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OFFICE OF THE CHIEF ENGINEER 

CHIEF ENGINEER 

~ U N  I T E D  ~ S T A T E S  

D E P A R T M E N T : O F  T H E  i l N ~ E R  i O R .  

• BUREAU '~OF ~ R E C L A M A T I O N  
,~ C U S T O M H O U S E  

DENVER. COLORADO 

I- 

To C h i e f  E n ~ l n e e  r 

Subject: Report  ,-on ~ l n s l ~ t i o n ~ % r l P ' :  
l a ~ o r a ~ o ~ . : ~ e s l ~ n  ~,and %he~ 
R i ~ e r  Outlets- arand Coulee Dem .- i~ Columbla:.:Bas2n :l~o~ee~. 

:i. Re£erence is ,~made ~%o.: office .ie%% er ~ of i ~ ch ii,' i~40 '~%o 
Supervisln~ iEnsineer, Coulee Dam, iWashiaston, .' s~Jeo~ ~ ,Pressure 
measurements in 102-1neh outle% conSul%s:" ~a~d~ Coulee!~Dam - 
OolmnblaBasln}-ProJect." 'and ~%o memorandum fr~m~O, ~ i  '~Thomas '%0 
E n g i n e e r  3 .  ~E. ~arno¢  
. ~Piezcmeters .:in .,0utl~ 
- l ~ o j e e t ; "  . . . .  " ~ 

_ . . . ~  : i ~ ' /  

1018.'~ The 
,~eet :_and 36, 
~e~enteen ~.of 

p~ezc~e$er ~!leads ~: in the !Eleva%iou I000 galler~ 
Sonne l .  s e a r e d  ~:and ! a ~ % s  !,©c~npleted .~for :/ ~ . . . . .  
pressure ,i,%ests ~:,on :the ~RleV, o ~i0~6~6~ ,:outle%.. ,~:0bsemv~a%ions were:made 

• c ' 

. p t e z u m e t e ~  ..:O~i~.,~q"; w.~e ~smoothed ,!wi%h :.a ~ s I i c e  :bsr-and ~%he . . ~ t i ~  '' 
conduit ,~:oleaned ,o~ a~l .~forei~n :: mater~al i~ures:~l, :~ .~and ~ ~i)' 
Du~ing the~perlod~ch l~-2~w-~.the :iinflow~%o :~he :reservoir de- 
oreased ~%o :~51,000 second.feet :.end , the ~.elease was ~eduoe~ to ~9~500 



second, feet throug~ten~lower outlets. The~reservolr ~water surface 

~ J 

4..The 
at 10:3OA,M., 
April 6, 1940, essure measurements 
were made,on this?outlet Uslng ~the~embedded:equlpment described In 
the reference~memorandum~from~O. W. ~Thomas t ~se 
hydrostatic pressure:measurements were made: 
ranging fr~n Elev. I0~9.6~to i06~.8. 10he, " adings 
was made with the~a~r vents to ?the ~!contr01 ;hy- 
draulic conditions at the entrance and exi n the 
spillway bucket and ~In the ~tailraces were, 
measurements :through the outlets obtained ~: 
gaging station in !the :rlve~, iand still ~andmotion pictures~made of 
the hydraulic phenomena. 

5. Durlng the perlod~April ~6 ~to April~16, 1940, a ~rellmlnary 
analysis ~ of idata was completed ~and: minor changes made in i~he ~equip- 
merit and test technique. Inconsistencies in the pressure data were 
found and the reason~sought. ~The~upstreamjgate inthe:east outlet iin 
block 51 at Elev. ~i0~6.67 was Closed April 12, i19~0 ~and ~he interior 
of the tube ~ downstream from~the gate inspected. An ~inspection of ~the 
conduit lining upstream~from ~the gate was mot possible because that 

partially~covered~bylrolls of paint; •ilt ~was necessary to ,remove !~he 

such an ~ approach ~ hydrostatic ~pressure ~readings ~Lare inconsistent rand 
small projections into i the ~!flow produce erroneous ~ireadings. Changes ~in 
gage connections and test technique i~simplified the ~pressure readings. 
A detailed memorandum in regard to ~the operation of the~ equipment and 
addltlonal data desired ,~was ~prepared and copies ~furnished to the 
interested parties, A~memorandumwas:$~rePared for~the S~pervising 
Engineer concerning the completed i~test!s and additional data to,be 
obtainedo A co py of ~that memorandum is attached, 

6. The results of the pressure measurements are ~sho~om on 
figures, 5 and • 6. A~ comparison of i the ~:pressures ~obtained from the 
1-:17 scale model •and those obtained ~from~the prototype for similar 
heads is shown on,figure 4. The general characteristics~of the 
pressure curves are quite ~imilar, !b~t ~he hydrostatic ~pressures~in 

Q 

O 
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the prototype are sllghtly ~reater than the pressures ~in' the 
mo~el. The pressure ~urves shown are for l ow  hea~s only an~ the 
:relationship may change for '!the ~hlgher ~hea~s. ~ Figure 5 .shows ~:a 
• comparison ~of the ~pressures Width the air vents to the 'control ~ates 
open and .with ~these •vents closed. The condu~t does not ~flow ful~l 
when :the air "~vents are open. This £s true for the ,e~tire i range 
of headset ested~ For t~ in the ~'top 
of the pipe exten~s from stream port'ion 
of the r elbow. T~is bubble decreases ~in .-size as the ~head increases 
,(:figure ii6). It :shotuld entirely ~isappear with ~a :sl:ight ,a~it~laual ' 
head. 

q .  The hydraulic conditions at ~the entrance to ~he ~outlets ~are 
gcbd. Small ~ortloes ere ~present inside the ~rashraoks ~when .the 
lower outlets are :operating :For 
hea~s from ~12.~ :~feet to 2~ ~ ~, 
i036.67 ~:outlets, ~he :entrance condit ions are ~good. !Wi:th ~a ~ead 
of i~.5 !feet, ~he ~rlght outle • pened. 
A slight whirl developed i n e a r  :right en~ of 
the trashrack and the :face o~ the ~dam Inside the trashrack but 
there was no serious disturbance at ~8ny time and no drop in water 
surface ower the opening o f  t h e  tube. For ~the i hig~er iheads a :vortex 
develops ~ in the same location as ~the wh~Irl, When:both out~ets :In the same 
block are open, two well,devel~oped Lvortlces form '&uside the trash- 
rack. The one o ~junotlort ~of the 
trashrack and ~h 'of:the ~am~and 
rotates in a clookwlse direction.L The 
similar posl~ion ~on the le~t slde and :r 
These vortices •are cause~ Vby,:a f~0wJalong the face ~of ~he dam Land 
around the~alls. They are of small ,PrOportions and at ~no ~imei~are 
large quantities of air drawn into ~tham~ There is ~no inCticeable 
drop in ihead :through ~the %rashracks. 

8. Flow,condltloRs at~the exit . o f  down the : 

face of . . . . .  to the 
• control ~aus es 
nbelchil of~he • 
~This di~ nd ~causes 
an intermittent spreading of ~the Jet. i.The ~open!~s ~%o ~thb ~dlscharge 
channel ~alr ~vents ~are 'covered at timesi~Rue ~to ,this 
However, ~on the ~whOie the ,~dis " ...... 
Jet fo~1ows the !face ~of :the is 
and in, no ~place does ~It show 
nomin~ ~. ~dieintegra$ion :of ~he jet, 
impinges on ~the ~tailv~ter (iflgure'~ 
vents i~or the ~Ele~. i0~6~i~ ,outietsowere observed ~o 'function 

inlets when the conduits vJere discharging. 'A number ~of ~these ~ents 

• ~ i ~ i~i ~ii ~: ~ ~. ~: ~ ~: :~,~:~.~.~,,:~ :~ % •  • ,~ :~ : 4~ • ::~./~i 
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are cl ogged"with ~waste mat erlais ~ from :construction, :~al~though ~it +,is 
not n~ th'iS season, 
long I ~ani~g ~is 
completed +:,emd ~the ~auts~are+~operat~ ~:~operly. 

936.6 / 
observed in ~the models 
lip. The ;+: surface,: flow 
toward the dam and '~:the 

dlff erent ial ~ increases,~when +~+the 
The ! lower, water surface along + tl gs + 
and • float ing +,debrls~ to ,~colle ct ~ 
sightly and Is+ thrown against ~the ~+~ace ~i~of + the idam ! 
thewater. Some~sc0urlng of ~the concreteTesults. Th+e.~water~surZac, 
over'+the~bucket +will ~ remain low~hroughout ~he +,range ~of ~:operation ~ of 
+the outlets and ~the~spillway, owide 

hydraulic +phenamena ~were obses 
. ccmbinat ion ~of openings • and :h~ 
servations the l hyaraulics are 

] 

slowed~ 
strikes 

~For ~.the 
;he Lob- 

ge 

~outlets 
xcavation 

~- ii~ ̧ +:!~ 

approxlma~ ely: perpendicular~to ~ the ~axls ,L of ~+~the ~!dam. The +~cUrrent, has 
, sufficlent~:velocity ++end ~pits 

o :the endof 
TI E 

down;the river~.,without ?~plngi.ng ~+,~he '?tailrace ~:ex- 
cavatl ons o 

o f  the u 
opening 
v e n t s  .Su 

p e r i o d s  ! o f  p s r + t i a l  + .open 
:of the ~seal~rings, :~art 

~noticeable chattering 
~mat ely the )last ,~one- 

quarter ++of the c tLravel of the clos ing +c~cle° ~Thls : chattering ~:contlnues 
after the gates +~have reached :+the : closed posit ion and mntil :Lthe ~ seal 
pressure is L apPlied. There ~is.cons~derable leakage past~the.upstream 
gates with ~+the. 50"~ound :alr pressure !applied + to the ~ seal~, The: hoist 

r 

L + 

i~ii~. ~i +~ ~ m i ~ ~ : 

L4 



motors . o n  the gates are rusting due ito the ihighrelative ~humidity 
in ~the • gallery, iThemotors~and~hoist mechanism are covered!~wLth 
~anvas. but ~it ~Is almost iimpossible to s~ 
from the coollng~vater, grout; and other 
Although it ~is:not ~possible at Grand CouS 
Shasta ~ Dam, .~herea :~ube valve (control w± - 
added •to~ the !.life of i:the equipment/if '~the~ controls an d/m0tors ~are • 

dls charge ~ f, t he rat ing 
,table :ifor ' tl . . . . . .  S 
Survey. iThe :data-shown On ii:~the~ curve ' were cobtained ~befor 

~e outlet 
f l y e r  

~igure - 

I0. Both curves • are ~based nge ~of he ads ,~'and 
caut ion must ~ be. employed !i: ; A d d i t i o n a l / d a t a  

for extension~of the curves will ibe available at a ilater date. 

hydraulic ~ condit 
my be operated 

mately ~35 ~feet. 
pos slble ~dam~e 
gates~ are :being wnen"-~ 
ccndult they~may remain:closed wlthout greatlY ::affecting the hY dro- 

static .pressures° ~ 

of the 
to :the ga~es 
lets {will idraw -. considerable 
~the 

pressure 
e vents~ 

14. /jSixteen millimeter •motion piotures ~were made ~of the 
hFdraulic :condit ions descTibed in :this i:repor~, iThese f ~  are f~led 

, B  

E n c l .  

: . R e p o r t  a p p r o v e d  

i s i n ~  e n g i n e e r .  C 

C. W. , ,Thomas  

~Y 31 , 1 . 9 4 0 .  

. !S. O. jHarper, . 

Actlng C h i e f  ~iEngineer. 
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; ' A D ~  ALL COMMUNICATIOI~ TO 
.THE CHIEF ENGINEER 

,: U N i ~ E D  ; S T A T E S  

. ~ D E P A R T M E N T ~ O F ' : ~ H E  ~i N ~ E R  I O R  " 

B U R E A U  ~'OF ! R E C l a M A T I O N  

( C. W. .Tho=as)  

::: SubJ e c t :  P r e s s u r e  ~ m e a s u r e ~ e n ~ s  .on : 1 0 2 - 1 n e h  : o u t l e t  ¢cndu/%s 
Grand ; Coti lee .: Dam, 

I .  R e f e r e n c e  ' i s  made::%o ,your i1 ~aud '~to 
y o u r  t e l e g 2 ~ e n  : o f  M a r c h  ~ 8 ,  : l g t O  ; o n  

2 .  S i n c e  my a r r l v a ]  
I ! h a v e  i n s t a l l e d  g a g e s  a n d  
l e a d s  : ln~ t h e  ' E l e v a t  i o n  100¢  
o b t a i n i n g  ~the , : d e s i r e d ,  p r e s s t u  
o f  : the  : e x i s t i n g / p r e s s u r e s  f in  [03, 

• b l o c k  .51~ h a v e  :been ,  e c m p l e t e d  f o r  : : r e s e r v o i r  ~eleva%i ens  ~ ,ranging 
I049,3 % o : 1 0 6 3 . 8 .  A:total ( 
While ',the air ~vents %oS%he 
, through ~.the : :cooperat  i o n  ,..of 
who i - ~ u n d e r  t h e :  d i r e ~ t i o n  
a s s i s t e d  : w i t h  t h a t  e s t s  ~to :( 
:'has ~been :'developed !and : ere a~re ,:of '~.%he :~nature ~of ':'she ~ ~a~a: ~t~ ~'are :'. ! 

3 .  R~ 
t h e  r e s e r v o i r  ,~ level  

b o t h ~  t u b e s  :,ln b l o c k  
a d j a c e n t  o u t l e t s  ?Ires 
w i t h / t h e :  r e s e r v o i r  w a t e r  ~ s u r f a c e :  a t~  o r  ~'near ~ e l e v e t i o n  ! 1 0 6 3 Q ~  ~Addl -  
t i o n e l  ~,,runs = s h o u l d  ~be :made 
water~ surface at elevation 
the • maxlmum ~level :.that~he 

'.~ as~d ~to ~be ~ ap~t.ely :~I180." :~It :,3is ,not neoessary :~that :~.the 
r e s e r v o i r  .be  a t~  e x a c t l y  ~the :~abov_e :!elaTe%ions ,,when t h e  ~ireadi~gs  i a r e  ,tekelxe 

~ v  ¸ ' , /  : : .  ~::•, .:'~:•: 
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However, ~hey ~shoul@, be as close as is practicable. ~The ~runslc~ 

1165 and at he~maxh~cm level i~that the :reservoir~ 
water. Instructloni~ ~re ~ests <on ~the i!I 
apply alsor~:~O the 11!~6. 
the checklng of,:the permanent:iln 
:paint 'aPeas~:around:.~t]~e iplezomete 
tube. !These~pain 
by the flow and:a 
available between~ now and ~hlghi~ ~v~ 
• more stable paint :in'i~the i136.67 
tubes : shoulg . . . . . . . . .  

operating ch 
pressures!Im 
conditions, 
othcrhydrau 
are necessar 

-tube aremad 
~thlsoperati 
-iObser~ations 

by.a i-black ~ll 
recording: gag 
~2~63~I for L: 

originals !hav.e~ :u e en 

assembl 
Cook ..... . . . . . . .  " " 

:ass~ 

'the 

~IL. ~I. Shader 

r , 
. L r 
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