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.:Noveabm. ::20, .YA937., 

. .iR. I'F~. :Wal'~er,, 
':Chief i~.ng~neer~, 

!~.Bureau ~0~ ~Reolama~lon, 
~.De~ver~ ~Colorado. 

Dear ~:Sir. 

.;~t :the ~tAi~e ~:of 'i~the .'~a et  "v+sit • Of ;~he ~ C o n s u l t i ~  ~Englneering 

~.Board i.to :our' "~work ~.here, ~ ~it ~-was .agreed :that ~model ite~t'S :and ~atud:~s 

;~would~be made ~bY ~the ~Bureau ,ot;iReclamatim, .:of, our ;sp ~.i~l. ~ay 'as !soon ~.as 

we~mn-e~ able ~.to •.'forward ~au~fic~ent ~information ~to -carry" .out '~thAe ~.Worko 

We -now have ,sUffAclent ~Doa ::Betas !Pro~eot !pred~halnary s pL~lway :drawings 

~and A~0r~ab£on ~au~fAolently ~cc~pl~ted :for :you to iprooeed, a'll ~of :whinh, 

~is, now i beAng ~forwarded ~to you. . 

~e :WoUld !h~-ve. liM, ed ~to ~ ha~e :~forwarded :this :'~mfoz~ation _ear, 

i:I~er ;.~fn order .i:to ~-give :~you/more ~ti~e :but ,were ~.uuable :to ~ c ~ i e ~ e  ~-~Ae, 

work ~prevAous ~to ",.this :week. .We are  anxious ~that ;these ites~e ,:and ist tuliee 

~for iDos~s ibe ~c~npleted as ~pros~l~, as iposs~le and~.~oUld ~app~Aate 

:ar~rtblng :~you ~can: do ,to ~aid, us in ~keeping up with our ~-Construction 

:schedule. 

~For ; .~ur :~inforaation, -,we : e ~ e a t  ~to ',.unwater ~our ;,f~rst : c o f f e r -  

.-dam on. or ~-about ,:January :1. ::This .,.cofferdam~includee s t~ght !y  ~ o r e  -!than 

:the :!lef~ ~,ha~f.~'of ~.the ,spil lway,,  i n c l u d i n g  ` ~the.~o~plete  ,.apron .~£or ~ h a t  

.'eeetlcn~ ':We .-would i~1~i~,~e ~to commence :placing ,concrete ~ae ~eoon :as ~exca- 

~vation i~s :completed.for ~any ~one block rand c~lnue as ~apld~ _-.as :exca- 

:vatlon :progress ~permlts. 

:~The dePth i to  be~ excavated ::is comp~rabive~y ~ah~'l~ow ~:andi.~e 

would ~.~eXl~ct ~.to !.be ~read~ ~for ._our ; f ~ r s t  ..concrete !p:l~c'~8-~by ;abou0b ~: 

February ~i, ~1938. : We :will :~have :" . . . .  ~•e.o~e . d r a ~ n ~  ;~oom.•~wgrk ~tn Ponce .,after 
~.receivA~ ~ o u r  .~reco~endations  -and . therefore ~ g e  : t h ~  ~you :make -a 

~repor~ ~by i ~ r  ~mall ~as ~soon :after ~anuary :;i as .peesAblel. 

"~he ~!foliowin~ drawir~e ~.w~ll ~giv.e -~ou ~n~or~atAon :for 'itbe 

~pLIlway :.model-~stud~ee: 
. . • , 
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Drawing No. 0~:7-'3 +- '.TopQ~apb~ +of ides :Bocce :Dam S h o w ~ g  ~Oeneral  ,P lans  - 

• " :o+f :Dam° 

Drawing :No, :I)l~?/+ - i l ) o s  ~Boca8 ~I)owns~ream i~wn e v a t i o n  ,Of/Sp~. lw~y. ,  

Drawing I:~-75 - ! D 0 s  ;Bocas Dam, S s c t ~ o n  +,Thou +~sp~ll~.o 
.,The !mmax:hatm ::,elood c o n d i t i o n  :18 ,'assumed +~to ibe :20(:~000 ~=ti~:~o 

f e e t  p e r  s e c o n d .  :~he ~llp , i~lway ~.creet ~ v a t ~ i o n  .~t~ about . :295 , a n d . : t , ~  , 

are no t ~ a a h b o a r d s - c e n t ~ m p l a t e d .  "Tb~ :me,ximm:,'~Lood:'.£s ~es~Bed i~o ira~J~ 

. the reser .~o£r  .:-water i sur~ece  :tumeCtate~y ~above ; t h e  :da~ ~to ~ e ~ e v a ~ l ~  : ~  

or • ~  ,~feet abo~re !the :ep~].~w~y. 

::8ubs~.-face "+tests' : ' indicate  +..that :the ~.!fom~datton ~ro~M ~ w ~ l r  ~ t  

. mpl;~way :apron i ~  q x ~  :uneven,  .and Kener  +a~ly "iower +~mcl~r t h e  ~ h t  

' h a l f  o~ ~.the apron  : t h a n ~ n d e r  ~th~ : : l e ~  .'be, ::~f. The  ~.=i~~m~m ~o~ndat~mn 

rook .  e l e v a t i o n  ~ - a p p r o X i m a t e ~  ::.+~0. "The '..ta .~lraoe .water  ~ I r f ~ e :  ~: , ~  1"  

a t  e l e v a t i ~  : !~5. .  '+ + ~ 

.The ~ta~.lrace .water ...surface :curve f lwn~mhed +to ~ o u  :haa +no .-~ 

~eand£~: .., , .  . cheek  :.~rom : a ~ t u a l  : e : ~ v a ~ i o n  ,++wxder :a +nythin_g ::Like ;maximum .+r~o~ ' r dqP+~" 

t £ o n . :  ~ A p p r o z t ~ t e  . ~ ,  :our +erea tea t  +f lood -82~oe :our ~ ' W , * ~  work 

was +oolemeno~d ;~e +:i~t + ~OVlW "~0 !percent  +LOf ,t ~ : a O S ~  ~ ~ ~  O . + : ~  " ~ 

o u ~ .  :.As a : ~ r ~ s ~ t  .Of . : c c ! . ~ t a t t o n s  '+without ,~a;.1;'l.owanoe :for . f r i ~ n ,  

i r ~ a ~ J  : . ~  '~ t h ~ e  ce.uz~e ~.a~e :~Anclu~ed. 

I n  :.order ~to :ke lp  ~,con:rete.  q u a n t A t ~ l  ;ae ~o~ ~ m a  1 ~ ~  ~ :  ~ + , " 

~havm assumed +_tbat ~the - l e ~ t : ~ h s ~  ~of : the +:apron +wo•,~d~bo +at : e ~ v a t i o n  " 

~ : ~  +end',the .,r~g~t i - .~ l f  ,at ,+.e~vat~on . ~ 2 .  +The o o ~ z ~ t ~  I~J£ . iha~  +co. 

+ e l e v a t i o n  o f  + c ~ e t  .at  !~2.+~,. : I t  +~m +~he.:+~en~~om ~o~ .l~bCs e d ~  +~o. :.~pr~- .... - 

,~v~nt : c r e e s  . .curr~nt ~due ,..to ~ h e  .vary~n~ :apron . e l e v a t i o n .  ~.The . l o ~ r  , p o r -  

;.tion ~of ~:l;he ~.apr.on ~.a!.ght ~be ; r a i s s d - i n  ~.o~evatAon ::~L~ :oaae act .ua~ ¢om~dla- 

.t+ton ¢ o ~ k  + . e l s v a t i ~ s  .~wa~ra~t ~eueh :oha .Lnee ~an~l ~to an elev.a.~£on ~net ::.~x- + • 

a t  .one : e l e v a t l o ~ .  ++ " I " " : ~ 

+,+ 

- +  T h e  ! t r a ~ i n . ~  .wa:l;is ,.each +hav.e .~+.~ .to ~ :a:~O.l~ .on +¢he empties 

:~ac ing  : t . h e : : e p ~ a y  ;1 ~ W  + t ~ .bucket  and a ~tramsit . iem +.~rom 1 a " V ~  1 C ~  ' I 

f a c e  . to ,th:~s ~llo.ps a t  ~.the ~bucket ~our~e. :Our  : c o m p u ~ e t l o n L ; ; ~ d ~ s t ~  

:t at  .the ,ver t ica l -wens :to ,l nlte :of ,:the :a n ,"ouZ  be 
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/~om ~the ~:ep"'~w~ .'.:on ithe .,.le~t :b~M ".to ..'~v~ .:~he.~o. ~ ~ o  ~. 

Sheet ;No, 1 - ;BxpSmn~to~7 No~es ~ o r , : G r a v ~  ~ o / ~  ; ~: 

• , , ; . ~  ",.: -..~ 

.. ~_...._~.. ___._.'~o.:~-,,~.~,~,,,~e:;~-,~..a, . .: ." h b 

• Sheet  ~No. -,3.-/Abutment .:~Ion,,- ~ ~]~.:R~~.,. :,0~.~ 

:~IL~oelera~ion Up~rds) .  .. :. :,::'~ .;' ~ 

Sheet : No. ::5 :- :A~nt ~.Section - :XO~ .~F,~ i~m~.:.~&t~ 

• ~,Hor~monta~ :and ~Ve~o~o~ ,~'~bq . : ~;. 

-~eelerat~on ~Ikrm~a~) • . .=. 

quake . ~ f e o t s .  .... .- 
• -,...~ .,,~ ~ , . 

Sheet :No. 7 - ~pt2~we~y ~$ect~on - i B ~ z ~ . ? l o ~  • ~ ~ ~ ;  

:~ ,-. .,.. 

Hor~ont a l  .: end ,Ver~ie a l  - ~ " ~  ,~, 

,, -: ,." 

We .would appreciate, your ilbnv~ .ng ~theoo ~a~ee~aa 
3 ~; ": 

".). , .  / 

. .. ,. ,~,,., 

would 3~L.k:e (:t~ ,:receive :your :opinion partlc~2~ ;wLth : ~ ~  :,~P:~ ': 

~ad~uaey .o£ s~id1~g ~.t'aotor, she= Srle~ion.!fa~,,";loOat~ ~ O f l i i ~ , :  
• . . ~ . ,  

• pressure. We would :~u~ther ap~eolate :~m~ :opinion :aa i~o:~th~ 

hess o~ our various assumptions upon,~whioh,:She ~ ~ s  ~s ~baa,~," !i,:; ~ 

" We ,wish to !.partlou2ar]~ ~ .  ,the-.,_,n~d ,.oZ .~ou~ : , ~ ~  ~,'/ ii. , 

a repo~t,-recoamendatior~ .and:other  ..¢orz~epo~.~ ~z~:oo~ot~. ~g!:,i:::: ~i i 

this ..subject ~by air msJ~ 'in ,order !to ~avold ;~me~.~e i,~ou'..-of-~o .. 

• . _ , .  

;Aaron Daaalmt~ 

- y,_~> 



. December .23, ~937. 

O~ 

Mr. Antonio Lucchetti~ Chief~ 
Rural . E l e c t r i f i c a t i o n .  Division,  

Puerto Rico .Reconstruction Adm~istrat ion~ 
Guayama, . Fuerto Rico. 

Dear Mr. Lucchettil 

Reference is made to your letter of Moveuber 20, 1937j 

and office letter ef November 30, 1937, concerning s~del studies of 

the  Dos Bocas Dam spillway. 
The model of the spillway (drawing No. i)was constructed 

to a scale ratio of i: 60 and was completed read~ for ObservatiQn :on 

December 15. The completed model is shown in plates 1 and 2. lnvem- 

tigation of the flow conditions around the spillway abutment piers 

and bridge piers has been completed and an anal~sis of the spillwa~ 

crest charact~rlstics and pressures on the spillway face hes been 

made. Final recommendations on changes of the design of the abu~I~ts 

and bridge piers are contained herein. PrelAs~Inary tests on the 

stilling pool have been made and it is planned ,to complete those 

studies and mail them. to you on or •before JanuaTy :8. 

Abutment entrance. Operation with the original abutment 

entrance deslgn was very unsatisfactory. The ri~ht-angle entrances 

causedthe sheet of water to spring free from the spillway sides, re- 

sulting in ~ much reduced flow at the side-walls and an unbalanced 

flow condition in the stilling pool. The floe down the spillway was 

concentrated in ~he center, causir~ severe Whirls to form on each side. 

These whirls cause disruption of the formation of the h~draulic ~p. 

A new abutment entrance, shown as recommended design in drawing No. 2, 

completely eliminated this undesirable condltion. Plates 3A and I~B 

show the original and recommended abutment entrance design. Plate 3C 

shows the sheet of water springing clear of the side-wall and plate 

3D shows it remaining in contact with the side-wall. A smooth entrance 

: ~ : ~ ~ i ~ 'i 
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see° r id - fee t ,  ~the~topograp]~ downstream on ~the l e f t  ~.s~te . w i l l  a~t  as 

a . con t ro l  'for¢:L~g ~.the ~i o t r e ~ . , o Y e r  in to  t h e  main channel,  As ~a 

r e s u l t ,  ..a "dead" area ~wa~ .~formed from 'which ~the ~wate.r 'flowed .back 

i n t o  ,the Jump area ,  d isrup~ing t h e  J ~ p  .and 'forming the whir l .  

Variou~ combJ~t ione  of  e i ~ l s ,  dentatea ,  and e l eva t ion~  of  

apron were t r i e d  fin" an.:effort  ~to e l ~ i n ~ t e  t h i s  wh ir l .  ~ e e p e r  ex-  

c a ~ a t i o n  than t h e : 8 : l  e l o p e  shown was discarded because o f  t h e  a d -  

d i t i o n a i  expense.  The  ~solution which i s  recomended f o r  incorporat ion  

i n  the f i n a l  des ign c o n s i s t s  o f  s h i f t i n g  the e n t i r e  s p i l l w a y  c r e s t  

fifteen feet to t~ ri~t and:converging the spi11~ay and:stil~ 

pool walls toward the ~downstresm end of/the apron. The step-by-step 

analysis, of this- solution is, as follows: By ..rotating the left wall 

about :Its :intersection ~ith the crest line such that ~the downstream 

end was~fifteen feet to :the right o; the original position, 4t was 

found that the deficiency of water along that wall was eliminated and 

the stream so directed toward the original channel that the '!dead" 

area inwhlchthe whirl formed was eliminated. To again establish 

symmetry of design, the ~right wall was rotated a sJmilar amount to  

the left. Noadverse effect was noted on the flow conditlons; In 

fact, there .was. stone improvement, despite the !fact that the .downstream 

end of :the apron bad,been constricted a total of thirty feet. However, 

the change in the right ~wall placed it out in the present channel 

fifteen feet. To bring :it back to its,orlginal position, which is 

moredesirable, the entire crest ,as shifted to the r~4~ht the ~dis- 

:tance of fifteen feet, or in. other words, the center-llne of the 

spillway was shifted from Station 13+35 to Station 13+50. This change 

of position not onl~ appreciably improves the hydraulic conditions in 

the-stilling pool but will effect an appreciable economy by reduclnE 

the deep ~rock excavation on the left side. The depth of ~cavatlon 

at the left downstream end has been reduced from approxis~Ately 45 feet 
to approximately 20 feet. 

All of the stilling banin chan~es recommended ..'.in this and 

previous correspondence ~ have been incorporated in Drawing No. 7, a 

copy of which iia attached. This drawlng wi~l clarify any questions 

2 
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which o c c u r ,  c o n c e r n i n g  , r ecommenda t ions  c o n t a i n e d  .~in . the December .31 ~ 

radiogram. The shifting o f  the entire spillway crest fifteen feet 

to the right effects two changes in the recommndations in the 

December 31 radiogram. The width of apron ion the left side at 

Elevation 151.5 has been reduced from 85 feet to 55 feet and the 

slope between the two sections of apron has been changed ~from 1:7 

to 1:8. 

In the design submitted with you~ letter of November 20, 

1937, the top of the :spillway training ~walls was shown at Elevation 

200.0 or four feet below the assumed downstream water surface for a 

discharge of 200,000 second-feet. With the ~recommended apron design 

the mean water height at the end of the pool is approximate].7 eleva- 

tion 196.0 with some splashing to a greater elevation. If the area 

back of eachstiiling pool tralning wall is back-filled and paved 

with sufficient slope to provide quick drainage of this splash, the 

top of these ~training wqlls can be lowered from Elevation 200.0 

shown on your drawings to Elevation 196.0. In'this case it :will be 

necessary to provide a ~ing-wall betwQen ~.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 downstream~end~of 

the left stilling pool wall and the mountainside toprevent return 

flow over the paved section and into the stilling ~ pool. Thiswall 

should slope from Elevation 196.0 at the pool wall to at least 

Elevation.20~,O ~at the mounta~_nside. Some allowance on both:of these 

wlng-walls should ~be made for wave~ height. ~ 

!If:no back,fill,or wlng-wall is provided, it w i l l  

necessary to raise ~the stilling pool walls to Elevation 204.0 plus 

freeboard to i prevent:retRrnflow between the stilling lpool walls amd 

the mountainsides, which .would flo. over the poolwalls and tend to 

disrupt the hydraulic Jump. In this case , it will be necessary,to 

design the pool walls against full water load behind them. 

Hydraulically, there is no objectionto this arrangement since ~here 

will be ~pools of quiet water ~behind the walls. 

i 

3 

!~ r - ~ ~ ~ i i~ ~ .t , ~ !~ 



•/ 
/ /  

,/ 
,/ 

~ /i ~ • 

V , 

ca 
C~ 

/ 

/ 

/ 

/ 

J 

The •stilling ~pool training •walls are ~shown on your draw- 

ings • with :i/&:l slopes and transitions from that to vertical ~faces 

on .the ,spillway traininE walls. It is ~recommended 'that the ~stilling 

pool walls be,made vertical and in the s~me plane as the spillway 

training walls. It has ;been found on this and several previous ex- 

per~nente that sloping walls tend ~to allow water to retux'n along :the 

wa]_1~ disrupting the formation of the hydraulic Jump :nex~t to the 

wal~is. : 

With the reduction of length of the spillway apron, i~he 

power house can be moved upstream and in the final studies it ~has 

been so located. 
/ 

Of .the various co~nbinations of sills and dentates studied 

on the downstream end of the stilling pool, the one shown on the 

drawing hasproven to be the most satisfactory. In the :December 23 

letter under the heading of "Sti!ling Basin", it was stated "...but 

on the right .~de a very turbulent boiling action occurs over th~ 

end sill in line with the lower river •channel. The combined action 

of a large ground roller in the deeper river channel behind the end 

sill and the action of the high end sill on this Side gives the 

water flowing downstream on the stilling basin floor an excesslve 

upward component of velocity resulting in the unfavorable boi/_Ing." 

This condition has •been :~proved by omitting :the sill en~irely and 

placing a I:I slope from Elevation IA6.5 ~to the channelbottom. 

This slope was not made flatter due to the possible obstruction of 

t h e  tailrace.in front of ~ t h e  power house draft tubes. 

Excavation of the rock on an 8:1 slope downstream from 

the left side of the stilling pool s~iowed satisfactory flow condi- 

tions on that side. 

The alteration of the model to include all changes wae 

completed today. Subsequent operatAon showed satisfactory condi- 

tions at all discharges. Photographs, 16 mm motion pictures, and 

hydraulic measurements will be taken immediately and sent to you 

at the earliest possible date. 

(" 

/ 



The model of the spillway and sti~Lilng ~oi can ~b~ i leA~ 

intact for.a few weeks so ithat any changes w]~iLch you deem necessary 

can be studied. If you have occasion to ~be ~l~ Washington, ~D. C. 

during the next month or sO, a trip to Denver :to see the m~del in 

operation might be of interest to you. 

Your discussion of ~he results obta: 
model studies 'would be appreciated. 

Confirmation by 
regular mail. 

Chi, 

nedinthese~hydra~l~  

ars, 

f~mgineer. 
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'UNITED STATES 
DEPARTMENT OF TR~ ~INTHRICR 
BUREAU OF ~RECLAMATZON 

Denver, Colorado 

January 12, 1938. 

AIR MAIL 

Mr. Antonio ~Lucchetti, Chief, 
Rural Electrification Division, 

PuertoRico Reconstruction Administration, 
Guayana, Puerto Rico. 

Dear Mr. Lucchetti: 

A preliminary report covering recommended changes of 

design on the ,,Doe Bocas spillway crest and spillway .piers was con- 

tained in office letter of December 23, 1937, and on Decembor 31, 

1937, the following radiogram was sent to you: 

"RELET DECEMBER 23 STOP BASED DN HYDRAULIC MODELTESTS 
RECOMM~D AS FOLAOWS: SHORTEN APRON 50 FEET. PLACE LEFT 
85 FEET OF SPYJ~LWi~Y APRON AT :ELEVATION 151.5 AND RIGRT 
PORTION AT ELEVATIO~ ~6.5 WITH ONE TO SEVEN SLOPE 
BETWEEN. LETTER WILL FOLLOW NEXT WEEK',. 

At the time the radiogram was sent, satisfactory flow 

conditions in the stilling pool ',had been .obtained for quantities of 

75,000 second. fee t  and above, but the  p e c u l i a r  condi t ion with ,a 

discharge of  50,000 second-feet  discussed An the December 23 l e t t e r  

under the subject "Stilling basin, still existed and the testing 

sinoe that time has ~been concentrated on eliminating that condition 

which we consider to be ~troublesome inasmuch as any loose rock or 

gravel imme~ately domnstrsam .from the apron would be transported 

onto the ,apron and erode the concrete surface. 

This severe w~z~rl on the left side of the apron was formed 

by two distinct conditions acting together, the elimination of 

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

No. 3 accompanying the December 23 letter that even with ~the change 

of design on the bridge piers and abutment entrance ~there was still 

some lack of uniform distribution of flow ~over the extreme ~left 

section of the spiAlway. Second, at flows .of less than 75,000 
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c o n d i t i o n  : e x i t e d  a% t h e  , 8 i d e - v a ~  and t h e  f low d ~ t ~ t ~ o n  : a ~  i,+) • •-;: 

the  s p i l l w a y ~ w a s  comparat ive ly  u u ~ o r m ,  a s  s h o w n b y  the  . d e ~ h + ~ m  , ~. ,~, 

bution.normal %0 :,the spillway at .,elevation 200,0,on drawlng No. -~. • = ' ~'~ ~!~ 

By comparir~ plates +4A and ;~B it is :-men;that the ,~ump ::~ ; lH~  eeDeen- ' .,..::-~::'!~ 

t, r a t ~ l  ; in  the center of  the pool with':less '~tuzq~ ,'.Slow ~ l o n g  .the ,lr~,ff~.~-:.. "- ..-,.:~" 

~, !g ibas in  wa~ l s  wi th  the  .recommendod..abutm~% +entranoo . + ~ n .  ~ . . .  . ~i.~ 

~ .  The d e s i g n  o f  t h e  . U p s t r ~ , : , e ~  ~Of :the. o r ~ + i  ,:":::!~ 

bridge piers (plate 3A) was unsatisfacto~,~ as can i h e . . , ~ a  ~.b~ ,. ~" 

plate 3C. The .square-end upstream edges:caused r•uater ~%o rage against ,~.. ~-;~ 

the f r o n t  o f  t h e  p i e r  t o . a  he ight  .of four-'feet , ( p ~ o t o t ~ e )  above ~t~m ]7+ :  ~ ' ~" 

;'~or~-.water surface. Du~ to ~the square.corners, the ~ 'of ~atlnT.. " ,,.•i,.-i./,. i,~ 

periodically sprang free from the :aides .Of i%hs ~plerS. i~t~ ,;~%ion+ ,+--, ~ 

would occur  +~n the  p r o t o t y p e ,  r e s u l t i z ~  : T ~ r a ~ l o n  :m4 ~ht :~maKe ~ . ~ . . .  -+_"~ ...: .~.-(~ 

bri~e. '..The recommended ~bridge :pier '~s!~ :+is :-mhowa on ~aw~ ?No. :~.. i :~ "+ ''~ 

and inplate 3B.  This design .proved snidely ,sati~faeto .~ ;si~e+~thi. ,h ~ - .-~{.. 
- ,../;~-.~ 

water remalr~ed in contact •with the :sido-wa~s at all ~'~s. Bi~O..~/'-Y_ : r " " ~'~ 

t h e r e  a r e t o  :,be:no ga tes  on t h i s  e t r u c ' t ~ e ,  a ~q~e+, .d~- -~:at  f h e ? . ~ . . .  ;::i~•,:+. 

stream end of the bridEe pier ' i s  ,Naullcally satiafa0~/~ :•so ,~;i~ :;/;!~ 

is suggested. ~-' ° " '  

S~_~i~W~7 discharge:curve, ffhe.:,re~omaended a ~  engrams ~•. ', ~,~.~,j 
. . . .  ~<:~.~ ~ - , 4 -  : '  + : L . : ~  

and bridge.pier designs: ~rOd~oe .a ~ higher :crest coef~icAe~ ~.of '" "+ .... "+ :'~ 

which•will ~mult in lom~r ::reservoir + elevatioms •for c o ~ l ~  i++~ii~ "'.: .. +.~,.~" " 

charges. ~The s pillway dlscha~ge -and ++oPest-coefflOA~ ~o~es e~e ~~~ii ...... ,"<~.,+ 

on drawing No. ".5. For the ~ ~  ~lood,of.2OO#OOO..+immoad+fee~, ~Me.. ~:~-+,- , ,.~ 

reservoir ~water surface will~-be Slevatlon .~22, :~* .'or :~55 ~fel~ ~abo~: . ,. +. ,,:"~i ~ 
• :+''~<' " " ":'" ~i 

the  spillway c r e s t .  The assumed+value :of ~28 ~ f e e t ~ . c ~ s  .faw~..ab~.<:?!~.: i.: i~i'~"+~ ~, 

with the experimental value. IThs +crest :coefficient ~for!t+he..~mx:Ltm~ r ~,~,~:,*:+. - ++.=:+~:++ 

discharge ..as .combAted .by the ~ f o l ~ a  C - Q~/2 :Is 3.~JJ. -.~e'+~i~ ;~i:+ 

s u r f a c e  on .the draw, down curve  at  ~the upstream end o f  ~ h e  : b r i ~  .~M~+- + .... 

is at .Elevation 318,0 (drawi~+~o. '6) . ~ :" ++"~:" . + :~"i+ f o r  t h e . ~  .~0h~.Ke O£+"ii:.i~,:~i.:.: + 

200,000 s e c o n d - f e e t .  T h i s  he ight ,may be of  u s e . i n ; d e ~ ~ ' :  :::i : = ~  

clearance. " " . ~+ i-!.i:.~-.,~. ,,"+~ 

.S~illwa~ Pressures. .The pressures on ~the +lass ,of :tlle:~ .- i~.~Z~ 

-way and :.on the stilling+basln :floor .for dAech~rges :of :L~ i ~ ' +~ +~ ' +'+~':' - !.~5~-~ 

- . ,  . 2  
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150,000, and 200,000 second-feet are shown on drawing No. 6. The 

p iezome te r s  (drawing No. 1) are  l o c a t e d  on a l i n e  150 f e e t  f r o :  t he  

left wall. Piezo~eters 1 to 5, inclusive, show some pressure of im- 

pact due to velocity o, ~ •approach. Small negative pressures are 

shown by piegometers 13, 16, and 17. The maximum negative pressure is 

2.5 feet (prototype) at piezometer 17 for the discharge of 2OO~O00 

second-feet. High pressures due to centrifugal action are shown at 

the entrance to the stilling basin. Eeyond the region of centrlf~al 

action the pressures conform closely to the corresponding water depths. 

Stillln~ basin. The original stilling basin design was 

tested for discharges of 50,0OO, iO0,OO0, 150,000, and 200,000 seco~t- 

feet. Mean water surface profiles through the Jump are shown on 

drawing No. 6. The tailwater for each discharge was determined from 

the tailwater height curve for the Arecibo River at Dos 5ocas Damsite 

furnished with your letter of November 20. Plates ~, 5B, and 6B show 

the pool action for 200,000 second-feet with the revie~ design of the 

spillway crest entrance. An excellQnt hydraulic Ju~ exists over the 

high-level floor, but on the right side a very turbulent boiling action 

occurs over the end sill in line with the lower river charnel. The 

combined action of a large ground roller in the deeper river channel 

behind the  end s i l l  and the  ac t i on  of  the  high end " s i l l  on t h i s  s ide  

gives the water flowing downstream on the stilling basin floor an ex- 

cessive upward co~ponent of velocity resulting in the unfavorable 

boiling. Thik may be remedied by decreasing the sill height on this 

side, or if this results in strong cross-currents due to the varying 

apron e~vation, an apron sloping about A:i fro: the top of the sill 

to the channel bed may prove effective. The Jump is satisfactory 

over most of the basin for a discharge of I~0,000 second-feet (plate 

9B) and the boil~ on the right side is less serious but the condi- 

tion B t i l l  e x i s t s .  The hydrau l i c  Jump i s  apprec iab l~  shorUr~ f o r  a 

dle~ar~e of I00,0OO second-feet and most of the energy is dlssipated 

before the end sill is reached so no boiling action is present (plate 

IOA) and a ¢~od Juap exists over the entire basin. A peculiar condi- 

tion e x i s t s  with a d i scharge  o f  50,000 second- f ee t  which can be 
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remedied by either a higher floor on the left side or a deeper exca- 

vation immediately do0~mstream. The Jump in this case is satisfactory 

on the low-level floor but the combination of the shallow tailwater 

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

to form, which might cause damage to the pool floor due to the grinding 

action of transported material. 

St illln~ basin floor elevation. While the studies have not 

progressed ,~ulficiently to verify the conditions at all flows, 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 tailwater 

at Elevation 195.0 which means that the right half of the apron could 

be raised to Elevation IA6.5, 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 excavation. The feasibility of this 

proposal is being studied at the present time. 

Stilling basin len~h. The length of the stilling basin ap- 

pears to be satisfactory with the original floor levels. Other shapes 

of end sill and baffle blocks will be tested in an attempt to shorte~ 

the length. It is proposed to determine a stalling basin length and 

sill combination which will show the least scour in a sand bed at the 

downstream end o f  the pool and still contain the complete Jump within 

its length. . .---~ 

TrainLug walls. The ~pillway traini~ walls have seven feet 

of freeboard at the downstre~m edge of the bridge abutment and five 

feet at the po~,t where the sheet of water enters the pool. The wave~ 

reach Elevation 210.0 on the side-walls at the end of the stilling 

basin for 200,000 :second-fvet. The i/4:1 slope of the training walls 

and the transition from the vertical face to the I/A:1 slope appear 

to  be satisfactory. 

Confirmation by 
regular mail .  

Very t r u l y  yours,  

R. F. Walter 
Chief  Engineer. 
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Dear Mr. Lucchetti: 

Reference is 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 measurements of the ~inal 

recommended design would be taken immediately and sent ~o you at 

the earliest possible date. Due to the urgency of other w~rk in 

the laboratory, the final work on the Dos Bocas model was postponed 

several weeks. Still photographs, results of ~draulic measure- 

ments on the final design and a statement of the cost of the model 

stud~ are contained in this letter and one reel of moving pictures 

nhich becomes your pro~rty will be mailed under separate cover as 

soon as the titles are inserted. 
To present all of the findings resulting from the hydraulic 

~odel studies, which were contained in office letters of Decwnber 

23, 1937, and January 12, 1938, and office radiogram of December 31, 

1937, and those  r e s u l t i n g  f rom the  f i n a l  m~asurements i n  one g r o ~ ,  

t h e  f o l l o w i n g  summary and conc lus ions  a re  g iven:  

.Fe,atuA_~a o f  ~he design developed from the model tests. 

i. Shape of abutment entrances. 

2. Shape of bridge pierl. 

3. Elevations and len~h of epill, a~ apron. 

4. Height and shape of sill at end of apron. 

5. Shape of sidewalls down spi/lway face. 
6. Height and shape of stilling ba¢in training tails. / 
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7. Treatment of left bark excavation. 

8. Height of wing-walls between the power house and 

the right mountainside and the left training wall 

arid left mountainside. 

9. Extent of back-filling and paving from the top of 

the training walls to the mountainsides. 

Points of des' n checked b results from the model tests. 

1. Reservoir elevation for the maximum discharge. 

2. Maximum water-surface elevation at the bridge. 

3. Spillway capacity. Heads and coefficients at 

various discharges over the spillway. 

@. Amount and extent of pressures and vacuum on 

spillway crest. 

Other data obtained. 

i. Position and water surface profiles of Jump on 

apron through all stages of the maximum flood. 

2. Pressures on apron at various stages of flow. 

3~ ~ature of e~nd and gravel erosion in river bed 
below spillway. 

A. Minimum tailwater required for a satisfactory 

hydraulic Jump. 

5. Tailwater at which Jump sweeps from apron. 

.~~- Comparison o f  flow condit ions with no downstream 
scour and with downstream soour~ 

~. Photographic record, both ~ot~on and ~ l ~ l  

p i c tu re s ,  of flow condi t ions  at various discharges.  
i R~_ OMMENDED DF, SIGN ,AND CON~US_TON,~ 

1. Abutment entrance_-. The r igh t -an~ le  abutment entrances 
caused the sheet of water to eprlng free from the s~way a~dea, 
reeultln~ in a much reduced flow at the side-walls and the formation 

of severe whirls on each side of the stilling baeln. The recommended 

design on drawing No. 2 improved the flow condi t ions .  

2 .  ~ .  The o r i g i n a l  aquare-~nded u~ t ream p i e r  
noses r e su l t ed  i n  a rough water s~rface immediatel~ An f ron t  of  the 

2 
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piers and aerated areas on the sides of the piers. The type of pier 

nose shown in drawing ~o. ~ and used on the upstream end gave satis- 

factory conditions. 

3. Discharge Capacity. The discharge capacity of the 

crest is ample. For a max~,~a reservoir elevation of 323.00, •the 

crest will discharge 205,000 second-feet, which exceeds the require- 

ment of 200,000 second-feet. 

~. BridRe Clearance. For the maximum discharge of 2OOpO00 

second-feet the water surface on the draw-down curve at the upstream 

end of the brldge piers is at elevation 318.0, which will be useful 

in determining bridge elevations. 

5. Crest pressures. There is a slight vacuu~ developed 

on t h e  downs t r eam f a c e  o f  t h e  c r e s t  a m o u n t i n g  t o  a b o u t  2 . 5  f e e t  o f  

water at the maximum point for a discharge of 200,000 second-feet 

over the crest. It is possible that pressure measur~ents are An 

error by as much as 3 feet due to the difficulty in obtaining 

exact pressure m.aeurements in the model. However, should the 

small vacuum exist andno account of it made in the stability de- 

sign no alarm should be shown since the negative pressure is sllght 

and only extends over a small area. 

6. Stilling basin floor elecation. The spillws~ stilllr~ 

basin floor must be so located with respect to elevation that the 

tailnater will produce correct depths for the formation of a good 

hydraulic Jump 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 I~6.5 is slightly low for discharges below 

180,0OO second-feet and slightly high for discharges above 180,0OO 

second,feet. Assuming that the ground llne shown on submitted drawn. 

ings limits the pool floor to a position at or below elevation i~6.5 

on the right side, studies were made to determine the maximum satis- 

factory elevation on the left side. Tests showed that with maximum 

discharge a comparativel~ satisfactory Jump fonaed over the entire 

basin wlth elevation ~6.5 on the right ~nd 151.5 on the left, with 

an 8:5 slope •between. The raising of the left floor level abo.'e 
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elevation 151.5 will produce poor hydraulic Jump conditions, The 

lack of agreement between the *experimental D R and theoretical D 2 as 

determined by the  momentum formula Nay be a t t r i b u t e d  to  the  presenoe 

of an end s i l l  which i s  e f f e c t i v e  in  r educ ing  the  r e q u i r e d  D 2 f o r  a 

s a t i s f a c t o r y  Jump forNat ion .  The m a l l  c ross - f low on the  i n c l i n e d  

floor between the two level sections is not sufficient to produce 

any unbalanced conditlon. 

7o Stilling basin length. The length of the stilling 

basin should cover the range of velocity retardation until a point 

is reached where the velocities are low enough not to cause scour 

of the river *bed below. The apron length may be shortened by plac- 

ing baffle blocks, or an end sillp or both at the and of the basin 

to iAft velocities Just clear of the river bed until they are ~etarded 

An the natural course of the J~p action. The length of the Jump or 

distance downstream required for full recovery varies as its magnitude, 

increasing with the discharge. The recommended basin length, drawing 

No. 7, does :not extend the full length Of the Jump occurring s~b the 

higher flows but covers the range of greatest turmoi~ characterlstAe 

of the beginning. The velocit~ leaving the end of the apron may ax- 

ceed 30 feet per second at ,the minimum flow but it is lifted by the 

sail from the river bottom below until retarded in the Jump. The 

hillside ~long the left bank is exposed to ccmparstive~ h~h veloci- 

t i e~  during ms.xiaum f loods ,  but s ince  t h e  bank i s  of  good rock l i t t l e  

erosion is to be expected. However, if the bank erodes a better ~ump 

is formed and the velocities are reduced. 

8. F~ sill. The dentated sill or any arrangement of 

baffle blocks and end sill placed across the apron will, of course, 

check the velocity of the overflawlng sheet of water. Blocks and 

sIAls with vertical upstream faces are more effective than those 

with sloplng upstream faces so that smaller sises may be used to 

produce the required results. However, the vertical upstream face 

blocks and sills will receive tremendous Impact as the hlgh velo~.Ity 

carrles ~o ~he floor .ith little retardation. This ce~s for hea~ 

blocks ~ith reinforcement and anchorage. In a stilling .basin design 
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with one ,or more rows of  b a f f l e  b locks  'upstream from t h e  ee~d of the  

apron, oon:sidersble dependence fo r  e n e ~  d i s s i p a t i o n  i s  p laced  on 

the blocks!,  a .small break An which :might' endan£er ~ e  ant~'e s c h ~ .  

The whirls formed behind the steps Ancrease the possib~Ity of cavi- 

tation effects and ,pitting ~of the concrete. The form work requi~ed 

would ~j additional expense.. Al~ogether the advantages to be gained 

by the~x use in  thls scheme were so small that no recommendation was 

made for their adoption in the des~n. They may be u~Jed to greater 

advantage in an installation where there iB a greater variation be- 

t.sen t h e  depth r e q u i r e d  f o r  the  hydraul ic  ..Jump and ~hose : a c t u a l ~  

furnished by the natural tailwater. To eliminate any dependence on 

baffle blocks or end sills, on~y a sloping upstream, end sill is 

recoa~e~ed, drawing No. 7. The sill should be of proper height. 

If too hlgh~ it will receive excessive Is~Ct, lift ~he high veloc- 

ity flow from the bottom to the surface where retardatiorA is much 

slower and also expose the river banks ~to higher erosive forces. 

If made onl~ high enough to deflect the flow Jura off of the river 

bed the velocity is qulckl~ retarded by the static pressure of the 

taAlwater. Tests showed the best sAll height ~o be 4 feet on the 

151.5 elevation level and 7 feet on the l~6.SQlevation level, ex- 

cept on the •right .side ~ llne with the deeper river channel :where 

the ground roller is effective in 'lifting the high velocity flow to  

th~ stuff ace, el: iminating ,the ~ ,d  = i l i .  

9. Tr~in~ ~,,alls and Win~ ,Wa2~. To have a balanced~ 

effective hydraulic Jump at the st~llng ,pool side walls, the train- 

ing malls must be vertical. The recommended design includes this 

feature. With .the downstream ~ock slops of 8:1 on the le~t sick and 

~he deep :river channel on the right side, a •.severe whirl for~ed on 

the high level floor for flows of less than ~,~,0OO second-feet and 

with parallel trainAng wall~ 360 feet apart° By chan~n~ th~ spilA- 

way rcenterllne station from 13+35 to 13~0 and converging ~he tzaAn- 

iu~ ,walls from a spacir~ of 360 feet at the spillw~ crest to 330 

£ee~ ~a~ the end ~.of the stilling basin, the wh~rl on th~ |~t~h-lev~l 

floor is completely eLi~d~ated, and the ~hydraulic .Jump on the r~ht 

5 

i , 



I 

'i i 

side is improved. This hat~ the additional advantage in reducir~g the 

rock excavation on the le~% side. The change, recom~Lended for design, 

results in a balanced, effective hydraulic Jump for all flows. The 

height of these vertical side-walls should be such as to prevent 

excess inflow 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 ~,~ple to exclude all 

but splash water from overtopping the wall. • A 10:1 slope concrete 

covering from the top of the training walls to the mountain side, on 

each side is recommended to allow the splash water to drain back into 

the stilling basin. Wing-walls as shown on drawing No. 7 are recom- 

mended to prevemt return flow from the adjacent tailwater over the 

paved section and into the stilling basin. 

i0' Treatment of downstream excavation. Excavation of 

rock to an 8:1 slope downstream on th~ left side results in satin' 

factory flow conditions for all discharges. Excessive cross-flow 

occurs with less •excavation. Deeper excavation is not warranted 

because of the additional cost and the small ~mprovement in the 

Jump conditions. 

Ii. Hydraulic Jump performance. The hydraulic Jump is 

very effective in dissipating the energy of the overflow, the re- 

sultant velocities after completion of the jump being little greater 

than those normally present in the river channel during a given 

flow, were no dam present. The elevation of the apron is such that 

the ~draulin Jump will form well up on the toe of the d~,, at all 

stages of the flood, and the dissipation of the~remendouo energy of 

the fal~mg sheet occurs by the natural action of impact of water 

agaln~t water (drawing No. i0). Assuming the rock downstream from 

the apron to be of such soundness as to resist scour completely, 

the tailwater may be lowered from 3 ~o 7 feet to c u r v e  C, drawing 

No. 8, without appreciably changing the conditions of flow. ~f 

the rock does scour, after maximum scour has been attained, the down- 

stream gro~ roller is effective in keeping the Jump in the stilli~ 

baslm so t~hat then the ~ail~ater may be lowered from 7 to II feet to 

6 
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Curves C, !D, 13, ~,and~ show t~at  :for : f ~ : ~ s e  ~hen/~:)~000 ~:mooond- 
f e e t ,  scour ::does .not  : i n f l u e n c e  ~5~  ~map ~perfor~mnck,' and ~or .Tlowe 

l e a s  ithan 25 ,000  e ~ o n d - f e e ~  ~the end mal l  ~Lves  .su~£~dL~t D2 depth 

to ,produce ~ t he Jump on ~ h ~  ~ a p r o n  wi thou~ ~the~ a i d  o f  : ~ n s t ~ e a m  , ta iL-  

water .  When t h e  ~ t  ~soour ~ e  been,~at ta2ned t h ~  ~water-eurfao~ 

io "r~t as  a~ooth a s  w i t h  n o  dow~etFe~z , soour  :due t o  th~  ~ f f e e t  o f  

the ground r o l ~ e r  ~ : d i r e o t i ~  t h e  ~~Ow up~ar~ a t  t h e  end o f  t h e  

s t a l l i n g  b a s i n ,  drawing,~No. 11 .  However,  th~e  e o r ~ i o n  e x a c t s  on~y 

for  f l o w s  g r e a t e r  t h a n  :lO0,OOO a ~ c o ~ d - f e e t  and  even t h e n  t h e  c o n -  

dillon is ve.:~-y :sash lees ~severe at ~.the s ldeo ~whe~e ~he bank scour 

sight scour. The higher water su~faee at the ~,nd of the eti~ 

b a s i n ! f o r  t h e  aaximum scour  c o n d i t i ~ n  re~a l . to  An a l a r ~ e r  ~sur~a~e Jamp 

r o l l e r ,  which Is more ef~AeAent in d ~ e S i p ~ t n g  .~he .e~er~ ,so t h a t  

a lower bask peeseure due to tailwa~er is reqttlred'to aaAntain a 

s a t i s f a c t o r y  ..~u~p. 

12..St ,illin~ bas in~por~ssum:. Ktgh~pr~soures ~due to 

c e n t r i f u g a l  •act ion are  .shown a t  the .set, rondo to'..th~ ~ m d ~  b e ~ i n .  

]~rond .the _region,  o f  c ~ n t r : ~ u E ~  a c t i o n  tb~ !p~essure~ ,oca~fom 

Close]~y to  ~the c o r r e ~ p o n d ~  wa~er depths  ~ c e p t  near  ~the end s l ~  

wh~reL ~entri~ugal ~ c t i o n  a g a i n  o c o ~ e o  The ~ s c o u r  con~L~Aon 

~Ivee t ~ e  ~hA~hest p r e s s u r e s ,  due t o  th~ g ~ e a t e r  deP+~h o f  water, ~so 

thea~ p~.eesuzes should  be used .An .designing the st21lln~. ,basin 
fZoor (drawing Ho. l l ) .  

13 .  Scour. It-may .be expected ~ha+~ ~the ~gravel :deposits 

in ~the river channel and the earth overburden wall .be washed-a ~on- 

siderable dlst~nce downstream during _~a flow of ar~..ma~.itud@, 

These deposit an :a bar ..a~ross the che~nel downstream,-theough ~whloh 

~he r ~ c e d l n g  f l o o d - w a t e r s  cut  a ;passage ~alo~K :~he r ~ h t  ~banko 

Scour ~ e s t s  in t h e  .model rWers made under :the m o s t - a d v e r s e  conditAon~ 

/i 

and t h ~ s e  t e s t s  ~ indicate  i that  the  m~im'um depth o f  s cour •wXl l  ;~be 

• _=! 7 



.r. 

approxlaat ~e~ ~to elevation 136 and ~about 120 ~feet ~,beyond ~the end o~ 

~the s t i l l i n g  :~pool. The , c r e s t  ~of ~the dom~strsam b a r  wJI1 b e  ~at ~bout 

elav atlon ~166 and 350 ~feet 'downstream ~fr~n the end of ,the 'basin. 

!The sand reaained piled well against ~the sti~ing basin:end sill, 

givi~ assurance against undermining-at :the end of the 'basin (~drawing 

iNo. II and plate :lSB). Sand de.sits in :~he deeper raver channel on 

t h e  r i g h t  almost comple te ly  cover t h e  ~ l : l  s lope apron ~from the  e ld -  

r a t i o n  1~6 .5  f l o o r , t o  t h e  r i v e r  channel  so t h a t  t h i s  apron s e r v e s  

purpose. I t  i s  recommended t h a t  a ~ver t i ca l  c u t - o f f  w a ~  down to  r o c k  

in the r i v e r  ~chara~el be used i n s t e a ~  of t h e  l : l  eloped apron recom- 
mended h e r e t o f o r e  and shown on d r a w i ~  No. 7. 

1~., Power~house. The recommended 30 f e e t  s h o r t e n i n g  of  

the stilling pool allows the placing of the power house :50 :feet 

nearer the crest of the da~, consequently , resulting in 50 feet 
sho~er-power conduits. 

15.  P r o t o t y p e  ver form.nce .  !Prototype performance s i m i l a r  

to that of the model may be reasonably ~assured due ~to rthe we~.~ esta~m 

fished theory and existing proof~ of the hydraulic Jump action at 

various velocities and depths. The Dos Booas mode! was built and 

testGd with precision and care. The surfaces exposed to the flow of 

water were :practically frictionless so that any friction such as that 

caused by ~the entrainment of air existing An the prototype structure 
wail ~ on the safe side. 

16. Justification of mode], study, These studies indi- 

cated the difficulty of stilling basin design by use of a theoretical 

or •empirical method. MAnor factors often control pool action and 

designs should be checked by model studies whenever efficient oper- 

ation is desired. The experiments developed a much better form of 

spillway with a s~aller cost than the original design. The saving 

in cost a lone  is many t~mee the cost of the investigation. 

~The following is an itea~Ized statement of the cost of  the 
model.stu~: 
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:Mat~:La~,  ~.~ + o o n ~ t o n  + 

:"eonerbruOt~:Lon, ~ : a n a ~ s i o  , ~ f  <:data .i,~nd ~ e p o r t s )  

,Total~ '+~.~eee :o~e~..head ~oharg(~e 
(Ov, arhead : c h ~ e s ,  .+~'~ 

. . . .  :Total ,oo  

 50;00 

~PrevAoua aZperienee ,,on sla~lar problms ha~ ~shown •that 

op~i~ reeUlto ~on model stifles can be obtained onl~ ~y the ,clomo 

eoe~ratlon of :the design and laborator~ emgineere. ~U ~this :case, 

u n f o ~ u ~ a t e l ~ ,  t ~ a e  and d i s t a n c e  p r e v e n t  such  c o o p e r a t i o n .  ~L~ a 

result, the :following suggestion is :offered. De.ands for 8paoe :in 

the laboratory have made it necessary to ~remove 'the ~odel; ihowever, 

if any changes of design are ~ad~ which are at .var~anee with the 

rem~aendations of the laborator~ staff, it is suggested :that ~they 

+be discussed by letter before ~being fina r~lly incorporated. 

Ver~j t r u ~  yours, 

(Sgd.) R. F. Walter 
• .Chief Sngineer. 
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Plate 2 

A. Right side view for orlginal design 

B. Left side view for original design 
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Plate 3 

0 

d) 
0 . ' ~  

o 
m 

I:I 
o 
o 

m 

0 

0 m 

~o 

ID 

m 0 



Plate 4 

As D~mstre~m vie:~ for original pier amd abutment desi~, 
200~000 second-feet and tailwater elevation 20A.O 

~-~. ~ .... ~ ,  ~,~,~ .. 

,..~ ..,.~ ~ . ~  ~i,~. ~ .'-~., , .... .~. 
.... i~', 

Bo Dow~st?esm vle~ ~cr l-eoo~enc1e~ ple~ ~n~ ~uu.~m~ u, 

200,000 second-feet and ~llw~ter elevation 204°0 



F1ete 8 

A. Right..z~de.,~v~ew~r:original pier ,and abutment design, 
200,000 second-feet and tailwater elevation 204.0 

B. Right side view i'or reco~ende  d p i e r  ~nd abu%ment design~ 
2009000 second-feet  ~nd t a f l w a ~ r  e l e v a t i o n  204~0 



Plate 6 

i 

......... A**" Upstream view for origin~l pier and abutment des!gn, 
• 200,000 ~ec~d-feet and tailwater elevation 204.0 
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Plate 

W 

Q 

A~U~L~Y~ ~con~-i'eet ~Id tsLl~a~r vlevv, tion 1,O7o7 

B. Right s ide vie~- for  fna l  or ig  dvsign~ 100~000 s~cond- 



~io Righ +. side vie~t fo:" o~iginel desig~ 50.,000 seeortd-feet 

B~ Dowr:~r~am view for recommended pier ~.~n.$ a~.:~ont desi..wn, 
150,000 s~cend-fe~'~ e~ t~.~!~_~_~_t.~__~,_~..ti..~n_l=q'l~ .... 



A. Down.~tre~T~ ~-!e~ for t'ecommended pier and abutment de~:!gn, 
!O~,,OCt~ .~x.~:cn:!-F~et, and tail~ater elsvat~c~, 180.5 

B. Downstream view for reco~m~ded pier and abutment design, 



,~. .~O~J~,.~D ~IGt~ - 200,000 ~E~O,,r~-FX~T ~;D ~IL~ATEi;, E~,lV,,Tl.~i; 204.0 
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P~.A?E ~3 

A, .~ECOI:CLENDED DESIG1~ - IO0,~)O.a~{A,B-.~-~, A/~D TAIL~iATE.R ~=LEVATIOL,I 189.5. 
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Ao ~L~0~ ~,~4DF~D D~.~IGI: - 50,009 SECOIJI)-FEZT ~i,D TAIL.,'aTE~ "/LEV,'.~Io,, 178.7. 

B i t E ~ 9 ~ . H , ; D E D  D E S I , : . .  5 ~  ~, ," " ~ ' , "  ,',,~ . r ~ T ~  
• - . , , ~ 0  , . . . . ,  , D ' . - " ' , . .  ~ .~ . ,D T A I S , A T ~ ¢  E L  , ' ~ . . ~ . ~ , :  1 7 8 . 7 .  



A. ~'~OL~ZE:|DED DESIGI~ - 25,000 SECOi~D-F~ET ,h~D TAIL,,ATEAq ELEV~TIOI~ 170.5 

B. RECOL~,~DED DF.~IGI~ - 25 OCO SEC....D- '~':,~ .~.ID ~,,I ~.r..~.~ ~;~..~0~~" ~ m~. 170,5 P 



A. KE~OI~LE~DED DESIG~;[ - i0,000 ~ECO,~D-]?EX2 , ~ ; D  ~A TT. ~.,~,,~..~.~'~'"~ EL~JATIO~'~ 160.o. 
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