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E3-4-3. Flow 12C,000 c.f.s. b3.3-1. Flow 200,060 c.f.8.

Model o Design Shown by Exhibits 1 and 2.
{Fort Collins - Scale 1:£0) TLATE ).
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55-A-3. F¥iow 120,000 c.f.e. -A-1l. Flow 200.000 c.f.a.

Model of Design Shown by Exhivita 1 epd 2.
Hodifled br Baffles-io Charmel ‘ -
(Fort Collina - Scele 1:60) FLATE 2.
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Modei of Design Shown in Exhibly 3.
{Pors Collius - Scale 1:60)




Diacharge 16C, 00K asc. -f¢. Discharge 160,00C sec.-It.

Performance of Design Shown in Exhibit 3.
(Fort Collins - Scale 1:60) FLATE 4.
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Performence of Deaign Shown in Exhidit 3.
{Fort Collins - Scale 1:60})




G = 5,000 Over Crest Only. Q = 60,060 Under Cate Cly.

g = 190,000 Flov Through Gate Cnly.

Performnce of Dsaige Showm in Exhibiv 2.
Abzormel Comditicaa of Discharge.
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Model =f Design Shown on Exhibit 3.
. Appesrance of Jet at Lower ¥rd of Pransttion.
' (Fort Callins - Scale 1:60) PLAIR 7.
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12-4-3. Flow 120,000 c.f.a. - 12-4-5. Fiow 200,000 c.7.8.

¥=dol of Design Shown by Exhibit 13.
~ {Fort Collins - Scale 1:8C)
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Erfect of Different Helights of Crosa Welr in Charmel of Exhtbiz J‘i
Walr &0 ¥r. Below Ed of Spflivaey Cres:.
(mf‘ﬁ.& Shown on Ex2idlit b in Chennel)
{Fort Colling - Scale 1:40




52-A-0. Set-up.

52"'A"2- F.].W 150’000 C.f.s. 52‘A‘l- F].Ow 200}000 c'flS'

Low Cross Weir with Iarge Lateral Contraction.
(Weir Crest at El. 1125 - 25-ft. shoulder)
' (Fort Collina - Scale 1:60)




53-A-0. Set-up.

53-A-2. TFlow 150,000 ¢.f.s. 2%-A-1. Flow 200,000 c.f.s.

Same as Plate 12 except for Addition of Baffles.
FLATE 135.
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- L . |' o .
th> conditionis ‘.“sfgu in hhnt Hin- thn smwll T ﬁod.ls ot Fort Col—

lins. At tho tunncd nut’ ity th - :tnr.aurf:c is,‘%v 1 und tn mo—'
tion of ‘th> rmtir surfuce sat,un df thﬁ “oriuontﬂ’:'> d BULIS tOQhQYc _
disepa:er.d snbir.ir. Thé7ﬁnpth“‘\ 11 OU ‘i ;mgiﬁ“' éll=with’tﬁ¥ 

computctions,

It is ' :li.v.d, in viw-o «*shsvg t‘“t no unna 1-

nece nied by FolY eomeernitie this band. ‘lt 03 ld b ;nossiEIJ”to nl-
1ow the Arizon- SFill”kF-?ﬁtes-to‘tﬁ.lO7fTEu‘"u"dlr,m 1z r~for- thn

e

sYovedr gatas hose-ito meT, thus_k:cp1:; .“u‘:is “'"p( in tkg Navoda

tunnal 242 1o Tiomel (Glout ur,UaJ gacund-la ) fO“ a’l )xc pt?

mst zxtreordinury floods. This ~“ould ~ruse =n unbglsncudacondition

et the tunnal outl-ite ~%ich mirzht be objuctioastla, mnd s tokicved
' /i o

UNNGe “S57ry. , -

[
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1600=-ft. Radius Bend. Campound Bend.

Flow in Horizontal Bends
(Fort Coliins ~ Scale 1:60)
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50, -Entrained. pir, Tbst on side ch?nnel rodels 1n 1923 /:

showed & swell of rrom -3 to +20° per cent with nn nverage or nhout 5 ‘7‘
r-f

or 6 per cent; tests on the Ar“owrocx Spillwaj with a disoharge of
10,000 second=- faet shoWed s swell of qhout.45 é;r éent.--(Julian€Et‘
Hingds, Side Channal Spillw ays,u;ra“u;fA. S C. T T, Vol. 89 ) YThﬁﬂﬁ
percentages vers deriVed from observations of. water sarfaces -and v
veloelties in the channel. Tj'wren 1n the nodals such'feﬂsu;ﬁments }.:
¢an not be of ¢ hizh ordpr of ﬁcrurﬂcy, the m°a$urements nt ArrOW—
rock were ‘'made under such: advorae conditiOﬂs thut thoy are believed‘”
of no vanlue. Even if correct they would bc too hiqh fbr maximum
discherges, sinee the spillway gatcs mera lo"cred only alightly und
the watar fell ubout 40 feut through tho air. This is olso tho con—’.
clusion reached by Mr. Hinds..;i **}%[}f‘;ff i | ‘

31l. Experiments on n: modnlvet Fbrt Collins in. 1960 1ndi- 
cated only about 2 per ccﬂt or ai th»se;r&asurementa were volumotric
end era bcliovad accuretn._ In "1an.of the conditiors nt mnximum dis-g
charge, Lt is bolisved thst P“plu provision for nny possible ;mount

of air hes boun madc by the. oxcuas crnas pres nt 1n thu transition. .

sho?®t and tunnol.

52. Frcoucncy of usg.of :gpilluays. 6raphs Qf‘thc,rQSOrvoip'ff

oporation under conditions ns or .:1938 far the Years 1807 ‘to 1929 An:
elusive, prepared under the direction or !4. 3.73, ﬁehlen, show;thétf iﬂ'3;
in only nins of thass 33 years would the waturwhévc réaéhed%the;fixéd"
crest of the drum zsate svillways, 'Thb'mnximnm alovation rc@chéd‘ .

80
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. i g |
during esch yﬁP% by months), vith thﬁﬁdistnncd atovb or bolo" the

i

Tixod erast (o % ntior 1205, 4) 1s. qhaan by thc follO”ing:%ﬂbleo'\Thix‘”
s

j
|

highost olavet ion ry¢sche? i":still lO funt bulo" th; crws of'thegdrum'f }:ky

gatés.

.’f - - TABL"‘ v
Mazfmum R¢scrvoir Wﬂuer Su*faco ”lo:etionu.‘fp '
{i . . \, »U Ll
Mrx, :iDist. .ebovre ¢ . i me-_TDiGtBucu acovo Pl\vd
: Blov.:!Tixad Orest @ Yeey - ngov. Cr

-
-
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.f' . HE
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1210 :: 5 .illgv
172 ;.23 2o 18 @, 1192
 11B5 i .20 SEEES VAR B R:3 6
P17 i <34 P 18;”,119?“ L
$1374 ¢ -3) ST [ I '
1184, ¢ 51 11920
P 1131 & 74 SIS B
:1098 @ =109 BERSLAN <+ It
£ 1135 =70 P23l
: 1169 & . SRR - VE OO
P 1211 & 11925 ;¢
:o118s i : D28,
P 1211 i -V
1196 B -1
1847 : a1 : 29~-
;1200 =5 11930 ;- o cludeg)
P 118l : o-pa’ .Slyf AR e (in con“ut\bions

T8 o e aa

33, Flood copécity. It is of 1ntcr SL to.wstimﬁtw thn max-

. l

imum floed =hieh ecen b Handl d nt Hoovl“ brn.‘ ’br tﬁiﬁ purDOSa it
is nocessary to assume o flood.; Data : for Jtha as-umutions mede ora’

token from tha report, "Hydrololy of thu Boulder Canvon RCSLrvélr "
{Tenuary 31, 1930Y by E. B, Dublor, {gx. 2, p. .6, snd Bx. A, p. 8).
Tho z2stimeted flood volumos dischergcd;by the river during the timo

when the rats of Aischerge oxeecded o cortain spceeifiod figurc ere

88 follornas:




TABLd v i
: ‘ﬂf o
COlorado River at’ Black#Caﬂ:on
L | b
u Run—OLf Vblumesv- Ten-Thouﬂdgc—Yéar Flood - .
&; , Runoff B : Ulﬁﬂhhrqed
Lillion‘;‘ S vWWhile Pate
Acre-Feat . . ,dxcoeded
; - : : 'L
B2 40, ,goo- Sec.-I‘t
B 50 ;Goo .
1z F e 8D moo- '
B
60+ 100,000
*z € gl -\aoo,poo,
.8 RIS 400,,000"
T ’ J
* T“nrt:rﬂ:polated vulues R
The above rivureg are ror undepleted floﬁ, thet 1@ actual figures,,

A,,

ive what ‘he volume or

dlscharge woulﬂ 17ve been 1f ne dOVeloment h dd tsken place. They E
» : {\\ 'r. S

o e
are, therefore lgrper th"n "ould ctualdy occur fawen with the

Present upstreew developmunus. i3
i

QJSQ., from thc ebovc flmrres 5 qoluﬁeidischdr?dd dﬁr%i o

FA } L R A ST &
Ing the tiwe tne rete of T {:exceeded wny\,%ven;nmount is‘known.;;.;_
Iy = i i R

53, ‘The‘pe ‘*1sch$,Qe of;t?:iﬁ?i it“ﬁlch nrobnhlv
?ﬁuld Heleﬁu1lud or . cxceeded once in teﬁ'tnouﬁﬂﬁd years is eati- -
mnt;d at: 470 ,000 second- quu. “br the nurpose of. constructing 8
hjdrograph this nack flow'is not entlrulj consiatant with the es-
timates of volume, A characterist1c of hixh Colorado Rive“ rloodsﬂ ;
is the short duration of tho peak discharqe, end since assumption o
of a sharp posk is unfavorable[ it has been mada., This assumption

az




results in e peak of 800, 000 second-reet or about 1. B timqs the es-_‘fff_”

'\

timatad probable neuk rlow. the flow in tha river wauld then exceed E

¥

‘100 000 ‘second-feet - for only’so dnya.v This is about the same time as

for floods of record, “Hich sre, of courae, much smaller thnn tbat\as-;wf[f

sumed s during the 1664 Tlood, the rete or discherge probably exceeded |
_100 000 soconu—feet for 30 daya., The asaunntions, therefbre aeem; "

vory consorvative.

56. It hes been aaaumed that no rlood storBQS'

'elavation 1232, ond thet, the pauer house discherga wne 12 OOO:saconﬂ-‘
feat. na ‘ghown grephically'on.nxhibit 16 the watar aurrnceiiuula
heve risan to elavation 1233 6. Ir the outluts had rcmaineﬂrcloaed
tho water surruec wnuld have risgn tn eluvatlon 1235 stilliﬁé inchea‘tg

‘balow. the top or thc parapet wall.

"hava tlnwed about cn‘inch daon OvAY tho parup,t. s

_58. Amplo warninq of £ rlaod of auch ﬂugnitude rculdlbc 2‘1;? ‘

éiidﬁ‘bv=th Srount or snow *n the mountaina. thc rivurqataga‘at
*Ebovar em -onn bo prodicted accuratrly 3 to 5 daya 1n advancaﬁfrom
-dincharﬂus of the tr*butarius. ‘The -asumptiona 1ado nre, thnrerbra, -
611 consorvativa. It wnuld soom probablo thet 1r ndvantagn of &l |
'cvailablc 1nfbrmntion wers bk ~n-by thoac,xitellystntcrooted. §‘r1ood
with = pook flow in tho naighborhood of-oné million‘aucond—feet could

sarqu be vasesd throush the reservoir,

63
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-dh-tian to the splllway ty:
typus_hévezﬁébnuéﬁgwastéd; 1.Uu;;f
(b) Lnoontrol‘ed c“”Bt: o

(b) si:hon=spillwsys;:w'

?(c)‘glury Eoiﬂ};

60. lncontrelled erest. . An unconiralled arss “impree-

i

Cmomuch greator riss then o fiet ifor fthe

i

tieablz without slle-ins

~gat iner:=ssc in diserrres venuired (168,50 jscconf~funt)'huu eﬂn

eloevration 2 Glave _ 3 uThi 'wc"lﬁ v:huvﬁv i:ither

the dar he raisced ot

h2ad and npo~:r “rd ""?r‘ta nﬁstornhc] H:

chawte tho

. : - . L R SRR S UOOr ST
Aischara ad, s Freon R “l“Vﬂw;ﬂﬂ 122. rnd 400, 00 "gecond -t

-fint st eluvntion
snesy or Par twg 400~

o EhnILY ,_‘i"»:-..("* wiild e renuired,

coould Br serivhet less then thodl

pecuunt of
.Vx,.,... oo '.. Cpeg ‘Q-r"'"‘ "y o
v 07 A : \{LJX AN )I:'l widT '

tha eguivslint, ould b needad 10*
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woys is mot sufficient to Wnrrant,auchy81za 'moreOVGr ‘the bdst:wbﬁla“f'
probably exceaed that.of the desirﬂ p"opo

62, ‘u;OTV hola. This wrs fhg tJ“e ort*innlly proposed"

but for n much snsllar ccyeclty. Tbr tha CQﬁ”61tiEQ noy fixod gntus i

on tho erest would bu'naégsnnfy. Tho vart nnr“shaft ,h° nrincipal‘

ohizction; aﬁﬁ ahile 1t mightfba posu‘ble to dusi~n Spillu 0y of this

type -7ith ¢n 1nclincﬁ sﬁaft lonﬁ eXpL’i.-nBﬁl ﬁroﬂrum hould have
ba:n required, with no: essu*énce of.reachinr_ﬂ e t sfrctory desian.
ks it vas desircd to Pix in the Spcciftcntions ”qs nea rl? as noaSibld,.
the z~nural tyne of snlllwnv to hu usad; snm_u ‘no- time wns rvnilablo

for experiments, the Flo"y hole qu qbrndonc:;;g

83, Gpillv:y “ith lou ou*let va1oé-tL4.‘_*Atligéiléfﬁsp__
mecting, the bonrd Lxpresesd a v--ish'«fovl".«?.'tu‘ﬁ_-.‘.{;{ 61‘.“5 i11uny o0 tl«ts
using o vulo¢it? not oxcse ciing: lOO feut pcv g2 co'u.L 7v”‘

64. It is not nrﬂcticmblc to dns~ro; buf;lcl“?t ynur;y.bL
tween tha rase rvo:rfTﬁtcr suzfecs '1d thc dtv raion.;unnelseto?rnduce
the vvlocity to 170 fﬁut-per sacond; A* ;H %-%ction;a}fkhéxéﬁgffﬁé-
%ith the Aivarsion £ unnael, thoo v*locltv-i .ﬂhgu* lr§ fo*t pur'SrCOhdr
and the valocity heed is 277 feut. .Tha v-lﬂc1 y .gad for 100 fcot
per sccond is onl" lc” tast ; to dvsuroy the d1 f;rchm 1ould ct"f:'
maximum e nnacity, ansril tha‘nbsorptton of.mqrc.than'7GO,DOQ hofsq-
pover in onch sheft. Any ?ttgmpt to incfcnsa sriction to such cé

extent would rasult in ¢ greatar menzce thon the velocity which {t

is dcesired to svoid.




85, Three bossibilitles ureaent tﬁemselves,,viz...
(a) tunnals along the canyon walls at a hicher elevotion tban o
the diverston turnals; . |
(b) risers et thﬁ outlat ends or the divarqion tunnols whicb
vould force then to run full reducinq ‘ho vclocit5 to about 102

feet per second.

{c) spillways on.the;A:iZOna aido only,;ﬁithiiunnélsfiqadingfto:3

Spillwey Wash, . SR . L

B6. Since tunnels along tho canyon wells must have'a rixed
length, the minimum cost: will bo: given by the hizhesu vulocit;. Es-
timates wore mede usine »- voloeity of 100 feuu par second -"hc'use'
of separate tunnols would make 1t- pOaBib‘u to us* all rbur diver-
sion tunnels for pcnstoabs, oliminating tha 30-foot penatock tun— ..‘
na3ls, and to place outlet v0lves :in tha two outaidu tunnala, rodue- fi
ing somowhat tha coet of the canyon wall outlut 9orks. ‘A slight
shertanine 710 the outer divoraiun tunnula ﬁould aleo rasult from
this plen., A Plen of this schome 1s shown b' ~xh1hit 18. "{f;: ey

67. Ths outlats of thess tunnols vould bu of about cluva-l '“
tion 900, somu 250 feot ebove tré,;ivcr 1nto w&ich th1 wrtur muat
. Tind its way. Two treatzments of the outlot arc poasiblo. The rirstig:x
13 to construct a she*t from tho olavetion of the tanncls to ‘the .
river bed; tho vclocitxqin this sheft would atill reach aboutil75
Toet por second. Thoe sceond is to 8llow the wetor to-drop- along
the foco of tha cliff, or tc huild a lip so theat thc trajectory is

entir:ly in nirp,




i
g i

. €8. The use- of ) "1ser nt ‘the lownr end of the dive*nion
tunnels would force ther to run full 'with ; velqcity:ofﬁIOZ'feet
per second. .:Baonevar, tbe routh of thn rlse'Lmoulﬁ ﬁvé'éo.be nt 8.
o definite elevnt ion, which: "nuld be fired hv’ﬁh ll t1mntéd lossegrin ;"-t 53
the tunnels at maxinmum CQpac*tv. Thuse los- stﬂreadifficult‘to estl;"
mate QGCurntnly 6ngd dcrre se rnpidly ns iw"dié ﬁr*e 4ec“eeses;

It was nat found po:sihl <0, dcsitn en iwlot:which uuld nvold o

hydr=ulie jhnp to -3 rull tunnul as some. ntnra., ﬁ hfdr~uTi jpmp
in r tunnel of this size mould caua seriou~ distnrbcwcns..‘

63. Tho n;g.., ,pillﬂav xn*h As en: ou‘ et'%ou1d rc.ui e
that the spilluey e “lared nntirnly on : thn Aﬂihonu sidu Sinccfthgii‘

clzvatlon o.-une'tun;c¢ would‘bcglowerurorjh1?hcr?vclocttios,~re+f'

-

quirine an {nercasad . 1: npth of tunnal p“u’im 1qr" nutimatns'*éréf*

::‘. made for dlffaront v, ="0c‘itl'.“5‘..‘ 'I"msc. ‘-.s,f:ht:'.ml;_s a:'x:t‘r o"'n on’ 'Irh‘bits
| 19 to 21, Tha cont cotine ,ﬁ‘inq}udc;nbpﬁjng.‘ur prc:v*F*io of
thz chamnel Lwtwean thclonisfifitq; ;Qﬁqql autlot‘cu “1d thu i"éﬂé_’
ri;} Lerse omounts of monﬁy.ﬁau;d_bu r¢6§ired t6i,‘: ; t oros 1on of-thiﬁ_i

CS2T ious r'nttc

wesh.,  Thil: the ~rasion of itﬁel?;might.na:ﬁh

I

tha dcvositinn of the eradd d ﬂ“t rirl Jino o ‘ri"a“'“culd ro“n,n dah,‘
beckine wriar orourd the porer houuc, prohﬁblr'rith 5is§5trous re-r

. sults in eass of n lerse flow throush the spillewava.

73. The coct of the various plens just discuss=d ere siven i

-

in the follOﬁinr'tcklo. The ineresss in cost over #nd abhove ithg .cost

of the drum ”atu spillwreys tekes sccount ol seviars mede possibvla by

the resrrensumcnts discussed in poragrnph 69 Costs include 25% for

enginuorin~, sumerintendence snd continmoneios.

69
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