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. UNITED STATES ‘
g . DEPARTMENT OF THE! INTERIG)R e T
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§ : o R L CUSTOMHOUSE Col e

| OFFICE OF THE CHIZF ENGINEER DENVER COLORAIJO

m,nom Asaociate Engineer c. W. Thms

T Chier Engineer

:"Subjact"ﬂ Repart on inspection tr.tp to corre].ate hydraulic
laboratory: flesign and tha*ﬁeld operat ion _.orlloz-inch _
River Outlets - Grand ct:ulee Dam - l':olmbia;iBasin Project.

- 1. Referenee is ma.de to ofﬁ.ea letter of Harch 11, 940 1:0 ] T
1Supervising Enginear, ‘Goulee. Dam, ‘Washington, ‘sub’ject - “Pressure it
‘measurements ‘in 102-inch outlet’ sonduits. = Orand Goulee Dam . - SR e
_0011mb1a ‘Basin;Project,% and to ‘memorandun from Ca Wa' 'l‘hcnas to P
‘Engineer J. E. Warnook: dated Septembar 15,1938, ’{subjact 2 T

R S'Piezmneters in: outlat Warks - Graml melee Da.m L
- '-Projec‘h. AT ‘ e

S 2. This report covers only tha‘ : : :
B -:tests cmnpleted ‘during the : period {from’ March 15, 1940 %0 /A :
.‘_5.}3.940. -Additional : uwarvations ‘and - d.ata ‘will be taken® oy - 4he px:ojact

- .engineers.and forwardsd to this office .duringthe pericd Aprildé, o -

. 21940 %o approxi.mtely July 15, 1940. , ?Xhen this 1n£cmatinn S5 -1 S ,M.;;‘é-

' assanhled and analyzed ::a mo a“,‘ comprehenaive‘ report’mill be s:m-épared. o

5 1 UJ?he reservoir water surfaoe on H&rch 1.3,‘ 1940 was”mevc R
_.1018.3. fThe :inflow “to the:reservoir was: ayprnmataly "58,000 seuond— i
. feet and 56,600 . ‘second«<feat were being passed ‘thrcugh ‘the'. clam‘b NN
- seventeen’of ‘the lower outlets. - 'Du_.ing ‘the ;period from: March 13 - o
~‘March 25, gages. ‘and equipment were ‘installed-at the termimlqs kor%:‘._the
- .piazomster leads inthe Eleva’oion 1000 gallary, :the’ ‘necessary. per-'
-gonnel mecured -and arramgements: ‘completed .For. ‘the eonduct iof ‘the .0 1. -
. /pressure tests.on: the' Elevs 1056.67 outlet. Dbsemtiona were mﬁe FEMAE
. of flow. conditions  through the ‘1 ower rcutlets, ‘inithe ot
. ‘ghd 'in:tha river downstream, The Anterior. of ‘the: ‘gast outlet” Ant
‘bloek ‘51 at Revation: ;Lﬁ}é.é’l ‘was" 1nspected. ALY piezuneterfopan- Tt
ings-and :leads were:clears "Rough | pain:t surfaces surrounding the oo
~ .plezomater: -openirgs .were :smoothed with'a-slice bar:and the entira R BN
~ corduit -eleaned - of a¥l foreign material ' {figures 1, 2 and 3y} T o
During: the period ‘Mareh 13~-25,the" ‘inflow:to tho. poservoir de=
-:‘creased to 51 000 secoml—feet and the ralease waa "adm:ed to 39 50Q

,es.,_




_.second—raet througn?ten‘lower outlets. The‘ eservoir water surfscsf"”,]
“WAs. raised to Blev, 1049 ior- approximately ‘reet ebove theecenter— R
line of the intermediate outlets. B P ‘ S

‘ Y The . east outlet i blook 51 at- Elev. 1036 67 wes‘opened ‘
at 10 30. AeMe ‘March’ 25, 1940. ‘During" the PeriOd Merch 25 to:
April 6, 1940 A series of8lx hydrostatic pressure meesurements o
were mede on: this outlet using the! embedded 2 uipment described ‘An -
the" reference memorandum from Ce W.AThomes‘to o i Bet Warnock. These‘
‘hydrostatic pressure measurements Were: mede ‘with the: reservoir
ranging from Elev. 1049.6 to: '1063.,8. "One- oftthe?series of readings
was made with:the: air vents to the: control gstes ‘Ioscd. Tho hy—“i
draulic. conditions: at- tho: entrence -and - exit ‘o ‘th ‘outlets, in the-
spillway ‘bucket &nd in the teilreces were: observed, diecharge :
_measurements’ through the outlets ‘obtained ‘fram the downstream
. gaging. station inthe river, end still end motion pictures mede of
.the: hydraulic phenomena. R , i L £ RN (T

Gy During the period;ﬁpril 6 to April 16 1940 @ preliminary i
.. - analysis of: data was; completed rand minor changes made: in: the : equip- g
- ment and test technique. Inconsistencies ‘in“the’ pressure data were R
‘found. and the ‘Teason: sought. +The upstream gate 4n ithe- ‘east: outlet dn 0.
~ ‘block 51 at Blev. :1036:67 wis.closed ‘Aprilile; 1940 ‘and “the interior D
- of the tube:rdownstreamifrom:the. gate . inspected. "An inspection of the\;;g
~gonduit 1ining upstream ‘from the gate was not possible because that kS
portion of ‘the tube was: submerged by the reeervoir.'iThe pnint eround“-; F
the- pienometer ‘openings in’ the accessible ;part.of: ‘the :tubs had. been PR
 “badly damaged by the flow and in someﬂinstances ‘the taps; Were '
"pertielly ‘covered . by rolls .of . paint.‘elt was necessery Xo., removeAthe o
‘remaining point surrounding the piezometric taps, grind ‘the : plugs N
- flush-with the .conduit: lining. snd ‘restore the rddius on: ‘the edge of the
forifice ‘befors -proceeding with: ‘the ‘tegtss ' These: ramedies were S
‘mecessary -to, ‘obtainia-smooth: epproach %o the: pressure taps. Witheut
~isuech an epproach hydroststic ;pressure reedings are’; inconsistenr and
cemell projections dinte: the flowxproduce erToneous: reedinge. Ghanges 1n
_ogage. connections and test techniqus simplified th" pressure reedings.-* hﬂ
" sAdetailed -memorandum in’ regerd to the; operetion of ‘the-equipment and
'_additional data. desired WaS| prepared ‘ang ‘coples: furnished ‘tothe f'
_‘f,interested perties._ A memorsndum.wss prepered forthe’ Supervising o
. “Engineer: concerning the completed teets ‘and- additionel deta to’ be S
.4,¢obtalned. A oopy of thst msmorendum is: attached, L S SR

6 The results of the pressure meesurements are shown on s
‘figures: 4, "5 and 64 Al comparison of Ahe pressuras obteined from the
iLel7 . scele model und ‘those : obtained: from “the .prototype:for: similar
Qheeds is shown.on: figure 4e The. gencrel charecteristics of the' M‘j
jpressure curves are quite similer, but the hydroststic pressures in




the protofypa are . slightly‘greater than the pressures 4n the
model. The pressure: CUrves . shown ‘are Tor Low heads - only and; the
‘relationship may. change for the- higher heada.- Figure ‘5 ‘shows '8
ccmparison of the pressures with “the ‘air “vents to the control gatea
open -and with thase vents closed. The ccnduit does not?flow full
‘when“the- air- vents - ‘are open. - This is- true for the': entire range
of heads 't esteds For: the ‘Low head, a’ large air‘bubble “in the: top
<of the pipe. extenﬂs frum the control gates to the downstream portion
.af ‘the: elbow,
& (figure 6). It should entirely disappear with a:alight additional
‘~‘»head. ‘ # , _ i P

: 7. The hyﬁraulic conditions at'the antranc : \
. ‘gmod.. ‘Small vorticea are’ present Anside’ “the’ traahraoke when th TR
o Yower. outlets are operating unﬂer approximately 90—£oot ‘heads For PR
" ‘heads ‘from 12, 5 Peet 0127 feet ‘on the ¢ centerline :0f the Tlev, -
1036467 outlets, ithe entrance conditions.are’ goud.' ‘With a ‘head
Coof 1245 Teet, ‘the right outlet only inrblock ‘5L was-. opened.rl- e
A Blight whirl ‘developsd “near ‘the intersaction of" the right end of
the trashrack- and’ “the :face ‘of “the dam" inside the: trashrack bud
_there WAS o serious disturbanee ‘atiany time and no ‘drop in" water o
surface over ‘the. opening ol theftube. ‘For the ‘higher heads a vortex
J‘developa in the ‘semo.‘location-asithe whirl. When both ‘outlets ‘in the seme.
“bloek are: open, two well—deVGlopad vortices form- inside the trash- e
- .racke .The:one .on the right 'side forms near ‘the junction of the .
trashrack and ‘the. wall’ projecting from ‘the :face of the dam: and
- rotates in aaclackwise direction.- The' other wortex develops in'e
" similer position ‘on’ the left side and ‘rotates’ counter-clnekwise.
. 'These’ vortices are. caused by ‘Urlow along ‘the face .of the dam and - ‘
- -around “the ‘walls. They are of small: proportions and- 8% 10 ‘time are’ o
~ “large.quentities of- air :drawn into- them. There is nOAnbticeable S
‘-' drop in head through tha trashracks. e

S, 8. Flow conditions atithe axit of the conduit and‘down ﬁhe‘;
#fface of the spillway are satisfactoryo When the ‘air vents to “the
-eontrol’ gates are -apen,- air- 19 drawn: into the conﬂuit -and causes & IR
.- ‘"belehingW :effect when this air is’ ‘expslled. from the . exit&of'the tube.‘:L‘
-This disturbance. conxinues down “the face . or Ahe’ spillway :
‘an intenmittent spreading of the jet..,The opaninga “+o0 %h Vdischarge'
‘channel:eir: venta ‘are: covered at Aimes: ‘due 1o tnis spraading i
However, -on the whole the discharge conditions areﬂvery g00dy
jet follows ‘the :face ;0f -the 'spiliway ‘from the exit to the'd
- -and injno’ place ‘does. it show signs of ! springing .Glear, - Thene is a
. neminsY - disintegration of -the ‘jet, :but: very 1ittle: spray until it
,”impingas on the tailwater: (figure 7). The' ‘diseharge channel ‘air:’
vents for the Elev.. 1036 67 -outlets were observed ito -function
. .properly. No: means- of measuring the :air demand ‘to ithese vents .~
- was .available, ‘but spray and: ceuring water -WaLs drawn iinto the 6—1nch ‘
"ﬁinlets when the conduits weyre discharging. A number of these vents




”ﬁare clcgged with Wnste materials trcm construction. Although At is

. 'not necessary’ thet theyx ;cleened :before ‘the' high'weter this. season,,-,p::
- long.periods of’ operetio shoild “be’ avoided'until Ahe: cleaning@is R

' chmpleted end the vents ere operating properly=';- LT

: 9- The, ydreulic conditions 1n the bucket whe

“936 67 outlets are. discharging Very: closely resembl he:
.observed 'inithe models. . Alline’ DOLLs eppeersqover he ‘bucket
1ip. The ‘surface flow: divides ¥ thisipoint, a.portion returning

- ‘toward the’dem and *the:remainder procesding downstresan’(figure 8).”
. “The" water Surrece along the faee of: the! spillway¥ “approximately

_ ;10 feet lowsr:thanthe: everege crest ‘of ‘the ‘line: of‘boils.; ‘This'.
;differential increases when the Elev. 1036 67 outlets are opened.

o andt floating debris toi collect in thst ee. This mater 312
sightly: and is thrown against ‘the face: “of : the dem by thewaction of ,

. ‘the water. Some. scouring of :the ‘cunerete’ results. The“water. surraoe/.
Covers the bucket will remain low throughoutﬂthenrange of: operetion of .

-_che outlets and the ‘gpillway,’ ‘hence A1t may it \neceessry e 1ol provide

a-rake to- remOVe floating ‘debris: periodically. ‘No: unexpected
;hydreulic phenomene wWere: observed Anithe: spillwsy bucket. ,Fbr the
~ .combination of openings-and’ ‘heads: thet prevailed”durlng the ob—-=
-‘S“rVetIODB the hydraulics ere setisfactory.;‘

lO.‘ With certain combina+ions of outlet7 penings,
slow. eddy develops in the right tailrace.u The flow:from”

~ atrikes the:river'bank near the ‘junction-with the tailrace excavationqeﬁ;‘z‘

~end is- turned to- the right end upstream. The current thenfcontinues

Fspproximetely perpendiculer to the axis of the dmn. The current hes

":sufficient velocity to: fill,the centrel wheel pits before%thewend pits7g;"vl'

are filled: (figure: 9). A siudlar condition may result ‘fr ]
“‘operetion Of the -drum: getes near: the end of thie s spillwey.‘ bighs getes;
pnesr the center of the spillwsy ere opersted”the'flow*will contin‘e'

~csvstions.“‘
11. There are no Serious negative ressures in the bonnets

;of the. upstream.gstes insthe "Elevs ' :2036% 67Joutlets ﬂuring the S E
-opening-or-closing- cycle or: durk operation atithe” low heeds.,e. N

‘vents . supply-sufficlent: air to reliev the' negative pressure during?fu_f~

- periods:of partial:openings.- There:is-a.very moticeable. chattering

-of the :seal rings, particularly ‘during pproximately ‘the ‘last omem .
«aquarter of ‘the: :travel -of “the clo31ng eycles “This; chettering continuesf':

after:the- getes ‘have - reeched the -closed position and: until the seal

pressure-is applied. - Therc is considerable leakage pest the upstreem tfﬁ .
*gates with the 50-pound air pressure applied to the seals. The hoist el




»Whmotors on’ the gﬂtes aro rusting due to the high relattve humidityf ST
~in:the. gallery, “The motors and” holst mechanism are’ covered“with Py
_'jﬂanvas..but 1Y 18’ almost impossible to secure ﬁomploto proteotionj!j?;_'?
. “from-theicooling’ ‘water, grout-and; ‘other “constructioniwaste, oo
Although: 1t3s; not: possible at Grand: Goulee Dam, ‘Anithe ‘eageof i Lo L
~Shasta:Dam, wirere a tube: valve. control will be used ;muoh will beff.,"'
. added to thelife of the ‘equipment 1f the. controls'and motors . are .
'”“1nstalled after construction isc ompleted ‘anda oleaneu'”is'made.

B S - The discharge data & ‘shown 1 figures lO and 1%,
;dlscharge ‘Por the iLowsr outlet (figure. '10) tis tbased-on the' rating -
table . for ‘the: river downstre S determined by the U S.=Geologxcal_ IR
. Surveye. ‘The'data:shownon e:curve were obtained: before ‘the dnter=
- :mediate: outléts were: opened‘\;The discharge ‘for ‘the intermediate outlet%h‘
;(flgure 11) - :was/determined 'by‘taking the difference’ between ‘the: river -
;discharge ‘and" the:discharger hrough “t eilower outlets shown on: figure
104 . Both curvesiare! based on'a’ relatively small range iof heads:and i
:;caution mustibe: employed Ain- extrapolating 'thg data.: “Additional date I
for- extension of the ourver*will ‘be- availeble ot B éter?deto, SR

AR 13. For the rang ; heads observed, the genere o
Properation of the outlets ilg: quite satisfactory.. Unless changes are
| . necessary, due’ to" the different type ofecontrol proposed {for ‘the
~-Shasta Dam: outlets, the presen' ‘design will: give satisfectory‘ b
hydraulic conditions.: ‘The Elev. 1136467 outlets in Grand Goulkee:Dam .
~may.be - operated;under Yow: headsﬁ‘or diversion of the*river ,uring S
‘the high water:this. season. “The" vents 10 the gates i ths '-._.‘_u
jElev. 1036 67 and the Elev. 1136.67 outlets will draw onsiderable TSI
_ : pproxi- R
.smstely 35: feet., Io avoid negativejpressur“ ) ands
“;possible ‘damege” to the llning, ithese: vents must‘ e open whenuthe "f_ T
gates are: bexng opened or:.closed.: When wate : lowing through ghe oo
_,Woonduit theyemsy remsln olosed without greatly affectlng the nydro~ !
‘_vstat1c Pressures.f~¢' T e R e _ | L

L 14.1$Sixteen millimeter.motion pictures were= _ ey
’»;hydraulic conditlons deseribed- in this report. These films are fil d.
1n the hy&raullo laboratory.”‘ o , i ‘ ‘ ,

L Report approved end;copies, \
-.ﬁ;superviSLng;sgg;seer, Coulee‘Dam, Wsshington."

A B T e e ;je“?;S. 0. Harper, ”€ 2"Q‘:»-
‘j“ﬁMEyfglﬁfASAOgﬁ;fw EiTﬁ"ff;fvw.fQ_”, ;Acting Chief Engineer. ‘:4_
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coulee Daan, Washingtm

i e

‘Subject. Pressure meaauramants on ' lOQ-ineh'outlat cmdnit
Grand coulee Dam. ; L : & -

L l. Reference is mde to your latter
‘your' telegram of: March 8

R 2. Since my: arrival at the project from f:tha
I have installed geges and equipment at: the teminnls ofl;tha piezunster

obtaining the dasired pressure readinga and pertinen_t 1 g

' of the existing pressures in the east outletiat:slevation: 036.67 :ln
bloek S51:have ‘boeen campleted: for reservoir elevetiona :ran.gingiz)‘"
1049.3 40 '1063.8, ‘A total cf six: sets of. readings have be
while the a:l.r vents to the gates were cloaeﬂ.

has ‘been dsveloped and are’ ‘aware or ‘the nature ot ths' &ta that are
required. “They will retain such . equi;mmt, frrm that -which I’ brou.ght;'
:here, as .is: naeessary until $heit: ests are- cnmplated . "‘The equiment
should then be" returned ‘to the hydraulic *llabmtar ‘
offices. Sufficient data sheets ‘have ‘been’ pravided ‘and I have writtan:
'8 memerandum ‘to:Mr, Snyder cmring the: datails"%or ‘the : operation oi" '

‘the’ equi;ment. T feel that his: organizat 1on"‘j. rully canpetent 1o
: complete the testa and I my return' oy :




H°Wever- *hey should b as*close as is- practicable”' The yunsicen

~probably best be: made ‘during: daylight ‘hours ‘asthis will: facilitate~fg;gk_3;l

-observations of flow'conditions. ' Runs :should: be:msde on’ the: 1136067
voutlet swith the reservoir swater rsurface 'at: elevatiomwll45. 1155: e
021165 and -at ‘the: maximum leve hat the reservoir Teaches uring high
WEter._j Instruction@ ragarding the testsion the 1036 67" utlet w1l
apply also to ‘the | 1156 67 outlet. It ‘will be: necessary to: dumplete

ithe . cnecking ofthe:permapent installation. for “the 113646 Atube and toﬁl"'

P

:paint areas: around the’ :plezometer .openings:as ‘was ‘dome ‘1 he 1036 67 TN
', tubse These paint-areas in-the! '1036467 outlet have bee

by ‘the ‘Tlow ‘andare’ being repainted ‘at . the present" tima Iha ‘
‘available'betwsen now and’ high water: might ‘permit the-application: of
‘more ‘stable paint inithe 1136.67 outlets 'The interiar af ithe outlet
tubes should be’ ins_,cted occasionally.r ; : ; :

by Tha testﬁng on- the outlets;is being”
operating ‘charaeteristies fram a: hydfa 1 }viewpoint
“pressures.in: tha’ tube, discharge throughmthe Pubey et i
conditious,‘flow»conditions in the: spillway” ‘buelcet: and‘observationsj £t
other hydraulic phancmena are included 1n he‘tests ! :

memorandum o Mr. Snyder.
Observations on tbe discharge thrcugh ‘theitubes: will\be} etermlned
from: reservoir elevatlon readings:and: river ‘R re'dlngs ‘
dem, /In this: conneetion:the: .observed-data should: be;supplamented :
by al black line: prlnt of the' monthly hydrograph sheetifrum the river
recording; ‘gage and a pmint of ; theecompletedvre '; o I
L~2363-l for: thexmonths ‘during which 't} @ i pmogress.?;k"‘
-umberof . picturos shpw1ng ‘the-entranc and exit conditions “of ; flcw
through the outlets .and ‘the actzon*of the: pillwa
‘taken-as a:partof. theudat : ‘Notes ‘should bsikep g :
peculiar “Or unelpected flow:-conditions. ‘Garbon copies cf all written b
data should be;retained byt ‘projeét‘until- g é

cc-constructianfEngineer'fff-
(Chief: ‘Inspector: '
L. I. Snyder ;:j, 5
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