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MEMORANDUM TO_CHTEF DESIGNING ENGINEER “";‘ T
(R, R, Pomeroy Through J.WE Warnock‘;yﬁyv; AT

'_Subject- Hydraulic studies of: spillway for Box Butte'Dam
‘ Mirage Flats project : Ak bk

Introduction. Box Butte Dam is- totbe located on the"
Niobrara River: approximately 12 miles :South of Hay Springsain
northwestern: Nebraska'(figure 1), . The dam- ‘isto:be of ithe- roller
*earth—fill type With ‘a: maximum height of 64 fee aboveﬁthe rirer*
‘bed, The’ capacity of theu ' ‘to
acre-feet L S

5 ¢t iy s e

- The spillwav located'on the left -abutment figure 2), s
. modified: side—channel design: hav1ng a‘crest length of 150 feet, ~
- The .concrete~lined,’ rectangulcr channelyoonnecting ‘the ‘crest: and'~':
stilling pool ‘is 521 feet 1ong”and vari "”in'width irom416¢to‘hpﬂ
:feet e SR ‘ ; ; R

‘ kn coxiliary epillwaj, ]ocated northeast ofsthe pernmnentj‘y_sut"“"
spillway ‘is designed ‘to handle: extremely high floods. Acrose,e
-the upper end:of: the epillway is an:earthen dike: :built-on:a:
manent . foundatior . ‘Increase of ‘the- watpr-surface elevation to
. flood level:will . cause ‘the:dike 'to be’ sviept out, ‘thus prov1di
sanother channel fbr the release of unnsually high flOWS e

' Problems for model stud cheral features ‘are incorh
‘porated -in ‘the.design.of the: permanent spillway which have’ Hiot
‘been - prev1ously studied, ‘thus it : .was ‘deemed imperativeLto make
model ‘studies to: determine its abilit “to . cope ; ' ‘
.tions under which 1t might be%forced“ ;

_ 3.“ Construction of model e del of ‘the Pox: Butte Dam
_permanent spillway. was construcied: ‘to ‘ascale ofﬂ , o

- 3.and:4). ‘Thisimcdel consisted of 4 héad ] 0xX," cree .

.chute, '8tilling :pool, and sand. ‘box, | The&head box: wasémade ‘of uood';
cowith light: sheet-metal ‘lining " ;the: intake sections of concrete -and

. tin, .ard ‘the. chute .of - wood. A e
.of :the covered portion of - thecchannellto facilitate flow observa_
,tion., The . dentates -and - ;piers -were: made of :redwood ;" .
was constructed in: the 'same ' manner as':the head ‘box. and"zncluded a TLT\”
‘hinged ‘wooden ;and ; canvas gate for<regulating theltailwater elevap
‘tion, : Water: columns attached 4o :piezometer: openings ‘inithe ‘head *

. box -and’ tail ;box' were. utilized /£o ‘medsure:the. depth:o water flow-

¢3ging over the orest and the height of the tailwater PRE




- pier,: This dirficulty was‘ovarcome b”_changinglthe upstream~race
~of.each 'pierisothat: At wa; ]no longer*parallel‘to the axis ofxthe
- 'pler but ‘inclined" ‘towardidt, T ‘a8
‘. 'not :s0 ‘nearly: perpendicular:
“‘..fore leaa of an obstrustion,

o : The most ser ous ‘objectionto ,hese.pigrs was their
- ance, 'This:objection was’ partly eliminated”by cutting :down the
- height and: streamliningfthe ‘shape, It :was: ghowever, dncided to
. ‘makean: attempt“to ‘develop a:"step! which" would:not be;soﬁ
‘.f"ngruous and might. ; perhaps ‘bean’ even’ betterﬁ :
e .fstandpoint of performance

S Considerable éfperimentation as -carried out :in :tiiis ccon
s%tion, ‘butinone :of ‘the. steps: developed proved a8 satisfactory as
g £

"Vfthe piers.. Some werewfairl

ne Lilablé for testing
:aolution,

e i problems?became appar—
:ent in this portion: of?thefstructur whenthe’ mndel ‘was . operatedﬁ
~“for ‘the first .time, ' One'of -these. concerned of.
‘ﬂlarge Vortices Whlch fbrmed ‘nearthe transztlo
‘.entrance’dt high. flows, . An. attemp “made <€
- 'manifestations by chanblnggthe trans:tlonsf cular ‘[‘ ';ﬁ
thast maklng ‘the; approach 1eSSJabrupt Suc anchange- nly served
to move ‘the -vortices: :nearer ‘theentrance, .yThere :seened “toibe no :
selininating ithe condiﬁidnﬁwmthoutt  ! hangin

'51h§é ényzradical”changes ‘Were not easible. becat

'Z;?llmlted ‘time allowed for testing, it wa dec1ded to 1

. ‘original’ ‘transitions Itywasébelleved at s ms

' .from the formation of ithe: Ver,, - tthe’ occasions :whe
. the spillway; would . rced to operate. undernthercondltlon ‘

< -high' flow; ‘necessary. for theirifbrmatlon
gﬂ;@~frequent ‘intervals and then or
o _:time ‘ Rt

S The second problam concerned'the‘unstable flowrthroughw he
";entrance (flgure 12) A 1arge_wave -whlch osclllated from alde o




':a‘tb?sidétoffthé?éhdhnei;‘Tbrméa{dﬁﬁh'tféamf ne'tel
sparallel ‘to. the‘direction of iflow,  ‘Partiof this ieffec

".:‘moved “by: utilizing the plers” to orract,the_unstable
- “tlons upsStreamiin‘the invert
- by reducing‘the: helaht of ‘th

and by aeratlng the entrancet

" ‘the conduit ‘tnmediately
‘ritentrance (flgure 13)

f,channel ‘as-originally: designed proved to” be very satisfactory
‘and:no: changes were: deemed* ‘necessary, Profiles and cross*sec-

" -tions werritaken'at- stations: alongfthev

factory distribution of the:water: ,

(figures’ 14 and'15), ~iThe tillingapoo_‘ :
-originally-designed, butiit was. noticed it ‘Lax3531ve‘scouring_
.-was:taking ‘place ;in'the: :stpeambed: ‘ne  ¥énd_ o he training
~walls, This.- scour aeemed ( ‘ 17the

D The scour was reduced by the ) g ;
Cvat the end- of “the; stllllng :pool,; Thls alone “however’ dld ‘no

" produce “the desired: results, ‘and ancapron.of "8 1011 slope:was’

' ~stalled ‘to. give: proper relations. Jwater-surface elevatlons ifor.
~ forming: the ‘hydraulic - 7ump ‘at i £l d :
noted  for: the - ‘small- dlscharges ‘

- for: dlscharges near the maximum dis

f:doned B SRR R St

e quon teeth were' 1nsta11ed 2t the v s S
‘ing:pool,  Working: An: conjunctxon with~the dentated;szll these

o teeth : reduced ‘the : scour | (flgure 16}, bt dld;not‘ellminat

. reddies,  “The: apron wag' 1engthened lSeret to destroy this.
“tion, ‘but-the Tesults obtained, :although -constituting - an: imorove—
,ment dld not SEGm to warrant the‘added- o3 .('igur 11 '




\“E(figures 18 19, 20 and 21) ThlsQriprap consiste of ong- apd‘“"‘u

Jf?two-foot rocks Sueep—out tests we J
o pron:atelevations A} and
Aﬁfeet below the_normal tallwater elevation“ foriz 000 cubic, fee

recommendatlons-
: uggestionSﬁare?made

R (a) Plers, & 1308 shcwnton‘thé 1gure should ‘be ;placed:
,;at angles of 60 egrees ‘withthe dnvert ‘centeriline’

‘ (b) The floorhof‘the
;elevation 3995 00 at th
;station 1{00

mstream bed as shown on't the;flgﬁre(
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Discharge 2500 .

 ACTION OF WATER IN TNVERT - RECOMMENDED DESIGN -
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FLOW DOVNSTREAM FROM ENTRANCE TO CLOSED CONDUIT - ORTGINAT. DESIGN
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Streambed after Discharge of ACC0 Second -feet for One-half Hour

'ORTGINAL TESIGN WITH DERTATED SILI AND TEETH ADDED




Streambed after Discharge of 3000 Second-feet

APRON LENGTHENED 15 FEET




Discharge 1000 Second-feet

.ACT_ION IN.‘STII.LING POOL - RECOMMENDED. DESIGN




Stresmbed: after Dischargé of' 2000 Seﬁ:ond—i‘eet tor One-half Hoﬁr""

ACTION IN STTLLING POOL - RECOMMENDED DESIGN




i

Discharge 3000 Second-feet - Tallweter Elevation for 25000 Second

ACTION IN STILLING POOL - RECOMMENDED DESIGN




Second-feet ~ Tallwater LOweré_dﬂto Elévation_3960___

Streambed after Completion of /T

ACTION IN STILLING POOL - RECOMMENDED DESIGHN
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