amount and the center gate one-half aa much aa the- left and 

right gates . 

1 .  !he right bay of the diversion etl"Uoture be blocked. 

- off a:t'ter initial cloaure ot the river. . -

J,. A. Lindee;v.  
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A. POWERHOUSE DISCHARGE 25 ,000 SECOND-FEEI' , SPILLWAY DISCHARGE 100,000 SECOND-FEEI' 
PRESENT TAILWATER ELEVATION , OUTLET GATES CLOSED . 

! : . PO .'!ERJ!OUSE DISCI IARGE 25 , 000 SECOND-FEET , SPI LLWAY DISCHARGE 100 , 000 SECOND-:EC:T , 
UL'l'JMATE TAI LVIATF.R ELEVATI ON , OUTLET r.ATES CLOSED. 

DAVI S D.AlvI RECOMMENDED DESIGN - MODEL SCALE 1 TO 100 - VIEWS FROM HILL 
AT N . 16 , 850 , E . 55 , 200 - RESERVOIR ELEVATION 647 . 00 .  



A. POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 5 0 , 000 SECOND-FEET 
PRESENT TAILWATER ELEVATION , OUTLEI' GATES CLOSED , 

' 

:1. POWERHOUSE DISCHARGE 25 , 000 SECOMD-FEET , SPILL1:JAY DI SCI IARGE 50 , 000 SECO! fD-FEE'r , 
ULTIMATE TAIL\'/ATER ELEVATION ,  OUTLEI' GATES CLOSED. 

DAVIS DPJvI RECOMMENDED DESIGN - MODEL SCALE l TO 100 - VIEWS FROM HILL 
AT N . 16 , 850 , E . 55 , 200 - RESERVOIR ELEVATION 647 . 00 .  



A, POWERHOUSE DISCHARGE 25 , 000 SECOND-FEE!' , SPILLWAY DISCHARGE 10 , 000 SECOND-FEE!' 
PRESENT T.AILWATER ELEVATION ,  OUTLET GATES CLOSED. 

B, POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 10 , 000 SECOND-FEE!' , 
ULTIMATE T.AILWATER EIEVATI ON , OUTLET GATES CLOSED. 

DA VIS DAM RECOMMENDED DESIGN - MODEL SCALE 1 TO 100 - VIE\.VS FROM HILL 
Kr lJ , 16 , 850 , E . 55 , 200 - RESERVI OR ELEVATION 647 . 00 .  



A, POWERHOUSE DISCHARGE 25 ,000 SECOND-FEET , OUTLET DISCHARGE 10 , 000 SECOND-FEET 
EACH , PRESENT TAILWA1'ER ELEVATION, SPILLWAY GATES CLOSED. 

B .  POWERHOUSE DISCHARGE 25 ,000 SECOND-FEET , OUTLET DISCHARGE 10, 000 SECOND-FEET 
EACH, ULTIMATE TAILWATER ELEVATION, SPILIJI/AY GATES CLOSED. 

DAVIS DAM RECOMMENDED DESIGN - MODEL SCALE 1 TO 100 - VIEWS FROM HILL 
Kr N . 16 , 850 , E . 55 , 200 - RESERVOIR ELEVATION 647 . 00 .  



A.. POVIERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 240 , 000 SECOND-FEET , 
PRESENT TAILWATER ELEVATI ON , OUTLET GATES CLOSED. 

S.  POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET, SPILIJNAY DISCHARGE 240 , 000 SECOND-FEET 
ULTIMATE TAILWATER ELEVATION , OUTLET GATES CLOSED. 

DAVIS D.AM RECOMMENDED DESIGN - MODEL SCALE 1 TO 100 - VIElJJS FROM HILL 
AT N . 15 , 850 , E . 5 3 , 900 - RESERVOIR ELEVATION 647 . 00 .  



A, POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 50 , 000 SECOND-FEET , 
PRESENT TAILWATER ELEVATION , OUTLET GATES CLOSED, 

B,  POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET, SPILLWAY DISCHARGE 50, 000 SECOND-FEET , 
ULTIMATE TAILWATER ELEVATION , OUTLET GATES CLOSED , 

DAVIS DAfv'[ RECO:MMEl'<JDED · DESIGN - MODEL SCALE 1 TO 100 - VIEWS FROM HILL 
AT N . 15 , 850 , E . 53 , 900 - RESERVOIR ELEVATION 647. 00 . 



A. POWERHOUSE DISCHARGE 25 ,000 SECOND-FEET, SPILLWAY DISCHARGE 25 , 000 SECOND-FEET, 
PRESENT TAILWATER ELEVATION, OUTLEr GATES CLOSED . 

B, POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 25 , 000 SECOND-FEET,  
ULTIMATE TAILWATER ELEVATION , OUTLEr GATES CLOSED. 

DAVIS DAM RECOVIMENDED DESIGN - MODEL SCALE l TO 100 - VIEWS FROM HILL 
M N . 15 , 850 , E . 53 , 900 - RESERVOIR ELEVATION 647 . 00 .  



A. POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , OUTLEI' DISCHARGE 30 , 000 SECOND-FEET 
EACH, PRESENT TAILWATER ELEVATION, SPILLWAY GATES CLOSED . 

t: PO\'IERHOUSE D!SC1 1AR0E 2f) , 000 SF.C:01'1D- Ji'EET , OI ITLET DISGl !ARGE 30 , Q()fJ :SEGO' 'fi-"EET 
EACH , ULTIMATE TA1LWATEl1 ELEVATIO N , SPI LLWAY GATES CLOSED . 

DAVIS DAM RECm/IDID'JDED DESIGN - MODEL SCALE 1 TO 100 - VIEWS FROM HILL 
Kr N. 15 , 850 , E . 53 , 9 00 - RESERVOIR ELEVATION 647 . 00 .  



: A. POWERHOUSE DI SCHARGE 25 , 000 SECOND-FEEI' , SPI LLWAY DI SCHARGE ,, , Q()() SECOHD-FEET,  
PRESENT TAI LWATER ELEVATI ON , OUTLET GATES CLOSED. 

B. POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 5 , 000 SECOND-FEET, 
ULTIMATE TAILWATER ELEVATION , OUTLET GATES CLOSED. 

DAVIS DAB RECOMMENDED DESIGN - MODEL SCALE 1 TO 100 - VlEWS FROM HILL 
AT 11 . 15 , 850 , E . 53 , 9 00 - RESERVOIR ELEVATION 647 . 00 .  



A, POWERHOUSE DISCHARGE 25 , 000 SECOND-FEEr , SPILLWAY DISCHARGE 15 , 000 SECOND-FEET, 
PRESENT TAILWATER ELEVATION, OUTLET GATES CLOSED, 

B ,  POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , SPILLWAY DISCHARGE 1 5  , ODO SECOND-FEET , 
ULTIMATE TAILWATER ELEVATION , OUTLET GATES CLOSED, 

DAVIS DAM RECOMMENDED DESIGN - MODEL SCALE l TO 100 - VIEWS FROM :HILL 
AT N . 15 , 850 ,E . 53 , 900 - RESERVOIR ELEVATION 647 . 00 . 



A. POWERHOUSE DISCf!.ARGE 25 , 000 SECOND-FEET , OUTIET DISCf!.ARGE 10 , 000 SECOND-FEET 
EACH, PRESENT TAIL1'/ATER ELEVATION ,  SPI LLWAY GATES CLOSED . 

B. POWERHOUSE DISCHARGE 25 , 000 SECOND-FEET , OUTLET DI SCf!.ARGE 10 , 000 SECOND-FEET 
EACH, ULTIMATE TAI L\VATER ELEVATION , SPI LLV!AY GATES CLOSED. 

DAVI S DAlA RECOMI1/IE1\JDED DESIGN - MODEL SCALE 1 TO 100 - VI K'1JS - FR Ol\I :2_i LL 
AT N . 15 , 850 , E . 53 , 9 00 - RESERVOIR ELEVATION 647 . 00 .  






