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Engineer. The model was constructad by illiam T.iColson, “WilXi:

0. Parker Emerson D. Helbif

Commissionar.

It is desired 8ls0 ‘to acknowledge the data and suggestionS*”
furnished by Mr. Carl. Rohwer &ssociatc Eng1neer Bureau cf Agri-_ ;
cultural. Engineerlng, U.78.! Dcpartm snt of | Agilculture, on the lesat o

sqnare-adjustment of oxperimsntal data as outlined in Appandix:ﬁ;%.




. It ia further desired “to‘acimowledgo

the Golora”dq ‘State Boardor .f.gric ¥

atory of the ,Golorgdo_ Agricul'tural ,E::pgx_'._;im )

the oxperiments ‘on ‘the model




*NOLLVIS INANIYIIXE TVHALTAIIHOY OQVHOTON dHd 40
X40IvE0ogYT OI'INVYAAH THL

RAIA HOINAIKI °d *TERNYHD QYUY BIZM JOKIUNSTER D

YIDABISTE ATdENS IRI “OSIQTINE 3HL 'Y




gither dlonc:or ithAtho

stilllng pool with the sluioes operatin
SplllWBy gatoS. e - :

Piezometurs 1nstu119d 1n ths upstream fac o_'one

hydraulic drum gates gava prassure data 'f value to ”he design? ﬁ

officse, Addiflonal piazomatriCsopenings 1n the spillway training

walls gave praessuro: duta otherwise not available.
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Experiment Station, Furt Collins, LCOloradoljvie fgeneral laﬁ:o;t r'of
which :is shown, togather With the 1ocation. oI' thevxﬁodel ”on
Figure 3, ' _ | |
The ‘Tlow: of water to Operato the model was obtazned
from 8 reservoir: of 30 000 cubic-feet cvpacity, located upon ”

@ hill behind “,the leboratory. The flow.from ‘the~reser'voir, |

-5
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‘lustrated ln ther;_u,,”,,ﬁ

A3 ‘the: direction of . flor in tha mode 'was at right"

‘these’ bywrasses. The headfon he:wei

‘mnin channel by 2 pipe._?.;ﬂ,

channel 6 feet wide,‘lB feet 8 inches long and 102 feet deep' "

'angles to

that ‘in this channel baffles were necéssary to prevent boils

and %hirls in the water over the model. after experimentation,‘-—

a . get.of baffles wns ﬁevisedfwhiChAeliminated-practically;dll‘

‘98-
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‘Velocity

%
. ;sree o

‘Discharge

Cmme

side of the apprcach chunnal (Figuras é und 6 9ndi 1at
‘The . upstre_m face: of-ig> dnm vas formed by the concrete wnll”*}:f;-
and & 20-gage metal plate screwed to 8 wooden header on the-

:wall,andﬂiron-bents;supportlngfthermodelsf




PLATE 1

-« MODE], UNDER CONSERUCTION.

3. COMFPLETED HOTEL.

SLOPING AFRON TO LEVEL APRON ELEV. 810.
JLOPE SILL T0 ELEV. 819 AT END OF ADROK.
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The crest section‘:iars und training wmlls wero mude

-of :Tedwood. The crest was surmountad”'ygmoc” Hicully operntedﬁ

form to the topography. Eﬁoifsand-

coeting. The overburden wcs fonned or sundﬁund ing gravel

The tallwater Was . regulnted by arsetf f?fixad and‘movable

- louvers (Plate‘Z 4 andrB)._‘

;Iv. ﬂéﬁdéEDUﬁﬁiiidgi?Tu,“‘

Generalif

The invastigatious on - the modol of the Norris.Dum e
are divided into threa muin subjarts, Spillroy studies, studieéj"iiiﬁ ff“
of suxiliery passages: -nd architectural studies.  _ | |

‘The spillwny studies were dividedginto: istilling

pool characteristics.vcalibration.qf drun getas, proessures

-]8-
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minetlon Jor each 1ndividunl cnse by i€

‘hes rapidly grown 1nto use, but theaprinciples‘involved wero

not in oll cases well conaldereﬂ-nnd;the;_esults of these .

teats ware thorafora not ”s relieble na otharvise might have

bean the case. "AS & rasult of the studics by tha U; S. Buranu -

of Raclamntion_in:connectionvwith_tha‘cle:Elum,(Mhddan and .

other dons, the prineciples governing the design of scour




fied.

Model studias are st _l’nec_

for an apron at- stream bed level. This is true whathar'or-no

the hydraulic Jump is used for tne scour protection; ﬂ rpe
applicubla to the various relations of the alavation cf the

teilwater rating: curve nnd the jump—fonming height curve are

given in Appendix: I.




Tho conditions at Nbrris'Dam cre vory fuvoruble to

the protontion from scour by sinple.maans.

for the tnilwnter below thstdamrlFlgure 5) was'determined vy

The first mentioned of these solutlon“w1 h:"h strétifiedl

rock bottem end ‘the vary hlgh heads actlng at the- prrisﬁ'”

would produce severe scour in the river bad downstream frﬁm the

dem snd pile up debris in the stream channal below the dam ‘ ff”ffff
‘which wculd probably;obstruct-the;flow.from»the ppwerhogse;:”‘ij -ui

Since & very good solution is possible by apother one-of ‘tha
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four: mathods, this msthod which would have undesirabl

solutien, - The seccndary weir, when‘used 1mus b highfénough

required to hold the watar to therl”

discharge of: 250 OOO second—faet _Jw_ﬂ‘

Jump ‘as " this is.: the length which 13 required to producawaatis—5f

factory conditions where the height of the secondary wnir is

‘apron: below ‘the- secondary veir would ba required.\ The cost of
ihe 40-foot tailwater weir vith its apron and 70-fcot retaining

walls, however, ‘is .80 great that this form of protection although




"-r

undoubtedly satisfactory from the hydraulic standpointrwoul‘

be entirely too- expensive.,_f:ﬁw»-,‘

bottom at: Elev. 806 or 1 feet below theﬁ tream bed level:f
For this condztlon,the dspth of pool 1s sufflcient to form a
jump at.all- flows.‘ The closa agreement between‘the.jumn he1ght;fu
curve and the- tailwater curve 1ndlcates that nearly perfect |
hydraulie jump would be Iormed Ain: whlch the °nergy ﬂould be
efficiently dissipated.. | ’

The jump height curve is computed :on ‘the :assumption -
that no frietion exists to retard‘the.valocity=of.theAwate£
passing over the dam. This, of course, is not true, but as

=19~




teilvater level. - If tha velocity;, ‘r "t e

since the: pool is deeper than necessary

-and soms: unbalancing of the gate discharge wnuld be penmissibl‘

FrOm this prelimlnary analysisfof.thc conditions,
:the range of: model tests was narrowed apprec1ably.- Although5
the ‘theoretical: analysis showad an: apron at Elev.raoa neces-;;ﬁ;;f
sary to form: the “Jump, the first apron tried was. placed at

Elev. 810 and top of 5ill at end- of -apron &t Elev.-alg

. =20~




Throughout,the soriejjof“ o8 tS ‘:,:éfiﬁuSéaprSgé;}a:

‘the last few tests the flows werv regulated;as fo lows

:through sluzcnways.“aTha last tests wcre:mad"h-L”J‘ﬁ'vv

with ull gates held. a‘c _.lev.‘ 1034 120 OOO‘and 160 OOO‘ second-‘;.: -
‘Teal rith all gates set at the correct elevation to hold_thc,
Teservoir at . Elev..1052 200 ,000 second-feet with all gnteS"ét 'i
Flov. 1020, making' total- quant:.ties of 40 ooo [sluices only
.discharging), 60,000, &0,000, 120,00(_)_,.:16Q;ooo,;zoo,oootand.
240,000 second-feet rospectively. This change was maede, as

mill be explained later, to follow the operating program for;

-8




‘readings. The point gage ccmsisted of

to tn; ‘axis: of the dnm.‘xOn*this”_

apren, This. slide was fltted witl

of a Toot, . he

for plotting. The 40, ooo ao ooo ,120 000, 160,' 00 -ant "

point gate. 'Plctures or': notes were used aSﬁrecords for thenw

-other flows.




:radius,bucket. ;A datniled layout 4

S 1, 2/and 5.:_ }Q”L'f'“ '

‘connect ﬁith a flat ‘apron- at Elov.KBlo.,  fj£H;‘ﬂ:[

{7
&ll three of the foregoing set-ups ware.: uGStEd WJth

tailwater he*d at the: normal alevation =nd 1130 with the tall— |

woter held at a level 4 fest abovernormnl;which,simulatad
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lowering: the apron 4 feet..xf»:*f

at ‘the higher 1eve1.i Accordin LY.

ll).

Results: showed tho 4°'

1t was adopted for further studies. |

After fixing the elevation of.taeaflat portionﬁor she
arron and the rate of slopa for the sloping portion o* apron,i‘;v
series of tests: were conducted to detcrmine the - possibility or _
shortening the. length of horizontal apron.downstreem or improva  .m‘

Tlow conditions'by-additiona'and‘alterations in sills with‘the-sahe‘ ”

length of apron.
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806 to Hlev. 819 ‘and the 'tcp Width 10 ‘eet., This wa changod o

apron, Figures 7, Tasts 13 l

ol thaso sills."

on the apron, prlmﬂrily to spread the jets fromhthe~sluice peniﬁgs_ﬁ'f?
and secondly to-aid-in- improv1ng flow conditlons from the\spillway. £f}g
This s5ill was: tasted at . the upstream p031tion with the main 5111 atig
the end of tha apron: and: at the downstream position with the main_;lifi;
sill removed from the end of the. apron, Figure 7 Tasts 18 and lgf‘

show the positions on the apron and thc details of the. sill. o




A sill with a- concavo upstream face auggested

‘Mr. J. L.‘Savage waa tested at thaﬁdownstraam:end f‘th' apron

See Figure 7, Test 25 for details.

blocks;was-fésfedthffendfdf“-

Later ‘the overhanging nosesf '

at the game positions.\?i?‘?mr

evolved a set of. sills with top at ?lev. 817 5 a top width of :§7::”“

3 feat and front face with. slopes of - l% 1, 8: 1 (2% liandas-l-;:‘
Those wore tested at the snd Of‘aprqn.~:Figureﬂe,iTests=39,r4o,

41l and 43 show details of sills,

=28~
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The parabolic hump ovor'the sluicc oponings shown  ”;3-7.77

on Figure 8, Test 42 was tested 1n conjunction with the rlow

over the spillway. -

To 1dentify the expcriment&l data'ﬂ

vwas given

or Set—up

J -

0

o et b2

still and motion'plcturcs (2) by gages and nstruments and (3)

by notes from obéervatibn.;—31~' E

the keys would have’on'the,:low conditipns,

at their proper location on thq-aproni(Fidntispieceaapd.Platg. f‘.-"

They weru 1nsta1;ed‘5"'" :

87 & and B) and visuﬁl tests were made of‘the’floﬁ'cdndifidns- 

from the gpillway and sluicoways.




the. spi]_lvay apron.

structed ovar tham. Ai’ter these"cofi"ordams are*ram e the kny_
will remain on the apron. ‘
Arter the testing cof - ‘cho model was,

:before it was dismantled some conc.ern wa

‘the ‘keys Would havo on thewflow condit. s, Theywere %iri‘ét 11

‘at their. proper location on the apron (fron‘bispime and Plate e

67 ‘A-and ‘B) - and visual tests ,were mado oi‘ tha flow condztions

from the:e pillway.’- and "sluiceways.




2. Calibration

1034. These:sattingsgwarq,r_i‘ﬂ

1051.5 end. 1034. .

SRy of*the modal were set by means of a hook gage'and

' light spirltflaval to “the - desired elavation befure tha runs :




-wore=até;téhinﬁd;phaci$§¥ﬁffg
itﬁis:wé§ tﬁ6:elavéfi§n~of the
determined: and referencadrto
forebay-gage.. Hhe aett1ng Luse
‘exact aettings previously deo
‘were . small and as the exant el
not deemed neoessaryato span
at: en - even figure in ragar' to
‘Reprquptayiye{head'
tion of theﬂgéféLﬁérééiﬁnlw£¥v
sible to the samofelavation.

ings waro takan simultanoousl

was - daemed necessary %0 test 1ntenmediate~ga£éﬂe;év§iﬁ6ns;and{

the same- ca*eful procedure waSvfollowed..

‘The onlgxnal settings used Were Elev.;lozo 10?3 51 S

1027 11, 1031. 54 and lOBu.gl the 1ntermediate settings run"

later were Hlev. 1022 os 1025.03, 1028.95 and 1081. 41._"




1ngsiin‘the.gata.

.gThe pressurasgw refread

‘on the. glass gage tuhes. While

‘getes at Elev. 1054 anﬂ the reservolr surface at Elcv. 1052, and

all gates set:so-as ‘to hold the resarvoir at Elav. 1052 whan quan-_ ; o r;]f

titios -aquel -to 120,000, 160;000randfleq;OOOfsacondqfeet;were



. “Akis of crest

224 xb* Bross plote’
Cl N TR NG : 'Dn'l/.sa""ﬁolgsfofﬁ_snuq; '
£1.0020y 0 g N et I A\ VO :a(gundf_Ple;ffu'b:qg.?\ 1R

=

RTELNSHE,

iR eLR07S

DEPARTMENT OF THE INTERIOR .
BUREAU OF RECLAMATION :
TENNESSEE wvaLLEY AUTHORITY -

; = _ - 1 NORRIS DAM :
ad..:.‘,.:u, . ) HYDRAULIC MODEL EXPERIMENTS
“.‘.

z :
s i
']
T Fa

L SR BT

ARy

AT TP ITT
\ibsasnssebsasanssdia,

‘ - ﬂg!._...

o

\

e dn . R DRAWN! RAG, suamrrTED:. . \Jeark 8. ﬁé:::/( -

- ; : et \ '1“!\. ) TRACED: WHS -RECOMMENOER]. ... k&’ Moo
PSTREAM ELEVATION END "vIEW ' APPROVEDE...... . 5 . Srmomyer

- ‘oclwzn COLG., GCTOBER 1573 232-D-695

DETAILS OF CREST, GATES AND PIE?S




each run. The watar surfacauonithompowerhouse sida or

measured with : a point gago.,a he rasulb

totype and plotted.

Y oat

_f).

'“Ey? AR 5. Veloclty Studies

While the model test'ﬁwere in progres'!

arcse:as to the rela ive coefriclcntbob;frictio or_the mcdel»and;;ﬁf‘7'

the prototype.» In crdor to check tnsmmodol}results ;nmasuramentsiﬁ
of -the- velocity on” the aprcn near the toaxof the mode xdamgwero '

‘made . w1th a pitot tube.:"

Ihe tube wus mnunte& ‘in-a; fixad p051tior on" the centarrjf ,--ﬁ;

line of. the spillway at 8 point two inches‘(model) downstream rrom f "'

the point of tangeney of the ﬁo-foot radius bucket and ths level
apron at Elav. 806. The pitotftube*was-of‘the~aingle=tubortype,

~35-




at each depth satting.: The opening n rthe {tube was ‘accurately

o . located for each .setting. B

- The - prototypa velocitie; were’ compute a the same roint

as the velocitias were measured onfthe 'odel' sing utter<

to 0.013.

6.-Gate 0perat1ngzProgram

For the purpose or detcnniningrél'at
&.series of runs were mado with the gates set;at:different levations
from: the fixed crest. JALY - comhinations of one gate at Elev.g'i'.l
and :the -other: two ‘ay; Elav.,lozé were run with the resarvoir alev&tion?f;

held at’ Elev.‘1034 and: also at 1052. Similarly all combinations

e ey s

of two gates at Elev, 1020 and the one: at Elav;*1034 were*run with R

iy
the ‘reservoir "held ccnstant:-at- Elev. ‘1034 and also’ atnlosz. Pic—

R

tures and,notes,were~made:of_the;stilling;pool-conditions:for;each‘

setting.
~36~




e, '5."-':‘.&'1:1:&11’1‘&3‘.‘"}512'9‘.5‘s'lﬁges

over the spillway. ,

“Inthe: next sot-up, tha center lino

remalned at Elev. 865+ and the invart oI‘ the sluice passages lfollcwed

‘& parabola from tha gates and. connecting mth the tang‘e‘it‘ octheJ :
"60~-Toot: ‘redius: bucket at. Elev. 8213.5 -or ’E'Just aho{e .“;he.point*of f" g
tangency -of “the: 60-foot radius bucket and 4 l slope (Figure 2]. :
To reproduca this. cn: tha modal muld have necessitated cutting iﬁta ‘
the concrete-wall, so the invert of -the . sluice Was: made on:e slope
emerging from the face of the ‘dam-at a .point of - tangency at the same

SR




‘point.as’ tho P.C, c.eofutha‘parabola andﬁeo-foot radius (Figura 0\;

Testsil2: to 323 1nc1usive) Th“”procedureijfﬁwehtinszfollowed

‘well as . a plhn ot tne parallel sluice set—up.

iProcsduro;atntlar

tc above was. feilowed in testlng the sat-

\

up.  **T“
‘Taats were alao made cn this set-up to doterminerthe

Pressurss existing in the slulceweys when "ater was_flowing over
\\ .
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N
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the dam snd none. through the suuioe openings. To do this, two,;fi"&'"":

sluines were eealed from the header end tube'Openings inside each J:n

slules were connected to glaas gages by rubber tubing.. Rune were o

mede with Tlows or 20, ooo 40 ooo ao ooo "”120 000, "160 ooo ‘and
200, OOO seoond-feet and ar series of observations on
for each sluice on- eaoh run. fffn';‘"

As a meens : of decreasing the negative pressure*found in o

the sluices a parabolic hump was incorporated intolthe dam extendufx

ing from the 0.7 slope down to the 50 root:radius bucket through ”

which the sluines opened See Fig. 8 Qleat 42 and Plate 54 A 'f”iil S

and B. Pressures in- the slu10es, actlon‘of slulcesvetc were,—-gf

determined as descrlbed-ebove..fi,i-"

Verious. types of hoods on the face o

sluice openings were: tes+od on tho modelfprGV1ous ) néﬁgliiﬁg

the parabolic hump._ Pressures in tho sluiceway€ were meaoureoyas

above on the best form of : these hoods.g

The action of the sluloeways was 1mproved y_the diverg-fﬁ” =

ing szet-up described above but nelther the actlon of the water

flowing over the: dam end past tne outlets nor tho ganeral appear— e
ance of the dam was satlsfactory.g To correct thBSb faotors the
shape of the- outlets through nhe ‘face or the dam and budket was

changed.

The firat change was to maintain the sides of -the

atraight sluices parallel to their center lines. In the diverging

-4 0=




which tha sluices opened.r See 'FigiB :

and B. Pressures in- the sluices, acltion ’1" luices‘\ etc'

. determined as described above.

Various types of hoods

flowing over: the dam and past the outlets-,nor:,,the ganeral app‘ar

wanes: of the dam ‘Was- satisfactory. )To corract thsse factors '_the

~shepe of the: outlats through tha race oi‘ the dam and bucket was

changed.

“The first change:was -tomaintainthe -sides of ‘the

straight.sluicas;p'arallel “to ‘their center linss. 'In the.diverging °

—4.C




tion,

This change showed dacid*

56 A and 61 C)

3.*Neadleaval es

The originnl design of the Hbrri” Dam._ncluded WO 2w

inch needlo. valves 1nstalled in the rivar end or the pcwerhouse

and discharging into . the tailrace next¢to tho spillway training

walle Thesa were’ incorporated ‘in+ the mndal us shovn on tho or1 ‘

ginal.design. (Figure ll ‘Test. 118). Operation disclosed 1mmedintely_‘"‘f

that impingement of: the : Jets of, water in theJtailraca causeqeune '
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mde with- uhe head on the m.lva ranging rom 150 o 9 reet"

further: rotating tho - downstream end up ard*to cause :ore Spreading”i"'

11, Test 20) The baff]e teated was veryﬁineffi iant n;th fdis-- a’

sipation of the onergy._ A structure cf this type large anough to be
N : . :

afflcient would not be. economlcal or praotical.‘




dies :nore qunl_rtative‘"’than quantita-—

pictures,. thus mnlcing tha stu

tive.

The . heada on the orifices uaed to simulate vnlv

measured by ,a.mnnometar., B

2. Powerhouse ,

xropeningssjmﬂ at-

housa wWas: constmcted to form a header :t‘or th _ si

Tlow was maintained through tha power‘ ous
o8 : o the rlow and viaual observations\_“_‘::_::‘:f

the height correspondi

mads.

A later deaign of -the powerhouse included only“’”"‘ "‘_‘f.

and some chrmges 1n draft tubes. These chnnges were incarpomted

in tho model aud tasts .were. run aimilt.c ‘to *tha rrevious {ON8B.. o



pier to pier. This was replaced. Y

by a plate girder bridge.‘ The latte nec_“_

iera built,

Archltectural studies of other;wea_ures of th madal we

made in oonjunctlon with tha hydraulic studras as 1n_thA

the sluicsway openingg.,_




neceasary. Tha éloping apron 1n ad i;

tion in the pool would pmovida fo

level depressed apron tand to

vdraw part et hsir'lowe ands\

“better'conditions‘at i

bring these two curves together, thus.siving

low rlows.

The flrst slope was; made to conform “to ithe nnturalhdip L

of ‘the rock strata or an 8 1 slope downstream‘with af avel pron

at Elev. 810! [Plate 4 B) It\was‘found thntjsuch an“arrangement did
not give a surficient 1ength of deap pool for the formationkof the
jump 'at low :flows, al though ‘the: action at higher flows WS fairly

good (Plates .3 and:4). The higher dlscharges: showad the water

=4
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L. UISCHARGE 200,000 SECOND-FEET.

C. DISCHARGE 200,000 IECOND-PEE?.

8:1 3LOPING APRON T0 LEVEL APRON ELEV. 810.
l:1 SLOPE SILL TO ELEV. 819 AT END OF APRON.



scour below the apron wasjnoted.‘ When the: ita water was

passing the sill. Very undhairabl conditions ,Were:

The beneflts derlved frqm the blockshln redaclng the scour ana h,qjﬁw“ﬁl
quletlng the watar surface at’ hlgh flows were more thun offset

by -the bac condltlous ‘at lowar flows and the high cost of initial
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‘installation.

extent at :

serious’ (Plate " A and B)

‘As soon as the drum.gates-on“the crest were installed andg

in.operating chdltlon, they were used in regulating*the resar J”“T'“
voir elevations. A comparison of the stilling puol conditions uith

gates raised and without .gates raised can be: made by reference to
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portlons of: apron and 1: l slope 8111 _,° E],ev-'-‘fs

were tested and the sccti,

erked Test 12 on FIEIII‘B 15. I.ass water wns held on  : he apron

With 'bhe 1l slope sill,

but more stable cond.ltmn of ‘the water
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4, DISOHARGE 200,000 SECOND-FEET.

70+ REOCHARGE 840,000 S¥J-FT.. SLUICES OBEN.
GATES ELEY. L0220

ISRl GATES OFERATED. LEVEL APRON ELXV. 806 - 60' RADIUS BUGXET.
‘111 ‘SIOPE ‘SILL ‘70:ELEV. 819 AT END OF APROK.
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15, and 1is- campared with therl

811l with the top at Elev.‘alg |
. The -

gested by Mr.,

apron &t moét. _

apron | (Platesila;fﬁ7 §£q¥i§Q)€

n the stilling pool. Mo aills we

.as can be ‘aeen frcm Plntes*lﬁ A 17 Aiand‘_B;A. A summnry or re—

sults, hQWBVBr, :showed - a ganerally undesirable condrtion. -

“The.low,diffuserwpxpe;sillftestec;at<tijposijipns;bn;f‘5“
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~« DIGTHARGY 40,000 SECOND-FEET.

C. DISCHARGE 200,000 SECOND-FERT.

4:1 SLOPING APRON TC LEVEL APRON ELEV. 806.
1#:1 SLOPE SILL TO ELEV. 819 AT END OF APRON.
€' AUXTLIARY SILL 80.7' DOWNSTREAL FROM END OF 4:1 SLOPE.




C. DISCHARGE 200,000 SBCOKD-FEET,

4:1 SLOPING APRON TC 1LEVEL APRON ELEV. 806.
1%:1 SLOPE SILL T0 ELEV. 819 AT END OF AFRON.
4' AUXILIARY SILL 80.7' DOWNSTREAM FROM END OF 4:1 SLOFE.




C. DISCHARGE 200,000 SECOND-FEBET.

-4:1 SLOPIFG APRON -FO LEVEL AFROR "XL&V. 806.
1431 ‘SLOPE - SILL ‘T0 :ELEV. ‘819 .AT :END OF APROR.
4! AUXILTARY SILL 44.7' ‘DOYNSTREAM FROM F¥NT OF 4:1 SIOPE.
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N’ei:y g;ood_::!.‘low:_r.condl:b

shown on Plates 19 ana zo'.f

water along the apron fwould be tu:rned upstream ana J.mplng on 'the

i"h s vertieal upstream

cave face and fomed in effact a: sill -v

faco.

3

This caused disturbnncw 1n the POul ovaxr. the sill and
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.Platas’Zl"andfza. The pro:ci"es of ithe

eurved upstream face and overhans might :-bmappli

fuser type"ﬁlocks. Such ¥ sill ‘»'was tested_at@iffer

-apron. The: results were satisfac ory

area baetween the. blocks as- the wa‘ber moved upward and'_s.outward.

The high ~elocity jats flowing betwaen the blocks weru mrther__




€. DIOCHARGE 120,000 SECOND-FEET.

411 SLOPING .AFRON ‘20 'LEVEL APRON ELEV. 806.
OURVED UPSTREAM ‘FACE SILL TOP ELEV. 819 AT END OF AFRON.
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pact of loss on’ the dantates made*therusa T his sil inadvis-‘ﬁ:g ;

able. S
The‘cost of construction’and probabi 1ﬂy_rf rosionmor .

‘the 's811l" were lassened by ramoving tha overhanging nosos from the ;

blocks thus making the faces of the blccks tangent-to the curVG

at thirty: degrees with “the- vertical. The results (Figure ao and
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type wos mested on the Norrisfapronjat;threo

for low: and‘medium flow

in ‘the differnnt positions. The affect o low.:ing
surface over the sill produces,higher velocities leavingrthe:aprcn. -

‘With -the sill. at the end of thc apron antiroly ramoved;thc;sur-_ﬂljiﬂﬁﬁ

faca conditions agreoﬂ closely .'rith the conditions with the dif-w S

,fuser;éill:at‘the-end:ofﬂthe:Qpron. Plates 33 to 36 inclusive
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the end of tg

stream.bad at th :' ‘

slopes -
caused
condition is: not shown,on‘Figure‘ :
line.of aprou. ”“'”"';“>.
From.tha aforamﬂntioﬁa
tion of - the stream bed was: determined”to be
of 819. ‘A set of sills Wlth tbeir toPs.‘,i1;j
stant top. width.of three feut and upstream faﬁe slgpés}‘fV' 3
“2:l, 2%:1 and. B3l wera tested. The results of thoée tests

i(Figuresﬁzz.undL34) indlcated that th

“best.from“the*hydrauQ;Cfstandpoint .as well 8s: belng lesé.expgnﬁiié f(
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oné were improved ies compered

to huild. Tha wutar surface oonditﬁ

o nmawmandhi _'_
It was therefore eﬁsgﬁad/for thalfi‘al osign

. -way %o diacharge with the sluiceways still in ope“ation., As tha

fiood aubsided, the sluiceways should.continue to discherge until e

after the spillwey gates ‘have been raised and’ diacharge .over tham o

~105-



B, DISCHARGE 40,000 SECCND-FEET.

D. DISCHARCE 1£0,000 SECORD-FEET.

A. DISCHARGE 40,000 SECORD-FERT.
¢. DISCHARGE 120,000 SECORD-FEET.

12:1 SLOPE SILL TC ELEV. 817.5 AT ERD OF AFRON.
PARABOLIC HUMP OVER SIUICE OPENINGS.

4:1 SLOPING APRON TO LEVEL APRON ELEV. 806.
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Check runs; made*fnem*time to.tiae*show'

8 1lling poolgto;beryqry;consistaqt.;ﬁﬁ }N
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2. Galibrution.offnrum Gates.

In: the originalfanalya\

es measured: with a two-foot Gipollatti wei previously calibrated

in placo)and"qﬂhookpgage. Readlngs on a float{gage in tha samo; ,g;.ﬂ*

goge wall.servedaas?a"check. uolumn 5 gives tharaverage

1‘.
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obsorvod head over the Nodel crostv Iﬁis?hedd' BE 'Mensure

as:ordinate,wore:thcn'plotté

-y

rundOment L equation Q= KLHn ‘ ':*‘ f: h_“

at ij{;’ei{f 102206} 1102503,

position of a prrtlculzr curvo.:»~f.a

After summarlzlng thu dntn obthinad from‘uha lognrlthmlv;

plottings, 1t Has” found thﬁt theavrluos of Km and M must be *??




The rethor.s so't: - rth n. this~ o

:Agrzculture.

detun, as: datarnlned by avcrqging the elovaticns of th A

gates vere: conplatvly lownred. Column & - shows averugc observsd
head over “the model crest: m@ﬁSUTEd at hll tlmes frq1 the Ligbast ”"J

portion ¢f the curve.of the gate to the wetor &urface ato

~114~
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ZaT0.

log of that: nw:bor. :

co.'l.umn 7 ahcwa thn 103'01' Q-, : In'instunceu -:hora Q-

i less than un:lty, thu ninua colog 15 ahovm ua oxplrinad

nbove. Coluzn 6. givoo tro squaro ar tho vr:.luo givon n'col‘

umn 6, Tho vnluos shmm 1n "colunn 0 nro tho pro'luc'bn 91.‘

. vsluoo in Ccluma ¢ nnd 7.

tho two oquatiana of i ene. n aa aet i‘ortn in n.ppendi"_‘ II.

Thoso two equaticns ..ro given m tha tnble i.mediately balow -
the elgebmic suna. aolving, ﬂm twe uquations, the veluas of
n and ~ ure obtained. Sir.co A 15 tha 1og 01' Ich.,,1 with u

known velue of Lg obtained by me"suramnt as dascribod nbova,



a value Of'Km.was=oﬁtaiﬁod.r Thaee valuca of Km and'”"ﬁww'iﬁ

to some - outside 1rrogulcrity'“ndfr

series.

Tho dovinticn "nd tha allownblov cviqtionr

qble, tho Tun was: onittec¢uh”

from the tablo.

atorj Prhctioe" Pago 796'.??

where-qpf prototype quantityﬁin
= model qusntitj in c. i s.;
§1] »-‘scalo rutic of. mocol (in‘this case 72)

In the case of the quantity of water rlowinD OVer e dam

Gy KprHp

For the nodel _ o
G Ty In B (3)

-117-




From (1) amd

EQuating (2) ‘and i (4)

coefficient of discharg ‘on- the rototvpe
length of crest'onfthe nodel

length of crost 'n“the'prototypa

Hp =

Substituting these vcluca in (5

t2ble is shcun as Table No. 4.

Vhluos of} Kb wcrrhcﬂlculuted using Equation 6 ana gfL

the -values ol Ky nnL n from stlo No.,B.‘fThe values of n

are the same,Whather moLelwor;pgqtotvps- Table No. 4 gives R
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1020000

'1020.000
1022, 061
1023507

1025, 028
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‘the calculeted resulta. :c&i \

gates, Columm’ 2 givas th ; valu

‘coofficient decreeses. Also as the gate ar

'decreases for both moclel qnd prototype.

ingly in order. for ttna‘given -.vnluas -;to:che:ér'k._ All d;he plo ted

points:are not given tho s..me weight on the cuwes!as there :

are more chbservations on. scne than on. others.
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This table was compiled ;
construcuion of discharge curves. umﬁéfdfaiéh

number of pci:ts ware calculated‘t””fixﬁfhé;cunros

diugran is baseu ‘on’ having all the%gute crests nt;theﬁsnme )

vaticn, cs it is - axpcctad thatﬁthe'gntes will 58-30 opernt’d.
However, should: tha gaces be nt somerhat diffezent leveis,‘
one-thira of tLo sum of tha eischarges taken rromvthe ﬁlugrmaf_;f‘#
for the . threa gata elavations might bo usec," Ir the gaue

crests ¢ifferad only slightly in alevaticn the moen crest ale;A;Li}}

vation could be used. 'No,study.was rnde othhe,dischﬂrgd‘ﬁiﬁl
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agmst rcscr\roir slevatlons.

1y whon there 1.arc only i‘our or ;

C for each cur'.ra rora cnlculatc..

M

C = Kp an 3/2 ‘which ‘15 ruer.weu as follows

CQp oz Kp Lp Bt




assumed,und values of C calcul::‘._

2

C:= TK H n- 3/2 which is ce*'lved as u:foJ_lows.




}Equgtingﬁbl)eagagcz)x

on. Flsure 26.:

.points,  As rean’ be seen on . Figure ‘28 thesa ‘BaTé ‘amooth ‘curves

are raised.u The angle betweeﬁ‘the slope on th
‘of the crest sectlon and’ thanchord of‘the;gaxa sncfion nereases
very rapidly as‘the gatps?are'raisad thus hanglng:tue conditions
-of flow Tad:.cally.- A ; o
All results ware verj carefully-chenked and the I?ottcd
¥

curves .show the final. analy81s of the data'.J_:j S .
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" FIGURE 29
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‘and :prototype ‘as ‘can ‘Vbef.aééﬁ}ﬁpy analys

/2




"to't‘.‘lpé f‘dimen’éi o‘ns '.'-:’ 'I'h

‘data: obtainaa.

,~below a‘bmospheric on: onl:r 1,119 'three downstraam fpiozometars'hand g -
~then only a small mnount. on Figu:r:e 32 the Q for Run 11 wns‘
apprmcimately 120, 000 seconﬁ-‘faet and | for Run 12 lpproximately

160,000 ‘second-fect. L
=130~
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Tha slopewof’th‘ .

_converted: to prototype.;

wall was determined from tho model._rg

openings ‘as: thay Ware: installad 13 shcwn on Figure 36
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-fSacthIl Iv,: Figure 55, and,

‘:near the™ t0p o‘f the ':mll.‘

-department: inmediatelygupon completlo sof hetestsfor hoir

guidance.in the. design of tha wall. \-"_'3

5 R Veloci ty Studi es

h ':Maasurements \:.o:{‘, .thezvelpci-tlas g.on i_ti:ie ?E]ﬁronfbf_'Zz,th'":a'---.f”

‘model were made:for comparison -;'.W:L'thf.the.'-com‘pu_tedj-,'wrslc‘icitieg!;p;;




ithé”prdtdijpefiofdetenmine the‘magn ‘

vvalocities s not surficienx;t"bé@&ﬁ?@éﬁﬁif&éﬁtcﬁ#ﬁg}sﬁpsmantiﬂl

faccuracy of‘the model tests.
_Table 6 gives a summution of results,of¢xhe volocxty

.studiés._ Golumn 1 givaa the prototype quantity in sccond-feet.
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Colum 2, the thoorotioal or epouting volocityuin ‘Peat por. .
aocond; column 3, the valocity,headiin oy tlofwater corroaéqnd—._”[ E

ing o tho vulocity 1n Column‘;  COlumn 4 th ,frietion loaa-‘ﬁ

to prototypu. COlumn 6 givms the.not‘”olocit__i Jreettper

5 beceuse tho actual water surfaco g’ meaaure&fcn?tre model
wasg Lsed, inataad of tho calcu_qj _ w$7ar aur Ece 1nt:omputins ;:LLT
the theoretical volocity head. anisfdirrersncé"S*less tnaA'
- 03 porecent of the valuea civen Scﬁdéés notwnffect‘th reéultsif :L;
materially, ’ ' :v--.,-h o : |
| | 6. Gate Ogerating Proggam e
'.'!':.u results of ‘the- testing to dotemine a gute oper—jj‘]"'j‘gi “
ating progrum ahow that when- tha gntea are: at widoly diffarenﬁ?lﬁﬂ?

elevations the conditions in the atilling pool are,not:satis-_




?
e -

‘factory.. ‘The, jats rrom the gatea at ’widely'” ifforen

Plates 4"’ t0 - 47

inclus:.ve, show he resnlts;, with various_com—

and also at Elev. 1052.
The moat undesirnble condition resulted when the ’*ta:ll-
water was -at a minimum, the" rescrvoir at’ Elev.- =1034 ‘all gates

at Elev. 1034 and one of them was: suddenly dropped to Elev. 1020.‘
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‘This allowed approxilatﬁiyfigjﬁqo;. gpﬁd%féui}bfiﬁﬁibr ) iﬁsh;ff“
into’ tha pool.

-apron nnd onto the fla

undesirable oanditions.- e

c. AuxiliarJ Passages__

l Sluires:f

With the sluices. level through the dam anu ﬂanter

line at Elov. 865 tha Jets from the . sluice openings fell Anto -




way. This conditlon was partiall_ amodia ;"

rather than fall nnto the surfaoeaof the vatar.—'Conditions
ware generally 1mproved but tha velocitles crossing tha sill

were still vory unevenly d1stributed &s ‘can ‘be seon from.PlateRifj‘ 

48 A. A good jump was . formed uhere the jets . entared the poolvﬁf=fj'
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sluice- flooru. By testlng severa

the - sluice pa539ge at some flows.u This was measu:ed us will

be. later axplnined.

"The chief . obaection to‘this sat-up was’ that tha jets

&
from the: sluicaways comb1nad and: resulted An- two main Jsts




back;flow. There were ulso bvck flow

ing well.

of the pcola_ The reqults arewshoH

at the 2nd of the: apron. ,Tha cOﬁﬁ' iohs% f

shown on Plate-48 D, They werc substﬁntlally the ‘same:as | thoso‘i"

with ‘the 1n.l 51opc 5111 RE shorn on Plate 48 AL

‘Plate;49-A;shows‘the.rosults<ﬁithttheesluicgs-qpérat4;f*fyp“pft‘ -

ing and -the high-diffuser sill with overhanging;nose;bladed
at the ead of the apren. Very little improvemcnt~in conditions

~154-




% T e idtun uvw e SmadSias- ANy SEpAILS - ~OEYEMEN0 HETN IS EASOIAIA TOUNT
; - _*RYQ mmaoﬁma. gﬁ mﬂoHD.Hm ~'908 *ATTI mog TIAXT O HOUIY DXIZ0TE 1%
m m
. *HO¥AY 30 QHE YDUI MYAHISdA .06 °d . “HOHY J0 qHZ MOUd KYXEISIN (0% D

“ROHIY AD QNX LY ‘Y




avonly diatributed.z This sill would hav offered

tha over-hang rnmovod was'" used at the end :of1th aﬁpronrand_so_
80 end 90 feet upstreem frqm the enﬂ of tha3apron. <
showad no- noticeuble chunga from the pruvious"ésultsh

_ Plnto 51 A.shOWS the cponings Of?thB SluiEOSvW1than0"
dischorge arter onoe aluico of oach p01r had been_divergeéarrcm :

the other. .Tho results of this change wera very?satiéfnctory.- 

The jets from the sluices:.were ‘very. evenly distributed acroas i

the apron as shown on Plnte 51 B, with the: sluicos dischurging
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B, DISCHARGE 31,600 SIC-FT.

TAILUITER LOYERED 20 SHOW SPHELDING OF JETS.

A. RO FLOW,

,600 SEC-FT. NCRMAL TAILWATER,

D, DISCHARGE 37

- DIVERGINZ SLUICES.
‘T W,

-
. -

‘SI0PING APRON 20 3.
=70 1441 SLOPE SILL TO-ae

-

ree




angle because the sluice opening7 ns not p&rallol to ﬁc i

of .flow. TLo Ieuult wcv' rfin emitti

causing d.isturbcnoes in me ‘s‘tillin* pool

wWoy. h bcttcr solutinn to the problam wastnecessary.
Plate 5°-A=sho s the flon ccnd‘ n

‘set-up:so: far as thc slulcewujs vere concerncd, but ﬂithJLhO

Whecler typo of: dlffuser sill rt the end of aprcn.f Tho resultaf ﬁ,;;,f

aro generally: the sans o8 in the ﬂbOVG tnst



. : C. 90' UPSTREAN FROL EXD OF APRON. g

4:1 SLOFING APRON TO LEVEL APRON ELEV. 806 - DIVERGIXNG SLUICES.
. LOW DIFFUSER SILL(WHEELER TYPE). SLUICES ONLY DISCHARGING 37,600 SECOND-FEET.




reduce ‘the - disturbance sot\up by them vhen thevspillra‘ was

operating alone and to reduce the negntive presaure in tho sluice';

passagew:gs showed veryxlittle effectivenass. Plate 54 A nnd~B

shows 'the appearance of the opcnings vith No *low through aluices 7 ' B

‘or-over srillway. It ‘ean’ bo seen that the length of ‘the opening

through the dam.was-matariallyainqreased~bydth;s‘changn. ‘This

~161-~




‘4. DISCHARGE 37,600 SECOND-PEET.

4:1 SLOFING APROF TO LEVEL APRON ELEV. 806 - DIVERGING SLUICES.
VARIABLE SECTION TRAPEZOIDAL SILL AT EXD OF APRON.




AJ FROND VIER,

.B.. YIRW. SEOWING. PROFILE .CP HUME.

< PARABOLIC HUMF OVER SLUICE (UTLIXTS.
411 BIOPING APRON.T0 LEVEL APRON ILEV. 806 ~-.DIVERGING. SLUICES.
-1352 SIOFE. SILL TO XELEV. 817.5 AT END OF APRON.




sluice passages.. Measurements were made- f these

tho spillway in: second—feat:” Columns 2,46 an_flO_show

‘praessures 1n reet of water as detprm;ne bv the piezometer in~

‘tho atralght sluices and Columnsﬂé‘ 8 and;lP showvthese \
converted to pro‘totype for tho thrca set-ups.; Columns 13
and 11 show :the: pressures 1n feot of vate as{determined by thef-i* ,

riezometer in the- diVGrging sluicua apd Columns 5 9 and 15 '°T?‘
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second-feot the sluiceways would be discharg1n8f4

feet and the: spillway 200 OOD aecond-reet This procedure rculd__

greatly reduce the probability of orosion on the}rloors of,the :

sluiceways at the opanlqgs end - would eliminato thu necessity of




as on: Plate 56 A.‘ The flOu Cdnlltlﬂns were not ehanged'per-
ceptibly as.cen’ ‘be: seen fram Plate 56 D..“Thls design has bean

eccepted as. finul. fff]rfrf

Because half of the sluicas come through the dam per—-.jgff"

pendicular to the axis and . the obner four are- ot oen angle to the ' i ff

axis, different conditions- existed in the pool when different
sluiceways wore operated singly or: in ccmblnauion vlth othars
This necossitated the determination.of an operating program for

=167~




B+ "DISCRARGE . 37,600 SECOND-FERT.

DIVERGING SLUICES WITH OUTLETS DIVERGED.
4:1 SLOPING APRON T0 LEVEL APROF ELEV. 806 - DIVERGING SLUICES.
A#:1 SLOPE SILL T0 ELEV. 817.5 AT END OF AFRON,
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the "éluic oﬁéys. 5 From
wero cnaratod aingly‘”in oombinution or *"°3v_w
etn,, éhn reeults showed '

bost tlow oonuitiona.;f~"‘”

Plate 62 A and ‘Ba ”hesa condifions, es have_baon-mentioned”

bero"a, Were very. unsatiafactarj, becuuae tha&Jets struck he'
8loping portion of the tailraco and wore deflactad.uﬁward i
This condition would- not allow a. Jump 1o famm xand.the%high : _
volocitios continued downatremm, atru,k the bnnk of the mailraco ¢
axcavetion nnd turnad back toward the" powarhouse ronming‘an

addy, which cnrrisd ailt nnd grnvel and dopoaitad 1t in the *a

tailrace in front of the . drcrt tubes. Jxcossive goour woulu
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‘PLATE 89

4. NO SLUICES THROUGIH Dau.

C. EFARALLXL SLUICES - PARABOLIC INVER?.
U0 DEPLECTORS ABUVE OPENINGS.

APPEARAXCE OF SLUICE OPENINGS.




. k. PARALLEL SLUICES - FARABOLIC INVERT. s
; DEFLICTORS ABOVE OFENINGS. '

B. DIVERGING SLUICES -~ PARABOLIC IXVERT.
N0 DEFLECTORS ABOVE OPENINGS.

. ¢
0. DIVERGING SLUICKS - IakaUiIC LLvaws. o

DEFLECTORS ABOVE OPENINGS.

APPRARANCE . OF SLUICE OPENINGS. .




‘B. OTENINGS OF DIVERGING 5LUICEI DIVERGED.

C. OFXNINGS OF BOTH STRAIGH? AND
DIVIRGING SLUICES DIVERGED.

MVEROIRG ELUIONES - PARABOLIC INVERT. ’

AFPEABANCE OF SLUICE OPENINGS.
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length and. depth ,z»nec'essary?i?tai ‘

en the apron, As was predicted ,the um Mformew

1ittle :tro uble waq enccuntered with the eddy chrrylng debrls_

.,

into tha tallraCe. The energy was well dlssipated 1n the

Jump, but the pool seamad longer than necessary and for this : |

reason . was shortaned to the Qcafoot length.r

'The-results*indicated¥that- shorter pool of lass

dapth.might be used to effsct c setisfactory jump. The cOnGi-

-177-
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IR

design of - the powerhouse.rﬁw

d. Architactural Studis _

The rasults of the architectural studies in’ connac

tion with 'the- changes.
‘Plate 66.4A shoua tha -general appearanca of the model

with the first bridge deaign. ‘This - bridgo ACTOSS the apillway

~-=179-




4, 3IDE VIEW.

B. LOOXING UPSTREAL.

SHORT STILLIRG POOL AT END OF APRON,

TRAJECTORY APRON FROI! VALVES TQ FLOOR OF TAILRACE.

DIFFUSER TYFE SILL AT END OF POOL,

NEEDLE VALVES DISCHARGING 3,200 SECOND-FEET.




B. ORICINAL DESION - HO FLOW,
D. PIRAL DESIGE.

i
E
k
:
-4
:

S0

AGE 5,300

A. FINAL DESIGN - DISCHA
€. FIFAL DE3IGN,




B. PIATE GIRDER BRINGE - GENERAL VIEW UPSTREAM
D. BLATE GIRDIR BRIIGE - LOOKING DOWHSZRYH,

SPILLWLY.

fetaTow vl

L
i
<
g
:
¢

g
g
g
2

THROUGH TRUSS BHIDGE.

A

C. PLLYE OIRDER BRIDGE - SHOWIAG ROADEAY.




-"\»

wis built rrom un artist's conreption of “th

the through ‘truss bridge. i i

ArPlatg‘sjeﬁ . a.iéd thﬁ.:,;:_‘. :

the apillway crest

Wers made primarily for jmprovament of flow conditions.wifh

appearance a8 .a- secondary ﬂon31deration._?f
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FINAL DESICN,

t

!

GENERAL VIEWS OF




feot over-fhe spillwu&. No had cond ion

if the recommendodfoporutingﬁ

" s _fO.'l.lowed and:iit s

:condition will ‘result

baeliaved thﬁt 1o oxtromoly seriou

in the case of an: emargencj, this;program canno"b

While ‘the approved conditions produoa a: satiafactory‘oondmtion‘

of flow, a difruser type sill‘pr”duceswworthwhile improvamonto*" g

and might result: in somo savinggi paVemont and trainingiwnlls.

Tha pool is amply seoured agai

retrogression of ‘the atream o ilowers th., ﬁiiﬁatgrfsoﬁéﬁhof

below that predicted.‘,”‘ f%»f“ii-

It is recommended that the smalle "lowa ibe: dischargadi

guantity that must pass the dom increases ood if the flood
" rises ‘to such proportions thnt the gates must be lowered all
‘three gotes should be’ kept nt the same elevation (if possible)
until they are ‘down ‘in position as part of the;permanent-crest.
This program insures . no serious. results being effected from: the’
passage of o large flood.

~186+




The discharge curvef repared or. ‘the pillwa;*cnn

Tho reaults of the studiesb “the;npr‘n‘veloci‘ias

shaw that close: agreement of the model ﬁnd~protot;pe velocities'_
substantinte- the urcuracy of thu Fite dal tests and 1ittle doubt
shauld»remain'but~that the mudelpvequixies;nre acceptable;as.

relative to the pfototype.'



opar ing “lone..

Tha‘keyspara directly 4 front of tha=open_l

will ‘bo of vulue in the design uf futuro structu*es" _; ___- :

" The - oper&tzng engineer of the pro;acf-will find nuch
veluable :aaterial in this report to be used as n. guide 1n the f*¥

‘operntion of the1prcjact.'

~186-
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APPENDIX I,

PROTSCTION AGAT

s

‘Tochinical iMemorandum

NST SCOUR 'BELOW ‘OVERFALL ‘DAMS,
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" 3 E
ing over them. A ereat variety of ocal;condlti

bottom, -or. aro dlverted to portlons of‘fhﬂ‘hottum.which.w1.l[not on—}h L

dangor tho structure.‘ Usually a comblnatlon or thoso is uaod. )

On many d&ms 1n the past an\attémpt has boon made tolraducoéf"
tho valocity of tho wator’ passzng ovor thom'by haV1n5 the Wator fall iﬁg o
down & soTios of stops on tho faco - 01‘ tho dem, dissiputing fts onc:rg.i'r:
by contact thh'thc:succossivc-gtopsiand roaching thd%bottom with -

insurficiont:cnurgy.romaig}ng to soriously orode the stroam bed.



principles of other fOImS“Of protecti_‘ :

stood, “this Tomm. seems to ba less9

draulic jump., R
“In tho most parrect form of hydraulic Jump, the energy of'
the’ hlgh volocity

water:is- dlsszpated S0 thoroughlv ‘in. 1nternal nm-

pact that little enorgy rema1ns to :bo uscd up in eddios and b01ls

downstream.

In the casc of ‘a-dem with &, w°ll—formad Jump . at ‘its ‘tos,

2




Thovideal condltlon would be to hav0(a tailwator ét suchva

helght .:above the ‘river bed for -each dlscharge that it WOuld furm a

3




‘never exactly attained.‘ rrequently h :

FL]
8
B
e
ot
o
Q
o
+>
o
st
Q
~
=

10,000 20 000 50 OOO
Dlscharge in Second-Foat

SFie,uro.--z. e

at greater dlschargns tho tallwatcr halch* :
The rolatlons bctwcen tho pomtions oi‘ thcsc cufves"}:fﬁj‘.l_‘ S
into the ‘four. mllo_rfing :'c:lasses :

“Casc '] - Jump hoight curve alwayvs:above the -téilx?ator'irating~ curva. ..

o




of these:

ERpt Jy
required to: form the Jump

&

stroam of'hlghgve1001tyrwator:passlngrover thcid”

it strikes tha straam bed soma- dlstanco away from

,Hbre tho energy is d1531pated by impact of thc wator on tho rlvor

bottom and. ad jacont wator, and although samo scour takes placol%\?*if
is “too ‘amall:and too far: from tho dam to ondangor it. Dneaqf;tpéy;
earliest examples,of‘thls:typo of dam,is'tho.famnus}Ho;Q;kdeééﬁgﬁ':
tho Morrimac Rivor in Massachusctts;(Plats;l—BL. rothofs are 'the

5




Experiments with 'a‘modol‘:of thls .,d.axti;**_"‘f'h_ax;c'A;s'hbivm_._f: thatpiorswould =

"""Wilsonova Prchrada na Reco Tenncssoe, Alabama, U. S. A. - Antonln
Smreek.

not cause the jump to form on the .gpron. with the tailwator c}-opfh;

‘6




available.

above tho dam.** When thls watar falls to. th .

**Pransg., Am..Soc. C.. E., p.f487 Vbl. 90, 929
‘Engineering Nows-Record,*p. 800 Vol. 97 ‘Nov.,
‘Hydraulic* ‘Laboratory:Practics,’ L .'T_ I R T
Internatlonal dnclnucrlng Con@ross, pp. 46-66 Vol.*II,. 13,

nearly as groat a. volocity as. 1t had at thc too of the dam. The

_brincipsl.effcect of these baffle piars thersfora is to d1str1bute thef 2
impact over a laroo aroa rathar than to dlss‘pato the encrgy of ‘tho”

water.




the formation of -the Jump In thls casc 'hoEtailwator evolﬂ1s

**Ingincoring waséRécord,Ap;?ﬁﬁd;:Vbi;*QQ;QOQfﬁgdf?éZ;?léé?;i”’¥aﬁ”\*s

On rock foundations where the tailwator lavol is noarly high onough o
to cause the jump to f)rm oxporienco indicates that ir 1o protec—

tion is addod downstream ‘from tho bucket of the. dam, tno:bottomawill_
bo scourod out until sufficiont depth is provided to: pormit tho jumb

8




<:<z§_ WA muu..i:u .‘ LU ONINOAM ‘HIATS INOHSGHS

MYNIGOVIET . Aya NOISUIAIG doONTIMEY .e;;._n RALY 21

m:tn}._u(.._ngi;OAum
IOV_PUM._.OGL z.:oum 30 wu-;._. :

ERt R R

s By R A I by

B

- h ,m (._mmﬁ_m Ew_.—_x y3d3iNa
- _:<a;01~momm5zo

e \lw.v}ufmr\-.?l

" r3ug ..m.u.r.a,z:m Ting
S _).(.Q Zﬁ_m J..-:ﬂ w

CE S

u”‘.mmzo>Jo:¢ua

.ﬁ(‘.f.. BArE Ay

ram e g,




to fonm‘andjno!furthéffé#éuif@filgéﬁkefp;ﬁggi

*Civil Engineering, p.. 587, Vol. L, 11931,

but this apron would: probably not bo at thc corrcct clnvati”n for

other dischargcs. Bv maklns thn apron slopins, thc varlous dcpths

roquirod for the diflcront‘flows'can"bo‘prov1ded. Tho high valoelty f: B

stream flows dowmn the. slo;uno apron until tho depth bolow tallWater
1zvel is roached at which the Jump can be Tormed for that d1schar
and at this point tho jump oeccurs. Tho advantagcs-of’the sloping

9




floor slopes of ll horlzontal to l vbrtical Zjl,hﬁﬁl and 4'l&éh§ﬁéaffi:f}

progrosgsively loss.scour:as.the. slopa H&S flattoned.‘ rf" |

Probably: thu outstandlnb-ﬁxamnlo of the usc cf-th; slopingjfj
apron for dams in"the second clase“is'thafkaddangnam%(Plato_léL):now
being constructod to store watof for the Panama'canal. This Torm was

10




determinedibyftrial. By varying*tho

sloping- apran may requiro 1arse volumos of concreto but in thJ cas

of the Mgdga D this Was - of asazstance in rasisting<éarthquake ef

fects.
.In the modcl oxporlmonts for tho Maddon Dam anobher fonn

was investigated which. r@quires less concrctc and would prove advan-

3

tegoous in certein conditions. ‘Yt may be~called:the“high*buckot

11
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type., It: conﬂists of the'ordlnary curved bucket of heﬁogée weir”

veloclty shcot. “This . condltlon of f107'0ccurs at‘rlood tlmas on

*Engineoring Now —roord,;p.i872;ivbl}flOB;fJuné?zs,iléﬁéf
S 'yp.uQQ,?ﬁbl.?l@Q,&July?Zl;?1932;

(R

water levols ‘the path of the hiwh veloclty sheat tends o become

negrly: vertical and part-of : SO falls ‘back into the - “Valloy" along

2
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ilmatclv parallol to tho tallhator ratlnb eurvo-of..

the back cddy, thesc rolations 4 cféfféuﬁdi%ﬁfbé&uﬁgiﬁﬁi¢;-':

back cddy carricd- the flno matoridl up=tovard‘thc buckct‘and'fondcd -

to build up a bar thoru, which cut off thc back prossurc £rom | thc
tailvater and causod ‘the high voloclty shcot to flor more noarly

horizontal. 1In thls p051tion the high vcloC1ty sheot tonded to

15
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the ‘bottem.” “In “the Me.ddan »moaol‘éth

throughout :all dlscharges, as ; onc mlght‘ﬁc ‘us

‘the -other for-’ hlgh;onqg. Thls will often‘permlrjthe matchlng or

,the-rivdrztailwatdrvcufve;whonfrisqapgpt’ "“dona ﬂ1th531thor ono

’Thc conventlonal buckct Wibh relatlvoly short horlzontal B
apron may bc satisfactory- for Class 2 condit1on5 1f the jump hoight
curve {basad on the,apronrlevel)gxs not:tooifaribalow'thettailwatang

14




e %\-
Just a second dam. Tho dopth raqulrod may also be sacured»by.dapres- g

sing the :-apron, preferably by sloplng it downwurd in'a downstream

15 '




direction. This:method wes uUsed ‘on ‘the Tepair of he ‘Hemilton Dam

.
)
]
-
)
r

ficient to submorge tho - cntlrc dam.' In@,ucﬁ

or -en oxcaveted pool. With ﬁhosc of tho magnltude ruquirad for tho"
:maximum flow, the tailrator depth would bo mors - than sufricient to

16



tailwater elevation. By the proper selec,l

crest gatos or- othar faaturos oL thc dam but thzs mitht he much morof:ﬁj
than. orfset by the rcduced cost of bottom protoctlon, and thg possi-j Q{

bxlmtzus of :such & s&vinp justlfy a; studv of this nhavo thrc tnu l'ib"'”'

CircumStan°°5”P°rmit‘a'choico;of;crcst lanﬁths..fli e

7




Effect .,of'f Crest ?.-Gates

of operating: partially 0pan, ir order 0 istrlbute
iformly over .tho- crest instoad of parml i1

or entirely ‘¢closad: condltlon.

Protection for Wcirs of Inﬂian Type ;ff ?;,

“The foragoing claasification applles principallv to pro-:f;fij

tection’ oelow masonry overfall dams of the types cammonly;uscn*inj%ﬁfgj

this country. .For the broad wa1rs with sllghtly sloping aprons
frequently used in .India and Egypt ‘A somewhat different analysxs
is necessary. ‘The oldest-form.of this type of weir conaists of a

18
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pile of loose roék, with or-withbut:masonrv leldinb wullg; huv1ng
sloping upper surruce paved with hanu 141
on Figure 7. After pa Hing over the 031&

the -

vent scour, this Jum should fonn fdr enou¢:3from theidownstrnan end

unprotected river bed. To secura thls TaE ult nay“anGBSLtato tho

extonsion of the'apron bolow thc natural lovul of the rlvar bcd.'

It is nocessary, or ﬂu least desirablo,_to;b ve the p01nt mharo the ;{n; 

jump oceurs mave un bhe apron as . the d;schu&ve?incfuaqcs, sznco thl;!f
provides a longer longth of anron'to té:ércar;ﬁ" thalﬁxoﬁtor tur-{
bulence of tho jump wlth tko larwcr ;lo; ""”4;;7;salso an’ adv ntL?ﬁKr
if the woir is Ontlrulj drownud out for vory hf 21 S th
climinatas tho comblnatlon of hiyh dlaoh r“c ‘an

produce so much dostruct1vo cncrrv.‘i

Rosatta wolr,* ( ‘11uro 7) whlch is at thu hﬁad of thc dolta of thu,

*Standing wave Yoirs, byTA;fD.‘Eutcﬁdr}'” Tl lnat

Nile. The surfaco . nIOfllOS snow that thn p051t10n or tha Jumv movaéi_m
upstroan as the dlschargo 1ncroqses ﬂAd for.a flom or 170 000 ,OC0 .

cubie moters or day the Jump is ontlrnlv drowncd out. AJtnou,h for
nany dams.-of this typo the maintenance cost has bsen high, whon con-

19
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-Colorado:River, all of which Was dueat

e

3 bempTan o

vy

this kind- also, although it is compllcatod somewhat b‘ thovnacessitv

of ‘having sufflcient tailwater dopth tohcauso thc Jumn to form on'ﬁ
‘the apron: wlth tha gatea ‘in:a- partlally open condition. To saeuro
"this it :may: bo ‘noecossary ‘to carry- thu .apron’ balow natural bod lovol.‘f

20




“IT “the rivar carrles mhch bed{ oad ‘allowanoe

river: level.

an;incorrect'assumptlonazs:negligibla.

fZL*




‘make uossible. The intcntion of _this analysis’iiis . ronl
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UARE:ADJUBTMEHT‘OF EXPERIMENTKL DATA‘

All experirentalﬂdata T
‘the .problem:of the: experimentera‘ ;
-the . experimentdl. data.”ﬁlxaisiimpossible 0
'valuerof any.measured: quantitylh .
ﬁticnsnit is possible”to reduc ¢

: ! quares v
‘theFrench: mathamatician*Iagendre in
:from the factuthat theamos

.:rasidualshor“deviationsra minimum .Legendre
*and :worked<out »the: procedure without
‘method gave’ ithe; most'probabls\valua.

An- thls connaction that\Napier inven
“stending: thertheory of: exronentsp
*vations:haed: pravioualy,:in*‘

:lacking a Taticnal¥basis

The muthod OfJ st quare 13 bas son;
.@I'TOTS: and ‘the:laws:of ;probability, fand} beforo
- cpractical: ‘applicetion’ofr : thermethodﬁit ‘ill 17
‘ihasta*resume oi the thaoratica : -

‘ ‘The 1aws of: tprobability resulte frA
'chance.ln gamblingkand ‘the 1leading s
their: energies*tovthe solution:of ‘theiproblem.
-uncle:of “the Swis :hydrauliciankDehial”Barnoulli
tanginaers,:statad he . basicﬁlawhas“foll' .
ilargeinumbér of itrials’ ‘isrmade, ithe; ratiogo
-unfavorable -events . will not' diffor; 2 b h
‘ties ‘beyond:a-certain’ Iimit: ‘in"excosssor: defect and ity
"ty ofrkeeping. within'those limits, however small, can;be made BT
near:certainty-as- WO please bv taking a: sufficlently large~numberfff. B
of trials. : ; :

. ,The mathematical probability of .an event: is ‘tha. ratio
of the:numbsr of ways iin:which:.an: ‘evont:may . happan-or ‘fail ‘to ‘the
"\+otal ‘number of: ways in . which it ‘may occur (if -each oecurrance is
‘equally probadble, Thus, in. flipping a coin, -thero.ars two- :posgi-
‘bilities; it may beg oither & hoad or.a tail, but it can be & haead




‘or:ia’ tail in onlyn o’the'probability Sf
" 'lsiin: either case \2for*l dn 2 i
‘ways rthan: one,tthetprobabllitytor‘ t5 voc b {4
‘individual: Probavilitiaes, iIn*compound sevents: such ‘As xhrowing'
“two-aces with:a: singla»throwLofwtwo‘ ico,ftharprobabilityfof*th
event iis: tha;productcor the!ifdividual irr '
1/6 X! 1/6 ‘or. l{in 26,

R

o G £ AN A

Accidentalxerrors insobserva s vol OW..%
chance, and “thet prsbability,ofp n errorlis the ratd
-of “the:errors:of ‘thesgivenmagnd tu
Thisilaw.applies: tOJaccidenta ;
itivererrors, ‘such: asiins un

'tthe personal equatio

..;nThe¢lawﬂof”errors, ,
:application Isifarfrom;aimple ; rdox to'us
sform:given, i1t .would: bernecessary osmale
of “observations: beforaxthe rat' '

“tude o ithe totalrnumber-‘ \
of‘accuracy..u L

: L “To. ovarcqm thig dirf culby
“famous’ mathamatician, 703
,experimental arrprs;-n' .
“ 'y ¥ *tha*probability of ancerrox,
n the )

Jd&t&.:

' The naturQAOfrthef rob
zfozmula is shown Ain: the Tigu

BRI M AT ST RT3 R G e LT g Ly S eyl e T e T R L ot Ao A e s

X e i > 'y : Jo . JRRREY i S AFTI .
' _in which tho ordlnates y' represent the probabilities of the
L@ITOrS, . x,.




,culus that,.regardles
y=1/2,%

~_shown . that: nhén fy_;i
‘probeblecones, ithen

sk B G A o S R L

B YRS AR e 1T

TR

5

R must use tha reéiduals¢vhrch w- de31gnﬁte by V‘é
“Vids: substituted for‘x’i

4 g s

~reasoning, thuy alao show hattthe‘prob
BT deslgnatad BY iTo: equals &I\va/ n(n—-l) Erp

This is“the simplestgform~of tha probable'err r'equation.--'
It applies ‘only vtoidireat: observations~af equal deightm E |
squantity. :For:ather: $Fypes«of: obaervations ;different: formulas*re-'

ssult:which:willibe: given after describing tha dirferent(xyPGSfo“w ﬁ-
observations. ' , _ L




Observati ns ar
oonditioned observations.

\
B M

' weight of ten. e

For indepandont‘ .
probable erroriof an’, observation ‘f

~probabla error of oneb .
root(of ‘the- waightlof the unknown.

‘where - the -terms are tha: samo.es' before except that: n' ‘18 the
-number -of- conditions. Tne probable errors -of 1the: unknown‘are founn
:as "before.




,ffp’ - ‘For: all types or;obsarvationé?rhe'rrobublo
the function Z:=f (Zl Z‘T g #formil

the - arithmetic mean; gave the most’probablo
diTect. measuraments on’ a single quantity.1

optical evaporimeter uaed An s our,svagorationiaxperh ents.- Their
sults are: given 1n column l ofnTabla I and are*thexfactor by whlchﬂ

constents. In. 0olumn 2. or,xhe "table- BTe given ‘the’ residuniSFO“
,differences between the individual values cf¢the constantwan

uin the fTormle

o 5745-\/ STEN = 22 6.or .

‘whichfgives_ R
o ' “I0-= 1

’

r =+ O 000000226



It will be obsarv <0l , i ; ‘eol
2 of Table I:is- much largu.ﬁthan any of the otners anduthE;ques-
tion arises’ whother ! this observation should3be discarded
the fundamental equation yi=iK -hix : ;
ratio of ‘the :largost. permiasible residualﬁtd thc probablererrorAfor o
different numbors of observations*and fortunately prepared a taﬂfb SR

used only in dirset. observations on e single quan.it; :
servations are indirect, a difforont,proceduno must b

tamher 118, 119156 - by Doke and Parshall.
observations ‘Wero: made%&ftvelocities ranging from 0 4_
feat. per socond. It is known that maters of thiggtype

braic mmthods for ‘a-and b

also ‘give ‘values: of a" and b % .
obtained because :the: obsarvations 8r6 nct free frqm e . -
£ind the.most probable” ‘valuoes of -a ond b ‘for the: sories*ofgqbse:va#""”
ticns is ‘the province of t:e methcd af‘lsast squares.. o S

Ths procedure s as follcws.: Substitute all tho obse*ved
valuos :in 'the general equation V'= aiR.4-b. Equations 1 ibo TX0
result. These.equaticns are called ‘the cbservetion equations and
aroc always equal 'in.pumbor ‘to-the number of observations. /Since :
there erc only two unknowns, the problem is to redure the number -of
the observetion equations t¢ twe. By the mothod: nf;least;squnres”itz
hes been shown that this can 'be done es follows: Hultiply eech nb-
sarvaticn equation by the ccafficient of the first unknown in the

6




: '50bsei'nred--
- - Congstant:

o

+00002632": . -
. 12884
2562 .. . B
2546 . 7
. 2543
8842 s
2538
BBBL
gsaz!l
‘2516 -

‘Mean -
.«0000E553" - -
‘The trobable -’érfq:: oi‘anob erva 'bic

1=0.6745% _

The.mean :is g't‘]';e_‘n,

0400002553 4 ..000000072 -




“Tunmm'nfj°

September 19 1915
Observed B

H

'13 455:? 463
3637 B
4582 4!
‘6,506 . 6.

COUMAMDGN

Observation. equation.;"

".»ql-:ﬁr'.:‘f,' ‘
25418 4
ekl R
.'751 !

984 -

e 423
L« BB6

1.011
LeB13

l.818

2,360

3,455
3537 -
4,522
6¢506

:1;490, 4B
19128 4b
‘2744 :

L as as s ie s
W ot n

26,911 =710, 810 & +10 b (a)‘ 42 19? ,,17'748 a 4.10 810$b tB)
‘Normal - equation S Normal equation“. S

;Solving (A) and!(B)
8 = B.340 .
b= 0,061:8nd -V:= 2.340: R “+0,061
Grarhically V.= 2.329 R «+ 0,075




oquation. Equationsll to | ZOArosult. Then multiply eoch'obsorva-“‘. .
tion equotion*bv ‘the coefficlent: ‘61 ithets ocond tunknown. i
coefficient of itho:second unknownxia lain ‘gach?” caso,‘the now oqua-
ticns will: bcxthe samo anoquations 0 10 aIthough!in general
-they would bc different, h .
' Equations {(4)rand {(B). result;
normal equotians and are: always equal in numbo ‘ iof
unknowns.  “The: solution of theso:t onoquations gives th“mos N
bable values-of aiand’ b.‘ . izi00

In columm 4 Tabla II 'ar 1o o
by this: “formula, “In- volumn Biare shownxtho corresponding obaorvodao
values. The. difforencos between the 1two sets of*valuos rare stho o
rasiduals. Theso are recorded in column i 'Jthoir quaros dn:’
column: 6.
bable arror: of a: siugle obsorv&tion*is computed
probable orror ‘is. given by thu\formula

where n is tho numbor of obsorvationsland o
Substituting Lha walues: for iny q, andfg;»vz |

-As proviously pointcd out

‘Ymown to .ba V'T a R-+4.b. "This" is’ ovidant ,
are plotted ‘on: rectanguler: coordinato pnper ond tho*usuo_ _
is ‘to determine ‘the oquotion diroctly from: tne plot By*thiS'mothod
the equotion: of “the meter” is’ V*- R 329 R-+ 0,075, 1Tt: dﬁffersﬁbum
slightly ‘from :the ‘least: squurc couation. Tho volocitios computed‘
by ‘this formula are givon in:column 7-of stl ‘ 4The rosiduols
and ‘their squarcs-erc given: 4n columnsa B and:9. ;
that the summation of .tha® residuolsorosulting;v :
formula: detcrminad graphzoﬂlly iis: nourly 50 poroontjfrontor‘thanffor R
tho least squnre formula. This is 1n accordono ith thes heory, o

For practlcul purposes,;however, itho: grnphicol solution g{ .
‘gives a formuls ithat givesimore: congistent resulibs. :;As: shown-in
Table II, column:5, the least: squere sformula ‘givos lorges residuﬂls,”‘ : R
for ~the highest nnd ‘loweat velocitiey, while:tho graphical rormula .
gives 'a-small rosidusl: for :the smuellest voloclty ‘and 2 large - roslduol B
for the largost velocity. This means that the,precont of ierror:is
large ‘for smnll-velocities znd smll-for large volocitloa .when -the
lecst squore method “is used, ‘while when the ‘graphical method is
used ‘the percont.of:-crror- is" .kept more noarly - cons tant ‘for-all “volo-
cities, This is necessary bectuso large orrors would .otherwise ro-
sult in moasuring o -streum, -particularly-when all the ‘volocitias are

low.,

The meothod of making a lonst square odjustment just de~

°]



seribed appliaafonly tc ainear functions._ Transoende alan fune-:-'
tions of ‘higher -degree ‘must’ firat‘be Teduced o' :gome Jinear orm..
before the mathod /can ibe: used In'casé‘rt is;impossibl

the function ito ithe. linearéform,'speﬂia method “

meking the least square adJustment.

width. of the *i‘lume, iend | Ha the‘head producing ‘the /f1
‘mental datu yieldedxthe fdlluwin E
flumes:. =~

n’ og’

paper shows ‘that the genoral equation linkingy he exponents s<ofa
the form.n.= a8 Wk WhBI'B ‘n iS , : Ay :

“The : equation nosa
- readily :be put in linear: fonn
of ‘the equation.- "Then: log ‘n
logs .of “the ‘observed values: i“ _ blon e
equations 1 :to 6 in Table’ IIIﬁin«whlch log Ay ‘nd
Since there-are 'two unknowns ‘and /6 aquationa,wthc
‘be reduced to 2, and:since ithose: equatlcns ;arg. 20 ;
may ‘be made: in’the samo :way ‘as :in ithe ‘last example, i.¢ ;bj multi
: plying each. -equation: by “the ccafficient of*ﬁhe«flrst unknowniln ithe’
f equation thus!forming 6 nem\cquﬂtions vhich*are added *1;c:ge=1:11car‘w
- form & normel oquation:and then: by multiplying . cach observationﬂ_ ‘
equation by :the coofficisnt of the second: unkno*n ln the equation and';”
adding to ‘form tnc ‘speond normol - Lquatlon. ‘ , : ‘ : ‘

JIn this example the coofficicnt of log a is one - in each
case, s0 the observation eguaticns ‘1 to 6 .will not be chgnged by
‘this cperation, Multiplying by tho cocfficients .of tho seceond -un-
knowm .gives the squetions 7 tc 12. The two normel eguations formed

10




Determination

Obsgrved e
W ‘1ogﬂw‘

(L) (2] -
.+00000 .. °1:5:
-«30803" 11
47712
.+60406 11,57
J77815 i1.59
..90309 1

IS WS

n - q

Ohservation oqu"tions-ﬂ

.18384»- log n +c

19089 5=.log :a 4k -
+19481 :='log .a +ike
-+18700 :5"log’a itk
-«20194 -
.« 20829 -

A(.e47722) -
(0 60408) -
log .a -tk {;77815) "
"log?u +“k“gj 90309)&;

1417447 -=610g! a- 1—kf{¢5:06445)

B L L T

00000~=*0’ iog ‘8 -+ Ok T

+05765 := (..50203) }log ‘a 4k [(i09122) B
409280 = : (;4?712)f“log*c.+~k {[.i22764) 3
11900 := {.460408) " “log a4k - (. 1
15714 = {.;77815) - “log:a 4k '
_.18630 = (.903091, dogia %—k‘q. (1 |
,aGlEBQ::'(B'Osééo) ¢ug o ¢-k (z;ibas¢)ﬁTﬁf<‘ orm ;
Solving LA) nnd (B)y.- !

k- --o.ozez 3

a:=1.58b




from tholr sums are dosignntedxby'
normal equations givos ‘g = ileB8
substituted .in ‘the equntion n
‘beat value of the assumo §
head Ha. o

7 "The solution of tha cquution ~rosults iin'itho vilue given: -
in column 5, ‘Tuble IIT,: which,(when subtracted from tho?cor
ing obqerved values, give: the residunls ‘ghown'! 1n columm's. : E
residunls sqp&rud and their ‘sum’ nro“givcn dn'ic E The prcbﬂble"
error of an observatlon is then ob' ined ‘by: :
formila D

o

that is, the p*obabla error in anyxexpo"unt

The ‘formila Q,‘... & w Hp

jeslly from the 10g. plot- of the datr

differs sligntly SLyom the loast squar

from the portion 'l. 52210025, are’ ‘giver

with their rasidu“ls and squares in: col 1.

the sums of the sgquares tof- the BWo sats of r351duals shows thﬂt gl-
* though tho difference is. smnll, the ‘eust=squnre mnth" :

bettor fitting onuation.‘ '

In the ax_mxles given, ail=the observvtlons‘vere
weight. In case the observstions:ere: of different welghts,*tnarpro~
ceduro is the scme-excepl “that the obsarv tion aqurticns ‘gre ench
multiplied by the woight of ‘tha: obsavv"tlonhin ‘addition.to. itho co
afficient of "the:unknown nnd in;finding thoiprobmble urror ‘the'd
motion of ‘the weights: by the' residurls sqﬁ Gd used instead of
the surmation of :the residu&ls squnred. PR SO

‘8o forin thc dlscu551on no wttontlon hss ‘bean: gi"on
conditioned - obscrvutions,,i Gey ﬂxoso thdtfnro llmlted by*xigovoub
conditions 'such-as, that “the.sum” ‘of tho Anglas of a pluno triangle :
must ecual 180 dogrees exactly. Adgustmonts ‘of “this’ type HTe? mnde o
by .solving ‘each conditioned -equation: for -an- unknowm in*terms of ﬁhe &
remaining unknowns snd ~then substituting these ‘values ‘in ithe' obserVG--{;
tion equotions. The normal- equations are thon formed as boforc.. o
By -this method we. got ithe solution: of ull the solutions pxactly .
setisfying the aonditioned: equ&tions-thnt mnke the 'sums ‘of “tho- ‘sQUATES:
of the rosiduzls.a minimum.







