,‘{\rftj‘-.j[.z;:zsl

FILE EﬂPY

BURFAU OF RECLAMATION
- HYURAULIC LADOTATORY |
ROU TO VD LELOVED FHOM FILES P

%(--ﬂ'**-n************%*****%******

UNITED STATES : :
DEPARTMENT OF THE INTERICR -
BUREAU OF RECLAMATION .

HYDRAULIC LABORATORY REPORT NO. 143"
IMPROVEMENTS IN RIVER CHANNEL
BELGW BOULDER DAM~-
BOULDER CANYON PROJECT

Dénver; Colorado

CApril 19, 1944

*
#
3%
*
#*
#*
w
#
¥
3+
i
¥*
H#*
i
it
3
i
#*
3*
¥*
¥
¥*
*
3
¥
##
¥
3*

s #:*****.#'#_#'*_,****‘*#*##“#‘*##**.#

R R R E R R R R N B R A S o Y




Tenvap 2, Golarado, June

MEMOUANDIM TQ OUTFR DRSIANIUG BOAITEEH:

EwELIAR

(J. ¥, sredley throueh J, B, Yarnock)

Subie~t: Ienrovements in river rhannel helow Fovlder Dam--Toulder
Canyon Froject.’ L '

1. Suhnzmient to the sorpiation of fHF'~Hrlo ad hriranlic

labarotery memoranium of CAnril 19, 19hhL, nntntﬂﬂﬁ herewlth, a

study wng enmleted relotive to th bnrkw ter. ef fant exventel in the
Touliar Dam tailrace by ArsT~ing of the river channel dcwns ream and
hy the proposed futurc tntion of Tavis Jam Reservoir.. As varicus
nartian are interc-: cu ike nhannel 1murﬂvnreﬂu nv"lﬁﬂ, an attempt
hag hern mede - wrlude nll pertinAnt materizl on the subje-nt Uﬂﬁpr
ane meves vohn resson o nerarantur to the Thiel Flectrical.

nnd uizal ¥nsinesr “v Faeineer T, L. ¥inter has been ‘included,

in wiilclnn, a oor the more irmoriunt previous corrrenondence

an the sybiest has bren :lacva at the boc of the lannratory repor t.
U, For the purpose of clerificeti-on. it is here repectad thau

tonilwoater level, &8 nropeosed in Mo, Winter's

memarandum, not constisnte a factor in the nperation of ‘the
modified mitlet and soillway tunnels,  The moiifiad tunnels will
nerforn eaunlly well sver n wide ranwe of tailweter depthe,  Fr
Winter's dubs, therefore, are irporicnt enly with respect to
improvenent in power Yectd 4 the two plonts, and the extent of drede-
ing rbauld be judred snlely from this stendueint.  The hydraulic lahoratory
report recommends Aredeoine and remcoval of loose hunk material from the
tunnel nert-te tn the rlyer raping statien invelvine a 2.4 mile reanch
of the river, Removel of $his poterial is necessary to prevent the®
formeticn 27 bers in the river, Mr, ¥trtmr‘5 memorendum conetitutes
g study of Leckwater coniiitions relotine tn dredzring from the tunnel
nortsle tn “insholt Rerids ﬁwbraximntnlyf, 5.miles dawnstream. :

any reductinn
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Lenver 2, 'Colorado, May 17, 194k,

MAMOQUAND M MO IFIVF FLUSTRINAL AND WiOHATIOAL = IT%5F
(1., A. %intpr)

Suhinct: Miver-channel 1mnrnvom9nts helow “pylder Dam--Toulder
Canyon Project. B

1. Reference is nade to Nr. 5, E. Rockwell's T be Mo,
Savuame doted Aupuet 7, 1947, requestine dats on the effETL nf hack-
water from Davie Dam for use by ths Leboratory in conneatimn with
model studics, ‘ ' L RER 8 :

n

2

2. Mr. Debler's memorsndur of September 26, 1547, to the Chief.
Desirming Fnrineer in rﬂﬁlv to ¥Mr, Roekwellls ronuegt statas that a
mezimur ’arenay elevatisn of &47 has been sat by storass remuirements
at Davie Tam und that studies have not baen mafe on the offect of
baczwater encroachment on the tailwater at. Baulder Dem, elther for .

ormal operstion as affectine nower or under artreme flned'cnnditiona.

A, ¥r. Savase Taqup,unﬁ Lhe Hvﬁrau*ic Tetnipn Section to rtudy *he
effact of backwater from Devis Dam an the operstlon of turbines at
Toulder Dam. This study hos been comnlated and renulte Are nhnwn ‘on
drawineg 251-0-2A0 rnd table 1.

. M™arge siuydies shew thuu witn the river-chanrel in provempnts3
exteniin~ helow Rinshnlt Harmids and the farehay at Davls Dam held
st 5’7, the effentive head nou the turbines at Souldar will be ”eﬂurﬂd
only two feet Tor a flow of 25,000 e.f.s. and /4 af a font for a
flow of 15,20% ¢, T.s. It is nht_u‘“naaﬁqahlﬂ tc exnect at least two
vercent hisher evoresll afficieoncy ot Dvie Uam, @nd it may be to the
Governzent'a best interpsts to ohtrin the =re tegt Pr&PY”“'Wlé PVPTGEinE
Lead 6 Jovis st g sanrifiae of ead

B, The Daciwioter "rrvés‘"{ 25,00 S. RhOW & net zrin . in power
7.5 feet by holdins e at Dot elevrtian G47,
Thie wnuld indicate that the fer ehay HL “""i e held st the
hirhiert poceible elevation nt all times, T’lﬁ‘l€ thn conslueion
cvpressed in Mr, Zehlerls mnrﬁﬁxn‘ur ~4r B low of 15,000 ¢.f e,
uwnder extrome drawdown eondltians the tatiwster ot ﬂouddar'unv’ﬁ rpnrh
eenrovirately elevation 572, with Devie farebey st all noints helaw,
elevation “26, 'mler these operatings cﬁuﬁitihna,'tﬁe turbines pt
Toulder wenld medn 17 fart {n effactive hend, wvhile the turbines at
Dovie worls lose 21 foet, Thﬁr@ corvarisons i‘lustrqte the advantages’
b the Tevernrent to owmerite the Javis forehar at the histest nossible
elevition conpie*ent with the reiremente “ar ravesylotion of Moulder
relences to guit dcwnstresm irricetinn femande, . The turtines ot
Forlder will oper-te satisfactrrily eithier with the nresent Plnvptiﬂn
of tedlurter or with the tailwster lowered by river dredeings, From
power standnoirt the dret sine wenld result in en fnorerse in enerey
srofucticrn vrinr te comnleti-n of Davis Toam, due 4o ineresse nf 172.5-
foct offective hea? cnd s5lon after Dovig Dom is cornleted, when the
increcce in head woulsd he redueed to faur feet., linder nresent river
chanrel conditions the hackwsinr fras Devie Dam worlgd reduce the

bead an FHoulder only 2-font, far a flaw of 25,000 o,f, 8.

Vaad f




. Study of the effect of Wackwate~ from Davis Dam undar flood
conitione was not a nart of this assignment, but it. appecrs from the
valuas obtainad in the power rtudien that the effect nt Roulder
Dam of backwater from Devie Dam Tor flows above 20,000 accond-fect -
will be unimportant, - T o

Table T

H : ! - S Flevation . in Feet - i Channel ¥Fxecavation

: ‘ o v - DAfferencet G ; 1. Length
Curve! L . ‘ ‘ “Baulder ' R S §
Mo, : c.f.s : Boulder  : Dovis  t . to Davis :  Cubic Yerds : Niles
R AN DY o S0 s enn 2,000,000 7 AL
2 voARQ N AR Ry o 5.40 o : 1 000,000 27 0l
7o T AL 70 425,7b - hLon Lol onnyoon o 7.0k
bog 2f D Ao, 0D ADon 10,00 bLoann, onn 7.0k
5 BR7.77 0 v AhTL0D0 SRR 050,000 7.0b

I. A, Winter
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J. B Harndck

Suhject: Improvements in river channel below “oulﬁer Dam«-qoulder
Canyon t’*r'cﬂpc:‘t..

1. Outline of prongaed work. Considerahle success has resulted
in the development of methods fnr correctins the adverse coniitlions
which erist in the river channel downstream from PBoulder Lam, This
development has pro~ressed throush the aid of a 1:40 scale hydraulic
model of the outlet structures, spillways, and related .river channel
downstream, Some of the vreliminary studies were witnessed by -
Fneineer Don S. Walter who presentad ileas originating on the ‘
project as an anproech te s solution.

As 8 reanlt of the study the followinr repalirs and alteratlions -
are recommended and are summarized in the order of thelr importance:

a. TVxtension of the Nevada Spillwsy Tunnel (Tunnel 1,
Figure 1), a distance of 377 feet downstream on an 1, 170-f oot
radius curve, to firect the flnw downstream with minimum disturhanca-
and to mrovide mrotection azainst slides from the canyon wall, . The
tunnel as it now exists zuldes the flow direatly into & fault arec
in the cenyon wall, in which larre slideés are active. Slides in
thig ares can concelvahly develop in magnitude sufficlent to
render the Nevada Spillway Tunnel inoperative,  Should it hecome
necessary to operate this spillway for uny neriod of time, the
slides, which are now @ menace, would becorme a reality as'_: '
undercuttinz of the fault srez would be severe. TFor the abave
ressons, extension of Tunnel 1 is imperative and of first
importsance. S ‘

b. Major revairs to the foundntion of the Arizona Tunnel.

wlue outlet portal (Tuanel ?); repair of the tunnel Anvert, snd
odificntion of tre worinl transition to prevent further damo ze
to the portel foundation rné cnnyon wall, Slides nnd ecosion
from & fault area imreliately downstream from the tunnel partal
nave prorresged to such an ertent that they threrten toc expnse

a portion of thle Arizong Spillway Tunnel Zroslon results a8
gnray from the ocutlet tunnel collecis 1n small sirenams and
returns to the river. It will he neces-ary to nrotect this area
afainst spray, Flow from the tunnel also impinses on 2 portion
of the canyon well which protrucdes out into ite moth. This can de
avoided by deflecting the jet toward the center of the river.
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c. Revairs to the foundrtion of the Fevaeda Tunnel vlus
outlet portal. ( Tunnel 2}, repairs to the tunnel invert, and
nodification of the portal tranfition t~ raise and ﬁef‘ecu the
iseuing jet toward the centnr of the Y-.’Lver

d. Repalre to the foundation of the Arizona Sniliway
nortal (Tunnel 4) and modification of the portal transition to:
minimize furtier damece in-that area. The createct objsction to
the operation of this tunnel, and one which cannot be corrected
withrut erest awnenditure, is the directness with which the hi?h-
velocity flew fror the tunnnl imninses on the onnosite bank of
the river.

8. Dredeinm of the river channel’ iﬁ the r#!ch hetween the
dam and river samines station to lower the tallwater at the
poweriicuse and ftunnel portals. This will increase the effective
hend on the turiines and improve flow conditione at the tunnel
rlue outlets, ' ' ' -

The firnt four items are listed in the order of treir urrency, the
fifth is cons iﬁer#d to parallel the Tirst four amsd has no* henn
necegsarily listed in the order of lmportince.

2. PFPreliminary censiderationg, It was necessary to make certain

assumptions in studyine flow co"ﬂltiﬁns in the model. The princinal
agsurption concerned the rresent and future status of the tailwater
at the river eoneing ctation. Altroush the ailwatﬁr curve usad in the
model studies was obteined from recent nydro;rauhic records, ‘the
proposed dredsing of the river chanvsel hetween the dam’ and ‘the .tive
greing station can lower the Wdt?” surface some five fpﬂt for o rlow
of 25,000 second~-feat, wiich is apnroximutely the ultinate flow
exnected from the nowerh~use.  However, a mortion of the Knyn .
accomrlished by dredeing will be cenceled Ty the proposal te maintain
the future Drvie Dam Reserveir at elevation AL? durine a portion of.
the year. As it wae necessary to test the model nt wuch 1nrger
discharses than heve been nassed at the dam since . tts’ completion,
tne present tallwater curve was extended lnearithmically for flows

up to 40,000 second-feet, Mne acourancy of this nrocedure e
auestionable. The result is shown on Fiecure 2, -To accommodate these -
varintlies, thre teilweter in the model wns varied over o ran-e of 19
feet for ench revisicn in desien, qoluinns extiremely ssnsitive to
tallwater fluctuatinons were imreliately discarded.

Otrer nssumnticns necegeary in the model studles ¢oncernet? the
probable Macharpgess for which the madifilc: tiana should he desirned.
It wae early discovered that the higher the d‘qﬂha ~a to he provided
for, the srenter would he the eyuvense of nn 1hqt1nn. rach apillvay
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was originally desiegned for a discharse of 200,000 secand-fert or a
combined spillway capacity of LON,000 second-feat, A discharse of
half this magnitude, under present contitlons; “however, wonld

reault in havoc dowmstream from the tunnel nor tals, as the Artzena
Spillway is diracted toward the opmosite bank of the river which

is comvosed of locse f11l., This damnge wonld he insirmnificant,
however, to that which would oceur tn towns, bridses, nnd dams
downetream, I% is, therefors, iwnerat*vo that the level of Lake
Mead bhe resmulated such that discharzes of this masnitude will e
ovoided whenever mossible, Tt is ~ntirely probahle that a discharze:
of 200,000 second-feet could occur for a short period of time should
a drum gate drop or fuil te funetinn proverly: -For short duration)
a ciecharze of this marnitude sheuld be of 1ittle concern, as the -
moiified tunnels, to~ether vith dredsinz wnd. removal of the loose
naterial on the Neveda side, will adequately hanéle the flow, and
the reservoirs downstraam will abeorb.the ercessive »iver flow, It .
wag decided ‘o 1imit the modificetions guch that the merfnrmance of
the spillways and nutlet works wnuld be satiefictory for a combined
flow of 200,000 second-feet an? reasonatly sntisfact tory for larger
flows, Tor flows atove 207,000 second-fest trere will undésuhtedly
be damaege %c the eanyen walls across the river from each portel vhere
the respective jets impinre. B '

2. The preosent desierm. A nodﬁ; of ‘hP rpillways and tunnels,
cutlet tunnels, includins one set of six neadle valves z#nd n po"ti”n of
the river channel downstream wos ﬁoq"t“uctﬁd to a 1:40 scale thrnurhout
for the purpose of visually nobserving the bxdrrulic confitions ‘in the
river below PFoulder Dam.  Tha flow con? itjﬁpv An the river helow. the
spilliway snd outlet portals witl the present desimn are shown in the
1:50 mcdel, on Figures 7 to 4 ,. inclusive. Filemures 24 2nd 7 show the
Nevade Spillway opernting at 0,000 and 10..HGD seconc-feet, respect-
ively. The fet of wster impi nﬂinn areinst the Nevada canynn wall
is clearly illustrated. This wall coneists of n fault area imnediately
downstream from the tunnel vortal and loose.f411 ’arther downstrean,

A closer examination shows water floxiqr into the area occunled hy the
high-velocity jJet. This water wes’ continuallv carried awey by the jet
vwhile rmore poured in to replace that which had bPen removed, The
result was a larse swirling eddy dhich occun*pﬁ the entire #*at" of
the river. .

Fizures 30 and D depict similar discherres from the Arizona |
Spiliway Tunnel. Tris jet also thrertened raroval of the lonse 111
on the Fevada side cf the river, hiile condiitions on the Arizona side
vere favoralle, except for & laree ¢diy similer, bﬁt‘OhPG;itﬂ in
direction of rotation, to that descriked atove, ts is Yest shown in
Fipure 7D by the manner in which the inflewl nr witer from the pdaj
forced the hirhevelocity jet toward the Arizora ca won wall Th
photorrathes 20 not Justly vortray the e dien which wo4d *ﬂ trnmandnus
in gize and power in the proteotvne, It 1s these eddles whiieh nwe
resrensible for the present damree of the portal structures,
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Figures 4A and D show the two spillways operating aimultaneously .
at discharges of 50,000 and 100,000 second-feat each. The Arizona ‘ ‘
Spillway with less lenzth of herizontel tunnel and canseouently higher
velocity, predominates, Tddles, vresent for sepurate dperﬁtinn. were
practically absent when the spillways were operated together, Scour:
in the river was severe, as cen be seen in Fisure ULC, o

Cneration of the model of the present Arizona Tunnel plug outlet
18 shewn for two, four, and six valves, at a head equivalent to a
ragervnlir woter surface of elevation 1205 in Fisures 5%, C, and D,
The photographs. show the Jjet of water implnging on.the Arizona '
canyon wall, which in this case projects out to aprroximately the '
centerline of the tunnel. Althougzh not clenrly'visible_in.thef
ricture, an edly was nrasent which tended to force the hish-velocity
jet towmerd the canyon wall, T - ‘

Tha twnnel plus velve asserhbly on a-l:%0'30ﬁ1¢ as used for the
model is shown on Fisure 5A. The valve DAESRLES COULS not be - -
resulated, but flow throunzh infividusl valves could he completely
stopped by slide maiee unstream. The. same valve assently was used .
for both the Arizona and Fevada outlets sa .these were nct‘operéted
simul tanesously. ' S -

Views of the mnéel showin~ the present Nevada Tunnel vius outlet
in operation with twe, feur, and six valves ave ghown on Fisure 8.
Tlow for any valve corhination was a series of eructations difficult
to depict by vhetorraphe,  In fact, itg resemblence tn the prototype
in operaticon was very similar aveent for soray.  The helching'effeqt
wns found to he ~ntireiy & tailwater problem. Fressure in the tunnel
sheved a sterdy negntive two feet of water (prototyve)} for slx valve
operation., 3Belching occurred only nesr the end of the tunnel. The
Fevada cutlet tunnel is cover twice the lenzth of the Arirons outlet
tunnel. The extra lenzt™ nrotuced a decresse in velocisy sufficiant
to allow the tailwater to intermittently pley back a+d -{forth in ths
end of the tunnel. This 414 not ocrur in the shorter Arizona Tunnel.
Tigure 4 shows the Nevada Spillway Tunnel aextension rather than-the
original portal. ' : o a -

i, Preliminary alterationtg %o cutlat tunnelé._ A brief deﬁcription
of the model studies leadins up to the recormended masified desipn will
he presented to indicete. the extent of the investigntion. Tt was :
decicded to commence with the ocutlets as these were subiect to much
leas flow than the smpillways:

The rchespest solutinn anpeared to tnvolve repair of the Arizena
rortal foundatlion and crnstruction of a short wall on the river eide of
the structure to hlock the side inTlow tc the hish wveloclty stresm, as
chown on Figzure 7A. It was intended that the concrete he nlaced by
vnderwater methode. The short wall on the river side proved to be of
1ittle value. The same eroding action occurred at the anfi of the well
that orevailed nrevicuely at the corner of the «ate structure, as the
edly merely moved cowngtream the leneth of the wall.
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4 second trial (Figure 77) consicted of a conventionel rectansular
stilline~basin, 53 feet in width, desiened for a maximnm discharse of
2,000 second-feet. The basin censisted of ja trajectory floor, desimed
for a velocity of 125 feet per second,.which intersected a hnrizontal
floor &t the proper depth to obtain a =cod hydreulic jump at the:
maximum dischar~e. The ori~inal lenzth of the harizental flonr
was 4D2, hut it wes Tound that the basin operated satisfrctorily with
the flonr cut baek to helf this length, . It was necessary to excavate
a sizahle area frorm the canyon wall which. interfered with construction
of this structure, Txcellent operatinr resulted for ell tut the very
emall discharges,” in which case the tailwater was excees ive, This
difficulty could have been overcone by increasing fhE;height of the
rise in the tunnel (Fisurs 7¥) “ut would have reguired a longer
trajectory floor and canseauehtly‘allnnfér Ftrubtvre.h'mhe:main‘
obiection to this desizn was its cost. Portions of the ﬂti’linp-haqin
valls vere A5 feet hish: consenuently, a cofferiam wnuld sve been
required to vpour them, : o :

A& third trial, o Piﬂn WA - surg@rten by “neinesr I, 8. Walter,
consisted of constructing a ecircular upward GEflEutiﬂP albhow beginning
ot the emd of tha present transition (Fisure 72). The elhow wes r~n &
redius of 225 feet with downstiream lip at elevation $37.5. The purvose
of the deflector was to discharrse the hish-velocity jet on the surface
of the river. In all previocus trials, the plan had heen to force the,
hirh-velocity Jjet to dive suickly to elininate as much sproy and’
surface disturbance as peossible, Tha upturnad elhnw was ‘herefnre.a
contradiction tn the previcus consideraticns; however, 1ts ense of
constructinn and low cost were mpuch in its fnvor Snray was-excessive,
but 1t was felt that this was offset by the more faverable factors.

Tha ¢"rﬂer eddy in the river was ﬁ‘im‘ﬂabﬁﬂl Pesinning with thisg
trial, some of the ohiectionable features of the deflector elhow were
gvetenatically corrected; thus, the final medifled decisgn was developed.

5, Fraliminary clterations to gnillway tunrels. Hecause of “the
srenter flows inveolved, it still did not ammear advisable to dlscharre
the hish-volaelity jet from the Lrizonn ,pillwny Tunnel. on the surfn
of the river, esvecially when it was considered -that a large loose
111 existed on the ommosite hank. It was asain thousht advien }1# bc
nlwire the iet into the river a3 auickly es possible, To RCCO“ﬂllSh
this, 2 stilline=%asin, diverging in wlan, desipned fﬂr a. Fisrnarvp of
60,000 segoand-feet, was installedé in the model, ¥imure. RA. The.
structure was 1¢7 feet lone nand the Tloor. e*tende" on a trajectery
from elevation 24 at the tunnel wortal to 547.9 in the riverbed.. The
diversinm walls and slopins floor provided a erafual increace in ares
vhich decelerated the veloeity of the Jet nrodicing a nmodified form
cef hydraulic jump. The walls ertended only to the ~nd of ‘the trajectnry
floor in this case, Operation wvas very satisfaninry up to Tleows of
60,000 second-feet, Reyond this Adascharze, undermining of the £111.
on the opnosite bhank weald occurs.  Computoticns showed thet e
conventional stilline-hasin "or a flow of 102,000 second-feet wenld
require & lensth rauivalent to the width of the river at this point and
a denth extendins to elevetion 540, Thix sheould sive sorme ides ns to
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the comwlexity of the spillway prohlem, esrecially on the Arizona side,
The 100,000 second-feet is Jjust one-half the capncity for which each
spillway was orisinally desirmed. In other words, the portion of the
river aveilable is neither sufficient in area nor depth to properly
dissipete the enersy involved.  The ahove desisn performed the best

of any tried; however, *HF'Hiraﬁv&nt‘gas Were numsrous, ‘The structure
wonld be very expensive zs it would be necessary to place. the concrete
in the dry, reauiring a large cofferdam; the wall on the river side '
wonld necessarily be massive o withstans full ‘ydrvst&tlc hend;

and future inspection and maintenancs would be difficult as a portio
of the hasin wounld he under approximn tely 20 fepf of watw-.ﬁjThergfore}
lese expensive measures were sought. T :

A gercond scheme investls etﬂd was t“e 1ﬁsta11ntinn of & deflector‘
cone to the Arizona Spiliway Tunnel similar to’ those usad at *onuana_
Dam. The device iz shown on Flzure A®,  Yumerous varistions of the
desimm were tested, The purpose of the cone reflector.was to snread
the hirh.velncity jet on the surface of a lares’ area ~f ‘the river.-

The device performed as exnected but, ui“h the area of the river 1inited
the surface disturbance was intense at the hase of the. 1111 on' the
FNevzda eide for dischar~es areater than 50 000 sexond-feet. The o
deflector cone has merit hut reguires a ;arpe nody of  water to}operate
properly. . . !

A third trisl eccnsisted of installation of s 'ciran r'F*fléctOf‘

elbow similar tn that used previously on the Arizona cuilet tunnel
(Fi, - . 70). The elhow performed well for discharses up to 50,000
seconi—feet, hut undercut the opoosite bank for flows preater than. .
thie amgunt. After bvalancing advantages and disadvantinees ersninst -
coet of construction, the Aeflector elhow for the aspillway tunnels wag:
favored over previous Adesiens,  The side flow o the himh-velocity ‘
jet was eliminated. For Jischarses srester thzn 50,000 sécond-feet,
however, the siraam from the.ﬂefléctor‘elhow irplnped on the Nevads
bank of the river causings a vorticn of the jet to flow downstream

and the rerainder upstresm, the latter formins a larse back eddy. This
was characteristic of sll 2evices used on the Arizona qnillway Tunnel,
as the srea of the river =% this point limited the Pr79Ct‘veneq~,Of any
meane of anersy Aissination. A modificetion of the circular de’]scto“
elbow, ¥igure 75, was utilized in tHﬂ rpconmﬂﬂded ‘des iPn for the
gpillway tunnels, ‘

"The ahove tPsts represent only the more important nhases of cthe
model study. Meny varictions of the a“ove desiqns were tested, toeether
with less successful devices not mentioned. The results have not been’
reported in any partiecular chronclosical order, asg testing on hath the
outlet nnd soillwey tunnels procesded intermitt ently.
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6. Recommended modified desimm of cutlet tunnels. As atated
previcusly, the rscommendsd modified outlet tunnel desien resembles
the eimple upturned elbow in Fimre 7C. It was necessary to, deflact
the tete from both Tunnels 2 and 3 4oward the center of the river, BB
well as upward, to aveld impingement on ths Arizona canyon wall and
reduce scour on the Nevads side. The deeign, thsrefore, regembles
&n upturned elbvow tilted at an ancle of approximately 45 desrees. _
The effsctiveaess of the elhows to parform as desired is illustrated on .
Fipures 9 end 10, which show the outlet tunnels operating for one, ‘
two, four, end six valves on thé Arizons znd Nevada sidas, ‘respectively.
A comparison of thes® photosraphe with"those of the present desipn,
Figures 5 and %, show the improvement. . The zreatest advantage of the
deflector albow is that it can be locate? entirely within the present

‘outlet tumnel, Figure 11A. Unwatering can be actemmlished with the v

present wooden trussed bulkhend which has been used to unwater the
gpillway tunnels. It is planned to repair the foundation of the present
gate structures by underwater methods, at which time a fairly emooth base
should he poured at each structure to support the dulkhead, as shown )
in Fisure 113. Fizuree 11C and D show the daflactor elbows, which are
exactly onvnosite in plamy for both outlet tunnels.  The same photoaraphs.
show the scour after six-valve operation, . No scour: was anparent on

the Arizona side; however, there was 8 tandency for the 3Sat from the
¥evada outlet to dig near the downstream end of Tummel 1 extension.

An attempt was made to further deflect this jet toward the center of the
river to decrease scour, but the triam) was unsuccessful. To accomplish
sreater deflectlon of the jet would renuire a major chanre in the
alinement of the tunrel. A remedy found effective in leasening the
scour from Tunnel Z wes t0 place large houlders, at leist & feet in
diameter, elong the downstream end of the extansicn wall, as shown in
Firure 11C. The extent to which the protection is necescary depends

- 2

on the condition and location of bedrock in this area.

Figure 12 is a working drawing showing plan &nd sections of the
deflector elbows for Tunnels 2 and 3. Repairs to the floor of the
tunnel will consist of pourine concrete 4in the invert to a finished
radius of 85 feet, Care should be taken to see that the finishasd
surface is smooth and free from irregularities, . Thls: method of repair _
was suzgested by Enzineer D. S. Walter and has -three distinct advantages. -
First, e greater devpth of concreste is provided for wear; secondly, the
resulting surface can be made smoother and more substantirl than that
which would result after patching the old lining: and thirdly, the .
hydreulic performance of the outlet tunnels will he improved with the
raised inverts. The latter 1s especislly true in the case of . Tunnel 2, .
which is about twice the lenszth of Tunnel 3. The smaller the depth of
water in the tunnels during the starting operation the less difficulty
will be experienced in sweeping the hydraulic jump out of the tunnele.

It ig not recommended that either the outlsts or spillways be operated
with 2 hydraulic jump in the tunnels. For present tailwater conditione,
the curves cn Figure 134 show the reservoir elevations reguired in the
model to move the jumn out of Tunnels 2 and 3 for one, two, four and
six valves operating fully open. The mcdel valves were not adjustabla,
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Protoatyve omerntion is dirpctlv the onnosite- tle valves are
adjusteble while the reservoir PIGthinn is more or less fixed,
Nevertheless, the study demonstroted that the velves should be ovenad
one at & time on startine, leaving the two outer ones until last.
From Fisure 134, it is shown that hicher hends were renuired to
sweep the jump out of the tunnels with six valves operating than
four, In fact, it was very difficult to move the- Jumn out of éither
tunnel when 211 six valves ware onened gimulteneously as the two
outer vilves hindered rather than nided in thp‘st:rtlnr nvocsss."

The sweep-out characteristics for Tun“ﬂl'B 1th’ the present .
circular invert &ave shown by the ‘dotted line on ‘Figure 13A. . In this
case, it was not possible to move the hydraulic Jumn out of th
tunnel when six valves were opened eimultaneocusly, A cormarison
of the two curves for Tunnel 3 on Figure 13A inﬁic:teq thp hvdraulic
improvement ~ained by raiqing the tunnel invert

7. Recommended modified’ dnsirn {for Arirona Spillway Tunnel. 'The
recommended desism for the Arizena Spillway. Tunnel consiste of another
nodification of the upturned daflector elhow. which 1s arain confined
to the presgnt tunnel section, ‘as shown nn Firures 1MA and - 15, The
latter f**ure cangiste of a worklnr drawins for modificatinn of this
tunnel. The deflvcto“ wes derisne? to 1ift ~nd sprexd the Jet as it
emerred fror the tummel to eliminate the unde"1rﬁhle ‘eddy in the
river, For discharses ereater than 50,000 ,econﬂ—feet, the Jet from
the Arizons Spillway imnireed on the’ oppocite bank of tbp "iver. ‘For
diecharges above 70,000 ﬂ#cond-fnet thie action was sﬂvnrﬂ- however,
without a chanse in the present nlinement of the: tunnel, ‘this was
unaveidatle, For discharses leeg than 10,000 second-Tent, the ‘
hydraulic jump formed in the tunnel, vhirn is to be avoided,  Figure.
154 shows the jump forming ir the end of the tunnel Tor a discharze
of 2,000 second-feet, Fipures 147, ¢, and D show. the flow conditions
Tor “ischarses of 25,000, 50,000, and - 75, 00N second-feet, reqrectivaly,
Firuree 174 an? 7 depict the gome tunnel discn.r#ina at 100, 000 and :
150,000 second-Teet. A comparison of the above photop"nphs ‘with: *hoee
of the present desisn, Firure 2 {ndicstes the absenace. of the. lﬁrpe '
river eddies in the modified desipgn. . Scour of the riverbed :
shown to be qPrLiri?le after a dis"har?e of 150, 000 aecond faet .
Fimire 17C. : :

“aturelly, the aﬁditinn of the nei‘ectnr Plbow dPCTPﬂGﬂd the _
canacity of the Arizona Srillway Tunnel. Testr made to investizate
this effect showed thet the “ownstream end of the tunnel cormmenced
to flow full &t m dischar~e of 17,000 second-feet, 'The capacity.
of the Arizona S»nillway with both *ne herizontal and inclined
tunnels flowing full, which is n vmossible condition of operstion,
was found to be spnrorimately 210,700 second-fest, which is slichtly
rore than that for whkich the sni‘lwaiwwaq oriminally desimned,
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A sur~estion for unwaterinsg of Tunnel “ for inspection and
revair is illustroted in Figures 14A and %,  Yepair of the nortal _
Toundation end pouring of & short base on vhich ths bulhend can rest,
Firure 147, csn be accomplished by underwater mathods. As the

portal is not novmal with the centerline . of Tunnel:- M, it is e
su,;esteﬂ thnt a short wnll be voured, also by underwater methods,
on the conyen wall side nsainst which the end of - the bulkhesd can
bhear, This wall con be seen in Fisures 144, B, and . C., In this way,
the lin-of the deflector transition cnn be mdio normal to the center-
line of the tunnel, thus establishing it approximately 10 feot '
ferther downstraam, which is very desirable. Fisure 142 shows the
bulkhead in nlace as sur-ested.  Photorranhs € mnd D illustrate a -
poesidble methnd of bulkheadins tht spillway and ontlef. funnels fo
ingsrection, after the present contemplated remnirs sn’ moalifications
have been comnleted, - This bulkhead, which cnn be of steel or wood,:
needs be only 15 feet in helcht. ' ‘

f. Fecomrended modified desisn for Yeyeda Spillway Tunuel. As
the present Nevada Svillway Tunnel is directed such that the jet of
water issuine from §t impinesec on the adjacent canyon wall, there
apverrs to he but one enlution, regariless of exmnense. This consists
of a curved tunnel extension epnroxirmately L09 feet in length as
shewn on Pigures 18 and 20, & shrrier section may have been
satisfactory from a hydraulic stanipoint, but the lenrth in this'
ceae is dictated by structural conslderations Due to the ine tabilitr‘
of foundutiou materisal in this resion, an extension. ap"*orinntln: o
400 fert will be necersary to reach solid rock., At the same time, a*
retnininm-wall, such as shown on Filsure 21, 'will help to eventuzlly
stahilize lonse materiel which slides Anwn the canyon wall from the
fault cres. Filsure 1P ghows a meneral nlan of the proposed river:
channel in rovements embodying the mnst Tecent infermutinn an’ canvnn
wall topography and soundinzs ih the river, Fisure 19 13 a
downstream continuation of topography . and soundines showing *edommended
channel imorovements, - I ‘ : ' : :

Figure 20A shows the actual tunnel rxtension on the model and
Fizure 20% indicates how the tunnel will anpear with retention and
protective walls as proposed. Fipure 20C showe a view of the’
leflactor traneition at the downstream end of the tunnel exiension,
This Jeflector is similar to the one for Tunnel !, exgent that the
1ip is at elev.tion AL2,14 for. Tunnel 1, 1nqteaﬁ"bP elavation &l 34
as for Tunnel &, Tue to t¥e lon~er lensth of tunnel on the Nevada
side, the velocity wes less than that from the Arizonn Spillway,
The deflector 1lip on Tunnel 1 was lowered spproxizately two faest to
partially compensate for tnls difference. A working drawvine for the
gonstructinon of Tunnel 1 extensincn is includeﬁ as Fisure 21. The
construction of this extensina will renuire unwatering by cof‘erdams;
thus, tht deflector lip has been placed to cnincide with the tunnel
nortel.




A-View of Bymmetrical Trensition at 3-Proposed Method of Unwatering Tuanel 4
Eng of Tunnel 4 with Present Bulkheud

>-Illustratien Showins Future Inspection D-I1lustretion Showing how Future Tnspection
T‘yi,:}r‘.’?ieﬁd, Approrimmtely 18 Feet in Bulkhesd will be Adaptable to Qutlst Tunhels
Hedsiit, whicn oun te used wffer Tunnel 4 S gnd B sfier Repairs have been Conpletad

Repuirs Save bovn Sompleted

MODIFIED DESICN - CONSTRUCTICN DETAILS OF TUNNELS
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A~2,000 Second-Feet
Jump Forms in Bnd of Tuunel

C-50,000 Second-Feet D-75,00C Second-Feet

MODIFIED DESIGN - SPILLWAY TUNWEL 4 1N QPERATIQN
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Firures 22 and 273 chow the modified Tumnel 1 in opseration, It
is interesting Lo comnarc $hese photographs with those of the
vresent desisn, shown on FPlmare 3. Figure 224 shows the Nevadna
Spillway Tunnel operaiing at a discharge of 15,000 seconi-fect,

The outflow is suiet, but the bydraulic jump is in the tunnel.
Firure 227 shows the Jump forming in the end of. the tunnel for

a flow of 20,000 seconi~feet. TFor mresent teilwater conditions,

the jump moved onut of the tunnel 8t 27,000 second-faet. Figures
22C and T show operation of - the tunrel far.flows.of 25,000 nnd.
50,700 aenond~fest. Filmires 234, P and C show flowe of 75,000
100,000, and 120,000 seconi-feet, ”hp end nf - the Navada’ Spillwey
Tunne) commenced to flow full at a discharse of 125,000 second-
Teot, The tunnel will pass 200,000 second-feet, however, with.

hoth horizontal and inclined sections flowing full. Fisure 27D shows
the gcour nattern in the river after a discharse of 130,000 seconda.
feet., A careful examination Shows the floor of the molel hox

exposed in the lower left-hand corner. Hegariless of vhethnr the
Mevada or Arizone Snillway was opersting, . there was 2 tﬂ..enrj Tor
the flow tn cut o channel alons the base of the Neva da bank. It ie
susrested, theralcre, that the loose £i1] on the Fouvada nide te
ramoved, an it will sloush into the river durineg the first

moderate flnnd, : o . '

Fieres 2ZLA, 7, and 2 show the twe spillways ope ratlng
simultaneously for the Test poseible flow conditions. In each case
the flow throush the Neveda Spillway was twice that thirourh the
Arizona 3niliway. Hy distridbutine the flow in This proporiion
the regulting jet floweJ down' tte center of the '1V€r ag shown,
seenrilesa of the total mremitu’e of the discharze. A small
varisziion either woy in the above wrovartion, hewever, caused
the resultart flow to swing fo one bank or the other. Urstreenm
ediies were entirely absent when the snillways were aoparated In - .
this manver, ond the resultings seour was minor, excent for s channel
which was pereistently preseni slong the HNeveda benis, Tisure 2LD,.

2. Drawdown produced. at power' cuse By outlet and snillway 3iecharge.

The foliowing information moy bhe of ‘some value, &nd !s presentesl here
as e record. A parce was instelled in the model immedintely upstream
from the outlet ?ustﬁlﬂ (point G-1, Firurﬂ 1), and a second. Free
installed 1,300 fest vrotype, downstrems (Point 0-2) for the
purpcse of measuring the drawdown hntneen'*%pse tvn stations,
protuced bty flow from the gutlet rnd f}i‘iwuv tunrels, It was

esired to place the poces farther anart, but the gize of the
model 1imited this dtetence. Turing the followine tasts, 29,700
second-fest entered the viver cﬂntiwnh*qlv from the wquv%ﬁwse; ‘
¥ith any serreciahle flow from the outlets or snillwoys, & pumin
nr aiector cctison ocourred whic% ﬂronreﬁ the wnter surfﬂc AL

fore 1 below that a2t Aage 2. The extent of thiz drawdown is shown




A-Downostress Portion of Tunnel 1 Showing E-Spillwey Tunnnl 1 Showing Proponed
4n0eFool Exiension on 1170-Foot Redius Extenzion with Retuiring Walla

"y

D-Illurtratic: Saowing Future Ingpection
. Bulkhead, Anprexirmately 10 Feet in Hetght,
which cun rte uzod efter Tunnsl Extensian
hea been Comple

C=View of Symetricel Transition et End o

- Tunnel L
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B-£0,000 Second-Feet

A-15,000 Second-Feet
Jump Forms in End of Tunnel

Jump Forms in Tunnel

C-£5,000 Second-Feet p-50,000 Second-Feet

.Jump Free of Tunnel
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.on Figure 13B for either outlet tunnel discharging. The curves shovw
a drawdown of -2.25 fest for Tunnel 2 and =%.3 feet for Tunnel 3,
when opernting at full capscity, The drawdown would undoubtedly -
bYe larger for ‘the two tunnels operating'simultaneously. but the -
two outlets wsrs never Oparated togetiiar in the model as only one
model needle valve structure was conatructed : :

Similar drawdown curves oHtained for apillway operation aro
plottesd on Figure 25. The curve for the Yevada Spillway operating alone
shows & stendy increase in drawdown, with increasse in diacharge '
amounting to a =11 fert for a flow of 130,000 second-feet, The curva
for the Arizona Spillway operating alone,. however, shows an’ increase
in drawdown with increase in discharge up to & -k feat at 100,000
second-feet, For further increases in discharge,’ the drawdown
diminighes. The di‘ference in ths above two curves is charreahle .
to the ansle at which the jets from the splllway tunnels anter the.
river, The Nevada Tunnel practically parallels the river, while the -
Arizona Tunnel discharges st an Angle across the rivﬂr._ In tha
latter caee, the jet is divided as it strikea the ‘opposite bank,

a portion turning upstrezm and the remainder swinging downst*eam.;.
The upstream flow has a tendency to countarnct tbe drawﬂown effect.

The third curve on Figure 25 ahows the érawdown with slmultaneoua
‘operation of the spillways. Ths flow throtughout these tests was . -
. proportioned as one third of the total throush the Arizons Spillway
and two-thirds throush the Revada Spillway. The drawdown in this
cese anounted to & -17.5 faet for a combined discharrme of IQO 000 aacond-
feet. The 25,700 addftional second~-feet Irom the uowerhouae appeaved
to have little affect on the drawdown. ‘

10. Dredgide of river 'hannql In addition to the alteratlons &nd
repairs ocutlined for the funnel portals, it is pronosed  that a
certain amcunt of dredzinz be performed in the river channel. The model
tests indicate a setisfactory correction of the present. dif‘icultiea*
at the tunnel portals independent of the present ranze of tailwater
elevetinn., Any loweringz of the tallwater by dredging would have
little effect on the flow from the modified {unnel po“tals. The value
of dredging should te judred mccording to pessible iacremse in power
production by an increass of head, It i therefore: "ecommended for
the present, to limit. the dredeing operations to the reach’ of " the.
river from the tunnel portals downstream o a point slightly beyond
the river gaging station. This should inersase the operatinz head
on the powerplant by apnroximately 5 feet and reduce the heipht af
necepsary cofferdams for the extenaion 6f Tunnel 1 by a 1lke
amount, providing dredging is done first, - The benefits to be derived
in thes maintenance of the tunnel outlet structures by furthsr
reducticn in tailwatsr elevation appear to be neglizibla,




A-50,900 Soce=Tt, thurous - B-75,000 See.=Ft, throush Tunnel 1
DR, 000 Bec.-Ft. thns ¥ 37,800 S5ec.-Ft, through Tunnel 2

uro1n Hive o imnnel atf'ter Flow
1

Seee =k, phrough Tunitel 1
50,00 Sec.-FL. through Tuinel 4

DESIGH - SPLILL.LAY T i AND 4 TN OPERATION
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It is proposéd te civide the dredeinm into twe operations:

a. fTontinuation of oneration of . the cahlewny dredee.
inmediately downsirerm Trom the enillwry tunnel portals to a
noint about 400 feet downstream from the mortal Tunnel 4, until

. 2 contrzet con he exceuted, o effort should be made to excnvntn
a channel of any specific cross section or dimensicn in thig reach
of the river, hut ratrer remove nll lonse material ‘that might,

in the future, bhe swent out hy the actir- of the 50t from thae
tunnels ond niled in bhare farther: vcwnstvenm. o

) A ‘contract he 1et_fnr the ranﬁvﬁi of the “ennindef,of[the
2R upstream har snd for materinl dewnstream to o n01qt slightl ‘
. tevond the me~ing ststion, A second iten of the. cnntrﬁﬂt would
be removal of the waste materinals ahnve wvtPrlinp which have. ‘
teen derosited aleonz both btnnks dpwn to. ‘he bﬂ‘rp*n turn in ‘the
lower portal rond.  This will involve reloer t on of the n"lnciﬂnl
o portion of the road fraom the heirrin turn to the bi?hhaj tunnel
. portsl such that it will be founded on nutLral rock instend of
©111. The werk can he advertiscd and warneﬁ on yardnse hns*s
or, if deemed afvisable, as & fired-fee nrgotinted contraci. For
further information concerning contract details, reference is
nade to & letier of Fehruary 1k, 194, from Chief Enginear to
DMractor of Fower, Roulder Sity, Yevada, sutiecct, "Immrovements .
in river channel Telew Foulder Dam, Poulder.Canyon Project."

In zddition to dredsinz of the river, removal of ‘slide material
and rcad relocation. some reteinins—wclls and other brpk brotective
works will be reauired. The extent nnd pature of the protectlon can

test Le determine’ in the field, Gonstsuctian“oan e done by either o 0 [
fovernment Torees or dnclhuds” ns oa hart the c0uur*ct Tor e*t”ﬂ ion. v 4 s

of Tunnel 1.

1. Ins ructions to wotermaster, Tt -wes feolt advien bxﬁ to nhr,nri*e

the oypernting charscteristizs inherent in the medifled ‘structures &s
they difTer from those of the nresent desdmm. ”=v9 te the ”eflettor Plﬁows
on the cutlet rnd enillway tun-els, ‘more care Ti-Mre noconan e
gwerp the hydraulic jump cut of the tunnelS‘than vevatofore.. Tt
cennot pe proven itrat a jump in a tunnel witl he nPtriantﬂl to: that

vucture.  Fowever, when 14 1s cansifered that at lesst 10 pergestts™
of the tetzl ene-gy of flow is “iscinpoted in the Jump, snd the” tunnel
snd water in the fun-el must abser® this enerery, it ig felt advincble
10 aveid disripeting any more enersy in a tunnel thay ahsolutoly.
necesfary., For exomvle, the energy leost to the tunncl ané water in
the tunnel for a discharse of 12,000 senondifeet would he anrvrorimately
55,000 hersepower. The following sugeestiecns ~n oseratirn are
+herefora offered ~onzernins the modified tunnel desismms:




&, When starting flow Siroush the tunrel plug sutlet
valves, it is ndvisahle to first open the Séur inside valves,
*insly or in nairs. Test results will He_chtvinﬂi by oparsting
Valven 3 and U, nnd 2 nnd 5 4n nat r6, leavins Valves 1 rnd 6
~ntil lart,  Valves 2, 73, B, and 5 will sween uhe Jump out of
the tunnel when orerated 1nﬂivi lually or i nﬂirn. It is

douttful, however, uvhather Valver 1 and ~ will nove the Jump
out of the tunnel, nr even uald it out, when opernted sinely
or ftosetier,  Thia d¢ o point tn he determined in the field,
IT Valves 1 nnd A will ot operste wrorerly alone, it mesns
theu these two volves will not exterience as rmuech service as
the ether frur, The ahove cpnlics for toth ocutlet tunnels.

Moo In the o eeee of the spillwaye, ke Arizona should not
e ornerates st less than 10,700 seconé-fret, nor the Devada at
lees than 27,007 senonicfnsi, me these discharsed are renuired
to ewren the jJunmpa nut of the tunnels. ‘ -

Lo -~

c. TFor epllluwry dlechurses srecter than !0, 000 snennd-feegt
advigntle to onerate hath 5“111wnv~, when pessitle, routing’
of the tntal Jischar~e throush {he Nevade wnid ‘one-third
fe Arirons snillway. o In this way the jets from the two
svillwoy tunnels cnw7ire and Tlow down the érnter of the »iver,
iny avweracianle ey from this oranoriion, wiich apulies
to all flows, will foree the ceorbined et in pither ape honk or

>
X

;
the otner, It ray e possible to nbeerve tiosaomtining of the
dets from the watermaster's office. I rn, thin vill prohably
e the most satirfsctory means of pronnrtisning the flaw.

d. Thne natlet tunrels will operate over a wide r&nqn of _
teilweter conlitione “nr the mndified daciem. Tt may he-valunble
to repenber ghet the tunnel plur eutlete will operatn sav tsf«utnrlly
pleonsy with the soiileire un to o totn] Flavw annrorinating 207,000
seconi-femt,

17, EZxperirnoe with 111070 senle mAlel,  Par the cerpliy of
those wheo work with npdroulic models, the followins experirnce ig
relate.  dnen the chinnel irprovernent provler wns Tirst srciened to
the laboratory, space was very limited. Fecause »f this Jirmitetion,
certsin lihertles were taken to evnedite the worr, A 1:100 rodel
was constructed using stendrrd A-inch pipe and Tittines far the
cuslet and sniliwey tuanels,  Altheoush thn heoda, tuwinel dinreters
and river zhen-rl were to seale, the tunnel slirersint wag not., On .
oppratirn ef thre medel, the nerformance nf %oth the tunrel nlue
natl and = 41%weys woe nuestionable. It =0 heonene? that hath
of tke nratoty=e mitlets wers aperated to canaity in 1979 pnd

their pearfarance recerded on notion wicture “ilm, A& compn lson
showed Ztesirilarcites in the flow Yetween model snd rrotatyue,. With
the emace ov: 17al lp, renrrancemant of tie nivnins conld nnt reredy
the situatincn,




From the bepinning, it was planned to construct a 1160 seale - -
modnl oi the Arizona Spillway. With failure of the 1:100 scale model
to perform properly, the 1:40 model was enlargsd to-include both -
'8plllways, hoth outlet tunnels, and & portion of the river channsl
downgtream, the whole o be constructed as 8oon as spAce was | .
available in the leborstory, For a complete picture, the outlat’
tunnels were provided with one set of gix needle valves which was ‘
used previously in ralated tests in'1932, It was necessary to ahift the
set from one outlet tunnel to the other depending on the condition _ ‘
of operation desired. o S L '

The performence of the tunnel plug outlets on: the 1:50 modei "
matched that shown by the motion pictures. 41l testing was thereufter
done on the 11640 model and the 11100 scale mod2l wae abandoned.  This
ezaln shows that with certain typee of models, in this cage circular -
conduits flowing partially full, complets similerity between a
model and prototype 1s essential. S v
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July 28,

Yov. b

e, lﬁl

April 1,

April 4,

June 11,

1942

July 10, 1942

1942

1947

1643

1347

April 15,1943

Aoril 27,1943

Hay 20,

May 20,

133

1943

-_‘nEcCRp OF CORRTSFONDENCE -

Memorandum from Ghief Desirning Enginper to Denign
Sectinn authcrizinp Senior Tneineer §, E. Rockwall
with direat charpe of desiﬂn work on: Bou]der cnannel
innrcvementq. '

Memorandum from Senlor: Enpineer ‘Ba F ‘Rockwell to
Chtef anineer-—Report on Inspection at sita.

Menorsndum from R, E, Rockwall to K. R. Keener--‘
Request for authority to study nroblam by means
of hydranlig model :

Memo*aﬂAun from Sunervieo‘ of v1uibment to Chief
Fnrineer-aRnnort on insnectinn of river channel
gtructures, and equipment.

Letter from Assistant Chinf Des 1zn¢ng Enaineer to
Director of Pouer--?ransmitt&l of drawings for
russested schemes to protect canyon walls and to
imorove flow conditions at rortals of outlet and
spillway tunnels.

Letter from Assistant Chief Desipnlqp Fnginear to
Director of Pcwer—-”eqnnqtinv information on exact
location of seging station, -

Letter from Director of Powar to "hief En?ineer
confirming position of river gazing station and
enclosinz water surface ﬂleva*ions ‘measured at
gaginz stationa :

Letter from Diractor of Power to Shiaf Fn ineer
transmitting prints of. toporraphy of river channel .
below tunnel outlets ss of Pecanmber 19“2 and as .of
Cectober 1541,

Lefter from Director of Powﬂr to Chief Envineer
tranemitting tonosraphic sheet of river betwnen
saring station and Ring Tolt Rapids, also
photozraphs of available areas for ﬁisnosal of
excavated mater;als.

Letter from bireﬁto“ of Power to Chief Enﬁineor-—
Tranemittal of torography of river channel below
tunnel outlets as of May 1943, Also additional
topography of river in vicinity of U. S. 6. S.
gaging ctation,

Letter from Director of Fower to Chief Tnaineere-
Informatinn on topcgraphic features of river
channel.




OF COIMMSEODENTT (Cont tnned)

Letter from “i*artnr of Powar to ”hief niinger--
Tronsrite,d of additional ;r;vrmution on riVﬂr
tornrravhy in vizinity of rnt hrrvmﬂ*nn °ecuion 1.

Tetber from Cirector af Powar to Chiof neinacr--
T‘r’f nRmt L ie] 01” TJ rh o T\Hs Fheltd d(\rqprqw—,hi(— (.}‘QP‘.S
ehrwine craec “V"llﬁ“lP for dlsTossl of evcavnted

materi f'.L"

July 2k, 13472 o Letter frep DMreactar of Pgwdr-fd htef Frcineer--
Trinsmittal ~f rivar chanrel ﬁ*hrrnﬂﬁv tetween
retrosrescian mrotions 2 nnd 2,

tter Trom Directer =T Pawer te Ghin f Frneine pas

eremittel of revised.drevin=s of to onography of

ver hanits st wider vortinne of channel,

Memoreniam £ rom Senior ¥n-imeer 30 ¥, Rockwell te
Chief Desimping - nrireﬂr-—“ﬂwunrtiﬁe informatlon on
futvre tetlwater conlitione =t ﬁnu]ﬂnr Danm which
will b produeed by haskweter Crow Tovis Do,
”ewnr”"‘ from ¥ydraulic Enrinear R. ®, unh]Pr to
: slnsereiienact an o Totnze ‘
eperatisn of Davig Tam Raservnie,
Letter from Ao Linm ”“i"f'*n“‘nnrr Ly r“"n*‘*m" of -
Fower--Trrnsmitty 1 of driceings. for *ﬁ»lhﬁiﬂﬂ in
snecifizatinane for dredsin~ in river Zatween Poulder
Tom mnd in~ Rolt ' ‘ o '

Letter from Directer of Powar to Shief Inginear.-
Somments et o Tiver 4bannﬁL ﬂrpﬁﬂin*‘

rnd mrpﬁhrhﬁicn

Ingter fron Ascistent Chisf Deeimnine Anslnmer to
Directer of Fower-=Tranens "1 oof dreavines of

.i.
riworkeg nﬁ?

CH“““ﬁ WWAW Lonosrachy Trem tunnel
cutlet nort-le ‘rive* raeineg stetion,

Letter from Thief Zngineer to Lirector of Powara- .~
decommendnt {ang fon trnrovegents 4t tunnel nortnls
it Ared rﬁvl? in 'r"!"yegﬂ clﬂpn (,'L 19 !-““‘;':"Ps‘ti’)nﬁ‘f{)r.
contriating warl,

Lettey frar “Mvontor of Pawer to Denver office--
T.Ti.“r'u‘““ An of Tattanr dntead Fat 7-..ft1-., 11 l?’lil. snd
Lcransmitte] ot tanornphia sheets




RECORD OF TORTESFOVIE'ME  {Continued)

11,1214 - Lette= from Direntor of Power tn Denver offige--
Felocrtion of lowar portnal road and axposad “0CF
contncts reulired fer read relncn*ion PUTNOS RS,

£, 19L4 - Letter from Director of Fewer tn Den é"‘offico—-
Tranemittal of correated nrinte of b ncwrnﬂhv alon?
lower morinl road.

17,1545 - Letter from Director of Power to Denvar office--
Transimitinl of correciad ﬂ"lﬁuﬂ ralative to‘pron?seﬂ
tunnel reliflestinne, ‘ ‘

Memorantur from J. ¥, Rradlay to Shief Destrnins
rrinerr-~iienort on hydranliec model stuiies far

improvemente in river o annel dewnstrean from

“aulder Darm,

Labter Crar Directar ~f Fower to Denver offic 2pos

Informntion concernins erﬂxn*utory Arillin~ nlons

Tannel 1 exiencion, :

T 1 L Latter from Assistant “hief Danisdicy Fnizineer to
Lirector of Power-=fequest for additin-nl 3rili-holes
alongs Tunnel 1 extension.

Yay 17, 1940 - Memarandur from I, A, Yinter te Chief lﬂﬂt lecal and
Mechanicsl Tmmneer—- ‘enort An haclwnber study
relotive 4o Araﬁfiné‘nf‘the river hetween the nutlet
tunnelz and Rine Folt “apids, ' '

Lettrr from ir@ctﬁr-of FPower to Denver office--
Traovemittel of lozs relotiveto PZ?lG?#tO“V d.i‘L
holee alons Tannel l mvtﬂrqi“n

Letter Srom hief meinear o Director of Povere-
Vethode for crounine schedules for dredeinr and
tonnel medification wark.




