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Luu&ym, Puarto Rj.’era, i
Novambar 20, 31937- -

Mr. iR, 'E. wal'cer,
‘Chief Engineer, '
‘Byureau -0t Reclamat:l.on,
:Denver, ! fcolomdo. :

“Doar ‘Sirs

At ‘the ‘time or ‘the last visit of tha Oonaulting Enginuring -
‘Board ito our- work: iwre , 4t ‘was agreed ‘that ‘model :teata anﬂ utudj.aa L
»Iould Yo nade }by tthe Buraau of! Raclamation of - :our spillaay as ‘so0n | as
‘w0 1were.dble to - ‘forward :sufficient information to carry -out ‘this: ork,
‘We :now have' sufﬁ.o.imt iDoa Bocas ‘Project praliminary . -apiliway - draw.’mgs c

.and iutomtion au!ficiently complsted for you ‘Lo pu-ooeed, 411 :0f" whi.ch, e

s now' baing foruardod to you.
We- 'muld h...ve li}'ed ito have *.forwarded t.hiu inromtion .ar-

‘er dn order to; g:.ve you: move :time but - ware unabls to rcomplato thle -
work : prw:l.ous Xo this week. .We are, amr.ioua thnt these taatu nnd st-udiu
' :for :Dos: ‘Bocas . ‘be: complet-ed as promptly as posaibla and: would : appmiato
angthing ‘you can: do ito. aid ug in: kaaping up with -our cnnstmction C
.achedule, ' ' | :

_ “Forr . ;your information, ‘we -expect o umvat.or our l‘irst. coftor— -
-dam on or -about. . January 1. “This.coffardsm includea ulightly :moxre ‘than‘
the ileft thalf: of ‘the : apillway » ‘including ithe. conplate apron ’for that . |
'7=tect:lon.. ‘W would Yi%e to. ‘commence :placing concrete a8 ;00N - as 1|xca-
wat:lcm ds - cnmpleted for any .one block and -continue .as. rapidJ,v aa oxce-
vation progress permits, , .

. ‘The depth to be- excavated As eomparatival.y ahellmu -and: we
‘would . mtpact 1o ‘be :ready :for .our f:Lrat conorate ; placing by about -
February :1, 1938. ‘We will:have mome drai*ing. ;room-work ‘in Pones after L
.receiving .your (recommendationa ‘and therefore . urge ‘thst ;you :mske a
.report :by Hir: mail .88 -8000 . -aftar January ;1 as poaaible. , : ‘
-7 iThe: followi.,g drawinge:will . givu you | mfomtion for : tbe 7 '
spill'qy modal -studies: - - |




IDrawing No. DB-—'IB ‘Tnpogra;ﬂm :0f ‘Dos Eonaa ‘Dam. ahowing Gama.’l Planl

‘ :of .Dam. . :
Drawing ‘No. ‘IB-7) ~ Dos :Bocan Dmutream ‘Elevation of ﬂp:ulwgy. ‘ -
-Drawing DB~75 - Dos Bocan Dsm, ‘Ssotion Thru. Spﬂ.ltay. ) -
" The. maxiaum flood condition ie ‘agsumad to ‘be "200,000 - eub.ls
Teot :per ‘sacond. The .epiliway orast elwation 4o about 295 nnd. t.m
ars no rlauhboardn mnt.mplated. Tha u:d.mm flood s uumed to nim o
the reservoir water ;surface -irmediately bove the m to elevation m,_ Lo
or 28 feet ahon ‘the :spillway. : ‘ -
_ ‘Bubsurface ‘tests’ ‘indicate ‘that ‘the - futmdation mck erider th.
‘spillway apron is qu:l.t-o uneven, -and marall;r A.O‘lﬂr anmth:r the rm&
‘half -of ‘the apron ‘than under the left half. ‘The mininum foundation
rock elevation is - approximtely JAO. ’J.‘he ‘tailraca uater wfau is
at elevation .'U+5. S
' - The: tailrace watar surface curve I’urniahed 4o you ha.s e
check from :actual elevation wnder anything like maximus fiood canaa*"i o
“tdon.: Approximtoly, ‘our yonteat. ‘Llood n:lmc our Jwal:lminary nork SN
was gommenced 4anot «over 10 ;persent of tho assumed waximum: The Jmp S
ourve 48 -2 result of - cunputatiom without allounnca for trir;tion, S
| ‘Prints of thia gurve .are incluged. = S
, In. ordnr %o kaap concrote qnantd.t.iu an lml aa poaaibh, ‘IO
‘bava assunied that the 1eft half of ‘the apron muld be at ﬂ.wat.ion
Abb:5 and the :right ‘halt .at elevation 12, The aoncrete 2112 ‘bas an. .
-alevation of icrest . at 152 5. It ‘is ‘the Antention: of this aill fbo :pu-
«vent :crove: curmnt «due :t-0 Lhe varying ‘apron . slevation. !M lom por- ‘
‘tion of the apron night. i ] raisad in; nlavatinn An case actua)’ rouudu- =
tdon’ rock . aluvatiuns mmant lunh chnnse .and <to’ an . alavat.ion aob- u- EERTRN
mumg_ue.s mhich :sbould, 4ffully. carried out, nm tba ont.:\.re apran o
at .one- olevation. AR -
: The f.raining walls sach ‘have l/h to 1. slopo on t-he aidea
!aeing t.ha epillway ‘below the huckat and a: transition £rom a vartical
, _faco to t.hi.s alope .at the :bucket . Dur'\ra. -Our comwtationuﬁ nmnte -
‘that the- wertical walls 4o the 1imite of the Apron- wnuld mrﬁmtbe
o8t uatarially It ds. iutpndod $o ahnpe the mpk“’%mudc m j_ L




‘Shest o,

;8heet ‘Ko, |2

. ' - 'No~ Barthque Bf!'uu v AR A

.Sheet No. 3 - Abutment ‘Section ~: numl hm_nomn‘; P
o Earthquako mm.n.

Shaset ‘No, :

Sheet . No .

, - Ancolurat.ion Domuard)
Sheet lic, 6 = Sp.ﬂ.luay Section: Inxhnm ?lnnd ’l. 8

‘ que Bffnot-u.
Sheet No.

Aﬁceloration Iipwards)
Sheet No. 9 =~ Spilllay Seation - Normal ru.u'—_

would like to mei.va your opinion partieular]s u&.th rofm
-adequacy .of eliding factor, shear friction. facts:r,, 1mtion of B
ant . presauro, -and relationship. of uator prasmaro t.o m.tcll !omﬁﬁ 5
presaure. Fe would further apmnci&te yw opinlon a8 Lo t.hs mmw :
,neaa “of -our various assumptions uponmhich the ma]aa.‘la i baaoﬂ.‘ _
‘We wish to «’part.icularl,y #tress the' mad of ymu- mmn:mg
a report, -recommendations and .other. correspondome 1n oamnm wmﬁ‘
this aubject 'by air mail in.order to avoid: noedlou losu ot t.‘:m

.

Very t.rnl;r :oura, o
(Sgd ) A Lmeh«tti




AIR MAZL

. Decerber 23, 2937,

Mr, Antonio Lucchetti; Chief,
‘Rural Electrification Division,
‘Puerto Kico Reconstruction /Administration,
‘Guayams,, Puerto Rico.

‘Dear M:.lLucchntti:

Reference is made to your letter of November 20, 1937,
and office lstter of ‘November 30, 1937, concerning model studies of
the Dos Bocas Dam spillway. '

‘The model of the spillway (drawing No. 1) was conetructed
to a ‘scale ratic of 1:60 and was completed ready for cbservation em
December 15, The completed model is.showm in plites 1.and 2. Inves~
tigation of the flow conditions around the splllway abutment piers
and bridge piers has besn completed and an analysis of the spiliway
crest characteristics and pressures on:the spillway face hes been

made. Final recommendastions on changss of the design of the abutmemnta
| and bridge pisrs are-contained herein. Preliminary tests on the
stilling pool have been made and:it,ia.plannad:to complete thoge
atudies and mail them to you on.or before Januzry 8.

Abutment entrance. Operation with the original abutmsnt

‘entrance design was very unsatisfactory. The right-angle entrances
caused the sheet of water to spring free from the apillway sides, re-
sulting in a.much reduced flow at the side-walls and an unbalanced
flow condition in the stilling pool. The flow down the spiliway was
corcantrated in the center, causing severs whirls to form on each side.
These whirls cause disruption of the formation of the hydraulic Jump.

A new abutment entrance, shown as recommended design in.drawlng No, .2,
completely eliminated this undemirable condition. Plates 34 and 3B
show the original and recommended abutment entrance design., Plate X
shows the sheet of water springing clear of the side-wall and plate

3D shows it remaining in contact with the side-wall. A amooth antrance




agoond-feat,, ‘the topography ‘downstream on the left sids. will act an
a ‘control forcéing the istream.over ‘into ‘the main channel. is a
‘reault, 2 "dead" area*was*formed fram which ‘the ‘water flowed -back
into the jump area, dilsrupting the jump and ‘forming the whirl.

‘Varlous combinstions of 8llls, dentates, and elevationa of
apron were tried 'in:an effort :to.elimingte this whirl. Dsspar X
‘cavation than the:8:1 ‘alope shown was ‘discarded because of ‘the ad-
ditional oxpense. The:solution which is recommended for incorporation
in the fingl . design consiats of shifting .the entira. 8piliway creast
fifteen feat to the: right and: ‘converging the 3pilINay and :stilling
pool walls toward the:downstyesm end of ‘the apron. ‘The step-by~atep
analysis of this solution is.ae follows: By rotating the ieft - wall
about ‘its intersection with the crest line such that the downstreex
end was. fifteen feet to the right of the original position, it wam
found that the deficiency of water along that wall waa aliminated and
the stream.so directed toward the original charmel that the "dandt
areéa in:.which.the whirl formed was eliminated To again aatabliah
syemetry of design, the .right wall was rotated a similar amount to
the left. No adverse effect was noted on- the flow conditionss; in
fact, there was some improvement, despite the :fact that the downstream
end of the apron had:been constricted a total of thirty feat, Houaver,
-the change in the right wali placed it out in the present channel
fifteen feet. To bring it back to its.original position, which is
" .more degirable, the entire crest wag shifted to the right the dis-
~‘tance of fifteen feet, or in other words, the center-line of the
‘spillu;y was shifted from Station 13+35 to Station 13*50 This change
of position not only appreclably improves the hydraulie’ conditions in
the -stilling pool but will effect an -appreciable economy by reducing
‘the deep .rock excavation on the ieft side. The depth of sxcavation
at the left downstream.end haa been redused from approximately 45 feat
to approximately 20 feet.

All of the stilling baasin changes recommended ‘in Lhis and

‘previous correspondence have been incorporated in Drawing No. T, a
copy of which 'is attached, This drawing will clarify any quastions
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‘which occur.concerning1recommandations contained in -the December 31’
radiogram. The shifting of the sntire spillwsy crast fifteen feast
to the right effects two changes in the recomsendations in the
‘December 31 radiogram, The width of apron:on the left mide at
-Elavation 151.5 has besn reduced from 85 feet to 55 feet and the
slope between the two sections of apron ‘has been changed from 1:7
tc 1:8.

In the deaign submitted with your letter of November 20,
1937, the top of the :spillway training»walls was ‘ghown at Elsvation
<200.0 or four feet below the assumed dounatream water aurface for a
discharge of 200,000 second-feat, With the recommended gpron .dasign
the wean waler height -at the end of the pool is approximately elava-
tien 196.0fwith'eoma.gﬁlauhing to a greater elevation. If the area
back of—eaeh:stiiling-pool training wall is back-fillad and paved
with sufficient slope to provide guick drainage of this splash, the
“top of these training wglle can be lowered from Elevation 200,0
shown on your drawings to Elevation 196.0. In'this cass it will be
necessary to provide a wing-wall between :the power house and the
mountainside to at least Elevation 204.0. .Another wing-wall (Draw-
ing No, 7, Section A-A) must be placed between the dewnstream.end of -
the left stilling pool wall and the mountainside to prevent return
flow over the paved section and into the stilling:.pool. This wall
should slope from Elevation 196.0 at the pool wall te at least
Elevation.204.0 at the mountainside. Some allowance on both. of theaa
wing-~walls should be made for wave: height g

'If ‘no back-f1l1 or ming-wall is provided, it wili be _
naceassary to raise the atilling pool walls to -Elevation 204.0 plus
freeboard to prevent return flow between the stilling pool walls and
the mountainsides, which would -flom over the pool walls :and tend to
disrupt the hydrazulic Jump. In this case, it will be neceasary-to
design the pool walls against full water load behind them.
Hydraulically, there is no objection:-to this arrangement since there
will - be .pools of quiet water:behind the walls. g




The stilling pool ‘training walls are shown on your drab-
ings with 1/4:1 slupeS‘and transitions from that to vertical facaes
on the 'spillway training walls. It is recommended that the stilling
pool wélls be made ‘vertical and in the same plane as the apillway
traiping‘walls. It haa'been.found‘on.this'andaaéveral,previous ex-
periments that -sloping walls tend:to allew water to return along ihe
wall disrupting Lheaformgtion‘of the hydraulic Jump .next to the

\'laJ.la -

With the-raducﬁion of length . of the-apillway—aproqjlmhn

deer.houae can be moved upstream and in.the.final'studias‘ft?haa

beer: so located.

' 0f 'the various coisbinations of sills and dentates studied
~ on the downstream end of the stilling pool, the one shown on the
drawing has-proven toc be the most satisfactory. 1In the December 23
letter under the heading of "8tilling Basin", it was stated "...but
on the right dde a ﬁery turbulent boiling action oceurs.over the
end 2ill in line with the lower river chsnnel. The combined action
of a large ground roller in the dseper river chamnel behind the -end
s111 and the action of the high-end sill on this side gives the
water flowing downstream on the stilling basin floor an excessive
upward component of ‘velocity resulting in the-unfavorable”boiling."
‘This condition has been iiproved by omitting the sill entirely and
placing a 1:1 slope from Elevation 146.5 to ﬁhe channel -bottom,
This slope was not made flatter due to the possible:obstruction-of
- the tailrace in front of the power house draft tubes.

Excavation of the rock on -an 8:1 slope downstream'from
the left side of tne stilling pool showed satiafactory flow condi-
Lions on that side.

The alteration of the modsl to include all changes was
completed ‘today. Subsequent aperat.on showed gatisfactory condi-
tions at all discharges. Photographs, 16 wu motion pictures, and
‘hydraulic measurements will be taken immediately and sent to you
at the earliest possible date. :




‘The model of the aplllway and . stilling ‘pool ‘can'bs ‘left
Aintact for.s few weeks so that any changes nhich ‘you degm - nacenaury
can be studied. 'If you have occasicn to be 11 Washingtun,“ﬂ.fc.
during ‘the next menth or 80, a trip to Denvar'to sea\ﬁha-mod¢1 1n
operation might be of intereat to you. R ‘ o E .

Your discussion of ‘the resulits obtadned.in~thaéelhydraﬁlic !

nodel studies would be. appraciated

i

'Very'trulygxuhra,

'ﬁf=Engin§qr.j

Confirmation by
regular mail.




'UNITED STATES = '
- 'DEPARTMENT OF THE INTERIOR
-BUREAU OF RECLAMATION
Danver, Colorado

AIR ‘MAIL

¥r. Antonio luechetti, Chief,
‘Rural Electrification Division,
Puearto Rico Reconstruction.Adminiatration,
-Guayana, Puerto Rico. :

Deax Mr. Lucchetti:

A preliminary report covering recommendad ‘changes of
depign on thefDoarBocas-apillway-craut}and 8pillway ‘plers was .con-
tained in office letter of Decamber 23, 1937, and .on December 31,
1937, the following radiogram was sent to yous

"RELET DECEMBER 23 STOP :BASED ‘ON HYDRADLIC MODEL TESTS
RECOMMEND AS FOLLOWS: SHORTEN APRON 50 FEET. PLACE LEFT
85 ‘FEET OF SPILUWEY:APRON.AT;ELEVATION.151;5 AND ‘RIGHT
PORTION AT ELEVATION 146.5 WITH ONE TO SEVEN SIOPE
BETWEEN. LETTER WILL FOLLOW NEXT WERK",

At the time the radiogram was;saht, aatisfaétory;flow‘
-cnﬁditiona_in-the 8tilling poolihadubegn-dbtained for quantities of
75,000 second-fest and above, but the peculiar condition with a
dhmn@of%ﬂ&ammmmadhwmﬁinmle®w21h%w
under the subject "Stilling basin® still exiated .and the teating
singe that iime hasfbaen‘concentratedcon eliminsting ‘that .condition
which we -consider to be .troublescme inasmuch as any looae rock.or
gravel inmediately.dOInBtream?froﬁ the apron would be transported
onte the apron and ercde :the concrete -aurface.

This severe whirl on the left side of the apron was Ibgmod
by two distinet conditions acting togathsr, the .elimination of

either or both being difficult. Firat, it will be noted on Drawing

 No. 3 accompanying the December 23 letter that gven iithzthe:change

of design on the bridge piers and abutment entrancejtherolﬁae:sfill
-8ome lack of uniform distribution of flow over the extrems left
saction of the apillway. Second, at flows of ‘less than 75,000




condition exiatfad -at ‘the. aide—walla and tho Llow diﬂtﬁb»“ﬁnn nmzs
‘the. spill\vay ‘mas eomparat:wely um.form, ‘as ‘shown by the daphh dutv:l
bution. normal 'to the splllway at .elevation 200,0'on drawing No. 3.
By comparing platu 4A and 4B it is-seen that the Jump ‘.Iea lua CINAAM
trated in the center of the pool with laaa réturn ﬂow mng the . atﬂl-
h\gﬁbasin walls with tne recommended. abut-nmt en‘brancc -daign., B
Bridgs pisrs. The deaign of the npa‘braam ‘and-of the origiml
bridge piers (plate 3i) wae unsatisfactory, as can ‘be’ mn by stwmg
plate 3C. The aquaro-enri upotraeasi edges: eauud water to rise against
the front of ‘the pier tc.a height of .tom' Leet (prototype) above tha
wormal water auri‘ace. ‘Dus to ‘the square ‘cornere, the shest of wator
periodically sprang free from the ‘aldes -of ‘the piaru. I! th.ta mtion
would ocecur in the protetype, resulting vihration n:l@t damago ‘the - .
bridgs. 'The recommended ’ ‘bridge -pler desigp s :shown .on adrauing No. &
and in plate 3B. This deaign proved antirely uatiefadtory sima thﬂ
water remsimed in.contact with the.sidp-walls at all tisen, Himn :
there are to be:no gates on this atruobure, a Bquare: ndae at. tho‘%w'

stream erd of ‘the bridge pier is: tvdra.nlical]s aatiafacinry 80 .00 :

is suggeated

gillwg dischargse curve. 'Iho racomanded abﬁnnnt urm:'an
end bridge pier designs: produce -a” ‘higher .creat eoerficim of d:lnﬁ
which will resylt in lowsr :resgrvoir elavat.iona for com-pondjm ‘dh—-'
charges. The. apillway dlischargo -and . orast - eoerﬁcied- nuﬂn are M
on drawing No.'5. For the' maxim‘rlood of ZD0.00Dmmnd—fut, ﬂm‘ .
regervoir -water surfsce will:-be Elovation 322.55, o ﬂ¢55 Loet nhcvo :
the spiliway prsat. The asaumed valug-of :28 :feat : ccnwos !avorab}y
with the experimental value. 'The crest: Goeficient forthe. naxim
discharge.as computed by the formula C - Q/LB3/2 18 3.95. The: HIM
surface on tha draw-down curve at .the upstrean snd of 'tlu brim pj,m
is at Elevation 318.0 (drawing Ko. 6) ‘for the- maximuen di.lchargo o" '
200,000 second-feat. This helght may be of use in: dahrnining hl.‘ Hp
clearance. . G
| _.Sgiilwax pressures. The pressuras on ’thé _gfaci ?'92' f'.frh:l Apﬂl-
way . and .on the atilling:basin floor for discharges:of -50,000 ,' 109,000 ’ |

R




150,000, and 200,000 second-feet are shom on drawing No. 6. The
plezometers. (d.rawing No. 1) are located or a line 150 feet from the
left wall, Piegzomsters 1 to 5, inclusive, show some pressure of m-
pact due to velocity of approach. Small negative pressures are
shown by . piezomet;ers 13, 16, and 17. The maximum negative presgure is
2,5 fest (prototype) at piezometer 17 for the discharge of 200,000
second~fest, High pressures due to centrifugal action are shown at
the entrance to the stilling basin. Beyond the region of centrifugal
action ths prsssﬁres conform closely to the corresponding water depths.
Stilling basin. The original stilling basin design was
tested for discharges of 50,000, 100,000, 150,000, and 200,000 second-
feet. Mean water surface profiles through the jump are ahown on
drawing No. 6. The tailwater for each discharge was detarmined from
the tailwater height curve for.the Arecibo River at Dos Bocas Damsite
furnished with your letter of November 20, Plates 4B, 5B, and 6B show
the pool action for 200,000 second-feet with the raﬁs&d design of the
spillway crest entrance. An excellent hydraulic jun:;a exists over the
high-level floor, but on the right side a very turbulent boiling action
cecurs over the end sill in line with the lowsr rivéer chanrel. The
combined action of a large ground roller in the deeper river channel
behind the end sill and the action of the high end 8111 on this side -
glves the water flowing downstream on the stilling basin floor an ex-
cessive upward component of velocity resulting in the unfavorable
boiling., = This may be remedied by decreasing the aill height on this
slde, or if this results in strong cross-currents dus to the varying
apron slevation, an apron sloping about 4:1 from the top of the sill
to the channel bed may prove otfoctnre. The Jump is satisfactory
over most of the basin for a diachargo of 150,000 sscond-feet plate
9B) and the boiling on the right sids is less serious but the condi~
tion still exists, The hydraulic junp is sppreciably shorsr for a
diachnrgo of 100,000 second-fest and most of the energy is diasipatad
befors the end sill is reached 20 no boiling action is Freasent (p.,.at«o
104) and 4 good Jump exists over the entire basin, A peculiar condi—
tlon md.stc with a d.ischarge of 50,000 second-feet which can be

3
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remedied by either a higher floor on the left side or a deeper exca-
vation lmmediately downetream. The jump in this case is satisfactory
on the low-level floor but the combination of the shallow iailwater

on the left side with depth of pool causes a large whirl (plate 10B)

to form, which might cause damage to the pool floor dus to the grinding
action of trannport.ed ‘material,

Stilling‘baain floor elevation. While the studies have not
progreessd suificiently to verify the conditions at all flowe, the
indications are that the floor may be raised provided the .elevation of
sound foundation rock warrants it. It has ‘been found that a satis-
factory jump forms with a flow of 200,000 second-feet and the tallwater
at Elevation 195.0 which means that the right half of the apron could
be raised to Elevation 146.5, as you mention in paragraph 9 of your
November 20 letter. The indications are that a third floor level may
be placed at Elevation 155.0 at the extreme left side of the pool.

This would materially reduce the sxcavation. The feasibility of this

- proposal is being studied at the present time,

Stilling basin length. The length of the stilling basin ap-
pears toc be satisfactory with the original floor levels, Other shapes
of end 8ill and baffle blocks will be tested in an attempt to shorten
the length. It is proposed to determine a stilling basin length and
aili combination which will show the least scour in a sand bed at the
domnstream end of the pool and still contain the complete jump within
its length. ST

Training walls. The spillway training walls have seven fest
of {reeboard at the downstream edge of the bridge abutment and five
fest at the point where thy shest of water enters the poel. The waves
reach Elevation 210.0 on the side-walle at the end of the stilling
basin for 200,000 second-feet. The 1/4:1 slope of the training walls
and the transition from the veriical face to the 1/4:1 slope appear
to ba satisfactory. .

Veary truly yours,

R. F. ¥Walter
Chief Engineer.
Confirmation by
regular mail.




UNITED STATES
DEPARTMENT OF THE INTERICR
BUREAU OF RECLAMATION
Customhouse
Denver, Colorado
0ffice of the Chisf Engineer

February 28, 1938.

Mr. Antonio Lucchetti, Chief,
Rural Electrification Diviuion,
Puerto Rico Reconstruction Administration,
Guayama, Puerto Rico.

Dear Mr. Lucchetti:

Reference ie made to office letter of January 12, 1938,
concerning model studies of Dos Bocas Dam, in which it was stated
that photographic records and hydraulic measuremente of the finnl
recommendsed design would be taken immediately and sent #0 you at
the earliest possible date. Due to the urgency of other work in’
the laboratory, the {imal work on the Dos Bocas model was postponed
several weeka. Still photographs, results of hydraulic measure-
ments on the final design and e statement of the cost of the model
study are contained in this letter and one reel of moving plctures
which becomes your proﬁerty will be mailed under separats cover as
soon ae the titles are ineserted.

‘To present 8ll of the findings resulting from the hydraulic
model studies, which were contained in office letters of December
23, 1937, ard January 12, 1938, and office radiogram of December 31,
1937, and those resulting from the final maasuremcnta in one group,
the following summary and concluslons are gliven:

| SUARY |
Featurss of the design developed from the model tests.

1. Shape of abutment entrances.

2. Shape of bridge plers.

3. Elevations and length of apillnay gpron.

4. Height and ehape of aill at end of apron;

5. Shape of sidewalls down epillwsy face.

6. Height and shape of stilling baein training walls.




7. Treatmont of left bank excavation,

B, Height of wing-walls between the power house and
the right mountainside and the left training wall
and left mountainside,

9. Extent of back-fi11ing and paving from the top of
the training walls to the mountainsides,

Foints of design checked by results fram the model testis,

1. Reservoir elevation for the maximum discharge.

2, Laximum water-surface elevation at the bridge.

3. Spillway capacity. Heads and coefficients at
various discharges over the spillway.

4. Amount and extent of presaures and vacuum on
spillway crest. ' '

Other data obtained.

1. Position and water surface profiles of Jump on
apron through all stages of the maximum flood.

2, Pressures on apron at varioug stages of flow.

3~ MNature of ssnd and gravel ercsion in river bed
below spillway. '

4. Minimum tallwater required for a satisfactory
nydraulic jump.

~ Tailwater at which Jump sweeps from apron.
~ Comparison of flow conditions with no downstream
scour and with downstream scour.

Photographic record, both motion and etill
pictures, of flow conditions at various discharges,
'RECOMMENDRD DESIGN AND CONCIUSIONS _

1. Abutpent entrances. The right-angle abutment entrances
caused Lhe sheet of water to spring free from the spillway pides, ‘
resulting in a much reduced flow gt the side-walls and the formetion
of severe whirlo on each side of the stilling basin. The recomuended
design on drawing No, 2 improved the flow conditions.

2. Bridge piers. The original square-snded upatream pler
hioses resulted in a rough water surface immediately in front of the

2




piers and aerated areas on the sidees of the plers. The type of pier
noss shown in drawing No. 4 and used on the upstresm end gave aatis-
factory conditions. )

3. Discharge Capacity. The discharge capacity of the
crost iz ample. For a maximum reservoir elevation of 323.00, the
crest wlll diacharge 205,000 sscond-feet, which exceeds the require-
ment of 200,000 sscond-fest.

k. Bg;ggg'claarqggg. For the maximum discharge of 200,000
second-fest the water surface on the draw-down curve at the upstream
end of the bridge piers is at elevation 318.0, which will be useful
in determining bridge elevations.

5 Crest pressures. There is a slight vacuum developed
on the downstreasm face of the crest amounting to sbout 2.5 feet of
water at the maximum point for a discharge of 200,000 second-feet
over the crest. It is posaible that pressure measurements are in
error by as much as 3 feet due toc the difficulty in obtaining
exact pressure measurements in the model. However, should the
small vacuum exist and no account of it made in the stability de-
algn no alarm should be shown since the negative pressurs is slight

and only extends over a small area.

6. Stilling basin floor elevation. The spillway stilling
basin floor must be so locsted with respact to elevation that the
tailwater will produce correct depths for the formation of a good
hydraulic Jjump over the entire range of discharges. The relation-
ship of curves A and B on drawing No. 8 indicates that the floor
placed at elevation 146.5 1s slightly low for discharges below
‘180,000 second-feet and slightly high for discharges above 180,000
ascond-feet., Assuming that the ground line shown on submitted draw-
ings limits the pool floor to s pusition at or below elevation 146.5
on the right side, studiee were made to determine the maximum satis-
factory elevation on the left side. Tests showed that with maximum
discharge a cumparatively satisfactory jump formed over the entire
bagin with elevation 146.5 on the right snd 151.5 on the left, with
an 8:1 slope between. The raising of the left floor level above

3




elevation 151.5 will produce poor hydrsulic Jump conditions, The
lack of agreement between the 'experimental D» and theoretical D2 as
determined by the momentum formula mey be attributed to the presence
of an end sill which is effective in reducing the required D; for a
sstisfactory Jump formation. The small cross-flow on the inclined
floor batween the two level sections is not sufficient to produce
any unbalanced condition,

7. Stilling basin length. The length of the stilling
basin should cover the range of velocity retardation until a peint
is reached where the valoﬁitiau are low enough not to cauae scour
of the river 'bed below, The apron length may be shortened by plac-
ing baffle blocks, or an end sill, or both at the end of the bagin
to 1ift velocities just elear of the river bed until they are retarded
in the natural course of the jump action. The length of the jump or
distance downstream required for full recovery varies as its magnitudn;
increaasing with the discharge. Ths recommended basin lengih, drawing
No. 7, does not extend the full langth of the Jump cocurring &t the
higher flows but covers the range of greatest turmoil characteristie
of ‘the beginning. The velocity leaving the end of the apron may ex-
cesd 30 feet per second at the minimum flow but it is lifted by the
8ill from the river bottom below until retarded in the jump. The
hillside ~long the left bank is exposed to comparstively high veloci-
tiez during maximum floods, but asince the bank ie of good rock little
ercsion is to te expacted. Howaver, if the bank erodes a better jump
is formed and the velocitias are reduced. '

8. End sill. The dentated sill or any arrangement of
baffle blocks and end aill placed.across-iha apron will, oflcouruo,
check the velocity of the overflowing sheet of water. Blocks and
8ills with vertical upstream faces are more sffective than those
with sloping upstream faces ao-that:amaller-aiana.may be used to
produce the required results, However, the vertical upsireem face
blockg,éad,aills will receive tremendous impact as the high velosity
carries to the floor with little retardation. This cslls for heavy
blocks with reinforcement and anchorage. In a stilling bagin design




with one ‘or mors rows of baffle blooka uputream from the md of the
apron, uonuiderable dependance for mnorgr dissipation is placed on
the bloc}m » 8 8mall breai in which might sendanger the antire scheme.
The whir]a forned hnhind the steps increage the poaaibiu.ty of cavi-~
tation affects and pitting of the concrote. The form work required
would ‘bu .additional nxponae. ‘Altogother the advantagaa to be gained
by their uss in this scheme wers so amall that no rucommndation wes
made for their adoption in the design. They ‘may be used to greatsr
advantage in an installaticn where there iz a grester varistion be-
tween the depth required for the lwdrau.lié jump and Lthose actually
furnished by the natural tailwater. To !aliminate any dspandance on
baffle blocks or end sills, only a sloping upstream end. i1l is
reconmended, drawing No. 7. The sill should be of proper height.
If too high, it will receive ‘excessive :I.mpact s 1ift the high veloc-
ity flow from the bottom to the surface where retardation is much
slower and also -expose ihe river baniks to higher erceive forces,

If made only high enough to deflect the flow just off of the river
bed the velocity le quickly retarded by the static pressure of the
taiiwater, Tests showed the best sill hsiﬁht to be L fset on the
153.5 elevation Jevel and 7 feet on the 146.5 dlevation ievel, ox-
cept on the right side in line with the deeper river channel where
the ground roller 1s sffective in 1ifting the high velocity flow to
the surface, eliminating the end sill. ’

. 9. Ireining Walls and ¥Wing ng_g To have a balanced,
effeetive hydraulic Jump at the etiliing pool eide walls, the train-
ing walls must be vertical. %he recormended deeign includes this
feature. With the downstream rock #lops of 8:1 on the left side and

the deap :river channel on the right side, a severe whirl formed on
the ‘high level floor for flows of less than 75,000 second-fest .and
with parallel training walls 360 feat apart. By changing the apili-
way conterline station from 13+35 to 13¢50 and converging the traine
ing walls from a upaéi—ng of 360 feet at the epillway crest to 330 _
feot at the end of the stilling basin, the whirl on the high-level .
floor ds completely eliminated, and the hydraulic jump on the right




side is improved. This has the additional advantage in reducing the
rock excavation on the left side. The change, recommended for deaign,
results in a balanced, effective hydraulic jump for all flows. The
height of these vertical side-walls should be such as to prevent
excess inflov of the adjacent tailwater. It is better if the walls
are high enough to exclude the adjacent tail-water altogether. The
training wall height of 196.0 as recommended is ample to exclude all
but splash water from overtopping the wall, A 10:1 slope conerete
covering from the top of the training wells tc the mountain side, on
each side is rocommended to allow the splash water to drain bacic into
the stilling basin. Wing-walls as shown on drawing No. 7 are recom-
mended to prevent return flow from the adjacent tailwater over the
paved section and into the stilling basin.
10. Treatment of downstream excavation, Excavation of
rock to an 8:1 slope downstream on the left side results in satis-
factory flow conditions for all discharges. Excessive cross—flow
cccure with less excavation. Deeper excavation is not warranted
because of the additional cost and the small improvement in the
Jump conditions. 1
Hydraulic jump Eerformance. The hydraulie jump ie
very effective in disaipating the energy of the overflow, the re-
suwltant velocities after completion of the jump being little greater
than those normally present in the river channel during a given
£flow, wera no dam present. The elevation of the spron is such that
the hydraulic jump will form well up on the toe of the daw at all
stages of the flood, and the dissipation of thetremendous energy of
the falling sheet occurs by the natural action of impact of water
againat water (drawing No. 10). Aseuming the rock downstream from
the apron to be of such soundness as to resist acour completexy,
the tailwater ;ay be lowered from 3 to 7 feet to curve C, dr&wing
No. 8, without appraciably changing the conditions of flow. If
the rock does scour, after msximum scour has been attained, the dcin-
etream ground roller is effective in keeping the jump in the stillins
basin sc that then the tailwster may be lowered Irom 7 to 11 feet to
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of the -tﬂling rmm fmr uo scour and mximm namn-, uapaetivm.
-Curves C, D, B, . and ¥ ‘show thet for nuwa“luu than 40,000 ‘socond-
feet, scour :doea riot. im:lmnas the Jump . ptrrommne, and for .flows -
leas than 25,000 second-feet, the snd sill gives sufficient Dp. dopth

to produne ‘the Jump on *hmra]mm ‘without ‘the :aid of dusnubream t.ail- S

-water, ‘®hen the m:.imt soour. bas been :attained ‘the - ‘water-surfaose
i» not as smooth as with o dmixmtnm -2eour ‘due ‘to the sffeat of

ths ground roller :l.n diresiing the flow upward at the end of ‘the.
stilling basin, ‘drawing'No, 1l. However, this condition existe only
for flows greater than 100,000 second-feet and even then the con-
dition is very much leas.severs at the sides where the bank .soour
might osour., The highar water surfaas at the -end of the - atilling
basin for the maxisum geour condition: resalts in a larger surfsse Jap
rollor, which is more afticj.ent in diuimtmg the OnSTEy, 0 ‘Lhat

a lowar back .pressure dus tc tailuter An raquirod to maintain a.
sat.:i.u!n'atory Juep,

%g basin Eﬂum&mn. High maamu -due Lo ,
centrifugal act.ion are .ghown at the ontrance ts the . a‘hiuing ‘basin.
‘Beyond the region of centrifugal action tho - ‘pressures confors
tloagly to :the eorraaponding water depths except near ‘the end eill
whare centrifugal action again occurs. The maximum acour condition
gives the highest prossures, due to the greater degth of water, go
these pressures ghould be uud in dezigning the stilling -bagin
floor (drawing #Ho. 11). . ‘

13. Scour. It may.be axpeated that the gravel -deposits
An ‘the river channel and the earth overburdsn uill ‘be -washed a ¢on-
‘aidersbie ‘distance downatream during .2 flow of any magxx..tuda.
,-‘l‘hue deposit aa.a bar. a@roaa the chemnsl downetrsam, through whioh
the medmg floud .-waters cut a passage -along ‘the .right ‘bank,
Scour tests in the model were made under ‘the most .adverse conditions ’

and ‘these tests :indicate ‘that the maximum depth of seour will ibe _




-apprbximﬁté;y‘toadlevationﬂ136'aﬁﬂedbout,IZngeetlbayﬁndltha’qnd-dI,
the 8til1ing pool, .Tha(crastfof*ihp-dbwnabréam:bar‘will?bu:at‘dbout
élevation 166 and 330 fest ‘downstresm from the ‘end of the ‘basin.
7The=sénd‘remained:piledaweli‘agdinstéthe‘atilling‘buainEQnd sill,
‘giving'aaaurancq aga1nst,undermining=atathe end of ‘the ‘basin (draving
:Ne. 11 and plate 18B), tSand:depaaiﬁs in%thd,deqper river channel on
fthe*right'almpstfcnmplatély cover the 11:1 slope apron fram the eld-
‘vation.lk655 floofrto-the'rivar'chénnel 80 that “this apron:sérVaufnp
purpose. It ‘is recommended that avertical cut-off wall dbwn'togrnck
© in the river channel be used indtead of ‘the 1:1 slopad apron recom-
mnnded;hefetofore and shown on .drawing No, 7. . |
14, ‘Fower -house.  The'recommandedi50.fadt-éhorténing of
'the.stilliné-pbql allows the placing of the power house 50 feet
nearer the crest.of the dam, coneequently, resulting in 50 feet

shorter ‘power conduits,

15. :Prototzgg,gerfﬁrmance. ‘Prototype performance similar

to:that of the ﬁbdﬂl,may‘be-reascnablyf&bgured dus Lo the well estsb-
lished theory and existing proofs of_thafhydraulicvjump action at
various velocities and depths. -The'DOS-Eocas_modol'ﬁaa.built and
~teated,uith;precision'and care. The aurfacma expoaed to the flow .of
watsr were practically frictionleas.ao*thét-aqy-friction such as that
-caused .by ‘the entrainment of air existing in the prototype structure
‘®ill be on the safe side, _

16. Justification of mode]. study. These studies indi-
cated -the difficulty of atilling basin deaign'by’ﬁse-or a theoreticsl
or smpirical method. ‘Minor factors-often control pool action.and
designs should be chacked by model studies whenaver efficient oper-
ation is desired. The expsriments developed g much.bettér form .of
spillway with a smaller cost than the ariginal design. The saving
‘in cost alone is many times the cost of the investigation.

The following is an itemized stabemant of the cost of the -

mogel -atudy;




‘Préliuinary mmim.mnu at mm*conm . $331.56
‘Materiais of songtruction: ‘ : 150.00
"bor (conotrmi:ions owation, and d:ln-

ing ‘medel; JI»SZ.M
lhg:lneoring \motiel - cmdm, suporviaion ur
- conutruntion, ‘wnalysic of <data and r-oporta) _lgg_,;L

Tahlp 1mse :overhsad 'nhargau o ,3?6 36
- (Owerheed :sharges, 10% 37464

Totsl cost | $1,514.00

‘ ?Pminu- exparisnoe on . similar problm ‘haw *uhown ‘that
op‘timm ruulta 'on mndul .studies .cen be obtained ‘only ‘by the -close
ccoperation of ‘the dasign and. Jaborgtory engineers. In this eans,
unfortunatuJJ, time :and ‘distance pravent such cooperation. s a
‘result, thg following suggestion is .offered. DPemands for -spsce ‘in
-the'.laboratory ‘have made it ‘necessary to rsmove ‘the model; however,
if any :changee of :design are made wnich are at =vsri§iwe with the
‘recogmendations of the laboratory staff, it is suggested that they
‘be discussed by letter "baforqijeing finally incorporsted.

Very ‘truly yours,

(Sgd.) R. F. Walter
‘ .Chief Engineer.




bt Tt — e e e

et i

ol

OF JHOREL - LAYOUT
R - Q07 7 pravol

R Ry

L7 e

o]

A Pl el L O

= Fpeodes Dl poeiney

EL I )
L

e A et

e —

T e

- t—— e e e - ——— s

HCTON  L5-8

AND LLEVATION
PrSmY BIOE

o e i

s ey ey

. e R
N ST SR,
o 1 . . ‘
. R R

Do F & v mecel = 80" i poeds.,

L LEVAT oY

END SHL

Seale ;e k" uy mdgf-wi;v P‘f"ﬁ"?-

]




DES/GN

NDED

N

OATM,

REC

O ....-.__1'

S ———

‘

ORI GINMAL

EN T

N

AN/

.

S BOCAS DA

0

L Fimea




TOUIMG TN (IO

JIOM

e

Y

i

O

NMu.w?w QrsvEnE

R

™

. SLf tZp DS




2toioi ey

= OM‘

i3, b8 NVETT  GIINTIWOITY.

=0 w.m.m\.swﬂ.%

Qn.hm.mx .s.w\ i

- = Dm.m\ l.r,l‘w.q




[

Fraf g e b

o

o :...._.;_,.:_1 .

e b ran
i I
B

T
i

e} -

-

P

H

s
AT FH "~

i
1t
(=
L[]
R

i
i

{
HES LN
.-\:.-, N

B D R AR N SIPY S S U

2 4N

3
it siimals

oA,

-+

i

i

V7

..lw_'&,;..v’l

.“ .
I B R
I A
rd mnhmm . N W B g e E r/

i e ST S zx-n RNl amuuu c..!k.-.. 7 RN

& rerno PR PR T L Lot e -
- . e i



e e
E, i
g
4

~ s - e 150,000 BF-

e — @< 100,000 87

Y

T b o mpden

e Qe 80000 S

)‘*_-v-’lvl-. s

o mtare e et ek g skt

o Tun_of remiing il

HPETS: P S -

T T

g




M@EN&

«:?w.mamo RS @ WATER &awmcgsvw.mf

e e @=SO000 SF Tl | STUAING #O0L
@«-mome“s? R ST SRSV . .‘

@ BO;000 SiF.

[RESIPRY. S+

L8

Ty

- v

_famw Zon vk m »-Wwwn% :%ﬁ:ﬁ'“tﬁm%mw &W’M&W'Wm"xzﬂ%&ﬁ Fotme %mmf

y




I DY R PR A

e (e,
ppim—
i o

‘--.-*-""«-.— ——q_,-ln——._.

...,---....-ﬂ----.~~ o~
,.—.ﬂm_ - s s T ekt e ,.—4
"'h_..-.—-—"‘ Ve

T, gy
e SR
-

\mr, ey ; top o PO, ’frnhm!

BTN G £NO SeLL
afcron 88
acags s

BosoE POV

Nt e b Sl o - ne




Om_ 09 Da
. w: - . . . - .

3LISWYT SY008 500
1¥ .A
MIAIN 08103HY

{ SIANUND HILYMTIVL

-

[l

3IAIT v3ES IA0BY NOILYAIND!

.

!
i coo_a Ui 4DQ PUDS WDRJ4SUMOD Y4im }ng d4 SD 3wDG
‘UoJIdD wody wnadsumop {oad 30 3no sdasms dwnf usym 2340mii0} oUW I8dx3
xoo‘_ 21GI1poJa uc_E:mmo .m dwn( Tohuoum;ow A0) J2JOM[ID) WNWILIW |DIuswlisd X
“uaidp Wo4y wpaisumop | . toed jo ino sdaams duinf usym 1840m|1D} |DJUIWIIRCXT
Ho0u4 m_n.uagm uou buiuingsn Aﬁ dwn{ A10;0D)54405 404 49)DMID} WNUHUIW IDUBWied K]
'G'9 | UsHDABLD uoadp 403 8 2no ybiay dwn| ID2133400U |
m?_:u J3}0M[ID} PBIDWIST

S — e e

: | |

_ i
i {

RO wun Q¢




H _”l"

i
d|

NN

| Tiiren

G -

Ree e iwe

fg‘u\“--m. ' . ;:,- R
. g i ¥

e

s Forogit ey S PYa ke - B

| e et

R
i

-~




u

Quiogo00 SF | e
g ";." 30,000 5 F 4o S ENS j\_ : L S

- — Pressure”

e ek

L B LR TS




e i - o i b o

AE 2 @/WME/VD.E L‘ 0"-5)/6/’\/

-J;ZZV ‘9?70/\'" THROUG"" IE @" F%‘JZQME ?:E:‘?S
SMOANE
£ RO RL K ‘...f'xf?rfauvs
3 EBPULWAY ﬂz@.&m}fe
B MM TAR | SURFACE G ;M' THHE
FRAED,OCG B i | S B '”'Tf““" e POCL
,:,_.; -..-u 5000 3 . M\Jg J JAS mw

7 ne?’

80,000 SF. ; | | (s

WY e ey s,
CAIE e e

- Fressre  ffos

H&an 1 warer -face --

Seaioang el ey 19800

~
9!

L —— ;b..n.— L OV
.

YL SER RN -

H ) o f*,:--;
. e E o Pt
z."“h:;?v:}.‘“ AT T L s
i

Lo -
TR g At by 05 oL ' g o <




—Freas

ure Jfime = IRaRimum @onmsirearr

ey /280

A

e SuriE GRS TG

i ]

A

)

X @owr s

i

rm - Segur

T PN LR

L

B e AU

7 x

4
e

X S - ;- R Vo A
Taxiacm Al of Sour el

s

PR
ey Akl g
, il

P




.

LY EAT

Sridgne Foor AcTron wims Mo

éym?/o:v 204,

ABNSTREAM

.._{‘

G . AUONG . THE  CENTERLINE

o

i} ca.br)fé‘ i

.

L
o7

w7

P W)

LR

= lurimare

p ek

M

Crest! of sand boreler 1hg's




=]
(]
-
2]
[
™
e
)
i
!-q
©
4
o
i
©
g
O
g
g
-
=
n
g
[ "
Q
1 2]
)
o
=]
o
<t
o
o
-4
[+
©
wl
=]




gy

sy

iy




end recommended design

Recommended bridge plers ans
abutment entrence design
Crast condlitions for 200,000 szecand-feet

B.

Ds

ign

ce des

L
:
!
i
T
‘g

Original oridge piers and

abutment entraun

LY
>
5
g~
8
2
[
o
g
[ %
&
5
G4
0
8
e
g
8
w2
0
&




M
«t i

N

Dormatrean
200,000

traan view for Tecommende ) .
200,000 second-feet and tellwater elevatlon 204.0

T R




A. HightualdafQiew*fﬁr*bfiginnl pier‘aﬁd‘abutment design,

200,000 second-feet and tallwater elevation 204.0




E ; S i ) ! il
- Upstrean view for origzinal pler and sbutment d
200,000 second-feet and tailwater elevation

200 ond- |
R £




wenled
t

" raca
second-fea

t gide ersst flow fo

design and 200,000

PO

igh

-t

£
i~
ord
%]
Ll
[N
=}
b
(]

-
]
)
e
[~
[=}
]
&
w0

design aml 200,000

Right side crest fiow ¢

A




"BRE B FOr OriLLinsl , g AR

0,000 sacond-feet and teillentsr elavaticn 197.7

R T )

 Bitpri 4} & AL g B
- fh H
;

2 St




0 aecond-feat , t

i D




N
; %l‘i

gyt
T

Pownatresy view for recommended pier and abuiment denign,
00,000 secomi-Teet, and teilwster elsvatlon 100,58

LA

Dornstream view for recommended sler and sbutment desizn
H Fohbl ]
. » 4 } ..-

: TR, g




Bedl RN

:":'ii;i,‘,t’&"‘ VLA

EiTVL.TI Ny 204,

v

200w S DED DESIG. = 200,000 SEQUADe SBAT AWD TuileaT at all¥alio




s
PP Y .

YV

ae JAZCU L ELDED DESIUL = LBD,0N0 LUS0Tke P ROV PR SUV







LT
Laer LriN

M LA T N ¥ YRR 4
s i .._.-E..‘...)?‘_,‘ DL‘-#J.U‘»




JAECOILSUDED DESIGH - 50,009 SECOLD=PLIT aitD TATL ATER ELEV.ATION 178.7.

L DZ90 L3SIG.. -




ATIO: 170.5




PLaTE )

i - 10,000 SECO.D-FERD D ATEE

-







SESI0N - DOOUR APPER i BOUR RWN




